
TPD3S713-Q1 および TPD3S713A-Q1 車載用 USB 2.0 インターフェイス保護、調
整可能な電流制限および VBATT 短絡保護機能搭載

1 特長
• 車載アプリケーション用に 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
– デバイス HBM ESD 分類レベル H2
– デバイス CDM ESD 分類レベル C5

• VBUS のバッテリ短絡保護 (最高 18V) とグランド短絡

保護
• DM_IN、DP_IN の各ピンに、バッテリとの短絡 (最大 

18V) や VBUS との短絡に対する保護機能を搭載

• DP_IN、DM_IN、VBUS は IEC 61000-4-2 規格に準

拠

– ±8kV 接触放電および ±15kV 気中放電

• DP_IN、DM_IN、VBUS は ISO 10605 (330pF、

330Ω) 規格に準拠

– ±8kV 接触放電および ±15kV 気中放電

• 高速データ・スイッチ (1230MHz の BW (帯域幅))
• 4.5V～5.5V の入力動作範囲

• 電流制限を 50mA～600mA に調整可能 (200mA で
精度 ±13.5%)

• 73mΩ (標準値) のハイサイド MOSFET を内蔵

• 最大連続出力電流：500mA
• VBUS ケーブル補償

• 20 ピン QFN (3mm × 4mm) パッケージ

2 アプリケーション
• 車載用 USB インターフェイス

– ヘッド・ユニット

– テレマティクス

– ナビゲーション・モジュール

• 車載用 USB 充電ポート

– メディア・インターフェイス

3 概要
TPD3S713x-Q1 は、車載用 USB ハブ、ヘッド・ユニット、

テレマティクス、メディア・インターフェイス・アプリケーショ
ンにおける高速データおよび電力ラインのバッテリ短絡、
短絡、ESD 保護のためのシングルチップ・ソリューションで

す。この統合データ・スイッチは、クラス最高の帯域幅を提
供し、USB のバッテリ短絡イベント中も最小限の信号劣化

にとどめます。1.2GHz という広い帯域幅により、車載 

USB 環境で一般的な長いキャプティブ・ケーブルでも 

USB 2.0 ハイスピード (480Mbps) のクリーンなアイ・ダイ

アグラムを得ることができます。

バッテリへの短絡保護機能は、VBUS、DP_IN、DM_IN ピ
ンでのあらゆる過電圧状態から内部システム回路を保護し
ます。これらのピンで TPD3S713x-Q1 は、ホット・プラグ

および DC イベントに備えて最大 18V の過電圧に対応で

きると共に、上流のトランシーバへの内部スイッチをオフに
して有害な電圧および電流スパイクを阻止できます。

VBUS ピンは 50mA～600mA の可変電流制限負荷スイッ

チも備えています。そのため、ポートが必要とする電流が
わずか数 10mA であっても、柔軟に対応でき、またシステ

ムの電力バジェットを節約できます。

TPD3S713x-Q1 デバイスは、上流の電源を制御できる電

流センシング出力を備えているため、長い USB ケーブル

に接続した遠く離れた USB ポートにおいても 5V を維持

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)

TPD3S713x-Q1 WQFN (20) 3.00mm × 4.00mm

(1) 利用可能な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. RVC Package 20-Pin WQFN Top View 

表 5-1. Pin Functions
PIN

TYPE(1) DESCRIPTION
NAME NO.

IMON 1 O This pin sources a scaled-down ratio of current through the internal FET. A resistor from this pin to 
GND converts current to proportional voltage; used as an analog current monitor.

IN 2,3 PWR Input supply voltage; connect a 0.1-µF or greater ceramic capacitor from IN to GND as close to the 
IC as possible.

DM_OUT 4 I/O DM data line to upstream USB host controller

DP_OUT 5 I/O DP data line to upstream USB host controller

CS 6 O Linear cable compensation current. Connect to divider resistor of front-end dc-dc converter.

EN 7 I Logic-level control input for turning the power and signal switches on or off. When EN is low, the 
device is disabled, and the signal and power switches are OFF.

ILIM_SEL 8 I Logic-level control input for choosing the current limit resistor and current limit threshold. When 
ILIM_SEL = High, ILIM_HI resistor is valid; When ILIM_SEL = Low, ILIM_LO resistor is valid.

INT1 9 I
Logic-level control input, the device can be set in normal mode or client mode through pin 
configuration. If INT1 = high, the device is in normal mode; If INT1 = low and ILIM_SEL = Low, the 
device is in client mode.

INT2 10 I For internal circuit, must connect to ground without a pull down resistor.

GND 11 — Ground connection; must be connected externally to the thermal pad.

BIAS 12 PWR Used for IEC protection. Typically, connect a 2.2-µF capacitor to ground and 5.1-kΩ resistor to BUS.

DP_IN 13 I/O DP data line to downstream connector

DM_IN 14 I/O DM data line to downstream connector

BUS 15,16 PWR Power-switch output

NC 17 NC No connect, leave floating or connect to ground.

FAULT 18 O Active-low, open-drain output, asserted during overtemperature, overcurrent, and overvoltage 
conditions.

ILIM_LO 19 I External resistor used to set the low current-limit threshold, selected by ILIM_SEL pin.

ILIM_HI 20 I External resistor used to set the high current-limit threshold, selected by ILIM_SEL pin.

Thermal pad — Thermal pad on the bottom of the package

(1) I = Input, O = Output, I/O = Input and output, PWR = Power
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6 Specifications
6.1 Absolute Maximum Ratings
Voltages are with respect to GND unless otherwise noted(1)

MIN MAX UNIT
Voltage range CS, ILIM_SEL, INT1, EN, FAULT, ILIM_HI, ILIM_LO, 

IN, IMON, INT2
–0.3 7 V

DM_OUT, DP_OUT –0.3 5.7

BIAS, DM_IN, DP_IN, VBUS –0.3 18

Continuous current DM_IN to DM_OUT or DP_IN to DP_OUT –100 100 mA

IBUS Internally limited

Continuous output source current, ISRC ILIM_HI, LIM_LO, IMON Internally limited A

Continuous output sink current, ISNK FAULT 25 mA

CS Internally limited A

Operating junction temperature, TJ –40 150 °C

Storage temperature,Tstg –65 150 °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 AEC Q100-002(1) ±2000(2)

V

Charged-device model (CDM), per AEC Q100-011 ±750(3)

IEC 61000-4-2 contact discharge DP_IN, DM_IN and VBUS pins(4) ±8000

IEC 61000-4-2 air di scharge DP_IN, DM_IN and VBUS pins(4) ±15000

ISO 10605 (330 pF, 330 Ω), 
contact discharge DP_IN, DM_IN and VBUS pins(5) ±8000

ISO 10605 (330 pF, 330 Ω), air 
discharge DP_IN, DM_IN and VBUS pins(5) ±15000

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
(2) The passing level per AEC-Q100 Classification H2.
(3) The passing level per AEC-Q100 Classification C5.
(4) Surges per IEC 61000-4-2, level 4, 1999 applied from DP_IN, DM_IN and VBUS to output ground of the TPD3S713Q1EVM-103 

evaluation module.
(5) Surges per ISO 10605 (330 pF, 330 Ω), applied from DP_IN, DM_IN and VBUS to output ground of the TPD3S713Q1EVM-103 

evaluation module.

