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General Texas Instruments High Voltage Evaluation (TI HV EMV) User Safety Guidelines

P\ e

Always follow TI's set-up and application instructions, including use of all interface components within their
recommended electrical rated voltage and power limits. Always use electrical safety precautions to help
ensure your personal safety and those working around you. Contact Tl's Product Information Center
http://ti.com/customer support for further information.

Save all warnings and instructions for future reference.

WARNING

Failure to follow warnings and instructions may result in personal injury,
property damage or death due to electrical shock and burn hazards.

The term TI HV EVM refers to an electronic device typically provided as an open framed, unenclosed
printed circuit board assembly. It is intended strictly for use in development laboratory environments,
solely for qualified professional users having training, expertise and knowledge of electrical safety risks in
development and application of high voltage electrical circuits. Any other use and/or application are strictly
prohibited by Texas Instruments. If you are not suitable qualified, you should immediately stop from further
use of the HV EVM.

1. Work Area Safety:
a. Keep work area clean and orderly.
b. Qualified observer(s) must be present anytime circuits are energized.

c. Effective barriers and signage must be present in the area where the TI HV EVM and its interface
electronics are energized, indicating operation of accessible high voltages may be present, for the
purpose of protecting inadvertent access.

d. Allinterface circuits, power supplies, evaluation modules, instruments, meters, scopes, and other
related apparatus used in a development environment exceeding 50Vrms/75VDC must be
electrically located within a protected Emergency Power Off EPO protected power strip.

e. Use stable and non-conductive work surface.

f. Use adequately insulated clamps and wires to attach measurement probes and instruments. No
freehand testing whenever possible.

2. Electrical Safety:

As a precautionary measure, it is always good engineering practice to assume that the entire EVM
may have fully accessible and active high voltages.

a. De-energize the TI HV EVM and all its inputs, outputs and electrical loads before performing any
electrical or other diagnostic measurements. Revalidate that TI HV EVM power has been safely
de-energized.

b. With the EVM confirmed de-energized, proceed with required electrical circuit configurations,
wiring, measurement equipment hook-ups and other application needs, while still assuming the
EVM circuit and measuring instruments are electrically live.

c. Once EVM readiness is complete, energize the EVM as intended.
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electrical shock hazard.

WARNING

While the EVM is energized, never touch the EVM or its electrical
circuits, as they could be at high voltages capable of causing

3. Personal Safety

a. Wear personal protective equipment e.g. latex gloves or safety glasses with side shields or protect

EVM in an adequate lucent plastic box with interlocks from accidental touch.

Limitation for safe use:

EVMs are not to be used as all or part of a production unit.
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This user's guide describes the specifications, board connection description, characteristics, operation,
and use of the TPS92682-Q1 constant current (CC) mode in boost and boost-to-battery configurations.
The TPS92682-Q1 device implements a fixed-frequency peak current mode control technique with
programmable switching frequency, slope compensation, and soft-start. Additional features include wide
input voltage range (4.5 V to 65 V), programmable spread spectrum frequency modulation, programmable
fault handling, and adjustable output current setting. A complete schematic diagram, printed circuit board
layouts, and bill of materials are included in this document.
1 Trademarks

SimpleLink, LaunchPad are trademarks of Texas Instruments.

2 Description

The TPS92682EVM-70 solution provides a two channel, constant current boost and boost-to-battery LED
current regulator which is configurable via serial peripheral interface (SPI). The EVM is designed to
operate with an input voltage in the range of 6.5 V to 20 V. The EVM provides maximum output power of
25 W for boost channel and 15 W for the boost-to-battery channel. The TPS92682EVM-70 provides high
efficiency, SPI programmable fault handling, |, ¢, setting, and spread-spectrum. The channel-1 of the EVM
is configured as CC boost and channel-2 as CC boost-to-battery.

2.1 Typical Applications

This document outlines the operation and implementation of the TPS92682-Q1 as a two-channel boost
and boost-to-battery LED current regulator with the specifications listed in Table 3. For applications with a
different input voltage range or different I ¢y range, refer to the TPS92682-Q1 data sheet. The MSP-
EXP432E401Y SimpleLink™ Ethernet MSP432E401Y MCU LaunchPad™ Development Kit controls the
TPS92682EVM-70 evaluation board. The MSP-EXP432E401Y is available on Tl website. However, any
SPI controller can be used to program the TPS92682EVM board. Ensure that the LaunchPad board from
Tl has been programmed before running the GUI. The programming instructions are provided in

Section 7.

2.2 Warnings
Observe the following precaution when using the TPS92682EVM-70 evaluation module.

Caution hot surface. Contact may cause burns. Do not touch.

2.3 Connector Description

Table 1 describes the connectors and Table 2 lists the test points on the EVM and how to properly
connect, set up, and use the TPS92682EVM-70.

Figure 1 shows the connection diagram and the default jumper locations of the TPS92682EVM-70.
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Figure 1. Component Connections

Table 1. Connector Descriptions

Connector Label Description
J10 SPI control from the J10 and J11 allow attachment of a header cable for SPI control of the TPS92682-
MSP-EXP432E401Y | Q1 to the Tl SimpleLink™ Ethernet MSP-EXP432E401Y MCU LaunchPad™

J11 LaunchPad Development Kit, part number MSP-EXP432E401Y

J8 Sozigfgtl;?l cf)lr?tr:s:ﬁe}jo J8 and J9 allow star connection of TPS92682EVM-70 boards to each other with one

Jo EVM MSP-EXP432E401Y control board.

] VIN. GND J1 connects the input power to the TPS92682EVM-070. The board silkscreen

’ identifies VIN pins with "Vbatt" and the "GND" markings.

J2 Channel-1 and Channel- | J2 is connected to the channel-1 output and J5 is connected to the channel-2 output

J5 2 and GND of the TPS92682EVM-070.

6 VDD iumper J6 is a jumper provided to share VDD with other SPI controlled EVM, in case a

Jump digital supply is needed. For the operation of this EVM, leave this jumper open.

J3 J3 and J4 are jumpers to apply external PWM signals to the two channels. When

the jumpers are removed and the R28 and R29 zero-Q resistors are installed, the
PWM1 and PWM2 PWM signals can be generated from the MSP-EXP432E401Y controller board.

J4 jumpers When the jumpers are populated (by default), the PWM1 and PWM2 pins of the
TPS92682-Q1 are connected to VDD. The PWM signals can be used for PWM-
dimming of the LED current.

SSN confiquration J7 allows configuration of the SSN chip select line, when multiple chips on the same

J7 um %r SPI bus are used. By default, evaluation module is configured to be connected to

ume the SSNO of the MSP-EXP432E401Y controller board.

SLUUC13A—-May 2019—Revised August 2019
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4.1

Table 2. Test Points

Test Point Description

Metal turrets All metal turrets are grounds.

The VBAT test point allows for voltage measurement of the external power supply applied to the evaluation

VBAT board.
The VIN test point allows for voltage measurement of the power applied to the boost and boost-to-battery
VIN ;
channels after the EMI filter.
VDD The VDD test point allows for voltage measurement of the VDD output of the TPS92682-Q1.
LH The LH test point allows for applying a voltage to the LH pin and placing the TPS92682-Q1 in Limp Home

mode

The FLT1 test point can be used to monitor the fault occurrence of the channel-1. When a fault occurs, FLT1
FLTAH voltage level goes low. Note that during power up, FLT1 is low (due to POR). The Fault pins can be reset by
setting bit-7 of the EN register 0x00.

The FLT2 test point can be used to monitor the fault occurrence of the channel-2. When a fault occurs, FLT2
voltage level goes low. Note that during power up, FLT2 is low (due to POR). The Fault pins can be reset by
setting bit-7 of the EN register 0x00. The FLT2 test point can also be used for synchronizing of the
TPS92682-Q1 with an external clock.

FLT2

EN EN test point is connected to the EN-pin of the TPS92682-Q1 device

PWM1 PWM1 test point is connected to the PWM1-pin of the TPS92682-Q1 device
PWM2 PWM?2 test point is connected to the PWM2-pin of the TPS92682-Q1 device
LED1+ The LED1+ test point allows for voltage measurement of the channel-1 (boost) LED positive output.
The LED1- test point is connected to the channel-1 (boost) LED negative output. This test point is connected
LED1- ’ X
to the EVM ground via a zero-Q resistor
LED2+ The LED2+ test point is connected to the channel-2 (boost-to-battery) LED positive output.
LED2- The LED2- test point is connected to the channel-2 (boost-to-battery) LED negative output.

REACH Compliance

In compliance with the Article 33 provision of the EU REACH regulation we are notifying you that this EVM
includes component(s) containing at least one substance of very high concern (SVHC) above 0.1%. These
uses from Texas Instruments do not exceed 1 ton per year. The SVHC speciifications are:

Component Component part SVHC CAS (when
Manufacturer number SIS SR available)
PHOENIX CONTACT
GmbH & Co. KG 1715721 and 1715747 Lead (Pb) 7439-92-1

Performance Specifications

This section provides the performance specifications and requirements for the boost and boost-to-battery

LED current regulators.

Boost Current Regulator

The Table 3 provides the EVM electrical performance specifications for the boost current regulator,

channel-1.

