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TPS63710 Low Noise Synchronous Inverting Buck Converter
1 Features 3 Description

« 3.1Vto 14V Input Voltage Range

e 1 A Output Current

* Up to 91% Efficiency

» +1.5% Output Voltage Accuracy

» Synchronous Rectification

» Low 1/f-Noise Reference System

* Noise: 22 pVgus (10 Hz to 100 kHz)
* Output Voltage: -1 Vto -55V

* [Vourl <0.7 x Viy

* 1.5-MHz fixed frequency PWM mode
* Thermal Shutdown

*  5-pA Shutdown Current

e 3-mm x 3-mm WSON Package

» Create a Custom Design Using the TPS63710
With the WEBENCH® Power Designer

2 Applications

» Generic Negative Voltage Supply

* ADC and DAC Supply in Telecom Systems
* Bias for GaN transistors

e Optical Module Laser Diode Bias

» Noise Sensitive and Space Limited Applications
Requiring a Negative Supply Voltage

Typical Application

TPS63710

Vi VIN

Copyright © 2017, Texas Instruments Incorporated

The TPS63710 is an inverting step-down dc-dc
converter generating a negative output voltage down
to -5.5 V. It provides an output current up to 1 A,
depending on the input-voltage to output-voltage
ratio. Its filtered reference system gives low 1/f noise
which is required in high  performance
telecommunication systems.

The TPS63710 operates with a fixed-frequency PWM
control topology. It has an internal current limit and a
thermal shutdown. The input voltage range of 3.1 V to
14 V allows the TPS63710 to be used in a variety of
applications where a negative output voltage is
generated from a, in absolute value, higher positive
input voltage.

Synchronous rectification provides high efficiency
especially for small output voltages like -1.8 V, which
are typically used as a negative supply voltage for
high performance DACs and ADCs. A fixed switching
frequency of 1.5 MHz allows the use of small external
components and enables a small total solution size.

The TPS63710 comes in a 3-mm x 3-mm WSON
package that provides good thermal performance in
applications running at high ambient temperature.

Device Information®
PACKAGE BODY SIZE (NOM)
WSON 3mmx 3 mm

PART NUMBER
TPS63710

(1) For all available packages, see the orderable addendum at
the end of the datasheet.
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5 Pin Configuration and Functions

DRR Package

12-Pin WSON
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Table 1. Pin Functions

Pin .
1/0 Description

Name No.

VIN 12 | Power supply Input. Connect the input capacitor from this pin to GND and place it as close as
possible to the device pins.

VAUX 1 O Connect the output capacitor of the internal voltage regulator from this pin to GND. VAUX can
be loaded externally with up to 100uA. Do not use this pin for any pulsed load to not couple
noise into the internal supply.

GND 10,9 Ground Connection. Voltages and signals are referenced to this pin.

CP 11 O Connect a capacitor from this pin to SW.

SW 8 O Connect a capacitor from this pin to CP and the inductor from this pin to the output.

FB 5 | Feedback pin for the voltage divider.

VOUT 7 | Output voltage sense pin.

CAP 6 O Reference system bypass capacitor connection. Do not tie anything other than a capacitor to
GND to this pin. Keep any noise sources away from this pin. The capacitor connected to this
pin forms a low-pass filter with an internal filter resistor and also defines the soft-start time.

VREF 4 O Reference voltage output. Connect a voltage divider between this pin, FB and GND to set the
output voltage. Do not connect any other circuitry to this pin.

EN 2 | Enable pin. The device is enabled when the pin is connected to a logic high level e.g. VIN. The
device is disabled when the pin is connected to a logic low level. The logic levels are
referenced to the IC’s GND pin.

PG 3 O Open drain power good output. Connect with a pull-up resistor to a positive voltage up to 5.5 V.
If not used, leave open or connect to GND.

Exposed - - The thermal pad must be tied to GND. The pad must be soldered to a GND plane to achieve an

Thermal Pad appropriate thermal resistance and for mechanical reliability.
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6 Specifications
6.1 Absolute Maximum Ratings®
PIN MIN MAX UNIT
VIN, EN -0.3 15 \%
CP (DC) 05 15 Y,
CP (AC, less than 10ns)® -3 17 \%
SW (DC) -16 0.3 v
Voltage® SW (AC, less than 10ns)® -20 1 Y,
VAUX, PG -0.3 55 \%
FB -3.6 0.3 \%
VOUT -6 0.3 \%
VREF, CAP -5.5 0.3 \%
Sink Current PG 5 mA
Operating junction temperature, T, -40 150 °C
Storage temperature, Tgy -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltages are with respect to network GND pin.

