
Copyright © 2017, Texas Instruments Incorporated

VS

OUT

DELAY

CL

3.4 V to 40 V

Supply Voltage

GND

LED Strings

Sub Module:

Cameras, Sensors

General Resistive, Capacitive,

Inductive Loads

Relays

IN

DIAG_EN

FAULT

Up to 40 V

Up to 40 V

Product

Folder

Order

Now

Technical

Documents

Tools &

Software

Support &
Community

英語版のTI製品についての情報を翻訳したこの資料は、製品の概要を確認する目的で便宜的に提供しているものです。該当する正式な英語版の最新情報は、www.ti.comで閲覧でき、その内
容が常に優先されます。TIでは翻訳の正確性および妥当性につきましては一切保証いたしません。実際の設計などの前には、必ず最新版の英語版をご参照くださいますようお願いいたします。

English Data Sheet: SLVSDO6

TPS1H000-Q1
JAJSE23C –AUGUST 2017–REVISED JUNE 2019

参参考考資資料料

TPS1H000-Q1 40V、、1Ω、、シシンンググルルチチャャネネルルののススママーートト・・ハハイイササイイドド・・スス
イイッッチチ

1

1 特特長長
1• 車載アプリケーション用に認定済み
• 下記内容でAEC-Q100認定済み:

– デバイス温度グレード1: 動作時周囲温度範囲　　
　　–40°C～125°C

– デバイスHBM ESD分類レベルH2
– デバイスCDM ESD分類レベルC4B

• シングル・チャネルの1000mΩスマート・ハイサ
イド・スイッチ

• 広い動作電圧範囲: 3.4V～40V
• 低いスタンバイ時電流: 500nA未満
• 外付け抵抗で電流制限を調整可能

– 150mA以上のとき±15%
– 300mA以上のとき±10%

• 電流制限後の動作を設定可能
– ホールド・モード

– ラッチオフ・モード、遅延時間を設定可能

– 自動再試行モード

• MCUなしのスタンドアロン動作をサポート
• 保護機能:

– GNDへの短絡および過負荷

– サーマル・シャットダウンおよびサーマル・スイング

– 誘導性負荷の負電圧クランプ

– GND消失およびバッテリ消失

• 診断機能:
– 過負荷およびGNDへの短絡の検出

– オンまたはオフ状態での開放負荷およびバッテリ
への短絡の検出

– サーマル・シャットダウンおよびサーマル・スイング

2 アアププリリケケーーシショョンン
• シングル・チャネルLEDドライバ
• シングル・チャネルのハイサイド・リレー・ドラ

イバ
• 車体照明
• 先進運転支援システム(ADAS)センサ
• 一般的な抵抗性、誘導性、容量性負荷

3 概概要要
TPS1H000-Q1デバイスは、完全に保護されたシングル・

チャネルのハイサイド電源スイッチで、1000mΩのNMOS
パワーFETが組み込まれています。

電流制限を変更可能なため、突入電流や過負荷電流を

制限し、システムの信頼性を向上できます。電流制限の精

度が高いので、過負荷保護が強化され、前段電源の設計

が簡単になります。電流制限以外の特徴も可変であるた

め、機能、コスト、熱放散について柔軟な設計が可能で

す。

このデバイスは、完全な診断機能をサポートし、状態をデ

ジタル出力します。開放負荷検出は、オンとオフの両方の

状態で利用可能です。このデバイスは、MCUありでも、な

しでも動作できます。スタンドアロン・モードにより、絶縁シ

ステムでもデバイスを使用できます。

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））

TPS1H000-Q1 HVSSOP (8) 3.00mm×3.00mm

(1) 提供されている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。

代代表表的的ななブブロロッックク図図 自自動動再再試試行行モモーードドででのの電電流流制制限限保保護護
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5 Pin Configuration and Functions

DGN PowerPAD™ Package
8-Pin HVSSOP With Exposed Thermal Pad

Top View

Pin Functions
PIN

I/O DESCRIPTION
NAME NO.

CL 4 O Adjustable current limit. Connect to device GND if external current limit is not used.
DELAY 5 I/O Function configuration when in current limit; internal pullup
DIAG_EN 2 I Enable the diagnostic function
FAULT 3 O Open-drain diagnostic status output. Leave floating if not used
GND 6 — Ground pin
IN 1 I Input control for output activation; internal pulldown
OUT 7 O Output, source of the high-side switch, connected to the load
VS 8 I Power supply, drain for the high-side switch.
Thermal pad — — Thermal pad. Connect to device GND or leave floating.

http://www.ti.com/product/tps1h000-q1?qgpn=tps1h000-q1
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) All voltage values are with respect to ground.
(3) Reverse polarity condition: VIN = 0 V, reverse current < IR(2), GND pin 1-kΩ resistor in parallel with diode.
(4) Test condition: VVS = 13.5 V, L = 300 mH, TJ = 150°C. FR4 2s2p board, 2 × 70-μm Cu, 2 × 35-μm Cu. 600 mm2 thermal pad copper

area.