Table 3. TPS92682EVM-070 Boost Channel Performance Specifications

Parameter | Test Conditions | MIN | TYP | mMAX [ UNITS
Input Characteristics
Voltage, Viy 6.5 12 20 \Y
Maximum Input Current, |y 4 A
Output Characteristics
LED forward voltage, Veyep) | 28 | 30 | 382 [ Vv

10 TPS92682EVM Constant Current Two-channel Boost and Boost-to-Battery
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Table 3. TPS92682EVM-070 Boost Channel Performance Specifications (continued)

Parameter Test Conditions MIN TYP MAX UNITS
Number of LEDs N gp 12
Output voltage Voyr LED+ to LED- 60
Maximum output current, | gp 0.55 A
Maximum Output Power, Pyt 25 w
PWM dimming frequency fpym 400 Hz
Systems Characteristics
Switching frequency Fgy 400 kHz
Dither modulation fpy, 400 600 Hz
Output over-voltage threshold Voo 60 \Y

4.2 Boost-to-Battery Current Regulator

The Table 4 provides the EVM electrical performance specifications for the boost-to-battery current
regulator, channel-2.

Table 4. TPS92682EVM-070 Boost-to-Battery Channel Performance Specifications

Parameter | Test Conditions | MIN | TYP | mMAX [ UNITS
Input Characteristics
Voltage, Viy 6.5 12 20 \Y
Maximum Input Current, |y 2 A
Output Characteristics
LED forward voltage, Veep, 2.8 3.0 3.2 \"
Number of LEDs N, gp 6
Output voltage Vour LED+ to LED- 40 \
Maximum output current, | gp 0.55 A
Maximum Output Power, Poyr 15 w
PWM dimming frequency fpym 400 Hz
Systems Characteristics
Switching frequency Fgw 400 kHz
Dither modulation fpy 400 600 Hz
Output over-voltage threshold Vo oy, 40 \Y

5 Performance Data and Typical Characteristic Curves

Figure 2 and Figure 3 show the efficiency results for the boost and boost-to-battery vs. LED current, | gp.
The results show different number of series connected LEDs in the output. It is important to note that the
efficiency results include the power loss in the input EMI filter.

SLUUC13A—-May 2019—Revised August 2019 TPS92682EVM Constant Current Two-channel Boost and Boost-to-Battery 11

Submit Documentation Feedback
Copyright © 2019, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUUC13A

13 TEXAS

INSTRUMENTS
Performance Data and Typical Characteristic Curves www.ti.com
CC Boost Efficiency CC Boost-to-Battery Efficiency
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Figure 2. CC Boost Efficiency for V,y, =12V Figure 3. CC Buck-Boost Efficiency for V,y, =12V

5.1 Startup Waveforms

Figure 4 and Figure 5 show the startup waveforms, | ¢, and Compensator voltage of the boost and boost-
to-battery channels. In this setup, a string of 12xLEDs are connected to the output of the boost and
6xLEDs to the output of the boost-to-battery channel.

ek Freve I | ] Tekpreve [ I T I |

[ \’I.EO'I“

Bl

2

.v;zmu-unl ‘f—

[ VLED2+ e
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Figure 4. Softstart waveforms for CHxSS3:0 = 7 Figure 5. Softstart waveforms for CHxSS3:0 = 31
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5.2

5.3

PWM Dimming

Figure 6 shows PWM dimming of the two boost and boost-to-battery channels of the TPS92682EVM-070.
The | gp is programmed to its maximum value. A string of 12xLEDs connected to the output of the boost
and 6xLEDs to the output of the boost-to-battery channels. When internal PWM dimming counter is used,
the two channels, by default, have 180° phase-shift.
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»
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Figure 6. CC Boost and Boost-to-Battery PWM Dimming

Figure 7 shows the switch current across the sense resistor at the rising edge of the PWM dimming for the
boost channel.

ek fun L T T 1Trign

wiuo: il

mliswi  poma |

E . i ; v I 1
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”!I 20“"‘.’\I z 5 IR I'uii 100wy %) 4.00us 3005578 H [

1M palnts
V=12V, and Vour = 40 V
Figure 7. CC Boost Switch Current Sense

Faults

TPS92682-Q1 include various fault handling and diagnostic features. Figure 8 and Figure 9 show the LED
short protection for CC boost channel and LED open protection for the boost-to-battery channel.

As shown in Figure 8, when a short across the LED load occurs, the overcurrent (OC) protection is
triggered (if OC Fault is enabled), the COMP-pin is pulled low, and the associated channel is turned off.
The channel remains off for the programmed main fault timer (MFT), when the channel performs a soft-
start sequence.

As shown in Figure 9, when open LED load occurs, the load voltage increases above the programmed
overvoltage (OV) threshold, and the associated channel turns off. The channel remains off until the load
voltage drops below a OV hysteresis value, when the channel performs a soft-start sequence. Set the OV
threshold by programming the OV register and the OV detection resistor dividers.
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Figure 8. CC Boost LED Short Over-Current Protection

5.4 EMI Scan

Figure 9. CC Boost-to-Battery LED Open Over-Voltage
Protection

Figure 10 shows the conducted EMI for the boost channel with 12 series connected LED load and | gy =
570 mA. Figure 11 shows the conducted EMI for the boost-to-battery channel with 6 series connected
LED load and I gp = 570 mA.

REWY 120 kHz REWY 120 kHz
Att 0dB MT 1s PREAMP ON Att 0dB MT 1s PREAMP ON
QPK 3.64 dBpv QPK 15.63 dBpV
T | |
-25 10 o] 10 20 30 40 50 &0 75 -25 -10 o] 10 20 30 A0 50 &0 75
[ Limit chiclez PASS | [10 MHz T Lim]t chiclez PASS | [10 MHz
100 dRyE IS rEY 100 dRyE IS rEY
Tt Line G255 PASS Tt Line G255 PASS
g0 dehine-G25PD bAGS g0 dehine-G25PD bAGS
- | Ling g25P9 PASS - | Ling g25P9 PASS
4% lc2ser LiNg 2 6PI5 PASS 2581 Lina €25P5 PASS
ne C25A1 PASS - nd -
1Pk | 80 dBHY 1Pk | 0 B4 RE T 2B AT PASS Chsvac
Clrw : I caseatm| | |||l cirw A L . | 1L
28y ‘ Ling S PASS | |\~C2_SPS.LIN 28y ‘ Ling 2] PASS | l-c2sps LN
40 dBuv- 2584 LIN—TT1TH 40 dBpv C2584 LINTT T 1171
Clrw ‘ [ C25A5 LIN| Clrw ‘ [C2sa5 LIN|
[“"1 L~ N / [/"‘-«‘-\ r—"/\\
20 dBp\v ¥ 20 dBp\v ™ ‘/
MM AL ! J‘“MJ‘ N w/ K ™
\)\ i JJ\_M-N / ™ WJl il
I Y et 195 & St i FZ o gy Pt I et T F2
scl L ML T | sal F1s | L HA [ |

Start 150.0 kHz

Stop 108.0 MHz

Start 150.0 kHz

Stop 108.0 MHz

VIN = 12 V, FMMAG = 3, FMFREQ = 5
Figure 10. CC Boost Conducted EMI Scan

VIN = 12 V, FMMAG = 1, FMFREQ = 5
Figure 11. CC Boost-to-Battery Conducted EMI Scan
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6 Schematic, PCB Layout, and Bill of Materials
This section contains TPS92682EVM-70 schematics, PCB layouts, and bill of materials (BOM).

6.1 Schematic

Figure 12 illustrates the TPS92682EVM-70 schematic.
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Figure 12. TPS92682EVM-70 Schematic
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6.2

Layout
The TPS92682EVM-70 is a four-layer board. Figure 13, Figure 14, Figure 15, Figure 16 and Figure 17
illustrate the assembly, the top, the inner-layer1, the inner-layer2 and the bottom side of the
TPS92682EVM-70 PCB layout. The Inner-layer 1 is a ground plane and there is no routing on this layer.

For svaluation anly; not FCC approved for resale. PSILOTOA

TEXAS
INSTRUMENTS

VLEDE man = 20VCC

10UTZ mar = 554
POUTZ mar= 0w TRIZ

8
)
)

W w

VEED1: max

Figure 14. TPS92682EVM-70 Top Layer and Top Overlay (Top View)
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Figure 16. TPS92682EVM-70 Inner-layer 2
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6.3 Bill of Materials
Table 5 lists the TPS92682EVM-70 bill of materials.

