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Adapting Qi-compliant wireless-power 
solutions to low-power wearable products

Introduction
A large number of low-power wearable devices such as 
smart watches, fitness wrist bands and headphones have 
been introduced to the market (Figure 1). This new family 
of electronic products is expected to grow and expand 
rapidly over the next few years. These devices are typically 
small and thin, with varying form factors and industrial 
design. Battery sizes might range from 100- to 300-mAh 
capacity, which determines the required charge rates.

The plug-and-jack style or micro-USB types of connec-
tors have been the traditional way to charge such devices. 
But even these relatively small connectors are now too 
large for some of the new ultra-thin wearable applications. 
Connector contamination is an even greater problem due 
to the outdoor wearable environment. 

Wireless charging is a solution to these problems and 
offers additional opportunities to designers. Existing semi-
conductor devices used for the Qi standard established by 
the Wireless Power Consortium (WPC) can be easily 
adapted for this lower-power application. The technology 
uses two planar coils to transfer power though a sealed case. 
For low-power wearable devices, a small, thin low-power 
receiver coil easily could fit into the back of the case or 
wristband area. Qi-compliant devices are a mature solution 
that can shorten development time, and the products are 
supported by the existing WPC infrastructure.

Qi-compliant wireless-power system
The typical wireless power system (Figure 2) has a 
receiver (Rx) in the portable device that provides energy 
to charge the battery. The transmitter (Tx) is located in a 
fixed base and is connected to a wall power supply. Input 
power to the transmitter is converted to AC, then magnet-
ically coupled though the transmitter coil to the receiver 
coil when they are in close proximity. Output from the 
receiver is typically 5 V at up to 1 A, which provides input 
power to a battery charger IC inside the portable device.
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Figure 1. Smart watch with wireless charging

Used with permission from Secret Labs. LLC

Figure 2. Block diagram of a Qi-compliant system
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图 1：带无线充电功能的智能手表

图2：符合 Qi 标准的系统方框图

前言

智能手表、健身腕带 (fitness wrist band) 以及耳机等

众多低功耗可佩戴设备已纷纷推向市场（图 1）。这

类全新系列的电子产品将有望在未来几年获得快速的

增长和发展。这些产品的典型特征是小巧轻薄、形状

各异，而且工业设计也可谓千变万化。所用电池容量

从 100mAh 到 300mAh 不等，因而对充电速率的要

求也各不相同。

为这类设备充电的传统方式是使用插头－插孔式 
(plug-and-jack style) 连接器或微型 USB 连接器。但

即便是这些相对较小的连接器对于一些新推出的超薄

可佩戴应用来说也显得过大了。对于户外可佩戴环境

来说，连接器脏污是一个甚至更为严重的问题。

为了解决上述问题，无线充电方案应运而生，为设计

人员提供了更丰富的选择余地。适用于 Qi 标准（由

无线充电联盟 (WPC) 制定）的现有半导体器件经过简

单调整，就可用于这种低功耗应用。该技术使用两个

平面线圈穿过密封外壳传输电源。对于低功耗可佩戴

设备而言，体积小、厚度薄的低功耗接收器线圈可以

轻松安装在外壳的背面或腕带内。符合 Qi 标准的器

件属成熟解决方案，能缩短开发时间，同时产品还能

得到现有 WPC 基础设施的支持。

将符合 Qi 标准的无线电源解决方案应用于
低功耗可佩戴产品
作者：Bill Johns，高级应用工程师

 Kalyan Siddabattula，系统工程师

 Upal Sengupta，应用及市场营销经理

符合 Qi 标准的无线电源系统

典型的无线电源系统（图 2）在便携式设备中有一个

接收器 (Rx)，能为电池充电提供能源。发送器 (Tx) 位
于固定基座中，可连接墙壁上的电源。发送器的输入

电源可转换成 AC，然后在发送器线圈与接收器线圈靠

近时，经发送器线圈磁耦合至接收器线圈。接收器的

输出电压通常为 5V，电流可达 1A，用于为便携式设

备中的电池充电器 IC 提供输入电源。

图片经 Secret Labs. LLC 同意后使用
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Transmitter operation in this system is controlled by the 
receiver chip using feedback in the form of digital commu-
nications packets sent back over the same magnetic cou-
pling path. The Qi-compliant receiver communicates with 
the transmitter using load modulation to send information 
in data packets across the two coils. The transmitter-coil 
voltage and current are modulated at a 2-kHz rate that is 
decoded by the transmitter and used for control. The 
receiver can send several types of packets to the transmit-
ter for control and information purposes. Also, a loss of 
communications terminates any power transfer.

