
UCG28826 GaN 内蔵、自己バイアス型高周波数 QR フライバック コンバータ
1 特長
• 170mΩ の Rds(on)を備えた 700V GaN を内蔵

• 動的 QR/DCM/CCM 動作モード

• 最大 500kHz のスイッチング周波数をサポート

• 統合により BOM コストを低減

– 自己バイアスにより補助巻線不要

– 入出力電圧センシング機能を内蔵

– 統合型の電流センス機能

– HV スタートアップを内蔵

– X コンデンサ放電機能を内蔵

• 高い効率と低い EMI 特性

– 非常に小さいスタンバイ消費電力：<30mW
– 周波数フォールドバックおよびバースト モード

– バレー ロック

– 周波数ディザリング

– 切り替え可能なスルーレート制御

• 包括的な保護機能

– 過熱保護機能

– 過電圧保護

– 短絡保護

– サイクル単位の電流制限

– LPS による 2 レベルの過電力保護

– ブラウンイン / アウト保護

– オープン フィードバック保護

• 外付け抵抗によるフレキシブルな構成が可能

– X コンデンサ放電および CCM モード無効化

– スルーレート切り替えを選択可能

– 複数のクランプ周波数設定

– フォルト ラッチまたは自動リスタート

– 最大 / 最小ピーク電流比

– ディザリング振幅

2 アプリケーション
• ポータブル電子機器用 USB-PD アダプタ

• USB 壁コンセントおよびドッキング ステーション

• 産業用 DIN レール電源

• サーバ補助電源

3 概要
UCG28826 は、高周波数、疑似共振フライバック コンバ

ータであり、170mΩ GaN HEMT (高電子移動度トランジ

スタ) を内蔵し、最大 65W のパワー コンバータとして AC 
を DC に変換します。携帯電話の高速充電器やノート PC 
アダプタなど、電力密度の高いアプリケーションに最適で
す。このデバイスの主な特長は、自己バイアスおよび補助
巻線レス センシング方式であり、補助巻線が完全に不要

で、より高い効率のシステム設計を簡素化できます。

また、インテリジェントなモード遷移 (CCM/QR/DCM) を備

えており、広い電力範囲にわたって高効率を実現し、スタ
ンバイ消費電力は 30mW 未満になっています。さらに、

UCG28826 は、ブラウンイン / アウト保護、SCP、OVP、

OLP、OFB、OTP などの保護機能一式も備えています。

サイクルごとの電流制限により、フォルト状態に迅速に応
答することで、システムが保護され、信頼性が向上します。
入力フィードフォワードおよび出力電圧に基づく OLP 補
正を実装して、LPS 要件を満たしています。さらに、

UCG28826 には専用の構成ピンがあり、柔軟性が高くな

っています。各システムで特定のパラメータを調整するた
めに必要なのは抵抗だけなので、単一のデバイスでプラッ
トフォームの設計を実現できます。

パッケージ情報
部品番号 パッケージ(1) パッケージ サイズ(2)

UCG28826 REZ (QFN-12) 5 mm × 5mm

(1) 利用可能なすべてのパッケージについては、データシートの末尾
にある注文情報を参照してください。

(2) パッケージ サイズ (長さ × 幅) は公称値であり、該当する場合はピ

ンも含まれます。
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4 Pin Configuration and Functions
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図 4-1. UCG28826 5 x 5mm Package,
12-Pin QFN,
(Top View)

表 4-1. Pin Functions
PIN

TYPE(1) DESCRIPTION
NAME NO.

HV 1 P HV startup, AC line input presence detection and X-cap discharge

SW 2 P Drain pin of integrated high-voltage GaN HEMT. This is also the sensing pin for valley 
switching and protections.

GND 3,10 G Signal ground. Internally connected to power ground.

FLT 4 O Fault pin for external overtemperature protection. Connect an NTC from this pin to GND.

FB 5 I Feedback signal. Connect this pin to the collector of an optocoupler.

TR 6 I Turns ratio setting. A resistor from this pin to GND sets the transformer turns ratio Np/Ns.

IPK 7 I Peak current and frequency dither setting pin. A resistor from this pin to GND sets the 
maximum/minimum primary-side peak current and dithering depth.

FCL 8 I Switching frequency clamp and fault behavior setting.

CDX 9 I Multi-function pin to enable/disable CCM mode, gate drive current setting and X-cap 
discharge enable/disable.

VCC 11
P

IC bias supply. Connect an external capacitor (at least 10V rated) from this pin to GND. 
The capacitor value should be between 10uF to 47uF. The capacitor value is determined 
by the hold up time for missing input line cycles.

GND 12 G Power ground. Connect to negative terminal of input bulk capacitor.

(1) I = Input, O = Output, I/O = Input or Output, G = Ground, P = Power.
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5 Specifications
5.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(1)

MIN MAX UNIT
VHV GaN HEMT drain-source voltage, surge condition 800 V

VSW(tr)(surge) GaN power HEMT transient drain-source voltage, surge condition(2) 800 V

VSW(surge) GaN power HEMT drain-source voltage, surge condition, FET off(2) 750 V

VSW GaN power HEMT drain-source voltage, FET off 700 V

IDS GaN power HEMT continuous current, FET on Internally limited A

Pin voltage
FLT, TR, IPK, FCL, CDX, FB –0.3 5.5

V
VCC –0.3 6.2

TJ Junction temperature –40 150 °C

Tstg Storage temperature –65 150 °C

(1) Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply 
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If 
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully 
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) See GaN HEMT Switching Capability for more information on the GaN power FET switching capability.

5.2 ESD Ratings
VALUE UNIT

V(ESD) Electrostatic discharge

Human body model (HBM), per ANSI/ESDA/JEDEC 
JS-001 (all pins except HV and SW pins) (1) ±2000

VHuman body model (HBM), per ANSI/ESDA/JEDEC 
JS-001 (HV and SW pins) (1) ±1000

Charged-device model (CDM), per ANSI/ESDA/JEDEC 
JS-002 (2) ±750

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

5.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
ISW SW pin current, continuous 4.5 A

VVCC VCC supply, self-regulating 5.2 6 V

CVCC Capacitance on VCC pin 10 47 µF

CX2 X2 capacitance 1 µF

LMAG Primary magnetising inductance 380 µH

LLK Primary winding leakage inductance 3 %

CSW SW pin capacitance (GaN HEMT excluded) 300 pF

CHV HV pin parasitic capacitance 50 100 pF

TA Ambient temperature –40 105 °C

TJ Junction temperature –40 125 °C
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5.4 Thermal Information

THERMAL METRIC(1)

UCG28826
UNITREZ (QFN)

