
TPS552882-Q1 36V、16A 昇降圧コンバータ
1 特長
• AEC-Q100 認定済み：

– デバイス温度グレード 1：–40℃～+125℃の動作

時周囲温度範囲
• 広い入出力電圧範囲

– 広い入力電圧範囲：2.7V～36V
– 広い出力電圧範囲：0.8V～22V

• 全負荷範囲にわたって高効率を実現

– VIN = 12V、VOUT = 20V、IOUT = 3A の条件下で 

97% の効率

• 周波数干渉とクロストークを回避

– (オプション) クロック同期

– プログラム可能なスイッチング周波数：200kHz～
2.2MHz

• EMI 低減

– (オプション) プログラム可能な拡散スペクトラム

– リードレス・パッケージ

• 豊富な保護機能

– 出力過電圧保護

– 出力を短絡から保護するためのヒカップ・モード

– サーマル・シャットダウン保護機能

– プログラム可能な平均インダクタ電流制限機能：最
大 16A

• 小型ソリューション・サイズ

– 最大 2.2MHz のスイッチング周波数

– 4.0mm × 3.5mm HotRod™ QFN パッケージ (オ
プション：ウェッタブル・フランク)

• ケーブルの電圧ドループに対する可変出力電圧補償

• 軽負荷時のプログラム可能な PFM および FPWM モ
ード

• センシング抵抗によるプログラム可能な出力電流制限

• ±1% の基準電圧精度

• 4ms の固定ソフトスタート時間

• WEBENCH® Power Designer により TPS552882-
Q1 を使用するカスタム設計を作成

2 アプリケーション
• USB PD
• 車載用インフォテインメントおよびクラスタ

• 自動車用チャージャ

3 概要
TPS552882-Q1 は同期整流 4 スイッチ昇降圧コンバータ

であり、出力電圧を入力電圧と同じ値、より高い値、より低
い値のいずれにも制御できます。TPS552882-Q1 は 

2.7V～36V の広い入力電圧範囲で動作し 0.8V～22V 
の電圧を出力できるため、各種アプリケーションをサポート
できます。

ソリューションのサイズと効率のバランスを確保するため
に、TPS552882-Q1 は昇圧レッグの 16A MOSFET を 2 
個統合しています。TPS552882-Q1 は、1.2V の内部基

準電圧で出力電圧を設定するために外付け抵抗分圧器
を使用します。TPS552882-Q1 は 12V の入力電圧から 

100W を供給できます。

TPS552882-Q1 は平均電流モード制御方式を採用して

います。スイッチング周波数は、外付け抵抗で 200kHz～

2.2MHz に設定することも、外部クロック信号に同期させる

こともできます。TPS552882-Q1 は、ピーク EMI を最小

限に抑えるための拡散スペクトラム・オプション機能も備え
ています。

TPS552882-Q1 は出力過電圧保護、平均インダクタ電流

制限、サイクルごとのピーク電流制限、出力短絡保護機能
を備えています。また TPS552882-Q1 は、持続的な過負

荷状態での出力電流制限およびヒカップ・モード保護オプ
ション機能により、安全な動作を確保しています。

TPS552882-Q1 は、高いスイッチング周波数で動作でき

るため小型のインダクタとコンデンサが使えます。本デバイ
スは 4.0mm × 3.5mm の QFN パッケージで供給されま

す。

製品情報
部品番号 パッケージ(1) 本体サイズ

TPS552882-Q1 VQFN-HR 4.00mm × 3.50mm

(1) 利用可能なすべてのパッケージについては、このデータシートの
末尾にある注文情報を参照してください。
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5 Pin Configuration and Functions
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図 5-1. 26-pin VQFN-HR RPM Transparent (Top View)

表 5-1. Pin Functions
PIN

I/O DESCRIPTION
NO. NAME
1 DR1L O Gate driver output for low-side MOSFET in buck side

2 DR1H O Gate driver output for high-side MOSFET in buck side

3 VIN PWR Power supply to the IC from input voltage

4 EN/UVLO I

Enable logic input and programmable input voltage undervoltage lockout (UVLO) input. Logic high 
level enables the device. Logic low level disables the device and turns it into shutdown mode. After 
the voltage at the EN/UVLO pin is above the logic high voltage of 1.15 V, this pin acts as 
programmable UVLO input with 1.23-V internal reference.

5 PG O
Power good indication. When the output voltage is above 95% of the setting output voltage, this pin 
outputs high impedance. When the output voltage is below 90% of the setting output voltage, this pin 
outputs low level

6 CC O Constant current output indication

7 DITH/SYNC I

Dithering frequency setting and synchronous clock input. Use a capacitor between this pin and 
ground to set the dithering frequency. When this pin is short to ground or pulled above 1.2 V, there is 
no dithering function. An external clock can be applied at this pin to synchronize the switching 
frequency.

8 FSW I The switching frequency is programmed by a resistor between this pin and the AGND pin.

9, 24 PGND PWR Power ground of the IC. It is connected to the source of the low-side MOSFET.

10 AGND PWR Signal ground of the IC

11, 26 VOUT PWR Output of the buck-boost converter
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表 5-1. Pin Functions (continued)
PIN

I/O DESCRIPTION
NO. NAME

12 ISP I

Positive input of the current sense amplifier. An optional current sense resistor connected between 
the ISP pin and the ISN pin can limit the output current. If the sensed voltage reaches the current 
limit setting value in the register, a slow constant current control loop becomes active and starts to 
regulate the voltage between the ISP pin and the ISN pin. Connecting the ISP pin and the ISN pin 
together with the VOUT pin can disable the output current limit function.

13 ISN I

Negative input of the current sense amplifier. An optional current sense resistor connected between 
the ISP pin and the ISN pin can limit the output current. If the sensed voltage reaches the current 
limit setting value in the register, a slow constant current control loop becomes active and starts to 
regulate the voltage between the ISP pin and the ISN pin. Connecting the ISP pin and the ISN pin 
together with the VOUT pin can disable the output current limit function.

14 FB I Connect to the center of a resistor divider to program the output voltage.

15 MODE I
Setting the operation modes of the TPS55288x to select PFM mode or forced PWM mode in light 
load condition and to select the internal LDO or external 5 V for VCC by a resistor between this pin 
and AGND.

16 CDC O
Voltage output proportional to the sensed voltage between the ISP pin and the ISN pin. Use a 
resistor between this pin and AGND to increase the output voltage to compensate voltage droop 
across the cable caused by the cable resistance.

17 ILIM O Average inductor current limit setting pin. Connect an external resistor between this pin and the 
AGND pin.

18 COMP I Output of the internal error amplifier. Connect the loop compensation network between this pin and 
the AGND pin.

19 VCC O Output of the internal regulator. A ceramic capacitor of more than 4.7 μF is required between this pin 
and the AGND pin.

20 BOOT2 O Power supply for high-side MOSFET gate driver in boost side. A ceramic capacitor of 0.1 µF must be 
connected between this pin and the SW2 pin.

21, 25 SW2 I The switching node pin of the boost side. It is connected to the drain of the internal low-side power 
MOSFET and the source of internal high-side power MOSFET.

22 BOOT1 I Power supply for high-side MOSFET gate driver in buck side. A ceramic capacitor of 0.1 µF must be 
connected between this pin and the SW1 pin.

23 SW1 I The switching node pin of the buck side. It is connected to the drain of the external low-side power 
MOSFET and the source of external high-side power MOSFET.

