
TPSI2072-Q1 2 チャネル 600V、50mA、車載用絶縁スイッチ、2mA の絶縁監視
および高電圧測定用アバランシェ定格搭載

1 特長
• 車載アプリケーション用に認定済み

– AEC-Q100 グレード 1：-40～125℃、TA
• アバランシェ定格 MOSFET を内蔵

– 誘電体耐性試験 (Hi-Pot) の信頼性を考慮して設

計および認定済み

• IAVA = 5 秒パルスで 2mA、60 秒パルスで 
1mA

• VHIPOT, 5-s = 4300V、Rseries は 1.83MΩ 超
• VHIPOT, 5-s = 2850V、Rseries は 1.1MΩ 超

– 600V のスタンドオフ電圧
– RON = 65Ω (TJ = 25℃)
– IOFF = 1μA (500V 時) (TJ = 105℃)

• 1 次側低消費電流

– 5mA シングル・チャネル、9mA 2 チャネル・オン状

態電流
• 機能安全対応

– ISO 26262 および IEC 61508 システムの設計を

支援するドキュメントを使用可能
• 堅牢な絶縁バリア：

– 1000VRMS/1500VDC の動作電圧で 26 年を超える

予測寿命
– 絶縁定格、VISO、最大 3750VRMS/5300VDC

• 熱性能を向上させるワイド・ピンを備えた SOIC 11 ピン 

(DWQ) パッケージ

– 沿面距離と空間距離：8mm 以上 (1 次側 / 2 次側)
– 沿面距離と空間距離：3mm 以上 (スイッチ端子間)

• 安全関連認証

– DIN VDE V 0884-11:2017-01 (計画中)
– UL 1577 部品認定プログラム (計画中)

2 アプリケーション
• ソリッドステート・リレー

• ハイブリッド / 電気自動車およびパワートレイン・システ

ム
• バッテリ管理システム (BMS)
• エネルギー・ストレージ・システム (ESS)
• 太陽光エネルギー

• オンボード・チャージャ

• EV 充電インフラ

• これらのアプリケーションに関連するテキサス・インスツ
ルメンツのリファレンス・デザインも参照してください。

3 概要
TPSI2072-Q1 は、高電圧車載用および産業用アプリケ

ーション向けに設計された 2 チャネル絶縁型ソリッド・ステ

ート・リレーです。TPSI2072-Q1 は、テキサス・インスツル

メンツの高信頼性容量性絶縁技術と内蔵の双方向 
MOSFET を組み合わせることにより、2 次側電源を必要と

しない完全に統合されたソリューションを形成しています。
TPSI2072-Q1 は、テキサス・インスツルメンツの容量性絶

縁技術は、機械式リレーやフォト・リレーの部品での機械
的磨耗や光劣化による故障モードの影響を受けないた
め、システムの信頼性が向上します。

デバイスの 1 次側はわずか 9mA の入力電流で電力供給

され、VDD 電源に逆電力が供給される可能性を防ぐフェ

イルセーフ EN1 および EN2 ピンが組み込まれていま

す。ほとんどのアプリケーションでは、デバイスの VDD ピ
ンを 4.5V～20V のシステム電源に接続する必要があり、

デバイスの EN1 および EN2 ピンを 2.1V～20V のロジッ

ク HI の GPIO 出力で駆動する必要があります。その他の

アプリケーションでは、VDD、EN1、EN2 ピンは、直接シス

テム電源から、または GPIO 出力から一緒に駆動できま

す。

2 次側の各チャネルは双方向 MOSFET で構成されてお

り、SM から S1 および SM から S2 へのスタンドオフ電圧

は、+/-600V となっています。TPSI2072-Q1 MOSFET 
のアバランシェ堅牢性と熱を考慮したパッケージ設計によ
り、外部部品を必要とせずに、システム・レベルの絶縁耐
力試験 (HiPot) および最大 2mA の DC 高速充電器のサ

ージ電流を堅牢にサポートできます。

パッケージ情報
部品番号 パッケージ (1) 本体サイズ (公称)

TPSI2072-Q1 SOIC 11 ピン (DWQ) 10.3mm × 7.5mm

(1) 利用可能なすべてのパッケージについては、データシートの末尾
にある注文情報を参照してください。
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5 Pin Configuration and Functions
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図 5-1. TPSI2072-Q1 DWQ Package, 11-Pin SOIC (Top View) 

5.1 Pin Functions
PIN NO. PIN NAME TYPE(1) DESCRIPTION

1 VDD P Power supply for primary side

2 GND GND Ground supply for primary side

3 NC/GND NC/GND Internally connected, connect externally to ground or leave floating

4 EN1 I Active high switch enable signal, S1-SM

5 EN2 I Active high switch enable signal, SM-S2

6 NC/GND NC/GND Internally connected, connect externally to ground or leave floating

7 NC/GND NC/GND Internally connected, connect externally to ground or leave floating

8 GND GND Internally connected to GND, connect externally to ground or leave floating

9 S2 I/O Switch input

10 SM I/O Shared switch input, see Layout Guidelines for more information

11 S1 I/O Switch input

(1) P = power, I = input, O = output, GND = ground, NC = no connect
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(1)