Table 5. TPS92682EVM-70 Bill of Materials

Designator Quantity Value Description Package Part Number Manufacturer
Ct, C16, C37, C38, C39, 7 10uF | CAP, CERM, 10 uF, 50 V, +20%, X7R 1210 C3225X7R1H106M250A TDK

C41, C42 c

C2, C3, C10, C11, C12,

C17, C18, C19, C20, 10 47uF | CAP, CERM, 4.7 uF, 100 V, +10%, X7S 1210 C3225X7S2A4TSK200A TDK

ca7

C4, C9, C15, C21, C26, R GRM188R72A104KA35

G5 ous, a6 ok 9 0.1uF | CAP, CERM, 0.1 uF, 100 V, +10%, X7R 0603 c MuRata
C5, C13, C14, C22, C23,

C24, C28, C31, C32, . CGA3E2X7R2A103K080

Coe G0, Cax Cas. 17 0.01 uF | CAP, CERM, 0.01 uF, 100 V, £10%, X7R, AEC-Q200 Grade 1 | 0603 o TDK

C48, C49, C52, C53

C6 1 33uF | CAP, AL, 33 uF, 100 V, +20%, AEC-Q200 Grade 2, SMD D10xL10mm MAL215097904E3 Vishay

c7 1 470 pF | CAP, CERM, 470 pF, 100 V, £5%, COG/NPO 0603 GRM1885C2A471JA01D | MuRata

cs 1 4700 pF | CAP, CERM, 4700 pF, 100 V, +10%, X7R, AEC-Q200 Grade 1 | 0603 COASE2XTR2A472K080 TDK

C25, C27, C51, C54 4 1000 pF | CAP, CERM, 1000 pF, 50 V, +10%, X7R 0603 CRM1TBBR7THTOZKAD MuRata
Cc29 1 0.047 uF | CAP, CERM, 0.047 UF, 25 V, +10%, X7R 0603 CRM1BBR71E473KAOT MuRata
C30, C57 2 100 pF | CAP, CERM, 100 pF, 50 V, +5%, COG/NPO, 0603 0603 885012006057 Wurth Elektronik
Cc33 1 1uF | CAP, CERM, 1 uF, 100 V, +10%, X7R 1206 CL31B105KCHNNNE Samsung
C55, C56 2 22uF | CAP, CERM, 2.2 uF, 16 V, +10%, X7R 0603 GRM188271C225KE43 MuRata
C58 1 0.1uF | CAP, CERM, 0.1 UF, 100 V, +10%, X7S, AEC-Q200 Grade 1 | 0603 COASESXTS2AT04K080 TDK

C59, C60, C61, C62 4 0.1uF | CAP, CERM, 0.1 uF, 50 V, +10%, X7R 0805 C0805C104K5RACTU Kemet

D1, D2 2 100V | Diode, Schottky, 100 V, 3 A, AEC-Q101 POWERDI5 PDS3100Q-13 Diodes Inc
H10, H12, H13, H14, i
T 8 RFI SHIELD CLIP TIN SMD S2711-46R Harwin

J1 1 Terminal Block, 5.08 mm, 4x1, TH 4POS Terminal Block 1715747 Phoenix Contact
J2, J5 2 Terminal Block, 5.08 mm, 2x1, TH 2POS Terminal Block 1715721 Phoenix Contact
J3, J4, J6 3 Header, 100 mil, Gold, TH 2x1 TSW-102-07-G-S Samtec

J7 1 Header, 100 mil, Gold, TH 3x1 TSW-103-07-G-D Samtec

J8 1 Header, 2.54 mm, Tin, R/A, TH 10x2 TSW-110-08-T-D-RA Samtec

J9 1 Receptacle, 2.5 mm, Gold, R/A, TH 10x2 SSW-110-02-G-D-RA Samtec
J10, J11 2 Header (shrouded), 100 mil, Gold, TH 10x2 5103309-5 TE Connectivity

SLUUC13A—-May 2019—Revised August 2019
Submit Documentation Feedback

TPS92682EVM Constant Current Two-channel Boost and Boost-to-Battery 19

Copyright © 2019, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUUC13A

Schematic, PCB Layout, and Bill of Materials

I

TEXAS
INSTRUMENTS

www.ti.com

Table 5. TPS92682EVM-70 Bill of Materials (continued)

Designator Quantity Value Description Package Part Number Manufacturer
L1 1 3.3 uH gggg‘g;asdgiﬁ'f’gi}lgompOS“e’ 3.3 uH, 8 A, 0.02081 0, AEC- |5 4.3 1466 XAL6030-332MEB Coilcraft
L2, 13 2 22 uH gﬁg%g’g?ﬂ:fgg’zggg ig%’, Powdered lron, 22 UH, 41 A1 10.2x4.0x10.2 IHLP4040DZER220M8A Vishay

Qi, Q3 2 Z60V | MOSFET, P-CH, -60 V, 3.6 A PowerPAK 1212 SI7415DN-T1-GE3 Vishay

Q2, Q5 2 100V | MOSFET, N-CH, 100 V, 20 A, AEC-Q101 8-PowerVDFN STL8N10LF3 STMicrg‘:'QCtm”i
Q4 1 60V | Transistor, PNP, 60 V, 2.7 A, AEC-Q101 SOT-23 PBSS4041PT,215 NXP

R1 1 75Q | RES, 7.5, 5%, 0.75 W, AEC-Q200 Grade 0 2010 CRCW20107R50JNEF Vishay

R3, R20 1 0.3Q RES, 0.3, 1%, 0.5 W, AEC-Q200 Grade 1 1206 ERJ8BQFR30V Panasonic
R4, R11, R17, R21 4 0 RES, 0, 5%, 0.25 W 1206 RC1206JR-070RL Yageo America
RS5, R9, R16, R23, R29 5 0 RES, 0, 5%, 0.1 W, AEC-Q200 Grade 0 0603 CRCWO06030000Z0EA Vishay

R6 1 120kQ | RES, 120 k, 0.1%, 01 W 0603 RTO603BRDO7120KL | Yageo America
R7, R8, R26, R27 4 10Q | RES, 10.0, 1%, 0.1 W, AEC-Q200 Grade 0 0603 CRCW060310ROFKEA Vishay
R10, R30 2 100Q | RES, 100, 1%, 0.1 W, AEC-Q200 Grade 0 0603 CRCW0603100RFKEA Vishay
R12, R33 2 0.04Q |RES, 0.04, 1%, 1 W 2010 CSRN2010FK40L0 Stackpole
R13 1 255kQ | RES, 2.55 k, 1%, 0.1 W, AEC-Q200 Grade 0 0603 CRCW06032K55FKEA Vishay
R14 1 10Q | RES, 1.00, 1%, 0.125 W, AEC-Q200 Grade 0 0805 CRCW08051R00FKEA Vishay
R15 1 715Q | RES, 715, 1%, 0.1 W, AEC-Q200 Grade 0 0603 CRCW0603715RFKEA Vishay
R22, R32 2 100kQ | RES, 100 k, 1%, 0.1 W, AEC-Q200 Grade 0 0603 CRCW0603100KFKEA Vishay
R24, R28 2 10kQ | RES, 10k, 1%, 0.1 W, AEC-Q200 Grade 0 0603 CRCW060310KOFKEA Vishay
R25 1 150 kQ | RES, 150 k, 1%, 0.1 W, AEC-Q200 Grade 0 0603 CRCW0603150KFKEA Vishay
R31 1 453kQ | RES, 453 k, 1%, 0.1 W, AEC-Q200 Grade 0 0603 ERJ-3EKF4531V Panasonic
R36 1 475Q |RES, 47.5, 1%, 0.1 W, AEC-Q200 Grade 0 0603 CRCW060347R5FKEA Vishay
R37 1 47kQ | RES, 4.7 k, 5%, 0.1 W, AEC-Q200 Grade 0 0603 CRCW06034K70JNEA Vishay
SH-J1, SH-J2, SH-J3,

S:j‘; SH-J5, SH-J6, 7 Shunt, 2.54mm, Gold, Black 2x1, 2.54mm 60900213421 Wurth Elektronik
TP1, TP2, TP3 3 Test Point, Miniature, Red, TH TH 5000 keystone
TP4, TP5, TP16 3 Terminal, Turret, TH, Double Turret 1502-2 keystone
TP6, TP7, TP11, TP13 4 Test Point, Miniature, White, TH TH 5002 keystone
$E§3;J$g’1gp1°' TP12, 6 Test Point, Miniature, Black, TH TH 5001 keystone

U L Controler with SP| nfertace. BHMO0320 (VQFND 32) RHIM0032C TPS92682QRHMQ Instruments
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Table 5. TPS92682EVM-70 Bill of Materials (continued)

Designator Quantity Value Description Package Part Number Manufacturer
High-Speed, Low-Power, Robust EMC Quad-Channel Digital Texas

u2 1 Isolator, DBQO016A (SSOP-16) DBQO016A 1807740DBQ Instruments
High Speed, Robust EMC Quad-Channel Digital Isolators, Texas

us ! DBQOO16A (SSOP-16) DBQOO16A ISO7741DBQR Instruments
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7

Software

This section describes the installation of the GUI software and the drivers needed to operate the

TPS92682EVM-70.

