
Design Guide: TIDA-020040
車載用過渡保護および過電流保護フィルタのリファレンス・デザイ
ン

概要

TIDA-020040 リファレンス・デザインは、車載システムで

一般的に発生する電圧過渡と電流過渡現象に対処する
保護システムを提示します。このリファレンス・デザインは、
プレミアム・オーディオ・アンプを想定し、機能、サイズ、保
護機能を最適化すると同時に、電力密度を犠牲にしてい
ません。
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LM7481-Q1 プロダクト・フォルダ

TI の TI E2E™ サポート・エキスパートに

お問い合わせください。

アプリケーション

• 車載用ヘッド・ユニット

• 車載用外部アンプ

• デジタル・コックピット・プロセッシング・ユニット

特長

• LM74810-Q1 理想ダイオード・コントローラと外付け双

方向 N チャネル MOSFET による過電圧保護と理想

ダイオード整流器エミュレーション
• INA302-Q1 による過電流保護とアナログ電流監視

• 下流のオーディオ・アンプに給電する A ライン・フィル

タとバッテリとの間の安全な動作を実現する車載システ
ム用部品

• 4 インチ X 3.5 インチの基板で設計
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1 System Description
TIDA-020040 is designed to provide input protection for premium audio systems. This reference design offers 
customizable functionality while maintaining a small form factor with ideal thermal dissipation. This filter can be 
used to protect your premium audio amplifiers from the standard transients seen across the automotive industry.

This design uses LM74810-Q1 to detect and respond to over-voltage events, and INA302 to measure current 
and respond to over-current events. Both of these ICs provide a great level of customization to meet any specific 
project needs, this includes multi-stage over-current detection for warning lights or delayed transient response, 
choosing a clamp vs. shut down over-voltage response, and the ability to sense current bidirectionally.

図 1-1. TIDA-020040 Filter Design
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1.1 Key System Specifications
表 1-1. Key System Specifications

PARAMETERS COMMENTS MIN TYP MAX UNIT

Vin Input Voltage 9 12 18 V

Vlimit Overvoltage Limit 18 V

Imax Overcurrent Limit 60 A

toc
Overcurrent Timing 

Threshold
100 ms

fout
Output Filter Cutoff 

Frequency
1 kHz

2 System Overview
2.1 Block Diagram
The block diagram for the design is shown in 図 2-1. INA302-Q1 provides an analog current measurement 
output to be read by a microcontroller as well as two active low comparator outputs to signal if the current is 
above the threshold set. The two active low comparator thresholds can be independently set and one of the 
comparators can be set to have a delay through an external capacitor. The two comparator outputs serve as the 
inputs for the OR-gate which drives the enable signal for LM74810.

Connecting the overcurrent signal to the enable pin of LM74810 allows off turning off the ideal diode controller 
when there is an overcurrent condition. Using both comparator outputs of INA302 along with the OR-gate 
provides flexibility in how the comparator outputs are used. Using both comparators at different thresholds can 
provide a warning signal for sustained high current before reaching the overcurrent threshold as well as allow 
short current transients without triggering a fault condition. LM74810 drives back to back N-channel MOSFETs 
enabling reverse polarity protection, reverse current blocking, in-rush current control, and overvoltage protection. 
TPS7B69 is an LDO that provides the INA302 and the OR gate with a 5 V VCC from the battery voltage.

VBAT

LM74810-Q1

Ideal Diode Controller

INA302-Q1

Current Sense 

Amplifier

Filter

SN74LVC1G32-Q1

OR-Gate

EN

VFILT

TPS7B69-Q1

LDO

VCC 5 V

12 V nom.

60 A peak max

~ALERT1

~ALERT2

図 2-1. TIDA-020040 Block Diagram

www.ti.com/ja-jp System Description 

JAJU793 – OCTOBER 2020
Submit Document Feedback

車載用過渡保護および過電流保護フィルタのリファレンス・デザイン 3

English Document: TIDUEX5
Copyright © 2023 Texas Instruments Incorporated

https://www.ti.com/ja-jp
https://www.ti.com/ja-jp/lit/pdf/JAJU793
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJU793&partnum=TIDA-020040
https://www.ti.com/lit/pdf/TIDUEX5


2.2 Design Considerations

図 2-2. TIDA-020040 PCB Front

図 2-3. TIDA-020040 PCB Back
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2.2.1 Ideal Diode Design Overview

LM74810-Q1 is an ideal diode controller that drives and controls external back to back N-Channel MOSFETs. 
The first MOSFET to replace a Schottky diode and the second MOSFET allows load disconnect switch control. 
LM74810-Q1 has a wide input supply 3 V to 65 V, ideal for protection and control of 12 V automotive battery 
systems. Through controlling the MOSFETs, LM74810-Q1 provides reverse input protection, Reverse current 
blocking, in-rush current control, and adjustable over voltage protection.

