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均流技术在4对电缆结构、高功率以太网
（PoE）中的应用

By Steven R. Tom
系统工程师，电源接口产品

摘要

以太网供电（PoE）参数是由IEEE802.3-2005第33
条所制定的，它既确定了允许的架构，也同时确定了以

太网供电系统可提供的最大电源。现行标准规定两对电

缆结构的末端产生最大的电量为12.95瓦特。由于终端

设备变得日益复杂，这就要求存在比IEEE标准所允许

的电源功率更为强大、架构更具有灵活性的电力能源。

本文介绍了一种特殊的均流技术，这种技术采用了四对

电缆体系构架，使得传输到终端的功率可以达到50瓦
特。

对以太网电源两对/四对架构的综述

典型的以太网电源端到端解决方案包括一个被称为

“供电设备”（PSE）的电源，一个被称为“电力器

件”（PD）的终端设备。供电设备可能以独立或者嵌

入的形式存在于路由器或交换机中。现在使用的大多数

以太网电缆是5E类（CAT5E）电缆，这种电缆是由四

组未屏蔽的铜双绞线构成。

图1显示了可以在CAT5E类电缆上传输电力的可能

架构。图示1中a图展示的架构通过两对CAT5E电缆形成

的单环路将电力由供电设备传送到电力器件。IEEE标
准规定电力可以在单环路的两对电缆中传输，而不能同

Review of PoE two-pair/four-pair architectures
An end-to-end PoE solution typically comprises a power
source, referred to as “power sourcing equipment” (PSE),
and end equipment, referred to as the “powered device”
(PD). The PSE may be standalone or embedded in a
router or switch. Most Ethernet cable used today is
Category 5E (CAT5E) cable composed of four unshielded
twisted pairs of copper.

Figure 1 shows the possible architectures that can be
used to deliver power over CAT5E cable. The architecture
in Figure 1a delivers power to the PD from the PSE in a
single loop over two pairs of the CAT5E cable. The IEEE
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Current balancing in four-pair, high-power
PoE applications

Introduction
Power-over-Ethernet (PoE) parameters are specified by
IEEE 802.3-2005 clause 33, which defines both the allow-
able architectures and the maximum deliverable power for
a PoE system.1 The present standard mandates a two-pair
architecture allowing a maximum of 12.95 W at the end of
the cable. As end equipment becomes more complex, it
requires more power and architectures more flexible than
the IEEE standard allows. This article describes a unique
current-balancing technique that uses a four-pair architec-
ture to deliver up to 50-W to the end equipment.
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Figure 1. Two possible architectures for power delivery to the PD

48 V

PSE

Switch or Hub

RJ45 RJ45

PD

DC/DC
Converter

<100 m of
CAT5E Cable

+
–

11

22

33

66

44

55

77

88

PD
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时在所有四对电缆中传输。图示1中b图在四对电缆中

采用两个电流环，这样的结构增加了最终传递给电力器

件的功率。四对电缆架构的主要优点在于导线数量的增

加，从而降低了功率损耗，并且增加输入到终端设备的

功率。而主要的缺点在于成本的提高和为了确保在两个

电流环之间的均流所带给系统的复杂性的增加。

在四对电缆架构中，两个电流回路都进给一个单独

的DC/DC转换器。如果每个回路的阻抗是相同的，那么

电流的均流就是不必要的，并且每个环路都将给DC/DC
转换器提供电流值是所需输入电流一半的电流。然而，

电线、连接器和组件之间的不匹配会引起一个回路携带

的电荷比另一个回路多。为了确保可靠性，在每个电流

回路中的系列元件在设计时都应被设计成能够处理平衡

度最差的情况，与此同时保持数据的传输。两个电流回
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standard specifies that power may be delivered in a single
loop over either of the two pairs but not over all four pairs
simultaneously. Using two current loops over all four pairs,
the architecture in Figure 1b increases the available power
delivered to the input of the PD. The main advantage of
the four-pair architecture is the increased number of con-
ductors which decreases power loss and increases total
power to the end equipment. The main disadvantages are
the added cost and the increased complexity needed to
ensure that the current is balanced between the two
current loops.