TPS552882-Q1
JAJSKP9A – DECEMBER 2020 – REVISED DECEMBER 2021 www.tij.co.jp

4 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: TPS552882-Q1

https://www.tij.co.jp/product/jp/tps552882-q1?qgpn=tps552882-q1
https://www.tij.co.jp/jp/lit/pdf/JAJSKP9
https://www.tij.co.jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSKP9A&partnum=TPS552882-Q1
https://www.tij.co.jp/product/jp/tps552882-q1?qgpn=tps552882-q1


6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(1)

MIN MAX UNIT

Voltage range 
at terminals(2) 

VIN, SW1 –0.3 40 V

DRH1, BOOT1 SW1–0.3 SW1+6 V

VCC, DRL1, PG, CC, ILIM, FSW, COMP, FB, MODE, CDC, DITH/
SYNC –0.3 6 V

VOUT, SW2, ISP, ISN –0.3 25 V

ISP, ISN VOUT-6 VOUT+6 V

EN -0.3 20 V

BOOT2 SW2–0.3 SW2+6 V

DRL1, CC, ILIM, FSW, COMP, FB, MODE, CDC, DITH/SYNC –0.3 VCC+0.3 V

TJ Operating Junction, TJ (3) –40 150 °C

Tstg Storage temperature –65 150 °C

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

(2) All voltage values are with respect to network ground terminal.
(3) High junction temperatures degrade operating lifetimes. Operating lifetime is de-rated for junction temperatures greater than 125°C.

6.2 ESD Ratings
VALUE UNIT

V(ESD) (1) Electrostatic discharge
Human-body model (HBM), per AEC Q100-002(2) ±2000

V
Charged-device model (CDM), per AEC Q100-011, all pins (3) ±500

V(ESD) (1) Electrostatic discharge Charged-device model (CDM), per AEC Q100-011, corner pins (3) ±750 V

(1) Electrostatic discharge (ESD) to measure device sensitivity and immunity to damage caused by assembly line electrostatic discharges 
in to the device.

(2) Level listed above is the passing level per ANSI, ESDA, and JEDEC JS-001. JEDEC document JEP155 states that 500-V HBM allows 
safe manufacturing with a standard ESD control process. Manufacturing with less than 500-V HBM is possible with the necessary 
precautions.

(3) Level listed above is the passing level per EIA-JEDEC JESD22-C101. JEDEC document JEP157 states that 250-V CDM allows safe 
manufacturing with a standard ESD control process. Manufacturing with less than 250-V CDM is possible with the necessary 
precautions.

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

MIN NOM MAX UNIT
VIN Input voltage range 2.7 36 V

VOUT Output voltage range 0.8 22 V

L Effective inductance range 1 4.7 10 µH

CIN Effective input capacitance range 4.7 22 µF

COUT Effective output capacitance range 10 100 1000 µF

TJ Operating junction temperature –40 150 °C

6.4 Thermal Information

THERMAL METRIC(1)

TPS552882-Q1 TPS552882-Q1
UNITVQFN-HR (RPM)-26 PINS VQFN-HR (RPM)-26 PINS

Standard EVM(2)

RθJA Junction-to-ambient thermal resistance 47.5 25.8 °C/W
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THERMAL METRIC(1)

TPS552882-Q1 TPS552882-Q1
UNITVQFN-HR (RPM)-26 PINS VQFN-HR (RPM)-26 PINS

Standard EVM(2)

RθJC(top) Junction-to-case (top) thermal resistance 23.8 N/A °C/W

RθJB Junction-to-board thermal resistance 12.8 N/A °C/W

ΨJT Junction-to-top characterization parameter 0.5 0.6 °C/W

ΨJB Junction-to-board characterization parameter 12.7 11.6 °C/W

RθJC(bot) Junction-to-case (bottom) thermal resistance 7.8 N/A °C/W

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

(2) Simulated on TPS552882-Q1EVM-045, 4-layer, 2-oz/2-oz/2-oz/2-oz copper 112-mm×71-mm PCB.

6.5 Electrical Characteristics
TJ = -40°C to 125°C, VIN = 12 V and VOUT = 20 V. Typical values are at TJ = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
POWER SUPPLY
VIN Input voltage range 2.7 36 V

VVIN_UVLO Under voltage lockout threshold
VIN rising 2.8 2.9 3.0 V

VIN falling 2.6 2.65 2.7 V

IQ

Quiescent current into the VIN pin

IC enabled, no load, no switching. VIN 
= 3 V to 24 V, VOUT = 0.8 V, VFB = 
VREF + 0.1 V, RFSW=100 kΩ, TJ up to 
125°C

760 860 µA

Quiescent current into the VOUT pin

IC enabled, no load, no switching, VIN 
= 2.9 V, VOUT = 3 V to 20 V, VFB = 
VREF + 0.1 V, RFSW=100 kΩ, TJ up to 
125°C

760 860 µA

ISD Shutdown current into VIN pin IC disabled, VIN = 2.9 V to 14 V, TJ up 
to 125°C 7 10 µA

VCC Internal regulator output IVCC = 50 mA, VIN = 8 V, VOUT = 20 V 5.0 5.2 5.4 V

VCC_DO VCC dropout
VIN = 5.0 V, VOUT = 20 V, IVCC = 60 mA 200 320 mV

VIN = 14 V, VOUT = 5.0 V, IVCC = 60 mA 110 170 mV

EN/UVLO
VEN_H EN Logic high threshold VCC = 2.7 V to 5.5 V 1.15 V

VEN_L EN Logic low threshold VCC = 2.7 V to 5.5 V 0.4 V

VEN_HYS Enable threshold hysteresis VCC = 2.7 V to 5.5 V 0.05 0.12 V

VUVLO
UVLO rising threshold at the EN/UVLO 
pin VCC = 3.0 V to 5.5 V 1.20 1.23 1.26 V

VUVLO_HYS UVLO threshold hysteresis VCC = 3.0 V to 5.5 V 8 14 20 mV

IUVLO Sourcing current at the EN/UVLO pin VUVLO = 1.3 V 4.5 5 5.5 µA

OUTPUT
VOUT Output voltage range 0.8 22 V

VOVP
Output overvoltage protection 
threshold 22.5 23.5 24.5 V

VOVP_HYS Over voltage protection hysteresis 1 V

IFB_LKG Leakage current at the FB pin TJ up to 125°C 100 nA

IVOUT_LKG Leakage current into the VOUT pin IC disabled, VOUT = 20 V, VSW2 = 0 V, 
TJ up to 125°C 1 20 µA

REFERENCE VOLTAGE
VREF Reference voltage at the FB pin 1.188 1.2 1.212 V

POWER SWITCH
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6.5 Electrical Characteristics (continued)
TJ = -40°C to 125°C, VIN = 12 V and VOUT = 20 V. Typical values are at TJ = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

RDS(on)

