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1 特特長長
1• VBUS_CON で最大 DC 30V の過電圧保護
• 高精度の OVP (許容誤差 ±1% 未満)
• 低 RON の nFET スイッチで、ホストおよび充電

モードに対応
• 専用の VBUS_POWER ピンにより、デッド・バッテ

リ状態での柔軟な起動オプションを提供
• VBUS ラインの過渡保護

– IEC 61000-4-2 接触放電 ±15kV
– IEC 61000-4-2 エアーギャップ放電 ±15kV
– IEC 61000-4-5 開路電圧 100V

– 高精度のクランプ回路により、VBUS_SYS 電圧を
VOVP 未満に制限

• USB 突入電流に準拠
• サーマル・シャットダウン (TSD) 機能

2 アアププリリケケーーシショョンン
• 携帯電話
• タブレット
• 電子書籍
• 携帯用メディア･プレーヤ
• 5V、9V、12V の電源レール

3 概概要要
TPD1S514 ファミリは、5V、9V、12V の USB VBUS ライ

ン、または他の電力バス用の、シングル・チップ保護ソ

リューションで構成されます。双方向 nFET スイッチによ

り、VBUS_CON ピンのいかなる過電圧条件からも内部システ

ム回路を保護しながら、充電とホストのどちらのモードでも

安全な電流フローを保証します。VBUS_CON ピンでは、この

デバイスは最大 DC 30V の過電圧保護に対応できます。

EN ピンが LOW になった後、TPD1S514 ファミリのすべ

てのデバイスはソフトスタート遅延により 20ms 待ってから

nFET をオンにします。

TPD1S514 ファミリの代表的なアプリケーション・インター

フェイスは、携帯電話、タブレット、電子書籍、携帯用メ

ディア・プレーヤなどで一般的に使用されている USB 接

続の VBUS ラインです。また TPD1S514 ファミリは、5V、
9V、12V 電源レールのインターフェイスを使用する任意の

システムに使用可能です。

製製品品情情報報(1)

型型番番 パパッッケケーージジ 本本体体ササイイズズ（（公公称称））

TPD1S514x WCSP (12) 1.29mm × 1.99mm

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

TPD1S514 フファァミミリリのの回回路路保保護護方方式式
TPD1S514 フファァミミリリののブブロロッックク図図

http://www-s.ti.com/sc/techlit/SLVSCF6.pdf
http://www.tij.co.jp/product/jp/tpd1s514x?qgpn=tpd1s514x
http://www.tij.co.jp/product/jp/TPD1S514x?dcmp=dsproject&hqs=pf
http://www.tij.co.jp/product/jp/TPD1S514x?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.tij.co.jp/product/jp/TPD1S514x?dcmp=dsproject&hqs=td&#doctype2
http://www.tij.co.jp/product/jp/TPD1S514x?dcmp=dsproject&hqs=sw&#desKit
http://www.tij.co.jp/product/jp/TPD1S514x?dcmp=dsproject&hqs=support&#community
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(1) With VBUS_CON > 6.5V. See Sections VBUS_POWER, TPD1S514-1, TPD1S514-2, TPD1S514-3 and VBUS_POWER, TPD1S514 for full
description.

5 Device Comparison Table

TPD1S514 Family
VOVP (V) VOVP_HYS

(mV) VBUS_POWER (V) (1) T_Startup delay (ms)
options

T_Soft Start (ms)
options

MIN TYP MAX TYP MIN TYP TYP TYP

TPD1S514-1 5.9 5.95 5.99 100 4.7 4.95

20 3.5
TPD1S514-2 9.9 9.98 10.05 100 4.7 4.95

TPD1S514-3 13.5 13.75 14 100 4.7 4.95

TPD1S514 5.9 5.95 5.99 20 6.2 6.48

6 Pin Configuration and Functions

YZ Package
12-Pin WCSP

Top Side, See Through View

Pin Functions
PIN

I/O DESCRIPTION
NAME NO.

EN A1 I Enable Active-Low Input. Drive EN low to enable the switch. Drive EN high to disable the
switch.

VBUS_POWER B1 O 5-V Power source controlled by VBUS_CON.
VBUS_SYS A2, A3, B2 I/O Connect to internal VBUS plane.

VBUS_CON B3, C2, C3 I/O Connect to USB connector VBUS pin; IEC 61000-4-2 ESD protection and IEC 61000-4-5
Surge protection.

GND A4, B4, C1, C4 G Connect to PCB ground plane.

http://www.ti.com/product/tpd1s514x?qgpn=tpd1s514x
http://www.ti.com
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(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.