PARAMETER MIN MAX UNIT
VVDD Primary side supply voltage(2) –0.3 20.7 V

VEN1 Enable1 voltage(2) –0.3 20.7 V

VEN2 Enable2 voltage(2) –0.3 20.7 V

IS1,S2 Switch current, S1/S2 –55 55 mA

ISM Switch current, SM –110 110 mA

IAVA,S1,S2
Repetitive avalanche rating, 5s pulse, S1/S2(3) –2 2 mA

Repetitive avalanche rating, 60s pulse, S1/S2(4) –1 1 mA

IAVA,SM
Repetitive avalanche rating, 5s pulse, SM(3) –4 4 mA

Repetitive avalanche rating, 60s pulse, SM(4) –2 2 mA

TJ Junction temperature –40 150 °C

Tstg Storage temperature –65 150 °C

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

(2) Voltage values are with respect to GND.
(3) 5 minutes accumulated over lifetime in increments of no longer than 5 second periods, duty cycle < 33%
(4) 5 minutes accumulated over lifetime in increments of no longer than 60 second periods, duty cycle < 10%

6.2 ESD Ratings
VALUE UNIT

HBMPrim

Electrostatic discharge

Human body model (HBM), per AEC 
Q100-002(1) HBM ESD Classification 
Level 2

Primary Side Pins No. 1-8 ±2000 V

HBMSec

Human body model (HBM), per AEC 
Q100-002(1) HBM ESD Classification 
Level 1C

Secondary Side Pins No. 9-11 ±1500 V

CDM Electrostatic discharge
Charged device model (CDM), per AEC 
Q100-011
CDM ESD Classification Level C4

All pins ±750 V

(1) AEC Q100-002 indicates that HBM stressing must be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
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6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

PARAMETER MIN NOM MAX UNIT
VVDD Primary side supply voltage(1) 4.5 20 V

VEN1 Enable1 voltage(1) 0 20 V

VEN2 Enable2 voltage(1) 0 20 V

VSM-S1, VSM-S2 Switch input voltage –600 600 V

IS1,S2 Switch current –50 50 mA

ISM Switch current –100 100 mA

TA Ambient operating temperature –40 125 °C

TJ Junction operating temperature –40 150 °C

(1) Voltage values are with respect to GND.

6.4 Thermal Information

THERMAL METRIC (1)

DEVICE
UNITDWQ (SOIC)

11 PINS
RϴJA Junction-to-ambient thermal resistance 70 °C/W

RϴJA, EVM, 60S Junction-to-ambient thermal resistance(2) (3) 52 °C/W

RϴJA, EVM, 5S Junction-to-ambient thermal resistance(2) (4) 30 °C/W

RϴJB Junction-to-board thermal resistance 22 °C/W

RϴJC(top) Junction-to-case (top) thermal resistance 26 °C/W

ψJT Junction-to-top characterization parameter 14 °C/W

ΨJB Junction-to-board characterization parameter 21 °C/W

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

(2) EVM PCB dimensions are 70mm x 70mm x 1.58mm.  4 layer PCB with 2oz Cu on layers 1,4 and 1oz Cu on layer 2,3.
(3) Performance of EVM with power applied for 60s.
(4) Performance of EVM with power applied for 5s.

6.5 Power Ratings
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

PD Maximum power dissipation, total VVDD = 5 V,
VEN1,EN2 = 5 V peak to peak,
VS1-SM = 600V, RS1 = 500kΩ,
VS2-SM = 600V, RS2 = 500kΩ,
fEN1,EN2 = 1Hz square wave

30.2 mW

PD_P Maximum power dissipation (primary) 30 mW

PD_S Maximum power dissipation (secondary) 0.2 mW
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6.6 Insulation Specifications
PARAMETER TEST CONDITIONS VALUE UNIT

IEC 60664-1
CLR External clearance(1) Shortest terminal-to-terminal distance through air >8 mm

CPG External Creepage(1) Shortest terminal-to-terminal distance across the 
package surface >8 mm

DTI Distance through the insulation Minimum internal gap (internal clearance) >10.5 µm

CTI Comparative tracking index DIN EN 60112 (VDE 0303-11); IEC 60112 >600 V

Material Group According to IEC 60664-1 I

Overvoltage category per IEC 60664-1

Rated mains voltage ≤ 300 VRMS I-IV

Rated mains voltage ≤ 600 VRMS I-III

Rated mains voltage ≤ 1000 VRMS I-II

DIN V VDE 0884-11:2017-01(2), IEC 60747-17:2020
VIORM Maximum repetitive peak isolation voltage AC voltage (bipolar) 1414 VPK

VIOWM Maximum isolation working voltage
AC voltage (sine wave) 1000 VRMS

DC voltage 1500 VDC

VIOTM Maximum transient isolation voltage
VTEST = VIOTM, t = 60 s (qualification) 5300 VPK

VTEST = 1.2 × VIOTM, t = 1 s (100% production) 6360 VPK

VIOSM Maximum surge isolation voltage(3)
Tested in oil per IEC 62638-1, 1.2/50 µs 
waveform, VTEST = 1.3 × VIOSM = 6500 VPK 
(qualification)

5000 VPK

qpd Apparent charge(4)

Method a: After I/O safety test subgroup 2/3,Vini = 
VIOTM, tini = 60 s; Vpd(m) = 1.2 × VIORM = 1800 
VPK, tm = 10 s

≤5

pC
Method a: After environmental tests subgroup 1, 
Vini = VIOTM, tini = 60 s; Vpd(m) = 1.3 × VIORM = 
1950 VPK, tm = 10 s

≤5

Method b1: At routine test (100% production) and 
preconditioning (type test), Vini = VIOTM, tini = 1 s; 
Vpd(m) = 1.5 × VIORM = 2250 VPK, tm = 1 s

≤5

CIO Barrier capacitance, input to output(5) VIO = 0.4 × sin (2πft), f = 1 MHz 4 pF

RIO Insulation resistance, input to output(5)