Low-side MOSFET on resistance on 
boost side VOUT = 20 V, VCC = 5.2 V 7.1 mΩ

High-side MOSFET on resistance on 
boost side VOUT = 20 V, VCC = 5.2 V 7.6 mΩ

INTERNAL CLOCK

fSW Switching frequency
RFSW = 100 kΩ 180 200 220 kHz

RFSW = 9.09 kΩ 2000 2200 2400 kHz

tOFF_min Min. off time Boost mode 100 145 ns

tON_min Min. on-time Buck mode 90 130 ns

VFSW Voltage at the FSW pin 1 V

CURRENT LIMIT

ILIM_AVG Average inductor current limit

RILIM = 20 kΩ, VIN = 8 V, VOUT = 20 V, 
fSW = 500 kHz, FPWM 14 16.5 19 A

RILIM = 20 kΩ, VIN = 8 V, VOUT = 20 V, 
fSW = 500 kHz, PFM 14 16.5 19 A

RILIM = 60 kΩ, VIN = 5 V, VOUT = 14 V, 
fSW = 2.2 MHz, FPWM 4 5.5 A

RILIM = 60 kΩ, VIN = 5 V, VOUT = 14 V, 
fSW = 2.2 MHz, PFM 4 5.5 A

ILIM_PK Peak inductor current limit at high side

RILIM = 20 kΩ, VIN = 8 V, VOUT = 20 V, 
fSW = 500 kHz, FPWM 25 A

RILIM = 20 kΩ, VIN = 8 V, VOUT = 20 V, 
fSW = 500 kHz, PFM 25 A

VILIM Voltage at the ILIM pin VOUT = 3 V 0.6 V

VSNS
Current loop regulation voltage 
between the ISP and ISN pins

VISN = 2 V to 21 V 48 50 52 mV

VISN = 2 V to 21 V 28 30 32 mV

CABLE VOLTAGE DROP COMPENSATION

VCDC Voltage at the CDC pin

RCDC = 20 kΩ or floating, VISP – VISN = 
50 mV 0.95 1 1.05 V

RCDC = 20 kΩ or floating, VISP – VISN = 
2 mV 40 75 mV

IFB_CDC FB  pin sinking current

External output feedback, RCDC = 20 
kΩ, VISP – VISN = 50 mV 7.23 7.5 7.87 µA

External output feedback, RCDC = 20 
kΩ, VISP – VISN = 0 mV 0 0.3 µA

External output feedback, RCDC = 
floating, VISP – VISN = 50 mV 0 0.3 µA

ERROR AMPLIFIER

ISINK COMP pin sink current VFB = VREF + 400 mV, VCOMP = 1.5 V, 
VCC = 5 V 20 µA

ISOURCE COMP pin source current VFB = VREF - 400 mV, VCOMP = 1.5 V, 
VCC = 5 V 60 µA

VCCLPH High clamp voltage at the COMP pin 1.8 V

VCCLPL Low clamp voltage at the COMP pin 0.7 V

GEA Error amplifier transconductance 190 µA/V

SOFT START
tSS Soft-start time 3 4 5 ms

DR1H GATE DRIVER
VDR1H_L Low-state voltage drop VDR1H – VSW1, 100-mA sinking 0.1 V
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6.5 Electrical Characteristics (continued)
TJ = -40°C to 125°C, VIN = 12 V and VOUT = 20 V. Typical values are at TJ = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VDR1H_H High-state voltage drop VBOOT1 – VDR1H, 100-mA sourcing 0.2 V

DR1L GATE DRIVER
VDR1L_L Low-state voltage drop 100-mA sinking 0.1 V

VDR1L_H High-state voltage drop VCC – VDR1L, 100-mA sourcing 0.2 V

SPREAD SPECTRUM

IDITH_CHG Dithering charge current VDITH/SYNC = 1.0 V, RFSW = 49.9 kΩ; 
voltage rising from 0.85 V 2 µA

IDITH_DIS Dithering discharge current VDITH/SYNC = 1.0 V, RFSW = 49.9 kΩ; 
voltage falling from 1.15 V 2 µA

VDITH_H Dither high threshold 1.07 V

VDITH_L Dither low threshold 0.93 V

SYNCHRONOUS CLOCK
VSNYC_H Sync clock high voltage threshold 1.2 V

VSYNC_L Sync clock low voltage threshold 0.4 V

tSYNC_MIN Minimum sync clock pulse width 50 ns

HICCUP
tHICCUP Hiccup off time 76 ms

MODE RESISTANCE DETECTION
IMODE Sourcing current from the MODE pin VMODE = 2.5 V 9 10 11 µA

VMODE_DT1
Detection threshold voltage at the 
MODE pin

0.571 0.614 0.657 V

VMODE_DT2 0.322 0.351 0.380 V

VMODE_DT3 0.169 0.189 0.209 V

LOGIC INTERFACE

IPG_H
Leakage current into PG pin when 
outputting high impedance VPG = 5 V 100 nA

VPG_L Output low voltage range of the PG pin Sinking 4-mA current 0.1 0.2 V

ICC_H
Leakage current into CC pin when 
outputting high impedance VCC = 5 V 100 nA

VCC_L Output low voltage range of the CC pin Sinking 4-mA current 0.1 0.2 V

PROTECTION
TSD Thermal shutdown threshold TJ rising 175 °C

TSD_HYS Thermal shutdown hysteresis TJ falling below TSD 20 °C
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6.6 Typical Characteristics

VIN = 12 V, TA = 25°C, fSW = 400 kHz, unless otherwise noted.

Output Current (A)

E
ff
ic

ie
n
c
y

0.0001 0.001 0.01 0.1 0.2 0.5 1 2 3 5 710
0

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

D001

VIN = 5 V
VIN = 9 V
VIN = 12 V
VIN = 20 V

図 6-1. Efficiency vs Output Current,
VOUT = 5 V, FPWM
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図 6-2. Efficiency vs Output Current,
VOUT = 5 V, PFM
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VOUT = 9 V, FPWM
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図 6-4. Efficiency vs Output Current,
VOUT = 9 V, PFM
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図 6-9. Efficiency vs Output Current,
VOUT = 20 V, FPWM
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図 6-10. Efficiency vs Output Current,
VOUT = 20 V, PFM
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Temperature (qC)

U
V

L
O

 T
h
re

s
h
o
ld

 (
V

)

-40 -20 0 20 40 60 80 100 120 140
1.23

1.2305

1.231

1.2315

1.232

1.2325

1.233

1.2335

1.234

1.2345

1.235

1.2355

D019

図 6-16. ENABLE/UVLO Rising Threshold vs 
Temperature

Temperature (qC)

S
w

it
c
h

in
g
 F

re
q
u
e
n
c
y
 (

H
z
)

-40 -20 0 20 40 60 80 100 120 140
0

500

1000

1500

2000

2500

D020

fSW = 200 kHz
fSW = 2200 kHz

図 6-17. Switching Frequency vs Temperature
Output Current (A)

C
D

C
 V

o
lt
a
g
e
 (

V
)

0 1 2 3 4 5 6 7 8
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

D021

図 6-18. CDC Voltage vs Output Current with 
RSENSE = 10 mΩ

www.tij.co.jp
TPS552882-Q1

JAJSKP9A – DECEMBER 2020 – REVISED DECEMBER 2021

Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 11

Product Folder Links: TPS552882-Q1

https://www.tij.co.jp
https://www.tij.co.jp/product/jp/tps552882-q1?qgpn=tps552882-q1
https://www.tij.co.jp/jp/lit/pdf/JAJSKP9
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSKP9A&partnum=TPS552882-Q1
https://www.tij.co.jp/product/jp/tps552882-q1?qgpn=tps552882-q1


7 Detailed Description
7.1 Overview
The TPS552882-Q1 is a 16-A buck-boost DC-to-DC converter with the two boost MOSFETs integrated. The 
TPS552882-Q1 can operate over a wide range of 2.7-V to 36-V input voltage and 0.8-V to 22-V output voltage. It 
can transition among buck mode, buck-boost mode, and boost mode smoothly according to the input voltage 
and the set output voltage. The TPS552882-Q1 operates in buck mode when the input voltage is greater than 
the output voltage and in boost mode when the input voltage is less than the output voltage. When the input 
voltage is close to the output voltage, the TPS552882-Q1 operates in one-cycle buck and one-cycle boost mode 
alternately.

The TPS552882-Q1 uses an average current mode control scheme. Current mode control provides simplified 
loop compensation, rapid response to the load transients, and inherent line voltage rejection. An error amplifier 
compares the feedback voltage with the internal reference voltage. The output of the error amplifier determines 
the average inductor current.

An internal oscillator can be configured to operate over a wide range of frequency from 200 kHz to 2.2 MHz. The 
internal oscillator can also synchronize to an external clock applied to the DITH/SYNC pin. To minimize EMI, the 
TPS552882-Q1 can dither the switching frequency at ±7% of the set frequency.

The TPS552882-Q1 works in fixed-frequency PWM mode at moderate to heavy load currents. In light load 
condition, the TPS552882-Q1 can be configured to automatically transition to PFM mode or be forced in PWM 
mode by either connecting a resistor at the MODE pin or setting the corresponding bit in an internal register.

On TPS552882-Q1, you can use an external resistor divider to program the output voltage. The TPS552882-Q1 
also can limit the output current by placing a current sense resistor in the output path. These two functions 
support the programmable power supply (PPS) feature of the USB-PD.