6.3 Recommended Operating Conditions
Voltages are with respect to GND unless otherwise noted.

MIN NOM MAX UNIT
V(IN) Supply voltage IN 4.5 5.5 V

Input voltage EN, ILIM_SEL, INT1, INT2 0 5.5 V

DM_IN, DM_OUT, DP_IN, DP_OUT 0 3.6 V

I(BUS) Output continuous current IBUS 500 mA

DM_IN to DM_OUT or DP_IN to DP_OUT –30 30 mA

Continuous output sink current FAULT 10 mA

R(ILIM_xx) Current-limit-set resistors 6.98 100 kΩ

TJ Operating junction temperature –40 125 °C
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6.4 Thermal Information

THERMAL METRIC(1)

TPD3S713x-Q1
UNITRVC (WQFN)

20 PINS
RθJA Junction-to-ambient thermal resistance 37.9 °C/W

RθJC(top) Junction-to-case (top) thermal resistance 39.9 °C/W

RθJB Junction-to-board thermal resistance 11.9 °C/W

ψJT Junction-to-top characterization parameter 0.5 °C/W

ψJB Junction-to-board characterization parameter 11.8 °C/W

RθJC(bot) Junction-to-case (bottom) thermal resistance 3.2 °C/W

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

6.5 Electrical Characteristics
Unless otherwise noted, –40°C ≤ TJ ≤ 125°C and 4.5 V ≤ V(IN) ≤ 5.5 V, V(EN) = V(INT1) = V(ILIM_SEL) = V(IN), V(INT2) = GND, 
R(FAULT) = 10 kΩ, R(IMON) = 2.55 kΩ, R(ILIM_HI) = 52.3 kΩ. Positive currents are into pins. Typical values are at TJ = 25°C. All 
voltages are with respect to GND.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
OUT – POWER SWITCH

rDS(on) On-resistance(1)
TJ = 25°C 73 90

mΩ
–40°C ≤TJ ≤ 125°C 73 120

Ilkg Reverse leakage current VBUS = 5 V, VIN = VEN = 0 V, –40°C ≤ TJ ≤ 125°C, 
measure I(IN)

0.01 2 µA

OUT – DISCHARGE

R(DCHG)
Discharge resistance 
(ILIM_SEL change) 400 500 630 Ω

ENABLE, ILIM_SEL, INT1, INT2 INPUTS

Input pin rising logic 
threshold voltage 0.8 1.35 2 V

Input pin falling logic 
threshold voltage 0.7 1.15 1.65 V

Hysteresis(2) 200 mV

Input current Pin voltage = 0 V or 5.5 V –1 1 µA

CURRENT LIMIT

IOS
VBUS short-circuit current 
limit

RILIM_HI or RILIM_LO = 80.6 kΩ 38 55 71

mA

RILIM_HI or RILIM_LO = 52.3 kΩ 62 82 102

RILIM_HI or RILIM_LO = 22.1 kΩ 166 192 218

RILIM_HI or RILIM_LO = 15.4 kΩ 245 275 305

RILIM_HI or RILIM_LO = 6.98 kΩ 560 600 640

RILIM_HI Shorted to GND 860 1150 1440

RILIM_HI Shorted to GND

I(IN_OFF) Disabled IN supply current V(EN) = 0 V, V(BUS) = 0 V, –40°C ≤ TJ ≤ 125°C, no 
5.1-kΩ resistor (open) between BIAS and VBUS 0.1 10 µA

I(IN_ON) Enabled IN supply current V(INT1) = V(ILIM_SEL) = High 200 280 µA
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6.5 Electrical Characteristics (continued)
Unless otherwise noted, –40°C ≤ TJ ≤ 125°C and 4.5 V ≤ V(IN) ≤ 5.5 V, V(EN) = V(INT1) = V(ILIM_SEL) = V(IN), V(INT2) = GND, 
R(FAULT) = 10 kΩ, R(IMON) = 2.55 kΩ, R(ILIM_HI) = 52.3 kΩ. Positive currents are into pins. Typical values are at TJ = 25°C. All 
voltages are with respect to GND.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
UNDERVOLTAGE LOCKOUT, IN

V(UVLO) UVLO threshold voltage
IN rising 3.9 4.1 4.3

V
IN falling 3.3 3.5 3.7

FAULT

Output low voltage I(FAULT) = 1 mA 100 mV

Off-state leakage V(FAULT) = 5.5 V 2 µA

THERMAL SHUTDOWN

T(OTSD2) Thermal shutdown threshold 155 °C

T(OTSD1)
Thermal shutdown threshold 
in current-limit 135 °C

Hysteresis(3) 20 °C

DM_IN AND DP_IN OVERVOLTAGE PROTECTION

V(OV_Data) Protection trip threshold DP_IN and DM_IN rising 3.3 3.9 4.15 V

Hysteresis(3) 100 mV

R(DCHG_Data)
Discharge resistor after 
OVP(3)

DP_IN = DM_IN = 18 V, IN = 5 V or 0 V 200

kΩDP_IN = DM_IN = 5 V, IN = 5 V 370

DP_IN = DM_IN = 5 V, IN = 0 390

BUS OVERVOLTAGE PROTECTION

V(OV_BUS) Protection trip threshold VBUS rising 5.65 6 6.35 V

Hysteresis(3) 90 mV

R(DCHG_BUS) Discharge resistor
VBUS = 18 V, IN = 5 V 55 85

kΩ
VBUS = 18 V, IN = 0 80 120

CABLE COMPENSATION

I(CS) Sink current Load = 0.5 A, 2.5 V ≤ V(CS) ≤ 5.5 V 190 210 230 µA
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6.5 Electrical Characteristics (continued)
Unless otherwise noted, –40°C ≤ TJ ≤ 125°C and 4.5 V ≤ V(IN) ≤ 5.5 V, V(EN) = V(INT1) = V(ILIM_SEL) = V(IN), V(INT2) = GND, 
R(FAULT) = 10 kΩ, R(IMON) = 2.55 kΩ, R(ILIM_HI) = 52.3 kΩ. Positive currents are into pins. Typical values are at TJ = 25°C. All 
voltages are with respect to GND.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
CURRENT MONITOR OUTPUT (IMON)