VIO = 500 V, TA = 25°C >1012

ΩVIO = 500 V, 100°C ≤ TA ≤ 125°C >1011

VIO = 500 V at TS = 150°C >109

Pollution degree 2

Climatic category 40/150/21

UL 1577

VISO Withstand isolation voltage VTEST = VISO, t = 60 s (qualification)
VTEST = 1.2 × VISO, t = 1 s (100% production) 3750 VRMS

Misc.
VISO Withstand isolation voltage 5300 VDC

(1) Creepage and clearance requirements should be applied according to the specific equipment isolation standards of an application. 
Care should be taken to maintain the creepage and clearance distance of a board design to ensure that the mounting pads of the 
isolator on the printed-circuit board do not reduce this distance. Creepage and clearance on a printed-circuit board become equal in 
certain cases. Techniques such as inserting grooves, ribs, or both on a printed-circuit board are used to help increase these 
specifications.

(2) This coupler is suitable for safe electrical insulation only within the safety ratings. Compliance with the safety ratings shall be ensured 
by means of suitable protective circuits.

(3) Testing is carried out in air or oil to determine the intrinsic surge immunity of the isolation barrier.
(4) Apparent charge is electrical discharge caused by a partial discharge (pd).
(5) All pins on each side of the barrier tied together creating a two-pin device.
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6.7 Safety-Related Certifications
VDE CSA UL CQC TUV

Plan to certify according to 
DIN V VDE V 
0884-11:2017-01

Not Planned, contact TI to 
request.

Plan to certify according to 
UL 1577 Component 
Recognition Program

Not Planned, contact TI to 
request.

Not Planned, contact TI to 
request.

Maximum transient 
isolation voltage, 5300 
VPK;
Maximum repetitive peak 
isolation voltage, 1500 
VPK;
Maximum surge isolation 
voltage, 6000 VPK

Single protection, 3750 
VRMS

Certificate planned Certificate planned

6.8 Safety Limiting Values
PARAMETER(1) (2) TEST CONDITIONS MIN TYP MAX UNIT

IS

Safety VDD Current RθJA = 70°C/W, VVDD = 20 V,
TJ = 150°C, TA = 25°C 77

mA

Safety Switch Current, S1 or S2 (On 
State)

RθJA = 70°C/W, VVDD = 20 V,
TJ = 150°C, TA = 25°C 71

Safety Switch Current, S1 or S2 (Off 
State, 5 second)

RθJA, EVM, 5S (3) = 30°C/W, VVDD = 0 V,
TJ = 150°C, TA = 25°C 2.7

Safety Switch Current, S1 or S2 (Off 
State, 60 second)

RθJA, EVM, 60S (3) = 52°C/W, VVDD = 0 V,
TJ = 150°C, TA = 25°C 1.5

PS Safety input, output, or total power RθJA = 70°C/W,
TJ = 150°C, TA = 25°C. 1.78 W

TS Maximum safety temperature 150 °C

(1) Safety limiting intends to minimize potential damage to the isolation barrier upon failure of input or output circuitry. A failure of the I/O 
can allow low resistance to ground or the supply and, without current limiting, dissipate sufficient power to overheat the die and 
damage the isolation barrier, potentially leading to secondary system failures.

(2) The safety-limiting constraint is the maximum junction temperature specified in the data sheet. The power dissipation and junction-to-
air thermal impedance of the device installed in the application hardware determines the junction temperature. The assumed junction-
to-air thermal resistance in the Thermal Information table is that of a device installed on a high-K test board for leaded surface-mount 
packages. The power is the recommended maximum input voltage times the current. The junction temperature is then the ambient 
temperature plus the power times the junction-to-air thermal resistance.

(3) Assuming PCB layout similar to EVM in Layout Guideline section
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6.9 Electrical Characteristics
Unless otherwise noted, all minimum/maximum specifications are over recommended operating conditions. All typical values 
are measured at TJ = 25°C, VVDD = 5 V, VEN1,EN2 = 5 V.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
PRIMARY SIDE SUPPLY (VDD)
VUVLO_R VDD undervoltage threshold rising VDD rising 4 4.2 4.4 V

VUVLO_F VDD undervoltage threshold falling VDD falling 3.9 4.1 4.3 V

VUVLO_HYS
VDD undervoltage threshold 
hysteresis 40 100 150 mV

IVDD_ON_S
VDD current, single channel powered 
on

VEN1 = 5 V, VEN2 = 0 V OR VEN 1 = 0 
V, VEN2 = 5 V, TJ = 25°C 5 6 mA

VEN1 = 5 V, VEN2 = 0 V OR VEN 1 = 0 
V, VEN2 = 5 V, –40°C ≤ TJ ≤ 150°C 5 6.5 mA

IVDD_ON
VDD current, both channels powered 
on

VEN1,EN2 = 5 V, TJ = 25°C 9 11 mA

VEN1,EN2 = 5 V, –40°C ≤ TJ ≤ 150°C 9 12 mA

IVDD_OFF

VDD current, 5 V, device powered off

VVDD = 5 V, VEN1,EN2 = 0 V, TJ = 25°C 3.5 8 µA

VVDD = 5 V, VEN1,EN2 = 0 V, TJ = 
105°C 4.5 11 µA

VVDD = 5 V, VEN1,EN2 = 0 V, TJ = 
125°C 5.2 16 µA

VVDD = 5 V, VEN1,EN2 = 0 V, –40°C ≤ 
TJ ≤ 150°C 30 µA

VDD current, 20 V, device powered 
off

VVDD = 20 V, VEN1,EN2 = 0 V, TJ = 
25°C 8 10.5

µA

VVDD = 20 V, VEN1,EN2 = 0 V, TJ = 
105°C 10 17

VVDD = 20 V, VEN1,EN2 = 0 V, TJ = 
125°C 11 25

VVDD = 20 V, VEN1,EN2 = 0 V, –40°C ≤ 
TJ ≤ 150°C 40

FET CHARACTERISTICS (S1, S2, SM)

