
TPS2116 1.6V～5.5V、2.5A 低 IQ パワー・マルチプレクサ、手動および優先切
り換え機能付き

1 特長
• 入力電圧範囲：1.6V～5.5V
• 最大連続電流：2.5A
• オン抵抗 40mΩ (標準値)
• VIN2 のスタンバイ電流：50nA (標準値)
• 静止電流：1.32μA (標準値)
• 切り換えモード：

– 優先モード

– マニュアル・モード

• 制御された出力スルーレート：

– 1.3ms (標準値、3.3V 時)
• VOUT > VINx の際の逆電流ブロック

• サーマル・シャットダウン

2 アプリケーション
• バックアップ・バッテリ・システム

• e メーター

• モーター駆動

• ビル・オートメーション

3 概要
TPS2116 は、1.6V～5.5V の電圧定格と 2.5A の最大電

流定格を持つパワー・マルチプレクサ・デバイスです。本
デバイスは、N チャネル MOSFET を使用して電源を切り

換えると同時に、電圧が最初に印加された際にもスルーレ
ートを制御します。

TPS2116 の小さい静止電流 (1.32μA、標準値) とスタン

バイ電流 (50nA、標準値) は、バッテリが入力の一方に接

続されているシステムに理想的です。これらの小さい電流
は、使用時のバッテリ寿命を延ばします。

TPS2116 は、アプリケーションに応じて 2 通りの切り換え

挙動を行うように構成できます。自動優先モードでは、
VIN1 に接続された電源が優先され、VIN1 が低下すると

第 2 の電源 (VIN2) に切り替わります。マニュアル・モード

を使うと、GPIO をトグルする事でまたは信号をイネーブル

する事で、チャネルを切り換えることができます。

製品情報(1) 

部品番号 パッケージ 本体サイズ (公称)
TPS2216 SOT (8) 2.1mm × 1.6mm

(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。

基本的なアプリケーション
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5 Pin Configuration and Functions

図 5-1. DRL Package 8-Pin SOT Top View

表 5-1. Pin Functions
PIN

I/O DESCRIPTION
NAME NO.
GND 1 - Device ground.

VOUT 2, 7 O Output power.

VIN1 3 I Channel 1 input power.

PR1 4 I Selects between VIN1 and VIN2. When PR1 is high VIN1 is 
selected, and when PR1 is low VIN2 is selected.

MODE 5 I Device is put into Priority mode when MODE is tied to VIN1 and 
manual mode when MODE is pulled up to an external voltage.

VIN2 6 I Channel 2 input power.

ST 8 O Open drain status pin. Pulled low when VIN1 is not being used.
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(1)

MIN MAX UNIT
VIN1, VIN2 Input Voltage –0.3 6 V

VOUT Output Voltage –0.3 6 V

VST, VPR1, 
VMODE

Control Pin Voltage –0.3 6 V

IMAX Maximum Current 2.5 A

IMAX,PLS
Maximum Pulsed Current
Max duration 1ms, Duty cycle of 2% 4 A

TJ Junction temperature Internally 
Limited °C

Tstg Storage temperature –65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Rating 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 Condition. Exposure to absolute-maximum-rated conditions for extended periods may affect device 
reliability.

6.2 ESD Ratings
VALUE UNIT

V(ESD) Electrostatic discharge

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

V
Charged device model (CDM), per JEDEC 
specification JESD22-C101, all pins(2) ±500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. 
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

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

MIN NOM MAX UNIT
VIN1, VIN2 Input Voltage 1.6 5.5 V

VOUT Output Voltage 0 5.5 V

VST, 
VMODE, 
VPR1

Control Pin Voltage 0 5.5 V

TA Ambient Temperature –40 105 °C

6.4 Thermal Information 

THERMAL METRIC(1)

TPS2116
UNITDRL (SOT)

8-PINS
RθJA Junction-to-ambient thermal resistance 111.5 °C/W

RθJC(top) Junction-to-case (top) thermal resistance 19.4 °C/W

RθJB Junction-to-board thermal resistance 35.8 °C/W

ΨJT Junction-to-top characterization parameter 1.2 °C/W

ΨJB Junction-to-board characterization parameter 19.1 °C/W
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6.4 Thermal Information (continued)

THERMAL METRIC(1)

TPS2116
UNITDRL (SOT)

8-PINS
RθJC(bot) Junction-to-case (bottom) thermal resistance N/A °C/W

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

6.5 Electrical Characteristics 
Over operating free-air temperature range and operating voltage range of 1.6V to 5.5V (unless otherwise noted). Typical 
specifications are at an input voltage of 3.3V and ambient temperature of 25°C.