I(IMON) Source current Load = 0.5 A, 0 ≤ V(IMON) ≤ 2.5 V 245 265 285 µA

HIGH-BANDWIDTH ANALOG SWITCH

R(HS_ON)
DP and DM switch on-
resistance

V(DP_OUT) = V(DM_OUT) = 0 V, I(DP_IN) = I(DM_IN) = 30 
mA 3.2 6.5

Ω
V(DP_OUT) = V(DM_OUT) = 2.4 V, I(DP_IN) = I(DM_IN) = 
–15 mA 3.8 7.6

|ΔR(HS_ON)|
Switch resistance mismatch 
between DP and DM 
channels

V(DP_OUT) = V(DM_OUT) = 0 V, I(DP_IN) = I(DM_IN) = 30 
mA 0.05 0.15

Ω
V(DP_OUT) = V(DM_OUT) = 2.4 V, I(DP_IN) = I(DM_IN) = 
–15 mA 0.05 0.15

C(IO_OFF)
DP and DM switch off-state 
capacitance(4)

VEN = 0 V, V(DP_IN) = V(DM_IN) = 0.3 V, Vac = 0.03 
VPP, f = 1 MHz 8.8 pF

C(IO_ON)
DP and DM switch on-state 
capacitance(4)

V(DP_IN) = V(DM_IN) = 0.3 V, Vac = 0.03 VPP, f = 1 
MHz 10.9 pF

Off-state isolation(4) V(EN) = 0 V, f = 250 MHz 12 dB

On-state cross-channel 
isolation(4) f = 250 MHz 34 dB

Ilkg(OFF) Off-state leakage current VEN = 0 V, V(DP_IN) = V(DM_IN) = 3.6 V, V(DP_OUT) = 
V(DM_OUT) = 0 V, measure I(DP_OUT) and I(DM_OUT)

0.1 1.5 µA

BW Bandwidth (–3 dB)(4) R(L) = 50 Ω 1230 MHz

(1) Pulse-testing techniques maintain junction temperature close to ambient temperature. Thermal effects must be taken into account 
separately.

(2) This parameter is provided for reference only and does not constitute part of TI's published device specifications for purposes of TI's 
product warranty.

(3) This parameter is provided for reference only and does not constitute part of TI's published device specifications for purposes of TI's 
product warranty.

(4) This parameter is provided for reference only and does not constitute part of TI's published device specifications for purposes of TI's 
product warranty.
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6.6 Switching Characteristics
Unless otherwise noted, –40°C ≤ TJ ≤ 125°C and 4.5 V ≤ V(IN) ≤ 5.5 V, V(EN) = V(INT1) = V(ILIM_SEL) = V(IN), V(INT2) = GND, 
R(FAULT) = 10 kΩ, R(IMON) = 2.55 kΩ, R(ILIM_HI) = 52.3 kΩ. Positive currents are into pins. Typical values are at TJ = 25°C. All 
voltages are with respect to GND.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tr BUS voltage rise time

V(IN) = 5 V, C(L) = 1 µF, R(L) = 100 Ω
1.05 1.75 3.1 ms

tf BUS voltage fall time 0.27 0.47 0.82 ms

ton BUS voltage turn-on time
V(IN) = 5 V, C(L) = 1 µF, R(L) = 100 Ω

7.5 11 ms

toff BUS voltage turn-off time 2.7 5 ms

t(DCHG_S)
Discharge hold time 
(ILIM_SEL change) Time V(OUT) < 0.7V 1.1 2 2.9 s

t(IOS)
BUS short-circuit response 
time(1) V(IN) = 5 V, R(SHORT) = 50 mΩ 2 µs

t(OC_BUS_FAULT) BUS FAULT deglitch time Bidirectional deglitch applicable to current-limit 
condition only (no deglitch assertion for OTSD) 5.5 8.5 11.5 ms

tpd
Analog switch propagation 
delay (1) V(IN) = 5 V 0.14 ns

t(SK)

Analog switch skew 
between opposite transitions 
of the same port (tPHL – 
tPLH) (1)

V(IN) = 5 V 0.02 ns

t(OV_Data)

DP_IN and DM_IN 
overvoltage protection 
response time

5 µs

t(OV_BUS)
BUS overvoltage protection 
response time 0.3 µs

t(OV_Data_FAULT)
DP_IN and DM_IN FAULT-
asserted degltich time 11 16 23 ms

BUS FAULT-asserted 
degltich time 11 16 23 ms

(1) These parameters are provided for reference only and do not constitute part of TI's published device specifications for purposes of TI's 
product warranty.
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6.7 Typical Characteristics
TA = 25°C, V(IN) = 5 V, V(EN) = V(IN), V(ILIM_SEL) = V(INT1) = V(IN), V(INT2) = GND, FAULT connect to V(IN) via a 10-kΩ pullup 
resistor (unless stated otherwise)
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図 6-1. Power Switch On-Resistance vs Temperature
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図 6-2. Reverse Leakage Current vs Temperature
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図 6-3. BUS Discharge Resistance (OVP) vs Temperature
Junction Temperature (qC)
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図 6-5. VBUS Short-Circuit Current Limit vs Temperature
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6.7 Typical Characteristics (continued)
TA = 25°C, V(IN) = 5 V, V(EN) = V(IN), V(ILIM_SEL) = V(INT1) = V(IN), V(INT2) = GND, FAULT connect to V(IN) via a 10-kΩ pullup 
resistor (unless stated otherwise)
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図 6-7. Enabled IN Supply Current vs Temperature
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図 6-8. DP_IN Overvoltage Protection Threshold vs Temperature
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図 6-9. BUS Overvoltage Protection Threshold vs Temperature
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図 6-10. I(CS) vs Temperature
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図 6-11. I(CS) vs V(CS) Voltage
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6.7 Typical Characteristics
TA = 25°C, V(IN) = 5 V, V(EN) = V(IN), V(ILIM_SEL) = V(INT1) = V(IN), V(INT2) = GND, FAULT connect to V(IN) via a 10-kΩ pullup 
resistor (unless stated otherwise)
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図 6-13. I(IMON) vs V(CS) Voltage

Measured on EVM with 10-cm cable

図 6-14. Bypassing the TPD3S713-Q1 Data Switch

Measured on EVM with 10-cm cable

図 6-15. Through the TPD3S713-Q1 Data Switch

R(LOAD) = 68 Ω C(LOAD) = 10 µF t = 5 ms/div

図 6-16. Turn-on Response

R(LOAD) = 68 Ω C(LOAD) = 10 µF t = 5 ms/div

図 6-17. Turn-off Response
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6.7 Typical Characteristics (continued)
TA = 25°C, V(IN) = 5 V, V(EN) = V(IN), V(ILIM_SEL) = V(INT1) = V(IN), V(INT2) = GND, FAULT connect to V(IN) via a 10-kΩ pullup 
resistor (unless stated otherwise)