The TPS552882-Q1 provides average inductor current limit set by a resistor at the ILIM pin. In addition, it 
provides cycle-by-cycle peak inductor current limit during transient to protect the device against overcurrent 
condition beyond the capability of the device.

A precision voltage threshold of 1.23 V with 5-µA sourcing current at the EN/UVLO pin supports programmable 
input undervoltage lockout (UVLO) with hysteresis. The output overvoltage protection (OVP) feature turns off the 
high-side FETs to prevent damage to the devices powered by the TPS552882-Q1.

The device provides hiccup mode option to reduce the heating in the power components when output short 
circuit happens. When the hiccup mode is enabled, the TPS552882-Q1 turns off for 76 ms and restarts at soft 
start-up.
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7.2 Functional Block Diagram
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7.3 Feature Description
7.3.1 VCC Power Supply

An internal LDO to supply the TPS552882-Q1 outputs regulated 5.2-V voltage at the VCC pin with 60-mA output 
current capability. When VIN is less than VOUT, the internal LDO selects the power supply source by comparing 
VIN to a rising threshold of 6.2 V with 0.3-V hysteresis. When VIN is higher than 6.2 V, the supply for LDO is VIN. 
When VIN is lower than 5.9 V, the supply for LDO is VOUT. When VOUT is less than VIN, the internal LDO selects 
the power supply source by comparing VOUT to a rising threshold of 6.2 V with 0.3-V hysteresis. When VOUT is 
higher than 6.2 V, the supply for LDO is VOUT. When VOUT is lower than 5.9 V, the supply for LDO is VIN. 表 7-1 
shows the supply source selection for the internal LDO.

表 7-1. VCC Power Supply Logic
VIN VOUT INPUT for VCC LDO

VIN > 6.2 V VOUT>VIN VIN

VIN < 5.9 V VOUT>VIN VOUT

VIN > VOUT VOUT> 6.2 V VOUT

VIN > VOUT VOUT< 5.9 V VIN

To minimize the power dissipation of the internal LDO when both input voltage and output voltage are high, an 
external 5-V power source can be applied at the VCC pin to supply the TPS552882-Q1. The external 5-V power 
supply must have at least 100-mA output current capability and must be within the 4.75-V to 5.5-V regulation 
range. To use an external power supply for VCC, a resistor with proper resistance must be connected to the 
MODE pin.
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7.3.2 Operation Mode Setting

By placing different resistors between the MODE pin and the AGND pin, the TPS552882-Q1 selects the internal 
power supply or external power supply for VCC, and also selects the PFM mode or forced PWM mode in light 
load conditions.表 7-2 shows the resistance values for each selection.

表 7-2. VCC Source and PFM/PWM Programming
RESISTOR VALUE (kΩ) VCC SOURCE OPERATING MODE AT LIGHT LOAD

0 Internal PWM

24.9 Internal PFM

51.1 External PWM

Open External PFM

7.3.3 Input Undervoltage Lockout

When the input voltage is below 2.6 V, the TPS552882-Q1 is disabled. When the input voltage is above 3 V, the 
TPS552882-Q1 can be enabled by pulling the EN pin to a high voltage above 1.3 V.

7.3.4 Enable and Programmable UVLO

The TPS552882-Q1 has a dual function enable and undervoltage lockout (UVLO) circuit. When the input voltage 
at the VIN pin is above the input UVLO rising threshold of 3 V and the EN/UVLO pin is pulled above 1.15 V but 
less than the enable UVLO threshold of 1.23 V, the TPS552882-Q1 is enabled but still in standby mode. The 
TPS552882-Q1 starts to detect the resistance between the MODE pin and ground. After that, the TPS55288x 
selects the power supply for VCC and the PFM or FPWM mode for light load condition accordingly.

The EN/UVLO pin has an accurate UVLO voltage threshold to support programmable input undervoltage lockout 
with hysteresis. When the EN/UVLO pin voltage is greater than the UVLO threshold of 1.23 V, the TPS552882-
Q1 is enabled for switching operation. A hysteresis current IUVLO_HYS of 5 μA is sourced out of the EN/UVLO pin 
to provide hysteresis that prevents on/off chattering in the presence of noise with a slowly changing input 
voltage.

By using resistor divider as shown in 図 7-1, the turnon threshold is calculated using 式 1.

8+0(78.1 _10) = 878.1  × (1 +
R1

42
) 

(1)

where

• VUVLO is the UVLO threshold of 1.23 V at the EN/UVLO pin

The hysteresis between the UVLO turnon threshold and turnoff threshold is set by the upper resistor in the EN/
UVLO resistor divider and is given by the 式 2.

¿8+0(78.1 ) = +78.1_*;5  × 41 (2)

where

• IUVLO_HYS is the sourcing current from the EN/UVLO pin when the voltage at the EN/UVLO pin is above 
VUVLO
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UVLO Comparator

R1

VIN

EN/UVLO

IUVLO_HYS

1.23V

C1
EnableR2

図 7-1. Programmable UVLO With Resistor Divider at the EN/UVLO Pin

Using an NMOS FET together with resistor divider can implement both logic enable and programmable UVLO as 
shown in 図 7-2. The EN logic high level must be greater than enable threshold plus the Vth of the NMOSFET 
Q1. The Q1 also eliminates the leakage current from VIN to ground through the UVLO resistor divider during 
shutdown mode.

UVLO Comparator

R1

VIN

EN/UVLO

IUVLO_HYS

1.23V

C1
EnableR2

EN

図 7-2. Logic Enable and Programmable UVLO

7.3.5 Soft Start

When the input voltage is above the UVLO threshold and the voltage at the EN/UVLO pin is above the enable 
UVLO threshold, the TPS552882-Q1 starts to ramp up the output voltage by ramping an internal reference 
voltage from 0 V to a voltage which is set by 1.2 V on the TPS552882-Q1 within 4 ms.

7.3.6 Shutdown

When the EN pin voltage is pulled below 0.4 V, the TPS552882-Q1 is in shutdown mode, and all functions are 
disabled.

7.3.7 Switching Frequency

The TPS552882-Q1 uses a fixed frequency average current control scheme. The switching frequency is 
between 200 kHz and 2.2 MHz set by placing a resistor at the FSW pin. An internal amplifier holds this pin at a 
fixed voltage of 1 V. The setting resistance is between maximum of 100 kΩ and minimum of 9.09 kΩ. Use 式 3 to 
calculate the resistance by a given switching frequency.

B59 =
1000

0.05 × 4(59 + 20
 (MHz) 

(3)
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where

• RFSW is the resistance at the FSW pin

For noise-sensitive applications, the TPS552882-Q1 can be synchronized to an external clock signal applied to 
the DITH/SYNC pin. The duty cycle of the external clock is recommended in the range of 30% to 70%. A resistor 
also must be connected to the FSW pin when the TPS552882-Q1 is switching by the external clock. The 
external clock frequency at the DITH/SYNC pin must have lower than 0.4-V low level voltage and must be within 
±30% of the corresponding frequency set by the resistor. 図 7-3 is a recommended configuration.

RFSW

DITH/SYNC

FSW

External Clock

図 7-3. External Clock Configuration

7.3.8 Switching Frequency Dithering

The TPS552882-Q1 provides an optional switching frequency dithering that is enabled by connecting a capacitor 
from the DITH/SYNC pin to ground. 図 7-4 illustrates the dithering circuit. By charging and discharging the 
capacitor, a triangular waveform centered at 1 V is generated at the DITH/SYNC pin. The triangular waveform 
modulates the oscillator frequency by ±7% of the nominal frequency set by the resistance at the FSW pin. The 
capacitance at the DITH/SYNC pin sets the modulation frequency. A small capacitance modulates the oscillator 
frequency at a fast rate than a large capacitance. For the dithering circuit to effectively reduce peak EMI, the 
modulation rate normally is below 1 kHz. Equation 4 calculates the capacitance required to set the modulation 
frequency, FMOD.

