EVM User's Guide: UCG28828EVM-094

UCG28828, 120W QR Flyback Converter with Integrated

GaN Evaluation Module

Description

The UCG28828 evaluation module (EVM) enables
designers to evaluate the operation and performance
of the UCG28828 aux-less QR-flyback controller. This
evaluation module demonstrates how the UCG28828
drives a quasi-resonant flyback converter to achieve
high efficiency throughout the load and the universal
line input.

Get Started

1. Read and study this user's guide completely
before evaluating.

2. Order the UCG28828EVM-094 for evaluation if
step 1 met.

3. Setup and test the UCG28828EVM-094 per user's
guide instruction.

Features

* Integrated 750V GaN with 170mQ Rds(on),
dynamic QR/DCM/CCM modes of operation and
peak current mode controlled QR flyback converter

» Supports AC input voltage 90VAC to 264VAC at
43Hz - 63Hz line frequency and output power of
20V/5A, 24V/5A and 28V/4.3A. Also, this EVM
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can be configured for 5V/3A, 9V/3A, 12V/3A and
15V/3A with PFC disabled for all this output
voltage.

+ High efficiency and low-standby power and two
stage (PFC + Flyback) peak efficiency: > 93%
efficiency at 115VAC input and approx. 95%
efficiency at 230VAC input

*  PFC need minimum 20mA at 20V output setting to
enable PFC circuit across the input voltage

» Self-bias and auxless-sense, integrated current
sense, Integrated HV startup and Integrated X-cap
discharge enable lowest BOM cost by integration

» Complete sets of protection feature which includes
OVP, OTP, Short circuit, overcurrent protection and
brown-in and out protection.

» Discrete brown-out circuit is implemented for
UCC28056 PFC transition mode controller.

» This EVM includes TI parts which are UCG28828,
UCC28056, LMG3622, LM8364 and ATL431.

Applications

» USB wall power adapter
+ USB AC/DC adapter

» Battery charger

» Docking station

UCG28828EVM094 Bottom View
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1 Evaluation Module Overview

1.1 Introduction

This user guide describes the design, operation, and performance of the 120W two-stage AC/DC power supply
evaluation module (EVM). The EVM demonstrates a high-efficiency, high-density isolated power supply design
for AC-DC adapter, consumer electronics, industrial, and medical power supply applications.

This EVM implements a two-stage power conversion topology. The first stage uses the UCC28056 transition-
mode PFC controller with an LMG3622 GaN FET switch to achieve near-unity power factor and low total
harmonic distortion (THD) across a universal AC input range of 90VAC to 264VAC. The second stage uses
the UCG28828 auxless quasi-resonant (QR) flyback controller with an integrated 750V GaN HEMT to deliver
a regulated DC output of 20V, 24V, or 28V and 120W output power. The UCG28828 auxless architecture
eliminates the need for an auxiliary winding on the transformer for flyback bias supply, reducing transformer
complexity and overall bill of materials (BOM) cost. Valley switching operation minimizes switching losses,
enabling high power density while maintaining greater than 92% efficiency across the load range. The EVM is
designed to meet the following industry standards:

» Efficiency: DoE Level VI average efficiency

» Standby Power: CoC Tier 2 (<210mW at no load)

+ EMC: CISPR 32 Class B conducted emissions

* Input: Universal AC, 90 VAC to 264 VAC, 47Hz to 63Hz
*  Output: 20V, 24V, or 28V and 120W maximum power.

This user guide covers the EVM schematic, bill of materials, test setup, and measured performance data
including efficiency, load regulation, startup, switching frequency across load, line transient, load transient,
output voltage ripple, thermal performance, conducted EMI and PFC stage test data. The user’s guide provides
basic evaluation instructions from a system viewpoint of QR flyback converter operation. Please read this user's
guide thoroughly before applying power to this board.

1.2 Kit Contents

Item Description Quantity
UCG28828EVM-094 PCB (evaluation module) 1

1.3 Specification

Input Output Max Output Power
28V/4.3A, 24V/5A and 20V/5A
90VAC-264VACA47-63Hz [Can set output to 15V/3A, 12V/3A, 9V/3A, 5V/3A 120W
(PFC will be disabled)]

1.4 Device Information

The UCG28828 is a high-frequency, quasi-resonant (QR) AC/DC flyback converter with an integrated 750V
primary-side GaN high electron mobility transistor (HEMT) with as low as 170mQ RDS(on), designed for
AC-to-DC power conversion of 120W with switching frequency up to 500kHz for high power density designs.
The device features the industry's first auxless flyback architecture with self-bias, eliminating the need for

a transformer auxiliary winding to deliver a compact, lower-cost power supply design with higher efficiency

— particularly in wide output voltage applications such as USB-PD chargers. Integration of input voltage
sensing, output voltage sensing, current sense, HV start-up, and X-cap discharge significantly reduces external
component count and BoM cost. The UCG28828 supports dynamic mode transition across CCM, QR, and DCM
operating modes for high efficiency across the full power range, achieving less than 30mW standby power
consumption, with built-in EMI mitigation through frequency dithering, valley locking, frequency foldback, burst
mode, and switching slew rate control. A comprehensive protection suite — OVP, SCP, two-level over-power
protection with LPS, OTP, brownin and brownout, open feedback protection, and cycle-by-cycle current limit

— combined with flexible resistor-programmable configuration pins in a compact 5mm x 5mm QFN package,
makes the UCG28828 a fully integrated, platform-capable design for USB-PD adapters, USB wall outlets,
industrial DIN rail supplies, and server auxiliary power supplies.
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1.5 General Texas Instruments High Voltage Evaluation (TI HV EVM) User Safety Guidelines

Always follow TI's setup and application instructions, including use of all interface components within the
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://
support/ti./com for further information.

Save all warnings and instructions for future reference.

WARNING

Failure to follow warnings and instructions can 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 qualified, then you should immediately stop from further use of the HV EVM.

1. Work Area Safety

a. Keep work area clean and orderly.

b. Qualified observers must be present anytime circuits are energized.

c. Effective barriers and signage must be present in the area where the TI HV EVM and the interface
electronics are energized, indicating operation of accessible high voltages can 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 nonconductive work surface.

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

—h

2. Electrical Safety

As a precautionary measure, a good engineering practice is to assume that the entire EVM can have fully

accessible and active high voltages.

a. De-energize the TI HVY EVM and all the 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 connection, and other application needs, while still assuming the EVM circuit
and measuring instruments are electrically live.

c. After EVM readiness is complete, energize the EVM as intended.

WARNING

While the EVM is energized, never touch the EVM or the electrical circuits, as the EVM or the
electrical circuits can be at high voltages capable of causing electrical shock hazard.

3. Personal Safety
a. Wear personal protective equipment (for example, latex gloves or safety glasses with side shields) or
protect EVM in an adequate lucent plastic box with interlocks to protect 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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2 Hardware
2.1 Test Setup Requirements

Safety: This evaluation module is not encapsulated and there are accessible voltages that are greater than
50Vpc.

Isolation Input Transformer: An appropriately rated 1:1 isolation transformer shall be used on the inputs to this
EVM and be constructed in a manner in which the primary winding are separated from the secondary windings
by reinforced insulation, double insulation, or a screen connected to the protective conductor terminal.

WARNING
» If the user is not trained in the proper safety of handling and testing power electronics, then
please do not test this evaluation module.
* While the EVM is energized, never touch the EVM or the electrical circuits, as the EVM or the
electrical circuits can be at high voltages capable of causing electrical shock hazard.
» Caution: Hot surface. Contact can cause burns. Do not touch!
* Read this user's guide thoroughly before making test.

Voltage Source: Isolated AC source or variable AC transformer capable of 264Vgrys and capable of handling
100W power level.

Voltmeter: Digital voltage meter

Power Analyzer: Capable of measuring TmW to 100W of input power and capable of handling 264Vgys input
voltage. Some power analyzers may require a precision shunt resistor for measuring input current to measure
input power of 5W or less. Please read the power analyzer’s user manual for proper measurement setups for full
power and for stand-by power.

Oscilloscope:
* 4 Channel, 500MHz bandwidth.
* Probes capable of handling 600V.