The Qi-standard’s identification-and-configuration 
command packets are very useful to assure that power is 
only transferred to the correct device, avoiding potentially 
 hazardous situations. Charge-complete and end-power-
transfer packets are also useful commands that stop 
power transfer when the battery is charged, or when other 
conditions require that power transfer be stopped.1 These 
features assure safe power transfer between the transmit-
ter and receiver using an existing, well-known standard. 

Low-power wireless systems
An available Qi-compliant receiver and transmitter can be 
optimized for a low-power wireless system by carefully 
 tailoring the coil sizes and external component values to 
match the smaller application. Coils for both the trans-
mitter and receiver can be reduced in size to fit the smaller 
form factor. Power-section components, in particular for 
the transmitter, can have reduced power specifications.

The typical WPC-1.1, Qi-compliant system supports up 
to 5-W output loads, typically 5 V at 1 A. A low-power 
 system for a wearable-device application, on the other 
hand, might have output power in the range of 5 V at  
100 to 250 mA.

Most Qi-compliant features can be used without impact 
on size or performance. Foreign-object detection (FOD) is 
an optional feature that protects against power transfer to 
stray metal objects in the charging area. In a low-power 
system with FOD, total output power is reduced by more 
than 50%. Along with reduced charging area, the possibil-
ity of introducing an object into the field that will heat up 
enough to present a problem is greatly reduced. The criti-
cality of the FOD function may depend primarily on the 
mechanical design of the charging pad or charging cradle 
for a wearable device. Table 1 summarizes some of the key 
functions available when using the WPC-1.1 Qi standard 

that may or may not be required in a customized wearable 
application.

Low-power system coils
Coils can be reduced in size to a point, but must still 
transfer power and communicate with the transmitter. 
Typical coil construction is a round planar coil made of 
copper wire on a shield. Alternate configurations are PCB 
or flex-circuit coils. Typically, these alternates could have 
higher DC resistance (lower efficiency) but can be very 
thin, a desirable feature for small, low-power applications. 
The shield prevents AC fields from entering the electron-
ics and battery, which also can improve coil performance.

Assuming that the Rx and Tx coils are aligned in the x-y 
plane, there are two key factors that determine the cou-
pling factor, k. The first is coil-to-coil (z) distance, and the 
second is the ratio of diameters of the two coils. The best 
coupling (highest k) results when the coils are closer 
together and matched in diameter.2 To ensure close x-y 
alignment from the start, the mechanical design of the 
charging base or cradle for a wearable device should 
include a physical means of aiding proper placement of 
the device in the cradle. Because the receiver coils are 
very small in this application, a slight misalignment 
between the Rx and Tx coils can result in a significant 
reduction in coupling factor and very poor power-transfer 
efficiency.

In a coupled-inductor system such as WPC/Qi, the cou-
pling coefficient (k) between the primary and secondary 
coil generally is in the range of 0.5 to 0.7. A typical trans-
former can have a much higher k, such as 0.99. When the 
coupling factor is low, a higher inductance value is 
required on the secondary (receiver) side to ensure that 
the output power demands can be met. As a result, small 
low-power devices that may have low coupling actually 
require a larger secondary inductance than the standard 
5-W designs.3 A higher-inductance receiver coil with more 
turns and larger shield may be needed to achieve the 
required voltage gain.

Coil design 
Design trade-offs of the receiver coil size include the wire 
diameter, shield size and thickness. Coil DC-resistance 
shows up as a reduction in receiver efficiency. The 
receiver coil design requires a specific number of turns to 
achieve the desired inductance. As previously noted, the 
required inductance of a small coil will be higher than a 
large coil due to a decrease in coupling factor. As the 
number of turns increases to achieve the higher inductance 
value in a smaller space, the wire diameter decreases. The 
combined effect of smaller wires and more turns will drive 
the DC-resistance higher and lower efficiency.