RDSON On resistance, S1-SM or SM-S2

IS1,S2 = 2 mA, TJ = 25°C 65 90

Ω

IS1,S2 = 2 mA, TJ = 85°C 88 120

IS1,S2 = 2 mA, TJ = 105°C 96 125

IS1,S2 = 2 mA, TJ = 125°C 105 140

IS1,S2 = 2 mA, –40°C ≤ TJ ≤ 150°C 150

IOFF

Off leakage, S1-SM or SM-S2, 500 V

V = +/–500 V, TJ = 25°C .02 0.1

µA

V = +/–500 V, TJ = 85°C 0.3

V = +/–500 V, TJ = 105°C 1

V = +/–500 V, TJ = 125°C 4

V = +/–500 V, –40°C ≤ TJ ≤ 150°C 20

Off leakage, S1-SM or SM-S2, 600 V

V = +/–600 V, TJ = 25°C .02 0.1

µA

V = +/–600 V, TJ = 85°C 0.5

V = +/–600 V, TJ = 105°C 1.5

V = +/–600 V, TJ = 125°C 6

V = +/–600 V, –40°C ≤ TJ ≤ 150°C 50

VAVA Avalanche voltage 
IO = 10 µA, TJ = 25°C 650 770

V
IO = 100 µA, TJ = 150°C 650 770

COSS S1, S2 capacitance VS1,S2,SM = 0 V, F = 1 MHz 150 pF

COSS_SM SM capacitance VSM,S1,S2 = 0 V, F = 1 MHz 300 pF
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6.9 Electrical Characteristics (continued)
Unless otherwise noted, all minimum/maximum specifications are over recommended operating conditions. All typical values 
are measured at TJ = 25°C, VVDD = 5 V, VEN1,EN2 = 5 V.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
LOGIC-LEVEL INPUT (EN1, EN2)
VIL Input logic low voltage 0.0 0.8 V

VIH Input logic high voltage 2.1 20.0 V

VHYS Input logic hysteresis 100 250 300 mV

IIL Input logic low current
VEN1,EN2 = 0 V –1 1 µA

VEN1,EN2 = 0.8 V 2 4 6.5 µA

IIH Input logic high current
VEN1,EN2 = 5 V 10 25 50 µA

VEN1,EN2 = 20 V 100 175 350 µA

IVDD_FS VDD fail-safe current VEN1,EN2 = 20 V, VVDD = 0 V –0.1 0 0.1 µA

RPD Pulldown resistance Two point measurement, VEN1,EN2 = 
0.5 V and VEN1,EN2 = 0.8 V 100 200 350 kΩ

NOISE IMMUNITY
CMTI Common-mode transient immunity |VCM| = 1000 V 100.0 V/ns
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6.10 Switching Characteristics
Unless otherwise noted, all minimum/maximum specifications are over recommended operating conditions. All typical values 
are measured at TA = 25°C, VVDD = 5 V, VEN1,EN2 = 5 V.

MODE PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Switching Characteristics

EN switching

tPD_ON
Input HI to Output voltage falling 
propagation delay

VIN = 600 V RL = 1 MΩ

300

µs

tF Output fall time 20 100

tON Input HI to Output LO delay 400

tPD_OFF
Input LO to Output voltage rising 
propagation delay 200

tR Output rise time 600

tOFF Input LO to Output HI delay 700

EN and VDD 
switching

tPD_ON
Input HI to Output voltage falling 
propagation delay

VIN = 600 V RL = 1 MΩ

400

µs

tF Output fall time 20 100

tON Input HI to Output LO delay 500

tPD_OFF
Input LO to Output voltage rising 
propagation delay 200

tR Output rise time 600

tOFF Input LO to Output HI delay 700
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7 Parameter Measurement Information
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図 7-1. Timing Diagram, EN1 Switching
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図 7-2. Timing Diagram, EN1 and VDD Switching 
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8 Detailed Description
8.1 Overview
The TPSI2072-Q1 is a two channel isolated solid state relay designed for high voltage automotive and industrial 
applications. TI's high reliability capacitive isolation technology in combination with back-to-back MOSFETs form 
a completely integrated solution requiring no secondary side power supply.

As seen in the Functional Block Diagram, the primary side consists of two drivers which deliver power and 
enable logic information to each of the internal MOSFETs on the secondary side. The on-board oscillator 
controls the frequency of the drivers' operation and the Spread Spectrum Modulation (SSM) controller varies the 
driver frequency to improve system EMI performance. When one or both of the enable pins are brought HI and 
the VDD voltage is above the UVLO threshold, the oscillator starts and the drivers send power and a logic HI 
across the barrier. When one or both of the enable pins are brought LO or the VDD voltage falls below the UVLO 
threshold, the corresponding driver or drivers are disabled. The lack of activity communicates a logic LO to the 
secondary side and the MOSFETs are disabled.

Each MOSFET on the secondary side has a dedicated full-bridge rectifier to form its local power supply and a 
receiver. The receiver determines the logic state delivered from the primary side through the capacitive isolation 
barrier and uses a slew rate controlled driver to drive the MOSFET's gate. Each receiver performs signal 
conditioning on the signals received across the barrier in order to filter common mode interference and ensure 
that the MOSFETs are controlled according to the logic sent by the primary side driver and the system.