Output Load: Resistive or electronic load capable of handling 130W at 20V.
Recommended Wire Gauge: Insulated 22AWG to 18AWG.

WARNING

Caution: Do not leave EVM powered when unattended.
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2.3 Test Points

2.2 Recommended Test Setups

Figure 2-1. UCG28828EVM-094 Test Setup Diagram

Table 2-1. Test Points
Test Points Description
Line AC input line terminal
Neutral AC input neutral terminal
Vinrect Rectified input voltage
390V_BUS PFC output voltage
PGND1, PGND2 Primary side ground
VFB UCG28828 feedback pin voltage
VD_SR SR FET drain pin voltage
VOUT Flyback output voltage
SGND Secondary side ground
T2, T3 Test pin across 50Q resistor for stability analysis (R36)
2.4 Terminals
Table 2-2. Table list EVM terminal
Terminals Description
J1 AC input terminal
J2 Flyback output terminal
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3 Performance Data and Typical Characteristic Curves

The 120W two-stage AC/DC power supply combines a UCC28056-controlled PFC front-end stage utilizing the
LMG3622 700V GaN FET as the power switch, followed by a UCG28828 (750V integrated GaN FETauxless
flyback conversion stage). This power supply consistently delivers high efficiency across all three programmable
output voltages — 28V, 24V, and 20V ; over the full universal input range of 90VAC to 264VAC.

The LMG3622 GaN-based PFC switch enables high-frequency, low-loss switching in the PFC stage, contributing
directly to the overall system efficiency gains observed across all line and load conditions. At 28V output, peak
efficiency reaches 95.23% at 264VAC full load, with 4-point average efficiency ranging from 92.13% at 90VAC

to 94.05% at 264VAC. At 24V output, peak efficiency reaches 95.00% at 264VAC full load, with 4-point average
efficiency ranging from 91.92% at 90VAC to 94.00% at 264VAC. At 20V output, peak efficiency reaches 94.82%
at 264VAC full load, with 4-point average efficiency ranging from 91.82% at 90VAC to 93.71% at 264VAC.
Across all output voltage settings, system efficiency consistently exceeds 92% at 50% load and above for all line
conditions, with all results meeting DoE Level VI and CoC Tier 2 requirements for 120W external power supplies.

These measurements confirm that the combination of UCC28056, LMG3622, and UCG28828 sustains high
conversion efficiency across the full output voltage range, load range, and universal input voltage range —
validating the design for high-power-density adapter applications.