In the four-pair architecture, both current loops feed a
single DC/DC converter. If the impedances of each loop
were identical, current balancing would be unnecessary
and each loop would provide half of the needed input cur-
rent to the DC/DC converter. However, mismatches in the
wires, connectors, and components will naturally cause
one loop to carry more current than the other. To ensure

reliability, the series components in each current loop
must be designed to handle the worst-case imbalance while
maintaining data transmission. A larger imbalance implies
an oversized (and thus more costly) design. Maximum
power delivery can be obtained by balancing the current
between the line pairs so that each path operates just
below its current limit. The following design example and
analysis show how the worst-case imbalance can be deter-
mined and minimized.

Design example with current-booster circuit
In a four-pair architecture, the detection and classification
functions of the PD must be performed on each two-pair
current loop, which necessitates the need for two PD 
controllers. In the design example that follows, two
TPS2376-H controllers are used as the PD input source to
the DC/DC power supply2 (see Figure 2). The DC/DC
power supply uses a UCC3809-2 in a single-switch flyback
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Figure 2. Design example of four-pair architecture with current-booster circuit

路之间的均流越差，就意味着设计更加庞大（从而成本

更高）。最大功率输出可以通过使两个线路上电流均流

实现，从而每个线路上的电流都略低于其限制电流。下

面的设计实例和分析表明如何确定均流性最差的情况和

如何使其最小化。

设计升流电路实例

在一个四对电缆的结构中，电力器件的检测和分类

功能必须在每两个电流环上都实现，因此这就需要有两

个电力器件控制器。在如下的范例中，当电力器件将能

源传递给DC/DC电源时，采用了两个TPS2376-H控制器

（见图2）。DC/DC电源在单开关反激拓扑结构中采用

UCC3809-2，从而提供一个独立的、负载电流是8A的

5V电压。 
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表一显示了预先设计的方案规范被应用于此次设

计。可以认为，一个通常可用的供电设备将提供51V到

57V的电压调节，而在这个调节范围内都能给每个由两

对CAT5E电缆组成的电流环路提供800mA的电流。我

们根据经验进行合理假设，假设每两对电缆组成的环路

（最大长度100米）的阻值是12.5欧。CAT5E电缆将连

接到电力器件的接口，并输入到DC/DC转换器，提供一

个负载电流为8A的5V电压。为了简化图形和强调电力

器件的接口，在图2中DC/DC电源用一个简单的黑盒子

表示。

假设DC/DC转换器的转换效率为85%，那么要求输

入的功率将近47W。根据CAT5E电缆的长度和供电设备

的电压大小，为了满足输入功率的要求，输入电流需要

在0.825和1.2A之间。

TPS2376-H的电流限制在表1中罗列出来，为了在

运行过程中不造成意外的关闭，在这两个电流环中的

电流都必须不超过这个值。由于TPS2376-H的最小电流

为625mA，图3所示的升流电路是对这两个电流环中的

输入电流进行升流，将其提高到允许的800mA，从而

获得800mA下的全电势。在实际中，电流并没有被升

高，它仅仅是在TPS2376-H周围分流了。图3显示了升

流器是怎样在其中的一个电流环中起作用的。由于在

TPS2376-H管脚5上的回流增加，R15两边的压降就增

加了，相应地基极和射基之间的电压降低就使得晶体管

Q1开始工作。当VR15> 0.7 V时，通过R15的电流会打开

晶体管Q1。这使得Q1导通，并分流了TPS2376 – H附

近的部分返回电流。在短路或者瞬态相应状态下，Q2将
会把Q1的基极钳位到它的集电极并迫使其强行关闭，从

而Q1提供保护。如果电流持续增大，当VR19> 0.7 V时，

Q2将会打开，从而分流Q1的基极电流，并最终使Q1关
闭。更进一步了解该电路请参阅参考文献3.
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topology to provide an isolated 5 V at 8 A to the load.
Table 1 shows the predetermined design specifications

