
TPS51396A 4.5V～24V、8A の同期整流降圧型電圧レギュレータ、バッテリ動
作時間を伸ばす ULQ™ モード搭載

1 特長
• 入力電圧範囲：4.5V～24V
• D-CAP3™ アーキテクチャ制御による高速過渡応答

• 出力電圧範囲：0.6V～7V
• 帰還電圧精度：1% (25℃)
• 連続出力電流：8A
• RDS(on) が 19.5mΩ および 9.5mΩ の内蔵パワー・スイ

ッチ
• ULQ™ 動作により、システムのスタンバイ中のバッテリ

動作時間を延長
• MODE ピンにより、軽負荷時の動作として Eco-Mode

™ と OOA モードを選択可能

• MODE ピンにより 600kHz、800kHz、1MHz のスイッ

チング周波数を選択可能
• 25kHz を超えるスイッチング周波数での OOA (Out-

of-Audio) 軽負荷動作

• 大きなデューティ・サイクルによる動作をサポート

• SS ピンによりソフト・スタート時間を調整可能

• パワー・グッド・インジケータ

• 出力放電機能を内蔵

• サイクル単位の過電流保護

• ラッチ付きの出力による OV および UV 保護

• ラッチなしの OT および UVLO 保護

• 20 ピン、3.0mm × 3.0mm の HotRod™ VQFN パッケ

ージ

2 アプリケーション
• ノート PC、DTV および STB
• テレコムおよびネットワーキング、ポイント・オブ・ロード 

(POL)
• IPC、ファクトリ・オートメーション

• 分散電源システム

3 概要
TPS51396A は、複数の FET を統合し、高電圧入力に対

応する、コスト効率の優れた高効率同期整流降圧型コン
バータです。

TPS51396A の主な特長の 1 つは、バイアス電流の低減

とデューティ範囲の広い動作を実現する ULQ (超低静止

電流) 機能です。低消費電力動作で長期的なバッテリ寿

命を実現しようとする場合、この ULQ 機能は非常に有益

です。TPS51396A は、4.5V～24V の電源入力電圧範囲

で動作します。この製品は DCAP3 制御モードを使用して

高速過渡応答や、優れたライン・レギュレーションと負荷レ
ギュレーションを実現し、外部補償を不要にするほか、特
殊ポリマ・コンデンサや超低 ESR (等価直列抵抗) セラミッ

ク・コンデンサなど、ESR の小さい各種出力コンデンサを

サポートします。

TPS51396A は、OVP、UVP、OCP、OTP、UVLO の完

全な保護機能を搭載しています。これは、パワー・グッド信
号と出力放電機能の組み合わせによるものです。

TPS51396A の MODE ピンは、軽負荷動作のための 

Eco-Mode または OOA モードを設定するのに利用でき

ます。Eco-Mode は軽負荷動作中も高い効率を維持し、

OOA モードは無負荷でも 25kHz を上回るスイッチング周

波数で動作します。

TPS51396A は、内部ソフト・スタート時間と外部ソフト・ス

タート時間を選択できます。内部ソフトスタート時間は 
1.3ms に固定されています。アプリケーションでこれより長

いソフト・スタート時間が必要な場合、SS ピンに外付けの

コンデンサを接続して、長いソフト・スタート時間を実現で
きます。

TPS51396A は、20 ピンの 3.0mm × 3.0mm HotRod パ
ッケージで供給され、–40℃～125℃の接合部温度で動

作が規定されています。

製品情報
部品番号 パッケージ(1) 本体サイズ (公称)

TPS51396A VQFN (20) 3.00mm × 3.00mm

(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。

CIN

L

FB

VIN
VIN

EN

Css

SS

TPS51396A

AGND PGND

PGOOD

SW

VBST

MODE

C1

VCC

R5

COUT  
 

R1  

R2

VOUT

 

 RM_L

RM_H

VCC

PGOOD

CBST

Could be floating

代表的なアプリケーション
I-Load (A)

E
ff

ic
ie

n
c
y
 (

%
)

0.001 0.01 0.1 1 10
60

65

70

75

80

85

90

95

100

D034

VVIN=6V,   VOUT=5V,FSW=600kHz
VVIN=8.4V,VOUT=5V,FSW=600kHz
VVIN=12V, VOUT=5V,FSW=600kHz
VVIN=19V, VOUT=5V,FSW=600kHz

効率と出力電流との関係 (ECO-mode)