3.1 Efficiency Test Data for 28V Output Voltage

V\n and Fline Pin (W) Vour (V) lout (A) Pout (W) Pout % Efficiency 1\2:::‘;2
Efficiency
90VAC and 60Hz 0.22733 27.89 0.00489 0.13624 0.1% 59.93%
90VAC and 60Hz 0.32208 27.89 0.0070 0.1963 0.16% 60.94%
90VAC and 60Hz 0.44436 27.89 0.0108 0.3023 0.25% 68.02%
90VAC and 60Hz 0.5901 27.89 0.0153 0.4264 0.35% 72.26%
90VAC and 60Hz 0.6722 27.89 0.0178 0.4951 0.41% 73.66%
90VAC and 60Hz 1.2286 27.89 0.0350 0.9756 0.81% 79.41%
90VAC and 60Hz 5.6506 27.89 0.1769 4.9340 4.1% 87.32%
90VAC and 60Hz 13.5907 27.88 0.4290 11.9605 10% 88.01%
90VAC and 60Hz 33.38 27.87 1.084 30.2111 25% 90.51%
90VAC and 60Hz 64.75 27.86 2.147 59.8154 50% 92.38% 92.13%
90VAC and 60Hz 96.41 27.84 3.216 89.5334 75% 92.87%
90VAC and 60Hz 128.68 27.84 4.288 119.3779 100% 92.46%
115VAC and 60Hz 0.355 27.89 0.00654 0.182 0.15% 51.39%
115VAC and 60Hz 0.349 27.89 0.007 0.202 0.17% 57.93%
115VAC and 60Hz 0.465 27.89 0.011 0.317 0.26% 68.26%
115VAC and 60Hz 0.604 27.89 0.016 0.437 0.36% 72.32%
115VAC and 60Hz 0.677 27.89 0.018 0.502 0.42% 74.10%
115VAC and 60Hz 1.278 27.89 0.037 1.026 0.86% 80.23%
115VAC and 60Hz 5.726 27.89 0.18 5.014 4.17% 87.56%
115VAC and 60Hz 13.704 27.87 0.434 12.096 10% 88.26%
115VAC and 60Hz 33.26 27.87 1.086 30.267 25% 91.00%
115VAC and 60Hz 64.436 27.86 2.146 59.788 50% 92.79% 92.81%
115VAC and 60Hz 95.767 27.85 3.220 89.677 75% 93.64%
115VAC and 60Hz 127.332 27.84 4.291 119.461 100% 93.82%
230VAC and 50Hz 0.303 27.88 0.006 0.156 0.13% 51.41%
230VAC and 50Hz 0.365 27.88 0.008 0.215 0.18% 58.76%
230VAC and 50Hz 0.478 27.88 0.012 0.325 0.27% 68.12%
230VAC and 50Hz 0.620 27.88 0.016 0.444 0.37% 71.65%
230VAC and 50Hz 0.703 27.88 0.018 0.509 0.42% 72.37%
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4-points
V\n and Fline Pin (W) Vour (V) lout (A) Pout (W) Pout % Efficiency Average
Efficiency
230VAC and 50Hz 1.275 27.88 0.037 1.029 0.86% 80.71%
230VAC and 50Hz 5.607 27.88 0.179 4.982 4.15% 88.85%
230VAC and 50Hz 13.519 27.88 0.430 11.988 10% 88.68%
230VAC and 50Hz 32.796 27.87 1.081 30.138 25% 91.90%
230VAC and 50Hz 63.898 27.86 2.149 59.871 50% 93.70% 93.83%
230VAC and 50Hz 95.026 27.85 3.230 89.956 75% 94.66%
230VAC and 50Hz 125.914 27.84 43 119.712 100% 95.07%
264VAC and 50Hz 0.285 27.89 0.005 0.145 0.12% 50.99%
264VAC and 50Hz 0.366 27.89 0.007 0.208 0.17% 56.81%
264VAC and 50Hz 0.479 27.89 0.011 0.317 0.26% 66.26%
264VAC and 50Hz 0.619 27.89 0.016 0.437 0.36% 70.54%
264VAC and 50Hz 0.695 27.88 0.018 0.504 0.42% 72.56%
264VAC and 50Hz 1.234 27.88 0.035 0.982 0.82% 79.61%
264VAC and 50Hz 5.611 27.88 0.179 4.980 4.15% 88.76%
264VAC and 50Hz 13.75 27.86 0.439 12.231 10% 88.95%
264VAC and 50Hz 32.591 27.85 1.078 30.022 25% 92.12%
264VAC and 50Hz 63.611 27.85 2.146 59.766 50% 93.96% 94.049%
264VAC and 50Hz 94.356 27.84 3.216 89.533 75% 94.89%
264VAC and 50Hz 125.533 27.83 4.2990.145 119.641 100% 95.23%
3.2 Efficiency Test Data for 24V Output Voltage
4-ponits
V\n and Fline Pin (W) Vour (V) lout (A) Pout (W) Pout % Efficiency Average
Efficiency
90VAC and 60Hz 0.199 24.02 0.005 0.116 0.09% 58.08%
90VAC and 60Hz 0.317 24.02 0.008 0.196 0.16% 61.83%
90VAC and 60Hz 0.426 24.02 0.012 0.293 0.24% 68.84%
90VAC and 60Hz 0.542 24.02 0.016 0.392 0.33% 72.27%
90VAC and 60Hz 0.646 24.02 0.020 0.485 0.40% 75.10%
90VAC and 60Hz 1.267 24.02 0.043 1.028 0.86% 81.09%
90VAC and 60Hz 5.714 24.02 0.208 4.992 4.15% 87.37%
90VAC and 60Hz 13.874 24.02 0.508 12.202 10% 87.95%
90VAC and 60Hz 33.330 24.01 1.253 30.085 25% 90.26%
90VAC and 60Hz 65.040 24.00 2.500 60.000 50% 92.25% 91.92%
90VAC and 60Hz 97.060 24.00 3.750 90.000 75% 92.73%
90VAC and 60Hz 129.700 23.99 4.997 119.878 100% 92.43%
115VAC and 60Hz 0.246 24.02 0.006 0.113 0.09% 54.10%
115VAC and 60Hz 0.336 24.02 0.009 0.218 0.18% 65.05%
115VAC and 60Hz 0.442 24.02 0.013 0.304 0.25% 68.77%
115VAC and 60Hz 0.550 24.02 0.017 0.403 0.34% 73.34%
115VAC and 60Hz 0.642 24.02 0.020 0.480 0.40% 74.76%
115VAC and 60Hz 1.252 24.02 0.042 1.019 0.85% 81.39%
115VAC and 60Hz 5.518 24.02 0.201 4.838 4.03% 87.68%
115VAC and 60Hz 13.710 24.01 0.505 12.125 10% 88.44%
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4-ponits
V\n and Fline Pin (W) Vour (V) lout (A) Pout (W) Pout % Efficiency Average
Efficiency
115VAC and 60Hz 33.176 24.01 1.253 30.085 25% 90.68%
115VAC and 60Hz 64.662 24.00 2.500 60.000 50% 92.79% 92.64%
115VAC and 60Hz 96.178 24.00 3.750 90.000 75% 93.58%
115VAC and 60Hz 128.203 23.99 4.998 119.902 100% 93.52%
230VAC and 50Hz 0.265 24.02 0.006 0.132 0.11% 49.94%
230VAC and 50Hz 0.354 24.02 0.009 0.212 0.17% 59.87%
230VAC and 50Hz 0.453 24.02 0.013 0.303 0.25% 67.02%
230VAC and 50Hz 0.558 24.02 0.017 0.402 0.33% 72.01%
230VAC and 50Hz 0.665 24.02 0.021 0.493 0.41% 74.14%
230VAC and 50Hz 1.230 24.02 0.042 1.003 0.84% 81.52%
230VAC and 50Hz 5.515 24.02 0.204 4.897 4.08% 88.81%
230VAC and 50Hz 13.514 24.02 0.505 12.130 10% 89.76%
230VAC and 50Hz 32.732 24.02 1.253 30.097 25% 91.95%
230VAC and 50Hz 63.984 24.01 2.500 60.025 50% 93.81% 93.79%
230VAC and 50Hz 95.105 24.00 3.749 89.976 75% 94.61%
230VAC and 50Hz 126.432 23.98 4.998 119.852 100% 94.80%
264VAC and 50Hz 0.261 24.02 0.005 0.117 0.10% 44.83%
264VAC and 50Hz 0.350 24.02 0.008 0.198 0.17% 56.56%
264VAC and 50Hz 0.451 24.02 0.012 0.296 0.25% 65.60%
264VAC and 50Hz 0.564 24.02 0.016 0.395 0.33% 70.01%
264VAC and 50Hz 0.680 24.02 0.020 0.489 0.41% 71.87%
264VAC and 50Hz 1.203 24.02 0.040 0.967 0.81% 80.38%
264VAC and 50Hz 5.513 24.02 0.205 4.924 4.10% 89.31%
264VAC and 50Hz 13.521 24.02 0.505 12.130 10% 89.71%
264VAC and 50Hz 32.687 24.01 1.254 30.109 25% 92.11%
264VAC and 50Hz 63.840 24.01 2.501 60.049 50% 94.06% 94.00%
264VAC and 50Hz 94.860 24.00 3.749 89.976 75% 94.85%
264VAC and 50Hz 126.166 23.98 4.998 119.852 100% 95.00%
3.3 Efficiency Test Data for 20V Output Voltage
4-points
V\n and Fline Pin (W) Vour (V) lout (A) Pout (W) Pout % Efficiency Average
Efficiency
90VAC and 60Hz 0.309 20.034 0.010 0.199 0.20% 64.26%
90VAC and 60Hz 0.440 20.034 0.015 0.310 0.31% 70.54%
90VAC and 60Hz 0.551 20.034 0.021 0.412 0.41% 74.88%
90VAC and 60Hz 0.677 20.033 0.026 0.517 0.52% 76.35%
90VAC and 60Hz 1.251 20.033 0.051 1.019 1.02% 81.47%
90VAC and 60Hz 5.796 20.029 0.255 5.017 5.02% 88.12%
90VAC and 60Hz 11.501 20.028 0.505 10.114 10.11% 87.94%
90VAC and 60Hz 27.889 20.023 1.254 25.109 25.00% 90.03%
90VAC and 60Hz 54.447 20.017 2.502 50.083 50.00% 91.98% 91.82%
90VAC and 60Hz 81.000 20.009 3.751 75.054 75.00% 92.66%
90VAC and 60Hz 108.014 20.001 5.001 100.025 100.00% 92.60%
115VAC and 60Hz 0.312 20.034 0.010 0.199 0.20% 63.91%
115VAC and 60Hz 0.437 20.033 0.016 0.311 0.31% 71.25%
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4-points
V\n and Fline Pin (W) Vour (V) lout (A) Pout (W) Pout % Efficiency Average
Efficiency
115VAC and 60Hz 0.544 20.033 0.021 0.412 0.41% 75.76%
115VAC and 60Hz 0.677 20.033 0.026 0.517 0.52% 76.36%
115VAC and 60Hz 1.247 20.033 0.051 1.020 1.02% 81.77%
115VAC and 60Hz 5.790 20.020 0.257 5.145 5.14% 88.86%
115VAC and 60Hz 11.510 20.021 0.508 10.171 10.17% 88.36%
115VAC and 60Hz 27.770 20.018 1.257 25.163 25.00% 90.61%
115VAC and 60Hz 54.196 20.013 2.504 50.113 50.00% 92.47% 92.47%
115VAC and 60Hz 80.417 20.006 3.752 75.063 75.00% 93.34%
115VAC and 60Hz 107.014 19.997 5.001 100.005 100.00% 93.45%
230VAC and 50Hz 0.315 20.034 0.010 0.200 0.20% 63.53%
230VAC and 50Hz 0.446 20.033 0.016 0.313 0.31% 70.20%
230VAC and 50Hz 0.555 20.033 0.021 0.414 0.41% 74.59%
230VAC and 50Hz 0.674 20.033 0.026 0.517 0.52% 76.78%
230VAC and 50Hz 1.224 20.033 0.050 0.994 1.00% 81.23%
230VAC and 50Hz 5.705 20.025 0.257 5.146 5.15% 90.21%
230VAC and 50Hz 11.336 20.025 0.506 10.133 10.13% 89.38%
230VAC and 50Hz 27.336 20.022 1.256 25.148 25.00% 92.00%
230VAC and 50Hz 53.584 20.016 2.503 50.100 50.00% 93.50% 93.62%
230VAC and 50Hz 79.567 20.012 3.752 75.085 75.00% 94.37%
230VAC and 50Hz 105.710 20.001 5.001 100.025 100.00% 94.62%
264VAC and 50Hz 0.341 20.034 0.010 0.200 0.20% 58.69%
264VAC and 50Hz 0.448 20.034 0.016 0.314 0.31% 69.93%
264VAC and 50Hz 0.561 20.033 0.021 0.415 0.42% 74.03%
264VAC and 50Hz 0.651 20.033 0.024 0.490 0.50% 75.37%
264VAC and 50Hz 1.266 20.033 0.051 1.022 1.00% 80.71%
264VAC and 50Hz 5.611 20.032 0.251 5.028 5.00% 89.61%
264VAC and 50Hz 11.231 20.030 0.502 10.055 10.00% 89.53%
264VAC and 50Hz 27.302 20.026 1.253 25.093 25.00% 91.91%
264VAC and 50Hz 53.514 20.024 2.502 50.100 50.00% 93.62% 93.71%
264VAC and 50Hz 79.438 20.015 3.751 75.076 75.00% 94.51%
264VAC and 50Hz 105.516 20.005 5.001 100.045 100.00% 94.82%
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3.4 Efficiency Curve: Efficiency vs Output Power
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Figure 3-1. Efficiency vs Pyt (28V V1)
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Figure 3-2. Efficiency vs Pyt (24V V1)
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Figure 3-3. Efficiency vs Pyt (20V V1)
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3.5 Load Regulation

This sections shows the output voltage regulation across the load for AC input voltage of 90VAC/60Hz, 115VAC/
60Hz, 230VAC/50Hz and 264VAC/50Hz.

