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1 特特長長
1• 車載アプリケーションに対応
• 下記内容で AEC-Q100 認定済み

– デバイス温度グレード 0：動作時周囲温度範囲
–40°C～150°C

– デバイス HBM ESD 分類レベル 3A
– デバイス CDM ESD 分類レベル C6

• デジタル・ユニポーラ・スイッチのホール・セン
サ

• 2.5V～5.5V の VCC 範囲で動作
• 磁気感度オプション (BOP、BRP)

– DRV5021A1-Q: 2.9mT、1.8mT
– DRV5021A2-Q: 9.2mT、7.0mT
– DRV5021A3-Q: 17.9mT、14.1mT

• 高速な 30kHz センシング帯域幅
• オープン・ドレイン出力能力 20mA
• 最適化された低電圧アーキテクチャ
• 内蔵ヒステリシスによりノイズ耐性が向上
• 標準の産業用パッケージ

– 表面実装 SOT-23

2 アアププリリケケーーシショョンン
• 車載用変速装置、ボディ・クロージャ
• リミット・スイッチ
• 汎用近接センシング
• ブラシ付き DC モータ・フィードバック
• ドアの開閉検出
• バルブの位置決め
• パルスのカウント

3 概概要要
DRV5021-Q1デバイスは、高速車載アプリケーション用の

低電圧、デジタル・スイッチ、ホール・エフェクト・センサで

す。このデバイスは2.5V～5.5Vの電源電圧で動作し、磁

束密度を検出して、事前定義された磁気スレッショルドに

基づいてデジタルで出力します。

このデバイスは、パッケージの表面に垂直な磁界を検出し

ます。印加された磁束密度が磁気動作ポイント(BOP)スレッ

ショルドを超える場合、デバイスのオープン・ドレイン出力

がLOW電圧を駆動します。磁束密度が磁気リリース・ポイ

ント(BRP)スレッショルドより低下した場合、出力は高イン

ピーダンスに移行します。BOPとBRPを別にしていることでヒ

ステリシスが設定され、入力ノイズによる出力エラーの発生

を防止します。この構成により、システム設計がノイズ干渉

に対して強固になります。

このデバイスは、-40°C～+150°Cの広い周囲温度範囲で

一貫した動作を行います。

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））

DRV5021-Q1 SOT-23 (3) 2.90mm×1.30mm

(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
尾にあるパッケージ・オプションについての付録を参照してくださ
い。

標標準準アアププリリケケーーシショョンン回回路路図図 磁磁気気応応答答

http://www-s.ti.com/sc/techlit/SBAS914.pdf
http://www.tij.co.jp/product/jp/drv5021-q1?qgpn=drv5021-q1
http://www.tij.co.jp/product/jp/DRV5021-Q1?dcmp=dsproject&hqs=pf
http://www.tij.co.jp/product/jp/DRV5021-Q1?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.tij.co.jp/product/jp/DRV5021-Q1?dcmp=dsproject&hqs=td&#doctype2
http://www.tij.co.jp/product/jp/DRV5021-Q1?dcmp=dsproject&hqs=sw&#desKit
http://www.tij.co.jp/product/jp/DRV5021-Q1?dcmp=dsproject&hqs=support&#community
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5 Pin Configuration and Functions

DBZ Package
3-Pin SOT-23

Top View

Pin Functions
PIN

TYPE DESCRIPTION
NAME DBZ
GND 3 GND Ground pin
OUT 2 Output Hall sensor open-drain output. The open drain requires a pullup resistor.

VCC 1 Power 2.5-V to 5.5-V power supply. Bypass this pin to the GND pin with a 0.1-μF (minimum) ceramic
capacitor rated for VCC.