R(ILIM_LO) = 80.6 kΩ t = 5 ms/div

図 6-18. Enable Into Short

R(ILIM_HI) = 80.6 kΩ t = 5 ms/div

図 6-19. Short Circuit to No Load

R(ILIM_HI) = 52.3 kΩ R(short) = 50 mΩ t = 5 ms/div

図 6-20. Hot Short

t =5 ms/div

図 6-21. VBUS Short-to-Battery

t = 20 ms/div

図 6-22. VBUS Short-to-Battery Recovery

t = 5 ms/div

図 6-23. DP_IN Short-to-Battery
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6.7 Typical Characteristics (continued)
TA = 25°C, V(IN) = 5 V, V(EN) = V(IN), V(ILIM_SEL) = V(INT1) = V(IN), V(INT2) = GND, FAULT connect to V(IN) via a 10-kΩ pullup 
resistor (unless stated otherwise)

R(BIAS) = 5.1 kΩ t = 20 ms/div

図 6-24. DP_IN Short-to-Battery Recovery

R(BIAS) = 5.1 kΩ t = 5 ms/div

図 6-25. DP_IN Short-to-VBUS 

R(BIAS) = 5.1 kΩ t = 2 ms/div

図 6-26. DP_IN Short-to-VBUS and Recovery 図 6-27. Data Transmission Characteristics vs Frequency

図 6-28. Off-State Data-Switch Isolation vs Frequency 図 6-29. On-State Cross-Channel Isolation vs Frequency
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7 Parameter Measurement Information

図 7-1. Short-to-Battery System Test Setup
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8 Detailed Description
8.1 Overview
The TPD3S713x-Q1 is a single-chip solution for short-to-battery, short-circuit, and ESD protection for high speed 
data and power lines in automotive USB hub, head unit, telematics, and media interface applications. The 
integrated data switches provide best-in-class bandwidth for minimal signal degradation during USB short-to-
battery events. The high bandwidth allows for a clean USB2.0 high-speed eye diagram which helps pass 
stringent USB certification tests in the automotive USB environment.

The short-to-battery protection isolates the internal system circuits from any overvoltage conditions at the VBUS, 
DP_IN, and DM_IN pins. On these pins, the TPD3S713x-Q1 can handle overvoltages up to 18 V for hot plug 
and DC events. This feature protects the upstream voltage regulator, automotive processor, and hub when these 
pins are exposed to fault conditions.

The VBUS pin also provides an accurate current limited load switch from 55 mA to 600 mA. The leading 
overcurrent protection automatically limits current to prevent drooping of the upstream rail during short-to-ground 
events. Also TPD3S713x-Q1 can save power budget for the whole system.

The TPD3S713x-Q1 device integrates a cable compensation (CS) feature to compensate for long-cable voltage 
drop. This feature keeps the remote USB port output voltage constant to enhance the user experience under 
high-current charging conditions.

The TPD3S713x-Q1 device provides a current-monitor function (IMON) by connecting a resistor from the IMON 
pin to GND to provide a positive voltage linearly with load current. This connection can be used for system power 
or dynamic power management.

Additionally, the device provides ESD protection up to ±8 kV (contact discharge) and ±15 kV (air discharge) per 
IEC 61000-4-2 on DP_IN and DM_IN.
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8.2 Functional Block Diagram

8.3 Feature Description
8.3.1 FAULT Response

The device features an active-low, open-drain fault output. FAULT goes low when there is a fault condition. Fault 
detection includes overtemperature, overcurrent, or overvoltage on VBUS, DP_IN and DM_IN. Connect a 10-kΩ 
pullup resistor from FAULT to IN.

表 8-1 summarizes the conditions that generate a fault and actions taken by the device.
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表 8-1. Fault Conditions
EVENT CONDITION TPD3S713-Q1 TPD3S713A-Q1

Overvoltage on the data 
lines V(DP_IN) or V(DM_IN) > 3.9 V

The device immediately shuts off the 
USB data switches and the internal 
power switch. The fault indicator asserts 
with a 16-ms deglitch, and deasserts 
without deglitch.

The device immediately shuts off the 
USB data switches, and the internal 
power switch keeps turn on. The fault 
indicator asserts with a 16-ms deglitch, 
and deasserts without deglitch.

Overvoltage on V(BUS) V(BUS) > 6 V

The device immediately shuts off the 
internal power switch and the USB data 
switches. The fault indicator asserts 
with a 16-ms deglitch and deasserts 
without deglitch.

The device immediately shuts off the 
internal power switch and the USB data 
switches. The fault indicator asserts 
with a 16-ms deglitch and deasserts 
without deglitch.

Overcurrent on V(BUS) I(BUS) > I(OS)

The device regulates switch current at 
I(OS) until thermal cycling occurs. The 
fault indicator asserts and deasserts 
with an 8-ms deglitch.

The device regulates switch current at 
I(OS) until thermal cycling occurs. The 
fault indicator asserts and deasserts 
with an 8-ms deglitch.

Overtemperature
TJ > OTSD2 in non-current-
limited or TJ > OTSD1 in 
current-limited mode.

The device immediately shuts off the 
internal power switch and the USB data 
switches. The fault indicator asserts 
immediately when the junction 
temperature exceeds OTSD2 or OTSD1 
while in a current-limiting condition. The 
device has a thermal hysteresis of 
20°C.

The device immediately shuts off the 
internal power switch and the USB data 
switches. The fault indicator asserts 
immediately when the junction 
temperature exceeds OTSD2 or OTSD1 
while in a current-limiting condition. The 
device has a thermal hysteresis of 
20°C.

8.3.2 Cable Compensation

When a load draws current through a long or thin wire, there is an IR drop that reduces the voltage delivered to 
the load. In the vehicle from the voltage regulator 5-V output to the loading, the total resistance of power switch 
rDS(on) and cable resistance causes an IR drop at the loading input. So the charging current of most portable 
devices is less than their expected maximum charging current.

図 8-1. Voltage Drop

The TPD3S713-Q1 device detects the load current and applies a proportional sink current that can be used to 
adjust the output voltage of the upstream regulator to compensate for the IR drop in the charging path. The gain 
G(CS) of the sink current proportional to load current is 420 µA/A.
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図 8-2. Cable Compensation Equivalent Circuit

8.3.2.1 Design Procedure

To start the procedure, the total resistance, including the power switch rDS(on) and wire resistance R(WIRE), must 
be known.

1. Choose R(G) following the voltage-regulator feedback resistor-divider design guideline.
2. Calculate R(FA) according to 式 1.