TPS51396A
JAJSLU8C – FEBRUARY 2019 – REVISED APRIL 2021

参考資料

英語版の TI 製品についての情報を翻訳したこの資料は、製品の概要を確認する目的で便宜的に提供しているものです。該当する正式な英語版の最新情報は、

www.ti.com で閲覧でき、その内容が常に優先されます。TI では翻訳の正確性および妥当性につきましては一切保証いたしません。実際の設計などの前には、必ず

最新版の英語版をご参照くださいますようお願いいたします。
English Data Sheet: SLVSEY3

https://www.ti.com/applications/personal-electronics/pc-notebooks/overview.html
https://www.ti.com/applications/personal-electronics/tv/overview.html
https://www.ti.com/applications/enterprise-systems/datacenter-enterprise-computing/overview.html
https://www.ti.com/applications/industrial/factory-automation/overview.html
https://www.tij.co.jp/product/jp/tps51396a?qgpn=tps51396a
https://www.tij.co.jp/product/jp/TPS51396A?dcmp=dsproject&hqs=#order-quality
https://www.tij.co.jp/product/jp/TPS51396A?dcmp=dsproject&hqs=#tech-docs
https://www.tij.co.jp/product/jp/TPS51396A?dcmp=dsproject&hqs=#design-development
https://www.tij.co.jp/product/jp/TPS51396A?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SLVSEY3


Table of Contents
1 特長................................................................................... 1
2 アプリケーション...................................................................1
3 概要................................................................................... 1
4 Revision History.............................................................. 2
5 Pin Configuration and Functions...................................3
6 Specifications.................................................................. 4

6.1 Absolute Maximum Ratings........................................ 4
6.2 ESD Ratings............................................................... 4
6.3 Recommended Operating Conditions.........................4
6.4 Thermal Information....................................................5
6.5 Electrical Characteristics.............................................5
6.6 Typical Characteristics................................................ 7

7 Detailed Description...................................................... 11
7.1 Overview................................................................... 11
7.2 Functional Block Diagram......................................... 12
7.3 Feature Description...................................................13
7.4 Device Functional Modes..........................................14

8 Application and Implementation.................................. 17
8.1 Application Information............................................. 17
8.2 1V Output Typical Application................................... 17

9 Power Supply Recommendations................................22
10 Layout...........................................................................23

10.1 Layout Guidelines................................................... 23
10.2 Layout Example...................................................... 23

11 Device and Documentation Support..........................24
11.1 Device Support........................................................24
11.2 Receiving Notification of Documentation Updates.. 24
11.3 サポート・リソース.......................................................24
11.4 Trademarks............................................................. 24
11.5 Electrostatic Discharge Caution.............................. 24
11.6 Glossary.................................................................. 24

12 Mechanical, Packaging, and Orderable 
Information.................................................................... 25

4 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。

Changes from Revision B (April 2020) to Revision C (April 2021) Page
• 最初の公開リリース............................................................................................................................................... 1
• 文書全体にわたって表、図、相互参照の採番方法を更新.......................................................................................1
• タイトルを更新...................................................................................................................................................... 1
• Added table note to the Recommended Operating Conditions ......................................................................... 4

Changes from Revision A (April 2020) to Revision B (April 2020) Page
• マーケティング・ステータスを NDA 制限から選択的開示に変更..............................................................................1

Changes from Revision * (February 2019) to Revision A (April 2020) Page
• マーケティング・ステータスを事前情報から量産リリースに変更................................................................................ 1

TPS51396A
JAJSLU8C – FEBRUARY 2019 – REVISED APRIL 2021 www.tij.co.jp

2 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: TPS51396A

https://www.tij.co.jp/product/jp/tps51396a?qgpn=tps51396a
https://www.tij.co.jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSLU8C&partnum=TPS51396A
https://www.tij.co.jp/product/jp/tps51396a?qgpn=tps51396a


5 Pin Configuration and Functions
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図 5-1. RJE Package 20-Pin VQFN (Top View)

表 5-1. Pin Functions
PIN

I/O DESCRIPTION
NAME NO.

BST 1 I Supply input for the gate drive voltage of the high-side MOSFET. Connect the bootstrap capacitor between 
BST and SW, 0.1 μF is recommended.

VIN 2,3,4,5 P Input voltage supply pin for the control circuitry. Connect the input decoupling capacitors between VIN and 
GND.

SW 6,19,20 O Switch node terminal. Connect the output inductor to this pin.

GND 7,8,18,Pad G Power GND terminal for the controller circuit and the internal circuitry.

PGOOD 9 O Open drain power good indicator. It is asserted low if output voltage is out of PGOOD threshold, over 
voltage or if the device is under thermal shutdown, EN shutdown or during soft start.

SS 11 I Soft-start time selection pin. Connecting an external capacitor sets the soft-start time and if no external 
capacitor is connected, the soft-start time is about 1.3 ms.

NC 10,16 Not connect. Can be connected to GND plane for better thermal achieved.

EN 12 I Enable pin of buck converter. EN pin is a digital input pin, decides turn on or off buck converter. Internal pull 
down current to disable converter if leave this pin open.

AGND 13 G Ground of internal analog circuitry. Connect AGND to GND plane with a short trace.

FB 14 I Converter feedback input. Connect to the center tap of the resistor divider between output voltage and 
AGND.