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6 Specifications

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

MIN MAX UNIT
Power supply voltage (VCC) –0.3 6.0 V
Output voltage (OUT) –0.3 6.0 V
Output current (OUT) 30 mA
Magnetic flux density, BMAX Unlimited T
Operating junction temperature, TJ –40 170 °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
over operating free-air temperature range (unless otherwise noted)

VALUE UNIT

V(ESD) Electrostatic discharge

Human body model (HBM), per AEC
Q100-002 (1) ±6000

V
Charged device model (CDM), per AEC
Q100-011 ±1000

http://www.ti.com/product/drv5021-q1?qgpn=drv5021-q1
http://www.ti.com
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6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
VCC Power supply voltage range 2.5 5.5 V
VO Output pin voltage 0 5.5 V
IOUT Output sinking current 0 20 mA
TA Operating ambient temperature –40 150 °C

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

6.4 Thermal Information

THERMAL METRIC (1)
DRV5021-Q1

UNITSOT-23 (DBZ)
3 PINS

RθJA Junction-to-ambient thermal resistance 356 °C/W
RθJC(top) Junction-to-case (top) thermal resistance 128 °C/W
RθJB Junction-to-board thermal resistance 94 °C/W
YJT Junction-to-top characterization parameter 11.4 °C/W
YJB Junction-to-board characterization parameter 92 °C/W

(1) See the Propagation Delay section for more information.

6.5 Electrical Characteristics
at VCC = 2.5 V to 5.5 V, over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITION MIN TYP MAX UNIT
ICC Operating supply current 2.3 2.8 mA
tON Power-on time 40 70 µs

td Propagation delay time (1) B = BRP – 10 mT to BOP + 10 mT in
1 µs 13 25 µs

IOZ
High-impedance output leakage
current

5.5 V applied to OUT, while OUT is
high-impedance 100 nA

VOL Low-level output voltage IOUT = 20 mA 0.15 0.4 V
RDS(on) Output FET resistance IOUT = 5 mA, VCC = 3.3 V 8 Ω

6.6 Magnetic Characteristics
at VCC = 2.5 V to 5.5 V, over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITION MIN TYP MAX UNIT
DRV5021A1-Q1, DRV5021A2-Q1, DRV5021A3-Q1
fBW Sensing bandwidth 30 kHz
DRV5021A1-Q1

BOP Magnetic threshold Operate Point
TA = –40°C to +125°C 1.3 2.9 4.4 mT
TA = –40°C to +150°C 1.1 2.9 4.7 mT

BRP Magnetic threshold Release Point
TA = –40°C to +125°C 0.2 1.8 3.0 mT
TA = –40°C to +150°C 0.1 1.8 3.3 mT

BHYS Magnetic hysteresis: |BOP – BRP| TA = –40°C to +125°C 0.1 1.1 2.5 mT
BHYS Magnetic hysteresis: |BOP – BRP| TA = –40°C to +150°C 0.1 1.1 2.8 mT
DRV5021A2-Q1

BOP Magnetic threshold Operate Point
TA = –40°C to +125°C 5.0 9.2 13.0 mT
TA = –40°C to +150°C 4.5 9.2 14.0 mT

BRP Magnetic threshold Release Point
TA = –40°C to +125°C 3.2 7.0 10.0 mT
TA = –40°C to +150°C 2.7 7.0 11.0 mT

http://www.ti.com/product/drv5021-q1?qgpn=drv5021-q1
http://www.ti.com
http://www.ti.com/lit/pdf/spra953
http://www.ti.com/lit/pdf/spra953
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Magnetic Characteristics (continued)
at VCC = 2.5 V to 5.5 V, over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITION MIN TYP MAX UNIT
BHYS Magnetic hysteresis: |BOP – BRP| TA = –40°C to +125°C 0.9 2.2 4.5 mT
BHYS Magnetic hysteresis: |BOP – BRP| TA = –40°C to +150°C 0.9 2.2 5.0 mT
DRV5021A3-Q1

BOP Magnetic threshold Operate Point
TA = –40°C to +125°C 8.8 17.9 23.4 mT
TA = –40°C to +150°C 7.7 17.9 25.4 mT

BRP Magnetic threshold Release Point
TA = –40°C to +125°C 6.2 14.1 18.8 mT
TA = –40°C to +150°C 5.1 14.1 20.8 mT

BHYS Magnetic hysteresis: |BOP – BRP| TA = –40°C to +125°C 1.5 3.8 6.2 mT
BHYS Magnetic hysteresis: |BOP – BRP| TA = –40°C to +150°C 1.3 3.8 6.7 mT