(2) The algebraic convention, whereby the most negative value is a minimum and the most positive value is a maximum.
(3) Thermal limits and power dissipation limits must be observed.
(4) 6.9 V or VBUS_CON + 0.3 V, whichever is smaller.

7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) (1) (2)

MIN MAX UNIT

VBUS_CON Supply voltage from USB connector –0.3 30 V

VBUS_SYS Internal Supply DC voltage Rail on the PCB –0.3 20 V

IBUS Continuous input current on VBUS_CON pin (3) 3.5 A

IOUT Continuous output current on VBUS_CON pin (3) 3.5 A

IPEAK Peak Input and Output Current on VBUS_CON, VBUS_SYS pin (10 ms) 8 A

IDIODE Continuous forward current through the FET body diode 1 A

IPOWER Continuous current through VBUS_POWER 10 mA

VEN Voltage on Input pin (EN) 7 V

VBUS_POWER Continuous Voltage at VBUS_POWER TPD1S514-1 See (4) V

TPD1S514-2 See (4)

TPD1S514-3 See (4)

TPD1S514 See (4)

IEC 61000-4-5 open circuit voltage (tp = 1.2/50 µs) VBUS_CON pin 100 V

IEC 61000-4-5 peak pulse current (tp = 8/20μs) VBUS_CON pin 30 A

IEC 61000-4-5 peak pulse power (tp = 8/20μs) VBUS_CON pin 900 W

CLOAD Output load capacitance VBUS_SYS pin 0.1 100 µF

CCON Input capacitance VBUS_CON pin 0.1 50 µF

CPOW VBUS_POWER capacitance VBUS_POWER pin 0.1 4.7 µF

TA Operating free air temperature –40 85 °C

Tstg Storage temperature –65 150 °C

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 500-V HBM is possible with the necessary precautions.

(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 250-V CDM is possible with the necessary precautions.

7.2 ESD Ratings
VALUE UNIT

V(ESD) Electrostatic discharge

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

V
Charged-device model (CDM), per JEDEC specification JESD22-C101 (2) ±500
IEC 61000-4-2 Contact Discharge VBUS_CON pin ±15000
IEC 61000-4-2 Air-gap Discharge VBUS_CON pin ±15000

http://www.ti.com/product/tpd1s514x?qgpn=tpd1s514x
http://www.ti.com


5

TPD1S514x
www.ti.com JAJSHD1F –APRIL 2014–REVISED MAY 2019

Copyright © 2014–2019, Texas Instruments Incorporated

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

MIN NOM MAX UNIT
VBUS_CON Supply voltage from USB

connector
TPD1S514-1 3.5 5 5.9 V
TPD1S514-2 3.5 9 9.9
TPD1S514-3 3.5 12 13.5
TPD1S514 3.5 5 5.9

VBUS_SYS Internal Supply DC voltage Rail
on the PCB

TPD1S514-1 3.9 5 5.9 V
TPD1S514-2 3.9 9 9.9
TPD1S514-3 3.9 12 13.5
TPD1S514 3.9 5 5.9

CLOAD Output load capacitance VBUS_SYS pin 2.2 µF
CCON Input capacitance VBUS_CON pin 1 µF
CPOWER Capacitance on VBUS_POWER VBUS_POWER pin 1 µF
TA Operating free-air temperature –40 85 °C

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

7.4 Thermal Information

THERMAL METRIC (1)
TPD1S514 Family

UNITYZ (WCSP)
12 PINS

RθJA Junction-to-ambient thermal resistance 89 °C/W
RθJC(top) Junction-to-case (top) thermal resistance 0.6 °C/W
RθJB Junction-to-board thermal resistance 16.3 °C/W
ψJT Junction-to-top characterization parameter 2.7 °C/W
ψJB Junction-to-board characterization parameter 16.2 °C/W

7.5 Supply Current Consumption
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS DEVICE NAME TYP MAX UNIT

IVBUS_SLEEP

VBUS_CON Operating
Current Consumption

Measured at VBUS_CON pin,
EN = 5 V

VBUS_CON = 5 V TPD1S514-1 150 245

µA
VBUS_CON = 9 V TPD1S514-2 176 281

VBUS_CON = 12 V TPD1S514-3 195 335

VBUS_CON = 5 V TPD1S514 150 245

IVBUS
Measured at VBUS_CON pin,
EN = 0 V and no load

VBUS_CON = 5 V TPD1S514-1 228 354

µA
VBUS_CON = 9 V TPD1S514-2 250 413

VBUS_CON = 12 V TPD1S514-3 270 456

VBUS_CON = 5 V TPD1S514 228 354

IVBUS_SYS
VBUS_SYS operating current
consumption

Measured at VBUS_SYS pin,
VBUS_CON = Hi-Z, EN = 0 V

VBUS_SYS = 5 V TPD1S514-1 210 354

µA
VBUS_SYS = 9 V TPD1S514-2 250 424

VBUS_SYS = 12 V TPD1S514-3 333 461

VBUS_SYS = 5 V TPD1S514 210 354

IHOST_LEAK Host mode leakage current Measured at VBUS_SYS pin,
VBUS_CON = Hi-Z, EN = 5 V