The avalanche robust MOSFETs and the thermal benefits of the widened pins on the 11 DWQ package enable 
the TPSI2072-Q1 to support dielectric withstand testing (HiPot) and DC fast charger surge currents of up to 2 
mA without requiring any external protection components.

8.2 Functional Block Diagram

S1

Oscillator

EN1

VDD

GND

SM

S2

UVLO

Fail -

Safe 

Input

S1-SM 

Control

EN2

Fail -

Safe 

Input

SiO2

Based 

Capacitive 

Isolation 

Barrier

S2-SM 

Control

図 8-1. TPSI2072-Q1 Block Diagram
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8.3 Feature Description
8.3.1 Avalanche Robustness

When the voltage between the S1 and SM pins or the voltage between SM and S2 pins exceeds +/-600 V the 
secondary side MOSFETs could enter an avalanche mode of operation. The MOSFETs and the 11 DWQ 
package have been designed and qualified to be robust in this mode of operation to support Dielectric Withstand 
Testing (HiPot). To help ensure the thermal performance of the the system in this mode of operation, refer to the 
PCB Layout Guidelines.
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8.4 Device Functional Modes
表 8-1. Device Functional Modes

VDD EN1 EN2 S1-SM State S2-SM State COMMENTS

Powered Up(1)

L L OFF OFF VDD current is in OFF state range.

H L ON OFF VDD current is in ON state range.

L H OFF ON VDD current is in ON state range.

H H ON ON VDD current is in ON state range.

Powered Down(2)

L L OFF OFF VDD current is in OFF state range.

H X(3) OFF OFF
Primary side analog is powered on, VDD 
current is between off state and ON state 
ranges.

X(3) H OFF OFF
Primary side analog is powered on, VDD 
current is between off state and ON state 
ranges.

(1) VDD ≥ VDD undervoltage rising threshold.
(2) VDD ≤ VDD undervoltage falling threshold.
(3) X: do not care
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9 Application and Implementation

注

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。

9.1 Application Information
The TPSI2072-Q1 is a two channel 600-V, 50-mA automotive isolated switch optimized for high voltage 
switching in measurement applications, especially those that require switching across an isolation barrier or 
galvanically isolated domain. Common end equipments include energy storage systems (ESS), solar panel 
arrays, EV chargers, and EV battery management systems. The device enables the system designer to reduce 
cost and improve reliability by replacing mechanical relays and optically isolated devices.

The TPSI2072-Q1's enable inputs are fail safe and do not need to be driven from the same domain as the VDD 
pin supply.

The TPSI2072-Q1 supports an input voltage range of 4.5 V to 20 V on the VDD primary supply pin and a logic 
high of 2.1 V to 20 V on the enable pins. The secondary side supports high voltage switching from –600 V to 
600V.

TI Reference Designs

The TI reference designs linked below are a helpful introduction to high voltage applications using the 
TPSI2072-Q1. To maximize the thermal performance of the TPSI2072-Q1 for dielectric withstand testing (HiPot), 
please follow the Layout Guidelines contained within this datasheet.

• TIDA-010232: High Voltage Insulation Monitoring
• TIDA-01513: Automotive High Voltage and Isolation Leakage Measurements

9.2 Typical Application

Insulation Resistance Monitoring

In high voltage applications such as electric vehicle systems, the high voltage battery pack is intentionally 
isolated from the chassis domain of the car to protect the driver and prevent damage to electrical components. 
These systems actively monitor the integrity of this insulation to ensure the safety of the system throughout its 
lifetime. This active monitoring is referred to as insulation resistance monitoring (also known as isolation check, 
insulation check, isolation monitoring, insulation monitoring, and residual current monitoring (RCM)) and is 
performed by measuring the resistances from each of the battery terminals to the chassis ground, illustrated 
below as RISOP and RISON.

+

VPACK

RISOP

RISON
-

図 9-1. Insulation Resistance Model

There are multiple design architectures using the TPSI2072-Q1 to measure these insulation resistances, RISOP 
and RISON. Some architectures employ a microcontroller that performs measurements from the high voltage 
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domain, which will be referred to in this document as the Battery V- Reference architecture. Others use a 
microcontroller in the low voltage domain, which will be referred to in this document as the Chassis Ground 
Reference architecture. The primary difference between the two architectures is the node that the MCU uses as 
its GND reference. An example of a Battery V- MCU is the BQ79631-Q1 UIR sensor.

Ba�ery V- Reference

Chassis Ground Reference

VDD

ADC

MCU

GND

RISOP

RISON

+

-

VPACK

RDIV1

RDIV2

RISOP

RISON

VDD

MCU

GND

ADCVPACK

SW1

SW2 SW1

SW2

RDIV1

RDIV3

RDIV4

+

-

R3

図 9-2. Different MCU ADC Reference Examples

The two following sections demonstrate the measurement algorithms and the systems of equations used to 
calculate the isolation resistances using each architecture.

Battery V- Reference Example

A Battery V- Reference architecture is shown below with the TPSI2072-Q1 illustrated as a switch (SW1 and 
SW2). SW2 initiates a connection between the chassis and PACK- and enables the measurement path to the 
ADC. SW1 initiates a connection between the chassis and the PACK+. RDIV1 and RDIV2 form a divider which 
scales the measured voltages down to the appropriate ADC range.