6.7 Typical Characteristics

DRV5021A1-Q1, VCC = 3.3 V

図図 1. Magnetic Threshold vs Temperature

DRV5021A1-Q1, VCC = 5.0 V

図図 2. Magnetic Threshold vs Temperature

DRV5021A2-Q1, VCC = 3.3 V

図図 3. Magnetic Threshold vs Temperature

DRV5021A2-Q1, VCC = 5.0 V

図図 4. Magnetic Threshold vs Temperature

http://www.tij.co.jp/product/jp/drv5021-q1?qgpn=drv5021-q1
http://www.tij.co.jp
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Typical Characteristics (continued)

DRV5021A3-Q1, VCC = 3.3 V

図図 5. Magnetic Threshold vs Temperature

DRV5021A3-Q1, VCC = 5.0 V

図図 6. Magnetic Threshold vs Temperature

DRV5021A1-Q1

図図 7. Supply Current vs Temperature

DRV5021A2-Q1

図図 8. Supply Current vs Temperature

DRV5021A3-Q1

図図 9. Supply Current vs Temperature

http://www.tij.co.jp/product/jp/drv5021-q1?qgpn=drv5021-q1
http://www.tij.co.jp
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7 Detailed Description

7.1 Overview
The DRV5021-Q1 device is a spinning-current Hall sensor with a digital output for magnetic-sensing applications.
The DRV5021-Q1 can be powered with a supply voltage between 2.5 V and 5.5 V.

The field polarity is defined as follows: a south pole near the marked side of the package is a positive magnetic
field. A north pole near the marked side of the package is a negative magnetic field. The output state depends on
the magnetic field perpendicular to the package.

A strong south pole near the marked side of the package causes the output to pull low. A weak south pole, the
absence of a field, or any north pole makes the output high impedance. Hysteresis is included in between the
operate point and the release point to prevent toggling near the magnetic threshold.

An external pullup resistor is required on the OUT pin. The OUT pin can be pulled up to VCC, or to a different
voltage supply. This feature allows for easier interfacing with controller circuits.

7.2 Functional Block Diagram

7.3 Feature Description

7.3.1 Field Direction Definition
As shown in 図 10, the DRV5021-Q1 is sensitive to the magnetic field component that is perpendicular to the top
of the package.

図図 10. Direction of Sensitivity

http://www.tij.co.jp/product/jp/drv5021-q1?qgpn=drv5021-q1
http://www.tij.co.jp
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Feature Description (continued)
図 11 shows that a positive magnetic field is defined as a south pole near the marked side of the package.

N = North pole, S = South pole

図図 11. Field Direction Definition

7.3.2 Device Output
If the device is powered on with a magnetic field strength between BRP and BOP, then the device output is
indeterminate. If the field strength is greater than BOP, then the output is pulled low. If the field strength is less
than BRP, then the output is released.

図図 12. Output State

http://www.tij.co.jp/product/jp/drv5021-q1?qgpn=drv5021-q1
http://www.tij.co.jp
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Feature Description (continued)
7.3.3 Power-On Time
After applying VCC to the DRV5021-Q1, ton must elapse before the OUT pin is valid. In case 1 (図 13) and case 2
(図 14), the output is defined assuming that magnetic field BAPPLIED > BOP, and BAPPLIED < BRP, respectively.

図図 13. Case 1: Power On When B > BOP

図図 14. Case 2: Power On When B < BRP

http://www.tij.co.jp/product/jp/drv5021-q1?qgpn=drv5021-q1
http://www.tij.co.jp
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Feature Description (continued)
If the device is powered on with BRP < BAPPLIED < BOP, then the device output remains in indeterminate state until
the magnetic field changes. After the change in magnetic field results in a condition that meets either BOP <
BAPPLIED or BRP > BAPPLIED, the output turns to valid state after td time elapses. Case 3 (図 15) and case 4 (図 16)
show examples of this behavior.

図図 15. Case 3: Power On When BRP < B < BOP, Followed by B > BOP

図図 16. Case 4: Power On When BRP < B < BOP, Followed by B < BRP

http://www.tij.co.jp/product/jp/drv5021-q1?qgpn=drv5021-q1
http://www.tij.co.jp
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Feature Description (continued)
7.3.4 Hall Element Location
The sensing element inside the device is in the center of both packages when viewed from the top. 図 17 shows
the tolerances and side-view dimensions.