FA DS(on) (WIRE) (CS)R (r R ) / G= + (1)

3. Calculate R(FB) according to 式 2.

(OUT)
(FB) (G) (FA)

(FB) (G)

V
R R R

V / R
= - -

(2)

4. C(COMP) in parallel with R(FA) is required to stabilize V(OUT) when C(BUS) is large. Start with C(COMP) ≥ 3 × 
G(CS) × C(OUT), then adjust C(COMP) to optimize the load transient of the voltage regulator output. V(OUT) 
stability must always be verified in the end application circuit.

8.3.3 DP and DM Protection

DP and DM protection consists of ESD and OVP (overvoltage protection). The DP_IN and DM_IN pins provide 
ESD protection up to ±15 kV (air discharge) and ±8 kV (contact discharge) per IEC 61000-4-2 (see the ESD 
Ratings section for test conditions).

The ESD stress seen at DP_IN and DM_IN is impacted by many external factors, like the parasitic resistance 
and inductance between ESD test points and the DP_IN and DM_IN pins. For air discharge, the temperature 
and humidity of the environment can cause some difference, so the IEC performance must always be verified in 
the end-application circuit.

The IEC ESD performance of the TPD3S713x-Q1 device depends on the capacitance connected from BIAS to 
GND. TI recommends a 2.2-µF capacitor placed close to the BIAS pin. Connect the BIAS pin to BUS using a 
5.1-kΩ resistor as a discharge path for the ESD stress.

OVP protection is provided for short-to-VBUS or short-to-battery conditions in the vehicle harness, preventing 
damage to the upstream USB transceiver or hub. When the voltage on DP_IN or DM_IN exceeds 3.9 V (typical), 
the TPD3S713x-Q1 device quickly responds to block the high-voltage reverse connection to DP_OUT and 
DM_OUT. Overcurrent short-to-GND protection for DP and DM is provided by the upstream USB transceiver.

8.3.4 VBUS OVP Protection

The TPD3S713x-Q1 BUS pin can withstand up to 18 V. The internal MOSFET turns off quickly when a short-to-
battery condition occurs.

The TPD3S713x-Q1 device OVP threshold is 6 V (typical).
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8.3.5 Output and DP or DM Discharge

When an OVP condition occurs on DP_IN or DM_IN, both TPD3S713x-Q1 devices enable an internal 200-kΩ 
discharge resistance from DP_IN to ground, and from DM_IN to ground. The TPD3S713-Q1 turns off the power 
switch and data switches. But the TPD3S713A-Q1 only turns off the data switches. Both TPD3S713x-Q1 
devices automatically disable the discharge paths and turn on the switches after the OVP condition is removed.

When an OVP condition occurs on BUS, both TPD3S713x-Q1 devices turn on an internal discharge path (see 表 
8-2 for the discharge resistance). The analog switches are also turned off. Both TPD3S713x-Q1 devices 
automatically turn off the discharge path and turn on the analog switch after the OVP condition is removed.

表 8-2. BUS Discharge Resistance
VIN(1) EN(1) OVP(1) BUS DISCHARGE 

RESISTANCE(2)

0 0 0 —

0 0 1 80 kΩ

0 1 0 —

0 1 1 80 kΩ

1 0 0 500 Ω

1 0 1 55 kΩ

1 1 0 —

1 1 1 55 kΩ

(1) 0 = inactive, 1 = active
(2) — = no discharge resistance

8.3.6 Overcurrent Protection

When an overcurrent condition is detected, the device maintains a constant output current and reduces the 
output voltage accordingly. Two possible overload conditions can occur. In the first condition, the output is 
shorted before the device is enabled or before the application of V(IN). The TPD3S713x-Q1 device senses the 
short and immediately switches into a constant-current output. In the second condition, a short or an overload 
occurs while the device is enabled. At the instant the overload occurs, high currents flow for 1 to 2 μs (typical) 
before the current-limit circuit reacts. The device operates in constant-current mode after the current-limit circuit 
has responded. Complete shutdown occurs only if the fault is present long enough to activate thermal limiting. 
The device remains off until the junction temperature cools approximately 20°C and then restarts. The device 
continues to cycle on and off until the overcurrent condition is removed.

8.3.7 Undervoltage Lockout

The undervoltage lockout (UVLO) circuit disables the power switch until the input voltage reaches the UVLO 
turnon threshold. Built-in hysteresis prevents unwanted oscillations on the output due to input voltage drop from 
large current surges.

8.3.8 Thermal Sensing

Two independent thermal-sensing circuits protect the TPD3S713x-Q1 device if the temperature exceeds 
recommended operating conditions. These circuits monitor the operating temperature of the power-distribution 
switch and disable operation. The power dissipation in the package is proportional to the voltage drop across the 
power switch, so the junction temperature rises during an overcurrent condition. The first thermal sensor turns off 
the power switch when the die temperature exceeds 135°C and the device is in current limit. The second thermal 
sensor turns off the power switch when the die temperature exceeds 155°C regardless of whether the power 
switch is in current limit. Hysteresis is built into both thermal sensors, and the switch turns on after the device 
has cooled by approximately 20°C. The switch continues to cycle off and then on until the fault is removed. The 
open-drain false-reporting output, FAULT, is asserted (low) during an overtemperature shutdown condition.
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8.3.9 Current-Limit Setting

The TPD3S713x-Q1 has two independent current-limit settings that are each adjusted externally with a resistor. 
The ILIM_HI setting is adjusted with R(ILIM_HI) connected between ILIM_HI and GND. The ILIM_LO setting is 
adjusted with R(ILIM_LO) connected between ILIM_LO and GND.

The current limit is selected by ILIM_SEL pin. If ILIM_SEL = high, ILIM_HI is selected; if ILIM_SEL = low, 
ILIM_LO is selected.

The following equation calculates the value of resistor for adjusting the typical current limit (need update):

(3)

Many applications require that the current limit meet specific tolerance limits. When designing to these tolerance 
limits, both the tolerance of the TPD3S713x-Q1 current limit and the tolerance of the external adjusting resistor 
must be taken into account. The following equations approximate the TPD3S713x-Q1 minimum and maximum 
current limits to within a few milliamperes and are appropriate for design purposes. The equations do not 
constitute part of TI’s published device specifications for purposes of TI’s product warranty. These equations 
assume an ideal—no variation—external adjusting resistor. To take resistor tolerance into account, first 
determine the minimum and maximum resistor values based on its tolerance specifications and use these values 
in the equations. Because of the inverse relation between the current limit and the adjusting resistor, use the 
maximum resistor value in the IOS(min) equation and the minimum resistor value in the IOS(max) equation.