12 PINS
RθJA Junction-to-ambient thermal resistance 30.7 °C/W

RθJC(top) Junction-to-case (top) thermal resistance 21.4 °C/W

RθJB Junction-to-board thermal resistance 7.8 °C/W

ΨJT Junction-to-top characterization parameter 1.7 °C/W

YJB Junction-to-board characterization parameter 7.8 °C/W

RθJC(bot) Junction-to-case (bottom) thermal resistance 0.7 °C/W

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

5.5 Electrical Characteristics
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
BIAS SUPPLY

VVCCSHORT
Threshold for reduced VCC startup 
current 0.9 V

IHVLO Reduced HV startup current Before VCC reaches VVCCSHORT 1 mA

IHVHI Full HV startup current After VCC exceeds VVCCSHORT 4 mA

VVCCOFF VCC under voltage lock out threshold 5.1 V

VVCC_REG
VCC regulation voltage and start-up 
threshold 5.8 V

VVCC_CHG VCC charging trigger threshold Trigger VCC charging to VVCC_REG 5.6 V

IVCC Operating supply current No switching 700 µA

IVCCSLEEP Supply current in burst mode No switching 250 µA

IVCCFAULT
Supply current when a protection is 
triggered 250 µA

GAN POWER TRANSISTOR
RDSON Drain-source on-resistance TJ = 25 °C 170 mΩ

COSS Output capacitance VSW = 400V 40 pF

GAN GATE DRIVER
Turn-on dV/dt For SW node, VDS = 325V, Option 1 7 V/ns

Turn-on dV/dt For SW node, VDS = 325V, Option 2 5 V/ns

Turn-on dV/dt For SW node, VDS = 325V, Option 3 3 V/ns

PEAK CURRENT CONTROL

IPKMAX Maximum peak current

Option 1 2.8

AOption 2 3.1

Option 3 3.5

IPKMAX/
IPKMIN

Max. to min. peak current ratio
Option 1 4

Option 2 3

TSS Soft start time 4 ms

FEEDBACK CONTROL
RFB FB pull-up resistor 60 kΩ

VFBOPEN Open FB Pin voltage
See Table 6-5

Mode transition thresholds

VBST_OFF Burst-off threshold Turn-off switching 250 mV
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over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

VBST_ON Burst-on threshold Resume burst switching 300 mV

VBST_EX Burst mode exit threshold Exit to frequency foldback 500 mV

fMIN,CLAMP Minimum frequency clamp
During normal operation 25

kHz
During soft start 10

TSWMAX Maximum time period 40 µs

TONMAX Maximum on time 17 µs

fMAX,CLAMP Frequency clamp

Option 1 140

kHz
Option 2 200

Option 3 250

Option 4 500

TDDCM DCM ring fixed timer From last seen DCM ring valley 3.75 µs

EMI DITHERING
fcarrier Carrier frequency 390 Hz

IDither,max Carrier amplitude
% of instantaneous peak currents, Option 1 ±6.25

%
% of instantaneous peak currents, Option 2 ±12.5

PROTECTIONS
VTH_BI Brown-in threshold 112 V

VTH_BO Brownout threshold 98 V

TDBO Brown-out delay time 60 ms

IFLT FLT pin source current 75 µA

VTH_OTP FLT threshold voltage Triggers external overtemperature fault 0.6 V

IFLT on time 260 µs

IFLT time period 10 ms

Number of external TSD cycles Before fault is triggered 3

RSW SW pin impedance 9.5 MΩ

VOVP OVP detection threshold VOUT threshold 25 V

Internal overtemperature protection 
shut down threshold Temperature increasing 150 °C

Internal overtemperature protection 
hysteresis Temperature reducing 10 °C

TRETRY Auto-retry time 1 s

POPPH Over power protection threshold Triggers after 80ms 140 W

POPPL Over power protection threshold Triggers after 4.2s 90 W

ILPS LPS fault output current threshold Input referred, triggers after 4.2s 7 A

ISCP Short Circuit Protection Primary current threshold 4.5 A

Short Circuit Protection No of cycles 3

tSCP Short-circuit response time 140 ns

X CAP DISCHARGE
IACDET Line removal detection current Current sink from HV pin 2 mA

IXDIS X-cap discharge Current 5 mA

TXDIS X-cap discharge Time CXCAP = 1µF 1 s

UCG28826
JAJSVH3 – OCTOBER 2024 www.ti.com/ja-jp

6 資料に関するフィードバック (ご意見やお問い合わせ) を送信 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: UCG28826
English Data Sheet: SLUSFF2

A
D

VA
N

C
E IN

FO
R

M
ATIO

N

https://www.ti.com/product/jp/ucg28826?qgpn=ucg28826
https://www.ti.com/jp/lit/pdf/JAJSVH3
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSVH3&partnum=UCG28826
https://www.ti.com/product/jp/ucg28826?qgpn=ucg28826
https://www.ti.com/lit/pdf/SLUSFF2


6 Detailed Description
6.1 Overview
The UCG28826 is a high frequency, quasi-resonant (QR) AC/DC flyback converter with integrated 700V primary-
side GaN high electron mobility transistor (HEMT)(hereinafter referred to as GaN HEMT) suitable for use in 
power supplies up to 65W. This device gives benefit of GaN integration to achieve high power density designs 
with high switching frequency up to 500kHz.

The UCG28826 features industry's first auxless flyback architecture with self-bias to give a compact and low cost 
power supply design without the need for an auxiliary winding in the transformer. The self bias feature reduces 
losses to improve efficiency in wide output voltage applications like USB-PD chargers by eliminating the need for 
a low dropout regulator (LDO) and its associated losses to generate the device bias.

The UCG28826 supports continuous conduction mode (CCM) operation for upto 4msec for transient output 
power conditions of min. 130W (two times the 65W nominal output power) in low-line input conditions without the 
need for a transformer designed for such transient load conditions, saving space and cost. This device also 
includes frequency foldback and burst modes for higher efficiency operation during light load and no-load 
conditions, respectively. The X-cap discharge circuit discharges the X-capacitor in the input EMI filter to 0V 
within less than 1s to prevent the user from an electric shock at the time of unplugging the power supply from the 
wall socket.

The UCG28826 overcomes the system design limitations of integrated converters by offering resistor 
programmable options to the user for maximum flexibility to optimize performance at the desired operating point. 
The device also includes many built-in protections such as output over-voltage protection (OVP), short-circuit 
protection (SCP), two-level over power protection (OPPH and OPPL) and over-temperature protections (OTP) 
with auto-restart and latch response for a robust power supply design preventing any damage during such fault 
conditions.

SW
HV
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GNDVCC

TR
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FLT

SR Controller

OPTOCOUPLER

FCL CDX

V
IN V

OUT

TL431

図 6-1. AC/DC Flyback Converter Schematic using UCG28826
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6.2 Functional Block Diagram
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6.3 Detailed Pin Descriptions
The UCG28826 is a QR flyback converter with integrated 700V GaN HEMT with self bias and auxless sensing. It 
includes HV, SW and GND pins for interface with the flyback power stage components. In addition to this, the 
device has bias supply and a feedback pin for secondary side regulation. There are several programmable 
setting pins for user to configure the device for their power supply design. These programming pins require a 
resistor to ground and offer the flexibility to optimize various parameters during power stage design enabling a 
platform design with a single device.

6.3.1 HV - High Voltage Input

The high voltage (HV) pin should be connected to the two ends of the X-capacitor at the line input, through two 
diodes as shown in 図 6-1. This pin charges the bias supply (VCC) capacitor at startup. The HV pin also 
discharges the X-capacitor when the input line voltage is removed.

6.3.2 SW - Switch Node

The SW pin should be connected to the switch node on the primary side of the flyback converter. This is the 
drain of the integrated 700V GaN HEMT. This is also the sensing pin for valley switching and OVP, OPP and 
LPS protections. The maximum total switch node capacitance at this pin should be minimized to keep the 
switching losses low. The capacitance seen at the SW pin includes the transformer parasitic capacitance, GaN 
HEMT drain-source capacitance, reflected capacitance from secondary side and any additional capacitance 
which may be added to slow down the switch node turn-on and turn-off slew rates.

6.3.3 GND – Ground Return

The GND pin is the external return pin, and provides a reference point for the internal circuitry and the gate drive 
of the device. This is the return pin for the power stage and should be connected to the negative terminal of the 
input bulk capacitor(s).

6.3.4 FLT - External Overtemperature Fault

Connect a negative thermal coefficient (NTC) resistor from this pin to GND for monitoring the temperature of a 
critical point on the power supply external to the device, and trigger overtemperature protection to avoid damage 
to components. The device sources 75μA current into the NTC. As the NTC resistance reduces with increase in 
sensed temperature, the external over-temperature fault is triggered when the voltage on FLT pin reduces to less 
than 0.6V. See セクション 6.4.10.5 for details of overtemperature protection.