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT
Power Consumption

ISTBY, 
VIN1

VIN1 Standby Current

VIN2 powers VOUT
VIN1 > VIN2 + 0.1V

25°C 1.1 uA

-40°C to 85°C 1.9 uA

-40°C to 105°C 2 uA

VIN2 powers VOUT
VIN2 > VIN1 + 0.2V

25°C 0.22 uA

-40°C to 85°C 0.31 uA

-40°C to 105°C 0.32 uA

ISTBY, 
VIN2

VIN2 Standby Current

VIN1 powers VOUT
VIN2 > VIN1 + 0.2V

25°C 1.2 uA

-40°C to 85°C 2 uA

-40°C to 105°C 2.1 uA

VIN1 powers VOUT
VIN1 > VIN2 + 0.1V

25°C 0.05 uA

-40°C to 85°C 0.07 uA

-40°C to 105°C 0.09 uA

IQ, VIN1 VIN1 Quiescent Current

VIN1 powers VOUT
VIN1 > VIN2 + 0.1V

25°C 1.32 uA

-40°C to 85°C 3.6 uA

-40°C to 105°C 4.4 uA

VIN1 powers VOUT
VIN2 > VIN1 + 0.2V

25°C 0.3 uA

-40°C to 85°C 0.51 uA

-40°C to 105°C 0.55 uA

IQ, VIN2 VIN2 Quiescent Current

VIN2 powers VOUT
VIN2 > VIN1 + 0.2V

25°C 1.35 uA

-40°C to 85°C 3.7 uA

-40°C to 105°C 4.5 uA

VIN2 powers VOUT
VIN1 > VIN2 + 0.1V

25°C 0.1 uA

-40°C to 85°C 0.27 uA

-40°C to 105°C 0.29 uA

ISD,VIN1 VIN1 Shutdown Current

MODE = 0V, PR1 = 5V
VIN1 > VIN2
VOUT = 0V

25°C 0.1 uA

-40°C to 85°C 1.3 uA

-40°C to 105°C 2.9 uA

MODE = 0V, PR1 = 5V
VIN1 < VIN2
VOUT = 0V

25°C 0.05 uA

-40°C to 85°C 1 uA

-40°C to 105°C 2.4 uA
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6.5 Electrical Characteristics (continued)
Over operating free-air temperature range and operating voltage range of 1.6V to 5.5V (unless otherwise noted). Typical 
specifications are at an input voltage of 3.3V and ambient temperature of 25°C.

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT

ISD,VIN2 VIN2 Shutdown Current

MODE = 0V, PR1 = 5V
VIN2 > VIN1
VOUT = 0V

25°C 0.05 uA

-40°C to 85°C 1.3 uA

-40°C to 105°C 2.9 uA

MODE = 0V, PR1 = 5V
VIN2 < VIN1
VOUT = 0V

25°C 0.05 uA

-40°C to 85°C 0.7 uA

-40°C to 105°C 2.1 uA

IREV

Reverse leakage current out of 
VINx

VOUT = 5.5V
VINx = 0V, VINy = Open

25°C 0.001 uA

85°C 0.05 uA

105°C 0.15 uA

Reverse leakage current into VOUT VOUT = 5.5V
VINx = 0V, VINy = Open

25°C 0.01 uA

85°C 0.1 uA

105°C 0.25 uA

IPR1 PR1 pin leakage -40°C to 105°C 0.1 uA

IMODE MODE pin leakage -40°C to 105°C 0.1 uA

IST ST pin leakage -40°C to 105°C 0.03 uA

Performance

RON On-Resistance

VINx = 5V
IOUT = 200mA

25°C 37 46 mΩ

-40°C to 85°C 55 mΩ

-40°C to 105°C 60 mΩ

VINx = 3.3V
IOUT = 200mA

25°C 40 48 mΩ

-40°C to 85°C 55 mΩ

-40°C to 105°C 59 mΩ

VINx = 1.8V
IOUT = 200mA

25°C 41 51 mΩ

-40°C to 85°C 61 mΩ

-40°C to 105°C 66 mΩ

VINx = 1.6V
IOUT = 200mA

25°C 42 52 mΩ

-40°C to 85°C 68 mΩ

-40°C to 105°C 74 mΩ

VOL,ST Status pin VOL IST = 1mA -40°C to 105°C 0.1 V

tST Status pin response time ST pin pulled high to low
RST = 10kΩ -40°C to 105°C 5 us