6 Specifications

6.1 Absolute Maximum Ratings
over operating ambient temperature range (unless otherwise noted) (1) (2)

MIN MAX UNIT
Supply voltage VS pin t < 400 ms — 42 V
Reverse polarity voltage (3) t < 1 minute –36 — V
Current on GND t < 2 minutes –100 250 mA
Voltage on IN and DIAG_EN pins –0.3 VS V
Current on IN and DIAG_EN pins –10 — mA
Voltage on DELAY pin –0.3 7 V
Current on DELAY pin –60 — mA
Voltage on FAULT pin –0.3 7 V
Current on FAULT pin –30 10 mA
Voltage on CL pin –0.3 7 V
Current on CL pin — 6 mA
Voltage on OUT pin — 42 V
Inductive load switch-off energy dissipation
single pulse (4) — 40 mJ

Operating junction temperature –40 150 °C
Storage temperature, Tstg –65 150 °C

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

6.2 ESD Ratings
VALUE UNIT

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

All pins except VS, OUT,
and GND ±2000

VPins VS, OUT, and GND ±3000
Charged-device model (CDM), per AEC Q100-011 ±750

6.3 Recommended Operating Conditions
over operating ambient temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VS Operating voltage 4 40 V

Voltage on IN and DIAG_EN pins 0 40 V
Voltage on FAULT pin 0 5 V

Io,nom Nominal dc load current 0 1 A
TJ Operating junction temperature –40 150 °C

http://www.ti.com/product/tps1h000-q1?qgpn=tps1h000-q1
http://www.ti.com
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(1) For more information about traditional and new thermal metrics, see Semiconductor and IC Package Thermal Metrics.

6.4 Thermal Information

THERMAL METRIC (1)
TPS1H000-Q1

UNITDGN (HVSSOP)
8 PINS

RθJA Junction-to-ambient thermal resistance 49.7 °C/W
RθJC(top) Junction-to-case (top) thermal resistance 50.2 °C/W
RθJB Junction-to-board thermal resistance 21.4 °C/W
ψJT Junction-to-top characterization parameter 0.8 °C/W
ψJB Junction-to-board characterization parameter 21.5 °C/W
RθJC(bot) Junction-to-case (bottom) thermal resistance 7.1 °C/W

(1) Value specified by design, not subject to production test

6.5 Electrical Characteristics
over operating ambient temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
OPERATING VOLTAGE
VVS(nom) Nominal operating voltage 4 40 V
VVS(uvr) Undervoltage restart VVS rising 3.5 3.7 4 V
VVS(uvf) Undervoltage shutdown VVS falling 3 3.2 3.4 V
V(uv,hys) Undervoltage shutdown, hysteresis 0.5 V
OPERATING CURRENT

I(op) Nominal operating current VVS = 13.5 V, VIN = 5 V, VDIAG_EN =
0 V, IOUT = 0.1 A, ICL = 0.5 A. 5 mA

I(off) Standby current

VVS = 13.5 V, VIN = VDIAG_EN = VCL =
VOUT = 0 V, TJ = 25 °C 0.5

µA
VVS = 13.5 V, VIN = VDIAG_EN = VCL =
VOUT = 0 V, TJ = 125 °C 3

I(off,diag)
Standby current with diagnostics
enabled

VVS = 13.5 V, VIN = 0 V, VDIAG_EN =
5 V 3 mA

t(off,deg) Standby-mode deglitch time (1)
IN from high to low, if deglitch time≥
t(off,deg), the device enters into
standby mode.

12.5 ms

Ilkg(out) Output leakage current in off-state VVS = 13.5 V, VIN = VDIAG_EN = VOUT
= 0 V 3 µA

POWER STAGE

rDS(on) On-state resistance
VVS ≥ 3.5 V, TJ = 25°C 1000

mΩ
VVS ≥ 3.5 V, TJ = 150°C 2000

ICL(int) Internal current limit CL pin connected to GND 1 1.8 A

ICL(TSD)
Current-limit value percentage during
thermal shutdown 60%

VDS(clamp)
Drain−to−source voltage internally
clamped 45 65 V

OUTPUT DIODE CHARACTERISTICS
VF Drain−to-source diode voltage IN = 0, IOUT = −0.15 A 0.3 0.7 1 V

IR(1)

Continuous reverse current from
source to drain during a short-to-
battery condition (1)

t < 60 s, VIN= 0 V, TJ = 25°C. 1 A

IR(2)

Continuous reverse current from
source to drain during a reverse-
polarity condition (1)

t < 60 s, VIN= 0 V, TJ = 25°C. GND
pin 1-kΩ resistor in parallel with
diode.