MODE 15 I Llight load operation mode selection pin. Connect this pin to a resistor divider from VCC and AGND, the 
different MODE options are shown in 表 7-1

VCC 17 O 5.0-V internal VCC LDO output. This pin supplies voltage to the internal circuitry and gate driver. Bypass 
this pin with a 1-μF capacitor.
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) (1)

MIN MAX UNIT

Input voltage

VIN –0.3 26 V

VBST –0.3 31 V

VBST-SW –0.3 6 V

EN, MODE, FB, SS –0.3 6 V

PGND, AGND –0.3 0.3 V

Output voltage

SW –2 26 V

SW (10-ns transient) –3 28 V

PGOOD –0.3 6 V

TJ Operating junction temperature –40 150 °C

Tstg Storage temperature –55 150 °C

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

6.2 ESD Ratings
VALUE UNIT

V(ESD)
Electrostatic 
discharge

Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(1) ±2000 V

Charged-device model (CDM), per JEDEC specification JESD22- V C101(2) ±500 V

(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.

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

MIN MAX UNIT

Input voltage

VIN(1) 4.5 24 V

VBST –0.3 29 V

VBST-SW –0.3 5.5 V

EN, MODE, FB, SS –0.3 5.5 V

PGND, AGND –0.3 0.3 V

Output voltage

SW –2 24 V

SW (10-ns transient) –3 26 V

PGOOD –0.3 5.5 V

IOUT Output current 8 A

TJ Operating junction temperature –40 125 °C

(1) Max DC input (inlcude tolerance) should be not over 24 V.
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6.4 Thermal Information

THERMAL METRIC(1)

TPS51396A
UNITRJE (VQFN)

20 PINS
RθJA Junction-to-ambient thermal resistance 44.9 °C/W

RθJC(top) Junction-to-case (top) thermal resistance 32.3 °C/W

RθJB Junction-to-board thermal resistance 13.3 °C/W

ψJT Junction-to-top characterization parameter 1.3 °C/W

ψJB Junction-to-board characterization parameter 13.5 °C/W

RθJC(bot) Junction-to-case (bottom) thermal resistance 16.1 °C/W

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

6.5 Electrical Characteristics
TJ =-40°C to 125°C, VVIN = 12 V, unless otherwise noted

PARAMETER TEST CONDITION MIN TYP MAX UNIT
SUPPLY CURRENT
VIN Input voltage range VIN 4.5 24 V

IVIN VIN supply current No load, VEN = 3.3 V, Switching 90 uA

IVINSDN Shutdown supply current No load, VEN = 0 V 2 uA

VCC OUTPUT

VCC VCC output voltage
VVIN > 5.0 V 4.85 5 5.15 V

VVIN = 4.5 V 4.5 V

ICC VCC current limit 20 mA

FEEDBACK VOLTAGE

VFB FB voltage
TJ = 25°C 594 600 606 mV

TJ = -40°C to 125°C 592 600 611 mV

DUTY CYCLE and FREQUENCY CONTROL
FSW Switching frequency TJ = 25°C , FSW = 600 kHz,Vo = 1 V 600 kHz

TON(MIN) SW minumum on time TJ = 25°C 60 ns

TOFF(MIN) SW minimum off time TJ = 25°C, VFB = 0.5 V 190 ns

MOSFET and DRIVERS
RDS(ON)H High side switch resistance TJ = 25°C 19.5 mΩ

RDS(ON)L Low side switch resistance TJ = 25°C 9.5 mΩ

OOA FUNCTION
TOOA OOA mode operation period 28 us

OUTPUT DISCHARGE and SOFT START
RDIS Discharge resistance TJ = 25°C, VEN = 0 V 420 Ω

TSS Soft start time Internal soft-start time, SS floating 1.3 ms

ISS Soft start charge current 5 uA

POWER GOOD
TPGDLY PG start-up delay PG from low to high 1 ms

VPGTH PG threshold

VFB falling (fault) 85 %

VFB rising (good) 90 %

VFB rising (fault) 115 %

VFB falling (good) 110 %

VPG_L PG sink current capability IOL = 4 mA 0.4 V

IPGLK PG leak current VPGOOD = 5.5 V 1 uA
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TJ =-40°C to 125°C, VVIN = 12 V, unless otherwise noted
PARAMETER TEST CONDITION MIN TYP MAX UNIT

CURRENT LIMIT
IOCL Over current threshold Valley current set point 8.1 9.8 12 A

INOCL Negative over current threshold 3.9 A

LOGIC THRESHOLD
VENH EN high-level input voltage 1.2 1.4 V

VENL EN low-level input voltage 0.8 1.05 V

IEN
Enable internal pull down 
current VEN = 0.8 V 2 µA

OUTPUT UNDERVOLTAGE AND OVERVOLTAGE PROTECTION
VOVP OVP trip threshold 125 %

tOVPDLY OVP prop deglitch TJ = 25°C 20 us

VUVP UVP trip threshold 60 %

tUVPDLY UVP prop deglitch 256 us

UVLO

VUVLOVIN VIN UVLO threshold

Wake up 4.2 4.4 V

Shutdown 3.6 3.8 V

Hysteresis 0.4 V

OVER TEMPERATURE PROTECTION
TOTP OTP trip threshold(1) Shutdown temperature 150 °C