27.9

— 90VAC/60Hz
— 115VAC/60Hz
—— 230VAC/50Hz

27.88 |_§— x —— 264VAC/50Hz

. 27.86
27.84
\\
N
27.82
27.8
05 0.5 1.5 2.5 35 45 5.5
Iout (A)
Figure 3-4. Load Regulation: at 28V Output Voltage
24.05
— 90VAC/60Hz
— 115VAC/60Hz
—— 230VAC/50Hz
24.025 —— 264VAC/50Hz
S
= 24
E x-\
23.975
23.95
05 05 15 25 3.5 45 5.5
|out (A)
Figure 3-5. Load Regulation: at 24V Output Voltage
20.04
—— 90VAC/60Hz
— 115VAC/60Hz
20.03 AN —— 230VAC/50Hz
. \/\\\\ —— 264VAC/50Hz
\\
. 20.02
> 20.01 \
) \\
19.99
05 0.5 1.5 2.5 35 45 5.5
Iout (A)
Figure 3-6. Load Regulation: at 20V Output Voltage
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3.6 Startup Waveforms

The following waveforms shows the AC input voltage, output voltage and load current during start-up at no-load
and full-load. The test condition is listed in the figure description.

Note
This EVM do not support full power startup at any output voltage settings (20V/24V/28V) below
115VAC, as PFC bias supply is dependent on flyback.

msi P2 pkpk(lout) 3:minlout) P4 max(lout) PS5 pkpk(Vout) P6:min(Vin) P7-max(Vout)
if] 196.4 mA -145mA 52mA 271793V SEGERY 27199V
v v v v ¥ v
FLT[DCIM | HD [Tbase  -150 ms|Trigger C
| H 12 Bits 500 ms/div Stop 1200V
5.00 Vidiv): | 50MS 100MS/s Edge Positive

1 .00 Addi
-10.000 V -3.00000 A -15.0000 V|

C1=Vin(AC) C3 = lout C4 = Vout

Figure 3-7. Startup Waveform at 115VAC/60Hz, 28V/0A

A7 TELEDYNE LECROY|
Q) e

R

P2 pkpk(lout) P4:max(lout) P5:pkpk(Vout) PE:min(Vin) PT7:max(Ve
47504 A -108 mA 4642A 28446V 2121V 2844V
v v v v @

FLT[DCTM | HD  [Tbase  -150 ms|Trigger G

50.0 msidiv Stop 12,00V

I 100MS/s Edge  Positive

100 Vidiv 1.00 Ardiv 500 Vidiv 50 MS
-10.000 V -3.00000 A -15.0000 V/ |

C1=Vin(AC) C3 = lout C4 = Vout

Figure 3-8. Startup Waveform at 115VAC/60Hz, 28V/4.3A
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v v ¥ v
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12 Bits 500 ms/div Stop 1200V
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C1=Vin(AC) C3 = lout C4 = Vout

Figure 3-9. Startup Waveform at 230VAC/50Hz, 28V/0A

AW\ TELEDYNE LECROY|
2
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AP P T PP

il i

P1ms(Vin) P2 pkpk(lout) P3:min(lout) P4:max(lout) P5:pkpk(Vout) PE&min(Vin)
46478 A 9

21256V -107 mA 4540A 27999V 3630V
v =

v v v v

12 Bits 50.0 msidiv Stop 12
1 di 1.00 Ardiv 5,00 Vidi 50MS 100MS/s Edge Positive
-10.000 V -3.00000 A -15.0000

Figure 3-10. Startup Waveform at 230VAC/50Hz, 28V/4.3A

C1=Vin(AC) C3 = lout C4 = Vout
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“150ms
P4:max{lout)

C3 = lout
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¥ >
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Figure 3-11. Startup Waveform at 115VAC/60Hz, 24V/0A
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Figure 3-12. Startup Waveform at 115VAC/60Hz, 24V/5A
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P1:ms(Vin) P2:pkpk(lout) nin(lout) P4:max(lout) P5:pkpk(Vout) PE:min(Vout) P7:max(Vout)
4V 183.6 mA 156 mA 28mA 23973V 108 mv 2408V

v v v v ¥ v
| HD [Tbase  -150 ms|Trigger

12 Bits 50.0 ms/div Stop 12 00 V

iv 2.45 Aldiv 5.00 Vidi 50MS 100MS/s Edge Positive
-10.000 V -4.90000 A -14.0000 V}}

C1=Vin(AC) C3 = lout C4 = Vout

Figure 3-13. Startup Waveform at 230VAC/50Hz, 24V/0A
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Figure 3-14. Startup Waveform at 230VAC/50Hz, 24V/5A
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Figure 3-15. Startup Waveform at 115VAC/60Hz, 20V/0A
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Figure 3-16. Startup Waveform at 115VAC/60Hz, 20V/5A
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P1rms(Vin) P2 pkpk(lout) nin(lout) P4:max(lout) PS5 pkpk(Vout) P6:min(Vin) P7-max(Vout)
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Figure 3-17. Startup Waveform at 230VAC/50Hz, 20V/0A
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Figure 3-18. Startup Waveform at 230VAC/50Hz, 20V/5A
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3.7 Switching Frequency Across Load
Following waveforms shows the switching behavior of UCG28828-1REZR at operating points of 115VAC/60Hz

| |
Ve ssupatprick
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391975V | 28762V | 8333mA | 278337V | 96
391865V 1 19561V 1t 1.16106A 1 277702V
-110mV A 9200V A 1.24438 A A
C1 = PFC output voltage C2 = Flyback primary side C3 = flyback secondary side C4 = output voltage
switch node voltage current

Figure 3-19. Switching Behavior at V,,; = 28V and Iy, = 0A
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C2 = Flyback secondary side current C3 = Flyback primary side switch node voltage

Figure 3-20. Switching Behavior at V,;; = 28V and I, = 0.1A
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C3 = Flyback primary side switch node voltage

Figure 3-21. Switching Behavior at V,; = 28V and l,; = 0.2A
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Figure 3-22. Switching Behavior at V,,; = 28V and Iy, = 0.3A
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C1 = PFC output voltage C2 = Flyback primary side C3 = flyback secondary side C4 = output voltage
switch node voltage current

Figure 3-23. Switching Behavior at V,; = 28V and I,,; = 0.43A
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C1 = PFC output voltage C2 = Flyback primary side C3 = flyback secondary side C4 = output voltage
switch node voltage current

Figure 3-24. Switching Behavior at V,; = 28V and I, = 1.075A
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Figure 3-25. Switching Behavior at V,; = 28V and I,,; = 2.15A
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C1 = PFC output voltage C2 = Flyback primary side C3 = flyback secondary side C4 = output voltage
switch node voltage current

Figure 3-26. Switching Behavior at Vs = 28V and I, = 3.225A
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C2 = Flyback primary side C3 = flyback secondary side C4 = output voltage
switch node voltage current

Figure 3-27. Switching Behavior at V,; = 28V and l,; = 4.3A
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C2 = Flyback primary side C3 = flyback secondary side C4 = output voltage
switch node voltage current

Figure 3-28. Switching Behavior at V,,; = 24V and I, = 0A
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C2 = Flyback secondary side current C3 = Flyback primary side switch node voltage

Figure 3-29. Switching Behavior at V,; = 24V and I, = 0.1A
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C2 = Flyback secondary side current C3 = Flyback primary side switch node voltage

Figure 3-30. Switching Behavior at V,,; = 24V and Iy, = 0.3A
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C2 = Flyback primary side C3 = flyback secondary side C4 = output voltage
switch node voltage current

Figure 3-31. Switching Behavior at V,;; = 24V and I,; = 0.5A
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C2 = Flyback primary side C3 = flyback secondary side C4 = output voltage
switch node voltage current