図図 17. Hall Element Location

http://www.tij.co.jp/product/jp/drv5021-q1?qgpn=drv5021-q1
http://www.tij.co.jp
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Feature Description (continued)
7.3.5 Propagation Delay
The DRV5021-Q1 samples the Hall element at a nominal sampling period of 16.67 µs to detect the presence of a
magnetic north or south pole. At each sampling point, the device takes the average of the current sampled value
and immediately preceding sampled value of the magnetic field. If this average value crosses the BOP or BRP
threshold, the device output changes according to the transfer function.

図 18 shows the DRV5021-Q1 propagation delay analysis in the proximity of a magnetic south pole. The Hall
element of the DRV5021-Q1 experiences an increasing magnetic field as the magnetic south pole approaches
near the device. At time t2, the average magnetic field is (B2 + B1) / 2, which is less than the BOP threshold of the
device. At time t3, the actual magnetic field has crossed the BOP threshold. However, the average (B3 + B2) / 2 is
still less than the BOP threshold. Thus, the device waits for next sample time, t4, to start the output transition
through the analog signal chain. The propagation delay, td, is measured as the delay from the time the magnetic
field crosses the BOP threshold to the time output transitions.

図図 18. Propagation Delay

http://www.tij.co.jp/product/jp/drv5021-q1?qgpn=drv5021-q1
http://www.tij.co.jp
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Feature Description (continued)
7.3.6 Output Stage
The DRV5021-Q1 output stage uses an open-drain NMOS transistor that is rated to sink up to 20 mA of current.
For proper operation, calculate the value of pullup resistor R1 using 式 1.

(1)

The size of R1 is a tradeoff between the OUT rise time and the current when OUT is pulled low. A lower current
is generally better; however, faster transitions and bandwidth require a smaller resistor for faster switching.

In addition, the value of R1 must be > 500 Ω in order to make sure that the output driver can pull the OUT pin
close to GND.

注注
Vref is not restricted to VCC. The allowable voltage range of this pin is specified in the
Recommended Operating Conditions.

図図 19. Open-Drain Output

Select a value for C2 based on the system bandwidth specifications shown in 式 2.

(2)

Most applications do not require this C2 filtering capacitor.

7.4 Device Functional Modes
The DRV5021-Q1 device is active only when VCC is between 2.5 V and 5.5 V.

http://www.tij.co.jp/product/jp/drv5021-q1?qgpn=drv5021-q1
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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 DRV5021-Q1 device is used in magnetic-field sensing applications.

8.2 Typical Applications

8.2.1 Proximity Sensing Circuit

図図 20. Proximity Sensing Circuit

8.2.1.1 Design Requirements
For this design example, use the parameters listed in 表 1 as the input parameters.

表表 1. Design Parameters
DESIGN PARAMETER REFERENCE EXAMPLE VALUE

Supply voltage VCC 3.2 V to 3.4 V
System bandwidth ƒBW 10 kHz

(1) Pullup resistor may be connected to a voltage source other than VCC; see the Recommended Operating Conditions for the valid range of
the output pin voltage.

8.2.1.2 Detailed Design Procedure
表 2 shows the external components needed to create this design example.

表表 2. External Components
COMPONENT CONNECTED BETWEEN RECOMMENDED

C1 VCC GND A 0.1-µF ceramic capacitor rated for VCC

C2 OUT GND Optional: Place a ceramic capacitor to GND
R1 OUT VCC

(1) Requires a pullup resistor

http://www.tij.co.jp/product/jp/drv5021-q1?qgpn=drv5021-q1
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8.2.1.2.1 Configuration Example

In a 3.3-V system, 3.2 V ≤ Vref ≤ 3.4 V. Use 式 3 to calculate the allowable range for R1.

(3)

For this design example, use 式 4 to calculate the allowable range of R1.

(4)

Therefore:
170 Ω ≤ R1 ≤ 32 kΩ (5)

After finding the allowable range of R1 (式 5), select a value between 500 Ω and 32 kΩ for R1.