%&+6* =
1

2.8 × 4(59 × (/1&

 (() 
(4)

where

• RFSW is the switching frequency setting resistance (Ω) at the FSW pin
• FMOD is the modulation frequency (Hz) of the dithering

Connecting the DITH/SYNC pin below 0.4 V or above 1.2 V disables switching frequency dithering. The dithering 
function also is disabled when an external synchronous clock is used.

RFSW

DITH/SYNC

FSW

1.07V

1.0V

0.93V

FMOD

CDITH

図 7-4. Switching Frequency Dithering
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7.3.9 Inductor Current Limit

The TPS552882-Q1 implements both peak current and average inductor current limit by a resistor connected to 
the ILIM pin. The average current mode control loop uses the current sense information at the high-side 
MOSFET of the boost leg to clamp the maximum average inductor current to 16.5 A (typical) when the resistor is 
20 kΩ. Use large resistance to get smaller average inductor current limit. Use 式 5 to calculate the resistance for 
a desired average inductor current limit.

+#8)_.+/+6 =
min(1,0.6 ×8176 )× 330000

4+.+/

 (#) 
(5)

where

• IAVG_LIMIT is the average inductor current limit
• RILIM is the resistance (Ω) between the ILIM pin and analog ground

Besides the average current limit, a peak current limit protection is implemented during transient to protect the 
device against over current condition beyond the capability of the device.

7.3.10 Internal Charge Path

Each of the two high-side MOSFET drivers is biased from its floating bootstrap capacitor, which is normally re-
charged by VCC through both the external and internal bootstrap diodes when the low-side MOSFET is turned 
on. When the TPS55288 operates exclusively in the buck or boost regions, one of the high-side MOSFETs is 
constantly on. An internal charge path, from VOUT and BOOT2 to BOOT1 or from VIN and BOOT1 to BOOT2, 
charges the bootstrap capacitor to VCC so that the high-side MOSFET remains on.
7.3.11 Output Voltage Setting

There are two ways to set the output voltage: changing the feedback ratio and changing the reference voltage. 
The TPS552882-Q1 uses an external resistor divider to change the feedback ratio with fixed 1.2-V reference 
voltages at the FB pin.

When using external output voltage feedback resistor divider as shown in 図 7-5. Use 式 6 to calculate the output 
voltage with the reference voltage at the FB pin.

V176 = 84'( × (1 +
4($_72

4($_$6

) 
(6)

VOUT

RFB_BT

RFB_UP

ISP

ISN

RSNS

VOUT

FB

図 7-5. Output Voltage Setting by External Resistor Divider

TI recommends using 100 kΩ for the up resistor RFB_UP. The reference voltage VREF at the FB pin is 1.2 V.
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7.3.12 Output Current Indication and Cable Voltage Drop Compensation

The TPS55288 outputs a voltage at the CDC pin proportional to the sensed voltage across a output current 
sensing resistor between the ISP pin and the ISN pin. 式 7 shows the exact voltage at the CDC pin related to the 
sensed output current.

V%&% = 20 × (8+52 F 8+50 ) (7)

To compensate the voltage drop across a cable from the terminal of the USB port to its powered device, the 
TPS552882-Q1 can lift its output voltage in proportion to the load current by placing a resistor between the CDC 
pin and AGND pin.

When using external output voltage feedback on the TPS552882-Q1, the output voltage rises in proportional to 
the current sourcing from the CDC pin through the resistor at the CDC pin. It is recommended to use 100-kΩ 
resistance for the up resistor of the resistor divider. 式 8 shows the output voltage rise versus the sensed output 
current, resistance at the CDC pin and the up resistor of the output voltage feedback resistor divider.

V176_%&% = 3× 4($_72 × (
8+52 F 8+50

4%&%

) 
(8)

where

• RFB_UP is the up resistor of the resistor divider between the output and the FB/INT pin
• RCDC is the resistor at the CDC pin

When RFB_UP is 100 kΩ, the output voltage rise versus the sensed output current and the resistor at the CDC 
pin is shown in 図 7-6

10 20 30 40 50

0.2

VISP ± VISN 

(mV)

VOUT_CDC(V)

RCDC=20K

RCDC=75K

RCDC=150K

0.75V

0.2V

0.1V

0.4

0.6

0.1

0.3

0.5

0.7

0.8

0.5VRCDC=30K

RCDC=floating

図 7-6. Output Voltage Rise versus Output Current

7.3.13 Integrated Gate Drivers

The TPS552882-Q1 provides two N-channel MOSFET gate drivers for buck side. Each driver is capable of 
sourcing 1-A and sinking 1.8-A peak current. In buck operation, the DR1H pin and the DR1L pin are switched by 
the PWM controller. In boost mode, the DR1H pin remains at continuously high voltage to turn on the high-side 
MOSFET of the buck side, and the DR1L pin remains at continuously low voltage to turn off the low-side 
MOSFET of the buck side.

In DCM buck mode operation, the DR1L turns off the low-side FET when the inductor current drops to zero.

The low-side gate driver is powered from the VCC pin, and the high-side gate driver is powered from the 
bootstrap capacitor CBOOT1, which is between the BOOT1 pin and the SW1 pin.

TPS552882-Q1
JAJSKP9A – DECEMBER 2020 – REVISED DECEMBER 2021 www.tij.co.jp

18 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: TPS552882-Q1

https://www.tij.co.jp/product/jp/tps552882-q1?qgpn=tps552882-q1
https://www.tij.co.jp/jp/lit/pdf/JAJSKP9
https://www.tij.co.jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSKP9A&partnum=TPS552882-Q1
https://www.tij.co.jp/product/jp/tps552882-q1?qgpn=tps552882-q1


7.3.14 Output Current Limit

The output current limit is programmable by placing a current sensing resistor between the ISP pin and ISN pin. 
The voltage limit between the ISP pin and the ISN pin is set to 50 mV. Thus a smaller resistance gets higher 
current limit and a bigger resistance gets lower current limit.

Connecting the ISP pin and ISN pin together to the VOUT pin disables the current limit function.

7.3.15 Overvoltage Protection

The TPS552882-Q1 has output overvoltage protection. When the output voltage at the VOUT pin is detected 
above 23.5 V typically, the TPS552882-Q1 turns off two high-side FETs and turns on two low-side FETs until its 
output voltage drops the hysteresis value lower than the output overvoltage protection threshold. This function 
prevents overvoltage on the output and secures the circuits connected to the output from excessive overvoltage.

7.3.16 Output Short Circuit Protection

In addition to the average inductor current limit, the TPS552882-Q1 implements the output short-circuit 
protection by entering the hiccup mode. When the output short circuit happens, the TPS552882-Q1 goes into 
output current limit first. If the output voltage is below 0.8 V and the average inductor current is above the setting 
value, the TPS552882-Q1 shuts down the switching for 76 ms (typical) and restarts the soft start repeatedly. The 
hiccup mode helps reduce the total power dissipation on the TPS552882-Q1 in the output short-circuit or 
overcurrent condition.

7.3.17 Thermal Shutdown

The TPS552882-Q1 is protected by a thermal shutdown circuit that shuts down the device when the internal 
junction temperature exceeds 175°C (typical). The internal soft-start circuit is reset but all internal registers 
values remain unchanged when thermal shutdown is triggered. The converter automatically restarts when the 
junction temperature drops below the thermal shutdown hysteresis of 20°C below the thermal shutdown 
threshold.

7.4 Device Functional Modes
In light load condition, the TPS552882-Q1 can work in PFM or forced PWM mode to meet different application 
requirements. The PFM mode decreases switching frequency to reduce the switching loss thus it gets high 
efficiency at light load condition. The FPWM mode keeps the switching frequency unchanged to avoid undesired 
low switching frequency but the efficiency becomes lower than that of PFM mode.