TIDA-020040 controls two sets of MOSFETs in parallel to aid in decreasing power dissipation from the 
MOSFETs Rdson at high currents.

Adjustable over voltage protection is controlled through a resistor divider and connection to the OV pin of 
LM74810-Q1 which goes to an internal comparator with a set 1.23 V reference. When the voltage applied to OV 
is higher than the 1.23 V reference, overvoltage is triggered.

The design allows shorting J1 connector for over voltage clamping or shorting J3 connector for over voltage cut-
off. For both connections, the resistor divider is the same to allow over voltage to trigger at 18.2 V.

VSNS
3

SW
4

OV
5

EN/UVLO
6

GND

Vbatt_Mon

GND

GND

OV

Short Jumper for over voltage cut-off

TP5

5008

49.9 k

R10

499

R15

3.65 k

R16

1 µF

50 V

C18

12

J3

HW-02-15-T-S-340-SM

1 µF

50 V

図 2-4. Over Voltage Resistor Divider Schematic
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2.2.2 Current Sensing Amplifier Design Overview

INA302-Q1 feature a high common-mode current sensing amplifier and two high-speed comparators. The two 
high-speed comparators have adjustable over current thresholds that are independent of each other enabling 
the ability to detect currents that are out of range. The response of comparator 1 is under 1µs and the alert 
response of comparator 2 is set through an external capacitor on the delay pin ranging from 2µs to 10s. 式 1 
provides a way to determine the delay response of comparator 2 based on the capacitor value chosen. Values 
for and are typically 1.22 V and 5 µA respectively.

The design has a default of 470pF resulting in a of roughly 117 µs. INA302 has two modes available for the 
comparators based on whether the LATCH pins are pulled high or low. When the LATCH pin is low, INA302 is in 
transparent mode where the ALERT pins will follow the current sensed at the inputs. As such the ALERT pins 
will go back to normal if the current falls below the overcurrent threshold. When the LATCH pins are pulled high, 
the INA302 is in latched mode and once overcurrent is detected the ALERT pins will give an overcurrent signal 
until the LATCH pins are toggled to reset the ALERT pins. Latched mode is ideally used with an MCU that can 
toggle the LATCH pins low for at least 100ns.

1.5 �V

DELAY TH

DELAY

D

C V
t 2.5�V

I


u°

 �®
°
¯ (1)

式 2 provides a way to determine the resistor value needed on the LIMIT pins to get the desired current 
threshold value. The GAIN value for the INA302A2 device used is 50 V/V and is typically 80 µA. The design has 
a default a 1mΩ current sense resistor, a value for both LIMIT1 and LIMIT2 pins of 37.4KΩ to get a roughly 60A.

� �TRIP SENSE REF

LIMIT

LIMIT

I R GAIN V
R

I

u u �
 

(2)

図 2-5. TIDA-020040 Design J2 Connectors 

2.2.3 OR Gate Design Overview

SN74LVC1G32-Q2 is a 2-input positive OR gate designed for 1.65- to 5.5V VCC operation. It is designed to 
perform Boolean OR function on the ALERT1 and ALERT2 pins. The OR gate is tied to the enable pin of 
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LM74810, allowing the device to turn off when both ALERT1 and ALERT2 are pulled low from detecting an 
overcurrent conditions from their comparators. The configuration allows flexibility by using both ALERT1 and 
ALERT2 comparator output pins which have independent overcurrent trigger levels as well as independent 
response times as shown in Current Sensing Amplifier Design Overview section. Comparator 2 can be set to 
trigger at a lower level relatively to comparator 1, allowing an MCU to read ALERT1 to serve as a sustained high 
current warning. Comparator 1 can be set to a higher trigger level, pulling low during an overcurrent condition.

2.2.4 MOSFET Selection
2.2.4.1 Blocking MOSFET

Selection of the blocking MOSFET requires consideration of electrical parameters which includes maximum 
source current through body diode and the Rdson of the device.

Selection of the MOSFET along with TVS diode should ensure that of the MOSFET is not surpassed in 
automotive transient events and any anticipated fault conditions. For this design 60 V MOSFETS are used with a 
single bidirectional TVS device. The MOSFETs chosen have a of ±20 V allowing safe operation when the 
maximum 14 V from the LM74810-Q1 is applied, the MOSFET plays a role in the conduction losses as well as 
reverse current detection by the ideal diode controller. As such, guidelines are given by the LM74810 data sheet 
for ranges for MOSFET selection based on the nominal operating current.

