
1/2/3

16

10/11/12

15

141378/95/6

IN

EN

OUT

ILIMGNDGND

FLTTPS25910

40.2 k?

CLOAD

Optional: To

System

Monitor

Output To Voltage

Bus or DC -to-DC

Converter

Input

Voltage

Bus

4 GATE

CEXT

GNDGND

TPS25910

www.ti.com.cn ZHCSAA8A – SEPTEMBER 2012–REVISED SEPTEMBER 2012

带带有有可可编编程程涌涌入入转转换换率率的的 3V 至至 20V 高高电电流流负负载载开开关关
查查询询样样品品: TPS25910

1特特性性 说说明明

• 3V 至至 20V 总总线线运运行行电电压压 TPS25910 器件在负载电源电压为 3V 和 20V 的应用

中提供高度集成的热插拔电源管理和出色的保护。这个• 集集成成的的 30mΩ 导导通通金金属属氧氧化化物物半半导导体体场场效效应应晶晶体体管管
(MOSFET) 器件用于必须在有害的持续和瞬态过载时对电压总线提

• 可可编编程程电电流流限限制制从从：： 供保护的系统。
0.83A 至至 6.5A

在启动时或热插入系统总线时，TPS25910 通过控制• 可可编编程程涌涌入入电电流流转转换换率率
输出电压，VOUT，来限制涌入电流。 可使用 GATE 引• 热热关关断断和和故故障障警警报报
脚和 GND 引脚之间的一个电容器来调节 VOUT的转换• 4mm x 4mm 四四方方扁扁平平无无引引线线 (QFN)-16 封封装装
率。

• -40°C 至至 125°C 的的结结温温范范围围

内置 SOA 保护可确保内部 MOSFET 在最恶劣的工作
应应用用范范围围 条件下在一个安全运行区间 (SOA) 内运行。 此外，可
• 固固态态硬硬盘盘 (SSD) 使用 ILIM 引脚与 GND 引脚之间的一个电阻器来调节

• 硬硬盘盘驱驱动动器器 (HDD) 与功率限值无关的电流限制阀值。

• RAID 阵阵列列
TPS25910 在过热故障时提供一个故障指示器输出。

• 电电信信
TPS25910 采用 16 引脚四方扁平无引线 (QFN) 封• 插插入入式式电电路路板板
装。• 笔笔记记本本电电脑脑和和上上网网本本

12-V, 4.75-A APPLICATION

1

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Copyright © 2012, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not English Data Sheet: SLUSAR6
necessarily include testing of all parameters.
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These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
during storage or handling to prevent electrostatic damage to the MOS gates.

ORDERING INFORMATION
DEVICE JUNCTION PACKAGE ORDERING CODE MARKING

TEMPERATURE

TPS25910RSAR
TPS25910 -40°C to 125°C RSA (4-mm x 4-mm QFN) TPS25910

TPS25910RSAT

ABSOLUTE MAXIMUM RATINGS
over device junction temperature range (unless otherwise noted) (1) (2)

MIN MAX UNIT

Input voltage range IN, OUT -0.3 22
V

Voltage range, GATE -0.3 30

Voltage range FLT -0.3 20
V

Voltage ILIM 1.75

Output sink current FLT 10
mA

Input voltage range, EN -0.3 6

Voltage range ILIM (3) -0.3 3

ESD rating, HBM 2 .5 k V

ESD rating, CDM 500

Operating junction temperature range, TJ Internally Limited
°C

Storage temperature range, Tstg -65 150

(1) Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under “recommended operating
conditions” is not implied. Exposure to absolute–maximum–rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to GND.
(3) Do not apply voltage to pin.

2 Copyright © 2012, Texas Instruments Incorporated
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RECOMMENDED OPERATING CONDITIONS
over device junction temperature range (unless otherwise noted)

PARAMETER MIN NOM MAX UNIT

Input voltage range IN, OUT 3 20

Voltage range EN 0 5 V

Voltage range FLT 0 20

Continuous output current IOUT 0 5 A

Output sink current FLT 0 1 mA

External Capacitor, GATE 1 47 nF

dv/dt, VIN
(1) 12 V/μS

RLIM
(2) 0 237k Ω

Junction temperature -40 125 °C

(1) dV/dt, VIN should be limited to 12 V/μS to confine the shoot-through current to the load.
(2) When RLIM value is beyond this range, ILIM will not be as accurate as within this range.