VBUS_SYS = 5 V TPD1S514-1 90 218

µA
VBUS_SYS = 9 V TPD1S514-2 290 491

VBUS_SYS = 12 V TPD1S514-3 506 696

VBUS_SYS = 5 V TPD1S514 90 218

http://www.ti.com/product/tpd1s514x?qgpn=tpd1s514x
http://www.ti.com
http://www.ti.com/lit/pdf/spra953
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7.6 Electrical Characteristics EN Pin
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VIH High-level input voltage EN VBUS_CON = 5 V 1.2 6 V
VIL Low-level input voltage EN VBUS_CON = 5 V 0 0.8 V
IIL Input leakage current EN VEN = 0 V, VBUS_CON = 5 V 1 µA
IIH Input leakage current EN VEN = 5 V, VBUS_CON = 5 V 10 µA

7.7 Thermal Shutdown Feature
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

TSHDN Thermal shutdown
VBUS_CON = 5 V, EN = 0 V, Junction temperature
decreases from thermal shutdown level until the nFET
switch turns off.

145 °C

Thermal shutdown hysteresis
VBUS_CON = 5 V, EN = 0 V, Junction temperature
decreases from thermal shutdown level until the nFET
switch turns on.

25 °C

7.8 Electrical Characteristics nFET Switch
T = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

RON Switch ON resistance

VBUS_CON = 5 V, IOUT = 1 A TPD1S514-1 39 50

mΩ
VBUS_CON = 9 V, IOUT = 1 A TPD1S514-2 39 50
VBUS_CON = 12 V, IOUT = 1 A TPD1S514-3 39 50
VBUS_CON = 5 V, IOUT = 1 A TPD1S514 39 50

http://www.ti.com/product/tpd1s514x?qgpn=tpd1s514x
http://www.ti.com
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7.9 Electrical Characteristics OVP Circuit
T = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

VOVP
Input voltage protection
threshold VBUS_CON

VBUS_CON increasing
from 0 V to 20 V

TPD1S514-1 5.90 5.95 5.99

V
TPD1S514-2 9.9 9.98 10.05

TPD1S514-3 13.5 13.75 14

TPD1S514 5.90 5.95 5.99

VHYS_OVP Hysteresis on OVP VBUS_CON
VBUS_CON decreasing
from 20 V to 0 V

TPD1S514-1 100

mV
TPD1S514-2 100

TPD1S514-3 100

TPD1S514 20

VUVLO Input under voltage lockout VBUS_CON VBUS_CON voltage rising from 0 V to 5 V 2.7 3.1 3.5 V

VHYS_UVLO Hysteresis on UVLO VBUS_CON
Difference between rising and falling UVLO
thresholds 80 mV

VUVLO_FALLING Input undervoltage lockout VBUS_CON VBUS_CON voltage falling from 5 V to 0 V 2.6 3.0 3.4 V

VUVLO_SYS VBUS_SYS undervoltage lockout VBUS_SYS VBUS_SYS voltage rising from 0 V to 5 V 2.8 3.7 4.3 V

VHYS_UVLO_SYS VBUS_SYS UVLO Hysteresis VBUS_SYS
Difference between rising and falling UVLO
thresholds on VBUS_SYS

500 mV

VUVLO_SYS_FALLING VBUS_SYS undervoltage lockout VBUS_SYS VBUS_SYS voltage falling from 5 V to 0 V 2.6 3.0 3.4 V

7.10 Electrical Characteristics VBUS_POWER Circuit
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

VCLAMP Output voltage on VBUS_POWER during OVP VBUS_CON = 20 V

TPD1S514-1 5.0 5.5

V
TPD1S514-2 5.0 5.5

TPD1S514-3 5.0 5.5

TPD1S514 6.48 6.68

VBUS_POWER
Output voltage on VBUS_POWER during normal
operation

VBUS_CON = 5 V,
IBUS_POWER = 1 mA;