TOTPHSY OTP hysteresis(1) Hysteresis 20 °C

(1) Not production tested
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6.6 Typical Characteristics
TJ=-40oC to 125oC, VVIN=12V(unless otherwise noted)
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図 6-1. Supply Current vs Junction Temperature
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Junction Temperature (OC)
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図 6-7. Low-Side RDS(on) vs Junction Temperature
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図 6-8. OVP Threshold vs Junction Temperature

Junction Temperature (OC)

U
V

P
 T

h
re

s
h
o
ld

 (
%

)

-50 -20 10 40 70 100 130
59

60

61

62

63

64

D007

図 6-9. UVP Threshold vs Junction Temperature
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図 6-10. Discharge Resistor vs Junction 
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図 6-12. Soft-Start Time vs Junction Temperature
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図 6-14. Efficiency, OOA-mode, FSW = 600 kHz

I-Load (A)

E
ff

ic
ie

n
c
y
 (

%
)

0.001 0.01 0.1 1 10
40

50

60

70

80

90

100

D030

VVIN=12V, VOUT=1V
VVIN=12V, VOUT=3.3V
VVIN=12V, VOUT=5V

図 6-15. Efficiency, Eco-mode, FSW = 1 MHz
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図 6-16. Efficiency, OOA-mode, FSW = 1 MHz
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図 6-17. FSW Load Regulation, Eco-mode, FSW = 
600 kHz
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図 6-18. FSW Load Regulation, OOA-mode, FSW = 
600 kHz

www.tij.co.jp
TPS51396A

JAJSLU8C – FEBRUARY 2019 – REVISED APRIL 2021

Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback 9

Product Folder Links: TPS51396A

https://www.tij.co.jp
https://www.tij.co.jp/product/jp/tps51396a?qgpn=tps51396a
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSLU8C&partnum=TPS51396A
https://www.tij.co.jp/product/jp/tps51396a?qgpn=tps51396a


I-Load (A)

S
w

it
c
h

in
g
 F

re
q

u
e
n
c
y
 (

k
H

z
)

0.001 0.01 0.1 1 10
0

100

200

300

400

500

600

700

800

900

D038

VVIN=5V,VOUT=1V
VVIN=8.4V,VOUT=1V
VVIN=12V,VOUT=1V
VVIN=19V,VOUT=1V

図 6-19. FSW Load Regulation, Eco-mode, FSW = 
800 kHz
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図 6-20. FSW Load Regulation, OOA-mode, FSW = 
800 kHz

I-Load (A)

S
w

it
c
h
in

g
 F

re
q
u
e
n
c
y
 (

k
H

z
)

0.001 0.01 0.1 1 10
0

100

200

300

400

500

600

700

800

900

1000

1100

D052

VVIN=12V,  VOUT=1V
VVIN=12V,VOUT=3.3V
VVIN=12V,VOUT=5V

図 6-21. FSW Load Regulation, Eco-mode, FSW = 1 
MHz
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図 6-22. FSW Load Regulation, OOA-mode, FSW = 1 
MHz
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7 Detailed Description
7.1 Overview
The TPS51396A is 8-A integrated FET synchronous buck converter which operates from 4.5-V to 24-V input 
voltage (VIN), and the output is from 0.6 V to 7 V. The proprietary D-CAP3 mode enables low external 
component count, ease of design, optimization of the power design for cost, size, and efficiency. The key feature 
of the TPS51396A is ultra-low quiescent current (ULQ) mode. This feature is beneficial for long battery life in 
system standby mode. The device employs D-CAP3 mode control that provides fast transient response with no 
external compensation components and an accurate feedback voltage. The control topology provides seamless 
transition between CCM operating mode at higher load condition and DCM operation at lighter load condition. 
Eco-mode allows the TPS51396A to maintain high efficiency at light load. OOA (out of audio) mode makes 
switching frequency above audible frequency larger than 25 kHz, even there is no loading at output side. The 
TPS51396A is able to adapt to both low equivalent series resistance (ESR) output capacitors such as POSCAP 
or SP-CAP, and ultra-low ESR ceramic capacitors.
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7.2 Functional Block Diagram
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7.3 Feature Description
7.3.1 PWM Operation and D-CAP3 Control

The main control loop of the buck is adaptive on-time pulse width modulation (PWM) controller that supports a 
proprietary DCAP3 mode control. The DCAP3 mode control combines adaptive on-time control with an internal 
compensation circuit for pseudo-fixed frequency and low external component count configuration with both low-
ESR and ceramic output capacitors. It is stable even with virtually no ripple at the output. The TPS51396A also 
includes an error amplifier that makes the output voltage very accurate.