THERMAL INFORMATION
TPS25910

THERMAL METRIC (1) RSA (QFN) UNITS

16 PINS

θJA Junction-to-ambient thermal resistance (2) 34.8

θJCtop Junction-to-case (top) thermal resistance (3) 35.3

θJB Junction-to-board thermal resistance (4) 11.9
°C/W

ψJT Junction-to-top characterization parameter (5) 0.4

ψJB Junction-to-board characterization parameter (6) 12.0

θJCbot Junction-to-case (bottom) thermal resistance (7) 3.3

(1) 有关传统和新的热 度量的更多信息，请参阅IC 封装热度量应用报告， SPRA953。
(2) 在 JESD51-2a 描述的环境中，按照 JESD51-7 的指定，在一个 JEDEC 标准高 K 电路板上进行仿真，从而获得自然 对流条件下的结至环

境热阻。
(3) 通过在封装顶部模拟一个冷板测试来获得结至芯片外壳（顶部）的热阻。 不存在特定的 JEDEC 标准测试，但 可在 ANSI SEMI 标准 G30-

88 中能找到内容接近的说明。
(4) 按照 JESD51-8 中的说明，通过 在配有用于控制 PCB 温度的环形冷板夹具的环境中进行仿真，以获得结板热阻。
(5) 结至顶部特征参数， ψJT，估算真实系统中器件的结温，并使用 JESD51-2a（第 6 章和第 7 章）中 描述的程序从仿真数据中 提取出该参

数以便获得 θJA。
(6) 结至电路板特征参数， ψJB，估算真实系统中器件的结温，并使用 JESD51-2a（第 6 章和第 7 章）中 描述的程序从仿真数据中 提取出该

参数以便获得 θJA 。
(7) 通过在外露（电源）焊盘上进行冷板测试仿真来获得 结至芯片外壳（底部）热阻。 不存在特定的 JEDEC 标准 测试，但可在 ANSI SEMI

标准 G30-88 中能找到内容接近的说明。
空白

Copyright © 2012, Texas Instruments Incorporated 3
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ELECTRICAL CHARACTERISTICS
Over operating free-air temperature range, VIN = 3 V – 20 V, EN = 0 V, FLT = open, R(RLIM) = 40.2 kΩ, No external capacitors
are connected to either GATE or OUT, (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

IN

UVLO VIN ↑ 2.60 2.75 2.90 V

Hysteresis 100 mV

Bias current EN = 2.4 V 2.5 4
mA

EN = 0 V 3.3 5

OUT

RON R(VIN-VOUT), I(VOUT) < I(RLIM), 1 A ≤ I(VOUT) ≤ 4.5 A 29.5 42 mΩ
Power limit VIN: 12 V, COUT = 1000 μF, EN: 3 V → 0 V 3 5 7.5 W

Reverse diode voltage VOUT > VIN , EN = 5 V, IIN = - 1 A 0.77 1 V

ILIM

R(RLIM) = 237 kΩ 0.50 0.82 1.1

R(RLIM) = 200 kΩ 0.75 1 1.25
Current limit program IVOUT, R(RLIM) = 100 kΩ 1.75 2 2.25
V(VIN - OUT) = 0.3 V, pulsed A

R(RLIM) = 66.5 kΩ 2.65 3 3.3test
R(RLIM) = 40.2 kΩ 4.50 5 5.5

R(RLIM) = 29.4 kΩ 5.70 6.50 7.3

EN

V(EN) falling 1.10 1.35 V

Threshold voltage V(EN)rising 1.50 1.75

Hysteresis 150 mV

V(EN) = 2.4 V (sinking) -1.5 -1 0.5
Input bias current μA

V(EN) = 0.2 V (sourcing) -2 -1 0.5

VIN = 3.3 V, ILOAD = 1 A,
Turn on propagation delay 10

V(EN) : 2.4 V → 0.2 V, till IGATE changes direction.
μs

VIN = 3.3 V, ILOAD = 1 A,
Turn off propagation delay 2.5

V(EN) : 0.2 V → 2.4 V, till IGATE changes direction.

FLT

VOL I(FLT) = 1 mA, Fault active (Over Temperature) 0.2 0.4 V

Leakage current V(FLT) = 18 V 1 μA

THERMAL SHUTDOWN

Thermal shutdown TJ 160
°C

Hysteresis 20

GATE

Sourcing current V(GATE-OUT) = 3.5 V, V(EN) = Low 8 11 15 µA

Strong pull down resistor V(EN) = Low 10 40 80 Ω
Weak pull down current V(EN) = Low 250 500 750 µA

Output Voltage, V(GATE-OUT) 5.5 6.6 7.5 V

4 Copyright © 2012, Texas Instruments Incorporated
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DEVICE INFORMATION

TPS25910 FUNCTIONAL BLOCK DIAGRAM

Figure 1. Functional Block Diagram

Copyright © 2012, Texas Instruments Incorporated 5
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TPS25910 PIN ASSIGNMENT

PIN FUNCTIONS
PIN NAME PIN NUMBER DESCRIPTION

EN 16 Device is enabled when this pin is pulled low.