(4)

(5)

図 8-3. Current-Limit Setting vs Adjusting Resistor

The routing of the traces to the R(ILIM_xx) resistors must have a sufficiently low resistance so as not to affect the 
current-limit accuracy. The ground connection for the R(ILIM_xx) resistors is also very important. The resistors 
must reference back to the TPD3S713x-Q1 GND pin. Follow normal board layout practices to ensure that 
current flow from other parts of the board does not impact the ground potential between the resistors and the 
TPD3S713x-Q1 GND pin.
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8.4 Device Functional Modes
8.4.1 Device Truth Table (TT)

The device truth table (表  8-3) lists all valid combinations for both ILIM_SEL and INT1 pins, and the 
corresponding mode. The TPD3S713x-Q1 device monitors the INT1 and ILIMI_SEL input change, and there is 
2s discharge on BUS pin during mode change.

表 8-3. Truth Table

INT1 ILIM_SEL CURRENT LIMIT 
SELECTED MODE POWER 

SWITCH DATA SWITCH
IMON FOR 
CURRENT 
MONITOR

FAULT 
REPORT

0 0 N/A Client mode OFF ON OFF ON(1)

0 1 RESERVED, DO NOT USE

1 0 ILIM_LO Normal mode ON ON ON ON

1 1 ILIM_HI Normal mode ON ON ON ON

(1) In the client mode, the FAULT only reports in case of BUS,DP_IN and DM_IN OVP.

8.4.2 Client Mode

The TPD3S713x-Q1 device integrates client mode as shown in 図 8-4. The internal power switch is OFF to block 
current flow from BUS to IN, and the signal switches are ON. This mode can be used for software upgrades from 
the USB port.

図 8-4. Client-Mode Equivalent Circuit

In client mode, because the power switch is OFF, BUS must be 5 V so that the device can work normally (usually 
powered by an external downstream USB port). If the BUS voltage is low, the communication may not work 
properly.

8.4.3 High-Bandwidth Data-Line Switch

The DP and DM data lines pass through the device. A wide-bandwidth signal switch allows data to pass through 
the device without corrupting signal integrity. The data-line switches are turned on in any of the operating modes. 
The EN input must be at logic high for the data-line switches to be enabled.

注

• While in client and normal mode, the data switches are ON.
• The data switches are only for the USB-2.0 differential pair. In the case of a USB-3.0 host, the 

super-speed differential pairs must be routed directly to the USB connector without passing 
through the TPD3S713x-Q1 device.

• Data switches are OFF during BUS (VBUS) discharge.

www.ti.com/ja-jp
TPD3S713-Q1, TPD3S713A-Q1

JAJSJ53B – MAY 2020 – REVISED APRIL 2023

Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 21

Product Folder Links: TPD3S713-Q1 TPD3S713A-Q1
English Data Sheet: SLUSDH1

https://www.ti.com/ja-jp
https://www.ti.com/product/ja-jp/tpd3s713-q1?qgpn=tpd3s713-q1
https://www.ti.com/product/ja-jp/tpd3s713a-q1?qgpn=tpd3s713a-q1
https://www.ti.com/ja-jp/lit/pdf/JAJSJ53
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSJ53B&partnum=TPD3S713-Q1
https://www.ti.com/product/ja-jp/tpd3s713-q1?qgpn=tpd3s713-q1
https://www.ti.com/product/ja-jp/tpd3s713a-q1?qgpn=tpd3s713a-q1
https://www.ti.com/lit/pdf/SLUSDH1


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 TPD3S713x-Q1 device is a USB power switch with cable compensation and short-to-battery protection for 
VBUS, DP, and DM. The device is typically used for automotive USB port protection. The following design 
procedure can be used to select components for the TPD3S713x-Q1 device. This section presents a simplified 
discussion of how to choose external components for VBUS, DP, and DM short-to-battery protection.

9.2 Typical Application
For an automotive USB charging port, the VBUS, DP, and DM pins are exposed and require a protection device. 
The protection required includes VBUS overcurrent, DP and DM ESD protection, and short-to-battery protection. 
This charging-port device protects the upstream dc-dc converter (bus line) and automotive SOC or hub chips 
(DP and DM data lines). 図 9-1 shows an application schematic of this circuit with short-to-battery protection.
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図 9-1. Typical Application Schematic

9.2.1 Design Requirements

For this design example, use the following as the input parameters.

DESIGN PARAMETER EXAMPLE VALUE
Battery voltage, V(BAT) 18 V

Short-circuit cable 0.5 m

9.2.2 Detailed Design Procedure

To begin the design process, the designer must know the following:

• The battery voltage.

TPD3S713-Q1, TPD3S713A-Q1
JAJSJ53B – MAY 2020 – REVISED APRIL 2023 www.ti.com/ja-jp

22 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPD3S713-Q1 TPD3S713A-Q1
English Data Sheet: SLUSDH1

https://www.ti.com/product/ja-jp/tpd3s713-q1?qgpn=tpd3s713-q1
https://www.ti.com/product/ja-jp/tpd3s713a-q1?qgpn=tpd3s713a-q1
https://www.ti.com/ja-jp/lit/pdf/JAJSJ53
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSJ53B&partnum=TPD3S713-Q1
https://www.ti.com/product/ja-jp/tpd3s713-q1?qgpn=tpd3s713-q1
https://www.ti.com/product/ja-jp/tpd3s713a-q1?qgpn=tpd3s713a-q1
https://www.ti.com/lit/pdf/SLUSDH1


• The short-circuit cable length.
• The maximum continuous output current for the USB port. The minimum current-limit setting of TPD3S713x-

Q1 device must be higher than this current.
• The maximum output current of the upstream dc-dc converter. The maximum current-limit setting of 

TPD3S713x-Q1 device must be lower than this current.
• For cable compensation, the total resistance including power switch rDS(on), cable resistance, and connector 

contact resistance must be specified.

9.2.2.1 Input Capacitance

Consider the following application situations when choosing the input capacitors.

For all applications, TI recommends a 0.1-µF or greater ceramic bypass capacitor between IN and GND, placed 
as close as possible to the device for local noise decoupling.

During output short or hot plug-in of a capacitive load, high current flows through the TPD3S713x-Q1 device 
back to the upstream dc-dc converter until the TPD3S713x-Q1 device responds (after t(IOS)). During this 
response time, the TPD3S713x-Q1 input capacitance and the dc-dc converter output capacitance source current 
to keep VIN above the UVLO of the TPD3S713x-Q1 device and any shared circuits. Size the input capacitance 
for the expected transient conditions and keep the path between the TPD3S713x-Q1 device and the dc-dc 
converter short to help minimize voltage drops.

Input voltage overshoots can be caused by either of two effects. The first cause is an abrupt application of input 
voltage in conjunction with input power-bus inductance and input capacitance when the IN pin is in the high-
impedance state (before turnon). Theoretically, the peak voltage is 2 times the applied voltage. The second 
cause is due to the abrupt reduction of output short-circuit current when the TPD3S713x-Q1 device turns off and 
energy stored in the input inductance drives the input voltage high. Applications with large input inductance (for 
example, a connection between the evaluation board and the bench power supply through long cables) may 
require large input capacitance to prevent the voltage overshoot from exceeding the absolute-maximum voltage 
of the device.