Assuming a system bandwidth of 10 kHz, use 式 6 to calculate the value of C2.

(6)

For this design example, use 式 7 to calculate the value of C2.

(7)

An R1 value of 10 kΩ and a C2 value less than 820 pF satisfy the requirement for a 10-kHz system bandwidth.

For R1 = 10 kΩ and C2 = 680 pF, the corner frequency for the low-pass filter is 23.4 kHz.

8.2.1.3 Application Curves

R1 = 10-kΩ pullup resistor, no C2 capacitor

図図 21. 10-kHz Switching Magnetic Field

R1 = 10-kΩ pullup, C2 = 680 pF

図図 22. 10-kHz Switching Magnetic Field

R1 = 10-kΩ pullup resistor, C2 = 680 pF

図図 23. Low-Pass Filtering

http://www.tij.co.jp/product/jp/drv5021-q1?qgpn=drv5021-q1
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8.2.2 Alternative Two-Wire Application
For systems that require a minimal wire count, connect the device output to VCC through a resistor, and sense
the total supplied current near the controller. Use a shunt resistor or other circuitry to sense the current.

図図 24. 2-Wire Application

8.2.2.1 Design Requirements
表 3 lists the related design parameters.

表表 3. Design Parameters
DESIGN PARAMETER REFERENCE EXAMPLE VALUE

Supply voltage VCC 5 V
OUT resistor R1 1 kΩ
Bypass capacitor C1 0.1 µF
Current when B < BRP IRELEASE About 2.3 mA
Current when B > BOP IOPERATE About 7.3 mA

8.2.2.2 Detailed Design Procedure
When the open-drain output of the device is high-impedance, current through the path equals the ICC of the
device (approximately 2.3 mA).

When the output pulls low, a parallel current path is added, equal to VCC / (R1 + rDS(on)). Using 5 V and 1 kΩ, the
parallel current is approximately 5 mA, making the total current approximately 7.3 mA.

Local bypass capacitor C1 must be at least 0.1 µF. Use a larger value capacitor if there is high inductance in the
power line interconnect.

http://www.tij.co.jp/product/jp/drv5021-q1?qgpn=drv5021-q1
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9 Power Supply Recommendations
The DRV5021-Q1 device is designed to operate from an input voltage supply (VM) range between 2.5 V and 5.5
V. A 0.1-µF (minimum) ceramic capacitor rated for VCC must be placed as close to the DRV5021-Q1 device as
possible.

10 Layout

10.1 Layout Guidelines
Place the bypass capacitor near the DRV5021-Q1 device for efficient power delivery with minimal inductance.
Place the external pullup resistor near the microcontroller input to provide the most stable voltage at the input.
Alternatively, an integrated pullup resistor within the GPIO of the microcontroller can be used.

Generally, PCB copper planes underneath the DRV5021-Q1 have no effect on magnetic flux, and do not
interfere with device performance because copper is not a ferromagnetic material. However, If nearby system
components contain iron or nickel, they may redirect magnetic flux in unpredictable ways.

10.2 Layout Example

図図 25. DRV5021-Q1 Layout Example

http://www.tij.co.jp/product/jp/drv5021-q1?qgpn=drv5021-q1
http://www.tij.co.jp


18

DRV5021-Q1
JAJSEM5 –FEBRUARY 2019 www.tij.co.jp

Copyright © 2019, Texas Instruments Incorporated

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ササポポーートト

11.1.1 関関連連資資料料
関連資料については、以下を参照してください。

• テキサス・インスツルメンツ、『HALL-ADAPTER-EVM』ユーザー・ガイド

• テキサス・インスツルメンツ、『ホール効果センサのデータシートの理解と適用』アプリケーション・レポート

11.2 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。

11.3 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.

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

11.5 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。

11.6 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。この情報は、そのデバイスに
ついて利用可能な最新のデータです。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/drv5021-q1?qgpn=drv5021-q1
http://www.tij.co.jp
http://www.ti.com/lit/pdf/SLYU043
http://www.ti.com/lit/pdf/SLIA086
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http://e2e.ti.com
http://support.ti.com/
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