The shield provides a low-impedance path for the mag-
netic flux and increases coil inductance. Also the shield 
prevents the AC field from entering the battery and sur-
rounding metal in the receiver. A larger and thicker shield 
is better because thinner shields run the risk of saturation 
in high-flux fields. Transmitter coil designs have fewer 

Table 1. Qi-compliant standard versus wearable solution

FEATURE QI-COMPLIANT? WEARABLE?

Identify Rx before power transfer Yes Yes

Stop power transfer on  
Rx command Yes Yes

Charge complete indications Yes Yes

Foreign object detection Yes Optional

Power transfer up to 5 W Yes Optional

Inter-operability with other 
devices Yes Optional

该系统中的发送器工作受接收器芯片控制。接收器芯

片通过同一磁耦合路径发回数字通信数据包实现反

馈。符合 Qi 标准的接收器使用负载调制通过两个线圈

以数据包的方式发送信息，实现与发送器的通信。发

送器线圈电压和电流能以 2KHz 频率进行调制，经发

送器解码后可用于控制目的。接收器可向发送器发送

多种类型的数据包，以实现控制和通信目的。此外，

通信损耗会导致电源传输中断。

Qi 标准的“识别和配置”命令数据包对确保只向正

确的设备传输电源非常有用，可避免发生潜在的危险

状况。此外，“充电完成”和“终止电源传输”数据

包命令也非常实用，可在电池充电完成时终止电源传

输，或在其它状况要求终止电源传输时对电源传输进

行终止。1这些特性可确保在采用得到广泛认可的现有

标准的基础上实现发送器和接收器之间的安全电源传

输。

低功耗无线系统

通过精心调整线圈大小和外部组件值，使之符合更小

尺寸应用的要求，符合 Qi 标准的可用接收器和发送器

经优化后可用于低功耗无线系统。发送器和接收器的

线圈尺寸均可缩小，以满足更纤小外形的要求。电源

部分的组件，特别是发送器组件，能采用更低的电源

参数。

符合典型 WPC-1.1Qi 标准的系统可支持高达 5W 的
输出负载，通常电流为 1A 时电压为 5V。从另一方面

讲，用于可佩戴设备应用的低功耗系统，输出电源一

般在电流为 100 到 250mA 时电压为 5V。

在不影响尺寸或性能的情况下，可使用大多数符合 Qi 
标准的特性。异物检测 (FOD) 是一项可选功能，可用

于防止将电源传输给充电区域中的杂散金属对象。对

于具备 FOD 功能的低功耗系统，总输出功率会下降 
50% 以上。虽然可充电区域面积下降了，但充电场中

物体升温引发问题的可能性也大大降低了。是否使用 
FOD 功能主要取决于可佩戴设备的充电板或充电底座

的机械设计。表 1 是使用 WPC-1.1 Qi 标准时定制可佩

戴应用可选用的部分主要功能。

表 1：符合 Qi 标准与可佩戴解决方案

功能 是否符合Qi标准？ 是否可佩戴？

在电源传输之前识别 Rx 是 是

根据 Rx 命令终止电源传输 是 是

充电完成提示 是 是

异物检测 是 可选

最大传输功率 5 瓦 是 可选

与其它产品的互操作性 是 可选

低功耗系统线圈

虽然线圈的尺寸可以缩小到一定程度，但仍然必须具

备传输电源和与发送器通信的功能。典型的线圈构

造是采用圆形平面线圈，该线圈由屏蔽层上的铜线制

成。另外也可采用 PCB 线圈或柔性电路线圈。通常

情况下，这些替代方案具有较高的 DC 电阻（降低效

率），但可以非常薄，理想适用于小型低功耗应用。

屏蔽层的作用是避免 AC 电场进入电子产品和电池，也

可以改善线圈的性能。

假定 Rx 和 Tx 线圈在 X-Y 平面上平行对齐，有两个

关键因素可以决定耦合系数 k。首先是线圈间的距离 
(z)，其次是两个线圈的直径比例。当两个线圈彼此靠

近且二者直径相匹配时，可以获得最佳耦合效果（K 最
大）。2为确保从一开始就让 x-y 平行对齐，在可佩戴

设备使用的充电基座或充电底座的机械设计上应提供

某种物理方式来辅助设备在充电基座／充电底座中的

正确放置。由于此类应用中的接收器线圈尺寸极小，

Rx 和 Tx 线圈稍稍错位就会造成耦合系数显著下降，

使电源传输效率低下。

在 WPC/Qi 等耦合电感器系统中，一次和二次线圈之

间的耦合系数 (K) 一般在 0.5 到 0.7 范围内。典型变

压器的 K 值要高得多，比如 0.99。在耦合系数偏低

的情况下，需要二次（接收器）侧有较高的电感值来

确保满足输出功率要求。小型低功耗设备由于耦合系

数低，实际上可能需要比标准 5W 设计更大的二次电

感。3更大电感量的接收器线圈需要更多绕组圈数和更

大的屏蔽层才能实现所需的电压增益。

线圈设计

设计接收器线圈大小时需要权衡的方面包括电线直

径、屏蔽层大小和厚度。线圈的 DC 电阻是造成接收

器效率降低的因素。接收器线圈设计需要一定圈数的

绕组才能实现所需的电感。如前文所述，小型线圈因

为耦合因数下降，需要比大型线圈更大的电感。为了

在较小空间内使用更多绕组圈数实现更高电感值，需

降低电线直径。电线直径缩小加上绕组圈数增多会增

大 DC 电阻、降低效率。

屏蔽层能够为磁通提供低阻抗路径，增加线圈的电感

量。同时屏蔽层还能防止 AC 电场进入电池和接收器内

周边的金属部分。最好使用较大较厚的屏蔽层，因为

较薄的屏蔽层在高通量磁场中容易发生饱和。发送器

线圈的设计受到的物理局限较少。线圈可以更大，电

感也可以更小。
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physical restrictions. The coil can be larger and have lower 