VDD

ADC

MCU

GND

RISOP

RISON

+

-

VPACK

RDIV1

RDIV2

SW1

SW2

R3

図 9-3. Battery V- Reference Architecture

Two ADC measurements must be taken in order to obtain enough information to calculate the two unknown 
isolation resistances. The first measurement is taken with SW1 open and SW2 closed. The second 
measurement is taken with SW1 closed and SW2 closed. With these two measurements it is possible to solve 
the system of equations and calculate RISOP and RISON.

In the following example the voltage on the chassis ground is arbitrarily referred to as VRISONx.

For the first ADC measurement SW2 is closed as shown below and the following equations relate the ADC 
voltage to the other parameters in the system in this condition:
• VADC1 measurement 1: SW1 open, SW2 closed
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VRISON1 = VPACK  × RISON RDIV1 + RDIV2RISOP + RISON RDIV1 + RDIV2 (1)

VADC1 = VRISON1   ×   RDIV2RDIV1 + RDIV2 (2)

VDD

ADC

MCU

GND

RISOP

RISON

+

-

VPACK

RDIV1

RDIV2

SW1

SW2

R3

図 9-4. Battery V- Reference Switch Positions for ADC1 Measurement

For the second ADC measurement SW1 and SW2 are closed as shown below and the following equations relate 
the ADC voltage to the other parameters in the system in this condition:

• VADC2 measurement 2: SW1 closed, SW2 closed

VRISON2 = VPACK   ×   RISON RDIV1 + RDIV2RISOP R3 + RISON RDIV1 + RDIV2 (3)

VADC2 = VRISON2   ×   RDIV2RDIV1 + RDIV2 (4)

VDD

ADC

MCU

GND

RISOP

RISON

+

-

VPACK

RDIV1

RDIV2

SW1

SW2

R3

図 9-5. Battery V- Reference Switch Positions for ADC2 Measurement

Chassis Ground Reference Example

A Chassis Ground Reference architecture is shown below. SW1 and SW2 initiate connections to the PACK+ and 
PACK- and enable the measurement paths to the ADC. RDIV1, RDIV3, and RDIV4 scale the measured voltages 
down to the appropriate ADC ranges.

This first measurement is taken with SW1 closed and SW2 open and the second measurement is taken with 
SW1 open and SW2 closed.

• VADC1: SW1 closed, SW2 open

VADC1 = VRDIV3 = VPACK RISOP RDIV1 + RDIV3RISOP RDIV1 + RDIV3 + RISON × RDIV3RDIV1 + RDIV3 (5)

• VADC2: SW1 open, SW2 closed
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VADC2 = VRDIV3 = − VPACK RISON RDIV3 + RDIV4RISON RDIV3 + RDIV4 + RISOP × RDIV3RDIV3 + RDIV4 (6)

RISOP

RISON

VDD

MCU

GND

ADCVPACK

SW1

SW2

RDIV1

RDIV3

RDIV4

+

-

図 9-6. Chassis Ground Reference Switch Positions for ADC1 Measurement
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ADC
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+

-

図 9-7. Chassis Ground Reference Switch Positions for ADC2 Measurement

Battery V- Reference and Chassis Ground Reference Architectures with the TPSI2072-Q1

The circuits in 図 9-8 and 図 9-9 demonstrate how to connect the TPSI2072-Q1 as a switch in each of the 
architectures above.
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図 9-8. TPSI2072-Q1 Insulation Resistance Monitoring – Battery V- Reference
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図 9-9. TPSI2072-Q1 Insulation Resistance Monitoring – Chassis Ground Reference

9.2.1 Dielectric Withstand Testing (HiPot)

The TPSI2072-Q1 is specifically designed to support dielectric withstand testing. In a high voltage system, a 
dielectric withstand test (HiPot) may be administered during the characterization, production or maintenance of 
the system to validate the reliability of the insulation barriers and galvanically isolated domains it contains. These 
withstand voltage tests intentionally stress the components spanning these domains and put them in an 
overvoltage condition. MOSFETs that are placed under these overvoltage conditions will enter avalanche mode 
and begin conducting current at a high voltage, dissipating high power and heating up. The design and 
qualification of the TPSI2072-Q1 was completed with this state in mind and supports up to 2 mA IAVA for 5 
seconds intervals and 1 mA IAVA for 60 second intervals.

The dielectric withstand test voltage (VHiPot), the TPSI2072-Q1's avalanche voltage (VAVA), and the resistance 
(R) in series with the TPSI2072-Q1 should be chosen to limit the avalanche current (IAVA) to the corresponding 
current limit depending on the test duration. In addition, the PCB design should follow the recommendations in 
the Layout Guidelines section to ensure adequate thermal performance to keep the junction temperature (TJ) 
below the absolute maximum rating of the TPSI2072-Q1.
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図 9-10. Dielectric Withstand Test (HiPot) - Simplified Schematic

9.2.2 Design Requirements

表 9-1 lists the Design Requirements for a typical insulation resistance monitoring application using the Chassis 
Ground Reference architecture and the TPSI2072-Q1 for switching.

表 9-1. Typical Design Parameters For Insulation Resistance Monitoring Using the TPSI2072-Q1 – 
Chassis Ground Reference Architecture

PARAMETER VALUE
VPACK Voltage (maximum) 500 V

Primary side supply (VVDD) 5 V ±10 %

Dielectric withstand voltage test
2850 V

5 s

Surge voltage (IEC61000-3-5) 2500 V

9.2.3 Design Procedure - Chassis Ground Reference

+
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図 9-11. Chassis Ground Reference 

RISO1, RISO2 Selection

In order to protect the TPSI2072-Q1, RISO1 and RISO2 must be sized to limit the current in an overvoltage 
condition. The amount of resistance required to protect the TPSI2072-Q1 depends on the amount of overvoltage 
applied. For example, during a dielectric withstand voltage test (HiPot) of 2850 V for 5 seconds, the S1 to SM 
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voltage and the SM to S2 voltage will be clamped to 650 V (VAVA minimum) by the TPSI2072-Q1 and the RISO1, 
RISO2 resistances required to keep the current under 2 mA would be 1.1 MΩ.IAVA = VHIPOT − VAVARISO1 = 2850V − 650V1.1   MΩ = 2 . 0mA (7)

If the high potential test lasts for 60 seconds, the RISO1, RISO2 resistances must be doubled to 2.2 MΩ to keep 
the current below 1 mA.