TPD1S514-1 4.7 4.95

V
TPD1S514-2 4.7 4.95

TPD1S514-3 4.7 4.95

TPD1S514 4.7 4.98

IBUS_POWER_MAX Output current on VBUS_POWER VBUS_CON = 5 V – 15 V 3 mA

http://www.ti.com/product/tpd1s514x?qgpn=tpd1s514x
http://www.ti.com
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(1) Specified by design, not production tested

7.11 Timing Requirements
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

tDELAY
USB charging turn-ON
Delay

Measured from EN asserted LOW to nFET
begins to Turn ON, excludes soft-start time

TPD1S514-1

20 ms
TPD1S514-2
TPD1S514-3
TPD1S514

tSS
USB charging rise time
(soft-start delay)

Force 5 V on VBUS_CON, measured from
VBUS_SYS rises from 10% to 90% (with 1 MΩ
load/ NO CLOAD)

TPD1S514-1

3.5 ms
TPD1S514-2
TPD1S514-3
TPD1S514

tOFF_DELAY
USB charging turn-OFF
time

Measured from EN asserted High to VBUS_SYS
falling to 10% with RLOAD = 10 Ω and No CLOAD
on VBUS_SYS

TPD1S514-1

5.5 µs
TPD1S514-2
TPD1S514-3
TPD1S514

OVER VOLTAGE PROTECTION
tOVP_response OVP response time Measured from OVP Condition to FET Turn OFF (1) 100 ns

Figure 1. TPD1S514-1 Response to Set EN Low

http://www.ti.com/product/tpd1s514x?qgpn=tpd1s514x
http://www.ti.com
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7.12 TPD1S514-1 Typical Characteristics

Figure 2. In Supply Current vs Supply Voltage Figure 3. Normalized VOVP vs Temperature

Figure 4. Normalized RON vs Temperature Figure 5. Normalized RON vs Output

Figure 6. VBUS_POWER vs VBUS_CON With No Load Figure 7. VBUS_POWER vs VBUS_CON With 3 mA Load

http://www.ti.com/product/tpd1s514x?qgpn=tpd1s514x
http://www.ti.com
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TPD1S514-1 Typical Characteristics (continued)

Figure 8. 100 V Surge With Device Figure 9. 100 V Surge Without Device

http://www.ti.com/product/tpd1s514x?qgpn=tpd1s514x
http://www.ti.com
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8 Detailed Description

8.1 Overview
The TPD1S514 Family provides single-chip ESD, surge, and over voltage protection solutions for portable USB
Charging and Host interfaces. Each device offers over voltage protection at the VBUS_CON pin up to 30-V DC. The
TPD1S514 Family offers an ESD and Precision Clamp for the VBUS_CON pin, thus eliminating the need for
external TVS clamp circuits in the application.

Each device has an internal oscillator and charge pump which controls turning ON the internal nFET switch. The
internal oscillator controls the timers which enable the charge pump. If VBUS_CON is less than VOVP, the internal
charge pump is enabled. After a 20 ms internal delay, the charge-pump starts-up, and turns ON the internal
nFET switch through a soft start. If at any time VBUS_CON rises above VOVP, the nFET switch is turned OFF within
100 ns.

The TPD1S514 Family of devices also have a VBUS_POWER pin which follows VBUS_CON up to 4.9 V at 3 mA
(except for TPD1S514, which follows VBUS_CON up to 6.48 V, after which it is regulated to that voltage) to power
the system from VBUS_CON. In the case where the system battery state cannot power the system, voltage from an
external charger can be provided to power the system. VBUS_POWER is supplied by an always on LDO regulator
supplied by VBUS_CON. VBUS_POWER output voltage remains regulated to 4.9 V (except for TPD1S514, which
follows VBUS_CON up to 6.48 V, after which it is regulated to that voltage) at up to 30-V DC on VBUS_CON and
during IEC 61000-4-5 surge events of up to 100 V open circuit voltage on VBUS_CON.

8.2 Functional Block Diagram

8.3 Feature Description

8.3.1 Over Voltage Protection on VBUS_CON up to 30 V DC
When the VBUS_CON voltage rises above VOVP, the internal nFET switch is turned OFF, removing power from the
system side. VBUS_CON can tolerate up to 30-V DC. The response to over voltage is very rapid, with the nFET
switch turning off in less than 100 ns. When the VBUS_CON voltage returns back to below VOVP – VHYS_OVP, the
nFET switch is turned ON again after an internal delay of tOVP_RECOV (tDELAY). This time delay ensures that the
VBUS_CON supply has stabilized before turning the switch back on. After tOVP_RECOV, the TPD1S514 Family device
turns on the nFET through a soft start. Once the OVP condition is cleared the nFET is turned completely ON.

http://www.ti.com/product/tpd1s514x?qgpn=tpd1s514x
http://www.ti.com
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Feature Description (continued)
8.3.2 Precision OVP (< ±1% Tolerance)
1% OVP trip threshold accuracy allows use of the entire input charging range while protecting sensitive system-
side components from over voltage conditions.