used for this design example. It is assumed that an avail-
able PSE will supply a regulated voltage between 51 and
57 V that is capable of sourcing up to 800 mA for each
current loop consisting of two pairs of the CAT5E cable. A
reasonable assumption for the loop impedance of each two-
pair loop (maximum length of 100 m) is 12.5 Ω. The
CAT5E cable will connect to the PD interface and input to
the DC/DC converter that will provide an isolated 5 V at 8
A to the load. For simplicity and emphasis on the PD
interface, the DC/DC power supply is shown in Figure 2 as
a simple black box.

Assuming that the DC/DC converter is ~85% efficient,
approximately 47 W of input power is needed. Depending
on the CAT5E cable length and the PSE voltage, an input
current between 0.825 and 1.2 A is required to meet the
input-power specification.

The current limit of the TPS2376-H is listed in Table 1
because it is imperative that the current in either of the
two current loops not exceed this value during operation to
avoid unwanted shutdown. Because the minimum current
limit of the TPS2376-H is 625 mA, the current-booster 
circuitry in Figure 3 was introduced to gain the full poten-
tial of the allowable 800 mA of input current per two-pair
loop. In reality, the current is not boosted—it is merely
shunted around the TPS2376-H. Figure 3 shows how the
current-booster circuit works for one of the current loops.
As the return current into pin 5 (RTN) on the TPS2376-H
increases, the voltage drop across R15 increases, lowering
the voltage between base and emitter sufficiently to turn on
transistor Q1. Current through R15 will turn on Q1 when
VR15 > 0.7 V. This allows Q1 to conduct and shunt a portion
of the return current around the TPS2376-H. Q2 provides
protection for Q1 during short-circuit and transient condi-
tions by clamping the base of Q1 to its collector and forcing
it off. Q2 will turn on when VR19 > 0.7 V, shunting some of
the Q1 base current and eventually turning it off if the
current continues to increase. For a more detailed expla-
nation of this circuit, please see Reference 3.

MIN TYP MAX
PSE Voltage (V) 51 — 57

Impedance per Two Pairs (Ω) — 12.5 —

Input Current per Two Pairs (A) — — 0.800

VOUT (V) 4.95 5 5.05

IOUT (A) — — 8.0

DC/DC Output Power to Load (W) — — 40

DC/DC Input Power (W) — — 47

DC/DC Efficiency (%) — 85 —

DC/DC Input Current (A) 0.825 — 1.200

Current Limit (A) (TPS2376-H) 0.625 0.765 0.900

1 8

2 7

9

3 6

4 5

D2

Q2 R15
2.2 Ω

R19
2.0 Ω

Q1

Path 1

Path 2

UVL01

U1
TPS2376DDA-H

ILIM VDD

UVLO

PG

RTN

CLASS

DET

VSS

PwPd

Figure 3. Current-booster circuit for one
current loop

Table 1. Design specifications
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使用PSPICE软件对四对电缆架构的仿真