(3) While switching

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 () +2000
Vesp) | Electrostatic discharge Charg(%d-device model (CDM), per JEDEC specification JESD22- +500 \%
c101 =

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
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6.3 Recommended Operating Conditions

MIN NOM MAX | UNIT
VN Supply Voltage Range 3.1 14 \%
Supply voltage slew rate for a V| step of less than 1V -1 1 V/us
Supply voltage slew rate for a V|y step of greater or equal than 1V -0.1 0.1 V/us
lout Output Current duty cycle < 70% -1 0 A
L Effective Inductance 15 2.2 6.2 uH
Cout Effective Output Capacitance® for Tj = -20°C to 125°C 15 44 100 uF
Cout Effective Output Capacitance® for Tj = -40°C to 125°C 22 44 100 uF
Cin Effective Input Capacitance® 2 x Ccp uF
Effective Capacitance on the CP pin required for full output current at < 70% dut
Ccp cycle(l) @ p P q p Yy 4 4.7 201® uF
Caux Effective Capacitance from VAUX pin to GND® 0.08 0.22 1 uF
Cepp Effective Capacitance from CAP pin to GND® 0.01 10 uF
R Total resistance for R1 + R2 from VREF to GND 100 500 kQ
T; Operating Junction Temperature -40 125 °C

(1) The values given for all the capacitors are effective capacitance, which includes the dc bias effect. Especially the input capacitor C,y and
the Ccp capacitor, which are charged to the input voltage, are strongly effected. Their effective capacitance is much lower based on the
dc voltage applied. Therefore, the nominal capacitor value needs to be larger than the minimum values given in the table. Please check
the manufacturer’s dc bias curves for the effective capacitance vs dc voltage applied.

(2) If a maximum output current below 1A is required, the capacitance can be reduced accordingly. See the application section for details.

(3) The maximum value also includes dc bias at the nominal operating voltage. During start-up when the voltage is 0 V, the effective
capacitance can be higher. Please see the application section for details.

6.4 Thermal Information

TPS63710
THERMAL METRIC® DRR (WSON) UNIT
12 PINS
Rgia Junction-to-ambient thermal resistance 44.3 °C/W
Rojctop) Junction-to-case (top) thermal resistance 47.7 °C/W
Rgis Junction-to-board thermal resistance 18.9 °C/W
WIT Junction-to-top characterization parameter 0.4 °C/W
Vi Junction-to-board characterization parameter 191 °C/W
Roscbot) Junction-to-case (bottom) thermal resistance 5.8 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.
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6.5 Electrical Characteristics

T, =-40°C to 125°C, over recommended input voltage range. Typical values are at V;y =5V and T; = 25°C (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SUPPLY
I Quiescent supply current lout = OMA, EN = high 15 mA
Isp Shutdown supply current EN = low, T, = -40°C to 85°C () 5 25 pA
Isp Shutdown supply current EN = low, T, = -40°C to 125°C @ 55 pA
Vorlo Undervoltage lockout threshold V| falling, detected at VAUX 2.55 2.6 2.7 \%
Undervoltage lockout hysteresis V| rising, detected at VAUX 250 350 mV
Ten Thermal shutdown temperature Junction temperature rising 160 °C
Thermal shutdown hysteresis Junction temperature falling 20 °C
CONTROL (EN, PG)
Vi High level input voltage for EN 1 14 \%
Vi Low level input voltage for EN 0.4 \%
Iin Input current for EN EN = high 0.01 0.1 pA
Rin Input resistance for EN EN = low 400 kQ
PG de-glitch time rising or falling 10 us
VoL pg PG output low voltage Ipg =1 mA 0.07 0.3 \%
like_pG Input leakage current (PG) Vpg =5V 100 nA
Vvaux Voltage at VAUX Vin25V, lyaux = 100 pA 4.6 \%
lvaux Current drawn from VAUX 0 100 pA
POWER SWITCH
ILm Switch current limit (LSD) 4V <V|y <14V, duty cycle < 70% 14 21 3 A
ILm Switch current limit (LSD) 3.1V <V<4YV,duty cycle < 70% 0.8 A
HSD switch, V| =25V 80 130
Rpson) Switch on-resistance LSD switch, V|y 25V 120 190 mQ
RECT switch, V|y 25V 40 80
Dmax Maximum duty cycle at SW pin 70%
ton,min Minimum on-time 130 ns
fs Switching frequency 1400 1500 1600 kHz
OUTPUT
Vout Output voltage range [Vout| < 0.7 x Vi -5.5 -1 \%
Vg FB regulation voltage -0.7@ Y
Output voltage tolerance @ for Vour £-1.8V -1.5% 1.5%
Output voltage tolerance @ for—1.8V <Voyr<-1V -2% 1.5%
=3 Feedback input bias current Veg =—-0.7V 2 100 nA
Rois It?)is&(;:RIaDrge resistance from pin VOUT EN = low 100 o
Line regulation 0.05 %/A
Load regulation 0.02 %IV
tdelay gt?rrtt-suvr\:it(iﬁli?\é time from EN = high to with Cp = 10 pF 5 ms
tramp z{:\TCF; t;]rgg Irec;rghsétgr;;‘)l/\gtgp:?sg o SgtAlFr,l :(:ljlr7rerll’]|?’|i>1/’1(i)tugi—u:riajé.sst\a/}t?l?[\)/ice L ms
nominal output voltage
lramp Soft-start current into Ccap 55 100 145 HA

(1) This specification applies after there has been a high to low transition on EN. If EN is low while the supply voltage is applied, the
shutdown current can be up to 90pA.