VREF PR1 reference voltage -40°C to 105°C 0.92 1 1.08 V

VIH, 
MODE

MODE logic high threshold -40°C to 105°C 1 5.5 V

VIL, 
MODE

MODE logic low threshold -40°C to 105°C 0 0.35 V

Protection

tRCB
Reverse current blocking response 
time VOUT > Selected VIN + 1V -40°C to 105°C 2 us

VRCB,R
Reverse current blocking rising 
threshold (VOUT - VIN) -40°C to 105°C 42 70 mV

VRCB,F
Reverse current blocking falling 
threshold (VOUT - VIN) -40°C to 105°C 17 40 mV

IRCB
Reverse current blocking activation 
current -40°C to 105°C 1.4 4 A

TSD Thermal shutdown - 170 °C
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6.5 Electrical Characteristics (continued)
Over operating free-air temperature range and operating voltage range of 1.6V to 5.5V (unless otherwise noted). Typical 
specifications are at an input voltage of 3.3V and ambient temperature of 25°C.

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT
TSDHYS Thermal shutdown hysteresis - 20 °C

6.6 Switching Characteristics
Typical switching characteristics are defined at an ambient temperature of 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Switchover
tSW Switchover time, VINx = 5 V RL = 10 Ω, CL = 10 uF 8 us

tSW Switchover time, VINx = 3.3 V RL = 10 Ω, CL = 10 uF 6.2 us

tSW Switchover time, VINx = 1.8 V RL = 10 Ω, CL = 10 uF 17.7 us

tD Delay time, VINx = 5 V RL = 100 Ω, CL = 10 uF 1 ms

tD Delay time, VINx = 3.3 V RL = 100 Ω, CL = 10 uF 1.2 ms

tD Delay time, VINx = 1.8 V RL = 100 Ω, CL = 10 uF 1.4 ms

tSS Soft-start time, VINx = 5 V RL = 100 Ω, CL = 10 uF 1.7 ms

tSS Soft-start time, VINx = 3.3 V RL = 100 Ω, CL = 10 uF 1.3 ms

tSS Soft-start time, VINx = 1.8 V RL = 100 Ω, CL = 10 uF 0.9 ms

6.7 Timing Diagrams

図 6-1. TPS2116 Timing Diagram
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6.8 Typical Characteristics

VIN1 Voltage (V)
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図 6-2. VIN1 Quiescent Current vs Input Voltage

VIN2 Voltage (V)
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図 6-3. VIN2 Quiescent Current vs Input Voltage
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図 6-4. VIN1 Standby Current vs Input Voltage
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図 6-5. VIN2 Standby Current vs Input Voltage
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図 6-6. VIN1 Shutdown Current vs Input Voltage
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図 6-7. VIN2 Shutdown Current vs Input Voltage
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6.8 Typical Characteristics (continued)

VIN1 Voltage (V)
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図 6-8. Channel 1 On-Resistance vs Input Voltage

VIN2 Voltage (V)
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図 6-9. Channel 2 On-Resistance vs Input Voltage
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図 6-10. Reverse Leakage Current into VOUT
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図 6-11. Reverse Leakage Current out of VINx

図 6-12. Output Voltage Drop vs Output Capacitance (MODE = 5 
V, RL = 10 Ω)

図 6-13. Manual Mode Switchover Behavior (MODE = 5 V, RL = 
10 Ω, CL = 10 uF)
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7 Detailed Description
7.1 Overview
The TPS2116 is a power mux device with a voltage rating of 1.6 V to 5.5 V and a maximum current rating of 2.5 
A. The device uses N-channel MOSFETs to switch between supplies while providing a controlled slew rate when 
voltage is first applied.

The TPS2116 can be configured for two different switchover behaviors depending on the application. Automatic 
priority mode prioritizes the supply connected to VIN1 and switches over to the secondary supply (VIN2) when 
VIN1 drops. Manual mode allows the user to toggle a GPIO or enable signal to switch between channels.

Due to its low quiescent of 1.32 uA (typical) and standby current of 50 nA (typical), the TPS2116 is ideal for 
systems where a battery is connected to one of the inputs. These low currents extend the life and operation of 
the battery when in use.