8.3.3 Low RON nFET Switch Supports Host and Charging Mode
The nFET switch has a total on resistance (RON) of 39 mΩ. This equates to a voltage drop of less than 140 mV
when charging at the maximum 3.5 A current level. Such low RON helps provide maximum potential to the
system as provided by an external charger or by the system when in Host Mode.

8.3.4 VBUS_POWER, TPD1S514-1, TPD1S514-2, TPD1S514-3
The VBUS_POWER pin provides up to 3 mA and 5 V for powering the system using VBUS_CON. VBUS_POWER follows
VBUS_CON after 3.5 V and up to the regulated 5 V. In the case where the system battery state cannot power the
system, voltage from an external charger can power the system. VBUS_POWER is supplied by an always on LDO
regulator supplied by VBUS_CON. The VBUS_POWER output voltage remains regulated to 5 V at up to 30-V DC on
VBUS_CON and during IEC 61000-4-5 surge events of up to 100 V.

8.3.5 VBUS_POWER, TPD1S514
The VBUS_POWER pin provides up to 3 mA and 6.48 V for powering the system using VBUS_CON. VBUS_POWER follows
VBUS_CON after 3.5 V and up to the regulated 6.48 V. In the case where the system battery state cannot power
the system, voltage from an external charger can be provided to power the system. VBUS_POWER is supplied by an
always on LDO regulator supplied by VBUS_CON. The VBUS_POWER output voltage remains regulated to 6.48 V at up
to 30-V DC on VBUS_CON and during IEC 61000-4-5 surge events of up to 100 V.

8.3.6 Powering the System When Battery is Discharged
There are two methods for powering the system under a dead battery condition. Case 1: The EN pin can be tied
to ground so that the nFET is always ON (when VUVLO < VBUS_CON < VOVP) and an external charger can power
VBUS. Case 2: If EN is controlled by a Power Management Unit (PMIC) or other logic, VBUS_POWER can be used to
power the PMIC. In Case 2, once the device is enabled, tDELAY + tSS, work together to meet the USB Inrush
Current compliance.

8.3.7 ±15 kV IEC 61000-4-2 Level 4 ESD Protection
The VBUS_CON pin can withstand ESD events up to ±15 kV Contact and Air-Gap. An ESD clamp diverts the
current to ground.

8.3.8 100 V IEC 61000-4-5 µs Surge Protection
The VBUS_CON pin can withstand surge events up to 100 V open circuit voltage (VPP), or 900 W. A Precision
Clamp diverts the current to ground and active circuitry switches OFF the nFET earlier than 100 ns before an
over voltage can get through to VBYS_SYS. The ultra-fast response time of the TPD1S514 Family holds the voltage
on VBUS_SYS to less than VOVP during surge events of up to 100 VPP.

8.3.9 Startup and OVP Recovery Delay
Upon startup or recovering from an over voltage, the TPD1S514 Family of devices have a built in startup delay.
An internal oscillator controls a charge pump to control the delay. Once a manufactured pre-programmed time,
tDELAY, has elapsed, the charge pump is enabled which turns ON the nFET. A manufactured pre-programmed
soft start, tSS, is used when turning ON the nFET. Once the device is enabled, these start delays, tDELAY + tSS,
work together to meet the USB Inrush Current compliance.

8.3.10 Thermal Shutdown
The TPD1S514 Family has an over-temperature protection circuit to protect against system faults or improper
use. The basic function of the thermal shutdown (TSD) circuit is to sense when the junction temperature has
exceeded the absolute maximum rating and shuts down the device until the junction temperature has cooled to a
safe level.

http://www.ti.com/product/tpd1s514x?qgpn=tpd1s514x
http://www.ti.com
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8.4 Device Functional Modes

8.4.1 Operation With VBUS_CON < 3.5 V (Minimum VBUS_CON)
The TPD1S514 Family operates normally (nFET ON) with input voltages above 3.5 V. The maximum UVLO
voltage is 3.5 V and the device will operate at input voltages above 3.5 V. The typical UVLO voltage is 3.1 V and
the device may operate at input voltages above that point. The device may also operate at input voltages as low
as 2.7 V, the minimum UVLO. At input voltages between 0.6 V and 1.2 V, the state of output pins may not be
controlled internally.