� �
� �

� �
DS ON

LOAD NOMINAL LOAD NOMINAL

8 mV 50 mV
R

I I
d d

(3)

The range is provided above to serve as a guideline while keeping in mind the MOSFETs temperature resistance 
based on expected power dissipation.

2.2.4.2 Hot-Swap MOSFET

Similar to the blocking MOSFET selection, the rating should be sufficient to handle maximum system voltage 
and transient voltage events. In addition, rating should be higher than the 15 V maximum HGATE-OUT voltage. 
Power dissipation during inrush should be within the MOSFET’s safe operating area.

2.2.5 TVS Input Diode Selection

TVS for 12 V battery systems should have a breakdown voltage higher than 24 V jump start voltage and 35 V 
suppressed load dump voltage while being lower than the 65 V maximum voltage rating for the LM74810-Q1 
device. For negative voltages the TVS diode breakdown voltage should be higher than the reverse battery 
connection voltage and have a negative clamping voltage that does not exceed of the Q1 MOSFET. The design 
uses SMBJ36CA providing the necessary breakdown voltage and clamping voltage to provide suitable 
protection and is sufficient for ISO 7637-2 pulse 1.
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2.2.6 Inrush Current

Inrush limiting is achieved with LM74810-Q1 by placing a capacitor to slow down the HGATE voltage ramp 
during power up. The capacitor value required depends on the desired inrush current value as well as the 
amount of output capacitance. 式 4 shows how to calculate the capacitor value needed. In the equation, is 
typically being 53 µA.

HGATE _DRV

dvdT OUT

INRUSH

I
C C

I
 u

(4)

Duration of the inrush current can be calculated by 式 5.

INRUSH OUT

INRUSH

12
dT C

I
 u

(5)

2.3 Highlighted Products

2.3.1 LM74810-Q1

The LM74810-Q1 ideal diode controller drives and controls external back to back N-Channel MOSFETs to 
emulate an ideal diode rectifier with power path ON/OFF control and over voltage protection. The wide input 
supply of 3V to 65V allows protection and control of 12-V and 24-V automotive battery powered ECUs. The 
device can withstand and protect the loads from negative supply voltages down to –65 V. An integrated ideal 
diode controller (DGATE) drives the first MOSFET to replace a Schottky diode for reverse input protection and 
output voltage holdup. A strong charge pump of 3mA with 50mA peak GATE source current driver stage and 
short turn ON and turn OFF delay times ensures fast transient response ensuring robust and efficient MOSFET 
switching performance during automotive testing such as ISO16750 or LV124 where an ECU is subjected to 
input short interruptions and AC superimpose input signals up to 200KHz frequency. With a second MOSFET in 
the power path the device allows load disconnect (ON/OFF control) and over voltage protection using HGATE 
control. The device features an adjustable over voltage cut-off protection feature for load dump protection.
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図 2-6. LM74810-Q1 Block Diagram
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2.3.2 INA302-Q1

The INA302-Q1 and INA303-Q1 (INA30x-Q1) devices feature a high common-mode, bidirectional, current-
sensing amplifier and two high-speed comparators to detect out-of-range current conditions. The INA302-Q1 
comparators are configured to detect and respond to overcurrent conditions. The INA303-Q1 comparators are 
configured to respond to both overcurrent and under-current conditions in a windowed configuration. These 
devices feature an adjustable limit threshold range for each comparator set using an external limit-setting 
resistor. These current-shunt monitors can measure differential voltage signals on common-mode voltages that 
can vary from –0.1 V up to +36 V, independent of the supply. In addition, these devices will survive with 
common-mode voltages as high as 40 V.

The open-drain alert outputs can be configured to operate in either a transparent mode (output status follows the 
input state), or in a latched mode (alert output is cleared when the latch is reset). The alert response time for 
comparator 1 is under 1 µs, and the alert response for comparator 2 is set through an external capacitor ranging 
from 2 µs to 10 s.

These devices operate from a single 2.7-V to 5.5-V supply, drawing a maximum supply current of 950 µA. The 
devices are specified over the extended operating temperature range of –40°C to +125°C, and are available in a 
14-pin TSSOP package.