为了确保该设计可以适当的进行分流，有必要使用

如PSPICE等仿真工具对四对电缆架构进行仿真。需要

仿真的关键元素是每个电流环路中的各种阻抗源。如二

极管电桥，CAT5E电缆电阻，TPS2376-H中通过场效应

管（FETs）和支持电路的各种电阻。表2是图2中的实

际示意图以及图4中的使用PSPICE的方针示意图的相关

内容。

在仿真模型中，供电设备（PSE）是一个理想的直

流电压源，DC/DC电源供应器是一个理想的直流电流

源，CAT5E电缆和电力器件（PD）接口是4个电路路

径。图4中的颜色代码路径对应图2中相应的路径。将

PSE仿真成一个理想的直流电压源，DC/DC电源供应器

仿真成一个理想的直流电流源是合理的假设。这样的假

设显著的简化了仿真模型，将分析的重点放在了CAT5E
和PD电路的均流上。

如前所述，在一个理想的电路中，每个路径中的

电流都是相等的，因为每个路径的组成部分都是相同

的。然而，由于二极管正向电压的下降，电缆电阻以及

场效应管的通过电阻的存在，致使电路中相同路径产

生不平衡。PSPICE只允许模拟理想情况，即使用相同

的元器件，同时每一个电流环路是均衡的。仿真分如
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Modeling the four-pair architecture 
within PSPICE
To ensure that the design will current share appropriately,
it is necessary to model the four-pair architecture within a
simulation tool such as PSPICE. The key elements that need
to be modeled are the sources of impedance in series with
each current loop; i.e., the diode bridge, the CAT5E cable
resistance, and the series resistances of the TPS2376-H
pass FETs and booster circuitry. Table 2 correlates the
actual schematic in Figure 2 with the PSPICE simulation
schematic in Figure 4.

The simulation models the PSE as an ideal DC voltage
source, the DC/DC power supply as an ideal DC current
source, and the CAT5E cable and PD interface as the four
current paths. The color-coded paths in Figure 4 correspond
to those shown in Figure 2. Modeling the PSE as an ideal
voltage source and the DC/DC power supply as an ideal DC
current source are reasonable assumptions that simplify
the simulation significantly and allow the analysis to focus
on the current balancing of the CAT5E and PD circuitry.

As stated earlier, in an ideal circuit the current would be
equal in each current path because each path contains the
same components. However, imbalances do arise because
of variations in diode forward voltage drops, cable resist-
ance, and pass FET on resistances. PSPICE allows for
examination of the ideal case where matched components
are used and the current in each current loop is balanced.
The simulation is made by sweeping the current in the DC
current source, I_DCDC, and recording the current in

each of the two current loops and the power delivered to
the DC current source. The power delivered to the DC
current source represents the input power to the DC/DC
converter. (If the efficiency of the DC/DC power supply is
known, it can be multiplied by the input power to calcu-
late the actual power to the load.) Within each current
loop, it is important to make sure that the current through
the pass FET of each TPS2376-H device is less than the
625-mA current-limit threshold and that the total current
in either current loop does not exceed 800 mA.

A second variable that must be considered is the length
of the CAT5E cable. The IEEE standard allows for a
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Figure 4. Balanced PSPICE circuit for load-share simulation

ACTUAL SCHEMATIC PSPICE SIMULATION 
(Figure 2) SCHEMATIC (Figure 4)

U1 U1_RDSon
(pass FET on resistance)

U2 U2_RDSon
(pass FET on resistance)

D6 D6_V1, D6_V2, D6_R1, D6_R2
D13 D13_V1, D13_V2, D13_R1, D13_R2
D2 D2_V, D2_R
D9 D9_V, D9_R

CAT5E cable resistance R12, R45, R36, R78
PSE input voltage Vpse

DC/DC power supply I_DCDC
Q1, Q2, Q8, Q9, R15, R19, R32, R33 Q1, Q2, Q8, Q9, R15, R19, R32, R33

Table 2. Modeling of four-pair architecture

下步骤进行，扫描直流（DC）源电流，直流电压转换

（I_DCDC），记录两条电流环路中的每一条的电流值

和直流（DC）源的转换功率。直流（DC）源的转换功

率指的是DC/DC转换器的输入电流。（如果DC/DC电

源供应器的效率是已知的，它可以乘以输入功率来计算

向负载供电的实际功率。）在每一条环路内部，必须要

确保通过TPS2376-H器件场效应管的电流小于最大电流

限—625mA，同时，每一条环路中的总电流不能超过

800mA。
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the DC current source. The power delivered to the DC
current source represents the input power to the DC/DC
converter. (If the efficiency of the DC/DC power supply is
known, it can be multiplied by the input power to calcu-
late the actual power to the load.) Within each current
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ACTUAL SCHEMATIC PSPICE SIMULATION 
(Figure 2) SCHEMATIC (Figure 4)