(2) Please see the application section for how to set the output voltage.

(3) Tolerance of Vgg voltage and error of gain stage - see also "Low Noise Reference System"
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6.6 Typical Characteristics

Input Voltage (V)

Figure 6. Resistance of LSD
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7 Detailed Description

7.1 Overview

The TPS63710 is a dc-dc converter that generates a negative output voltage using an inverting buck topology. It
operates with an input voltage range of 3.1 V to 14 V and generates a negative output voltage down to -5.5 V. As
it is based on a step-down topology, the input voltage needs to be larger than the negative voltage, in absolute
value, that is generated. The output is controlled by a fixed-frequency, pulse-width-modulated (PWM) regulator.
As there is an inductor in the output path, similar to a step-down converter, the output current is continuous and
the output voltage ripple is low. This makes this topology a perfect solution for noise sensitive applications.

7.2 Functional Block Diagram

:3 Current
LSD |7 Sensor| |

Regulator
Gate

— 1 Control
Modulator

|
|
|
|
VAUX I_J'] Bias
|
|
|
|
|
|
|

PG
I:.|:| Oscillator
: Device
| Control
EN[}F——
|
| Thermal
| Shutdown
|
.
Copyright © 2017, Texas Instruments Incorporated
Figure 8. Block Diagram
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7.3 Feature Description

7.3.1 Low Noise Reference System

The reference system in the TPS63710 uses an external filter capacitor on the CAP pin. This reduces the low-
frequency (1/f) noise in a range from a lower limit up to around 100kHz. The lower limit is defined by the corner
frequency of the RC filter from the internal 100-kQ resistor and an external capacitor on the CAP pin. The corner
frequency is defined by Equation 1.

1 1
C = =
Y 2n x RxC 21w x100kQ x Ccar 1)

In order to minimize the noise on the output voltage, the TPS63710 uses an architecture where the output
voltage setting is done by changing the reference voltage which then is filtered. The gain stage therefore does
not have to have a large gain in order to not increase the noise level. VBG is the internal bandgap reference
voltage, optimized for low noise. Its output voltage is amplified and inverted and then filtered. The voltage on the
CAP pin is the reference for the gain stage. The connection from CAP to the external capacitor should be as
short as possible and be kept away from noisy traces. The gain stage has a small gain of 1/0.9. The voltage at
VREF is negative and lower than the output voltage by the gain factor of the gain stage. Please also see Setting
the Output Voltage. Figure 9 shows the low noise architecture.

VBG VREF I CAP I 1
[> i I NG I
T Tew E>
S Cour

|
| gain stage
FB e fi
noise filter |
Lo e 1

1 =
L

VOUT

= Copyright © 2017, Texas Instruments Incorporated
Figure 9. Low Noise Architecture

7.3.2 Duty Cycle

The duty cycle referred to in this data sheet is the duty cycle at the SW pin. By definition, from the PWM
operation, the CP pin has the inverse duty cycle of 1-D. As a first approximation, the duty cycle is defined as
[Voutl / V\n- However, the actual duty cycle is larger, due to losses, and must remain below 70% for a robust
design.

7.3.3 Enable

The device is enabled when the EN pin is set to high. With EN set to low, the device shuts down. After EN is set
high, the capacitor Ccp (from CP to SW) is pre-charged with about 50mA. After the start-up delay time tge,y, the
device starts switching and ramps the output voltage to its target value. See Soft-Start.

The EN pin must be set externally to high or low. An internal pull-down resistor of about 400 kQ is connected and
keeps EN low, if a low is detected internally and afterwards the pin is floating. When a high level is detected, the
internal resistor is disconnected. The logic levels are referenced to the IC’s GND pin.

7.3.4 Undervoltage Lockout

An undervoltage lockout circuit prevents the device from starting up and operating, if the supply voltage is too
low. The device automatically shuts down the converter when the V,x voltage falls below the Vo threshold.
There is hysteresis to prevent oscillation with high impedance supply voltage sources. Once the threshold plus
hysteresis is exceeded, the device enters soft-start. Undervoltage lockout is sensed on the Vyx voltage, as this
is the internal supply for the control loop and logic.
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Feature Description (continued)

When V,y ramps down to a voltage too low to maintain the desired output voltage, the absolute value of the
output voltage drops and the power good output goes low. When the output voltage level reaches the voltage on
Ccap, at about 90% of the target output voltage, the device shuts down and initiates a re-start cycle. The
TPS63710 then stays in the start-up state, until the input voltage is high enough to reach the desired output
voltage.