6.3.5 FB – Feedback

Connect the feedback (FB) pin to the collector of the optocoupler for secondary side regulation. This pin has an 
internal 60kΩ pull up for optocoupler bias. The instantaneous voltage on this pin determines the switching 
frequency, peak current and mode of operation (burst, foldback, valley switching or CCM) as per the control law 
in 図 6-4 to deliver the required output power. Connect a 100pF or 220pF capacitor from this pin to ground for 
high frequency noise filtering.
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6.3.6 TR - Turns Ratio

Set the transformer turns ratio information with a resistor from this pin to GND as per values in 表 6-1. This turns 
ratio information is used for output voltage sensing. The resistor need to be 1% accurate.

表 6-1. Turns Ratio Setting Resistor Values
TR Pin Resistor (kΩ) Turns Ratio

0 7.875

5.23 6

6.34 6.125

7.68 6.25

9.31 6.375

11.3 6.5

13.7 6.625

16.9 6.75

20.5 6.875

25.5 7

31.6 7.125

39.2 7.25

51.1 7.375

66.5 7.5

84.5 7.625

113 7.75

174 7.875

6.3.7 IPK - Peak Current and Dithering

This pin offers settings for peak current thresholds and dithering. Connect a resistor from this pin to GND as per 
values in 表 6-2 to select the preferred option for the following specifications:

• Maximum peak current
• Ratio of maximum to minimum peak current
• EMI dithering depth

表 6-2. IPK Pin Programming Resistor Values
IPK Pin Resistor (kΩ) Maximum Peak Current (A) IPK,MAX/IPK,MIN EMI Dithering Depth (%)

0 3.1 4 6.25

5.23 2.8 4 12.5

6.34 3.1 4 12.5

7.68 3.5 4 12.5

9.31 2.8 3 12.5

11.5 3.1 3 12.5

14.3 3.5 3 12.5

17.8 2.8 4 6.25

22.6 3.1 4 6.25

28.7 3.5 4 6.25

36.5 2.8 3 6.25

51.1 3.1 3 6.25

75 3.5 3 6.25
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6.3.8 FCL - Frequency clamp and fault response

Use the FCL pin to select the maximum switching frequency clamp value and fault response behavior. 表 6-3 
lists the resistor values to be used for the given operating conditions. The resistor needs to be 1% accurate.

表 6-3. FCL Pin Programming Resistor Values
FCL Pin Resistor (kΩ) Frequency Clamp (kHz) Fault Response

0 140 EXTOTP and OVP Latched, rest Auto retry

5.23 140 All latched

6.34 200 All latched

7.68 250 All latched

9.31 500 All latched

28.7 140 EXTOTP fault and OVP Latched, rest Auto retry

36.5 200 EXTOTP fault and OVP Latched, rest Auto retry

51.1 250 EXTOTP fault and OVP Latched, rest Auto retry

75 500 EXTOTP fault and OVP Latched, rest Auto retry

6.3.9 CDX - CCM, drive strength and X-cap discharge

Use the CDX pin to enable/disable CCM mode and X-cap discharge and select the SW node slew rate when 
turning on the GaN HEMT. Refer to Table 8-4 for values of resistors to connect from this pin to GND for the given 
operating points. The resistor needs to be 1% accurate.

表 6-4. CDX Pin Programming Resistor Values
CDX Pin Resistor (kΩ) CCM SW node turn-on slew rate X-cap discharge

5.23 Disabled 7V/ns Enabled

6.34 Disabled 5V/ns Enabled

7.68 Disabled 3V/ns Enabled

9.31 Disabled 7V/ns Disabled

11.5 Disabled 5V/ns Disabled

14.3 Disabled 3V/ns Disabled

17.8 Enabled 7V/ns Enabled

22.6 Enabled 5V/ns Enabled

28.7 Enabled 3V/ns Enabled

36.5 Enabled 7V/ns Disabled

51.1 Enabled 5V/ns Disabled

75 Enabled 3V/ns Disabled

6.3.10 VCC - Input Bias

The VCC pin provides the bias to the device, powering the internal references, gate driver, regulators, control 
circuits and protection features. Use a minimum of 10μF capacitance from this pin to GND for maintaining VCC 
voltage regulation with self-bias feature. Use of an additional 10nF ceramic capacitor in parallel is recommended 
for low ESR and minimum over/undershoot on this pin. Use 30μF capacitance at this pin for holdup without reset 
in the event of two missing line cycles at the input.
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6.4 Feature Description

6.4.1 Self Bias and Auxless Sensing

The UCG28826 includes self bias and auxless sensing to eliminate the transformer auxiliary winding. This 
makes the system design simpler, smaller and cheaper by reducing the auxiliary winding and the associated 
components.

The self bias feature is especially useful in application like USB-PD chargers with wide output voltage range. 
Typically in such designs, the aux winding generates device supply voltage (VCC) greater than its UVLO 
threshold at the minimum VOUT which is 3.3V. In such case, the voltage on aux winding increases six times when 
VOUT = 20V which needs an internal/external power conversion stage to reduce to VCC range, increasing 
external components and reducing efficiency. The UCG28826's self bias eliminates the need for such additional 
power conversion stage at the VCC pin thus reducing the number of components and recovering their power 
losses. The self bias circuit is designed to keep VCC higher than its UVLO threshold throughout the range of 
operation of the device, given the components around the device are used within the datasheet recommended 
range. Auxless sensing circuits are connected to the SW pin. The device senses the voltage on SW for valley 
sensing and various protections.

6.4.2 Control Law

The UCG28826 is a peak current mode control QR flyback converter. The converter starts by turning on the 
primary-side integrated GaN HEMT. The current in the transformer primary side winding IPRI increases with a 
slope dependent on VIN and primary magnetizing inductance LM and equals VIN/LM. Once IPRI reaches the peak 
value IPK,PRI, the GaN HEMT turns off. By flyback action, the secondary winding voltage increases and turns on 
the synchronous rectifier (SR) FET body diode to clamp to output voltage VOUT. During this time, the secondary 
winding current reduces from secondary peak current IPK,SECwith a slope VOUT/LS, where LSis the secondary 
winding inductance. The switch node voltage is equal to the sum of VIN and primary to secondary turns ratio N 
times VOUT, called the plateau voltage. Once the secondary current reduces to zero, LM and total switch node 
capacitance CSW begin to resonate to cause magnetizing ring. The UCG28826 turns on the primary GaN HEMT 
at a valley in this magnetizing ring to reduce the turn-on switching losses.

Switch on Switch on
Switch gate

Switch drain

Inductor current

TSW

TON TDMG TRING

t

t

t

IPK

1
st
 Valley

図 6-3. Flyback converter waveforms
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Hence, in UCG28826, in every cycle, the primary GaN HEMT turns off after reaching the peak current threshold 
and turns on next at a target valley in magnetizing ring during discontinuous mode (DCM) operation. The 
instantaneous primary peak current and target valley is determined by the feedback (FB) pin voltage as per the 
control law of 図 6-4. Connect the FB pin to the optocoupler collector. The negative feedback loop sets FB pin 
voltage to the required value to support a certain VOUT and POUT on the output. The device can operate in one of 
the four modes of operation: burst, frequency foldback, valley switching or continuous conduction mode, as 
described later.