1 A

LOGIC INPUT (IN, DIAG_EN)
VIH Logic high-level voltage 2 V

http://www.ti.com/product/tps1h000-q1?qgpn=tps1h000-q1
http://www.ti.com
http://www.ti.com/lit/pdf/spra953
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Electrical Characteristics (continued)
over operating ambient temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

(2) External current limit accuracy is only applicable to overload conditions greater than 1.5 x the current limit setting

VIL Logic low-level voltage 0.8 V

Rpd,in Logic-pin pulldown resistor
IN. VIN = 5 V 150 400

kΩ
DIAG_EN. VVS = VDIAG_EN = 5 V 350 850

DIAGNOSTICS

Ilkg(loss,GND)
Loss of ground output leakage
current 100 µA

td(ol,on) Open-load deglitch time in on-state
VIN = 5 V, VDIAG_EN = 5 V, when IOUT
< I(ol,on), duration longer than td(ol,on),
open load is detected.

200 300 450 µs

I(ol,on)
Open-load detection threshold in on-
state

VIN = 5 V, VDIAG_EN = 5 V, when IOUT
< I(ol,on), duration longer than td(ol,on),
open load is detected.

1 5 8 mA

V(ol,off)
Open-load detection threshold in off-
state

VIN = 0 V, VDIAG_EN = 5 V, when
VVS – VOUT < V(ol,off), duration longer
than td(ol,off), open load is detected.

1.4 2.6 V

td(ol,off) Open-load deglitch time in off-state
VIN = 0 V, VDIAG_EN = 5 V, when
VVS – VOUT < V(ol,off), duration longer
than td(ol,off), open load is detected.

200 300 450 µs

I(ol,off) Off-state output sink current VIN = 0 V, VDIAG_EN = 5 V, VVS =
VOUT = 13.5 V –70 µA

VFAULT FAULT low output voltage IFAULT = 2 mA 0.2 V
tFAULT FAULT signal holding time (1) 8.5 ms
T(SD) Thermal shutdown threshold (1) 175 °C
T(SD,rst) Thermal shutdown status reset (1) 155 °C
T(sw) Thermal swing shutdown threshold (1) 60 °C

T(hys)
Hysterisis for resetting the thermal
shutdown and swing (1) 10 °C

CURRENT LIMIT AND DELAY CONFIGURATION
K(CL) Current-limit current ratio (1) 600

VCL(th)
Current-limit internal threshold
voltage (1) 0.8 V

dK(CL)/K(CL)

External current limit accuracy (2)

(IOUT – ICL × K(CL)) × 100 / (ICL ×
K(CL))

Ilimit ≥ 0.05 A， VVS – VOUT ≥ 2.5V –20% 20%
Ilimit ≥ 0.15 A ， VVS – VOUT ≥ 2.5V –15% 15%
Ilimit ≥ 0.3 A, Ilimit < 1 A， VVS – VOUT
≥ 2.5V –10% 10%

Idl(chg)
Delay pin charging current in latch-off
mode (1) 4.5 µA

Vdl(th)
Pulling up threshold in auto-retry
mode 2.7 V

Vdl(ref)
Internal reference voltage in latch-off
mode 1.45 V

tdl1 Internal fixed delay time (1) 300 400 500 µs

tdl2
Adjustable delay time by external
capacitor on DELAY pin (1)

Connect with 3.3 uF capacitor as the
maximum value. 1000 ms

tCL(deg) Deglitch time when current limit (1)

IN low to high, VDIAG_EN = 5 V, the
deglitch time from IN rising edge to
FAULT reporting out.

300 500

µs
IN keeps high, VDIAG_EN = 5 V, the
deglitch time from CL start-point to
FAULT reporting out.