DC Overvoltage RISO1, ISO2 Minimum (5 second intervals) RISO1, RISO2 Minimum (60 second 
intervals)

2000 V 675 kΩ 1350 kΩ

2850 V 1100 kΩ 2200 kΩ

3500 V 1425 kΩ 2850 kΩ

4300 V 1825 kΩ 3650 kΩ

9.3 Power Supply Recommendations
To ensure a reliable supply voltage, TI recommends that a 100-nF ceramic capacitor be placed between the 
VDD pin and the GND pin of the TPSI2072-Q1. The capacitor should be placed as close to the device's VDD pin 
as possible < 10 mm.

9.4 Layout

9.4.1 Layout Guidelines

Component placement:

Decoupling capacitors for the primary side VDD supply must be placed as close as possible to the device pins.

EMI considerations:

The TPSI2072-Q1 employs spread spectrum modulation (SSM) and in some systems, no additional system 
design considerations are required to meet the EMI performance needs.

However, the system designer may choose to take additional measures to minimize EMI depending on the 
system requirements and safety preferences of the system designer. The measures listed below reduce 
emissions by providing a capacitive return path from the secondary side to the primary side or by increasing the 
common mode loop impedance with an inductive component on the primary side.
• Capacitive Return Paths:

– An interlayer stitching capacitance in the range of 10-20 pF can be implemented on the PCB. This zero-
cost implementation is typically preferred as it also serves the purpose of thermal performance 
improvement if placed directly underneath the TPSI2072-Q1. Please see the Layout Example for more 
details.

– Most system designs already employ discrete Y capacitors or contain an amount of parasitic Y 
capacitance between the high voltage and low voltage domains. If this Y capacitance is located on the 
same board as the TPSI2072-Q1, it will act as a capacitive return path.

– A discrete high voltage capacitor could be placed between the GND pin and the SM pin. Or discreet 
capacitors could be placed between the GND pin and S1 and S2 pins.

• Inductive Components:
– A pair of ferrite beads or a common mode choke with a high frequency impedance in the range of 10 kΩ 

may be placed in series with the system VDD pin and GND pin supply on the primary side of the 
TPSI2072-Q1.

High-voltage considerations:

The creepage from the primary side to the secondary side, the creepage from the S1 pin to SM pin, and the 
creepage from the SM pin to S2 pin of the TPSI2072-Q1 should be maintained according to system 
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requirements. It is most likely that the system designer will avoid any top layer PCB routing underneath the body 
of the package or between the S1, SM and S2 pins.

Thermal considerations:

If the system designer plans to use the TPSI2072-Q1 in avalanche mode, it is important for the PCB layout to be 
designed with thermal performance in mind. Proper PCB layout can help dissipate heat from the device to the 
PCB and keep the junction temperature (TJ) under the absolute maximum rating. Floating inner layer planes or 
the planes used to implement a stitch capacitor can be drawn beneath the secondary side pins or directly 
beneath the TPSI2072-Q1 for improved heat dissipation. An example of this can be seen in the Layout Example.

9.4.2 Layout Example

Varying PCB implementations are possible depending on both the system EMI requirements and the system 
dielectric withstand testing (HiPot) parameters. The following sections detail the TPSI2072-Q1 EVM with 
Thermal Optimization with secondary side metallization for optimized thermal performance and the Interlayer 
Stitch Capacitance Option for EMI and Thermal Optimization.

TPSI2072-Q1 EVM with Thermal Optimization

The TPSI2072-Q1 EVM images below demonstrate a secondary side thermal metallization pattern and internal 
floating metal that provides thermal relief to the TPSI2072-Q1 during system dielectric withstand testing (HiPot). 
The TPSI2072-Q1 Secondary Side Layout Recommendation for Optimized Thermal Performance: Top Layer 1 
shows the top side creepage and clearance considerations.
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図 9-12. TPSI2072-Q1 EVM - Component View
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図 9-13. TPSI2072-Q1 EVM - Layer 1
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図 9-14. TPSI2072-Q1 EVM - Layer 2
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図 9-15. TPSI2072-Q1 EVM - Layer 3
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図 9-16. TPSI2072-Q1 EVM - Layer 4
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図 9-17. TPSI2072-Q1 EVM - Layer 5
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図 9-18. TPSI2072-Q1 EVM - Layer 6
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図 9-19. TPSI2072-Q1 Secondary Side Layout Recommendation for Optimized Thermal Performance: Top 
Layer 1
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図 9-20. TPSI2072-Q1 Secondary Side Layout Recommendation for Optimized Thermal Performance: 
Inner Layer 2
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図 9-21. TPSI2072-Q1 Secondary Side Layout Recommendation for Optimized Thermal Performance: 
Inner Layer 3
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図 9-22. TPSI2072-Q1 Secondary Side Layout Recommendation for Optimized Thermal Performance: 
Bottom Layer 4