7.3.5 Thermal Shutdown

The junction temperature (T;) of the device is monitored by an internal temperature sensor. If T; exceeds the
thermal shutdown temperature Tgp, the device turns off the internal power FETSs, discharges the output capacitor
and the power good output goes low. It starts operation again when the junction temperature has decreased by
the thermal shutdown hysteresis.

7.3.6 Power Good Output

The TPS63710 has a built-in power good (PG) output to indicate whether or not the output voltage is in
regulation. The PG signal can be used for startup sequencing of multiple rails. The PG pin is an open-drain
output that requires a pull-up resistor to any positive voltage up to 5.5 V. It can sink 1 mA of current and maintain
its specified logic low level. PG is low when the device is turned off due to EN = low, undervoltage lockout, or
thermal shutdown. There is a typical de-glitch time of 10 us on the power good output. The minimum V to drive
the PG pin properly is typically 2 V. If not used, the PG pin may be left floating or connected to GND.

Vaux may be used to pull-up the PG pin, but the pull-up resistor must be chosen such that the maximum load of
100 pA on VAUX is not exceeded.

During start-up, the power good signal is gated by the soft-start circuit such that the output is held low as long as
the soft-start is ongoing.

Table 2. Power Good Pin Logic Table

EN device status PG state
X Vin<2V high impedance
low ViN22V low
high 2V <V <UVLO OR inrtehgelzln;:l)ihutdown OR Vgyr not in low
high Vour in regulation high impedance

7.4 Device Functional Modes

7.4.1 Soft-Start

The discharge circuit keeps the output voltage at 0 V when the TPS63710 is disabled. The TPS63710 only
begins the start-up cycle when the output voltage is between +300 mV to -300 mV to ensure a proper start-up.
When the output voltage is not in this range, the device keeps the discharge switch on and waits until the voltage
is within the window.

When the device is enabled, the internal reference is powered up. After the startup delay time when the Cqp
capacitor is pre-charged, the device enters soft-start, starts switching and ramps down the output voltage. Soft-
start is achieved by ramping the reference voltage, hence the output voltage, to its nominal value. This ramp time
is defined by an external capacitor connected to the CAP pin. The capacitor is charged with typically 100 pA by
an internal current source. The ramp time is defined in Equation 2.

CcupxVrer _ Ccarx0.9xVour
]ramp Iramp (2)

tramp =

7.4.2 VOUT Discharge

The VOUT pin has a discharge circuit to connect the output to GND, once the device is disabled. This feature
prevents residual voltages on the output capacitor. The discharge circuit becomes active when V,y drops below
Vuvio, EN=low, or thermal shutdown occurs. The minimum supply voltage required to drive the discharge switch
is typically 2 V.
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Device Functional Modes (continued)
7.4.3 Current Limit

A current limit protects the device against short circuits at the output. The current limit is scaled down from its
nominal value for input voltages below 4 V. The current limit monitors the peak current in the LSD during the ON-
time. If this current is reached during the ON-time, the LSD is turned off and the HSD and RECT turned on to
decrease the current. The next ON-time begins at the next switching cycle.

A short circuit from VIN to GND during operation should be avoided as this leads to a high current discharging
the Ccp capacitor through the back-gate diode of the high side switch to GND. When there is an overload on the
output and the output voltage drops below 0.9 times the target output voltage, the device re-starts.

7.4.4 Ccp Capacitor Precharge

The Ccp capacitor is pre-charged during the start-up delay phase by a current that increases up to 50 mA based
on the voltage of V\y - Vcp. When the voltage on Ccp reaches approximately the V,y level, the device starts
switching.

7.4.5 PWM Operation

The converter operates with a fixed-frequency, pulse-width-modulated control. In the OFF-time, the rectifier
switch (RECT) and the high-side switch (HSD) are turned on to charge Ccp to the input voltage. As well, the
inductor current ramps down, continuing to charge the output capacitor. During the ON-time, the low-side switch
(LSD) is closed and HSD and RECT are opened. Ccp inverts the supply voltage onto SW, and the inductor
current is ramped up. The LC output filter filters the SW voltage, just like in a step-down converter. Charging the
Ccp capacitor during the OFF-time limits the maximum duty cycle. The upper limit of the duty cycle is 70% to
allow charging the C¢p capacitor in the remaining 30%.