INA30x-Q1

GND

OUT

ALERT2

IN+

IN-

LOAD

Power Supply

0 V to 36 V

+

Gain = 20, 

50, 100

LATCH1

RLIMIT2

LIMIT2

ALERT1

VS

2.7 V to 5.5 V

RPULL-UP2

DELAY

CDELAY

RLIMIT1

LIMIT1

LATCH2

Reference Voltage

REF

RPULL-UP1

ILIMIT1

ILIMIT2

CBYPASS

0.1 PF

10 k: 10 k:

RSENSE

+ (-)

- (+)

+

-

図 2-7. INA302-Q1 Block Diagram

3 Hardware, Software, Testing Requirements, and Test Results
3.1 Hardware Requirements

3.1.1 Getting Started

1. Short jumper J1 for over voltage clamping or short jumper J3 for over voltage cut-off.
2. Connect Latch header in J2 to VCC (TP6) for latched mode.
3. Latched mode requires J2 to be pulled low for at least 100ns to toggle the LATCH pins of the INA302 device 

to clear the alert and for LM74810 to become enabled.
4. Connect J4 to voltmeter to be able to read current sensed by INA302.
5. Connect power supply to input lug connectors. Nominal voltage is 12 V. The power supply must be able to 

source up to 60A to trigger default over current conditions of the design.
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6. Connect electronic load to output lug. The electronic load must be able to sink up to 60A and the 
corresponding power rating.

3.1.2 Testing and Results

3.1.2.1 Over-Voltage Protection Cut-Off Mode

Over voltage cut off mode is implemented by shorting together J3 connector. By doing so the OV pin will be 
connected to the resistor divider connected to the voltage between the back to back N-channel MOSFETs.

図 3-1. Over-Voltage Protection Cut-Off Mode

図 3-1 shows the output shutting off when the input reaches roughly 18.2 V which corresponds to the threshold 
placed by the resistor divider. When the OV comparator detects the overvoltage, the HGATE will turn off 
disconnecting the input from the output. Output voltage will stay low until the comparator detects the input 
voltage being lower than the selected threshold.

3.1.2.2 Over-Voltage Protection Clamping-Mode

Over voltage clamping mode is implemented by shorting together the j 1 connector. By doing so the OV pin will 
be connected to the resistor divider which is connected to the source of the HGATE driven MOSFETs.

図 3-2. Over-Voltage Protection Clamping Mode
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図 3-2 shows over-voltage clamping with the HGATE MOSFETs switching to regulate the output. By having the 
OV pin connected to the resistor divider at the source of the HGATE driven MOSFETs, the MOSFETs will switch 
on and off clamping the voltage at the output.

3.1.2.3 ISO7637-2 Pulse 1

ISO7637-2 Pulse 1 test consists of battery disconnection where the voltage goes to zero volts and followed by 
-100 V. 図 3-3 shows the typical waveform as well as the parameters for the test performed. The LM74810 
should prevent reverse current as well preventing the output voltage from going negative in order to protect the 
rest of the circuit. Proper TVS selection performs a large role in the test to ensure the negative voltage is 
clamped within the 85 V operating maximum voltage across cathode to anode of the LM74810 as well as not 
exceed the of the 60 V MOSFETs.

• Us: 100 V
• Rise Time tr: 1us
• Output Resistance: 10 Ohms
• Pulse Width td: 2ms
• T2: 200ms

図 3-3. ISO7637-2 Pulse 1 
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図 3-4. ISO7637-2 Pulse 1 Test 

As shown in 図 3-4, the yellow trace is the input voltage which goes negative and the TVS diode clamps the 
input at roughly -45 V. The blue trace is the output which decreases and the green trace is the output current to 
the e-load which continues to draw current until the output goes to 0 V. The pink trace is the INA302 output.

3.1.2.4 Overcurrent Protection

Overcurrent protection testing primarily consisted of ensuring that the INA302 responded appropriately to 
increases in current and for the current sense amplifier to turn off LM74810 if an over-current event occurs. As 
mentioned in section 2.1.1, the INA302 can operate in latch mode or transparent mode. The testing shown in 図 

3-5 and 図 3-6 was performed in latch mode.

図 3-5. Normal Transient Current

As shown in 図 3-5, the red trace is the current output which sees an increase in current from 15A to 50A for 
100ms. The overcurrent threshold is at 60A and as such the EN pin stays high in normal transient operation.
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図 3-6. Latch Mode Overcurrent Protection 

As shown in 図 3-6, the red trace is the current output to the e-load which experiences a 62A transient for 
100ms. A 62A transient will trigger the overcurrent protection if the transient last longer than roughly 100µs. The 
green trace, which is the enable signal, pulls low during the fault conditions and will remain low until the INA302 
LATCH pins are toggled to clear the fault. Having the enable signal pulled low, will turn off the MOSFETs, 
disconnecting the output from the input, resulting in a decrease in output voltage.

3.1.2.5 Load Dump

Suppressed load dump testing was done with a 35 V max transient pulse. The load dump transient is shown in 
the yellow trace in 図 3-7.