80 180

thic(on) On-time when in auto-retry mode (1) 35 40 45 ms
thic(off) Off-time when in auto-retry mode (1) 0.8 1 1.2 s

http://www.ti.com/product/tps1h000-q1?qgpn=tps1h000-q1
http://www.ti.com
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6.6 Switching Characteristics
PARAMETER TEST CONDITIONS MIN NOM MAX UNIT

td(on)
Turnon delay time, IN rising edge to
10% of VOUT

VVS = 13.5 V, VDIAG_EN = 5 V, IOUT
= 0.1 A 20 50 90 µs

td(off)
Turnoff delay time, IN falling edge to
90% of VOUT

VVS = 13.5 V, VDIAG_EN = 5 V, IOUT
= 0.1 A 20 50 90 µs

dV/dt(on)
Slew rate on, VOUT from 10% to
90%

VVS = 13.5 V, VDIAG_EN = 5 V, IOUT
= 0.1 A 0.1 0.6 V/µs

dV/dt(off) Slew rate off, VOUTfrom 90% to 10% VVS = 13.5 V, VDIAG_EN = 5 V, IOUT
= 0.1 A 0.3 0.9 V/µs

図図 1. Output Delay Characteristics

図図 2. Open-Load Blanking-Time Characteristic

http://www.tij.co.jp/product/jp/tps1h000-q1?qgpn=tps1h000-q1
http://www.tij.co.jp
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6.7 Typical Characteristics

図図 3. UVLO Voltage Threshold 図図 4. IN Voltage Threshold

図図 5. DIAG_EN Voltage Threshold 図図 6. Body-Diode Forward Voltage

図図 7. Drain-to-Source Clamp Voltage 図図 8. FET On-Resistance

http://www.tij.co.jp/product/jp/tps1h000-q1?qgpn=tps1h000-q1
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Typical Characteristics (continued)

IOUT = 50 mA

図図 9. Current-Limit Accuracy at 50 mA

IOUT = 150 mA

図図 10. Current-Limit Accuracy at 150 mA

IOUT = 300 mA

図図 11. Current-Limit Accuracy at 300 mA

IOUT = 1 A

図図 12. Current-Limit Accuracy at 1 A

http://www.tij.co.jp/product/jp/tps1h000-q1?qgpn=tps1h000-q1
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7 Detailed Description

7.1 Overview
The TPS1H000-Q1 device is a smart high-side switch, with an internal charge pump and single-channel
integrated NMOS power FET. The adjustable current-limit function greatly improves the reliability of the
whole system. Full diagnostic features enable intelligent control of the load.
The external high-accuracy current limit allows setting the current-limit value for the application. When
overcurrent occurs, the device improves system reliability by clamping the inrush current effectively. The
TPS1H000-Q1 device can also save system cost by reducing the size of PCB traces and connectors, and
the capacity of the preceding power stage. The TPS1H000-Q1 device allows three modes when a current
limit occurs. Through the configuration on the DELAY pin, users can set the output to any of three modes:
hold the current consistently, latch off immediately, or retry automatically. The configurable behaviors during
current limit provide design flexibility that considers functionality, cost, and thermal dissipation.
The TPS1H000-Q1 device supports full diagnostics with the digital status output. High-accuracy and low-
threshold open-load detection enables real-time on-state monitoring. The TPS1H000-Q1 device also
supports operation without an MCU, the standalone mode, which allows the system to implement the full
functionality locally.
The TPS1H000-Q1 device is a smart high-side switch for a wide variety of resistive, inductive, and capacitive
loads, including LEDs, relays, and sub-modules.

7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Current Limit
A high-accuracy current limit allows high reliability of the design. It protects the load and the power supply from
overstressing during short-circuit-to-GND or power-up conditions. The current limit can also save system cost by
reducing the size of PCB traces and connectors, and the capacity of the preceding power stage.

When a current-limit threshold is reached, a closed loop activates immediately. The output current is clamped at
the set value, and a fault is reported out. The device heats up due to the high power dissipation on the power
FET.

The device has two current-limit thresholds.
• Internal current limit – The internal current limit is fixed at ICL(int). Tie the CL pin directly to the device GND for

large-transient-current applications.
• External adjustable current limit – An external resistor is used to set the current-limit threshold. Use 式 1 to

calculate R(CL). VCL(th) is the internal band-gap voltage. K(CL) is the ratio of the output current and the current-
limit set value. K(CL) is constant across temperature and supply voltage. The external adjustable current limit
allows the flexibility to set the current-limit value by application.

(1)

Note that if using a GND network which causes a level shift between the device GND and board GND, the CL
pin must be connected to the device GND.

For better protection from a hard short-to-GND condition (when the IN pin is enabled, a short to GND occurs
suddenly), the device implements a fast-trip protection to turn off the output before the current-limit closed loop is
set up. The fast-trip response time is less than 1 µs, typically. With this fast response, the device can achieve
better inrush current-suppression performance.

図図 13. Current Limit
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Feature Description (continued)
7.3.2 DELAY Pin Configuration
When a current limit occurs, the TPS1H000-Q1 device supports three different behaviors of the output.