7.2 Functional Block Diagram

7.3 Feature Description
The below sections detail the features of the TPS2116.

7.3.1 Truth Table

The below table shows the expected behavior of the TPS2116. For Priority mode, VIN1 is connected to PR1 
through a resistor divider.

MODE VIN1 VIN2 PR1 ST VOUT

VIN1
(Priority mode)

High
(VPR1 > VREF)

X
VIN1 through resistor 

divider

High VIN1

Low
(VPR1 < VREF)

≥ 1.6 V Low VIN2

External Bias ≥ 1 V 
(Manual mode)

≥ 1.6 V X High High VIN1

X ≥ 1.6 V Low Low VIN2

External Bias ≤ 0.35 
V (Manual mode)

X X High Low Hi-Z

> VIN2 X Low High VIN1

X > VIN1 Low Low VIN2
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X = do not care

7.3.2 Soft Start

When an input voltage is applied to the TPS2116 and the output voltage is lower than 1 V, the output will be 
brought up with soft start to minimize the inrush current due to output capacitance. However, when the device 
switches from one power supply to another (switchover) and VOUT > 1 V, soft start is not used to minimize the 
output voltage drop. For linear soft start behavior, it is recommended to have an output capacitance of at least 
0.1 µF.

7.3.3 Status Indication

The ST pin is an open drain output that should be pulled up to an external voltage for proper operation. When 
the TPS2116 is powering the output using VIN1, the ST pin will be pulled high by the external voltage source. 
Even if the device is blocking reverse current from VOUT to VIN1, selection of VIN1 will keep the ST pin pulled 
high. When the TPS2116 is powering the output using VIN2 or both channels are disabled, the ST pin will be 
pulled low. During thermal shutdown, the ST pin will be pulled low regardless of the channel being used.

7.3.4 Reverse Current Blocking

The TPS2116 initiates reverse current blocking (RCB) when the VOUT voltage is externally biased and exceeds 
the input voltage supply being used. Once the output voltage is higher than the input voltage by 42mV (VRCB,R), 
the device will shut off. During this state, the leakage into VOUT and out of VIN is defined by IREV. Once the 
voltage difference between the output and input lowers to 17mV (VRCB,F), the channel will turn back on.

図 7-1. Reverse Current Blocking Behavior

If RCB is expected to occur, it is recommended to clamp the output or use a high output capacitance (about 
100µF). This will prevent voltage spikes from damaging the device due to output inductance.

7.4 VINx Collapse Rate
The TPS2116 uses the highest voltage supply to power the device. When one supply drops below the other, the 
device changes the supply used to power the device. If the supply powering the device drops at a rate faster 
than 1 V/10 μs, the other supply must be at 2.5 V or higher to prevent the device from resetting. If the other 
supply is lower than 2.5 V, then the device may not be able to switch to the supply quickly enough, and the 
device will reset and turn on with soft start timing if VOUT < 1 V.
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7.5 Output Voltage Drop
The output voltage drop during switchover from one supply to another is based on the load capacitance and load 
resistance. The stronger the resistive load, the faster the output will discharge. The higher the capacitance on 
the output, the less the voltage will drop during switchover.

7.6 Device Functional Modes
The below sections detail the two different configuraiton options for the device.

7.6.1 Priority/Manual Mode

When MODE is tied high, PR1 determines the channel selected. To configure VIN1 as the priority supply, 
connect MODE to VIN1 and set the proper threshold through a resistor divider from VIN1 to PR1. To configure 
manual selection, pull up MODE to an external supply and follow the truth table. When PR1 is pulled above 
VREF, the voltage on VIN1 is used to power the output, and when it is pulled below VREF, VIN2 is used to power 
the output. The expected behavior for the device is shown in the waveform below.

図 7-2. Priority/Manual Mode Switching

When PR1 is toggled, the device implements a break-before-make switchover which shuts off both channels 
before turning on the new channel to power the output. This means that for time tSW, the output is unpowered 
and will dip depending on the load current and output capacitance. If the output voltage is greater than the input 
supply being switched to, then the device will not turn on the new channel until the output has discharged down 
to VIN + VRCB to prevent reverse current flow.