VFB

CCM

= ¼*

25kHz

1
st
 valley2

nd
 valley3

rd
 valley4

th
 valley5

th
 valley6

th
 valley

Frequency 

foldback
Burst

IPK,MIN2

IPK,MIN1

I
PK,MAX1

I
PK,MAX

= ¼* I3 PK,MAX

I
PK,MAX2

I
PK,MAX3

= 3.5A

= 3.1A

= 2.8A

IPKFSW

図 6-4. UCG28826 Control Law

In the control law shown in 図 6-4, the UCG28826 offers flexibility to select a max peak current IPK,MAX to 
optimize for the switching frequency at rated load and transformer size. For each IPK,MAX setting, a scaling ratio 
of 1/3rd or 1/4th is available for the minimum peak current IPK,MIN. This IPK,MIN value determines the switching 
frequency and losses in light load conditions when the flyback converter is operating in frequency foldback or 
burst modes. For all values of IPK,MAX and IPK,MIN, the slope of control law peak current vs feedback voltage 
remains the same, as per 式 1. 表 6-5 shows the threshold voltages for transition between different modes and 
between valleys for different peak current settings of 表 6-2.

表 6-5. FB Pin Voltage Thresholds for Various Peak Current Settings
PARAMETER TEST CONDITIONS IPK,MAX=2.8A IPK,MAX=3.1A IPK,MAX=3.5A UNIT

VFBOPEN Open FB pin voltage 3.3 3.45 3.65 V

VTHCCMto1 CCM to 1st valley threshold VFB decreasing 2.18 2.4 2.65

VTH12 1st to 2nd valley threshold 1.09 1.19 1.31

VTH23 2nd to 3rd valley threshold 0.97 1.05 1.16

VTH34 3rd to 4th valley threshold 0.91 0.98 1.08

VTH45 4th to 5th valley threshold 0.85 0.92 1.0

VTH56 5th to 6th valley threshold 0.79 0.85 0.93

VTH65 6th to 5th valley threshold VFB increasing 1.16 1.25 1.38

VTH54 5th to 4th valley threshold 1.22 1.32 1.46

VTH43 4th to 3rd valley threshold 1.28 1.39 1.53

VTH32 3rd to 2nd valley threshold 1.34 1.45 1.61

VTH21 2nd to 1st valley threshold 1.46 1.59 1.76

VTH1toCCM 1st valley to CCM threshold 2.18 2.4 2.65

VTHFF 6th valley to frequency foldback threshold IPK,MIN=1/4 x IPK,MAX 0.73 0.78 0.85

IPK,MIN=1/3 x IPK,MAX 0.89 0.96 1.05
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6.4.2.1 Valley Switching

The UCG28826 is designed to operate with soft switching and primary FET turn-on at a valley to reduce 
switching losses. The converter operates in valley switching except during peak load transients during which 
control can transition to CCM mode (if enabled using CDX pin). During valley switching mode, the target valley 
and peak current threshold are governed by the control law of 図 6-4 and 式 1:

��� 45  ( − 0.25) (1)

During valley switching, with increasing output power, the peak current threshold continues to increase linearly 
as per above equation. The switching frequency also varies based on IPK and valley targets corresponding to the 
instantaneous FB pin voltage. When output power is increasing from light loads to rated power, the control 
transitions from 6th valley till 1st valley with corresponding linear increase in IPK threshold. As output power 
continues to increase further to take FB voltage to the edge of 1st valley operation, the converter transitions into 
CCM mode operation with IPK clamped to its max. value IPK,MAX and increase in switching frequency FSW with 
further increase in output load. This clamp on IPK,MAX limits the transformer size in a high density power supply 
design. See セクション 6.4.2.4 for details of CCM mode of operation. If output power reduces while operating in 
6th valley, the control transitions to frequency foldback mode to operate at higher valleys and lower frequency to 
reduce switching losses further.

The FB pin voltage thresholds for valley transitions include a hysteresis and vary depending on increasing or 
decreasing POUT to enable valley locking and prevent any audible noise due to hopping between valleys. Refer 
to the Electrical Characteristics table for FB pin voltage thresholds which determine the mode of operation for 
UCG28826. For zero optocoupler collector current with large POUT, the FB pin is pulled up to VFBOPEN through a 
60kΩ resistor.

VDS

1 2 3 4 5 6

Valley 

detect

Primary 

FET Gate

図 6-5. Valley counter with continuous valley occurrence
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Typically, the control counts the valleys and turns on the primary GaN HEMT once the target valley is reached, 
shown in 図 6-5. For the case when SW node waveform is damped so the valleys disappear before reaching the 
target valley, a DCM ring fixed timer of 3.75μs starts to continue counting valleys and turn on the primary GaN 
HEMT once the valley target is reached, shown in 図 6-6. During startup (soft start) when VOUT is small, if the 
valleys don't appear, the controller turns on the primary GaN HEMT after 100μs from last turn on, to switch at 
10kHz (min. frequency clamp during soft start) for initial few cycles to avoid latch up condition.

VDS

1 2 3 4 5 6

Valley 

detect

Gate

4 5 6

図 6-6. Valley counter with missing valleys

The device operates in CCM mode for maximum 4ms to support any transient output load conditions, as seen in 
notebook chargers and other applications. The converter returns to 1st valley QR operation after expiry of this 
4ms CCM timer. At all times during operation of UCG28826, the maximum switching frequency can be limited 
with a frequency clamp setting programmable with a resistor from FCL pin to GND, as detailed in セクション 6.3.8.

6.4.2.2 Frequency Foldback

If output power reduces while operating in 6th valley to reduce FB pin voltage below VTHFF, the converter 
transitions to frequency foldback mode and abandons valley switching. The peak current threshold is clamped to 
IPK,MIN and converter operates at higher valleys after 6th valley, depending on FB pin voltage. This causes the 
switching frequency to reduce further with increase in target valley number, till switching frequency reduces to 
and is clamped at 25kHz. Minimum switching frequency is clamped to 25kHz to prevent any audible noise, with a 
total switching cycle time of 40μs. Further reduction in output power takes the converter to burst mode to reduce 
unnecessary switching losses from periodic switching and achieve very low standby power consumption.
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6.4.2.3 Burst Mode

If output power continues to reduce while in frequency foldback mode, the device enters burst mode when FB 
pin voltages reaches 0.25V for the first time and the device stops switching. Due to this, depending on the output 
power, once FB pin voltage recovers to 0.3V is when device resumes switching in burst mode.

The UCG28826's burst mode offers three 1st valley QR switching cycles followed by a min. 70μs delay before 
start of next burst packet. Valley switching reduces switching losses while the delay limits power delivery in burst 
mode and device transitions to other modes of operation at higher power to maintain high efficiency in the range 
of output power. In burst mode, frequency clamp is fixed at 250kHz and primary GaN HEMT turns on at next 
valley after expiration of clamp timer. With this, switching losses are kept low with valley switching with limit on 
electromagnetic emissions with minimum peak current to pass emission standards. Burst mode switching 
waveforms are shown in 図 6-7.
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図 6-7. Burst Mode Entry and Exit Waveforms

6.4.2.4 Continuous Conduction Mode (CCM)

As shown in 図 6-4, once the boundary of 1st valley QR operation is reached with increasing output power, the 
control clamps IPK to the maximum selected value IPK,MAX, and begins to reduce the secondary conduction time 
TOFF in CCM mode. This reduction in TOFF is proportional to increase in FB pin voltage, till 50% of the QR mode 
off-time to reach 1.5x the QR mode output power delivery capability. Care needs to be taken to use a primary 
magnetizing inductance LM large enough to not hit the frequency clamp and avoid any subharmonic oscillations 
which could increase output voltage ripple, depending on application requirements. For long duration output 
power transients, the converter returns to 1st valley QR mode after expiry of the 4ms CCM timer and continues 
to deliver the largest possible output power at the transition point of QR and CCM modes, while operating in QR 
mode. The device offers flexibility to enable/disable CCM mode operation with a resistor from the CDX pin to 
GND as per values in 表 6-4.
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6.4.3 GaN HEMT Switching Capability

The UCG28826's primary-side integrated GaN HEMT's switching capability is explained with the help of 図 6-8. 
The figure shows the drain-source voltage (same as SW pin voltage) for the UCG28826 for two distinct switching 
cycles in a flyback application. The first is a normal switching cycle followed by a surge switching cycle in DCM/
valley switching condition.