Lower negative voltages require higher positive supply voltages. For an output voltage of -1.8 V, a minimum input
voltage of 4.5 V is sufficient while for an output voltage of -3.3 V, the input voltage has to be above 6 V. See
Figure 37 to Figure 39 for the relation of input voltage, output voltage and temperature vs output current.

For high input voltages and, in absolute value, small output voltages, the device operates with its minimum on-
time (ton min) t0 generate the duty cycle required for this Vy and Vg ratio. This means that, for such cases, the
switching frequency is lower than fs.
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The TPS63710 is intended for systems typically powered by a pre-regulated power supply but can also run on a
battery with a supply voltage range between 3.1 V and 14 V.

8.2 Typical Application

The application covers the input voltage range from 4.5 V to 14 V at the full 1-A output current. The output
capacitors are designed for an output voltage of -1.8 V. With output voltages below -1.8V (larger negative
voltages), the output capacitance has to be increased as described in the Detailed Design Procedure. The
minimum supply voltage is defined by the 70% duty cycle limit, output current and the output voltage. Please see
Figure 37 to Figure 39 for the recommended input voltage levels to generate a specific output voltage.

2.2uF / 16V
0603

TPS63710

V, = 4.5V to 14V VIN
2x220F L Vour =-1.8V
2 X 22uF
Cour | 10V 70805
L

1UFI

CAUX
220nF L

Copyright © 2017, Texas Instruments Incorporated

Figure 10. Typical Application for an Input Voltage up to 14V

8.2.1 Design Requirements

The design of the inverter can be adapted to different output voltages and load currents. The following
components cover an input voltage range up to 9 V. For C,, a 0603 capacitor close to the device pins is
required in addition to the larger capacitor. As the Cp capacitor has the same voltage across it, its dc bias effect
is similar to Cy. Table 3 gives examples for the schematics optimized for different input and output voltage
ranges.

Table 3. Bill of Materials

Reference Part Number Value Manufacturer ()
IC TPS63710DRR Texas Instruments
Ci EMK316B87220MLT 2x 32 uF 116V Taiyo Yuden
Ccp EMK212BB7106MG-T 3 x 10 pF / 16V Taiyo Yuden
Cout C2012X7S1A226M125AC 2x22uF/10V TDK
L XFL4020-222 2.2 pH Coilcraft
Ceap 885012206026 1WF/ 10V Wiirth
Caux 885012206022 220nF/10V Wirth

(1) See Third-party Products Disclaimer
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Typical Application (continued)

Table 3. Bill of Materials (continued)

Reference Part Number Value Manufacturer
R, 196 kQ
R, 150 kQ
Rs 100 kQ

8.2.2 Detailed Design Procedure

8.2.2.1 Custom Design With WEBENCH® Tools

Click here to create a custom design using the TPS63710 device with the WEBENCH® Power Designer.
1. Start by entering the input voltage (V|y), output voltage (Voyt), and output current (Igyt) requirements.
2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.
3. Compare the generated design with other possible solutions from Texas Instruments.

The WEBENCH Power Designer provides a customized schematic along with a list of materials with real-time
pricing and component availability.

In most cases, these actions are available:

* Run electrical simulations to see important waveforms and circuit performance

e Run thermal simulations to understand board thermal performance

» Export customized schematic and layout into popular CAD formats

» Print PDF reports for the design, and share the design with colleagues

Get more information about WEBENCH tools at www.ti.com/WEBENCH.

8.2.2.2 Setting the Output Voltage

The output voltage of the TPS63710 converter is adjusted with an external resistor divider connected to the FB
pin. The voltage at the feedback pin is negative and is regulated to -0.7 V. The gain stage adds a gain factor of
1/0.9 such that the output voltage is -0.778 V for -0.7 V of FB voltage. See Low Noise Reference System for
details.

The value of the output voltage is set by the selection of the resistive divider using Equation 3 and Veg get =
-0.778 V. Both Voyr and Veg_set are negative, so the ratio is positive again.

R =R2X(M—1J

VEp  ser

©)

It is recommended to choose resistor values such that R; + R, are in a range from 100 kQ to 500 kQ. For
example, if an output voltage of -1.8 V is needed and a resistor of 150-kQ has been chosen for R,, a 196-kQ
resistor on R; is required to program the desired output voltage.

Table 4. Recommended Resistor Values

Output Voltage R, R,
-1V 51.1 kQ 180 kQ
-1.8V 196 kQ 150 kQ
-25V 287 kQ 130 kQ
S5V 130 kQ 24 kQ

For proper regulation, the minimum input voltage should remain at least above the output voltage, per
Equation 4:

Vin 2 L>< | Vour |
0.7 4)

See Figure 37 to Figure 39 for the recommended input voltage levels to generate a specific output voltage.
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8.2.2.3

The basic parameters for choosing an appropriate inductor is saturation current, as well as the dc resistance of
the inductor. The TPS63710 is designed such that it operates with an inductance as given in the recommended
operating conditions. For best performance, a nominal inductance of 2.2 pH should be used for input voltages
below 9 V. For input voltages above 9 V, a nominal inductance of 4.7 uH is preferred to keep the inductor current
ripple at a reasonable level.