7.1  Demonstration Kit Software Installation for MSP-EXP432E401Y LaunchPad Board
1. Righ-click on TPS92682 LaunchPad Evaluation Software Installer.exe and select Run As
Administrator.
2. Windows Account Control asks to allow the program to make changes to the computer. Click Yes.
3. Select Agree to the installation license terms and install in the recommended location.
4. Installation may take a while, as it may need to install Microsoft .NET Framework.
5. If the installer asks to reboot after installing Microsoft .NET, click restart later to complete the driver
installation.
6. After running the TPS92682 LaunchPad Evaluation Software Installer.exe, the evaluation software
window appears as shown in Figure 18.
Welcome to the TPS92682
LaunchPad Evaluation Software
Setup Wizard
This will install TPS92682 LaunchPad Evaluation Software
version 2.29 on your computer. Optionally it will also install the
appropriate drivers, Uniflash (flash tool) and XDS Emulation
Software Pack. If .Met version 4.5 or higher is not installed on
this computer you will also be prompted to update your
current wversion of .Met. An internet connection is required for
MET installer, and a system restart may be reguired. Please
see the TP592682 LaunchPad Evaluation Software user's
qguide for additional details.
This software was designed for, and tested on, Windows 10
64-bit, It is recommended that you dose all other applications
before continuing.
Click Next to continue, or Cancel to exit Setup.
Figure 18. Setup Screen 1
Click Next > to install.
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@ Setup - TP592682 LaunchPad Evaluation Software —

License Agreement
Please read the following important information before continuing.

Please read the following License Agreement. You must accept the terms of this
agreement before cantinuing with the installation.

Source and Object Code Internal Use License Agreement

IMPORTANT — PLEASE CAREFULLY READ THE FOLLOWING LICEMSE AGREEMENT,
WHICH IS LEGALLY BINDING. AFTER YOU READ IT, YOU WILL BE ASKED
WHETHER YOU ACCEPT AND AGREE TO ITS TERMS, DO NOT CLICK "I HAVE
READ AMD AGREE”UNLESS: (1) YOU WILL USE THE LICEMSED MATERIALS FOR
YOUR OWM BEMEFIT AND PERSOMALLY ACCEPT, AGREE TO AND INTEMD TO BE
BOUMD BY THESE TERMS; OR (2) YOU ARE AUTHORIZED TO, AMD INTEMD TOQ BE
BOUMD BY , THESE TERMS ON BEHALF OF YOUR COMPANY .

@I accept the agreement
()1 do not accept the agreement

Figure 19. Setup Screen 2

Click Next > to accept the License Agreement.

@ Setup - TP592682 LaunchPad Evaluation Software —

Select Components
Which components should be installed?

Select the components you want to install; dear the companents you do not want to
install. Click Next when you are ready to continue.

Full install Win 10: Eval Software, Uniflash 1.4.5.0.2056, ¥DS ESP 8.0.903.4and »

Figure 20. Setup Screen 3

Select Full Install and click Next > to install the evaluation software, the UniFlash, and the required XDS
drivers. Full installation for both Windows 10 and 7 are provided.
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.MET Framework 4.7.1 Setup
Please accept the ficense terms to continue.

MICROSOFT SOFTWARE SUPPLEMENTAL LICENSE TERMS —

.NET FRAMEWORK AND ASSOCIATED LANGUAGE PACKS FOR
MICROSOFT WINDOWS OPERATING SYSTEM

Microsoft Corporation (or based on where you live, one of its
affiliates) licenses this supplement to you. If you are licensed to use
Microsoft Windows operating system software (the "software”), you
may use this supplement. You may not use it if you do not havea  _

[#]I have read and accept the license terms. @
Download size estimate: oMB
Download time estimates: Dial-Up: 0 minutes

Broadband: 0 minutes

For data collection information, read the Microsoft Privacy Statement,

[lrstal ][Cancel]

Figure 21. Setup Screen 4

If NET Framework 4.5 or higher does not exist on the computer, the .NET Framework installation begins.
Installation of .NET Framework will take several minutes. If .NET Framework 4.5 or higher exists on the

computer, the installation jumps to the XDS driver installation.

Installation Is Complete

NET Framework 4.7. 1 has been installed.

Figure 22. Setup Screen 5

A window appears indicating the completion of the .NET Framework installation.
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[&] Setup - TPS92682 LaunchPad Evaluation Software —

Select Additional Tasks
Which additional tasks should be performed?

Select the additional tasks you would like Setup to perform while installing TPS92682
LaunchPad Evaluation Software, then did: Next.

Additional shortouts:
Create a desktop shortout

< Back Cancel

Figure 23. Setup Screen 6

Click Next > to continue the installation.

Welcome to the Device Driver
Q‘k Installation Wizard!

3§

This wizard helps you ingtall the software drivers that some
computers devices need in order to work.

To continue, click Next.

Bac Mext = Cancel

Figure 24. Setup Screen 7

Click Next > to install the XDS driver.
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Completing the Device Driver
Installation Wizard

The drivers were successfully installed on this computer.

You can now connect your device to this computer. f your device
came with instructions, please read them first.

Driver Name Status

w” Texas Instruments Incor...  Ready to use
w* Texas Instruments Incor...  Readyto use

Back Fimish Cancel
Figure 25. Setup Screen 8

The completion of the XDS driver installation is shown in Figure 25.

The TI-Emulators installation starts at this point. This will install the necessary drivers for running the
application. In the next few steps as shown in Figure 26, Figure 27 and Figure 28 click Next > to perform
the installation.

# Setup - Tl Emulators 8.0.903.4 =5 =

Setup - Tl Emulators

Welcome to the Tl Emulators 8.0,903.4 Setup Wizard,

< Back Cancel

Figure 26. Setup Screen 9
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@ Setup - Tl Emulators 8.0.903.4 - ¥

License Agreement #

Please read the following License Agreement. You must accept the terms of this agreement before
continuing with the installation.

Texas Instruments Incorporated A
License Agreement

(Version 1 as of March 1lth, Z2004)

IMPORTENT PLEASE READ THE FOLLOWING LICENSE AGREEMENT CAREFULLY. THIS IS R
LEGRALLY BINDING AGREEMENT. AFTER YOU REARD THIS LICENSE RGREEMENT, YOU WILL BE
ASFED WHETHER YOU ACCEPT AND REREE TO THE TERMS OF THIS LICENSE AGREEMENT. DO

WOT CLICE I HRVE REARD RND RGREE UNLESS: (1) ¥OU ARE RUTHORIZED TO RCOCEPT AND

ACREE TO THE TERMS OF THIS LICENSE AGREEMENT ON EBEHALF OF ¥YOURSELF AND YOUR >

(®) ;| accept the agreement

Do you accept this license?
() | do not accept the agreement

< Back Mext > Cancel

Figure 27. Setup Screen 10

Accept the license agreement in Figure 27.

@ Setup - Tl Emulators 8.0.903.4 - d

Code Composer Studio Installation Directory #

Setup will install Texas Instruments Ernulation Software 8.0.903.4 in the following folder. If installing alongside
Code Composer Studio, navigate to the CCS Installation Directory and select the "ccsvb”, "cese?, or "cosv"
folder.

Where should Texas Instruments Emulation be installed? | | 2]

< Back Mext = Cancel

Figure 28. Setup Screen 11

In the next few windows click Next >, and if prompted by Windows Security about software installation as
shown in Figure 29, select Install.
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=] Windows Security

Would you like to install this device software?

Mame: Texas Instruments Inc,
Publizher: Texas Instruments Inc

Always trust software from "Texas Instruments Inc", Install Don't Install

) You should only install driver software from publishers you trust. How can | decide
which device software is safe to install?

Figure 29. Setup Screen 12

Completing the Tl Emulators Setup Wizard

Setup has finished installing Tl Emulators on your computer.

< Back . F.irl'u'shl Cancel
Figure 30. Setup Screen 13

The screen showing the completion of the Tl Emulators installation is shown in Figure 30. Click on Finish
to move to the next step.

The UniFlash installation starts at this point. UniFlash is required to program the LaunchPad. In the next
few steps as shown in Figure 31, Figure 32 and Figure 33 click Next > to start the installation.
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Setup - UniFlash
Welcome to the UniFlash Setup Wizard,
<Back | [ Net> || Cancel
Figure 31. Setup Screen 14
Installation Directory »
Please specify the directory where UniFlash will be installed.
Installation Directory |C:\ti\uniflash_4.5.0 | ne
< Back Mext = Cancel
Figure 32. Setup Screen 15
Setup — x
Ready to Install #
Setup is now ready to begin installing UniFlash on your computer.
<Back || Net> || Cance
Figure 33. Setup Screen 16
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7.2

- X
Completing the UniFlash Setup Wizard
Setup has finished installing UniFlash on your computer.
Create Desktop Shortcut
Launch UniFlash
< Back Finish Cancel

Figure 34. Setup Screen 17

When UniFlash installation completes, click Finish to launch the UniFlash and program the LaunchPad.

Completing the TP592682
LaunchPad Evaluation Software
Setup Wizard

Setup has finished installing TPS92682 LaunchPad Evaluation
Software on your computer. The application may be launched
by selecting the installed shortouts,

Click Finish to exit Setup.

Launch Application

Figure 35. Setup Screen 18

Figure 35 shows the completion notification of the TPS92682-Q1 Evaluation Software. Un-check the
Launch Application and click Finish.

Installation Error Recovery
If the screen shown in Figure 36 appears, follow the steps below to install an unsigned driver one time.

Click Start and select Settings.

Select Update and Security.

Select Recovery.

Click Restart Now under Advanced Startup.
Click Troubleshoot.

Select Advanced Options.
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+ Select Startup Settings.

» Click Restart.

+ On the Startup Settings screen, press F7 during reboot to disable driver signature enforcement. The

host computer restarts.

+ Repeat the entire reinstallation process.
+ A message appears informing that installing .NET failed. Close that window and continue.