VDS(tr) = 700V  

VDS = 560V 

t0 t2 

Normal

DCM Cycle

t0 t2 

Surge 

DCM Cycle

VDS(surge) = 750V 

VDS(tr)(surge) = 800V  

t1 t1 

図 6-8. GaN HEMT Switching Capability

Each cycle starts before t0 with the GaN HEMT in on state. At t0, the GaN HEMT turns off and the parasitic 
elements cause the drain-source voltage to ring at a high frequency. The high frequency ringing has damped out 
by t1. Between t1 and t2, the HEMT drain-source is at a flat plateau voltage with reducing secondary winding 
current in a flyback design. At t2, the GaN HEMT turns on at a valley. For normal operation, the transient ring 
voltage is limited to 700V and the plateau is limited to 560V. For rare surge events, the transient ring voltage is 
limited to 800V and the plateau is limited to 750V.
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6.4.4 Soft Start

When turned on, a flyback converter starts with 0V output voltage. This can cause the feedback voltage FB to 
clamp to its max. value and trigger overload protections. To prevent this from happening, the UCG28826 starts in 
soft start mode. During this time, an internal FB voltage ramp increases in eight steps from 0V to max. value in 
4ms. The max. value of internal FB ramp is at FB pin voltage equivalent of 80% of IPK,MAX setting and changes 
for different resistor settings on IPK pin. During this time, the smaller of this internal ramp voltage and actual FB 
pin voltage is used to determine the device operating point in the control law of 図 6-4. Once the internal FB 
ramp voltage reaches the max. value is when control is transferred to FB pin voltage for output regulation. Soft 
start sequence is executed every time at start up or when recovering from fault (auto-retry or latch) and brown-
out conditions. The minimum frequency clamp is changed to 10kHz only during soft start (which is otherwise at 
25kHz during normal operation). This helps at startup when valleys are missing and the control law forces turn-
on of primary GaN HEMT every 10μs from the last turn-on edge (if valleys are missing), to charge the output 
capacitor.

6.4.5 Frequency Clamp

The UCG28826 includes frequency clamp to limit the maximum switching frequency. This is useful during design 
optimizations to pass emissions standards and reduce switching losses by limiting the switching frequency to a 
certain value. The device offers four max. frequency clamp settings at 140kHz, 200kHz, 250kHz and 500kHz 
which can be selected with a resistor from FCL pin to ground as per values in 表 6-3. In no condition does the 
switching frequency exceed the chosen value of clamp frequency, except in burst mode when clamp frequency 
is set to 250kHz.

The minimum switching frequency is also clamped to a fixed 25kHz to prevent switching in the audible frequency 
range and noise from the flyback converter. Such low switching frequency can occur during operation in higher 
valleys or frequency foldback mode.
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図 6-9. Primary GaN HEMT turn-on delay due to frequency clamp
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6.4.6 Frequency Dithering

The UCG28826 includes frequency dithering to spread the energy in the spectrum around the switching 
frequency to reduce electromagnetic emissions making it easier to qualify various emissions standards. Since 
this device uses peak current mode control to turn-off the primary GAN HEMT, the dithering in frequency is 
achieved with small change to the value of peak current threshold in every switching cycle. This changes the 
peak current, and thus the on-time, off-time and switching frequency in every cycle. The per cent change to peak 
current threshold varies based on a fixed 390Hz triangular carrier signal with 32 steps alternating in sign at every 
transition from minimum (0%) to maximum value (called dithering depth, 6.25% or 12.5%) in every carrier cycle. 
The alternating sign of dither perturbation at each step and the low frequency output pole of flyback converter 
topology averages the cycle-to-cycle power delivery, causing small impact in output ripple due to dithering. The 
dither perturbation to peak current is asynchronous with the switching frequency and the instantaneous change 
in peak current is calculated based on the dithering signal during the primary GAN HEMT turn-on time.

The dithering depth can be chosen with a resistor from IPK pin to GND as given in 表 6-2. 図 6-10 shows the 
dithering carrier and peak current perturbation waveforms to dither the switching frequency.

0

1/fcarrier

0
�

I P
K
%

+IDither,max

–IDither,max

16 Levels

32 steps per

carrier cycle

VDither

図 6-10. Frequency dithering to reduce emissions
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6.4.7 Slew Rate Control

The UCG28826 includes slew rate options for drain voltage reduction from switch node valley voltage to ground 
at the time of primary GaN HEMT turn-on. This GaN HEMT turn-on during valley switching happens at nearly 
zero current and incurs negligible additional losses with the slower turn-on due to slew rate control helping to 
meet various electromagnetic emission standards. Three slew rate options are available at 3V/ns, 5V/ns and 
7V/ns, which vary marginally based on the valley voltage, as shown in 図 6-11.

Gate Drive

VDS

GaN HEMT

GaN HEMT

Turn-on slew rate 

options

Turn-on at valley

図 6-11. GaN HEMT Turn-on Slew Rate Control

Select the required slew rate value using a resistor from CDX pin to GND as per values in 表 6-4. At the primary 
GaN HEMT turn-off instant, the increase in SW node voltage depends on IPK and total switch node capacitance 
CSW. A gate drive current controlled reduction in this turn-off slew rate can increase losses significantly. If such 
reduction in GaN HEMT turn-off slew rate is needed, add an additional capacitor from GaN HEMT drain (switch 
node) to GND to reduce the rate of increase in switch node voltage at this turn-off instant.
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6.4.8 Transient Peak Power Capability

The UCG28826 supports min. 2x transient peak output power capability for applications which require bursts of 
high power for short durations of time. This is achieved without the need for oversizing the various components 
such as the transformer, power FETs etc. and the same flyback design is usable for min. 2x the continuous 
output power rating for short durations. With this, a 65W flyback converter designed with UCG28826 can deliver 
min. 130W transient peak output power for max. 80 ms duration during high line and 4ms during low line 
operating conditions.

At high line input, the transient peak power delivery happens in DCM/QR modes of operation and is limited to 
max. 80ms duration as per OPPH protection described in セクション 6.4.10.4. At low line input, due to limitations 
in power delivery from DCM/QR modes, the continuous conduction mode (CCM) extends the operation to min. 
2x of the nominal power rating, and limited to max. 4ms duration. To limit from large output power delivery at 
high line input, the CCM mode is disabled for input bulk capacitor voltage higher than 200V DC. Further, CCM 
mode of operation at low line input (<200V DC) is limited to 4ms max. and device returns to 1st valley QR mode 
of operation if the transient output load does not reduce by the time of expiration of this 4ms timer. The CCM 
mode of operation is described in セクション 6.4.2.4. Peak power delivery in DCM/QR modes at higher than 
140W for longer than 80ms triggers OPPH fault, as detailed in セクション 6.4.10.4. A min. 2x transient output 
power is supported, while max. instantaneous transient output power in DCM/QR/CCM modes depends on the 
input bulk capacitor voltage and the power stage component values and is limited in time by the respective CCM, 
OPPH, and OPPL timers.