During the short-to-battery (EN = HIGH) condition, the input voltage follows the output voltage until OVP 
protection is triggered (t(OV_BUS)). After the TPD3S713x-Q1 device responds and turns off the power switch, the 
stored energy in the input inductance can cause ringing.

Based on the three situations described, TI recommends 10-µF and 0.1-µF low-ESR ceramic capacitors, placed 
close to the input.

9.2.2.2 Output Capacitance

Consider the following application situations when choosing the output capacitors.

After an output short occurs, the TPD3S713x-Q1 device abruptly reduces the BUS current, and the energy 
stored in the output power-bus inductance causes voltage undershoot and potentially reverse voltage as it 
discharges.

Applications with large output inductance (such as from a cable) benefit from the use of a high-value output 
capacitor to control the voltage undershoot.

For USB port applications, because the VBUS pin is exposed to IEC61000-4-2 level-4 ESD, use a low-ESR 
capacitance to protect BUS.

The TPD3S713x-Q1 device is capable of handling up to 18-V battery voltage. When VBUS is shorted to the 
battery, the LCR tank circuit formed can induce ringing. The peak voltage seen on the BUS pin depends on the 
short-circuit cable length. The parasitic inductance and resistance varies with length, causing the damping factor 
and peak voltage to differ. Longer cables with larger resistance reduce the peak current and peak voltage. 
Consider high-voltage derating for the ceramic capacitor, because the peak voltage can be higher than twice the 
battery voltage.

Based on the three situations described, TI recommends a 10-µF, 35-V, X7R, 1210 low-ESR ceramic capacitor 
placed close to BUS. If the battery voltage is 16 V and a 16-V transient voltage suppressor (TVS) is used, then 
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the capacitor voltage can be reduced to 25 V. Considering temperature variation, placing an additional 35-V 
aluminum electrolytic capacitor can lower the peak voltage and make the system more robust.

9.2.2.3 BIAS Capacitance

The capacitance on the BIAS pin helps the IEC ESD performance on the DM_IN and DP_IN pins.

When a short-to-battery on DP_IN, DM_IN, BUS, or both occurs, high voltage can be seen on the BIAS pin. 
Place a 2.2-µF, 50-V, X7R, 0805, low-ESR ceramic capacitor close to the BIAS pin. The whole current path from 
BIAS to GND must be as short as possible. Additionally, use a 5.1-kΩ discharge resistor from BIAS to BUS.

9.2.2.4 Output and BIAS TVS

The TPD3S713x-Q1 device can withstand high transient voltages up to 18 V. In real application, the ringing can 
exceed 18 V due to LCR tank ringing, but to make BUS, DP_IN, and DM_IN robust, place one TVS close to the 
BUS pin, and another TVS close to the BIAS pin. When choosing the TVS, the reverse standoff voltage VR 
depends on the battery voltage (16 V or 18 V). Considering the peak pulse power capability, TI recommends a 
400-W device such as an SMAJ16 for a 16-V battery or an SMAJ18 for an 18-V battery.
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9.2.3 Application Curves

VBAT = 16 V t = 5 µs/div

図 9-2. Disabled, 25-V, 1206, X7R COUT Capacitor 
Without SMAJ16

VBAT = 18 V t = 5 µs/div

図 9-3. Disabled, 35-V, 1210, X7R COUT Capacitor 
Without SMAJ18

t = 20 µs/div

図 9-4. Disabled, 25-V, 1206, X7R COUT Capacitor 
With SMAJ16, BUS Shorted to Battery

t = 20 µs/div

図 9-5. Disabled, 35-V, 1210, X7R COUT Capacitor 
With SMAJ18, BUS Shorted to Battery

t = 20 µs/div

図 9-6. DC-DC VIN Floating, BUS Shorted to Battery

t = 20 µs/div

図 9-7. Enable BUS Shorted to Battery
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RBIAS = 5.1 kΩ t = 2 µs/div

図 9-8. Disabled, DP_IN Shorted to Battery
RBIAS = 5.1 kΩ t = 2 µs/div

図 9-9. DC-DC VIN Floating, DP_IN Shorted to 
Battery

R(BIAS) = 5.1 kΩ t = 2 µs/div R(DP_OUT) = 15 kΩ

図 9-10. Enabled, DP_IN Shorted to Battery

9.3 Power Supply Recommendations
The TPD3S713x-Q1 device is designed for a supply voltage range of 4.5 V ≤ VIN ≤ 5.5 V, with its power switch 
used for protecting the upstream power supply when a fault such as overcurrent or short to ground occurs on the 
USB port. Therefore, the power supply must be rated higher than the current-limit setting to avoid voltage drops 
during overcurrent or short-circuit conditions.

9.4 Layout
9.4.1 Layout Guidelines

Layout best practices for the TPD3S713x-Q1 device are listed as follows:

• Considerations for input and output power traces:
– Make the power traces as short as possible.
– Make the power traces as wide as possible.

• Considerations for input-capacitor traces:
– For all applications, TI recommends 10-µF and 0.1-µF low-ESR ceramic capacitors, placed close to the IN 

pin.
• The resistors attached to the ILIM_HI and ILIM_LO pins of the device have several requirements:

– TI recommends to use 1% low-temperature-coefficient resistors.
– The trace routing between these two pins and GND must be as short as possible to reduce parasitic 

effects on current limit. These traces must not have any coupling to switching signals on the board.

TPD3S713-Q1, TPD3S713A-Q1
JAJSJ53B – MAY 2020 – REVISED APRIL 2023 www.ti.com/ja-jp

26 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPD3S713-Q1 TPD3S713A-Q1
English Data Sheet: SLUSDH1

https://www.ti.com/product/ja-jp/tpd3s713-q1?qgpn=tpd3s713-q1
https://www.ti.com/product/ja-jp/tpd3s713a-q1?qgpn=tpd3s713a-q1
https://www.ti.com/ja-jp/lit/pdf/JAJSJ53
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSJ53B&partnum=TPD3S713-Q1
https://www.ti.com/product/ja-jp/tpd3s713-q1?qgpn=tpd3s713-q1
https://www.ti.com/product/ja-jp/tpd3s713a-q1?qgpn=tpd3s713a-q1
https://www.ti.com/lit/pdf/SLUSDH1


• Locate all TPD3S713x-Q1 pullup resistors for open-drain outputs close to their connection pin. Pullup 
resistors must be 100 kΩ.
– If a particular open-drain output is not used or needed in the system, tie it to GND.