7.4.1 PWM Mode

In FPWM mode, the TPS552882-Q1 keeps the switching frequency unchanged in light load condition. When the 
load current decreases, the output of the internal error amplifier decreases as well to reduce the average 
inductor current down to deliver less power from input to output. When the output current further reduces, the 
current through the inductor decreases to zero during the switch-off time. The high-side N-MOSFET is not turned 
off even if the current through the MOSFET is zero. Thus, the inductor current changes its direction after it runs 
to zero. The power flow is from output side to input side. The efficiency is low in this condition. However, with the 
fixed switching frequency, there is no audible noise or other problems that might be caused by low switching 
frequency in light load condition.

7.4.2 Power Save Mode

The TPS552882-Q1 improves the efficiency at light load condition with the PFM mode. By connecting an 
appropriate resistor at the MODE pin or enabling the PFM function in the internal register, the TPS552882-Q1 
can work in PFM mode at light load condition. When the TPS552882-Q1 operates at light load condition, the 
output of the internal error amplifier decreases to make the inductor peak current down to deliver less power to 
the load. When the output current further reduces, the current through the inductor will decrease to zero during 
the switch-off time. When the TPS552882-Q1 works in buck mode, once the inductor current becomes zero, the 
low-side switch of the buck side is turned off to prevent the reverse current from output to ground. When the 
TPS552882-Q1 works in boost mode, once the inductor current becomes zero, the high side-switch of the boost 
side is turned off to prevent the reverse current from output to input. The TPS552882-Q1 resumes switching until 
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the output voltage drops. Thus the PFM mode reduces switching cycles and eliminates the power loss by the 
reverse inductor current to get high efficiency in light load condition.
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8 Application and Implementation
Note

以下のアプリケーション情報は、TI の製品仕様に含まれるものではなく、TI ではその正確性または完全性を

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。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。

8.1 Application Information
The TPS552882-Q1 can operate over a wide range of 2.7-V to 36-V input voltage and output 0.8 V to 22 V. It 
can transition among buck mode, buck-boost mode, and boost mode smoothly according to the input voltage 
and the setting output voltage. The TPS552882-Q1 operates in buck mode when the input voltage is greater 
than the output voltage and in boost mode when the input voltage is less than the output voltage. When the input 
voltage is close to the output voltage, the TPS552882-Q1 operates in one-cycle buck and one-cycle boost mode 
alternately. The switching frequency is set by an external resistor. To reduce the switching power loss in high 
power conditions, it is recommended to set the switching frequency below 500 kHz. If a system requires higher 
switching frequency above 500 kHz, it is recommended to set the lower switch current limit for better thermal 
performance.

8.2 Typical Application
The TPS552882-Q1 provides a small size solution for USB PD power supply application with the input voltage 
ranging from 9 V to 36 V.

DR1L

VIN

TPS552882-Q1

ILIM

VIN = 9V to 36V

MODE

C7

PGND

COMP

R5

R3

C2

VOUT

VOUT = 5V

C4

BOOT1

OFF

ON

C6

L1
4.7µH 

SW2 BOOT2DR1H

C1

AGND

C5

PG

VCCC3
4.7µF

FSW

EN/UVLO

SW1

CDC

R4

DITH/SYNC

C8

R2

ISP

ISN

R7
10P��

0.1µF0.1µF

R8
FB

CC

R2

R1

4 x 10µF
4 x 22µF

150k�

19.9k�

0.01µF

49.9k�

6.19k�

100k�

29.4k�

図 8-1. 5-V Power Supply With 9-V to 36-V Input Voltage

8.2.1 Design Requirements

The design parameters are listed in 表 8-1:
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表 8-1. Design Parameters
PARAMETERS VALUES

Input voltage 9 V to 36 V

Output voltage 5 V to 20 V

Output current limit 5 A

Output voltage ripple ±50 mV

Operating mode at light load PFM

8.2.2 Detailed Design Procedure
8.2.2.1 Custom Design With WEBENCH® Tools

Click here to create a custom design using the TPS552882-Q1 device with the WEBENCH® Power Designer.

1. Start by entering the input voltage (VIN), output voltage (VOUT), and output current (IOUT) requirements.
2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.
3. Compare the generated design with other possible solutions from Texas Instruments.

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

In most cases, these actions are available:
• Run electrical simulations to see important waveforms and circuit performance
• Run thermal simulations to understand board thermal performance
• Export customized schematic and layout into popular CAD formats
• Print PDF reports for the design, and share the design with colleagues

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

8.2.2.2 Switching Frequency

The switching frequency of the TPS552882-Q1 is set by a resistor at the FSW pin. Use 式 3 to calculate the 
resistance for the desired frequency. To reduce the switching power loss with such a high current application, a 
1% standard resistor of 49.9 kΩ is selected for 400-kHz switching frequency for this application.

8.2.2.3 Output Voltage Setting

An external resistor divider is used to program the output voltage.

8.2.2.4 Inductor Selection

Since the selection of the inductor affects steady state operation, transient behavior, and loop stability, the 
inductor is the most important component in power regulator design. There are three important inductor 
specifications: inductance, saturation current, and DC resistance.

The TPS552882-Q1 is designed to work with inductor values between 1 µH and 10 µH. The inductor selection is 
based on consideration of both buck and boost modes of operation.

For buck mode, the inductor selection is based on limiting the peak-to-peak current ripple to the maximum 
inductor current at the maximum input voltage. In CCM, 式 9 shows the relationship between the inductance and 
the inductor ripple current.

L=
kVIN(MAX) -VOUTo×VOUT

¨IL(P-P)×fSW×VIN:MAX;

 
(9)

where

• VIN(MAX) is the maximum input voltage
• VOUT is the output voltage
• ΔIL(P-P) is the peak to peak ripple current of the inductor
• fSW is the switching frequency

TPS552882-Q1
JAJSKP9A – DECEMBER 2020 – REVISED DECEMBER 2021 www.tij.co.jp

22 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: TPS552882-Q1

https://webench.ti.com/wb5/WBTablet/PartDesigner/quickview.jsp?base_pn=TPS552882-Q1&origin=ODS&litsection=application
http://www.ti.com/lsds/ti/analog/webench/overview.page?DCMP=sva_web_webdesigncntr_en&HQS=sva-web-webdesigncntr-vanity-lp-en
https://www.tij.co.jp/product/jp/tps552882-q1?qgpn=tps552882-q1
https://www.tij.co.jp/jp/lit/pdf/JAJSKP9
https://www.tij.co.jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSKP9A&partnum=TPS552882-Q1
https://www.tij.co.jp/product/jp/tps552882-q1?qgpn=tps552882-q1


For a certain inductor, the inductor ripple current achieves maximum value when VOUT equals half of the 
maximum input voltage. Choosing higher inductance gets smaller inductor current ripple while smaller 
inductance gets larger inductor current ripple.

For boost mode, the inductor selection is based on limiting the peak-to-peak current ripple to the maximum 
inductor current at the maximum output voltage. In CCM, 式 10 shows the relationship between the inductance 
and the inductor ripple current.

L=
VIN×kVOUT(MAX)-VINo
¨IL(P-P)×fSW×VOUT(MAX)

 
(10)

where

• VIN is the input voltage
• VOUT(MAX) is the maximum output voltage
• ΔIL(P-P) is the peak to peak ripple current of the inductor
• fSW is the switching frequency

For a certain inductor, the inductor ripple current achieves maximum value when VIN equals to the half of the 
maximum output voltage. Choosing higher inductance gets smaller inductor current ripple while smaller 
inductance gets larger inductor current ripple.

For this application example, a 4.7-µH inductor is selected, which produces approximate maximum inductor 
current ripple of 50% of the highest average inductor current in buck mode and 50% of the highest average 
inductor current in boost mode.

In buck mode, the inductor DC current equals to the output current. In boost mode, the inductor DC current can 
be calculated with 式 11.

IL(DC) = 
VOUT×IOUT

VIN×�
 

(11)

where

• VOUT is the output voltage
• IOUT is the output current
• VIN is the input voltage
• η is the power conversion efficiency

For a given maximum output current of the buck-boost converter TPS552882-Q1, the maximum inductor DC 
current happens at the minimum input voltage and maximum output voltage. Set the inductor current limit of the 
TPS552882-Q1 higher than the calculated maximum inductor DC current to make sure the TPS552882-Q1 has 
the desired output current capability.