表表 1. Current Limit Configurations

MODE DELAY
CONFIGURATION OUTPUT CURRENT BEHAVIOR FAULT RECOVERY

Holding Connect to GND
directly

When hitting a current limit, the output current
holds at the setting current. The device enters into
thermal shutdown mode when TJ > T(SD).

FAULT clears when IN turns low for a
duration longer than tFAULT OR when the
current limit is removed when IN is high.

Latch-off Connect to GND
through a capacitor

When hitting a current limit, the output current
holds at the setting current, but latches off after a
preset DELAY time (tdl1+ tdl2). tdl1 is the default
delay time; tdl2 is a capacitor-configurable delay
time.
The output stays latched off regardless of whether
the current limit is removed. The output recovers
only when IN is toggling.

FAULT clears when IN turns low for a
duration longer than tFAULT.

Auto-retry External pullup
When hitting a current limit, the output current
holds at the setting current, but periodically comes
on for thic(on) and turns off for thic(off).

FAULT clears when IN turns low for a
duration longer than tFAULT OR when the
current limit is removed for thic(on)

7.3.2.1 Holding Mode
Holding mode is active when the DELAY pin connects to GND directly. When hitting a current limit, the output
current holds at the setting current. The device enters into thermal shutdown mode when TJ > T(SD).

図図 14. Holding Mode Connection

図図 15. Holding Mode Example

7.3.2.2 Latch-Off Mode
Latch-off mode is active when the DELAY pin connects to GND through a capacitor. When hitting a current limit,
the output current holds at the setting current, but latches off after a preset DELAY time (tdl1+ tdl2). tdl1 is the
default delay time, tdl2 is a configurable delay time set by a capacitor. The output stays latched off regardless of
whether the current limit is removed. The output recovers only when IN is toggling.

tdl2 can be calculated by 式 2. The Idl(chg)is the device charging current in latch-off mode, Vdl(ref) is the internal
reference voltage in latch off mode, tdl2 is the user-setting delay time, and CDELAY is the capacitor connected on
the DELAY pin.
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(2)

図図 16. Latch-Off-Mode Connection

図図 17. Latch-Off-Mode Example

7.3.2.3 Auto-Retry Mode
Auto-retry mode is active when the DELAY pin is externally pulled up. The pullup voltage must be higher than
Vdl(th). When hitting the current limit, the output current holds at the setting current, but periodically comes on for
thic(on) and turns off for thic(off).

図図 18. Auto-Retry-Mode Connection

図図 19. Auto-Retry-Mode Example

7.3.3 Standalone Operation
In a typical application, the TPS1H000-Q1 device is controlled by a microcontroller. The device also supports
standalone operation. IN and DIAG_EN have a 40-V maximum dc rating, and can be connected to the VS pin
directly. In auto-retry mode, the DELAY pin can also be connected to the VS pin through a 100-kΩ resistor.
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図図 20. Standalone Operation in Latch-Off Mode

図図 21. Standalone Operation in Auto-Retry Mode

7.3.4 Fault Truth Table
The DIAG_EN pin enables or disables the diagnostic functions. If multiple devices are used, but the ADC
resource is limited in the microcontroller, the microcontroller can use GPIOs to set DIAG_EN high to enable the
diagnostics of one device while disabling the diagnostics of the other devices by setting DIAG_EN low. In
addition, the device can keep the power consumption to a minimum by setting DIAG_EN and IN low.

表 2 applies when the DIAG_EN pin is enabled. 表 3 applies when the DIAG_EN pin is disabled.

http://www.tij.co.jp/product/jp/tps1h000-q1?qgpn=tps1h000-q1
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(1) An external pullup is required for open-load detection.

表表 2. Fault Truth Table
CONDITION IN OUT CRITERION FAULT FAULT RECOVERY

Normal
L L — H

—
H H — H

Overload or short to GND H L Current limit triggered. L See 表 1.

Open load or short to
battery

H H IOUT < l(ol,on) L

FAULT clears when IN turns low
for a duration longer than tFAULT.
OR FAULT clears when the open
load is removed.

L (1) H VVS – VOUT < V(ol,off) L
FAULT clears when IN is toggling
OR FAULT clears when the open
load is removed.

Thermal shutdown H — Thermal shutdown
triggered L

FAULT clears when IN turns low
for a duration longer than tFAULT.
OR FAULT clears when thermal
shutdown quits.

Thermal swing H — Thermal swing triggered L

FAULT clears when IN turns low
for a duration longer than tFAULT.
OR FAULT clears when thermal
swing quits.