+ Click Install unsigned drivers twice.
After restarting a second time, the host computer resets, which requires all drivers to be digitally signed

the next time a default installation executes, unless these steps are repeated.

Device Driver Installation Wizard

Diriver Name

£

X Texas Instruments CDM Driver Package {10/
X Texas Instruments COM Driver Package (10/22/

Figure 36. Driver Installation Error

7.3 Programming the MSP-EXP432E401Y LaunchPad Board

The LaunchPad Board must be programmed using the UniFlash before running the GUI. Connect the
included Micro-USB cable to the USB port of the PC and the LaunchPad as shown in Figure 37. Connect
a jumper between PINs 3 and 4 of the JP1 as shown in Figure 37.

.

2/

Cannot Complete the Device Driver
Installation Wizard

Emors were encountered while instaling the software for your
devices. See the Slatus column for mone detaiis,

Sometimes it heips to run this wizard again. f that doesnt work,
contact your device vendor
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Figure 37. LaunchPad Connection for Programming

Typically, the installed UniFlash program opens at the end of the software setup shown in Figure 34. If the
UniFlash program is not open, launch the program. The window shown in Figure 38 opens.

UniFlash About © Help £ Settings

+ Detected Devices

® Detect My Device

Connected devices will automatically appear here! [More Info]

Start Now

« New Configuration

@ Choose Your Device

Category: All | C2000 | mmWave | MSP | PGA | Safety | Tiva | UCD | Wireless

Q 2%
BE Awr1243B008T BoosterPack  Serial

BE AwR1443B00ST BoosterPack  Serial

B 2wmis4zBOOST BoosterPack  Serial

4% CC3220SF-LAUNCHXL LaunchPad  Serial

P EX-TM4C1Z3GBXL LsunchPad  Om-Chip

# EK-TM4CT294XL LaunchPad  On-Chip

& EK-TM4CT29EXL LaunchPad  On-Chip

BE wr1443B008T BoosterPack  Serial

B wri642B00ST BoosterPack  Seridl

& LAUNCHXL-CC1310 LaunchPad  On-Chip

@ LAUNCHXL-CC1312R1 LaunchPad  On-Chip o

Figure 38. UniFlash Programming, Step 1

Click Session shown in Figure 38 and select Load Session.
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u Open
T+ <« Texas Instruments » TPS592682 LaunchPad Evaluation Software »  uniflash v |0 Search uniflash il
Organize + Mew folder

Images i MName
Tech_Ladder
uniflash

Date modified Type Size

[7] msp43zedniy.unifiash 12/12/2018 1:40 PM  UNIFLASH File 5 KB

EH This PC

¥ 3D Objects

[ Desktop

—_J' Docurents
" Downloads

J’! Music

&= Pictures

m Videos

‘o Windows (C)
- Data (D2)

s Oarmin Forerunt
== ra (\\sps0B.itg.ti.
== docs (\\spsD6.itg

e Garmin Forerunne ¥

File name: || v| UMIFLASH File {.uniflash) -

Figure 39. UniFlash Programming, Step 2

As shown in Figure 39, navigate to the ":\Texas Instruments\TPS92682 LaunchPad Evaluation
Softwareluniflash" location and select the msp432e401y.uniflash file.

n UniFlash

UniFlash Session ~  About

© Help &% Settings

Configured Device : Texas Instruments XDS110 USB Debug Probe > MSP432E401Y [download cexml] CORTEX_M4_0

I Program Select and Load Images
Settings & Utilities Flash Image(s)
Memory | AlgCSM_DRV.out Size: 1.23 MB | Binary: [] X

Standalone Command Line /

Available Action(s) - 1 Image Selected
Load Image Verify Image

Reset Actions

[Click here to query available reset options]

Run Actions

Run Target After Program Load/Flash Operation

 Quick Settings

O Console € Verbose X Close

Figure 40. UniFlash Programming, Step 3

Click on the flash image file shown in the red box of Figure 40. Navigate to the "\Texas
Instruments\TPS92682 LaunchPad Evaluation Software\uniflash” location and select the
AlgCSM_DRV.out file as shown in Figure 41.
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u Open

L o <« Texas Instruments » TPS92682 LaunchPad Evaluation Software » uniflash ~ O Search uniflash pal
- H @

Organize = Mew folder

I Desktop ot 12 Name
’v Downloads

Date modified Type Size

|7 AlgCsSM_DRV.out /62019 11:30AM  OUT File 1,340 KB
i‘ Documents

[&=] Pictures
CV_SEPIC_AC A
Images
Tech_Ladder

uniflash

I This PC
J 30 Objects
[ Desktop
_;j' Documents
- Downloads
D Music
[&=] Pictures
B videos

‘o Windows () 5

File name: || v| Custem Files bd

Figure 41. UniFlash Programming, Step 4

Click Load Image. After the program is loaded into the LaunchPad, a message appears in the console
that the Program Load completed successfully, as shown in Figure 42.

UniFlash Session ~ About @ Help L Setings

configured Device : Texas Instruments XDS110 USE Debug Probe > MSP432E401Y [download ccxml] CORTEX_M4_0 Disconnected: Running Free
I Program Select and Load Images

Settings & Utilities Flash Image(s)

Memory AlgCSM_DRV.out

Size: 1.23 MB | Binary: [J x
Standalone Command Line

Available Action(s) - 1 Image Selected
Load Image Verify Image

Reset Actions

[click here to query available reset options]

Run Actions

Run Target After Program Load/Flash Operation

* Quick Settinas

-

O Console

4 Verbose = Clear X Close

[1/10/2019, 1:55:31 PM] [INFO] CORTEX_M4_0: GEL Output: Memory Map Initialization Complete
[1/10/2019, 1:55:34 PM] [S S5 c

Figure 42. UniFlash Programming, Step 5

Close the UniFlash program, disconnect the Micro-USB from the LaunchPad and connect it to the USB
port U7 on the other side of the LaunchPad, as shown in Figure 43.
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Figure 43. LaunchPad Connection for GUI Operation
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8 TPS92682EVM-70 Power UP and Operation

To start the EVM operation, connect the header J10 on TPS92682EVM-70 to the header J2/J4 on the
LaunchPad, and the header J11 to the header J1/J3, using two included ribbon cables as shown in
Figure 44.

= LED Load 1| |LED Load 2

Header J11

o |
|
= |
=
()]
©
©
()]
I.

DC Power

pnUSB cable Supply

connection to PC
Figure 44. LaunchPad Connection to TPS92682EVM-70

Apply power (12 V) to the TPS92682EVM-70 board (terminal J1). Connect LED loads to the outputs of the
EVM (terminal J2 and J5). Ensure that the loads are such that the maximum input and output current,
maximum output power and maximum output voltage indicated on the EVM are not exceeded.

Run the program LED_Controller_GUI_LP.exe, located at the ":\Texas Instruments\TPS92682
LaunchPad Evaluation Software", to start the GUI. The window shown in Figure 45 opens.
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EVM Selection and Setup

EVM Selection

[[] Do not show setup on next startup

Please select an EVM “ | Select your EVM

bt

Figure 45. GUI Setup Screen 1

Click the EVM selection dropdown box. Select TPS92682 CC - PSIL070.

EVM Selection and Setup

|

EVIM Selection

|TP592532 CC - LPP112/PSILOTO

|U 'l Number of Devices

"] Do not show setup on next startup

5 | Select your EVM

Figure 46. GUI Setup Screen 2

On the screen shown in Figure 46, select 1 as the number of devices. A new tab appears as shown in
Figure 47. Select 682 for Device Type. Select 0 for Desired Address. Click Add Device.

-
@ EVM Selection and Setup

E)

EVM Selection

P | Number of Devices

Device Address Setup

|532 v| Device Type PR T

||:| - | Desired Address

[C] Do not show setup on next startup

|TF592652 CC - LPP112/PSILOTO * | Select your EVM

Figure 47. GUI Setup Screen 3
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The main GUI window appears as shown in Figure 48. This window includes three sub-windows:
* MCU Control Box (1): includes controls for external PWM
+ SPI Command Box (2): is used to manually read from and write to the registers on the SPI BUS
+ Devices Box (3): is the main GUI control window to configure the TPS92682-Q1 device

@ TP582682 CC - LPP112/PSILOTD

(Setup  Help

-

Get Com Port...
Com Port Found at port
Get Handle...

Fetch Firmware Revision
Fetch Firmware Revision
successfully.

Enable GPIO...

Controller found and connected.

Get Handle completed successfully.