Figure 3-32. Switching Behavior at V,,; = 24V and I, = 1.25A
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C1 = PFC output voltage C2 = Flyback primary side C3 = flyback secondary side C4 = output voltage
switch node voltage current

Figure 3-33. Switching Behavior at V,;; = 24V and l,; = 2.5A
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C1 = PFC output voltage C2 = Flyback primary side C3 = flyback secondary side C4 = output voltage
switch node voltage current

Figure 3-34. Switching Behavior at V,,; = 24V and I, = 3.75A
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C1 = PFC output voltage C2 = Flyback primary side C3 = flyback secondary side C4 = output voltage
switch node voltage current

Figure 3-35. Switching Behavior at V,; = 24V and |,; = 5A
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C1 = PFC output voltage C2 = Flyback primary side C3 = flyback secondary side C4 = output voltage
switch node voltage current

Figure 3-36. Switching Behavior at V,,; = 20V and I, = 0A
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C1 = PFC output voltage C2 = Flyback primary side C3 = flyback secondary side C4 = output voltage
switch node voltage current

Figure 3-37. Switching Behavior at V,;; = 20V and I, = 0.1A
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Figure 3-38. Switching Behavior at V,; = 20V and I, = 0.2A
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C2 = Flyback primary side C3 = flyback secondary side C4 = output voltage

C1 = PFC output voltage
switch node voltage current

Figure 3-40. Switching Behavior at V,; = 20V and I, = 0.5A
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A15mV A 12620 V| A 66207 A A 6329 mv
C1 = PFC output voltage C2 = Flyback primary side C3 = flyback secondary side C4 = output voltage
switch node voltage current

Figure 3-41. Switching Behavior at V,; = 20V and I,,; = 1.25A
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C1 = PFC output voltage C2 = Flyback primary side C3 = flyback secondary side C4 = output voltage
switch node voltage current

Figure 3-42. Switching Behavior at V,, = 20V and Iy = 2.5A
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C1 = PFC output voltage C2 = Flyback primary side C3 = flyback secondary side C4 = output voltage
switch node voltage current

Figure 3-44. Switching Behavior at V,; = 20V and I, = 5A

30 UCG28828, 120W QR Flyback Converter with Integrated GaN Evaluation SLVUDN4A — JULY 2026 — REVISED AUGUST 2026

Module Submit Document Feedback
Copyright © 2026 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SLVUDN4
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVUDN4A&partnum=UCG28828EVM-094

i3 TEXAS
INSTRUMENTS

www.ti.com Performance Data and Typical Characteristic Curves

3.8 Line Transient Response

This section demonstrates the ability of the EVM to maintain a stable DC output voltage during large variations in
the AC input voltage. The waveforms show the system response as the input voltage is stepped from a minimum
of 90 VAC to a maximum of 264 VAC at 60Hz.

ohs 100 ms

P2:min(Vin) P3:min(lout) P4:max(lout) PSpkpk(Vout) PE:min(Vin) P7:max(Vouty

457V -125mA -T2mA 134 mV 457V 2795V

v v v v = v
LToCT D |
_ i i 12 Bits 50.0 ms/div Stop 126 V
2 1.00 Ardiv 5.00 Vidiv, H 50MS 100MS/s Edge Positive

0 mV offset -3.00000 A -15.0000 V/

C1= AC input voltage C3 = Flyback output Current C4 = Flyback output voltage

Figure 3-45. Line Transient Waveform: V;, = 90VAC to 264VAC/60Hz, V,, = 28V, and I, = 0A
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200 Vidiv 1.00 A/div 5.00 Vidiv 50MS 100MS/s Edge Positive
0 mV offset -3.00000 A -13.0000 V| H

C1= AC input voltage C3 = Flyback output Current C4 = Flyback output voltage

Figure 3-46. Line Transient Waveform: V;, = 90VAC to 264VAC/60Hz, V,; = 28V, and I, = 4.3A
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C1= AC input voltage C3 = Flyback output Current C4 = Flyback output voltage

Figure 3-47. Line Transient Waveform: V;, = 90VAC to 264VAC/60Hz, V,; = 24V, and |, = 0A
I’\‘ TELEDYNE LEFHQY
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[_HD_JTimebase 0 ms]Trigger C

12 Bits 50.0 msidiv Stop
00 Vi 1.50 Ardiv 00 50MS 100MS/s Edge Positive
0 mV offset -3.00000 A

C1= AC input voltage C3 = Flyback output Current C4 = Flyback output voltage

Figure 3-48. Line Transient Waveform: V;, = 90VAC to 264VAC/60Hz, V,, = 24V, and |, = 5A
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0 mV offset -2.00000 A

C1= AC input voltage C3 = Flyback output Current C4 = Flyback output voltage

Figure 3-49. Line Transient Waveform: V;, = 90VAC to 264VAC/60Hz, V,; = 20V, and |, = 0A
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C1= AC input voltage C3 = Flyback output Current C4 = Flyback output voltage

Figure 3-50. Line Transient Waveform: V;, = 90VAC to 264VAC/60Hz, V,, = 20V, and I, = 5A
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3.9 Load Transient Waveform

This section demonstrates the ability of the EVM to maintain a stable DC output voltage during step load
transient for 2% to 100% load with slew rate of 2.5A/us (both rising and falling edge) at frequency of 25Hz.
Below waveforms are for input 115VAC/60Hz and 230VAC/50Hz and output 28V/24V/20V.
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Figure 3-51. Transient Waveform at 115VAC/60Hz and Output 28V/0.1A to 4.3A
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Figure 3-52. Transient Waveform at 230VAC/50Hz and Output 28V/0.1A to 4.3A
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Figure 3-53. Transient Waveform at 115VAC/60Hz and Output 24V/0.1A to 5A
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Figure 3-54. Transient Waveform at 230VAC/50Hz and Output 24V/0.1A to 5A
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Figure 3-55. Transient Waveform at 115VAC/60Hz and Output 20V/0.1A to 5A
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Figure 3-56. Transient Waveform at 230VAC/50Hz and Output 20V/0.1A to 5A
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3.10 Output Ripple Voltage

The following waveforms show the output voltage ripple for 115 VAC/60Hz and 230VAC/50Hz at no-load and
full-load for output settings of 20V, 24V and 28V. Here, C4 - Output Voltage Ripple, oscilloscope channel
bandwidth = 20MHz and oscilloscope probe is AC coupled.

40 mV

ELEDYNE LECR%Y‘
uioo

very

140 ms

1D |
| i 200 msidiv Stop  410mV
10.0 mV/div 10.0 mV/di { 500kS 250kS/s Edge Positive
00uVoffset| 350 msfd ;
79my |-~ 79m
= TJ4mV e T
A -153mV)A

88 s

| HD  Timebase 0 ps] Trigger

200 psidiv Stop 100 mV

12B 55045 250MSks Edge  Positive

100 mVidiv| 100 mV/div |

0 pV offset, 220 ps/div |

171 mV, - I
s 40 mV| -
A 211 my| A

Figure 3-58. Output Voltage Ripple at Input = 115VAC/60Hz and Output = 28V/4.3A
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Figure 3-61. Output Voltage Ripple at Input = 115VAC/60Hz and Output = 24V/0A
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Figure 3-64. Output Voltage Ripple at Input = 230VAC/50Hz and Output = 24V/5A
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Figure 3-67. Output Voltage Ripple at Input = 230VAC/50Hz and Output = 20V/0A
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Figure 3-68. Output Voltage Ripple at Input = 230VAC/50Hz and Output = 20V/5A
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3.11 EN55022 Class B Conducted EMI Test Result

Please note this device was evaluated in pre-compliance EMI lab. Tl recommends that all final designs need to

be verified by an agency-qualified EMI test house. Test conditions is mentioned in figure description.
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Figure 3-69. Input = 230VAC/50Hz, Output = 28V/4.3A, Line Scan and Neutral Terminated
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Figure 3-70. Input = 230VAC/50Hz, Output = 28V/4.3A, Neutral Scan and Line Terminated
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Receiver Spectrum
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Figure 3-71. Input = 230VAC/50Hz, Output = 24V/5A, Line Scan and Neutral Terminated
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Figure 3-72. Input = 230VAC/50Hz, Output = 24V/5A, Neutral Scan and Line Terminated
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Figure 3-73. Input = 230VAC/50Hz, Output = 20V/5A, Line Scan and Neutral Terminated
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230VAC/50Hz, Output = 20V/5A, Neutral Scan and Line Terminated

Figure 3-74. Input
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3.12 Thermal Performance at Maximum Load

The following images show the EVM temperature after 1 hour, 2 hour and 3 hour soak at 90VAC/60Hz, output
set to 24V, full load and no forced air.