inductance.

A typical coil used for standard 5-W WPC applications is 
the A11 coil type. This circular coil is approximately 
50-mm in diameter and has a thick ferrite shield behind it. 
While this coil has been tested in a wide range of applica-
tions with many types of receivers, it works best for the 
higher power levels (3 to 5 W). For lower-power and 
reduced-range receivers, many coil dimensions can be 
reduced.

Typical inductance of the A11 coil is 6.3 µH. This value 
should be maintained for best performance. Wire diameter 
can be reduced to allow a smaller coil size, however, this 
increases DC-resistance losses. Further size reduction can 
be achieved with a reduction in shield thickness. Several 
types of shields are available that provide good 
performance. 

Tests with a 30-mm round transmitter coil have been 
conducted with good results (Figure 3). Smaller solutions 
are possible, but the designer must take care that the DC 
resistance is not increased significantly. In the case of the 
resonant-converter architecture used in most WPC trans-
mitters, current flows in the primary coil even at minimal 
loads. To avoid excessive power loss, the DC resistance of 
the Tx coil must be as low as is practically possible, given 
the size constraints of the product.

Low-power receiver
The bq51003 is one device in the TI bq51xxx family of 
wireless-power receivers that is adapted specifically for 
lower-power applications. The key change in the device is 
optimizing the behavior of a few features for lower output 
current.

This family of devices features Dynamic Rectifier 
Control™ to improve load-transient behavior. The Qi stan-
dard has a relatively slow global feedback loop and may 
require up to 100 ms to change the operating point. This 
means that a load-step can reduce output voltage and 
result in system resets. To provide enough voltage to oper-
ate though a transient, the VRECT operating point is set 
high at low loads. This feature helps with load-step, but 
reduces light-load efficiency. To solve this problem, 
Dynamic Efficiency Scaling™ is used to tailor the light-
load voltage to maximum output load. Maximum output 
current is set using a resistor.

Table 2. Dynamic Rectifier Control for wireless receiver (bq51003)

OUTPUT CURRENT  
PERCENTAGE

RILIM = 1116 W
IMAX = 250 mA

RILIM = 488 W
IMAX = 500 mA VRECT

0 to 10% 0 to 25 mA 0 to 50 mA 7.08 V

10 to 20% 25 to 50 mA 50 to 100 mA 6.28 V

20 to 40% 50 to 100 mA 100 to 200 mA 5.53 V

>40% >100 mA >200 mA 5.11 V

Due to the reduced PCB area for power dissipation, 
thermal paths also should be taken into consideration. 
Since the typical application requires charging a small 
 battery with reduced charge current, power dissipation 
can be managed. 