7.

completed

MCU Control {External PWM) : _ Devices
PWM Freguency: | 1000 | 682 Addr 0
1 DutyCycle 1(PF2): | 100
U DutyCycle 2(PF3): | 100
( Channel 1
S| Command 2 [T] Channel 1 Constant Voltage
Device Comm Type Address
® Single . - 3 v
O Star 0 Channel 1 Clock Div
s Dasy Channel 1 Soft Start | 20
[C] Write Prefix "0x" for Hex Input Values
I CHT W/l Adjust DAC
Register Address: 1 :
Write Data:
Data Read: | CH1 PWM Duty
SPI Status
Fetch DLL Revision...
Fetch DLL Revision completed successfully.
Get Controller... CH1Slope 5

Channel 1 Faults:
OV: UV: OC: UC: TLM: ISO:

[[] Channel 1 Enable

Configuration

[] Dual Phase
[ internal PWM

PWM clock Divisor | 2. ¥
FM

Magnitude |0 ~| %

Frequency DIV | 1536

Utilities
Read All
Reg Dump

Global Faults

Read Faults

RTC: PC: TW:

3\

Channel 2

[] Channel 2 Constant Voltage

Channel 2 Clock Div
Channel 2 Soft Start | 20 ¥

CH2 /I Adjust DAC

CHZ PWM Duty

CH2 Siope

w

Channel 2 Faults:
OWV: UV: OC: UC: TLM: ISO:

[C] Channel 2 Enable

\_ A J

Figure 48. GUI, Main Window

8.1 SPI Command

The SPI command box, allow access to the read from and write to registers. In order to ensure connection
to the TPS92682-Q1, perform the following steps as shown in Figure 49.
1. Write the register address zero in the Register Address box: 0x00.
2. Click Send twice.
The default value (0x3C) for the register 0 shows in the SPI Status window.

To write to a register, select the Write check-box. Write the desired data in the Write Data box shown in
Figure 49. Click Send to write the data to the associated register address.
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SPI Command

Device Comm Type Address
@ Single n
O Star —

e 682 D

[Elwrite  Prefix "0x" for Hex Input Values

Register Address: I 000 l Send |l

1
Write Data: |M|

Data Read:  Ox603C
SPI Status
'1100",
TP592682 RTO bitis 1"
TP592682 PC bit is '1"
TP592682 TW bit is '1",
TP592682 read data: OxFF.
SPI command completed successfully,
SPI command completed successfully.
TP592682 RTO bit is 0"
TP592682 PC bit is 0",
IPS92682 TW bit s '0",

|TPS 02682 read data: 0x3C. |

Figure 49. SPI Command Window

8.2 GUI Devices Window

In TPS92682EVM-70, channel-1 is configured as a CC mode boost converter and channel-2 as a CC
mode boost-to-battery. The settings shown in red in Figure 50 can be used to configure and turn on and
regulate the LED current of the two channels.
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Devices i
682 Addr
Channel 1 Configuraticn Channel 2
[C] Channel 1 Constant Voltage [] Dual Phase [C] Channel 2 Constant Voltage

[Cnternal Pwins

Channel 1 Clack Div PWM clock Divisor Channel 2 Clack Div
Channel 1 Soft Start =N Channel 2 Soft Start |20 =]

CH1 W/ Adjust DAC Magnitude [ - | B CH2 /T Adjust DAC
| | Frequency DIV 11536 "l |
CH1 PWM Duty Utilities CH2 PWM Duty
! — . il
Wl [ Readan | Wl
Dum
CH1 Slope 5 |Ml CH2 Slope 5
| R
Channel 1 Faults: Glokal Faults Channel 2 Faults:
OV: LV: OC; UC: THM: T5Cr | Read Faikis | OW: UV: OC: UC: TLIM: ISO:
EEEEEN e EEEEE N

7] Channel 1 Enakle . . . [T] Channel 2 Enable

Figure 50. Devices Window

Apply the settings shown in Figure 51.

1. Select the Internal PWM box to set the PWM dimming to internal.

2. To set the switching frequency, fg,, to 400kHz, do not change the Channel Clock Div from the default
value of 2.

3. Enter the Channel 1 and Channel 2 Soft Start value to 100.

4. Enter the desired value for the CH1 and CH2 V/I Adjust DAC. This DAC controls the | gy current. For
TPS92682EVM-070, the DAC maximum value of 255 corresponds with an | ¢, of approximately 570
mA. The relation between | ¢; and the DAC value is shown in Equation 1.

| _ VIADJx0.171
LED T 255 % Reg
where
* Rgg is the current sense resistor (R3 for channel-1 and R20 for channel-2) (1)

5. The EVM generates the internal PWM using a 10-bit DAC counter. Set the PWM duty cycle to a value
between zero and 1023 for PWM dimming. In order to turn on the LEDs with 100% duty cycle, set the
PWM DAC value to 1023.

6. By default CHx-Slope is set to code "5", which corresponds to 250 mV of peak slope. For the
TPS92682EVM-70, it is recommended to set the slopes for both channels to a code "1” or "2" as
shown in Figure 51
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Channel 1 Channel 2

[C] Channel 1 Constant Voltage [C] Channel 2 Canstant Voltage

Channel 1 Clock Div E Configuration Channel 2 Clock Div -
Channel 1 Soft Start |[ 100 = L] Dual Phase Channel 2 Soft Start

Internal PV
CH1W/1 Adjuit Dac 1153 PWM clock Divisor |[2 ,l CH2 VA1 Adjust_D.-’-‘«C 127

J J

CH1 PWN Duty 432

CH2 PWM_Dut}f 540
] ]

3 CH1 Slope 2 B
B J

Figure 51. Devices Window Setting

CHZ Slope 1

After applying these settings, the fault status registers FLT1 (0x11) and FLT2 (0x12) must be checked.
Before enabling and turning on the outputs, the fault registers must be read (cleared). The Power Cycle

(PC) bit must be cleared in order for the TPS92682-Q1 is enabled. The fault status can be obtained by
pushing the Read Faults button in Figure 52.

Channel 1 Faults: Global Faults Channel 2 Faults:

Ov: UV: 0C: UC: ILIM: ISC: OV: UV: OC: UC: TLIM: ISO-
EEEENE BN I EEEENE N

[C] Channel 1 Enable . . . [C] Channel 2 Enable

Figure 52. Fault Status after Pushing the Read Faults Once

The first time the Read Fault button is pushed, the previous status of the fault registers are shown and the

faults are cleared. The second time the Read Faults button is pushed, the cleared faults will change to
green as shown in Figure 53.

Channel 1 Faults: Global Faults Channel 2 Faults:

OV: UV: OC: UG ILIM: ISO: OV: UV: OC: UC: ILIM: ISC:
EEEEEN — EEEEE N

[C] Channel 1 Enable . . . [C] Channel 2 Enable

Figure 53. Fault Status after Pushing the Read Faults Twice
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Some of the faults or diagnostic bits, as undercurrent (UC) and undervoltage (UV) may remain red as the
channels are not turned on. For example for channel-2 (boost-to-battery), the output undervoltage (UV)
remains red as the load voltage is initially zero. Therefore, this fault is disabled by default until the soft-
start sequence is complete. The output overvoltage (OV), cycle-by-cycle current limit (ILIM), IS Open
(ISO), RT Open (RTO), Power Cycle (PC) and Thermal Warning (TW) should be cleared (change status
to green) before enabling the channels.

Before enabling the channels, make sure to connect LED loads to the outputs of the TPS92682EVM-070.
By setting the Channel 1 and Channel 2 Enable check boxes, the two channels are turned on. At this point
after clicking Read Faults, for 100% PWM duty cycle, all faults as shown in Figure 54 are cleared.

Channel 1 Faults: Global Faults Channel 2 Faults:

Ov: UV: OC: UC: IUM: ISO: ReadsEaulis OV: UV: OC: UC: ILUM: ISO:
EEEEE N — EEEEE B
#| Channel 1 Enable . . . | Channel 2 Enable

Figure 54. Enabling the EVM

In some cases, for PWM duty cycles of less than 100%, the UC diagnostic bit may continue to display as

red.
Channel 1 Faults: Global Faults Channel 2 Faults:
OV: UV: OC: UC: IUM: ISO: Read:Eaults OV: UV: OC: UC: IUM: ISO:
EEEEEN :m%m EEEEE N
| Channel 1 Enable . . . #| Channel 2 Enable

Figure 55. Fault Status

To turn off the channels, de-select the Channel 1 and Channel 2 Enable.

If a power cycle occurs, all the registers reset to default values. In this case, it is necessary to
repeat all the steps described in Section 8 before re-enabling the converter.
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STANDARD TERMS FOR EVALUATION MODULES

Delivery: Tl delivers Tl evaluation boards, kits, or modules, including any accompanying demonstration software, components, and/or
documentation which may be provided together or separately (collectively, an “EVM” or “EVMSs”) to the User (“User”) in accordance
with the terms set forth herein. User's acceptance of the EVM is expressly subject to the following terms.

1.1

EVMs are intended solely for product or software developers for use in a research and development setting to facilitate feasibility
evaluation, experimentation, or scientific analysis of Tl semiconductors products. EVMs have no direct function and are not
finished products. EVMs shall not be directly or indirectly assembled as a part or subassembly in any finished product. For
clarification, any software or software tools provided with the EVM (“Software”) shall not be subject to the terms and conditions
set forth herein but rather shall be subject to the applicable terms that accompany such Software

EVMs are not intended for consumer or household use. EVMs may not be sold, sublicensed, leased, rented, loaned, assigned,
or otherwise distributed for commercial purposes by Users, in whole or in part, or used in any finished product or production
system.

Limited Warranty and Related Remedies/Disclaimers:

2.1

2.2

2.3

These terms do not apply to Software. The warranty, if any, for Software is covered in the applicable Software License
Agreement.