8.4.2 Operation With VBUS_CON > VOVP

The TPD1S514 Family operates normally (nFET ON) with input voltages below VOVP_min. The typical OVP
voltage is VOVP_TYP and the device may operate at input voltages below that point. The device may also operate
at input voltages as high as VOVP_MAX.

Table 1. VOVP Values

DEVICE NAME
VOVP

MIN TYP MAX
TPD1S514-1 5.9 5.95 5.99
TPD1S514-2 9.9 9.98 10.05
TPD1S514-3 13.5 13.75 14
TPD1S514 5.9 5.95 5.99

8.4.3 OTG Mode
The TPD1S514 Family of devices UVLO and OVP voltages are referenced to VBUS_CON voltage. In OTG mode,
VBUS_SYS is driving the VBUS_CON. Under this situation, initially VBUS_CON is powered through the body diode of the
nFET by VBUS_SYS. Once the UVLO threshold on VBUS_CON is met, the nFET turns ON. If there is a short to
ground on VBUS_CON the OTG supply is expected to limit the current.

http://www.ti.com/product/tpd1s514x?qgpn=tpd1s514x
http://www.ti.com
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9 Application and Implementation

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

9.1 Application Information
The TPD1S514 Family of devices offer VBUS port protection implementing UVLO and OVP, with an LDO supplied
VBUS_POWER pin to regulate an output supply pin of 3 mA at 5 V (except for TPD1S514, which follows VBUS_CON up
to 6.48 V, after which it is regulated to that voltage). The VBUS_POWER pin can be used to power the system from
an external source on VBUS_CON in case the system’s battery state cannot power the system.

9.2 Typical Applications

9.2.1 TPD1S514-1 USB 2.0/3.0 Case 1: Always Enabled
The EN pin can be tied to ground so that the nFET is ON when VUVLO < VBUS_CON < VOVP and an external
charger can power VBUS. VBUS_POWER should be tied to ground with a 1-μF capacitor for LDO stability. USB Inrush
Current compliance tests will need to be handled by the rest of the system since the start delays tDELAY and tSS
implement only after the device changes from disabled to enabled, or after any UVLO or OVP event.

Figure 10. Always on, TPD1S514-1

9.2.1.1 Design Requirements
For this example, use the following input parameters from Table 2.

Table 2. Design Parameters
DESIGN PARAMETERS EXAMPLE VALUE

Signal range on VBUS_CON 3.5 V – 5.9 V
Signal range on VBUS_SYS 3.9 V – 5.9 V
Signal on EN Tie to system ground plane

http://www.ti.com/product/tpd1s514x?qgpn=tpd1s514x
http://www.ti.com
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9.2.1.2 Detailed Design Procedure
To begin the design process the designer needs to know the VBUS voltage range.

9.2.1.2.1 VBUS Voltage Range

The UVLO trip-point is a maximum 3.5 V and the OVP trip-point is a minimum 5.9 V. This provides some
headroom for the USB 2.0 specified minimum 4.4 V (Low-power) or 4.75 V (Full-power) and 5.25 V maximum; or
the USB 3.0 specified minimum 4.45 V and 5.25 V maximum.

9.2.1.2.2 Discharged Battery

Connecting EN to ground sets the part active at all times. OVP and UVLO are always active, even when the
system battery is fully discharged. In the case of a discharged system battery, VBUS_SYS can be used to power
the system when a source with voltage between VUVLO and VOVP is attached to VBUS_CON.

9.2.1.3 Application Curves

Figure 11. VBUS_SYS Recovery Time From Over Voltage on VBUS_CON

http://www.ti.com/product/tpd1s514x?qgpn=tpd1s514x
http://www.ti.com
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Figure 12. OVP Response

http://www.ti.com/product/tpd1s514x?qgpn=tpd1s514x
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9.2.2 TPD1S514-1 USB 2.0/3.0 Case 2: PMIC Controlled EN
The TPD1S514 Family offers more flexibility to system designers to power up the system during a dead battery
condition. Refer to Figure 13, the VBUS_POWER pin supplies 4.95 V and 3 mA to power the PMIC in a dead battery
condition. Regardless of EN state, VBUS_POWER is available to the PMIC. Utilizing this power, the PMIC can
enable the TPD1S514 Family of devices when a valid VBUS_CON voltage is present.