Figure 3. Standard transceiver coil and 30-mm, 
low-power coil

标准 5WWPC 应用使用的典型线圈是 A11 型线圈。

这种环形线圈直径大约 50 毫米，其后有厚铁氧体屏

蔽层。这种线圈在带有多种类型接收器的各种应用中

已通过测试，表明其更适用于较高的功率级（3W到

5W）。对较低功率和较小覆盖范围的接收器，许多

线圈规格可以下调。

A11 线圈的典型电感量为 6.3μH。为实现最佳性能

应保持该值。可以缩小电线直径以实现更小尺寸的线

圈，但这样做会增大 DC 电阻损耗。减小屏蔽层厚度

还能够进一步减小线圈尺寸。有多种性能表现良好的

屏蔽层类型可供选择。

对 30 毫米直径环形发送器线圈的测试已取得良好结

果（图 3）。更小尺寸的解决方案也有可能，但设计

人员必须注意不让 DC 电阻明显增加。就大多数 WPC 
发送器使用的谐振转换器架构而言，即便在极低负载

下一次线圈也有电流流过。为避免过大的功率损耗，

Tx 线圈的 DC 电阻必须在产品尺寸允许范围内尽可能

最低。

低功耗接收器

Bq51003 是德州仪器 (TI) bq51xxx 系列无线电源接收

器中的一款器件，特别适合低功耗应用。该器件的主

要不同之处在于针对较低输出电流优化了一些特性性

能。

该器件系列采用 Dynamic Rectifier ControlTM 改善负

载瞬态性能。Qi 标准具有速度相对较慢的全局反馈环

路，改变工作点耗时可能多达 100ms。这就意味着

负载步进可降低输出电压，导致系统重置。为提供足

够电压实现瞬态工作，VRECT 工作点在低负载下设置为

高。该特性可为负载步进提供帮助，但会降低轻负载

效率。为解决这个问题，可使用 Dynamic Efficiency 
Scaling™ 技术来为最大输出负载定制轻负载电压。最

大输出电流可使用电阻器设置。

表 2：无线接收器 (bq51003) 的动态整流器控制功能

输出电流比例 RILIM = 1116Ω
IMAX = 250 mA

RILIM = 488Ω
IMAX = 500 mA VRECT

0 至 10% 0 至 25 mA 0 至 50 mA 7.08 V
10 至 20% 25 至 50 mA 50 至 100 mA 6.28 V
20 至 40% 50 至 100 mA 100 至 200 mA 5.53 V
超过 40% 超过 100 mA 超过 200 mA 5.11 V

由于用于热耗散的 PCB 面积缩小了，因此散热路径也

需要纳入考虑范围。由于典型应用需要使用降低的充

电电流为小型电池充电，因此热耗散可以管理。

图 3：标准接收器线圈 
和 30 毫米低功耗线圈
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Figure 4. Wireless power receiver with battery charger for low-power application
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As mentioned previously, the bq51003 (and other 
 constant-voltage output receivers such as bq51013B) work 
in tandem with a second IC to regulate and manage current 
flow to a Li-Ion battery. These batteries require a precise 
constant-current/constant-voltage charge-control profile, 
which can be implemented using a device such as the 
bq24232 (Figure 4). For low-power applications, a simple 
low-cost linear charger is usually the best choice. One key 
factor in deciding the charger device is to verify that it can 
control the low charge-current levels needed by the small 
batteries used in wearable devices. The bq24232 can regu-
late down to 25-mA constant-current levels, if needed, and 
has been implemented in applications with small battery 
sizes. Refer to the bq24232 data sheet for additional 
details on the charge control functionality required for 
Li-Ion batteries.

Low-power transmitter
For the typical 5-W application, there are many Qi trans-
mitter types available with a wide range of features. The 
bq50xxx family supports 5-W or greater receiver output 
power. The bq500211 is a good starting point for low-
power applications. The standard EVM kits are provided 
with the single-coil 5-V input, A11 type of transmitter coil. 
However, as discussed previously, this coil can be replaced 
with a smaller component for the lower-power wearable 
applications. This unit has the option to operate from a 
USB port or low-power 5-V adapter. The transmitter 
design has the option to be small and low cost.