In boost mode, the inductor ripple current is calculated with 式 12.

¨IL(P-P)=
VIN×:VOUT-VIN;

L×fSW×V
OUT

 
(12)

where

• ΔIL(P-P) is the inductor ripple current
• L is the inductor value
• fSW is the switching frequency
• VOUT is the output voltage
• VIN is the input voltage

Therefore, the inductor peak current is calculated with 式 13.
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IL(P) = IL(DC)+
¨IL(P-P)

2
 

(13)

Normally, it is advisable to work with an inductor peak-to-peak current of less than 40% of the average inductor 
current for maximum output current. A smaller ripple from a larger valued inductor reduces the magnetic 
hysteresis losses in the inductor and EMI, but in the same way, load transient response time is increased. The 
selected inductor must have higher saturation current than the calculated peak current.

The conversion efficiency is dependent on the resistance of its current path. The switching loss associated with 
the switching MOSFETs, and the inductor core loss. Therefore, the overall efficiency is affected by the inductor 
DC resistance (DCR), equivalent series resistance (ESR) at the switching frequency, and the core loss. 表 8-2 
lists recommended inductors for the TPS552882-Q1. In this application example, the Coilcraft inductor 
XAL1010-472 is selected for its small size, high saturation current, and small DCR.

表 8-2. Recommended Inductors

PART NUMBER L (µH)
DCR 

(MAXIMUM) 
(mΩ)

SATURATION 
CURRENT / HEAT 

RATING CURRENT (A)
SIZE (L x W x H mm) VENDOR(1)

XAL1010-472ME 4.7 10 25.4/17.5 11.3 × 10 × 10 Coilcraft

IHLP5050EZER4R7 4.7 10.1 17.8/15.3 13.5 × 12.9 × 5 Vishay

125CDMCCDS-4R7MC 4.7 10 22/14 13.5 × 12.6 × 5 Sumida

(1) See the Third-Party Products Disclaimer.

8.2.2.5 Input Capacitor

In buck mode, the input capacitor supplies high ripple current. The RMS current in the input capacitors is given 
by 式 14.

ICIN:RMS;  = IOUT ×¨VOUT×:VIN-VOUT;

VIN×VIN

 

(14)

where

• ICIN(RMS) is the RMS current through the input capacitor
• IOUT is the output current

The maximum RMS current occurs at the output voltage is half of the input voltage, which gives ICIN(RMS) = IOUT / 
2. Ceramic capacitors are recommended for their low ESR and high ripple current capability. A total of 20 µF 
effective capacitance is a good starting point for this application.

8.2.2.6 Output Capacitor

In boost mode, the output capacitor conducts high ripple current. The output capacitor RMS ripple current is 
given by 式 15, where the minimum input voltage and the maximum output voltage correspond to the maximum 
capacitor current.

ICOUT:RMS;  = IOUT ×¨VOUT

VIN

-1 

(15)

where

• ICOUT(RMS) is the RMS current through the output capacitor
• IOUT is the output current

In this example, the maximum output ripple RMS current is 5.5 A.

The ESR of the output capacitor causes an output voltage ripple given by 式 16 in boost mode.
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VRIPPLE(ESR)  = 
IOUT×VOUT

VIN

×RCOUT 
(16)

where

• RCOUT is the ESR of the output capacitance

The capacitance also causes a capacitive output voltage ripple given by 式 17 in boost mode. When input 
voltage reaches the minimum value and the output voltage reaches the maximum value, there is the largest 
output voltage ripple caused by the capacitance.

VRIPPLE(CAP)  = 

IOUT× l1-
VIN

VOUT
p

COUT×fSW

 
(17)

Typically, a combination of ceramic capacitors and bulk electrolytic capacitors is needed to provide low ESR, 
high ripple current, and small output voltage ripple. From the required output voltage ripple, use 式 16 and 式 17 
to calculate the minimum required effective capacitance of the COUT.

8.2.2.7 Output Current Limit Sense Resistor

The output current limit is implemented by putting a current sense resistor between the ISP and ISN pins. The 
value of the limit voltage between the ISP and ISN pins is 50 mV. The current sense resistor between the ISP 
and ISN pins should be selected to ensure that the output current limit is set high enough for output. The output 
current limit setting resistor is given by 式 18.

RSNS = 
VSNS

IOUT_LIMIT

 
(18)

where

• VSNS is the current limit setting voltage between the ISP and ISN pin
• IOUT_LIMIT is the desired output current limit

Because the power dissipation is large, make sure the current sense resistor has enough power dissipation 
capability with large package.

8.2.2.8 Loop Stability

The TPS55288 uses average current control scheme. The inner current loop uses internal compensation and 
requires the inductor value must be larger than 1.2/fSW. The outer voltage loop requires an external 
compensation. The COMP pin is the output of the internal voltage error amplifier. An external compensation 
network comprised of resistor and ceramic capacitors is connected to the COMP pin.

The TPS55288 operates in buck mode or boost mode. Therefore, both buck and boost operating modes require 
loop compensations. The restrictive one of both compensations is selected as the overall compensation from a 
loop stability point of view. Typically for a converter designed either work in buck mode or boost mode, the boost 
mode compensation design is more restrictive due to the presence of a right half plane zero (RHPZ).

The power stage in boost mode can be modeled by 式 19.

GPS(s) = 
RLOAD×:1-D;

2×RSENSE

×

l1+ 
s

2N×fESRZ
p× l1- 

s
2N×fRHPZ

p
1+ 

s
2N×fP

 

(19)

where

• RLOAD is the output load resistance
• D is the switching duty cycle in boost mode
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• RSENSE is the equivalent internal current sense resistor, which is 0.055 Ω

The power stage has two zeros and one pole generated by the output capacitor and load resistance. Use 式 20 
to 式 22 to calculate them.

fP = 
2

2N×RLOAD×COUT

 
(20)

fESRZ = 
1

2N×RCOUT×COUT

 
(21)

fRHPZ=
RLOAD×:1-D;2

2N×L
 

(22)

The internal transconductance amplifier together with the compensation network at the COMP pin constitutes the 
control portion of the loop. The transfer function of the control portion is shown by 式 23.

GC(s) = 
GEA×REA×VREF

VOUT

×

l1+ 
s

2N×fCOMZ
p

l1+ 
s

2N×fCOMP1
p× l1 + 

s
2N×fCOMP2

p
 

(23)

where

• GEA is the transconductance of the error amplifier
• REA is the output resistance of the error amplifier
• VREF is the reference voltage input to the error amplifier
• VOUT is the output voltage
• fCOMP1 and fCOMP2 are the pole’s frequency of the compensation network
• fCOMZ is the zero’s frequency of the compensation network

The total open-loop gain is the product of GPS(s) and GC(s). The next step is to choose the loop crossover 
frequency, fC, at which the total open-loop gain is 1, namely 0 dB. The higher in frequency that the loop gain 
stays above 0 dB before crossing over, the faster the loop response. It is generally accepted that the loop gain 
cross over 0 dB at the frequency no higher than the lower of either 1/10 of the switching frequency, fSW or 1/5 of 
the RHPZ frequency, fRHPZ.

Then, set the value of RC, CC and CP by 式 24 to 式 26.

RC = 

2N×VOUT×R
SENSE

×COUT×fC

:1-D;×VREF×GEA

 
(24)

where

• fC is the selected crossover frequency

CC = 
RLOAD×COUT

2×RC

 
(25)

CP=
RCOUT×COUT

RC

 
(26)

If the calculated CP is less than 10 pF, it can be left open.