6.4.9 X-Cap Discharge

Offline AC/DC power supplies use EMI filters with X-capacitors (X-cap) at the input. The UCG28826 includes an 
internal X-cap discharge circuit to completely discharge the X-cap and protect the user from an electric shock at 
the time of unplugging the power supply from mains input, as required by regulatory standards.

As shown in 図 6-1, the X-cap is connected to the device HV pin through two diodes. No resistor is needed in 
this path. When the input line voltage is removed from the flyback converter, the X-cap is discharged with a 
current sink at the HV pin. The device ensures discharge of X-cap within <1s for line frequencies in the range 
from 45Hz to 66Hz for X-cap values up to 2μF.
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6.4.10 Fault Protections

6.4.10.1 Brownout Protection

The device stops switching and enters brownout protection if input bulk capacitor voltage VBULK reduces and 
stays below 98V (DC, or 70V (AC) input) for longer than 60 ms duration. This 60ms counter is reset if VBULK 
exceeds 100V (DC) anytime before its expiration. Brownout protection avoids large primary currents and 
resultant conduction losses during irregular line input conditions. During low line input conditions, VBULK can 
reduce below 98V (DC) in every line cycle with large POUT. During this time, since VBULK recovers to greater than 
100V (DC) in every line half cycle, the counter is reset, thereby avoiding brown-out fault from triggering and 
normal switching and power transfer can continue. Once brownout protection is triggered, the device auto-
restarts after a 1s delay if VBULK recovers to greater than 112V (DC, or 80V AC input) followed by soft start 
sequence to normal operation.

6.4.10.2 Short-Circuit Protection

The UCG28826 includes an overcurrent protection circuit to detect and prevent damage during overload 
conditions. This can occur during short-circuit of transformer windings, SR FET drain-source terminals or the 
flyback converter output. The device detects primary currents exceeding 4.5A (typ.) immediately after primary 
GaN HEMT turn-on and expiration of the leading edge blanking (LEB) time for SW node capacitance discharge 
to GND. If short-circuit current threshold is triggered for three consecutive cycles, a short-circuit fault is declared 
and switching stops. Fault response, auto-retry or latch, is as per selection with resistor on FCL pin.

6.4.10.3 Output Over Voltage Protection

The device monitors output voltage from the SW pin. If VOUT exceeds 25V, an overvoltage protection (OVP) is 
triggered and switching stops. This protection prevents from damage to the output capacitors in an output 
overvoltage event, and hence this is a latched fault. Care must be taken to use the right TR pin resistor value to 
avoid mis-triggering this protection.

6.4.10.4 Over Power Protection (OPP, LPS)

The regulatory standards require the flyback converter output current and output power to not exceed 8A and 
100W, respectively after 5s. The UCG28826 triggers over power protection (low, OPPL) for input power greater 
than 90W and/or output current (input referred) larger than 7A for longer than 4.2s duration, to prevent from 
excessive power delivery to the output in fault conditions. The device also supports transient load requirements 
of min. 2x the nominal output power rating (130W for 65W design) for upto 80ms beyond which over power 
protection (high, OPPH) is triggered. The device will work in CCM mode for VBULK <200V for a max. 4ms 
duration.

6.4.10.5 Overtemperature Protection

The UCG28826 offers overtemperature protection to prevent system operation at excessively high temperatures 
and limit the components from exceeding their maximum ambient temperature ratings. The device has separate 
internal overtemperature protection to limit the die temperature and an external overtemperature protection to 
monitor and limit the system temperature using a resistor with negative temperature coefficient (NTC). The 
internal overtemperature fault triggers when die temperature exceeds 150℃ and switching stops. The device 
recovers to normal operation and switching resumes when the die temperature reduces below 140℃. The 
internal overtemperature protection is an auto-retry fault.

For the external overtemperature fault, connect the NTC between the FLT and AGND pins. To check for this 
fault, a 75μA current is sourced from the FLT pin through the external resistor to ground. This current is sourced 
for a 250μs on-time in every 10ms time period. An up-down counter increments every time when VFLT is lower 
than 0.6V (typ.) with the sourced current. This counter decrements when VFLT is higher than 0.66V (typ.) with a 
60mV hysteresis during the 250μs duration. An external overtemperature fault is declared at a count of three, 
and this is a latched fault. The external overtemperature protection and 75μA sourcing current is disabled during 
burst mode operation to give <30mW (typ.) no-load system power consumption.
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6.4.10.6 Open FB Protection

The UCG28826 monitors for open FB pin condition to prevent from excessive power being delivered to the 
output with FB pin voltage clamped to max. value when this occurs. This condition can occur with a faulty or 
open-circuited optocoupler or even large power (greater than flyback converter's rated power) drawn for long 
time durations. This protection is asserted when FB pin voltage exceeds the CCM entry threshold for >80ms.

6.4.10.7 Error Codes for Protections

When the device enters fault mode after triggering one or more protections, an error code is sent on the CDX 
pin. This tells about the protection which is triggered, enables quick debugs during the power supply design 
process and faster time to market for the users. 図 6-12 shows the error codes sent on the CDX pin for each of 
the protections. When a protection is triggered, the corresponding error code is sent three times on the CDX pin. 
If multiple protections are triggered, the output code includes multiple 1s (logic high) corresponding to the 
protections triggered.

Protection

trigger

OVP

SCP

OPPH

OPPL

OFB

LPS

BRO

TSD

EXTFLT

Time (5µs/div)

x 3 Cycles

Preamble

図 6-12. Error codes on CDX pin for various protections
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7 Application and Implementation

注

以下のアプリケーション情報は、テキサス・インスツルメンツの製品仕様に含まれるものではなく、テキサス・イン
スツルメンツはその正確性も完全性も保証いたしません。個々の目的に対する製品の適合性については、お
客様の責任で判断していただくことになります。また、お客様は自身の設計実装を検証しテストすることで、シ
ステムの機能を確認する必要があります。

7.1 Application Information
The UCG28826 is a 65W AC/DC flyback converter with integrated 700V GaN HEMT and secondary side output 
voltage regulation using optocoupler. The device offers self-bias and auxless sensing to eliminate the need for 
transformer auxiliary winding to give a simpler and lower cost solution. The UCG28826 with the integrated GaN 
HEMT is capable of switching upto 500kHz switching frequency to realize a small form factor and high power 
density flyback design.

7.2 Typical Application
The UCG28826 supports upto 65W AC/DC flyback designs which is useful for cellphone and notebook chargers, 
USB wall outlets, industrial power rails and server aux power supplies, amongst other applications. The 
integrated GaN HEMT and auxless sensing simplify the flyback design with the need to connect only key power 
stage components and the programming resistors to configure the design for the target application. 表 7-1 lists 
the design requirements for a typical 65W notebook charger.
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図 7-1. Typical Application Schematic
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7.2.1 Design Requirements

表 7-1. Design Parameters
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Line input voltage 90 115/230 264 VAC

Input bulk capacitor voltage 80 V

Line frequency 45 50/60 66 Hz

Output voltage/current USB-PD output 5V/3A, 9V/3A, 15V/3A, 20V/3.25A

Output power 65 W

Output ripple 200 mV

Efficiency >93% at full load

No-load input power 30 mW

Tiny load input power POUT = 180mW 300 mW

Switching frequency 140 kHz

7.2.2 Detailed Design Procedure

This section describes the method for calculating the power stage component values.

7.2.2.1 Input Bulk Capacitor

The bulk capacitor includes one or more high voltage electrolytic capacitors in parallel at the output of the bridge 
rectifier. These are required for storing energy for the duration when instantaneous line input voltage reduces 
below its peak value while delivering rated output power. Input EMI filter design is outside the scope of this 
datasheet and not discussed.