Inductor Selection

Similar to a step-down converter, the inductor along with the output capacitor forms a LC filter. For noise-
sensitive applications, larger values for the inductance and output capacitance are preferred to get the noise
level at the output to very low values.

The peak inductor current depends on the output load, the input voltage V,y, and the output voltage Vgyr. The
average inductor current equals the load current.

The topology can be simplified to an inverter stage followed by a step-down converter. The equations for
calculating the inductor current of a step-down converter therefore also apply. The worst case inductor ripple
current occurs at 50% duty cycle which is when Vg = 2 x |Vout|- The voltage across the inductor is V| - |Vourls
which is 0.5 x Vg at 50% duty cycle. With this, Equation 5 and dt = 0.5 x 1/fg, the peak to peak inductor ripple
current is defined by Equation 6. The inductor’s saturation current must remain above its peak current which is
calculated in Equation 7. Table 5 shows a list of recommended inductors.

V:Lxﬂ
dt (5)
App =03 1 o5 ol 1oos
fs L f ®)

Lipeak = lour + 1 Alpp
2 ™

Table 5. List of Inductors

Input Voltage Vendor comment Suggested Inductor®
3.1Vto9V Coilcraft XFL3012-222ME
31Vt 9V Coilcraft best pﬁg‘fﬁ”\“zﬂ;géor low XFL4020-222ME
3.1Vto9V Toko low cost; small size DFE252012F-2R2M
3.1Vtol4V Coilcraft XFL4020-472ME
3.1Vtol4V Wirth 744 383 570 47

(1) See Third-party Products Disclaimer
8.2.2.4 Capacitor Selection

8.2.2.4.1 C.p Capacitor

The capacitance of Cp determines the maximum output current of TPS63710. Therefore it is selected at first. A
minimum 4-uF of effective capacitance is required to support the full output current of 1 A. Only ceramic
capacitors like X7R, X5R or equivalent are recommended. For applications that require a lower maximum output
current, its value can be reduced linearly. As the voltage at the Ccp capacitor is equal to the input voltage Vy,
the dc bias effect has to be taken into account based on the maximum input voltage. Table 6 shows
recommended Ccp capacitors.

Table 6. Ccp Capacitor Selection

number of capacitors
input voltage 7 " 7 required for 1A of output - @
range; Vi nominal value voltage rating package size ATTETT basf?d o 6 Es Suggested Capacitors
effect
3.1Vto6V 10 pyF > VN 0805 2 EMK212BB7106MG-T
31Vtol4V 10 pyF > VN 0805 3 EMK212BB7106MG-T

(1) See Third-party Products Disclaimer
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8.2.2.4.2 Input Capacitor

The capacitance of the input capacitor should be at least twice the capacitance of Ccp. At least a 22-uF ceramic
input capacitor is recommended for a good transient behavior of the regulator and EMI behavior of the total
power supply circuit. The capacitor must be located as close to the VIN and GND pins as possible. Only ceramic
capacitors like X7R, X5R or equivalent are recommended. A 0603 size 2.2-pF ceramic capacitor in parallel to the
main input capacitor is recommended to reduce high frequency noise. The input capacitance can be increased
without limit. Table 7 shows recommended capacitors.

Table 7. Input Capacitor Selection

number of capacitors
input voltage " voltage n required for 1A of " @
range; Viy nominal value rating package size output current based Suggested Capacitors
on dc bias effect
31Vto6V 2 x capacitance of Ccp > VN 1206 2 EMK316BB7226ML-T
31Vtol4V 2 x capacitance of Ccp > VN 1206 3 EMK316BB7226ML-T

(1) See Third-party Products Disclaimer

8.2.2.4.3 Output Capacitor

One of the major parameters necessary to define the capacitance value of the output capacitor is the maximum
allowed output voltage ripple of the converter and device stability. Internal device compensation defines the limits
for the capacitance on the output. Only ceramic capacitors like X7R, X5R or equivalent are recommended. Table
Table 8 gives the minimum amount of capacitors required for a given output voltage based on the dc bias effect.
For lowest output voltage ripple, more capacitance can be added up to the maximum value as defined in the
recommended operating conditions.