IN 1, 2, 3 Power In and control supply voltage.

If the chip die temperature exceeds the OTSD rising threshold, GATE is pulled down to GND by aGATE 4 7.5KOhm resistor.

ILIM 7 A resistor to ground sets the current limit level.

GND 5, 6, 8, 9, 13, 14 GND

OUT 10, 11, 12 Output to the load.

Fault low indicates that the internal pass FET junction temperature exceeds the thermal shutdownFLT 15 threshold

6 Copyright © 2012, Texas Instruments Incorporated
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PIN DESCRIPTION

FLT: Open-drain output that pulls low during thermal shutdown. FLT activates when device thermally shuts down
and deactivates when die temperature cools down below the device thermal protection threshold and the device
ends thermal shutdown cycle. FLT becomes operational before UV, when VIN is greater than 1V.

GND: This is the most negative voltage in the circuit and is used as reference for all voltage measurements
unless otherwise specified. All the GND pins must be connected to system power supply negative return point

GATE: Output that provides gate drive for the internal pass FET. Its sourcing current is about 11 µA. An internal
clamp prevents GATE from rising 6.6 V above OUT. CINT is 200 pF.

The GATE pin is disabled by the following mechanisms:
1. When EN is above its rising threshold, GATE is pulled down by a 40-Ω resistor connecting to GND for

approximately 50 µs. Then, a 7.5-kΩ resistor ties GATE to GND to ensure the GATE is off.
2. When VIN drops below the UVLO threshold, GATE is pulled down by a 40-Ω resistor connecting to GND for

approximately 50 µs. Then, a 7.5-kΩ resistor ties GATE to GND to ensure the GATE is off.
3. When short circuit fault occurs, GATE is pulled down by a 40-Ω resistor connecting to GND for approximately

50 µs. Then, a 500 µA current source continues to pull down on the GATE.
4. If the chip die temperature exceeds the OTSD rising threshold, GATE is pulled down to GND by a 7.5-kΩ

resistor.

An external capacitor can be connected from GATE pin to GND pin to create linear inrush profile. The slew rate
of the inrush can be controlled by a different capacitor value.

(1)

Where:
ICHARGE is 11 µA (typical)
CINT, the equivalent gate input capacitance of the internal FET (200 pF typical).

.

ILIM: A resistor connected from this pin to ground sets I(LIM). RLIM is set by the formula:

for currents below 2 A where RLIM is in kΩ. (2)

for currents above 2 A where RLIM is in kΩ. (3)

EN: When this pin is pulled low, the device is enabled. The input threshold is hysteretic, allowing the user to
program a startup delay with an external RC circuit. EN is pulled to VIN by a 10-MΩ resistor, pulled to GND by
16.8 MΩ and is clamped to ground by a 7-V Zener diode. Because high impedance pullup and or down resistors
are used to reduce current draw, any external FET controlling this pin should be low leakage.

IN: Input voltage to the TPS25910. The recommended operating voltage range is 3 V to 20 V. All VIN pins
should be connected together and to the power source.

OUT: Output connection for the TPS25910. When switched on, the output voltage is approximately:

(4)

All OUT pins should be connected together and to the load.

Copyright © 2012, Texas Instruments Incorporated 7
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TYPICAL CHARACTERISTICS

CURRENT LIMIT POWER LIMIT
vs vs

JUNCTION TEMPERATURE JUNCTION TEMPERATURE

Figure 2. Figure 3.

ON-STATE SUPPLY CURRENT OFF-STATE SUPPLY CURRENT
vs vs

JUNCTION TEMPERATURE JUNCTION TEMPERATURE

Figure 4. Figure 5.
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APPLICATION INFORMATION

Programming the Current-Limit Threshold

The over-current threshold is user programmable via an external resistor. The TPS25910 uses an internal
regulation loop to provide a regulated voltage on the ILIM pin. The current-limit threshold is proportional to the
current sourced out of ILIM. The recommended 1% resistor range for RILIM is 0 kΩ ≤ RILIM ≤ 237 kΩ to ensure
stability of the internal regulation loop. Many applications require that the minimum current limit is above a certain
current level or that the maximum current limit is below a certain current level, so it is important to consider the
tolerance of the over-current threshold when selecting a value for RILIM. Consult the Electrical Characteristics
table for specific current limit settings. The traces routing the RILIM resistor to the TPS25910 should be as short
as possible to reduce parasitic effects on the current-limit accuracy.