It is required to maintain a certain minimum input bulk capacitor voltage (VBULKmin) to prevent from triggering 
brown-out and ensuring sufficient power delivery. VBULKmin is assumed to be 75V for this design. The minimum 
required input bulk capacitance (CIN) can be estimated using 式 2. Its value depends on the rated input power, 
VBULKmin, min. AC line input voltage and the time duration for which this capacitor needs to support the output 
load without reducing below VBULKmin.

(2)

Using above equation, min. CIN value comes to 100μF for POUT of 65W, 93% efficiency at VACmin of 85VAC. 
Multiple capacitors can be used in parallel to realize this value to reduce total ESR and size of these capacitors.
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7.2.2.2 Transformer Primary Inductance and Turns Ratio

The transformer turns ratio is limited by the primary GaN HEMT max. drain-source voltage (VDS) rating and 
determines the secondary SR FET voltage rating and switching losses. The turns ratio is chosen as 6 for this 
design to reduce the snubber losses and improve efficiency. The UCG28826 supports turns ratio in the range 
from 6 to 7.875 for 20V output.

The transformer primary inductance determines the switching frequency through the range of flyback converter 
operation using UCG28826. For this design, the switching frequency is assumed at half of the maximum limit of 
140kHz, which is 70kHz at low line input 90VAC. At this input voltage and full load 65W, the converter operates 
in 1st valley QR mode and the demagnetisation ringing duration is ignored to give duty cycle:

(3)

where turns ratio N is given by,

(4)

From 式 3 and 式 4, the primary inductance is given by,

(5)

Based on turns ratio equal to 6, the secondary SR FET voltage and current rating are calculated using 式 6 and 
式 7 respectively. With 25% margin, use an SR FET of at least 100V/24A rating.

(6)

(7)
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7.2.2.3 Output Capacitor

The output capacitor value is determined based on two specifications: output voltage ripple and output transient 
voltage response (overshoot/undershoot). The min. capacitor value for a load step from no-load to full load is 
given by:

(8)

Where,
• Istep is the largest output current step
• tresponse is the loop response tiem
• ΔVOUT is the allowable output voltage change

(9)

Where,
• fC is the approximate loop crossover frequency, set to 5kHz here
• TSW is the switching time period at the initial load condition before the load step

For crossover frequency of 3kHz, 250kHz switching frequency in burst mode, output current step of 3.25A and 
voltage under/overshoot of 0.5V, the min. required output capacitor value comes to 740μF. With margin for 
voltage and temperature derating, an 820μF capacitor is used.

7.2.2.4 Selection Resistors

The UCG28826 offers programming options with resistors on IPK, TR, CDX and FCL pins for user to configure 
the device for their required configuration. Refer to 表 6-1, 表 6-2, 表 6-3 and 表 6-4 for resistor values to set a 
turns ratio of 6, 3.1A max. peak current, 1.03A min. peak current, CCM enabled, X-cap discharge enabled and 
140kHz frequency clamp required for notebook charger application.
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7.2.3 Application Curves

The figures below are measured on the 65W, universal input evaluation module for UCG28826. The waveforms 
show switching at different valleys for different output powers, frequency foldback and burst mode operation and 
no-load to full load transients with 20V and 5V output.

Yellow: SW node, Green: Input bulk capacitor voltage, Pink: FB pin voltage

図 7-2. 1st Valley and 2nd Valley Operation at 
115VAC

図 7-3. 3rd Valley Operation at 230VAC

図 7-4. 4th Valley Operation at 230VAC 図 7-5. 5th Valley Operation at 230VAC

図 7-6. 6th Valley Operation at 230VAC 図 7-7. Frequency Foldback Mode at 230VAC

図 7-8. Burst Mode at 230VAC
注

Green: VOUT, Pink: Output current
図 7-9. Load transient at 230VAC and 20V output
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注
Green: VOUT, Pink: Output current

図 7-10. Load transient at 230VAC and 5V output

7.3 Power Supply Recommendations
The UCG28826 is intended for use in AC/DC adapters with universal AC input in the range from 85VAC to 
264VAC, 45Hz to 66Hz, using flyback topology for upto 65W output. While the UCG28826 is useful for USB-PD 
charger applications, this converter can also be used in other industrial applications with fixed output voltages at 
12V, 24V, 36V etc. The TR pin resistor needs to be changed to accommodate such output voltages different from 
default 20V max. output voltage setting. On the secondary side feedback, output regulation can be achieved with 
a USB-PD controller or TL431 for fixed output designs.

7.4 Layout
7.4.1 Layout Guidelines

To increase the reliability and feasibility of the design it is recommended to adhere to the following guidelines for 
PCB layout. These guidelines are general recommendations which can be followed for any power supply design 
and are generally topology-agnostic. The main theme in power supply layouts is to keep high current loops as 
small as possible to avoid coupling and any additional losses or false switching due to inaccurate sensing 
caused by board parasitics.

1. Minimize the high current loops to reduce parasitic capacitances and inductances. For UCG28826, these are 
the primary side power loop, secondary side power loop and the leakage snubber loop.

2. Separate the device signal ground from the high current ground in order to isolate the switching noise away 
from the low voltage signals. For UCG28826, the components on pins 4-11 are referenced to GND pins 3 
and 10 which then connect to the device thermal pad and GND power plane and follows this 
recommendation.

3. The bypass capacitor on VCC pin must be placed as close as possible to the VCC and GND pins of the 
device.

The UCG28826 Evaluation Module User's Guide can be used as a reference when designing the circuit board.
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7.4.2 Layout Example

図 7-11. Bottom Layer Layout of UCG28826EVM-093 Evaluation Board
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8 Device and Documentation Support
TI offers an extensive line of development tools. Tools and software to evaluate the performance of the device, 
generate code, and develop solutions are listed below.

8.1 Device Support

8.2 Documentation Support

8.2.1 Related Documentation

8.3 ドキュメントの更新通知を受け取る方法
ドキュメントの更新についての通知を受け取るには、www.tij.co.jp のデバイス製品フォルダを開いてください。[通知] をク

リックして登録すると、変更されたすべての製品情報に関するダイジェストを毎週受け取ることができます。 変更の詳細に

ついては、改訂されたドキュメントに含まれている改訂履歴をご覧ください。

8.4 サポート・リソース
テキサス・インスツルメンツ E2E™ サポート・フォーラムは、エンジニアが検証済みの回答と設計に関するヒントをエキスパ

ートから迅速かつ直接得ることができる場所です。既存の回答を検索したり、独自の質問をしたりすることで、設計で必要
な支援を迅速に得ることができます。

リンクされているコンテンツは、各寄稿者により「現状のまま」提供されるものです。これらはテキサス・インスツルメンツの仕
様を構成するものではなく、必ずしもテキサス・インスツルメンツの見解を反映したものではありません。テキサス・インスツ
ルメンツの使用条件を参照してください。

8.5 Trademarks
テキサス・インスツルメンツ E2E™ is a trademark of Texas Instruments.
すべての商標は、それぞれの所有者に帰属します。

8.6 静電気放電に関する注意事項
この IC は、ESD によって破損する可能性があります。テキサス・インスツルメンツは、IC を取り扱う際には常に適切な注意を払うこと

を推奨します。正しい取り扱いおよび設置手順に従わない場合、デバイスを破損するおそれがあります。

ESD による破損は、わずかな性能低下からデバイスの完全な故障まで多岐にわたります。精密な IC の場合、パラメータがわずか

に変化するだけで公表されている仕様から外れる可能性があるため、破損が発生しやすくなっています。

8.7 用語集
テキサス・インスツルメンツ用語集 この用語集には、用語や略語の一覧および定義が記載されています。

9 Revision History
資料番号末尾の英字は改訂を表しています。その改訂履歴は英語版に準じています。

DATE REVISION NOTES
October 2024 * Advance Information Release

10 Mechanical, Packaging, and Orderable Information
The following pages include mechanical, packaging, and orderable information. This information is the most 
current data available for the designated devices. This data is subject to change without notice and revision of 
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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10.1 Package Option Addendum

Packaging Information
Orderable 
Device Status(1) Package Type Package 

Drawing Pins Package Qty Eco Plan(2) Lead/Ball 
Finish(6)

MSL Peak 
Temp(3) Op Temp (°C) Device 

Marking(4) (5)

PUCG28826-1
REZR

PREVIEW VQFN REZ 12 TBD TBD Call TI Level-3-260C-1
68 HR

-40 to 105 TBD

(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in a new design.
PRE_PROD Unannounced device, not in production, not available for mass market, nor on the web, samples not available.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.