Table 8. Output Capacitor Selection

. number of capacitors
output vc\J/Itage range. nominal value Vgttiige package size required based on dc Suggested Capacitors @
QUi 9 bias effect
-1Vto-3.3V 22 pF 26.3V 0805 2 C2012X7S1A226M125AC
-1Vto-55V 22 pF 210V 0805 3 C2012X7S1A226M125AC
(1) See Third-party Products Disclaimer
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8.2.3

Application Curves

8.2.3.1 Parameter Measurement Information

The application curves have been taken using the schematic in Figure 10 and BOM according Table 3. Based on
the output voltage, the components given in Table 9 have been changed. The resistor divider is based on

Table 4.
Table 9. Component Selection for Voyr Options
Vour Ccp L Cour
-1Vand-1.8V 2 x EMK212BB7106MG-T XFL4020-222ME 2 x C2012X7S1A226M125AC
-3.3Vand-5V 3 x EMK212BB7106MG-T XFL4020-472ME 3 x C2012X7S1A226M125AC
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Figure 39. Maximum Output Current vs Input Voltage Figure 40. Output Noise Density
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Figure 41. Output Noise Density
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8.3 System Examples

8.3.1 Typical Application for Powering the Negative Rail of a Gallium Nitride (GaN) Power Amplifier

The TPS63710 requires a supply voltage in the range of 8.8 V to 14 V in order to generate an output voltage of
-5 V. The circuit therefore was optimized for this input voltage range. The number of the input, output and Ccp
capacitors have been adjusted to compensate for the higher dc bias effect with large input and output voltages.
In addition, the inductor has been changed to 4.7 pH for low inductor current ripple at an input voltage up to 14
V.

2.2uF / 16
- TPS63710
1 VIN cP
out — -5V
SW :
3 x 22uF
' EN VOUT & 10V 70805
VREF
1 CAP
CCAP FB L
1wF L
c 1 VAUX R =
A 100kQ
220nF L PG
T GND

Copyright © 2017, Texas Instruments Incorporated
Figure 42. Typical Application for an Output Voltage of -5V

8.3.2 Typical Application for Powering the Negative Rail of an ADC or DAC

Typically, the input voltage to the inverter in applications powering the negative supply of an ADC or DAC is
about 5 V. The circuit therefore was optimized for this input voltage range, because the size and amount of
capacitors depends on the voltage applied to the capacitors. In order not to over-design, the input voltage range
was set to the range required to set a limit for the dc bias of the capacitors. Figure 43 shows a, for an input
voltage of 5-V, optimized design. The minimum input voltage to support the full output current is 4.5 V. The
maximum input voltage is defined by the dc bias characteristic of the input and Ccp capacitors. If a higher input
voltage is required, these capacitors have to be adjusted accordingly.
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System Examples (continued)

2 x 10uF

2.2uF / 16V
L(J)eos TPS63710 16V / 0805

V,, = 4.5V to BV 1 VIN cp

Y EN 2 x 22uF

VOUT o 10V / 0805
VREF
1 CAP

CCAP FB ¢

1wF L

c 1 VAUX R =

A 100kQ
220nF L PG

GND

Copyright © 2017, Texas Instruments Incorporated

Figure 43. Typical Application for V|y =5V

8.3.3 Typical Application for Laser Diode Bias

Laser diode bias typically requires a voltage of about -1 V from a 3.3 V supply. The TPS63710 was optimized for
these operating conditions. The passive components have been chosen for a fixed supply voltage of 3.3 V. The
number of the input, output and Ccp capacitors have been adjusted for the input and output voltage in this
application.

10uF
16V / 0805

2.20F | 16V TPS63710
0603

1 VIN cpP
Vo = -1V, 0.8A

Y EN 2 X 22uF

VOUT oI 10V / 0805
VREF
1 CAP

CCAP FB C

1uFI

c 1 VAUX R =

X 100kQ
220nF L PG

GND

Copyright © 2017, Texas Instruments Incorporated

Figure 44. Typical Application for an Output Voltage of -1 V
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9 Power Supply Recommendations

The power supply to the TPS63710 needs to have a current rating according to the input supply voltage, output
voltage and output current of the TPS63710. The peak current requirement on the input depends on the duty
cycle, as Cqp is charged during the off-time. Worst case is for the maximum duty cycle of 70% when the OFF-
time is at its shortest value of 30%. The peak current on the input can be up to 5 times of the average output
current. A proper input capacitor needs to be placed directly at the VIN and GND pins to supply the peak current
demand of the converter. Slew rates faster than 1 V/us for a V| step of less than 1 V and 0.1 V/us for a V| step
over the full input voltage range up to 14 V should be avoided, as this leads to a large inrush current through the
Ccp capacitor and HSD.