When MODE is pulled low and PR1 is pulled high, the device enters shutdown. Both channels are turned off and 
the output is high impedance. When the PR1 pin is pulled low, the higher voltage supply between VIN1 and VIN2 
is passed to the output.
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7.6.1.1 Priority Switching

In the case where VIN1 takes priority over VIN2, a resistor divider can be used to set the switchover voltage 
threshold. When VIN1 is first applied, PR1 is brought high and VOUT is powered by that input. As VIN1 begins 
to drop, the voltage on PR1 is lowered until it crosses the VREF threshold. At this point, the device switches over 
to VIN2.

7.6.1.2 Manual Switching

For applications where a GPIO pin is used to select which input passes to the output, the GPIO pin can be 
directly connected to the PR1 pin when MODE is tied high (≥1V). When the GPIO is pulled high, VIN1 is used, 
and when the GPIO pin is pulled low, VIN2 is used.

Manual mode can also disable both channels by pulling the MODE pin low and keeping PR1 high. In this state, 
the output of the device is high impedance and the leakage on each input is the shutdown current, ISD,VINx.

www.tij.co.jp
TPS2116

JAJSKX9A – JANUARY 2021 – REVISED MAY 2021

Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback 13

Product Folder Links: TPS2116

https://www.tij.co.jp
https://www.tij.co.jp/product/jp/tps2116?qgpn=tps2116
https://www.tij.co.jp/jp/lit/pdf/JAJSKX9
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSKX9A&partnum=TPS2116
https://www.tij.co.jp/product/jp/tps2116?qgpn=tps2116


8 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, as well as validating and testing their design 
implementation to confirm system functionality.

8.1 Application Information
This section highlights some of the design considerations when implementing this device in various applications.
8.2 Typical Application
This typical application demonstrates how the TPS2116 device can be used to control inrush current for high 
output capacitances.

図 8-1. TPS2116 Typical Application Diagram

8.2.1 Design Requirements

For this example, the values below are used as the design parameters.
表 8-1. Design Parameters

PARAMETER VALUE

VIN1 Input Voltage 5 V

Mode Priority

Output Capacitance 100 µF

Maximum Inrush Current 500 mA
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8.2.2 Detailed Design Procedure

To determine how much inrush current is caused by the output capacitor, use the equation below.
IINRUSH = COUT × VOUT / tSS (1)

where
• IINRUSH = amount of inrush current caused by COUT
• COUT = capacitance on VOUT
• tSS = output voltage soft start time
• VOUT = final value of the output voltage

With a final output voltage of 5 V, the expected rise time is 1.7 ms. Using the inrush current equation, the inrush 
current caused by a 100-µF capacitance would be 294 mA, well below the 500-mA target.

8.2.3 Application Curves

The below oscilloscope capture shows 5 V being applied to VIN1. The output comes up with slew rate control 
and limits the inrush current to below 500 mA.

図 8-2. TPS2116 Inrush Current Control
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9 Power Supply Recommendations
The device is designed to operate with a VIN range of 1.6 V to 5.5 V. The VIN power supplies must be well 
regulated and placed as close to the device terminals as possible. The power supplies must be able to withstand 
all transient load current steps. In most situations, using an input capacitance (CIN) of 1 μF is sufficient to prevent 
the supply voltage from dipping when the switch is turned on. In cases where the power supply is slow to 
respond to a large transient current or large load current step, additional bulk capacitance may be required on 
the input.
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10 Layout
10.1 Layout Guidelines
For best performance, all traces must be as short as possible. To be most effective, the input and output 
capacitors must be placed close to the device to minimize the effects that parasitic trace inductances may have 
on normal operation. Using wide traces for VIN1, VIN2, VOUT, and GND helps minimize the parasitic electrical 
effects.

10.2 Layout Example

図 10-1. TPS2116 Layout Example
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11 Device and Documentation Support
11.1 Documentation Support
11.1.1 Related Documentation

For related documentation see the following:
• Basics of Power MUX
• 11 Ways to Protect Your Power Path

11.2 Receiving Notification of Documentation Updates
To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on 
Subscribe to updates to register and receive a weekly digest of any product information that has changed. For 
change details, review the revision history included in any revised document.

11.3 Trademarks
すべての商標は、それぞれの所有者に帰属します。

11.4 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled 
with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric changes could cause the device not to meet its published 
specifications.

11.5 Glossary
TI Glossary This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information
The following pages include mechanical, packaging, and orderable information. This information is the most 
current data available for the designated devices. This data is subject to change without notice and revision of 
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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