(2) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check www.ti.com/productcontent for the latest 
availability information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the 
requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable for use in specified 
lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used 
between the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green (RoHS & no Sb/Br): TI defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by 
weight in homogeneous material).

(3) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
(4) There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.
(5) Multiple Device markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a 

continuation of the previous line and the two combined represent the entire Device Marking for that device.
(6) Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the 

finish value exceeds the maximum column width.
Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on 
information provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI 
has taken and continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming 
materials and chemicals. TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.
In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis.
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10.2 Mechanical Data
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PACKAGE OUTLINE
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PLASTIC QUAD FLATPACK - NO LEAD

4230527/A   02/2024

0.08 C

NOTES:
 
1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
    per ASME Y14.5M. 
2. This drawing is subject to change without notice. 
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
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NOTES: (continued)
 
4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
    number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
    on this view. It is recommended that vias under paste be filled, plugged or tented.

LAND PATTERN EXAMPLE
SCALE: 18X

METAL UNDER
SOLDER MASK

TYP

SOLDER MASK
OPENING

TYP

1

2

3

12

8

METAL EDGE

SOLDER MASK
OPENING

EXPOSED
METAL

NON SOLDER MASK
DEFINED

PINS 2 - 10
SOLDER MASK DETAILS

METAL UNDER
SOLDER MASK

SOLDER MASK
OPENING

EXPOSED
METAL

SOLDER MASK
DEFINED
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EXAMPLE STENCIL DESIGN
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NOTES: (continued)
 
6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
   design recommendations. 
 

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

SCALE: 18X
 

PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
PAD 12: 71%

1

2

3 8

12
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重要なお知らせと免責事項
テキサス・インスツルメンツは、技術データと信頼性データ (データシートを含みます)、設計リソース (リファレンス デザインを含みます)、アプリケーショ

ンや設計に関する各種アドバイス、Web ツール、安全性情報、その他のリソースを、欠陥が存在する可能性のある「現状のまま」提供しており、商品性

および特定目的に対する適合性の黙示保証、第三者の知的財産権の非侵害保証を含むいかなる保証も、明示的または黙示的にかかわらず拒否しま
す。

これらのリソースは、 テキサス・インスツルメンツ製品を使用する設計の経験を積んだ開発者への提供を意図したものです。(1) お客様のアプリケーショ

ンに適した テキサス・インスツルメンツ製品の選定、(2) お客様のアプリケーションの設計、検証、試験、(3) お客様のアプリケーションに該当する各種

規格や、その他のあらゆる安全性、セキュリティ、規制、または他の要件への確実な適合に関する責任を、お客様のみが単独で負うものとします。

上記の各種リソースは、予告なく変更される可能性があります。これらのリソースは、リソースで説明されている テキサス・インスツルメンツ製品を使用す

るアプリケーションの開発の目的でのみ、 テキサス・インスツルメンツはその使用をお客様に許諾します。これらのリソースに関して、他の目的で複製す

ることや掲載することは禁止されています。 テキサス・インスツルメンツや第三者の知的財産権のライセンスが付与されている訳ではありません。お客様

は、これらのリソースを自身で使用した結果発生するあらゆる申し立て、損害、費用、損失、責任について、 テキサス・インスツルメンツおよびその代理

人を完全に補償するものとし、 テキサス・インスツルメンツは一切の責任を拒否します。

テキサス・インスツルメンツの製品は、 テキサス・インスツルメンツの販売条件、または ti.com やかかる テキサス・インスツルメンツ製品の関連資料など

のいずれかを通じて提供する適用可能な条項の下で提供されています。 テキサス・インスツルメンツがこれらのリソースを提供することは、適用される 

テキサス・インスツルメンツの保証または他の保証の放棄の拡大や変更を意味するものではありません。

お客様がいかなる追加条項または代替条項を提案した場合でも、 テキサス・インスツルメンツはそれらに異議を唱え、拒否します。IMPORTANT 
NOTICE

郵送先住所：Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024, Texas Instruments Incorporated

https://www.ti.com/ja-jp/legal/terms-conditions/terms-of-sale.html
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PACKAGE OPTION ADDENDUM

www.ti.com 27-Oct-2024

PACKAGING INFORMATION

Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package
Qty

Eco Plan
(2)

Lead finish/
Ball material

(6)

MSL Peak Temp
(3)

Op Temp (°C) Device Marking
(4/5)

Samples

PUCG28826-1REZR ACTIVE VQFN REZ 12 100 TBD Call TI Call TI -40 to 105 Samples

 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.

 
(2) RoHS:  TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".
RoHS Exempt: TI defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.
Green: TI defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

 
(3) MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

 
(4) There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

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

 
Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

 
In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis.
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重要なお知らせと免責事項
TI は、技術データと信頼性データ (データシートを含みます)、設計リソース (リファレンス・デザインを含みます)、アプリケーションや
設計に関する各種アドバイス、Web ツール、安全性情報、その他のリソースを、欠陥が存在する可能性のある「現状のまま」提供してお
り、商品性および特定目的に対する適合性の黙示保証、第三者の知的財産権の非侵害保証を含むいかなる保証も、明示的または黙示的に
かかわらず拒否します。
これらのリソースは、TI 製品を使用する設計の経験を積んだ開発者への提供を意図したものです。(1) お客様のアプリケーションに適した 
TI 製品の選定、(2) お客様のアプリケーションの設計、検証、試験、(3) お客様のアプリケーションに該当する各種規格や、その他のあら
ゆる安全性、セキュリティ、規制、または他の要件への確実な適合に関する責任を、お客様のみが単独で負うものとします。
上記の各種リソースは、予告なく変更される可能性があります。これらのリソースは、リソースで説明されている TI 製品を使用するアプ
リケーションの開発の目的でのみ、TI はその使用をお客様に許諾します。これらのリソースに関して、他の目的で複製することや掲載す
ることは禁止されています。TI や第三者の知的財産権のライセンスが付与されている訳ではありません。お客様は、これらのリソースを
自身で使用した結果発生するあらゆる申し立て、損害、費用、損失、責任について、TI およびその代理人を完全に補償するものとし、TI
は一切の責任を拒否します。
TI の製品は、TI の販売条件、または ti.com やかかる TI 製品の関連資料などのいずれかを通じて提供する適用可能な条項の下で提供され
ています。TI がこれらのリソースを提供することは、適用される TI の保証または他の保証の放棄の拡大や変更を意味するものではありま
せん。
お客様がいかなる追加条項または代替条項を提案した場合でも、TI はそれらに異議を唱え、拒否します。IMPORTANT NOTICE

郵送先住所：Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024, Texas Instruments Incorporated

https://www.ti.com/ja-jp/legal/terms-conditions/terms-of-sale.html
https://www.ti.com
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