When the input supply of TPS63710 is shorted while the device is enabled, the charge stored on the Cgp
capacitor is transferred to the output. This may cause an output voltage undershoot. It is recommended to
disable the TPS63710 by setting the EN pin to low while the supply voltage is within the recommended input
voltage range. This ensures a proper shutdown.
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10 Layout

10.1 Layout Guidelines

For all switching power supplies, the layout is an important step in the design, especially at high peak currents
and high switching frequencies. If the layout is not carefully done, the regulator could show stability problems as
well as EMI problems. Therefore, use wide and short traces for the main current paths, and for the power-ground
tracks. The input, output and CP capacitors should be placed as close as possible to the IC. Because Cyayx
carries the peak currents of the gate control block, it should have a compact and direct routing to the VAUX and
GND pin 10, staying away from sensitive signals. The CAP, FB, and VREF pins should all be routed close to the
IC in order to keep them away from external noise. The total resistance of the voltage divider R; + R, must be
kept in the range as defined in the Recommended Operating Conditions.

The pinout of the device has been defined such that the external components can be placed directly at the pins
to allow for a simplified external layout and good performance. Thermal and electrical vias should be used under
the exposed thermal pad to the GND plane.

10.2 Layout Example

Figure 45. Recommended Layout
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11 Device and Documentation Support

11.1 Device Support

11.1.1 Custom Design With WEBENCH® Tools

Click here to create a custom design using the TPS63710 device with the WEBENCH® Power Designer.
1. Start by entering the input voltage (V,y), output voltage (Voyt), and output current (Ioyt) requirements.
2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.
3. Compare the generated design with other possible solutions from Texas Instruments.

The WEBENCH Power Designer provides a customized schematic along with a list of materials with real-time
pricing and component availability.

In most cases, these actions are available:

* Run electrical simulations to see important waveforms and circuit performance

e Run thermal simulations to understand board thermal performance

» Export customized schematic and layout into popular CAD formats

« Print PDF reports for the design, and share the design with colleagues

Get more information about WEBENCH tools at www.ti.com/WEBENCH.

11.1.2 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY Tl PRODUCT OR SERVICE.

11.2 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.3 Trademarks

E2E is a trademark of Texas Instruments.
WEBENCH is a registered trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.4 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y i\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.5 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ©) (415)
(6)
TPS63710DRRR ACTIVE WSON DRR 12 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 63710
TPS63710DRRT ACTIVE WSON DRR 12 250 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 63710

® 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.

@ RoHS: Tl defines "ROHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ 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.

© ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material 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 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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PACKAGE MATERIALS INFORMATION
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
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 | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O OO 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
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)
TPS63710DRRR WSON DRR 12 3000 330.0 12.4 3.3 3.3 11 8.0 12.0 Q2
TPS63710DRRT WSON DRR 12 250 180.0 12.4 33 3.3 11 8.0 12.0 Q2
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PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 3-Jun-2022
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS63710DRRR WSON DRR 12 3000 367.0 367.0 35.0
TPS63710DRRT WSON DRR 12 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
DRR 12 WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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DRR0012C

PACKAGE OUTLINE
WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREA—]

N o
=

}
0.8 MAX
I S Y =N =
o.osj‘
0.00
EXPOSED
THERMAL PAD = 1.5¢0.1 —=
‘ 10X[0.5]
6 7
>~ g
S| e
|
D) 13 | C] symm 2X
25:001 {—-+t-—+—-A-—Ft—¢
D, | C
|
D, | C
|
15— o
: 12 { 0s
PIN 1 1D SE'V”V' 12X02
(OPTIONAL) & [01@c[AlB
12X g:g . 0.050)

©.1)TYP

4222932/A 05/2016

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
DRR0012C WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

12X(0.6) —= - SYMM (R0.05) TYP
EERI (\L r—‘—{ 12
) ‘
|
12X (0.25) CD

|
|
SYMM 18| [I] (2.5)
e-— OOt B
) o )
| | | | (1)
- | OO
10X (0.5) fP*f**r**
_ L ‘ . 1T
6 | ‘ L+J 7
—={ (0.5) |=—
I (©0.2) VIA ©-5) |
| TYP !
|
-~— 28—~
LAND PATTERN EXAMPLE
SCALE:20X
0.07 MAX
0.07 MIN
j ALL AROUND T ALL AROUND
) ()
! 1
l '

N\ =/ t—;, -
SOLDER MASK METAL METAL UNDERJ SOLDER MASK
OPENING SOLDER MASK OPENING

NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4222932/A 05/2016

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN

DRR0012C WSON - 0.8 mm max height
PLASTIC SMALL OUTLINE - NO LEAD

12X (0.6) ﬁ
~—— 2X (1.38) —=
1 .

12X (0.25) 3 ‘ ) |

|
SEe FOE el B

— €5 | INED

10X (0.5) B |
e =
‘ 13 SYMM i METAL
| ¢ | TYP
(28—

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 13
81.7% PRINTED SOLDER COVERAGE BY AREA
SCALE:20X

4222932/A 05/2016

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated
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