Equation 5 through Equation 7 can be used to estimate current limit below 2 A:

(5)

(6)

(7)

Equation 8 through Equation 10 can be used to estimate current limit above 2 A:

(8)

(9)

(10)

where RLIM(max) is the maximum resistor value in factoring in error, RLIM(typ) is the typical resistor value, and
RLIM(min) is the minimum resistor value factoring in error. All resistor values are represented in kΩ. For example, a
100-kΩ, 1% resistor would have the following values:
• RLIM(min) = 99 kΩ
• RLIM(typ) = 100 kΩ
• RLIM(max) = 101 kΩ

Copyright © 2012, Texas Instruments Incorporated 9
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A plot of the current limit threshold vs. RLIM using equations Equation 5 through Equation 10 above is shown in
Figure 6.

Figure 6. Current Limit Threshold vs. RILIM
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Slew Rate Control Using CGATE

The TPS25910 can be used with applications that require constant turn-on currents. The current is controlled by
a single capacitor from the GATE terminal to ground. The TPS25910 internal MOSFET appears to operate as a
source follower (following the gate voltage) in this implementation. Choose a time to charge, Δt, based on the
output capacitor, input voltage VI, and desired charge current, ICHARGE. Select the device load to be less than 5
W ÷ VIN.

(11)

To select the gate capacitance:

(12)

• ICHARGE = 11 µA
• CINT = 200 pF (typical)

Figure 7 and Figure 8 illustrate the effects of CEXT = 0.1 µF on inrush current using TPS25910EVM-088.

Figure 7. Typical Power Limited Inrush Start Up (no CEXT)

Copyright © 2012, Texas Instruments Incorporated 11
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Figure 8. Start Up With Slew Rate Control (CEXT = 0.1 µF)

12 Copyright © 2012, Texas Instruments Incorporated
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Thermal Sense

The TPS25910 self protects by using a thermal sensing circuit that monitors the operating temperature of the
power switch and disables operation if the temperature exceeds the thermal shutdown condition (160°C typical).
The TPS25910 device operates in power-limit mode during an overload condition and increases the voltage drop
across power switch. The thermal sensor turns off the power switch when the die temperature exceeds 160°C.
Hysteresis is built into the thermal sensor, and the switch turns on after the device has cooled approximately
20°C. Figure 9 below illustrates the thermal behavior during output overload.

Figure 9. Thermal Sense Behavior

Copyright © 2012, Texas Instruments Incorporated 13
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Back-to-Back (B2B) FET Operation

Many applications require reverse current blocking (from load to input source) so that pending system activities
can be completed (such as writing important data to non-volatile memory) prior to power down or during brown
out. TPS25910 provides the GATE pin externally for slew rate control, but this external connection can also be
used to control an external blocking MOSFET, Q1 as shown in Figure 10.

As VIN drops during input power removal, the comparator circuit de-asserts ENb, GATE falls, and both the
TPS25910 internal MOSFET and Q1 is turned off and block any current flow from VLOAD to VIN. CLOAD can then
be chosen to furnish the required load current for long enough to complete the required power down system
activities.

Figure 10. B2B Implementation

NOTE
Connecting the load voltage to the non-inverting input of the external comparator can
provide a simple ORing function that prevents holdup energy in CLOAD from discharging
through the TPS25910 to VIN(source) when VIN(source) droops or collapses.

14 Copyright © 2012, Texas Instruments Incorporated
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Circuit operation is illustrated in Figure 11 and Figure 12. Figure 11 shows the power down event with no load at
the output. When VIN drops to approximately 10 V (threshold of comparator circuit), ENb is de-asserted and
GATE falls and enables reverse current blocking. The voltage on CLOAD then stops following VIN and remains flat
for a long duration.

Figure 11. B2B Performance with No-Load

Copyright © 2012, Texas Instruments Incorporated 15
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Figure 12 illustrates the power down event with a 200-mA load. As VIN starts to fall, the output load is supplied by
CLOAD. CLOAD must be large enough to support VLOAD for long enough for the power down activities to complete.
For the case shown in Figure 12, CLOAD is a 3900-µF capacitor and can support a droop from approximately 10 V
to approximately 5 V for approximately 170 ms.

TPS3700DDC (dual comparator with wide input voltage range) can be used for the B2B comparator circuit
shown in Figure 10. Only one comparator is needed, but the second comparator can be utilized as either a
power good flag or as a notification to the system load that a brownout or power down event is about to occur.