Designing the loop for greater than 45° of phase margin and greater than 10-dB gain margin eliminates output 
voltage ringing during the line and load transient.
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8.2.3 Application Curves

図 8-2. Switching Waveforms in VIN = 12 V, VOUT = 5 
V, IO = 5 A, FPWM

図 8-3. Switching Waveforms in VIN = 12 V, VOUT = 5 
V, IO = 0 A, PFM

図 8-4. Switching Waveforms in VIN = 12 V, VOUT = 
12 V, IO = 5 A, FPWM

図 8-5. Switching Waveforms in VIN = 12 V, VOUT = 
12 V, IO = 0 A, PFM

図 8-6. Switching Waveforms in VIN = 12 V, VOUT = 
20 V, IO = 5 A, FPWM

図 8-7. Switching Waveforms in VIN = 12 V, VOUT = 
20 V, IO = 0 A, PFM
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図 8-8. Start-up Waveforms in VIN = 12 V, VOUT = 5 
V, IO = 5 A, FPWM

図 8-9. Shutdown Waveforms in VIN = 12 V, VOUT = 5 
V, IO = 5 A, FPWM

図 8-10. Line Transient Waveforms in VIN = 9 V to 
20 V, VOUT = 12 V, IO = 5 A with 200-μs Slew Rate, 

FPWM

図 8-11. Load Transient Waveforms in VIN = 12 V, 
VOUT = 5 V, IO = 2.5 A to 5 A with 20-μs Slew Rate, 

FPWM

図 8-12. Output Current Limit Waveforms in VIN = 12 V, VOUT = 5 V, RLOAD = 0.9 Ω, RSNS = 10 mΩ, FPWM
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9 Power Supply Recommendations
The device is designed to operate from an input voltage supply range between 2.7 V to 36 V. This input supply 
must be well regulated. If the input supply is located more than a few inches from the converter, additional bulk 
capacitance can be required in addition to the ceramic bypass capacitors. A typical choice is an aluminum 
electrolytic capacitor with a value of 100 μF.

www.tij.co.jp
TPS552882-Q1

JAJSKP9A – DECEMBER 2020 – REVISED DECEMBER 2021

Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 29

Product Folder Links: TPS552882-Q1

https://www.tij.co.jp
https://www.tij.co.jp/product/jp/tps552882-q1?qgpn=tps552882-q1
https://www.tij.co.jp/jp/lit/pdf/JAJSKP9
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSKP9A&partnum=TPS552882-Q1
https://www.tij.co.jp/product/jp/tps552882-q1?qgpn=tps552882-q1


10 Layout
10.1 Layout Guidelines
As for all switching power supplies, especially those running at high switching frequency and high currents, 
layout is an important design step. If layout is not carefully done, the regulator can suffer from instability and 
noise problems. To maximize efficiency, switching rise time and fall time are very fast. To prevent radiation of 
high-frequency noise (for example, EMI), proper layout of the high-frequency switching path is essential. 
Minimize the length and area of all traces connected to the SW1 and SW2 pins, and always use a ground plane 
under the switching regulator to minimize interplane coupling. The input capacitor needs to be close to the VIN 
pin and the PGND to reduce the input supply current ripple.

The most critical current path for buck converter portion is from the switching FET at the buck side, through the 
rectifier FET at the buck side to the PGND, then the input capacitors, and back to the input of the switching FET. 
This high current path contains nanosecond rise time and fall time, and should be kept as short as possible. 
Therefore, the input capacitor for power stage must be close to the input of the switching FET and the PGND 
terminal of the rectifier FET.

The most critical current path for boost converter portion is from the switching FET at the boost side, through the 
rectifier FET at boost side, then the output capacitors, and back to ground of the switching FET. This high current 
path contains nanosecond rise time and fall time, and should be kept as short as possible. Therefore, the output 
capacitor needs not only to be close to the VOUT pin, but also to the PGND pin to reduce the overshoot at the 
SW2 pin and the VOUT pin.

The traces from the output current sensing resistor to the ISP pin and the ISN pin must be in parallel and close 
to each other to avoid noise coupling.

The PGND plane and the AGND plane are connected at the terminal of the capacitor at the VCC pin. Thus the 
noise caused by the MOSFET driver and parasitic inductance does not interfere with the AGND and internal 
control circuit.

To get good thermal performance, it is recommended to use thermal vias beneath the TPS552882-Q1 
connecting the PGND pin to the PGND plane, and the VOUT pin to a large VOUT area separately.
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10.2 Layout Example

1 2 3 4 5 6 7

19 18 17 16 15 14 13

8

9

10

11

12

23

22

21

20

24

25

26

VIN

PGND
AGND

VOUT

AGND plane on an inner layer

The first inner layer is the PGND plane

AGND plane connects to PGND plane at the terminal of the capacitor at the VCC pin

trace on bottom layer

PGND

NMOSFET

N
M

O
S

F
E

T

AGND

図 10-1. Example Layout
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11 Device and Documentation Support
11.1 Device Support
11.1.1 Third-Party Products Disclaimer

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

11.1.2 Development Support
11.1.2.1 Custom Design With WEBENCH® Tools

Click here to create a custom design using the TPS552882-Q1 device with the WEBENCH® Power Designer.

1. Start by entering the input voltage (VIN), output voltage (VOUT), and output current (IOUT) requirements.
2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.
3. Compare the generated design with other possible solutions from Texas Instruments.

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

In most cases, these actions are available:
• Run electrical simulations to see important waveforms and circuit performance
• Run thermal simulations to understand board thermal performance
• Export customized schematic and layout into popular CAD formats
• Print PDF reports for the design, and share the design with colleagues

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

11.2 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、ti.com のデバイス製品フォルダを開いてください。「更新の通知を受
け取る」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れます。変更の詳細

については、修正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。

11.3 サポート・リソース
TI 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、該当する貢献者により、現状のまま提供されるものです。これらは TI の仕様を構成するも

のではなく、必ずしも TI の見解を反映したものではありません。TI の使用条件を参照してください。

11.4 Trademarks
HotRod™ and TI E2E™ are trademarks of Texas Instruments.
WEBENCH® is a registered 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。

11.5 用語集
TI 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。

11.6 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 ESD 対策をとらないと、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。
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12 Mechanical, Packaging, and Orderable Information
The following pages include mechanical, packaging, and orderable information. This information is the most 
current data available for the designated devices. This data is subject to change without notice and revision of 
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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Pins Package
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Eco Plan
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Lead finish/
Ball material

(6)

MSL Peak Temp
(3)

Op Temp (°C) Device Marking
(4/5)

Samples

TPS552882QRPMRQ1 ACTIVE VQFN-HR RPM 26 3000 RoHS & Green Call TI | SN Level-2-260C-1 YEAR -40 to 150 2882Q Samples
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Drawing
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RPM 26 3000 330.0 12.4 3.8 4.3 1.5 8.0 12.0 Q2
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RPM 26 3000 330.0 12.4 3.8 4.3 1.5 8.0 12.0 Q2
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Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

TPS552882QRPMRQ1 VQFN-HR RPM 26 3000 367.0 367.0 35.0

TPS552882QRPMRQ1 VQFN-HR RPM 26 3000 367.0 367.0 35.0

TPS552882QWRPMRQ1 VQFN-HR RPM 26 3000 367.0 367.0 35.0
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www.ti.com

GENERIC PACKAGE VIEW

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

VQFN-HR - 1 mm max heightRPM 26
VERY THIN QUAD FLATPACK-HotRod3.5 x 4, 0.5 mm pitch

4226451/A



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.

PACKAGE OUTLINE
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NOTES: (continued)

3. For more information, see Texas Instruments literature number SLUA271 (www.ti.com/lit/slua271) .

EXAMPLE BOARD LAYOUT
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NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

EXAMPLE STENCIL DESIGN
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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.

PACKAGE OUTLINE
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EXAMPLE BOARD LAYOUT
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NOTES: (continued)

3. For more information, see Texas Instruments literature number SLUA271 (www.ti.com/lit/slua271) .
4. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
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NOTES: (continued)

5. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate 
design recommendations.
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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
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