表表 3. DIAG_EN Disabled Condition
DIAG_EN IN PROTECTIONS AND DIAGNOSTICS

LOW
ON Diagnostics disabled, full protections
OFF Diagnostics disabled, no protection

7.3.5 Full Diagnostics

7.3.5.1 Short-to-GND and Overload Detection
When the output is on, a short to GND or an overload condition causes overcurrent. If the overcurrent triggers
either the internal or external current-limit threshold, a fault condition is reported out as FAULT pin = low.

7.3.5.2 Open-Load Detection

7.3.5.2.1 Output On

When the output is on, if the current flowing through the output IOUT < l(ol,on), the device recognizes an open-load
fault. For open-load detection in output on, no external circuitry is required.

7.3.5.2.2 Output Off

When the output is off, if a load is connected, the output is pulled down to GND. But if an open load occurs, the
output voltage is close to the supply voltage (VVS – VOUT < V(ol,off)), and the device recognizes an open-load fault.

There is always a leakage current I(ol,off) present on the output due to the internal logic control path or external
humidity, corrosion, and so forth. So an external pullup resistor is recommended to offset the leakage current
when an open load is detected. The recommended pullup resistance is 15 kΩ.

http://www.tij.co.jp/product/jp/tps1h000-q1?qgpn=tps1h000-q1
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図図 22. Open-Load Detection in Output Off

7.3.5.3 Short-to-Battery Detection
Short-to-battery has the same detection mechanism and behavior as open-load detection, in both the on-state
and off-state.

7.3.5.4 Thermal Fault Detection
To protect the device in severe power stressing cases, the device implements two types of thermal fault
detection, absolute temperature protection (thermal shutdown) and dynamic temperature protection (thermal
swing).

図図 23. Thermal Behavior Diagram

7.3.5.4.1 Thermal Shutdown

Thermal shutdown is active when the absolute temperature TJ > T(SD). When thermal shutdown occurs, the
output turns off.
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7.3.5.4.2 Thermal Swing

Thermal swing activates when the power FET temperature is increasing sharply, that is, when ΔT = T(FET) –
T(Logic) > T(sw), then the output turns off. The output automatically recovers and the fault signal clears when ΔT =
T(FET) – T(Logic) < T(sw) – T(hys). The thermal swing function improves the device reliability when subjected to
repetitive fast thermal variation.

7.3.5.4.3 Fault Report Holding

When using PWM dimming, FAULT is easily cleared by the PWM falling edge. Even if the fault condition remains
all the time, FAULT is discontinuous. To avoid this unexpected fault report behavior, the device implements fault-
report holding time. 図 24 shows a typical issue when PWM dimming, the FAULT is cleared unexpectedly even
when the short-to-GND still exists. The TPS1H000-Q1 device with fault-report holding function allows the right
behavior as shown in 図 25.

図図 24. Without Fault-Report Holding

図図 25. With Fault-Report Holding

7.3.6 Full Protections

7.3.6.1 UVLO Protection
The device monitors the supply voltage, VVS, to prevent unpredicted behaviors when VVS is too low. When VVS
falls down to VVS(uvf), the device shuts down. When VVS rises up to VVS(uvr), the device turns on.

7.3.6.2 Inductive Load Switching Off Clamp
When switching an inductive load off, the inductive reactance tends to pull the output voltage negative. Excessive
negative voltage could cause the power FET to break down. To protect the power FET, an internal clamp
between drain and source is implemented, namely VDS(clamp).
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図図 26. Drain-to-Source Clamping Structure

図図 27. Inductive-Load Switching-Off Diagram

7.3.6.3 Loss-of-GND Protection
When loss of GND occurs, the output is shut down regardless of whether the IN pin is high or low. The device
can protect against two ground-loss conditions, loss of device GND and loss of module GND.

7.3.6.4 Loss-of-Power-Supply Protection
When loss of supply occurs, the output is shut down regardless of whether the IN pin is high or low. For a
resistive or a capacitive load, loss of supply has no risk. But for a charged inductive load, the current is driven
from all the logic control pins to maintain the inductance current. To protect the system in this condition, TI
recommends protection with an external free-wheeling diode.
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図図 28. Protection for Loss of Power Supply

7.3.6.5 Reverse-Current Protection
Reverse current occurs in two conditions: short to supply and reverse polarity.
• When a short to the supply occurs, there is only reverse current through the body diode. IR(1) specifies the

limit of the reverse current.
• In a reverse-polarity condition, there are reverse currents through the body diode and the device GND pin.

IR(2) specifies the limit of the reverse current.