Figure 3-75. Input = 90VAC/60Hz, Output = 24V/5A and Scan After 1 Hour Run (Bottom Side)
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Figure 3-76. Input = 90VAC/60Hz, Output = 24V/5A and Scan After 2 Hour Run (Bottom Side)
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Figure 3-77. Input = 90VAC/60Hz, Output = 24V/5A and Scan After 3 Hour Run (Bottom Side)
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Figure 3-78. Input = 90VAC/60Hz, Output = 24V/5A and Scan After 3 Hour Run (top Side)
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3.13 PFC Test Results: V;, vs lin

The following waveforms shows the input current behavior at different load condition for 24V output setting at
input voltage of 115VAC/60Hz and 230VAC/50Hz.
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Figure 3-79. Vi, = 115VAC/60HZ, Vot iy = 24V and lo,e = 0.5A
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Figure 3-80. V;, = 115VAC/60Hz, Vo, gy = 24V and loy; = 1.25A
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Figure 3-82. Vi, = 115VAC/60Hz, Vot gy = 24V and loy = 3.75A
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Figure 3-83. V;, = 115VAC/60Hz, Vo, gy = 24V and loy = 5A
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Figure 3-84. Vi, = 230VAC/50Hz, Voy¢_fy = 24V and Iy = 0.5A
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Figure 3-85. V;, = 230VAC/50Hz, V¢ ny = 24V and lo,; = 1.25A
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Figure 3-86. Vi, = 230VAC/50Hz, Voyt_fy = 24V and loy; = 2.5A
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Figure 3-87. V;, = 230VAC/50Hz, V¢ ny = 24V and lo,; = 3.75A
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Figure 3-88. Vj, = 230VAC/50Hz, V¢ _ny = 24V and lo,; = 5A
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3.14 PFC Test Results: Switch node Waveforms across load

The following waveforms shows the switch-node behavior at different load condition for 24V output setting at
input voltage of 115VAC/60Hz and 230VAC/50Hz.

i [
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! £
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C1 = AC input voltage C3 = PFC switch node voltage C4 = PFC output voltage

Figure 3-89. Vi, = 115VAC/60HZ, Vot iy = 24V and lo,¢ = 0.5A
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C1 = AC input voltage C3 = PFC switch node voltage C4 = PFC output voltage

Figure 3-90. V;, = 115VAC/60Hz, Vo, gy = 24V and loy; = 1.25A
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C1 = AC input voltage C3 = PFC switch node voltage C4 = PFC output voltage

Figure 3-91. Vi, = 115VAC/60Hz, V¢ g1y = 24V and lo,¢ = 2.5A
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C1 = AC input voltage C3 = PFC switch node voltage C4 = PFC output voltage

Figure 3-92. V;, = 115VAC/60Hz, Vot gy = 24V and loy = 3.75A
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Figure 3-93. V;, = 115VAC/60Hz, Vo, gy = 24V and loy = 5A
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Figure 3-94. V;, = 230VAC/50Hz, Voy¢_fy = 24V and I, = 0.5A
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Figure 3-95. V;, = 230VAC/50Hz, V¢ ny = 24V and lo,; = 1.25A
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C1 = AC input voltage C3 = PFC switch node voltage C4 = PFC output voltage

Figure 3-96. Vi, = 230VAC/50Hz, Voyt_fy = 24V and loy; = 2.5A
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Figure 3-97. V;, = 230VAC/50Hz, V¢ ny = 24V and lo,; = 3.75A
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Figure 3-98. Vj, = 230VAC/50Hz, V¢ _ny = 24V and lo,; = 5A
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3.15 PFC Test Results: Efficiency (only PFC With External Vcc)

This section shows the PFC stage efficiency with external bias supply to PFC of 15V and power dissipation (for
example, Vcc x |_Vcc) have been taken into account while calculating efficiency across each operating point.
Below table show front-end PFC efficiency at 115VAC and 60Hz and 230VAC and 50Hz.

V\n and Fline Pin (W) Vout(V) lout (A) Pout (W) Efficiency
115VAC and 60Hz 3.273 390.3 0.008 3111 94.19%
115VAC and 60Hz 10.483 390.4 0.026 9.963 95.04%
115VAC and 60Hz 21.075 391.1 0.051 20.126 95.50%
115VAC and 60Hz 31.406 390 0.077 29.956 95.38%
115VAC and 60Hz 41.315 385.8 0.103 39.626 95.91%
115VAC and 60Hz 51.992 387.1 0.129 49.948 96.07%
115VAC and 60Hz 61.257 380.6 0.155 58.909 96.17%
115VAC and 60Hz 71.763 382.5 0.181 69.076 96.26%
115VAC and 60Hz 81.864 380.4 0.207 78.815 96.28%
115VAC and 60Hz 94.327 379.2 0.239 90.629 96.08%
115VAC and 60Hz 104.839 378.4 0.266 100.654 96.01%
115VAC and 60Hz 114.869 377.6 0.292 110.259 95.99%
115VAC and 60Hz 125.244 376.9 0.318 119.854 95.70%
115VAC and 60Hz 135.382 376.4 0.347 130.611 95.77%
230VAC and 50Hz 3.238 390 0.008 3.026 93.01%
230VAC and 50Hz 10.761 390.2 0.027 10.352 96.06%
230VAC and 50Hz 20.675 390.2 0.051 19.916 96.19%
230VAC and 50Hz 30.980 390.5 0.077 29.971 96.65%
230VAC and 50Hz 41.318 391.3 0.102 40.093 96.93%
230VAC and 50Hz 51.273 391.3 0.127 49.781 97.01%
230VAC and 50Hz 61.579 391.1 0.153 59.827 97.08%
230VAC and 50Hz 72.130 390.1 0.180 70.124 97.16%
230VAC and 50Hz 83.268 386.9 0.209 80.986 97.19%
230VAC and 50Hz 93.290 382.4 0.238 91.011 97.49%
230VAC and 50Hz 103.479 380.4 0.265 100.806 97.28%
230VAC and 50Hz 113.479 378.7 0.292 110.580 97.39%
230VAC and 50Hz 123.912 376.5 0.321 120.857 97.49%
230VAC and 50Hz 133.826 374.3 0.348 130.256 97.29%

Efficiency curve:
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Figure 3-99. Efficiency Curves for Front-end PFC With External Vcc = 15V
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4 Hardware Design Files
4.1 Schematics
Figure 4-1. UCG28828EVM-094: PFC Schematic
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Figure 4-2. UCG28828EVM-094: Flyback Schematic
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4.2 PCB Layouts
Figure 4-3. EVM Assembly (Top View)
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Figure 4-4. EVM Assembly (Bottom View)

4.3 Transformer Details

This design uses transformer from 3L Coils and the specifications are mentioned below. This transformer has
good balance between leakage inductance and interturn capacitance. The details of the ATQ28-T-351K-W5
transformer are given below.

PARAMETER TYPICAL VALUE PINS/LEADS
Inductance (uH) 350 £ 10% 1-2
Leakage Inductance (uH) 3.76 1-2
D.C. resistance (mQ) 97.17 1-2
D.C. resistance (mQ) 9.57 S-F
Parasitic capacitance (pF) 47.8 1-S

Turns-ratio 25T:5T:3T:10T+ 0.5TS (1-2):(S-F):(4-5):(3-4)
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Figure 4-5. ATQ28-T-351K-W5: Schematic

4.4 Bill of Materials

Figure 4-6. ATQ28-T-351K-W5: Mechanical
Dimensions

Figure 4-7. ATQ28-T-351K-W5: DC Bias Curve

The table below lists the bill of materials for UCG28828EVM-098.