The bq500211 Qi-transmitter controller has an input 
power-limiting option. The input current to the transmitter 
can be limited to 500 mA, which allows operation from a 

正如前文所提到的那样，bq51003（以及 bq51013B 
等其它恒压输出接收器）能够与一个二级 IC 串接，为

锂离子电池调整和管理充电电流。这类电池需要精确

的恒流／恒压充电控制配置文件，其可使用 bq24232 
等器件实施（图 4）。对于低功耗应用来说，简单的

低成本线性充电器通常是最佳选择。选择充电器器

件的关键在于检验其是否能够通过控制低充电电流等

级来满足可佩戴设备中使用的小型电池应用需求。

bq24232 可在需要时将恒定电流等级调低至 25mA，

该器件已经在支持各种小型电池的应用中实施。如欲

了解有关锂离子电池所需充电控制功能的更多详情，

敬请参阅 bq24232 的产品说明书。

低功耗发送器

对于典型的 5W 应用而言，有众多符合 Qi 标准且功能

丰富多样的发送器类型可供选择。bq50xxx 系列可支

持 5W 或更大的接收器输出功率。bq500211 对于低

功耗应用而言是个理想的入门器件。标准 EVM 套件配

套提供一个 5V 输入 A11 型的发送器线圈。但是，正

如上文所述，对于低功耗可佩戴应用，可使用较小型

组件替换该线圈。这一单元的工作电源既可选择使用 
USB 端口也可选用低功耗 5V 适配器。发送器设计可

以选择小型化和低成本化。

图 4. 适用于低功耗应用且带电池充电器的无线电源接收器
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USB port or small adapter. This works very well with low-
power receivers with low current demand. A block dia-
gram example is shown in Figure 5. Input current is 
sensed across a resistor and amplified through a current-
sense amplifier. The power section uses power-stage 
MOSFETS with integrated drivers. But independent driv-
ers and low-loss MOSFETS could be used to reduce cost. 
As discussed earlier, at lower output power, FOD protec-
tion may be optional; the circuit shown does not have the 
FOD feature implemented. Also, for simplicity and cost 
reduction, the design in Figure 5 does not show the 
optional circuitry for low-power standby mode. Reference 4 
has more information about this design.

Conclusion
Implementing wireless inductive charging in a low-power, 
wearable design is possible now using existing off-the-
shelf devices. Among the key factors to design a working 
solution in the 500- to 1500-mW power range is optimiza-
tion of the magnetic components—specifically, matching 
the smaller-size receiver coils to correspondingly smaller 
transmitter coils to maintain the best coupling factor. Also 
important is implementation of appropriate external circuit 
modifications with the bq500211 transmitter and bq51003 
low-power receiver to minimize system power losses. 

Figure 5. Low-power transmitter
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bq500211Qi 发送器控制器具有输入功率限制选项。

发送器的输入电流可限制在 500mA，这可实现通过 
USB 端口或小型适配器供电。这对电流需求很低的

低功耗接收器而言非常适用。图  5 所示为范例方框

图。输入电流用跨接的电阻器感应，并通过电流感应

放大器放大。电源部分使用带集成型驱动器的功率级 
MOSFET。不过，也可以使用独立的驱动器和低损耗 
MOSFET 设计方案来降低成本。如前文所述，在输出

较低功率时，FOB 保护功能为可选项。图示的电路没

有实施 FOD 特性。此外，为了简化和降低成本，图 5 
所示的设计也没有显示供低功耗待机模式使用的可选

电路。如欲了解有关该设计的更多详情，敬请参阅参

考资料 4。

结论

我们现在可通过使用现有的现成器件，在低功耗可佩

戴设计中实施无线电感充电。设计电源范围在 500 至 
1500mW 之间的有效解决方案，重点是优化磁性组

件，具体是指使用更小尺寸的接收器线圈与相应尺寸

的发送器线圈匹配，以保持最佳耦合因数。同样重要

的是使用 bq500211 发送器和 bq51003 低功耗接收器

进行适当的外部电路修改，以便最大限度地降低系统

损耗。
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用测试或其它质量控制技术。除非适用法律做出了硬性规定，否则没有必要对每种组件的所有参数进行测试。