U1 U1_RDSon
(pass FET on resistance)

U2 U2_RDSon
(pass FET on resistance)

D6 D6_V1, D6_V2, D6_R1, D6_R2
D13 D13_V1, D13_V2, D13_R1, D13_R2
D2 D2_V, D2_R
D9 D9_V, D9_R

CAT5E cable resistance R12, R45, R36, R78
PSE input voltage Vpse

DC/DC power supply I_DCDC
Q1, Q2, Q8, Q9, R15, R19, R32, R33 Q1, Q2, Q8, Q9, R15, R19, R32, R33

Table 2. Modeling of four-pair architecture
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另一个必须要考虑的变量是CAT5E电缆的长度。

IEEE标准允许PD和PSE之间的最长电缆长度为100m。

图5给出了当电缆电阻（R12, R45, R36, R78）改动，

电缆长度为100m和1m时边角区域的仿真结果。所有的

仿真是在最小PSE电压—51V下进行的，因为在该条件

下输入电流有最大值。

模拟结果证实，在匹配的条件下，电流环路将向

1、3路径和2、4路径均等的供电。随着输入功率增加

到超过25W，升流电路将打开，每个电流环中的一部

分电流将分流至TPS2376 - H。当DC/DC电源供应器

的输入功率为48W并且连接PD和PSE之间的电缆长

度为100m时，每一个TPS2376-H器件所能分流的最

大电流值是465mA。每一个双层电流环路中的最大电

流为599mA（465 mA + 134 mA）。该仿真结果是

可以接受的，因为TPS2376-H的最大电流小于625mA 
的电流限，并且每一个双层电流环路的最大电流小于

800mA。

了解环路阻抗不匹配的原因

为了确保性能的可靠性，了解环路阻抗不匹配产生

的原因非常重要，这样我们就可以将最坏的失衡情况输

入到仿真模型进行模拟。图6的仿真电路将下列变量的

最大值纳入考虑范围：二极管正向电压，1％的电阻容

限，通过场效应管的最大导通电阻容限。除此以外，

3%的最大电缆长度电阻容限也符合IEEE标准。
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maximum of 100 m of Ethernet cable between the PD and
PSE.1 Figure 5 shows the simulation results for the corner
areas of 100 m and 1 m of cable length when the model
cable resistances (R12, R45, R36, R78) are modified. All
simulations are done at the minimum PSE voltage of 51 V
because input current is highest at this condition.

The simulation results confirm that when matched, the
current loops will load share identically as Path 1 overlaps
Path 3 and Path 2 overlaps Path 4. As input power increases
above 25 W, the current-booster circuitry begins turning on
and a portion of the current in each current loop is shunted
around the TPS2376-H. The largest current handled by
either TPS2376-H device is ~465 mA when the input
power to the DC/DC power supply is 48 W and 100 m of
cable connects the PD to the PSE. The largest current in
either of the two-pair current loops is 599 mA (465 mA +
134 mA). This simulation result is acceptable because the
maximum TPS2376-H current is less than the 625-mA 
current limit and the maximum current in either of the
two-pair current loops is less than 800 mA.

Understanding sources of loop-impedance
mismatch
To ensure reliable performance, it is important to under-
stand the sources of loop-impedance mismatch so that
worst-case imbalances can be entered into the simulation
and analyzed. The simulation circuit in Figure 6 takes into
account maximum variations in diode forward voltage, 1%
resistor tolerances, and maximum pass FET on-resistance
tolerances. Also, the maximum cable length resistance 
tolerance of 3% was used in accordance with the IEEE
standard.
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maximum of 100 m of Ethernet cable between the PD and
PSE.1 Figure 5 shows the simulation results for the corner
areas of 100 m and 1 m of cable length when the model
cable resistances (R12, R45, R36, R78) are modified. All
simulations are done at the minimum PSE voltage of 51 V
because input current is highest at this condition.