To protect the device, TI recommends two types of external circuitry.
• Adding a blocking diode (method 1). Both the device and load are protected when in reverse polarity.
• Adding a GND network (method 2). The reverse current through the device GND is blocked. The reverse

current through the FET is limited by the load itself. TI recommends a resistor in parallel with the diode as a
GND network. The recommended configuration is a 1-kΩ resistor in parallel with a >100-mA diode. The
reverse current protection diode in the GND network forward voltage should be less than 0.6 V in any
circumstances. In addition a minimum resistance of 4.7 K is recommended on the I/O pins.

図図 29. Reverse-Current External Protection, Method 1
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図図 30. Reverse-Current External Protection, Method 2

7.3.6.6 MCU I/O Protection
TI recommends series resistors to protect the microcontroller, for example, 4.7-kΩ when using a 3.3-V
microcontroller and 10-kΩ for a 5-V microcontroller.

図図 31. MCU I/O External Protection

7.4 Device Functional Modes

7.4.1 Working Modes
The device has three working modes, the normal mode, the standby mode, and the standby mode with
diagnostics, as shown in 図 32.
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Device Functional Modes (continued)

図図 32. Working Modes

7.4.1.1 Normal Mode
When IN is high, the device enters normal mode.

7.4.1.2 Standby Mode
When IN is low and DIAG_EN is low, the device enters standby mode with ultralow power consumption.

7.4.1.3 Standby Mode With Diagnostics
When IN is low and DIAG_EN is high, the device enters standby mode with diagnostics. The device still supports
open-load and short-to-battery detection even when IN is low.
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8 Application and Implementation

注注
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.

8.1 Application Information
The TPS1H000-Q1 device is a smart high-side switch, with an internal charge pump and single-channel
integrated NMOS power FET. The adjustable current-limit function greatly improves the reliability of the whole
system. Full diagnostic features enable intelligent control of the load. The TPS1H000-Q1 device can be used for
a wide variety of resistive, inductive, and capacitive loads, including LEDs, relays, and sub-modules.

8.2 Typical Application
図 33 shows an example of how to design the external circuitry parameters.

図図 33. Typical Application Circuitry

8.2.1 Design Requirements
• VVS range from 6 V to 18 V
• Nominal current of 100 mA
• Expected current limit value of 500 mA
• Thermal sensitive system, when current limit occurs, the output latches off after 0.2 s. The 0.2 s is to ensure

the safe start-up for a capacitive load, clamping the inrush current but without latch-off during start-up.
• Full diagnostics with 5-V MCU, including on-state open-load detection, short-to-GND or overcurrent detection,

and thermal shutdown detection

8.2.2 Detailed Design Procedure
To set the adjustable current limit value at 500 mA, calculate R(CL) as follows:
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Typical Application (continued)

(3)

To set the adjustable latch-off delay at 0.2 s, calculate C(DELAY) as follows:

(4)

TI recommends R(SER) = 10 kΩ for a 5-V MCU, and R(pullup) = 10 kΩ as the pullup resistor.

8.2.3 Application Curves
The following curves are test examples of hard short conditions. The load is 0.1 A and the current limit value is
0.5 A. 図 34 shows a waveform of the latch-off mode. 図 35 shows a waveform of the auto-retry mode.

Load = 0.1 A Current limit = 0.5
A

図図 34. Hard-Short Condition in Latch-Off Mode

Load = 0.1 A Current limit = 0.5
A

図図 35. Hard-Short Condition in Auto-Retry Mode

9 Power Supply Recommendations
The device can be used for both 12-V and 24-V applications. The normal power supply connection is a 12-V or
24-V system.
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10 Layout

10.1 Layout Guidelines
To prevent thermal shutdown, TJ must be less than 175°C. If the output current is very high, the power
dissipation may be large. However, the PCB layout is very important. Good PCB design can optimize heat
transfer, which is absolutely essential for the long-term reliability of the device.
• Maximize the copper coverage on the PCB to increase the thermal conductivity of the board. The major heat-

flow path from the package to the ambient is through the copper on the PCB. Maximum copper is extremely
important when there are not any heat sinks attached to the PCB on the other side of the board opposite the
package.

• Add as many thermal vias as possible directly under the package thermal pad to optimize the thermal
conductivity of the board.

• All thermal vias should either be plated shut or plugged and capped on both sides of the board to prevent
solder voids. To ensure reliability and performance, the solder coverage should be at least 85%.

10.2 Layout Example

図図 36. Layout Example
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11 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

11.1 ドドキキュュメメンントトのの更更新新通通知知をを受受けけ取取るる方方法法
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。右上の「アラートを受
け取る」をクリックして登録すると、変更されたすべての製品情報に関するダイジェストを毎週受け取れます。変更の詳細に
ついては、修正されたドキュメントに含まれている改訂履歴をご覧ください。

11.2 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.