図 3-7. Suppressed Load Dump Test

Over-voltage protection is triggered by the LM74810 device when input is higher than the 18.2 V threshold that is 
set. The blue trace shows the output voltage where it decreases as the HGATE driven MOSFETs is turned off to 
protect any components downstream from the high voltage at the input. Once the high voltage transient ends, 
the MOSFETs will turn on again as shown in 図 3-7. Load dump test demonstrates the inrush limiting feature by 
the LM74810 device as the inrush current is limited to roughly to 15A. The green trace is the output current 
delivered to e-load.
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3.1.2.6 Cold Crank, Warm Start, and Cold Start

Cranking pulse testing is performed using Texas Instruments, Cranking Simulator for Automotive Applications 
Test Report which functions as an automotive cranking simulator. The test waveforms available are shown 
below. Testing is done to ensure design operates properly when there is a drop in the battery voltage as seen in 
the different waveforms.

図 3-8. 2s/div DaimlerChrysler Engine-Cranking Pulse, DC-10615 

図 3-9. 200ms/div Volkswagen Warm-Start Test Pulse, VM80000
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図 3-10. 2s/div Volkswagen Cold-Start Test Pulse, VW80000

3.1.2.6.1 Cold Crank

Cold crank testing is performed to ensure the design prevents reverse current during conditions where the input 
is lower than the output.

図 3-11. Cold Crank Waveform
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図 3-12. Cold Crank Reverse Current Testing

As shown in 図 3-11, the input voltage drops to be lower than the output voltage for a period of time before 
eventually moving back to normal voltage levels. In these cold crank events, LM74810 provides reverse current 
blocking through the use of the DGATE driven MOSFETs. As shown in 図 3-12, the green trace which is the 
DGATE voltage, turns off when the input voltage drops to prevent reverse current to flow back to the battery. For 
the testing shown in 図 3-12, the current load is set to a 4A load.

3.1.2.6.2 Warm Start

Warm Start testing is performed to ensure the design functions as appropriate during a warm-start event. Warm 
Start sees a decrease in battery voltage resulting in the need to ensure the reverse current blocking feature 
works as intended. As shown in 図 3-14, the DGATE pulls low when the output voltage is higher than the input 
voltage to make sure reverse current blocking takes place.

図 3-13. Warm Start/Start Stop Waveform
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図 3-14. Warm Start Testing

3.1.2.6.3 Cold Start

Cold Start is performed in a similar fashion as the cranking pulse tests shown before. Waveform seen at the 
input is shown in 図 3-15. A drop of current is shown in 図 3-16 as the blocking MOSFET turns off to prevent 
reverse current from flowing.

図 3-15. Cold Start Waveform
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図 3-16. Cold Start Testing

3.1.2.7 Standby Current

Standby current testing for the design requires removing the OR gate in order to set the enable pin low and put 
the LM74810 device into shutdown mode. Once the OR gate is removed and the LM74810 is placed into 
shutdown mode, the current measured during standby was roughly 900µA. A large portion of the current is 
attributed to the typical quiescent current of the INA302 device. Once the INA302 device was removed from the 
board, the standby current was roughly 17µA.

To achieve the standby current values required it is recommended to use a LDO that has an enable function to 
easily power off the INA302.

3.1.2.8 Currency Sense Accuracy

Current sense accuracy testing was performed for the design, beginning at low current levels and increasing the 
current up to 24A max. The shunt resistor value for the design was a 1mohm resistor and the IN302 had a gain 
of 50V/V. 表 3-1 includes currents measured by INA302 in comparison to the current being drawn by the E-load.

表 3-1. Current Sensing Accuracy Test Data
ELOAD CURRENT INA OUT (V) INA OUT (A) OUT/(Rs*Gain)

0.53 0.02595 0.519

1.03 0.05092 1.0184

2.03 0.10082 2.0164

3.04 0.15157 3.0314

5.04 0.2513 5.026

10.05 0.50196 10.0392

15.03 0.7514 15.028

20.02 1.0016 20.032

24.03 1.202 24.04

4 Design and Documentation Support
4.1 Design Files

4.1.1 Schematics

To download the schematics, see the design files at TIDA-020040.
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4.1.2 BOM

To download the bill of materials (BOM), see the design files at TIDA-020040.

4.2 Documentation Support
1. Texas Instruments, Automotive Ideal Diode Controller with Active Rectification Driving B2B NFETs data 

sheet
2. Texas Instruments, 36V, Bi-directional, 550kHz, 4V/µs, High-Precision Current Sense Amplifier with Dual 

Comparators data sheet

4.3 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。

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