Tl warrants that the TI EVM will conform to Tl's published specifications for ninety (90) days after the date Tl delivers such EVM
to User. Notwithstanding the foregoing, Tl shall not be liable for a nonconforming EVM if (a) the nonconformity was caused by
neglect, misuse or mistreatment by an entity other than Tl, including improper installation or testing, or for any EVMs that have
been altered or modified in any way by an entity other than TI, (b) the nonconformity resulted from User's design, specifications
or instructions for such EVMs or improper system design, or (¢) User has not paid on time. Testing and other quality control
technigues are used to the extent Tl deems necessary. Tl does not test all parameters of each EVM.
User's claims against Tl under this Section 2 are void if User fails to notify Tl of any apparent defects in the EVMs within ten (10)
business days after delivery, or of any hidden defects with ten (10) business days after the defect has been detected.

TI's sole liability shall be at its option to repair or replace EVMs that fail to conform to the warranty set forth above, or credit
User's account for such EVM. Tl's liability under this warranty shall be limited to EVMs that are returned during the warranty
period to the address designated by Tl and that are determined by Tl not to conform to such warranty. If Tl elects to repair or
replace such EVM, Tl shall have a reasonable time to repair such EVM or provide replacements. Repaired EVMs shall be
warranted for the remainder of the original warranty period. Replaced EVMs shall be warranted for a new full ninety (90) day
warranty period.

WARNING

Evaluation Kits are intended solely for use by technically qualified,
professional electronics experts who are familiar with the dangers
and application risks associated with handling electrical mechanical
components, systems, and subsystems.

User shall operate the Evaluation Kit within TI’s recommended
guidelines and any applicable legal or environmental requirements
as well as reasonable and customary safeguards. Failure to set up

and/or operate the Evaluation Kit within TI’s recommended
guidelines may result in personal injury or death or property
damage. Proper set up entails following TI’s instructions for
electrical ratings of interface circuits such as input, output and
electrical loads.

NOTE:

EXPOSURE TO ELECTROSTATIC DISCHARGE (ESD) MAY CAUSE DEGREDATION OR FAILURE OF THE EVALUATION
KIT; T RECOMMENDS STORAGE OF THE EVALUATION KIT IN A PROTECTIVE ESD BAG.
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3 Regulatory Notices:

3.1

3.2

United States
3.1.1  Notice applicable to EVMs not FCC-Approved:

FCC NOTICE: This kit is designed to allow product developers to evaluate electronic components, circuitry, or software
associated with the kit to determine whether to incorporate such items in a finished product and software developers to write
software applications for use with the end product. This kit is not a finished product and when assembled may not be resold or
otherwise marketed unless all required FCC equipment authorizations are first obtained. Operation is subject to the condition
that this product not cause harmful interference to licensed radio stations and that this product accept harmful interference.
Unless the assembled kit is designed to operate under part 15, part 18 or part 95 of this chapter, the operator of the kit must
operate under the authority of an FCC license holder or must secure an experimental authorization under part 5 of this chapter.

3.1.2 For EVMs annotated as FCC — FEDERAL COMMUNICATIONS COMMISSION Part 15 Compliant:

CAUTION

This device complies with part 15 of the FCC Rules. Operation is subject to the following two conditions: (1) This device may not
cause harmful interference, and (2) this device must accept any interference received, including interference that may cause
undesired operation.

Changes or modifications not expressly approved by the party responsible for compliance could void the user's authority to
operate the equipment.

FCC Interference Statement for Class A EVM devices

NOTE: This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference when the equipment is
operated in a commercial environment. This equipment generates, uses, and can radiate radio frequency energy and, if not
installed and used in accordance with the instruction manual, may cause harmful interference to radio communications.
Operation of this equipment in a residential area is likely to cause harmful interference in which case the user will be required to
correct the interference at his own expense.

FCC Interference Statement for Class B EVM devices

NOTE: This equipment has been tested and found to comply with the limits for a Class B digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference in a residential
installation. This equipment generates, uses and can radiate radio frequency energy and, if not installed and used in accordance
with the instructions, may cause harmful interference to radio communications. However, there is no guarantee that interference
will not occur in a particular installation. If this equipment does cause harmful interference to radio or television reception, which
can be determined by turning the equipment off and on, the user is encouraged to try to correct the interference by one or more
of the following measures:

* Reorient or relocate the receiving antenna.

* Increase the separation between the equipment and receiver.

» Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.
« Consult the dealer or an experienced radio/TV technician for help.

Canada

3.2.1  For EVMs issued with an Industry Canada Certificate of Conformance to RSS-210 or RSS-247

Concerning EVMs Including Radio Transmitters:

This device complies with Industry Canada license-exempt RSSs. Operation is subject to the following two conditions:

(1) this device may not cause interference, and (2) this device must accept any interference, including interference that may
cause undesired operation of the device.

Concernant les EVMs avec appareils radio:

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts de licence. L'exploitation
est autorisée aux deux conditions suivantes: (1) I'appareil ne doit pas produire de brouillage, et (2) l'utilisateur de I'appareil doit
accepter tout brouillage radioélectrique subi, méme si le brouillage est susceptible d'en compromettre le fonctionnement.

Concerning EVMs Including Detachable Antennas:

Under Industry Canada regulations, this radio transmitter may only operate using an antenna of a type and maximum (or lesser)
gain approved for the transmitter by Industry Canada. To reduce potential radio interference to other users, the antenna type
and its gain should be so chosen that the equivalent isotropically radiated power (e.i.r.p.) is not more than that necessary for
successful communication. This radio transmitter has been approved by Industry Canada to operate with the antenna types
listed in the user guide with the maximum permissible gain and required antenna impedance for each antenna type indicated.
Antenna types not included in this list, having a gain greater than the maximum gain indicated for that type, are strictly prohibited
for use with this device.
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3.3

Concernant les EVMs avec antennes détachables

Conformément a la réglementation d'Industrie Canada, le présent émetteur radio peut fonctionner avec une antenne d'un type et
d'un gain maximal (ou inférieur) approuvé pour I'émetteur par Industrie Canada. Dans le but de réduire les risques de brouillage
radioélectrique a l'intention des autres utilisateurs, il faut choisir le type d'antenne et son gain de sorte que la puissance isotrope
rayonnée équivalente (p.i.r.e.) ne dépasse pas lintensité nécessaire a I'établissement d'une communication satisfaisante. Le
présent émetteur radio a été approuvé par Industrie Canada pour fonctionner avec les types d'antenne énumérés dans le
manuel d'usage et ayant un gain admissible maximal et I'impédance requise pour chaque type d'antenne. Les types d'antenne
non inclus dans cette liste, ou dont le gain est supérieur au gain maximal indiqué, sont strictement interdits pour I'exploitation de
I'émetteur
Japan
3.3.1 Notice for EVMs delivered in Japan: Please see http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_01.page BAE A (C
BAThBEAETY b, R—RIZDOVTRE, ROEZHEZEBIEEL,
http://www tij.co.jp/Isds/ti_ja/general/eStore/notice_01.page

3.3.2 Notice for Users of EVMs Considered “Radio Frequency Products” in Japan: EVMs entering Japan may not be certified
by Tl as conforming to Technical Regulations of Radio Law of Japan.

If User uses EVMs in Japan, not certified to Technical Regulations of Radio Law of Japan, User is required to follow the
instructions set forth by Radio Law of Japan, which includes, but is not limited to, the instructions below with respect to EVMs
(which for the avoidance of doubt are stated strictly for convenience and should be verified by User):

1. Use EVMs in a shielded room or any other test facility as defined in the notification #173 issued by Ministry of Internal
Affairs and Communications on March 28, 2006, based on Sub-section 1.1 of Article 6 of the Ministry’s Rule for
Enforcement of Radio Law of Japan,

2. Use EVMs only after User obtains the license of Test Radio Station as provided in Radio Law of Japan with respect to
EVMs, or

3. Use of EVMs only after User obtains the Technical Regulations Conformity Certification as provided in Radio Law of Japan
with respect to EVMs. Also, do not transfer EVMs, unless User gives the same notice above to the transferee. Please note
that if User does not follow the instructions above, User will be subject to penalties of Radio Law of Japan.

[BRERZEEITHPHAORAFTY FESEVICEIBROIESHE] BRTY NORICEEMEEBESGTERAZRZTT

WBEVWEDABYNET, BEMERIHZZHFTVEVEOOIFALCEBL TR, BREAEFOLD, UTOVThAID

BEZH > TVEEKMBENGHWERTOTIEESLEEL,

1. ?f%?ﬁﬁﬂﬂ%6§%1lﬁﬁ1%tzgﬁ<$ﬁ£18$3ﬁ285#§5§‘é‘%%%173%'@i&3Bht%ﬁﬂgi%wﬁﬁﬁﬁﬁ‘ﬁiﬁﬂ%

2. RRROKFEMERIFEAVEEL,

3. REEBHAMHEMBEEAVEEL,

BE, AEAE. L0 "TCHEACHLEOTOER, Z2FEL. BEACEALZVRY, BE, BETERZLVEOELET,
tiRZzEBFEFEVEEE. EREDCARNIERAEC ARSI H2 L 2IERB<LEETV, BETHFYR

PAYNX Y HASH

REBHMEXEHMBEOTE24&E 15

EHBE=HEIL

3.3.3 Notice for EVMs for Power Line Communication: Please see http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_02.page

BHEMERBEECODVTORRTY FEHEVICEZIBOEESHEICOVTR, KOEIHZEIBILEE W, hitp/
/www. tij.co.jp/Isds/ti_ja/general/eStore/notice_02.page

3.4 European Union

3.4.1 For EVMs subject to EU Directive 2014/30/EU (Electromagnetic Compatibility Directive):

This is a class A product intended for use in environments other than domestic environments that are connected to a
low-voltage power-supply network that supplies buildings used for domestic purposes. In a domestic environment this
product may cause radio interference in which case the user may be required to take adequate measures.
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EVM Use Restrictions and Warnings:

4.1 EVMS ARE NOT FOR USE IN FUNCTIONAL SAFETY AND/OR SAFETY CRITICAL EVALUATIONS, INCLUDING BUT NOT
LIMITED TO EVALUATIONS OF LIFE SUPPORT APPLICATIONS.