At the beginning of each cycle, the high-side MOSFET is turned on. This MOSFET is turned off after internal 
one-shot timer expires. This one-shot duration is set proportional to the output voltage, VOUT, and is inversely 
proportional to the converter input voltage, VIN, to maintain a pseudo-fixed frequency over the input voltage 
range, hence it is called adaptive on-time control. The one-shot timer is reset and the high-side MOSFET is 
turned on again when the feedback voltage falls below the reference voltage. An internal ripple generation circuit 
is added to reference voltage for emulating the output ripple, this enables the use of very low-ESR output 
capacitors such as multi-layered ceramic caps (MLCC). No external current sense network or loop compensation 
is required for DCAP3 control topology.

For any control topology that is compensated internally, there is a range of the output filter it can support. The 
output filter used with the TPS51396A is a low-pass L-C circuit. This L-C filter has a double-pole frequency 
described in 式 1.

OUTOUT

p
CL2

1
f

uuSu

 

(1)

At low frequency, the overall loop gain is set by the output set-point resistor divider network and the internal gain 
of the TPS51396A. The low-frequency L-C double pole has a 180 degree drop in phase. At the output filter 
frequency, the gain rolls off at a –40 dB per decade rate and the phase drops rapidly. The internal ripple 
generation network introduces a high-frequency zero that reduces the gain roll off from –40 dB to –20 dB per 
decade and leads the 90 degree phase boost. The internal ripple injection high-frequency zero is related to the 
switching frequency. The crossover frequency of the overall system should usually be targeted to be less than 
one-third of the switching frequency (FSW).

7.3.2 Soft Start

The TPS51396A has an internal 1.3-ms soft start, and also an external SS pin is provided for setting higher soft-
start time if needed. When the EN pin becomes high, the soft-start function begins ramping up the reference 
voltage to the PWM comparator.

If the application needs a larger soft start time, it can be set by connecting a capacitor on SS pin. When the EN 
pin becomes high, the soft-start charge current (ISS) begins charging the external capacitor (CSS) connected 
between SS and AGND. The devices tracks the lower of the internal soft-start voltage or the external soft-start 
voltage as the reference. The equation for the soft-start time (TSS) is shown in 式 2:

)A(I

)V(V)nF(C
T

ss

REFss
ss

P

u
 

(2)

where

• VREF is 0.6 V and ISS is 5 μA

7.3.3 Large Duty Operation

The TPS51396A can support large duty operations by its internal TON extension function. When the VIN/VOUT 
<1.6, and the VFB is lower than internal VREF, the TON will be extended to implement the large duty operation and 
also improve the performance of the load transient performance.
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7.3.4 Power Good

The Power Good (PGOOD) pin is an open-drain output. Once the VFB is between 90% and 110% of the target 
output voltage, the PGOOD is de-asserted and floats after a 1-ms de-glitch time. A 100 kΩ pullup resistor is 
recommended to pull the voltage up to VCC. The PGOOD pin is pulled low when:
• the FB pin voltage is lower than 85% or greater than 115% of the target output voltage
• in an OVP, UVP, or thermal shutdown event
• during the soft-start period.

7.3.5 Over Current Protection and Undervoltage Protection

The TPS51396A has the over current protection and undervoltage protection. The output over current limit 
(OCL) is implemented using a cycle-by-cycle valley detect circuit. The switch current is monitored during the 
OFF state by measuring the low-side FET drain to source voltage. This voltage is proportional to the switch 
current. To improve accuracy, the voltage sensing is temperature compensated.

During the on-time of the high-side FET switch, the switch current increases at a linear rate determined by VIN, 
VOUT, the on-time and the output inductor value. During the on-time of the low-side FET switch, this current 
decreases linearly. The average value of the switch current is the load current IOUT. If the monitored current is 
above the OCL level, the converter maintains low-side FET on and delays the creation of a new set pulse, even 
the voltage feedback loop requires one, until the current level becomes OCL level or lower. In subsequent 
switching cycles, the on-time is set to a fixed value and the current is monitored in the same manner.

There are some important considerations for this type of over current protection. When the load current is higher 
than the over current threshold by one half of the peak-to-peak inductor ripple current, the OCL is triggered and 
the current is being limited, the output voltage tends to drop because the load demand is higher than what the 
converter can support. When the output voltage falls below 60% of the target voltage, the UVP comparator 
detects it, the output will be latched after a wait time of 256us. When the over current condition is removed, the 
output voltage is latched till the EN is toggled or re-power the power input.

7.3.6 Over Voltage Protection

The TPS51396A has the over voltage protection feature. When the output voltage becomes higher than 125% of 
the target voltage, the OVP comparator output goes high, the output will be discharged after a wait time of 20 µs. 
When the over voltage condition is removed, the output voltage is latched till the EN is toggled or re-power the 
power input.

7.3.7 UVLO Protection

Undervoltage Lockout protection (UVLO) monitors the VIN power input. When the voltage is lower than UVLO 
threshold voltage, the device is shut off and output is discharged. This is a non-latch protection.