The simulation results confirm that when matched, the
current loops will load share identically as Path 1 overlaps
Path 3 and Path 2 overlaps Path 4. As input power increases
above 25 W, the current-booster circuitry begins turning on
and a portion of the current in each current loop is shunted
around the TPS2376-H. The largest current handled by
either TPS2376-H device is ~465 mA when the input
power to the DC/DC power supply is 48 W and 100 m of
cable connects the PD to the PSE. The largest current in
either of the two-pair current loops is 599 mA (465 mA +
134 mA). This simulation result is acceptable because the
maximum TPS2376-H current is less than the 625-mA 
current limit and the maximum current in either of the
two-pair current loops is less than 800 mA.

Understanding sources of loop-impedance
mismatch
To ensure reliable performance, it is important to under-
stand the sources of loop-impedance mismatch so that
worst-case imbalances can be entered into the simulation
and analyzed. The simulation circuit in Figure 6 takes into
account maximum variations in diode forward voltage, 1%
resistor tolerances, and maximum pass FET on-resistance
tolerances. Also, the maximum cable length resistance 
tolerance of 3% was used in accordance with the IEEE
standard.
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我们调整了以上变量的值，使阻抗的失配存在于同

一个电流回路中，从而引起最大程度的不均衡。再运行

一次前面提到的4对电缆架构仿真模型来验证每对电缆

中电流的失衡。

如图7所示，使用一根100m长的电缆时，通过每

一个TPS2376-H器件的最大电流为488mA；电缆长度

为1m时该电流为498mA。电缆长度100m时，最大可

用电流（在这个例子中的路径1和路径2）为640mA；

电缆长度为1m时为660mA。由于最大失衡电流在

TPS2376-H中没有超过625mA在每一条电流回路中也

没有超过800mA，所以该设计仍然符合最初的设计规

范。

板级结果

我们搭建和测试了一块评估电路板来确认仿真的

正确性。图8 给出了在恒温25°C的理想实验室环境

下每一路回路电流的测量值。该板级结果证明了通过

TPS2376-H后产生一个电流失衡，电缆长度100m仅为

10mA（2.1%），1m时为1mA（0.2%）。

效仿最坏情况下的条件，将二极管和电阻与R78电
流回路的返回路径相串联，重新测试评估电路板。二

极管的正向压降（0.7V）和0.5Ω的附加电阻被计算进

去，用以补偿最坏情况下二极管前向压降的变化量和系

统的电阻容限。通过合理的板级测试来指导测量实际电

流回路失衡是可行的。
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The values were adjusted so that all impedance mis-
matches were in one current loop, allowing for the largest
imbalance. The four-pair architecture simulation previously
discussed was run a second time to determine the extent
of current imbalance in each current pair.

Figure 7 shows that the largest current through either of
the TPS2376-H devices is 488 mA with a 100-m cable and
498 mA with a 1-m cable. The largest current available (in
this example, Path 1 plus Path 2) is 640 mA with a 100-m
cable and 660 mA with a 1-m cable. Because the worst-
case current imbalance exceeds neither 625 mA through
the TPS2376-H nor 800 mA in one current loop, the
design remains within the original design specification.

Board-level results
To verify that the simulations are accurate, an evaluation
board was built and tested. Figure 8 shows the current in
each of the current loops when measured in an ideal lab
setting at 25°C ambient temperature. These board-level
results demonstrate a current imbalance through each
TPS2376-H of only 10 mA (2.1%) with a 100-m cable and
1 mA (0.2%) with a 1-m cable.