11.3 商商標標
PowerPAD, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

11.4 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。

11.5 Glossary
SLYZ022 — TI Glossary.

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

12 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/tps1h000-q1?qgpn=tps1h000-q1
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
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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

TPS1H000AQDGNRQ1 ACTIVE HVSSOP DGN 8 2500 RoHS & Green NIPDAUAG Level-2-260C-1 YEAR -40 to 125 17SX

 
(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.

 

http://www.ti.com/product/TPS1H000-Q1?CMP=conv-poasamples#samplebuy


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

TPS1H000AQDGNRQ1 HVSSOP DGN 8 2500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1

PACKAGE MATERIALS INFORMATION

www.ti.com 17-Jul-2020

Pack Materials-Page 1



*All dimensions are nominal

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

TPS1H000AQDGNRQ1 HVSSOP DGN 8 2500 366.0 364.0 50.0

PACKAGE MATERIALS INFORMATION

www.ti.com 17-Jul-2020

Pack Materials-Page 2
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GENERIC PACKAGE VIEW

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

PowerPAD   VSSOP - 1.1 mm max heightDGN 8
SMALL OUTLINE PACKAGE3 x 3, 0.65 mm pitch

4225482/A
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PACKAGE OUTLINE

C

6X 0.65

2X
1.95

8X 0.38
0.25

5.05
4.75 TYP

SEATING
PLANE

0.15
0.05

0.25
GAGE PLANE

0 -8

1.1 MAX

0.23
0.13

1.846
1.646

2.15
1.95

B 3.1
2.9

NOTE 4

A

3.1
2.9

NOTE 3

0.7
0.4

PowerPAD   VSSOP - 1.1 mm max heightDGN0008G
SMALL OUTLINE PACKAGE

4225480/B   12/2022

1

4

5

8

0.13 C A B

PIN 1 INDEX AREA

SEE DETAIL  A

0.1 C

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. 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 MO-187.
 

PowerPAD is a trademark of Texas Instruments.

TM

A  20DETAIL A
TYPICAL

SCALE  4.000

EXPOSED THERMAL PAD

1

4
5

8

9
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EXAMPLE BOARD LAYOUT

0.05 MAX
ALL AROUND

0.05 MIN
ALL AROUND

8X (1.4)

8X (0.45)

6X (0.65)

(4.4)

(R0.05) TYP

(2)
NOTE 9

(3)
NOTE 9

(1.22)

(0.55)
( 0.2) TYP

VIA

(1.57)

(1.89)

PowerPAD   VSSOP - 1.1 mm max heightDGN0008G
SMALL OUTLINE PACKAGE

4225480/B   12/2022

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.
8. 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.
9. Size of metal pad may vary due to creepage requirement.
 

TM

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE: 15X

SYMM

SYMM

1

4
5

8

SOLDER MASK
DEFINED PAD

METAL COVERED
BY SOLDER MASK

SEE DETAILS

9

15.000

METALSOLDER MASK
OPENING

METAL UNDER
SOLDER MASK

SOLDER MASK
OPENING

EXPOSED METALEXPOSED METAL

SOLDER MASK DETAILS

NON-SOLDER MASK
DEFINED

(PREFERRED)

SOLDER MASK
DEFINED
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EXAMPLE STENCIL DESIGN

8X (1.4)

8X (0.45)

6X (0.65)

(4.4)

(R0.05) TYP

(1.57)
BASED ON

0.125 THICK
STENCIL

(1.89)
BASED ON

0.125 THICK
STENCIL

PowerPAD   VSSOP - 1.1 mm max heightDGN0008G
SMALL OUTLINE PACKAGE

4225480/B   12/2022

1.33 X 1.600.175
1.43 X 1.730.15

1.57 X 1.89 (SHOWN)0.125
1.76 X 2.110.1

SOLDER STENCIL
OPENING

STENCIL
THICKNESS

NOTES: (continued)
 
10. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
      design recommendations.   
11. Board assembly site may have different recommendations for stencil design.
 

TM

SOLDER PASTE EXAMPLE
EXPOSED PAD 9:

100% PRINTED SOLDER COVERAGE BY AREA
SCALE: 15X

SYMM

SYMM

1

4 5

8

METAL COVERED
BY SOLDER MASK

SEE TABLE FOR
DIFFERENT OPENINGS
FOR OTHER STENCIL
THICKNESSES



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 © 2022, Texas Instruments Incorporated

https://www.ti.com/legal/termsofsale.html
https://www.ti.com
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