7.3.8 Output Voltage Discharge

The TPS51396A has the discharge function by using internal MOSFET about 420Ω RDS(on), which is connected 
to the output terminal SW. The discharge is slow due to the lower current capability of the MOSFET.

7.3.9 Thermal Shutdown

The TPS51396A monitors the internal die temperature. If the temperature exceeds the threshold value (typically 
150°C), the device is shut off and the output will be discharged. This is a non-latched protection, the device 
restarts switching when the temperature goes below the thermal shutdown threshold.

7.4 Device Functional Modes
7.4.1 Light Load Operation

TPS51396A has a MODE pin which can setup three different modes of operation for light load running and 600 
kHz/800 kHz/1 MHz switching frequency at heavy load .The light load running includes out-of-audio 
mode ,advanced Eco-mode and force CCM mode.
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7.4.2 Advanced Eco-mode™ Control

The advanced Eco-mode™ control scheme to maintain high light load efficiency. As the output current decreases 
from heavy load conditions, the inductor current is also reduced and eventually comes to a point where the 
rippled valley touches zero level, which is the boundary between continuous conduction and discontinuous 
conduction modes. The rectifying MOSFET is turned off when the zero inductor current is detected. As the load 
current further decreases, the converter runs into discontinuous conduction mode. The on-time is kept almost 
the same as it was in the continuous conduction mode so that it takes longer time to discharge the output 
capacitor with smaller load current to the level of the reference voltage. This makes the switching frequency 
lower, proportional to the load current, and keeps the light load efficiency high. The light load current where the 
transition to Eco-mode™ operation happens ( IOUT(LL) ) can be calculated from 式 3.

-IN OUT OUT
OUT(LL)

OUT SW IN

(V V ) × V1
I = ×

2 × L × F V (3)

After identifying the application requirements, design the output inductance (LOUT) so that the inductor peak-to-
peak ripple current is approximately between 20% and 30% of the IOUT(max) (peak current in the application). It is 
also important to size the inductor properly so that the valley current does not hit the negative low-side current 
limit.

7.4.3 Out of Audio Mode

Out-of-Audio (OOA) light-load mode is a unique control feature that keeps the switching frequency above 
audible frequency towards a virtual no-load condition. During Out-of-Audio operation, the OOA control circuit 
monitors the states of both high-side and low-side MOSFETs and forces them switching if both MOSFETs are off 
for more than 28 μs. When both high-side and low-side MOSFETs are off for more than 28 μs during a light-load 
condition, the lowside FET will be on for discharge till reverse OC happens or output voltage drops to trigger the 
high-side FET on. This mode initiates one cycle of the low-side MOSFET and the high-side MOSFET turning on. 
Then, both MOSFETs stay turned off waiting for another 28 μs.

If the MODE pin is selected to operate in OOA mode, when the device works at light load, the minimum 
switching frequency is above 25 kHz which avoids the audible noise in the system.

7.4.4 Mode Selection

The device reads the voltage on the MODE pin during start-up and latches onto one of the MODE options listed 
below in 表 7-1 . The voltage on the MODE pin can be set by connecting this pin to the center tap of a resistor 
divider connected between VCC and AGND. A guideline for the top resistor (RM_H) and the bottom resistor 
(RM_L) is shown in 表 7-1, and 1% resistors are recommended. It is important that the voltage for the MODE pin 
is derived from the VCC rail only since internally this voltage is referenced to detect the MODE option. The 
MODE pin setting can be reset only by a VIN power cycling or EN toggle.

表 7-1. MODE Pin Resistor Settings
RM_H(kΩ) RM_L (kΩ) Light Load Operation Switching Frequency (kHz)

330 5.1 Eco-mode 600

330 15 Eco-mode 800

330 27 Eco-mode 1000

300 43 OOA mode 600

150 33 OOA mode 800

160 51 OOA mode 1000

図 7-1 below shows the typical start-up sequence of the device once the enable signal crosses the EN turn on 
threshold. After the voltage on VCC crosses the rising UVLO threshold it takes about 500us to read the first 
mode setting and approximately 100us from there to finish the last mode setting. The output voltage starts 
ramping after the mode reading is done.
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図 7-1. Power-Up Sequence

7.4.5 Standby Operation

The TPS51396A can be placed in standby mode by pulling the EN pin low. The device operates with a shutdown 
current of 2 µA when in standby condition. EN pin is pulled low internally, when float, the part is disabled by 
default.
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8 Application and Implementation
Note

Information in the following applications sections is not part of the TI component specification, and TI 
does not warrant its accuracy or completeness. TI ’s customers are responsible for determining 
suitability of components for their purposes, as well as validating and testing their design 
implementation to confirm system functionality.

8.1 Application Information
The schematic of 図 8-1 shows a typical application for TPS51396A with 1-V output. This design converts an 
input voltage range of 4.5 V to 24 V down to 1 V with a maximum output current of 8 A.

8.2 1V Output Typical Application

図 8-1. 1V/8A Reference Design with Eco-mode, Fsw = 600 kHz

8.2.1 Design Requirements

表 8-1 lists the design parameters for this example.