Table 4-1. Bill of Materials

Designator Quantity Description Part Number

390V_BUS, Line, VFB, 5 Test Point, Multipurpose, White, TH 5012

Vinrect, Vout

C1 1 100uF 450V Aluminum Electrolytic Capacitors Radial, KCMJ2002W101MF
Can 3000 Hrs at 105°C

C2, C25, C40, C41 4 CAP, CERM, 0.1pF, 450V, £ 10%, X7T, AEC-Q200 Grade | CGA5L4X7T2W104K160AE
1, 1206_190

C3,C4 2 470nF £10% X2 Plugin,P=7.5mm Suppression MPX474K31B9KN20600
Capacitors ROHS

C5 1 CAP, CERM, 1pF, 25V,+ 10%, X7R, AEC-Q200 Grade 1, |CGA3E1X7R1E105K080AC
0603

C6 1 CAP, CERM, 22pF, 50V,+ 5%, COG/NPO0, 0402 CCO0402JRNPO9BN220

C7 1 CAP, CERM, 10pF, 1000V, + 5%, COG/NPO, 1206 VJ1206A100JXGAT5Z

C8, C44 2 0.47 AyF Film Capacitor 160V 450V Polypropylene (PP), |B32671P4474K000
Metallized Radial

C9 1 CAP, CERM, 3300pF, 50V, + 5%, COG/NPO0, 0805 GRM2165C1H332JA01D

C10 1 CAP, CERM, 470pF, 50V, * 10%, X7R, 0805 C0805C471K5RACTU
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Table 4-1. Bill of Materials (continued)
Designator Quantity Description Part Number
C11, C24 2 CAP, CERM, 0.1yF, 50V,= 10%, X7R, AEC-Q200 Grade |06035C104KAZ2A
1, 0603
C12 1 CAP, CERM, 1yF, 16V,x 10%, X7R, AEC-Q200 Grade 1, |GCM188R71C105KA64J
0603
C13 1 CAP, CERM, 0.047uF, 100V, + 10%, X7S, 0603 C1608X7S2A473K080AB
C14 1 CAP, CERM, 0.47uF, 50V, £ 10%, X7R, 0805 GRM21BR71H474KA88L
C15 1 CAP, CERM, 10pF, 50V, + 5%, COG/NPO, 0603 C0603C100J5GACTU
Cc16 1 CAP, CERM, 2200pF, 50V, + 5%, COG/NPO0, 0603 GRM1885C1H222JA01D
c17 1 CAP, CERM, 10yF, 25V, + 10%, X7R, 0805 GRM21BZ71E106KE15L
Cc18 1 Chip Multilayer Ceramic Capacitors for General Purpose, | GRM31M5C1H473JA01K
1206, 47000pF, COG, 30ppm/°C, 5%, 50V
C19, C51, C52, C53 4 1500pF +10% 250VAC Ceramic Capacitor X7R 1808 1808YA250152KJTSYX
(4520 Metric)
Cc20 CAP, CERM, 2200pF, 1000V, + 10%, X7R, 1206 GRM31BR73A222KWO01L
C21, C23 2 Aluminum Electrolytic Capacitors (Radial Lead Type) EEUFS1V821
820pF +20% 35V
C23, C36 2 CAP, CERM, 22uF, 10V, £ 20%, X7R, 0805 GRM21BZ71A226ME15L
C26 1 CAP CER 1000PF 1KV X7R 0805 C0805X102KDRACTU
c27 1 CAP, CERM, 1uF, 50V, + 10%, X5R, 0603 C1608X5R1H105K080AB
C28 1 CAP, CERM, 0.47uF, 50V, + 10%, X7R, 0603 C1608X7R1H474K080AC
C29 1 CAP, CERM, 0.1pF, 100V,+ 10%, X7R, AEC-Q200 Grade |HMK107B7104KAHT
1, 0603
C30, C31 2 Chip Multilayer Ceramic Capacitors for General Purpose, | GRM31CZ72A475KE11L
1206, 4.7uF, X7R, 15%, 10%, 100V
C32 1 CAP, CERM, 0.1yF, 50V, £ 10%, X7R, 0603 C1608X7R1H104K080AA
C33 1 CAP, CERM, 10pF, 35V,+ 10%, X5R, 0805 GMK212BBJ106KG-T
C34 1 CAP, CERM, 1pF, 50V,= 10%, X7R, AEC-Q200 Grade 1, |08055C105K4Z2A
0805
C35 1 CAP, CERM, 1000pF, 100V, + 5%, COG/NPO, 0603 C1608C0G2A102J080AA
Cc37 1 CAP, CERM, 0.1yF, 25V, + 10%, X7R, 0402 GRM155R71E104KE14D
C38 1 CAP, CERM, 330pF, 50V, + 1%, COG/NPO0, 0402 GRM1555C1H331FA01J
C39, C50 2 Multi-Layer Ceramic Capacitor 10nF 50V COG + 5% 0603 | GRT1885C1H103JA02D
Paper T/R
C43 1 CAP, CERM, 0.022uF, 500V, + 10%, X7R, 1206 VJ1206Y223KXEAT5Z
C45 1 CAP, CERM, 0.22uF, 500V, + 10%, X7R, 2220 VJ2220Y224KBEAT4X
C46 1 CAP, CERM, 0.22uF, 100V, + 10%, X7R, 0805 CL21B224KCFSNWE
D1 1 Rectifier, Single, 600V, 3A, Smc Rohs Compliant: Yes S3J-13F
D3 1 Diode, Hyperfast, 600V, 6A, AEC-Q101, TO-277A VS-6ESHO06HM3/86A
D4, D5 2 Diode 1000V 2A Surface Mount SOD-123F S2MFL
D6 1 Diode, Switching, 75V, 0.15A, AEC-Q101, SOD-323 1N4148WS-7F
D7 1 Diode Rectifier Bridge Single 600V 8A 4-Pin Case GBU |GBU806
Tube
D8 1 Diode Small Signal Schottky 100V 0.5A 2-Pin BAS100AS_R1_00001
SOD-123T/R
D9 1 Diode 1000V 1A Surface Mount SOD-123FL SL1M
D10 1 Diode, Fast Rectifier, 800V, 1A, SMA US1K-13F
D11, D12 2 Diode, Superfast Rectifier, 600V, 1A, 3.5x1.6mm CSFMT108-HF
D13 1 Diode, Zener, 15V, 200mW, SOD-323 MMSZ5245BS-7F
F1 1 Fuse Subminiature Slow Blow Acting 3.15A 350V Radial |[0697W3150-01
8.35X 4X 7.8mm Thermoplastic Box
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Table 4-1. Bill of Materials (continued)
Designator Quantity Description Part Number
H1, H2, H3, H4 4 Standoff, Hex, 0.5"L #4-40 Nylon NY PMS 440 0025 PH
H5, H6, H7, H8 4 Standoff, Hex, 0.5"L #4-40 Nylon 1902C
J1, J2 2 Terminal Block, 5.08mm, 2x1, Brass, TH ED120/2DS
L1 1 'Power Choke Unshielded Wirewound 150uH 10% 10KHz | 7447480151
Ferrite 2A 180mQ DCR RDL Tray
L2 Inductor 240uH 10% 100kHz 0.223Q 9.8A 750317130
26.16x26.16x19.05mm TH
L3 1 Coupled inductor, 1mH, 2A, 0.045Q, TH 744821201
L4 Coupled Inductor 15mH DC-SQ1515-02010-03L
Neutral, PGND1, PGND2, 4 Test Point, Multipurpose, Black, TH Neutral, PGND, SGND
SGND
Q2 1 MOSFET, N-CH, 150V, 87A, PG-TDSON-8 BSCO093N15NS5ATMA1
Q3 1 MOSFET, N-CH, 100V, 0.17A, SOT-23 BSS123
Q4 1 Optoisolator Transistor Output 5000Vrms 1 Channel 6-SO | TLP383(GR-TPL,E)
R1, R3, R6, R8, R11, R14, 9 RES, 3.32M, 1%, 0.25W, AEC-Q200 Grade 0, 1206 CRCW12063M32FKEA
R17, R18, R20
R2 1 RES, 0, 5%, 0.125W, AEC-Q200 Grade 0, 0805 ERJ-6GEYOROOV
R4 1 RES SMD 127Q 0.5% 1/10W 0603 RT0603DRD07127RL
R5, R49 2 RES, 0, 5%, 0.125W, AEC-Q200 Grade 0, 0805 RC0603JR-070RL
R9, R12, R15, R27 4 RES, 324k, 1%, 0.25W, AEC-Q200 Grade 0, 1206 ERJ-8ENF3243V
R10 1 RES, 24.9k, 1%, 0.125W, AEC-Q200 Grade 0, 0805 CRCWO080524K9FKEA
R13 1 1.01kQ £0.1% 0.1W, 1/10W Chip Resistor 0603 (1608 RN73R1JTTD1011B25
Metric) Moisture Resistant Thin Film
R16 1 RES, 3.00k, 0.1%, 0.1W, 0603 RG1608P-302B-T5
R19, R35 2 RES, 1.00M, 1%, 0.125W, 0603 MCT06030C1004FP500
R22 1 RES, 47, 5%, 0.1W, AEC-Q200 Grade 0, 0603 CRCWO060347R0JNEA
R23 1 RES, 180k, 0.1%, 0.125W, 0805 RT0805BRD07180KL
R24 1 RES, 20.0k, 0.1%, 0.1W, 0603 RT0603BRD0720KL
R25 1 RES, 180k, 0.1%, 0.1W, 0603 RT0603BRDO07180KL
R26 1 RES, 220k, 0.1%, 0.1W, 0603 RG1608P-224B-T5
R29 1 RES, 10.0, 0.5%, 1W, AEC-Q200 Grade 0, 1206 HRG3216Q-10R0D-T1
R30 1 RES, 0, 5%, 0.063W, AEC-Q200 Grade 0, 0402 CRCW04020000Z0ED
R31 1 RES, 511, 1%, 0.063W, AEC-Q200 Grade 0, 0402 CRCWO0402511RFKED
R32, R63 2 RES, 511, 1%, 0.25W, AEC-Q200 Grade 0, 1206 CRCW1206511RFKEA
R33 1 RES, 10.0, 0.05%, 0.1W, 0805 RNCF0805AKT10R0
R34 1 RES, 100k, 1%, 0.1W, 0402 ERJ-2RKF1003X
R36 1 0Qs Jumper 0.125W, 1/8W Chip Resistor 0805 (2012 RMCF0805ZTOR00
Metric) Automotive AEC-Q200 Thick Film
R37 1 RES, 15.0k, 0.05%, 0.1W, AEC-Q200 Grade 0, 0603 ERA-3ARW153V
R38 1 RES, 2.74k, 0.1%, 0.1W, 0603 RT0603BRDO072K74L
R39, R53 2 RES, 249k, 0.1%, 0.1W, 0603 RT0603BRD07249KL
R40 1 RES, 7.68k, 0.5%, 0.1W, 0603 RTO0603DREO77K68L
R41, R60, R61, R72, R73 5 RES, 0, 0%, 0.25W, AEC-Q200 Grade 0, 0603 RCS06030000Z0EA
R42 1 RES, 1.00k, 0.01%, 0.063W, 0603 RNCF0603TKY1K00
R43 1 RES, 28.7k, 0.5%, 0.1W, 0603 RT0603DREQ728K7L
R44 1 RES, 75.0k, 0.5%, 0.1W, 0603 RT0603DREQ775KL
R45 1 RES, 49.9k, 0.5%, 0.1W, 0603 RT0603DREQ0749K9L
R46 1 RES, 5.23k, 0.1%, 0.1W, 0603 RT0603BRD075K23L
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Table 4-1. Bill of Materials (continued)