Figure 12. B2B Performance with 200-mA Load

16 Copyright © 2012, Texas Instruments Incorporated
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Maximum Load at Startup

The power limiting function of the TPS25910 provides effective protection for the internal FET. Expectedly, there
is a supply voltage dependent maximum load which the device is able to power up. Loads above this level may
cause the device to shut off current before startup is complete. Neglecting any load capacitance, the maximum
load (minimum load resistance) is calculated using Equation 13;

(13)

Adding load capacitance may reduce the maximum load which can be present at start up.

If EN is tied to GND at startup and IN does not ramp quickly, the TPS25910 may momentarily turn off then on
during startup. This can happen if a capacitive load pulls down the input voltage below the UV threshold. If
necessary, this can be avoided by delaying the EN assertion until VIN is fully up.

Transient Protection

The need for transient protection in conjunction with hot-swap controllers should always be considered. When
the TPS25910 interrupts current flow, input inductance generates a positive voltage spike on the input and output
inductance generates a negative voltage spike on the output. Such transients can easily exceed twice the supply
voltage if steps are not taken to address the issue. Typical methods for addressing transients include;
• Minimizing lead length/inductance into and out of the device.
• Transient Voltage Suppressors (TVS) on the input to absorb inductive spikes.
• Shottky diode across the output to absorb negative spikes.
• A combination of ceramic and electrolytic capacitors on the input and output to absorb energy.

The following equation estimates the magnitude of these voltage spikes:

Where;

(14)

• VNOM equals the nominal supply voltage.
• ILOAD equals the load current.
• C equals the capacitance present at the input or output of the TPS25910.
• L equals the effective inductance seen looking into the source or the load.

The inductance due to a straight length of wire equals approximately.

Where;

(15)

• L equals the length of the wire.
• D equals wire diameter.

Some applications may require the addition of a TVS to prevent transients from exceeding the absolute ratings if
sufficient capacitance cannot be included.
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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

TPS25910RSAR ACTIVE QFN RSA 16 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS
25910

TPS25910RSAT ACTIVE QFN RSA 16 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS
25910

 
(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.
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TAPE AND REEL INFORMATION

Reel Width (W1)

REEL DIMENSIONS

A0
B0
K0
W

Dimension designed to accommodate the component length
Dimension designed to accommodate the component thickness
Overall width of the carrier tape
Pitch between successive cavity centers

Dimension designed to accommodate the component width

TAPE DIMENSIONS

K0  P1

B0 W

A0Cavity

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

Pocket Quadrants

Sprocket Holes

Q1 Q1Q2 Q2

Q3 Q3Q4 Q4 User Direction of Feed

P1

Reel
Diameter

 
*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

TPS25910RSAR QFN RSA 16 3000 330.0 12.4 4.25 4.25 1.15 8.0 12.0 Q2

TPS25910RSAT QFN RSA 16 250 180.0 12.4 4.25 4.25 1.15 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS

Width (mm)

W L

H

 
*All dimensions are nominal

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

TPS25910RSAR QFN RSA 16 3000 367.0 367.0 35.0

TPS25910RSAT QFN RSA 16 250 210.0 185.0 35.0
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重要声明和免责声明
TI“按原样”提供技术和可靠性数据（包括数据表）、设计资源（包括参考设计）、应用或其他设计建议、网络工具、安全信息和其他资源，
不保证没有瑕疵且不做出任何明示或暗示的担保，包括但不限于对适销性、某特定用途方面的适用性或不侵犯任何第三方知识产权的暗示担
保。
这些资源可供使用 TI 产品进行设计的熟练开发人员使用。您将自行承担以下全部责任：(1) 针对您的应用选择合适的 TI 产品，(2) 设计、验
证并测试您的应用，(3) 确保您的应用满足相应标准以及任何其他功能安全、信息安全、监管或其他要求。
这些资源如有变更，恕不另行通知。TI 授权您仅可将这些资源用于研发本资源所述的 TI 产品的应用。严禁对这些资源进行其他复制或展示。
您无权使用任何其他 TI 知识产权或任何第三方知识产权。您应全额赔偿因在这些资源的使用中对 TI 及其代表造成的任何索赔、损害、成
本、损失和债务，TI 对此概不负责。
TI 提供的产品受 TI 的销售条款或 ti.com 上其他适用条款/TI 产品随附的其他适用条款的约束。TI 提供这些资源并不会扩展或以其他方式更改 
TI 针对 TI 产品发布的适用的担保或担保免责声明。
TI 反对并拒绝您可能提出的任何其他或不同的条款。IMPORTANT NOTICE

邮寄地址：Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2023，德州仪器 (TI) 公司
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