表 8-1. Design Parameters
PARAMETER CONDITIONS MIN TYP MAX UNIT

OUTPUT

VOUT Output voltage 1 V

IOUT Output current 8 A

ΔVOUT Transient response 0 A - 8 A load step,2.5A/us ±40 mV

VIN Input voltage 4.5 12 24 V

VOUT(ripple) Output voltage ripple (CCM) 18 mV(P-P)

FSW Switching frequency 600 kHz

Light load operating mode Eco-mode

TA Ambient temperature 25 °C

8.2.2 Detailed Design Procedure
8.2.2.1 External Component Selection
8.2.2.1.1 Output Voltage Set Point

To change the output voltage of the application, it is necessary to change the value of the upper feedback 
resistor. By changing this resistor the user can change the output voltage above 0.6 V. See 式 4
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8.2.2.1.2 Inductor Selection

The inductor ripple current is filtered by the output capacitor. A higher inductor ripple current means the output 
capacitor should have a ripple current rating higher than the inductor ripple current. See 表 8-2 for recommended 
inductor values.

The RMS and peak currents through the inductor can be calculated using 式 5 and 式 6. It is important that the 
inductor is rated to handle these currents.
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During transient and short-circuit conditions, the inductor current can increase up to the current limit of the 
device so it is safe to choose an inductor with a saturation current higher than the peak current under current 
limit condition.

8.2.2.1.3 Output Capacitor Selection

After selecting the inductor the output capacitor needs to be optimized. In DCAP3™, the regulator reacts within 
one cycle to the change in the duty cycle so the good transient performance can be achieved without needing 
large amounts of output capacitance. The recommended output capacitance range is given in 表 8-2.

Ceramic capacitors have very low ESR, otherwise the maximum ESR of the capacitor should be less than 
VOUT(ripple)/IOUT(ripple).

表 8-2. Recommended Component Values
VOUT (V) RLOWER (kΩ) RUPPER 

(kΩ) Fsw (kHz) LOUT (µH) COUT(min) (µF) COUT(max) (µF) CFF (PF)

0.6 10 0

600 0.47 66 500 -

800 0.33 66 500 -

1000 0.27 66 500 -

1 30 20

600 0.68 66 500 -

800 0.47 66 500 -

1000 0.33 66 500 -

3.3 20 90

600 1.5 66 500 47-330

800 1.2 66 500 47-330

1000 1 66 500 47-330

5.0 30 220

600 2.2 66 500 47-330

800 1.5 66 500 47-330

1000 1.2 66 500 47-330
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8.2.2.1.4 Input Capacitor Selection

The TPS51396A requires input decoupling capacitors on power supply input VIN, and the bulk capacitors are 
needed depending on the application. The minimum input capacitance required is given in 式 7.

OUT OUT
IN(min)

INripple IN SW

I ×V
C =

V ×V ×F (7)

TI recommends using a high-quality X5R or X7R input decoupling capacitors of 40 µF on the input voltage pin 
VIN. The voltage rating on the input capacitor must be greater than the maximum input voltage. The capacitor 
must also have a ripple current rating greater than the maximum input current ripple of the application. The input 
ripple current is calculated by 式 8:

( )
CIN(rms)

IN(min) OUTOUT
OUT

IN(min) IN(min)

V -VV
I = I × ×

V V (8)

A 1-µF ceramic capacitor is needed for the decoupling capacitor on VCC pin.
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8.2.3 Application Curves

図 8-2 through 図 8-15 apply to the circuit of 図 8-1. VIN = 12 V. TJ = 25°C unless otherwise specified.

I-Load (A)

E
ff
ic

ie
n
c
y
 (

%
)

0.001 0.01 0.1 1 10
55

60

65

70

75

80

85

90

95

D033

VVIN=5V,   VOUT=1V
VVIN=8.4V,VOUT=1V
VVIN=12V, VOUT=1V
VVIN=19V, VOUT=1V

図 8-2. Efficiency Curve, Fsw = 600 kHz
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図 8-3. Load Regulation ,Fsw = 600 kHz
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IOUT = 8 A

図 8-4. Switching Frequency vs Input Voltage
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図 8-5. Switching Frequency vs Output Load
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図 8-6. Line Regulation,IOUT = 0.01 A
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図 8-7. Line Regulation,IOUT = 8 A
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200us/div

Vout=20mV/div (AC coupled)

SW=5V/div 

図 8-8. Output Voltage Ripple, IOUT = 0.01 A
2us/div

Vout=20mV/div (AC coupled)

SW=5V/div 

図 8-9. Output Voltage Ripple, IOUT = 8 A
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図 8-10. Start-Up Through EN, IOUT = 4A
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図 8-11. Shut-down Through EN, IOUT = 4A
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図 8-12. Start Up Relative to VIN Rising, IOUT = 4 A
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図 8-13. Start Up Relative to VIN Falling, IOUT = 4 A
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Iout=5A/div