4.2 User must read and apply the user guide and other available documentation provided by Tl regarding the EVM prior to handling
or using the EVM, including without limitation any warning or restriction notices. The notices contain important safety information
related to, for example, temperatures and voltages.

4.3 Safety-Related Warnings and Restrictions:

4.3.1 User shall operate the EVM within TI's recommended specifications and environmental considerations stated in the user
guide, other available documentation provided by TI, and any other applicable requirements and employ reasonable and
customary safeguards. Exceeding the specified performance ratings and specifications (including but not limited to input
and output voltage, current, power, and environmental ranges) for the EVM may cause personal injury or death, or
property damage. If there are questions concerning performance ratings and specifications, User should contact a Tl
field representative prior to connecting interface electronics including input power and intended loads. Any loads applied
outside of the specified output range may also result in unintended and/or inaccurate operation and/or possible
permanent damage to the EVM and/or interface electronics. Please consult the EVM user guide prior to connecting any
load to the EVM output. If there is uncertainty as to the load specification, please contact a Tl field representative.
During normal operation, even with the inputs and outputs kept within the specified allowable ranges, some circuit
components may have elevated case temperatures. These components include but are not limited to linear regulators,
switching transistors, pass transistors, current sense resistors, and heat sinks, which can be identified using the
information in the associated documentation. When working with the EVM, please be aware that the EVM may become
very warm.

4.3.2 EVMs are intended solely for use by technically qualified, professional electronics experts who are familiar with the
dangers and application risks associated with handling electrical mechanical components, systems, and subsystems.
User assumes all responsibility and liability for proper and safe handling and use of the EVM by User or its employees,
affiliates, contractors or designees. User assumes all responsibility and liability to ensure that any interfaces (electronic
and/or mechanical) between the EVM and any human body are designed with suitable isolation and means to safely
limit accessible leakage currents to minimize the risk of electrical shock hazard. User assumes all responsibility and
liability for any improper or unsafe handling or use of the EVM by User or its employees, affiliates, contractors or
designees.

4.4 User assumes all responsibility and liability to determine whether the EVM is subject to any applicable international, federal,
state, or local laws and regulations related to User's handling and use of the EVM and, if applicable, User assumes all
responsibility and liability for compliance in all respects with such laws and regulations. User assumes all responsibility and
liability for proper disposal and recycling of the EVM consistent with all applicable international, federal, state, and local
requirements.

Accuracy of Information: To the extent Tl provides information on the availability and function of EVMs, Tl attempts to be as accurate
as possible. However, Tl does not warrant the accuracy of EVM descriptions, EVM availability or other information on its websites as
accurate, complete, reliable, current, or error-free.

Disclaimers:

6.1 EXCEPT AS SET FORTH ABOVE, EVMS AND ANY MATERIALS PROVIDED WITH THE EVM (INCLUDING, BUT NOT
LIMITED TO, REFERENCE DESIGNS AND THE DESIGN OF THE EVM ITSELF) ARE PROVIDED "AS IS" AND "WITH ALL
FAULTS." TI DISCLAIMS ALL OTHER WARRANTIES, EXPRESS OR IMPLIED, REGARDING SUCH ITEMS, INCLUDING BUT
NOT LIMITED TO ANY EPIDEMIC FAILURE WARRANTY OR IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS
FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF ANY THIRD PARTY PATENTS, COPYRIGHTS, TRADE
SECRETS OR OTHER INTELLECTUAL PROPERTY RIGHTS.

6.2 EXCEPT FOR THE LIMITED RIGHT TO USE THE EVM SET FORTH HEREIN, NOTHING IN THESE TERMS SHALL BE
CONSTRUED AS GRANTING OR CONFERRING ANY RIGHTS BY LICENSE, PATENT, OR ANY OTHER INDUSTRIAL OR
INTELLECTUAL PROPERTY RIGHT OF TI, ITS SUPPLIERS/LICENSORS OR ANY OTHER THIRD PARTY, TO USE THE
EVM IN ANY FINISHED END-USER OR READY-TO-USE FINAL PRODUCT, OR FOR ANY INVENTION, DISCOVERY OR
IMPROVEMENT, REGARDLESS OF WHEN MADE, CONCEIVED OR ACQUIRED.

USER'S INDEMNITY OBLIGATIONS AND REPRESENTATIONS. USER WILL DEFEND, INDEMNIFY AND HOLD TI, ITS
LICENSORS AND THEIR REPRESENTATIVES HARMLESS FROM AND AGAINST ANY AND ALL CLAIMS, DAMAGES, LOSSES,
EXPENSES, COSTS AND LIABILITIES (COLLECTIVELY, "CLAIMS") ARISING OUT OF OR IN CONNECTION WITH ANY
HANDLING OR USE OF THE EVM THAT IS NOT IN ACCORDANCE WITH THESE TERMS. THIS OBLIGATION SHALL APPLY
WHETHER CLAIMS ARISE UNDER STATUTE, REGULATION, OR THE LAW OF TORT, CONTRACT OR ANY OTHER LEGAL
THEORY, AND EVEN IF THE EVM FAILS TO PERFORM AS DESCRIBED OR EXPECTED.
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8.

10.

Limitations on Damages and Liability:

8.1

8.2

General Limitations. IN NO EVENT SHALL Tl BE LIABLE FOR ANY SPECIAL, COLLATERAL, INDIRECT, PUNITIVE,
INCIDENTAL, CONSEQUENTIAL, OR EXEMPLARY DAMAGES IN CONNECTION WITH OR ARISING OUT OF THESE
TERMS OR THE USE OF THE EVMS , REGARDLESS OF WHETHER Tl HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES. EXCLUDED DAMAGES INCLUDE, BUT ARE NOT LIMITED TO, COST OF REMOVAL OR
REINSTALLATION, ANCILLARY COSTS TO THE PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES, RETESTING,
OUTSIDE COMPUTER TIME, LABOR COSTS, LOSS OF GOODWILL, LOSS OF PROFITS, LOSS OF SAVINGS, LOSS OF
USE, LOSS OF DATA, OR BUSINESS INTERRUPTION. NO CLAIM, SUIT OR ACTION SHALL BE BROUGHT AGAINST TI
MORE THAN TWELVE (12) MONTHS AFTER THE EVENT THAT GAVE RISE TO THE CAUSE OF ACTION HAS
OCCURRED.

Specific Limitations. IN NO EVENT SHALL TI'S AGGREGATE LIABILITY FROM ANY USE OF AN EVM PROVIDED
HEREUNDER, INCLUDING FROM ANY WARRANTY, INDEMITY OR OTHER OBLIGATION ARISING OUT OF OR IN
CONNECTION WITH THESE TERMS, , EXCEED THE TOTAL AMOUNT PAID TO Tl BY USER FOR THE PARTICULAR
EVM(S) AT ISSUE DURING THE PRIOR TWELVE (12) MONTHS WITH RESPECT TO WHICH LOSSES OR DAMAGES ARE
CLAIMED. THE EXISTENCE OF MORE THAN ONE CLAIM SHALL NOT ENLARGE OR EXTEND THIS LIMIT.

Return Policy. Except as otherwise provided, Tl does not offer any refunds, returns, or exchanges. Furthermore, no return of EVM(s)
will be accepted if the package has been opened and no return of the EVM(s) will be accepted if they are damaged or otherwise not in
a resalable condition. If User feels it has been incorrectly charged for the EVM(s) it ordered or that delivery violates the applicable
order, User should contact TI. All refunds will be made in full within thirty (30) working days from the return of the components(s),
excluding any postage or packaging costs.

Governing Law: These terms and conditions shall be governed by and interpreted in accordance with the laws of the State of Texas,
without reference to conflict-of-laws principles. User agrees that non-exclusive jurisdiction for any dispute arising out of or relating to
these terms and conditions lies within courts located in the State of Texas and consents to venue in Dallas County, Texas.
Notwithstanding the foregoing, any judgment may be enforced in any United States or foreign court, and Tl may seek injunctive relief
in any United States or foreign court.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2019, Texas Instruments Incorporated



http://www.ti.com

IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), 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, 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 (www.ti.com/legal/termsofsale.html) 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 Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2019, Texas Instruments Incorporated
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