TI 对应用帮助或客户产品设计不承担任何义务。客户应对其使用 TI 组件的产品和应用自行负责。为尽量减小与客户产品和应 用相关的风险，
客户应提供充分的设计与操作安全措施。

TI 不对任何 TI 专利权、版权、屏蔽作品权或其它与使用了 TI 组件或服务的组合设备、机器或流程相关的 TI 知识产权中授予 的直接或隐含权
限作出任何保证或解释。TI 所发布的与第三方产品或服务有关的信息，不能构成从 TI 获得使用这些产品或服 务的许可、授权、或认可。使用
此类信息可能需要获得第三方的专利权或其它知识产权方面的许可，或是 TI 的专利权或其它 知识产权方面的许可。

对于 TI 的产品手册或数据表中 TI 信息的重要部分，仅在没有对内容进行任何篡改且带有相关授权、条件、限制和声明的情况 下才允许进行
复制。TI 对此类篡改过的文件不承担任何责任或义务。复制第三方的信息可能需要服从额外的限制条件。

在转售 TI 组件或服务时，如果对该组件或服务参数的陈述与 TI 标明的参数相比存在差异或虚假成分，则会失去相关 TI 组件 或服务的所有明
示或暗示授权，且这是不正当的、欺诈性商业行为。TI 对任何此类虚假陈述均不承担任何责任或义务。

客户认可并同意，尽管任何应用相关信息或支持仍可能由 TI 提供，但他们将独力负责满足与其产品及在其应用中使用 TI 产品 相关的所有法
律、法规和安全相关要求。客户声明并同意，他们具备制定与实施安全措施所需的全部专业技术和知识，可预见 故障的危险后果、监测故障
及其后果、降低有可能造成人身伤害的故障的发生机率并采取适当的补救措施。客户将全额赔偿因 在此类安全关键应用中使用任何 TI 组件而
对 TI 及其代理造成的任何损失。

在某些场合中，为了推进安全相关应用有可能对 TI 组件进行特别的促销。TI 的目标是利用此类组件帮助客户设计和创立其特 有的可满足适用
的功能安全性标准和要求的终端产品解决方案。尽管如此，此类组件仍然服从这些条款。

TI 组件未获得用于 FDA Class III（或类似的生命攸关医疗设备）的授权许可，除非各方授权官员已经达成了专门管控此类使 用的特别协议。

只有那些 TI 特别注明属于军用等级或“增强型塑料”的 TI 组件才是设计或专门用于军事/航空应用或环境的。购买者认可并同 意，对并非指定面
向军事或航空航天用途的 TI 组件进行军事或航空航天方面的应用，其风险由客户单独承担，并且由客户独 力负责满足与此类使用相关的所有
法律和法规要求。

TI 已明确指定符合 ISO/TS16949 要求的产品，这些产品主要用于汽车。在任何情况下，因使用非指定产品而无法达到 ISO/TS16949 要
求，TI不承担任何责任。

产产品品 应应用用

数字音频 www.ti.com.cn/audio 通信与电信 www.ti.com.cn/telecom
放大器和线性器件 www.ti.com.cn/amplifiers 计算机及周边 www.ti.com.cn/computer
数据转换器 www.ti.com.cn/dataconverters 消费电子 www.ti.com/consumer-apps
DLP® 产品 www.dlp.com 能源 www.ti.com/energy
DSP - 数字信号处理器 www.ti.com.cn/dsp 工业应用 www.ti.com.cn/industrial
时钟和计时器 www.ti.com.cn/clockandtimers 医疗电子 www.ti.com.cn/medical
接口 www.ti.com.cn/interface 安防应用 www.ti.com.cn/security
逻辑 www.ti.com.cn/logic 汽车电子 www.ti.com.cn/automotive
电源管理 www.ti.com.cn/power 视频和影像 www.ti.com.cn/video
微控制器 (MCU) www.ti.com.cn/microcontrollers
RFID 系统 www.ti.com.cn/rfidsys
OMAP应用处理器 www.ti.com/omap
无线连通性 www.ti.com.cn/wirelessconnectivity 德州仪器在线技术支持社区 www.deyisupport.com
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