200us/div

Vout=50mV/div (AC coupled)

A.Slew Rate=2.5A/us

図 8-14. Transient Response, 0.8 A to 7.2 A

Vout=50mV/div (AC coupled)

Iout=5A/div

200us/div

A.Slew Rate=2.5A/us

図 8-15. Transient Response, 0 A to 8 A

9 Power Supply Recommendations
The TPS51396A is intended to be powered by a well regulated dc voltage. The input voltage range is 4.5 to 24 
V. TPS51396A is a buck converter. The input supply voltage must be greater than the desired output voltage for 
proper operation. Input supply current must be appropriate for the desired output current. If the input voltage 
supply is located far from the TPS51396A circuit, additional input bulk capacitance is recommended, typical 
values are 100 μF to 470 μF.
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10 Layout
10.1 Layout Guidelines
• TI recommends a four-layer PCB for good thermal performance and with maximum ground plane. 3-inch × 3-

inch, four-layer PCB with 2-oz copper is used as example.
• Place the decoupling capacitors right across VIN and VCC as close as possible.
• Place output inductor and capacitors with IC at the same layer, SW routing should be as short as possible to 

minimize EMI, and should be a width plane to carry big current, enough vias should be added to the GND 
connection of output capacitor and also as close to the output pin as possible.

• Place BST resistor and capacitor with IC at the same layer, close to BST and SW plane, >15 mil width trace 
is recommended to reduce line parasitic inductance.

• Feedback could be 20 mil and must be routed away from the switching node, BST node or other high 
efficiency signal.

• VIN trace must be wide to reduce the trace impedance and provide enough current capability.
• Place multiple vias under the device near VIN and GND and near input capacitors to reduce parasitic 

inductance and improve thermal performance

10.2 Layout Example
図 10-1 shows the recommended top-side layout. Component reference designators are the same as the circuit 
shown in 図 8-1. Resistor divider for EN is not used in the circuit of 図 8-1, but are shown in the layout for 
reference.

 

VIN 

 

SW 

 

GND 

 

GND 

 

VOUT 

 
AGND 

図 10-1. Top-Layer 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.

11.2 Receiving Notification of Documentation Updates
To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on 
Subscribe to updates to register and receive a weekly digest of any product information that has changed. For 
change details, review the revision history included in any revised document.

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
Eco-mode™, D-CAP3™, ULQ™, Eco-Mode™, HotRod™, DCAP3™, and TI E2E™ are trademarks 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 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled 
with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric changes could cause the device not to meet its published 
specifications.

11.6 Glossary
TI Glossary This glossary lists and explains terms, acronyms, and definitions.
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12 Mechanical, Packaging, and Orderable Information
The following pages include mechanical, packaging, and orderable information. This information is the most 
current data available for the designated devices. This data is subject to change without notice and revision of 
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status
(1)

Material type
(2)

Package | Pins Package qty | Carrier RoHS
(3)

Lead finish/
Ball material

(4)

MSL rating/
Peak reflow

(5)

Op temp (°C) Part marking
(6)

TPS51396ARJER Active Production VQFN-HR (RJE) | 20 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 51396A

TPS51396ARJER.A Active Production VQFN-HR (RJE) | 20 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 51396A

TPS51396ARJER.B Active Production VQFN-HR (RJE) | 20 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 51396A

TPS51396ARJET Active Production VQFN-HR (RJE) | 20 250 | SMALL T&R Yes SN Level-2-260C-1 YEAR -40 to 125 51396A

TPS51396ARJET.A Active Production VQFN-HR (RJE) | 20 250 | SMALL T&R Yes SN Level-2-260C-1 YEAR -40 to 125 51396A

TPS51396ARJET.B Active Production VQFN-HR (RJE) | 20 250 | SMALL T&R Yes SN Level-2-260C-1 YEAR -40 to 125 51396A
 
(1) Status:  For more details on status, see our product life cycle.

 
(2) Material type:  When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

 
(3) RoHS values:  Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

 
(4) Lead finish/Ball material:  Parts 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.

 
(5) MSL rating/Peak reflow:  The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

 
(6) Part marking:  There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

 
Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

 
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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GENERIC PACKAGE VIEW

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

VQFN-HR - 1 mm max heightRJE 20
QUAD FLATPACK- NO LEAD3 x 3, 0.45 mm pitch

4224683/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.

3. The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.

PACKAGE OUTLINE
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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. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

EXAMPLE BOARD LAYOUT
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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..

EXAMPLE STENCIL DESIGN
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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 、 TI の総合的な品質ガイドライン 、 ti.com または TI 製品などに関連して提供される他の適用条件に従い提
供されます。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。 TI がカスタム、またはカスタマー仕様として明示的に指定していない限り、TI の製品は標準的なカタログに掲載される汎用機器
です。
お客様がいかなる追加条項または代替条項を提案する場合も、TI はそれらに異議を唱え、拒否します。
IMPORTANT NOTICE
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