Figure 13. PMIC Controlled EN, TPD1S514-1

9.2.2.1 Design Requirements
For this example, use the following table as input parameters:

Table 3. Design Parameters
DESIGN PARAMETERS EXAMPLE VALUE

Signal range on VBUS_CON 3.5 V – 5.9 V
Signal range on VBUS_SYS 3.9 V – 5.9 V
Drive EN low (enabled) 0 V – 0.8 V
Drive EN high (disabled) 1.2 V – 6.0 V

9.2.2.2 Detailed Design Procedure
To begin the design process, some parameters must be decided upon. The designer needs to know the
following:

• VBUS voltage range
• PMIC power requirement

9.2.2.2.1 VBUS Voltage Range

The UVLO trip-point is a maximum 3.5 V and the OVP trip-point is a minimum 5.9 V. This provides some
headroom for the USB 2.0 specified minimum 4.4 V (Low-power) or 4.75 V (Full-power) and 5.25 V maximum; or
the USB 3.0 specified minimum 4.45 V and 5.25 V maximum.

9.2.2.2.2 PMIC Power Requirement

The VBUS_POWER pin can source up to 3 mA of current and maintain a minimum 4.8 V, 4.95 V typical.
TPD1S514-1 design provides an LDO regulator supplied voltage source which can be used to provide power to a
PMIC when its internal battery supplied power is unavailable. When selecting a matching PMIC, ensure its power
requirement can be met by the VBUS_POWER pin if designing for this scenario.

http://www.ti.com/product/tpd1s514x?qgpn=tpd1s514x
http://www.ti.com


-2

0

2

4

6

8

-20E-3 -10E-3 000E+0 10E-3 20E-3 30E-3 40E-3 50E-3

V
ol

ta
ge

 (
V

) 

Time (s) 

VBUS_CON_Voltage (V)
VBUS_SYS_Voltage (S)
/EN_Voltage (S)

C001 

18

TPD1S514x
JAJSHD1F –APRIL 2014–REVISED MAY 2019 www.ti.com

Copyright © 2014–2019, Texas Instruments Incorporated

9.2.2.2.3 Discharged Battery

Powering the PMIC from VBUS_POWER allows logic control of the EN pin to set TPD1S514-1 active and begin
charging the battery and powering up the rest of the system.

9.2.2.3 Application Curve

Figure 14. VBUS_SYS Recovery Time From Over Voltage on VBUS_CON

10 Power Supply Recommendations
The TPD1S514 Family is designed to receive power from a USB 3.0 (or lower) VBUS source. It can operate
normally (nFET ON) between a minimum 3.5 V and a maximum VOVP_MIN V. Thus, the power supply (with a
ripple of VRIPPLE) requirement for the TPD1S514 Family of devices to be able to switch the nFET ON is between
3.5 V + VRIPPLE and VOVP_MIN – VRIPPLE, where VOVP_MIN is:

Table 4. VOP_MIN Values
DEVICE NAME VOVP_MIN

TPD1S514-1 5.90 V
TPD1S514-2 9.9 V
TPD1S514-3 13.5 V
TPD1S514 5.90 V

http://www.ti.com/product/tpd1s514x?qgpn=tpd1s514x
http://www.ti.com
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11 Layout

11.1 Layout Guidelines
• The optimum placement is as close to the connector as possible.

– EMI during an ESD event can couple from the trace being struck to other nearby unprotected traces,
resulting in early system failures.

– The PCB designer needs to minimize the possibility of EMI coupling by keeping any unprotected traces
away from the protected traces which are between the TVS and the connector.

• Route the protected traces as straight as possible.
• Eliminate any sharp corners on the protected traces between the TVS and the connector by using rounded

corners with the largest radii possible.
– Electric fields tend to build up on corners, increasing EMI coupling.

11.2 Layout Example

When designing layout for the TPD1S514 Family, note that VBUS_CON and VBUS_SYS pins allow extra wide traces for
good power delivery. In the example shown, these pins are routed with 50 mil (1.27 mm) wide traces. Place the
VBUS_CON, VBUS_SYS, and VBUS_POWER capacitors as close to the pins as possible. Use external and internal ground
planes and stitch them together with VIAs as close to the GND pins of TPD1S514 as possible. This allows for a low
impedance path to ground so that the device can properly dissipate any surge or ESD events.

Figure 15. Layout Recommendation

http://www.tij.co.jp/product/jp/tpd1s514x?qgpn=tpd1s514x
http://www.tij.co.jp
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12 デデババイイススおおよよびびドドキキュュメメンントトののササポポーートト

12.1 ココミミュュニニテティィ・・リリソソーースス
The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute TI specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.2 商商標標
E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.3 静静電電気気放放電電にに関関すするる注注意意事事項項
すべての集積回路は、適切なESD保護方法を用いて、取扱いと保存を行うようにして下さい。

静電気放電はわずかな性能の低下から完全なデバイスの故障に至るまで、様々な損傷を与えます。高精度の集積回路は、損傷に対して敏感
であり、極めてわずかなパラメータの変化により、デバイスに規定された仕様に適合しなくなる場合があります。

12.4 Glossary
SLYZ022 — TI Glossary.

This glossary lists and explains terms, acronyms, and definitions.