Interlayer Stitch Capacitance Option for EMI and Thermal Optimization

The layout example below demonstrates an EMI optimized and thermally optimized PCB Design for high voltage 
switching applications. The overlapping metal layers beneath the TPSI2072-Q1 form an interlayer stitching 
capacitance between the primary side ground and the SM pin and increase the board copper content, improving 
the thermal performance for dielectric withstand testing (HiPot). Metal islands on the S1, SM, and S2 pins on the 
top side and inner layers further improve the thermal performance. Care should be taken to maintain both the 
vertical and horizontal interlayer dielectric (ILD) spacings between high voltage terminals required by the system.
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図 9-23. TPSI2072-Q1 Layout with Interlayer Stitch Capacitance: Top Layer (1)
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図 9-24. TPSI2072-Q1 Layout with Interlayer Stitch Capacitance: Inner Layer (2,4)
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図 9-25. TPSI2072-Q1 Layout with Interlayer Stitch Capacitance: Inner Layer (3)
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10 Device and Documentation Support
TI offers an extensive line of development tools. Tools and software to evaluate the performance of the device, 
generate code, and develop solutions are listed below.

10.1 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。

10.2 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。

10.3 Trademarks
TI E2E™ is a trademark of Texas Instruments.
すべての商標は、それぞれの所有者に帰属します。

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

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

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

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

10.5 用語集
テキサス・インスツルメンツ用語集 この用語集には、用語や略語の一覧および定義が記載されています。
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11 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.

TPSI2072-Q1
JAJSL21 – JUNE 2023 www.ti.com/ja-jp

36 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPSI2072-Q1
English Data Sheet: SLVSG40

https://www.ti.com/product/ja-jp/tpsi2072-q1?qgpn=tpsi2072-q1
https://www.ti.com/ja-jp/lit/pdf/JAJSL21
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSL21&partnum=TPSI2072-Q1
https://www.ti.com/product/ja-jp/tpsi2072-q1?qgpn=tpsi2072-q1
https://www.ti.com/lit/pdf/SLVSG40


PACKAGE OPTION ADDENDUM

www.ti.com 3-Jul-2023

PACKAGING INFORMATION

Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package
Qty

Eco Plan
(2)

Lead finish/
Ball material

(6)

MSL Peak Temp
(3)

Op Temp (°C) Device Marking
(4/5)

Samples

TPSI2072QDWQRQ1 ACTIVE SOIC DWQ 11 2000 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 125 2072Q Samples

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

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

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

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

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

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

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

 
In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis.
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PACKAGE OUTLINE

0.304
0.204 TYP

0 - 8
0.3
0.1

(1.4)

0.25
GAGE PLANE

1.27
0.4

SOIC - 2.65 mm max heightDWQ0011A
SMALL OUTLINE PACKAGE

NOTES: 
 

1. All linear dimensions are in millimeters. Dimensions in parenthesis are for reference only. Dimensioning and tolerancing
    per ASME Y14.5M. 
2. This drawing is subject to change without notice. 
3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
    exceed 0.15 mm, per side. 
4. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm, per side.
5. Reference JEDEC registration MS-013.

 

 SEE DETAIL A

DETAIL A
TYPICAL

SCALE  1.500

4226292/B   12/2022

10.63
9.97  TYP

A

NOTE 3

10.5
10.1

B
NOTE 4

7.6
7.4

1 11

8 9

PIN 1 ID
AREA

3x 1.05
0.85

7x 1.27

8x 0.51
0.31

0.25 C A B
2.65 max

C

SEATING PLANE

0.1 C

2x 4.173

8.346
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EXAMPLE BOARD LAYOUT

0.07 MAX
ALL AROUND

0.07 MIN
ALL AROUND

SOIC - 2.65 mm max heightDWQ0011A
SMALL OUTLINE PACKAGE

NOTES: (continued)
 

6. Publication IPC-7351 may have alternate designs. 
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

 

METAL SOLDER MASK
OPENING

NON SOLDER MASK
DEFINED

SOLDER MASK DETAILS

SOLDER MASK
OPENING

METAL

SOLDER MASK
DEFINED

LAND PATTERN EXAMPLE
SCALE:4X

4226292/B   12/2022

(9.3)

7X (1.27)

R0.075 TYP

8x (2)

8x (0.6)

SYMM

SYMM

1

8

IPC-7351 NOMINAL
7.3 mm CLEARANCE/CREEPAGE

3 X (2)

9

11
3x (1.15)

2x (4.173)

(9.75)
R0.075 TYP

8 x (1.65)

8X (0.6)

7X (1.27)

SYMM

SYMM

1

8

HV / ISOLATION OPTION
8.1 mm CLEARANCE/CREEPAGE

3x(1.65)

11
3x (1.15)

2x(4.173)
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EXAMPLE STENCIL DESIGN
SOIC - 2.65 mm max heightDWQ0011A

SMALL OUTLINE PACKAGE

NOTES: (continued)
 

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
    design recommendations.   
9. Board assembly site may have different recommendations for stencil design.

 

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

SCALE:4X

4226292/B   12/2022

(9.3)

7X (1.27)

R0.075 TYP

8x (2)

8x (0.6)

SYMM

SYMM

1

8

IPC-7351 NOMINAL
7.3 mm CLEARANCE/CREEPAGE

3 X (2)

9

11
3x (1.15)

2x (4.173)

(9.75)
R0.075 TYP

8 x (1.65)

8X (0.6)

7X (1.27)

SYMM

SYMM

1

8

HV / ISOLATION OPTION
8.1 mm CLEARANCE/CREEPAGE

3x(1.65)

11
3x (1.15)

2x(4.173)



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 © 2023, Texas Instruments Incorporated

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