Designator Quantity Description Part Number

R47 1 RES, 35.2k, 0.1%, 0.1W, 0603 RT0603BRD0735K2L

R48 1 RES, 44.2k, 0.5%, 0.1W, 0603 RT0603DREQ744K2L

R54 1 RES, 49.9k, 0.1%, 0.1W, 0603 RT0603BRD0749K9L

R55 1 RES, 95.3k, 0.1%, 0.1W, 0603 RT0603BRD0795K3L

R59 1 RES, 2.0k, 5%, 0.25W, AEC-Q200 Grade 0, 1206 CRCW12062K00JNEA

R64 1 RES, 28.7k, 0.1%, 0.1W, 0603 RT0603BRD0728K7L

R65 1 RES, 24.3k, 0.1%, 0.1W, 0603 RT0603BRD0724K3L

R66 1 RES, 5.05, 0.5%, 0.1W, 0603 RT0603DREQ075R05L

R68 1 NTC Thermistor 150k 0603 (1608 Metric) NT06155F4050B1F

R71 1 RES, 64.9k, 0.5%, 0.1W, 0603 RT0603DRE0764K9L

RV1 1 VARISTOR 490V 1.2KA DISC 7MM V300LA2P

T1 1 Transformer ATQ28T-351K-W5

T2, T3, VD_SR 3 Test Point, Miniature, SMT 5019

U1 1 650V GaN FET With Integrated Driver and Current Sense |LMG3622REQ
Emulation

u2 1 6-Pin Single-Phase Transition-Mode PFC Controller, UCC28056ADBVR
DBV0O0O6A (SOT-23-6)

U3 1 Active-low voltage monitor with low quiescent current and |LM8364BALMF20/NOPB
2.5% threshold accuracy 5-SOT-23 -40 to 85

U4 1 FAST TURN-OFF INTELLIGENT RECTIF MP6908AGJ-P

us 1 Self-Biased High Frequency QR Flyback Converter With |UCG28828-1REZR
750V Integrated GaN HEMT

U6 1 Shunt Voltage Reference IC Adjustable 2.5V 36VV +1% |ATL431LIAIDBZR
15mA SOT-23-3

ZD1, ZD2 2 Diode, Zener, 5.1V, 400mW, SOD-323F D3Z5V1BF-7

5 Additional Informations

Trademarks

All trademarks are the property of their respective owners.

6 Revision History

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision * (July 2026) to Revision A (August 2026)

» Updated axis labels on Figure 3-4 through Figure 3-6
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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 “EVMs”) 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.

11

1.2

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:

21

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 TI'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 TI, 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. TI'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 TI 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; TI 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 HZAEMAIC
BAThBEAETY M, R—RIZDOVTRE, ROEZHEZEBIEEL,
https://www.ti.com/ja-jp/legal/notice-for-evaluation-kits-delivered-in-japan.html

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.

[BRERZEEITHIHRBORAFTY FESEVICEIBOIESE] BRTY NORICEEMEEBSGTERAZRZTT

WBEVWEDABYET, BEMERIHZZHTTVEVEOOIFALCEBL TR, BREAEFOLD, UTOVThAID

BEZH > TVEEKMBENGHWERTOTIEESLEE L,

1. ?f%bfﬁﬁﬂﬂﬁ6§%llﬁﬁl%tgﬁ<5F55218$3H28I3$’37T§‘é‘%ﬂ'_\$173%'6i&)Bht%ﬁﬂé‘i%wﬁﬁﬁﬁﬁ‘ﬁiﬁﬁﬁ

2. RRROKFEMERIFEAVEEL,

3. HMEEBHAMPHEMBEIEAVEEL,

BE, AEAE. RO TCHEACHLEOTOER) Z2FEL. BEACEALZVRY, BE, BETERZVEOELET,
tiRZEBFEFEVEERE. EREDCARNIERAEC ARSI H2 L Z2IERB<LEEV, BETHFYR

PAYNX Y HA LM

REBHMEXEHMBCOTE24&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

BENBRMERBEEIC OV TORERFY NESFEVICEZBOEESEIIOVTE, ROEZHrEIEBLLEE
L, https://www.ti.com/ja-jp/legal/notice-for-evaluation-kits-for-power-line-communication.html

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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4 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 TI 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.

5. 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.

6. 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." Tl 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.

7. 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 © 2023, Texas Instruments Incorporated
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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, 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 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, TI's General Quality Guidelines, 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. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

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

Copyright © 2026, Texas Instruments Incorporated
Last updated 10/2025
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