13 メメカカニニカカルル、、パパッッケケーージジ、、おおよよびび注注文文情情報報
以降のページには、メカニカル、パッケージ、および注文に関する情報が記載されています。これらの情報は、指定のデバ
イスに対して提供されている最新のデータです。このデータは予告なく変更されることがあり、ドキュメントが改訂される場合
もあります。本データシートのブラウザ版を使用されている場合は、画面左側の説明をご覧ください。

http://www.tij.co.jp/product/jp/tpd1s514x?qgpn=tpd1s514x
http://www.tij.co.jp
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://e2e.ti.com
http://support.ti.com/
http://www.ti.com/lit/pdf/SLYZ022


PACKAGE OPTION ADDENDUM

www.ti.com 23-May-2025

PACKAGING INFORMATION

Orderable part number Status
(1)

Material type
(2)

Package | Pins Package qty | Carrier RoHS
(3)

Lead finish/
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MSL rating/
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Op temp (°C) Part marking
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TPD1S514-1YZR Active Production DSBGA (YZ) | 12 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 85 RH5141
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TAPE AND REEL INFORMATION

*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

TPD1S514-1YZR DSBGA YZ 12 3000 180.0 8.4 1.39 2.09 0.75 4.0 8.0 Q2

TPD1S514-2YZR DSBGA YZ 12 3000 180.0 8.4 1.39 2.09 0.75 4.0 8.0 Q2

TPD1S514-3YZR DSBGA YZ 12 3000 180.0 8.4 1.39 2.09 0.75 4.0 8.0 Q2
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*All dimensions are nominal

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

TPD1S514-1YZR DSBGA YZ 12 3000 182.0 182.0 20.0

TPD1S514-2YZR DSBGA YZ 12 3000 182.0 182.0 20.0

TPD1S514-3YZR DSBGA YZ 12 3000 182.0 182.0 20.0
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重要なお知らせと免責事項
テキサス・インスツルメンツは、技術データと信頼性データ (データシートを含みます)、設計リソース (リファレンス デザインを含みま
す)、アプリケーションや設計に関する各種アドバイス、Web ツール、安全性情報、その他のリソースを、欠陥が存在する可能性のある
「現状のまま」提供しており、商品性および特定目的に対する適合性の黙示保証、第三者の知的財産権の非侵害保証を含むいかなる保証
も、明示的または黙示的にかかわらず拒否します。
これらのリソースは、 テキサス・インスツルメンツ製品を使用する設計の経験を積んだ開発者への提供を意図したものです。(1) お客様
のアプリケーションに適した テキサス・インスツルメンツ製品の選定、(2) お客様のアプリケーションの設計、検証、試験、(3) お客様の
アプリケーションに該当する各種規格や、その他のあらゆる安全性、セキュリティ、規制、または他の要件への確実な適合に関する責任
を、お客様のみが単独で負うものとします。
上記の各種リソースは、予告なく変更される可能性があります。これらのリソースは、リソースで説明されている テキサス・インスツル
メンツ製品を使用するアプリケーションの開発の目的でのみ、 テキサス・インスツルメンツはその使用をお客様に許諾します。これらの
リソースに関して、他の目的で複製することや掲載することは禁止されています。 テキサス・インスツルメンツや第三者の知的財産権の
ライセンスが付与されている訳ではありません。お客様は、これらのリソースを自身で使用した結果発生するあらゆる申し立て、損害、
費用、損失、責任について、 テキサス・インスツルメンツおよびその代理人を完全に補償するものとし、 テキサス・インスツルメンツは
一切の責任を拒否します。
テキサス・インスツルメンツの製品は、 テキサス・インスツルメンツの販売条件、または ti.com やかかる テキサス・インスツルメンツ
製品の関連資料などのいずれかを通じて提供する適用可能な条項の下で提供されています。 テキサス・インスツルメンツがこれらのリソ
ースを提供することは、適用される テキサス・インスツルメンツの保証または他の保証の放棄の拡大や変更を意味するものではありませ
ん。
お客様がいかなる追加条項または代替条項を提案した場合でも、 テキサス・インスツルメンツはそれらに異議を唱え、拒否します。
IMPORTANT NOTICE

郵送先住所：Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2025, Texas Instruments Incorporated

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