• ESD considerations:
– The TPD3S713x-Q1 device has built-in ESD protection for DP_IN and DM_IN. Keep trace lengths minimal 

from the USB connector to the DP_IN and DM_IN pins on the TPD3S713x-Q1 device, and use minimal 
vias along the traces.

– The capacitor on BIAS helps to improve the IEC ESD performance. A 2.2-µF capacitor must be placed 
close to BIAS, and the current path from BIAS to GND across this capacitor must be as short as possible. 
Do not use vias along the connection traces.

– A 10-µF output capacitor must be placed close to the BUS pin and TVS.
– See the ESD Protection Layout Guide for additional information.

• TVS Considerations (BUS, DP_IN and DM_IN exceed 18 V):
– For BUS, a TVS like SMAJ18 must be placed near the BUS pin.
– For BIAS, a TVS like SMAJ18 must be placed close to the BIAS pin, but behind the 2.2-µF capacitor.
– The whole path from BUS to GND or BIAS to GND across the TVS must be as short as possible.

• DP_IN, DM_IN, DP_OUT, and DM_OUT routing considerations
– Route these traces as microstrips with nominal differential impedance of 90 Ω.
– Minimize the use of vias on the high-speed data lines.
– Keep the reference GND plane devoid from cuts or splits above the differential pairs to prevent impedance 

discontinuities.
– For more USB 2.0 high-speed D+ and D– differential routing information, see the High Speed USB 

Platform Design Guideline from Intel.
• Thermal Considerations:

– When properly mounted, the thermal-pad package provides significantly greater cooling ability than an 
ordinary package. To operate at rated power, the thermal pad must be soldered to the board GND plane 
directly under the device. The thermal pad is at GND potential and can be connected using multiple vias to 
inner-layer GND. Other planes, such as the bottom side of the circuit board, can be used to increase heat 
sinking in higher-current applications. See the PowerPad™ Thermally Enhanced Package application 
report) and (PowerPAD™ Made Easy application brief) for more information on using this thermal pad 
package.
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9.4.2 Layout Example

図 9-11. TPD3S713x-Q1 Layout Diagram
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10 Device and Documentation Support
10.1 Documentation Support
10.1.1 Related Documentation

For related documentation see the following:
• High Speed USB Platform Design Guidelines Intel
• Texas Instruments, ESD Protection Layout Guide application note
• Texas Instruments, PowerPAD™ Thermally Enhanced Package application note
• Texas Instruments, PowerPAD™ Made Easy application brief

10.2 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。

10.3 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。

10.4 Trademarks
PowerPAD™ 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。

10.5 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。

10.6 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。

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 device. This data is subject to change without notice and without 
revision of this document. For browser-based versions of this data sheet, see the left-hand navigation pane.
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PACKAGE OPTION ADDENDUM

www.ti.com 9-Nov-2025

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)

TPD3S713AQRVCRQ1 Active Production WQFN (RVC) | 20 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 3S713AQ

TPD3S713AQRVCRQ1.A Active Production WQFN (RVC) | 20 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 3S713AQ

TPD3S713QRVCRQ1 Active Production WQFN (RVC) | 20 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 3S713Q

TPD3S713QRVCRQ1.A Active Production WQFN (RVC) | 20 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 3S713Q
 
(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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PACKAGE MATERIALS INFORMATION
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TAPE AND REEL INFORMATION

Reel Width (W1)

REEL DIMENSIONS

A0
B0
K0
W

Dimension designed to accommodate the component length
Dimension designed to accommodate the component thickness
Overall width of the carrier tape
Pitch between successive cavity centers

Dimension designed to accommodate the component width

TAPE DIMENSIONS

K0  P1

B0 W

A0Cavity

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

Pocket Quadrants

Sprocket Holes

Q1 Q1Q2 Q2

Q3 Q3Q4 Q4 User Direction of Feed

P1

Reel
Diameter

 
*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

TPD3S713AQRVCRQ1 WQFN RVC 20 3000 330.0 12.4 3.3 4.3 1.1 8.0 12.0 Q1

TPD3S713QRVCRQ1 WQFN RVC 20 3000 330.0 12.4 3.3 4.3 1.1 8.0 12.0 Q1
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PACKAGE MATERIALS INFORMATION
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TAPE AND REEL BOX DIMENSIONS

Width (mm)

W L

H

 
*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

TPD3S713AQRVCRQ1 WQFN RVC 20 3000 367.0 367.0 35.0

TPD3S713QRVCRQ1 WQFN RVC 20 3000 367.0 367.0 35.0
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PACKAGE OUTLINE

C

SEE TERMINAL
DETAIL

20X 0.25
0.15

1.6 0.1

20X 0.45
0.35

0.8 MAX

(0.2) TYP

0.05
0.00

16X 0.5

2X
2.5

2X 1.5

2.6 0.1

B 3.1
2.9

A

4.1
3.9

0.25
0.15

0.45
0.35

WQFN - 0.8 mm max heightRVC0020A
PLASTIC QUAD FLATPACK - NO LEAD

4219150/B   03/2017

PIN 1 INDEX AREA

0.08

SEATING PLANE

1

6 11

16

7 10

20 17
(OPTIONAL)

PIN 1 ID 0.1 C A B
0.05

EXPOSED
THERMAL PAD

21 SYMM

SYMM

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.

SCALE  3.700

DETAIL
OPTIONAL TERMINAL

TYPICAL
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EXAMPLE BOARD LAYOUT

0.07 MIN
ALL AROUND

0.07 MAX
ALL AROUND

20X (0.2)

20X (0.6)

( 0.2) TYP
VIA

16X (0.5)

(3.8)

(2.8)

(1)
TYP

(1.6)

(R0.05)
TYP

(2.6)

(1 TYP)

WQFN - 0.8 mm max heightRVC0020A
PLASTIC QUAD FLATPACK - NO LEAD

4219150/B   03/2017

SYMM

1

6

7 10

11

16

1720

SYMM

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE:18X

21

NOTES: (continued)
 
4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
    number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
    on this view. It is recommended that vias under paste be filled, plugged or tented.

SOLDER MASK
OPENING

METAL UNDER
SOLDER MASK

SOLDER MASK
DEFINED

EXPOSED METAL
METAL

SOLDER MASK
OPENING

SOLDER MASK DETAILS

NON SOLDER MASK
DEFINED

(PREFERRED)

EXPOSED METAL
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EXAMPLE STENCIL DESIGN

20X (0.6)

20X (0.2)

16X (0.5)

(2.8)

(3.8)

2X (1.47)

(0.675)
TYP

(R0.05) TYP
2X

(1.15)

WQFN - 0.8 mm max heightRVC0020A
PLASTIC QUAD FLATPACK - NO LEAD

4219150/B   03/2017

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

SYMM

METAL
TYP

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL

 
EXPOSED PAD X

81% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:20X
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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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