To emulate worst-case conditions, the evaluation board
was retested with a diode and resistor in series with the
return path of the R78 current loop (Paths 3 and 4). The
forward voltage drop of the diode (0.7 V) and an additional
0.5-Ω resistance were added to compensate for worst-case
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如图9所示，使用一根100m长的电缆时，通过每

一个TPS2376-H器件的最大电流为488mA；电缆长度

为1m时该电流为484mA。电缆长度100m时，最大可

用电流（在这个例子中的路径1和路径2）为648mA；

电缆长度为1m时为640mA。由于最大失衡电流在

TPS2376-H中没有超过625mA在每一条电流回路中也

没有超过800mA，所以该设计仍然符合最初的设计规

范。

结论

总的来说，仿真模拟和板级结果都证实，在CAT5E
以太网电缆中，通过控制流过每个TPS2376-H的返回电

流不超过它的最小电流限并且不超过允许的最大电流，

升流电路可以满足均流的最初设计要求。这个附加的均

流电路改善了两个电流回路之间的均流性能，这样以

来，线路、连接器以及其它器件的容差将不会导致我们

的设计超出设计规范。
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diode forward voltage variations and system resistance 
tolerances. This permitted a reasonable board-level test to
be conducted to measure actual current-loop imbalances.

Figure 9 shows that the largest current through either of
the TPS2376-H devices is 488 mA with a 100-m cable and
484 mA with a 1-m cable. The largest current available (in
this example, Path 1 plus Path 2) is 648 mA with a 100-m
cable and 640 mA with a 1-m cable. Because the worst-
case current imbalance exceeds neither 625 mA through
the TPS2376-H nor 800 mA in one current loop, the
design remains within the original design specification.

Conclusion
Overall, both simulation and board-level results confirm
that the current-booster circuit will meet the initial design
requirements for current balancing by keeping the return
current through each TPS2376-H under its minimum 
current limit and under the maximum current allowable in
the CAT5E Ethernet cable. The addition of the current-
booster circuit improves the current balancing between
the two current loops so that the wire, connector, and
component tolerances do not cause the design to fall out
of the design specifications.
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diode forward voltage variations and system resistance 
tolerances. This permitted a reasonable board-level test to
be conducted to measure actual current-loop imbalances.
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third party, or a license from TI under the patents or other intellectual property of TI.
Reproduction of TI information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied 
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive 
business practice. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional 
restrictions.
Resale of TI products or services with statements different from or beyond the parameters stated by TI for that product or service voids all 
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. TI is not responsible 
or liable for any such statements.
TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI product would reasonably 
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing such 
use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and acknowledge 
and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any use of 
TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be provided by TI. 
Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in such safety-critical 
applications.
TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are specifically 
designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military specifications. Buyers 
acknowledge and agree that any such use of TI products which TI has not designated as military-grade is solely at the Buyer's risk, and that they 
are solely responsible for compliance with all legal and regulatory requirements in connection with such use.
TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are designated 
by TI as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated products in 
automotive applications, TI will not be responsible for any failure to meet such requirements.

IMPORTANT NOTICE

相关产品链接: 

DSP - 数字信号处理器 http://www.ti.com.cn/dsp    

电源管理 http://www.ti.com.cn/power 

放大器和线性器件  http://www.ti.com.cn/amplifiers   

接口 http://www.ti.com.cn/interface        

模拟开关和多路复用器 http://www.ti.com.cn/analogswitches    

逻辑 http://www.ti.com.cn/logic 

RF/IF 和 ZigBee® 解决方案 www.ti.com.cn/radiofre   

RFID 系统 http://www.ti.com.cn/rfidsys   

数据转换器 http://www.ti.com.cn/dataconverters   

时钟和计时器 http://www.ti.com.cn/clockandtimers 

标准线性器件 http://www.ti.com.cn/standardlinearde   

温度传感器和监控器 http://www.ti.com.cn/temperaturesensors 

微控制器 (MCU) http://www.ti.com.cn/microcontrollers 

相关应用链接: 
安防应用 http://www.ti.com.cn/security 

工业应用 http://www.ti.com.cn/industrial  

计算机及周边 http://www.ti.com.cn/computer  

宽带网络 http://www.ti.com.cn/broadband  

汽车电子 http://www.ti.com.cn/automotive 

视频和影像 http://www.ti.com.cn/video 

数字音频 http://www.ti.com.cn/audio 

通信与电信 http://www.ti.com.cn/telecom 

无线通信 http://www.ti.com.cn/wireless 

消费电子 http://www.ti.com.cn/consumer  

医疗电子 http://www.ti.com.cn/medical  
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Following are URLs where you can obtain information 
on other Texas Instruments products and application 
solutions:

样片及品质信息

免费样片索取

您是否正没日没夜的忙于工作而又急需一块免费的 TI 产品
样片？那就请立刻登录 TI 样片中心，马上申请吧！

数千种器件，极短的递送时间，高效的反馈速度：

8000多种器件及各种封装类型任君选择

一周 7*24 小时网上随时申请

两个工作日内得到反馈

已经有成千上万的客户通过申请样片，优质高效地完成
了产品设计。

立即注册my.TI会员，申请免费样片，只需短短几天，样片
将直接寄到您所指定的地址。 
http://www.ti.com.cn/freesample

电话支持——如果您需要帮助如何选择样片器件，敬请致
电中国产品信息中心 800-820-8682 或访问

•

•

•

•

www.ti.com.cn/support www.ti.com.cn/quality

品质保证

持续不断的专注于品质及可靠性是TI 对
客户承诺的一部分。1995 年，TI的半导

体群品质系统计划开始实施。该全面的品

质系统的使用可满足并超越全球客户及业

界的需求。

TI 深愔促进业界标准的重要性，并一直致力于美国(U.S)
及国际性自发标准的调整。作为活跃于诸多全球性的业界

协会的一员，以及TI 对环境保护负有强烈的使命感，TI引
领其无铅(lead[Pb]-free)计划，并逐渐成为了该方向的领

导者。该计划始于上世纪80年代，旨在寻求产品的可替代

原料，时至今日，绝大多数的TI产品均可提供无铅及绿色

(Green)的封装。

如果您对“无铅”抱有任何疑问，敬请访问：

ZHCT049



重重要要声声明明

德州仪器 (TI) 及其下属子公司有权在不事先通知的情况下，随时对所提供的产品和服务进行更正、修改、增强、改进或其它更改，
并有权随时中止提供任何产品和服务。 客户在下订单前应获取最新的相关信息，并验证这些信息是否完整且是最新的。 所有产品的
销售都遵循在订单确认时所提供的 TI 销售条款与条件。

TI 保证其所销售的硬件产品的性能符合 TI 标准保修的适用规范。 仅在 TI 保修的范围内，且 TI 认为有必要时才会使用测试或其它质
量控制技术。 除非政府做出了硬性规定，否则没有必要对每种产品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 产品或服务的组合设备、机器、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 的数据手册或数据表，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。 在复制
信息的过程中对内容的篡改属于非法的、欺诈性商业行为。 TI 对此类篡改过的文件不承担任何责任。

在转售 TI 产品或服务时，如果存在对产品或服务参数的虚假陈述，则会失去相关 TI 产品或服务的明示或暗示授权，且这是非法的、
欺诈性商业行为。 TI 对此类虚假陈述不承担任何责任。

可访问以下 URL 地址以获取有关其它 TI 产品和应用解决方案的信息：

产产品品

放大器 http://www.ti.com.cn/amplifiers

数据转换器 http://www.ti.com.cn/dataconverters

DSP http://www.ti.com.cn/dsp

接口 http://www.ti.com.cn/interface

逻辑 http://www.ti.com.cn/logic

电源管理 http://www.ti.com.cn/power

微控制器 http://www.ti.com.cn/microcontrollers

应应用用

音频 http://www.ti.com.cn/audio

汽车 http://www.ti.com.cn/automotive

宽带 http://www.ti.com.cn/broadband

数字控制 http://www.ti.com.cn/control

光纤网络 http://www.ti.com.cn/opticalnetwork

安全 http://www.ti.com.cn/security

电话 http://www.ti.com.cn/telecom

视频与成像 http://www.ti.com.cn/video

无线 http://www.ti.com.cn/wireless

邮寄地址：Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2006, Texas Instruments Incorporated
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