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Correcting cross-wire faults in modern 
e-metering networks

Electricity metering (e-metering) for commercial and resi-
dential applications relies heavily on long-haul, differential 
data-transmission networks based on the TIA/EIA-485 
standard, commonly referred to as RS-485. In order to 
overcome the large ground-potential differences often 
encountered between remotely located bus nodes, each 
node is galvan ically isolated, with regards to signal and 
supply lines, from the local e-metering circuitry.

The e-metering network is a typical master/slave system 
in which a host processor in the master node (located in a 
control center) sequentially addresses multiple slave nodes 
(located in the individual end customer’s premises) along 
the bus.

With a single network comprising up to 60 nodes typi-
cally, the potential for unintentionally cross-wiring the  
two conductors of the twisted-pair bus cable can be rather 
high, if neither preventive measures during network instal-
lation nor corrective measures during network operation 
are applied.

The e-metering companies in the United States and 
Europe rely heavily on trained installation personnel and 
visually distinctive, color-coded cabling as preventive mea-
sures. This approach allows for the use of standard trans-
ceivers and cabling, such as isolated RS-485 transceivers 
and CAT-5 cable.

To further reduce the risk of wiring faults, recent net-
work designs have been implementing a so-called training 

sequence that causes the slave nodes to adjust to the  
signal polarity of the master. During this sequence, the 
master broadcasts a unique bit pattern to all slaves. The 
same bit pattern, initially stored in each slave processor 
during power-up, is then compared with the pattern sent 
by the master. If the patterns match, the slave maintains 
its signal polarity. In the case of a mismatch, the slave  
processor inverts the signal polarity of both the incoming 
receive data and the outgoing transmit data. This inverting 
process is typically accomplished through an Exclusive-OR 
function within the slave processor and does not require 
any changes in hardware design. Thus, the proper opera-
tion of standard transceivers is still maintained.

In contrast to this approach, Asian e-metering companies 
push for more cost savings in network designs by using:

• Personnel inexperienced in network installation

• Low-cost, non-color-coded lamp wire instead of twisted-
pair cable

• Dedicated transceivers with integrated signal-polarity 
correction

Figure 1 shows a typical e-metering network with 
SN65HVD888 polarity-correction (POLCOR) transceivers 
from Texas Instruments (TI). The master node contains a 
failsafe-biasing resistor network (RFS and RT) that deter-
mines the signal polarity on the bus. Both master and 
slave nodes require integrated polarity-correction logic in 
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Figure 1. Typical e-metering bus with POLCOR transceivers图1 使用POLCOR收发器的典型电表总线

商用和住宅应用的电表严重依赖基于TIA/EIA-485
标准（常称作RS-485）的长距离、差分数据传输网

络。为了克服偏远总线节点之间常遇到的大接地电势

差问题，在信号和电源线路方面，所有节点均与本地

电表电路进行电隔离。

电表网络是一种典型的主/从系统，其主节点（放置

在控制中心内）的主机处理器按序对总线上的多个从

节点（位于单个终端客户的营业场所内）进行寻址。

单个网络通常由多达60个节点组成，因此如果在网络

安装期间没有预防措施或者网络工作期间没有相应纠

正办法的话，双绞线总线的两条导线发生意外跨接的

可能性非常高。

美国和欧洲的各大电表公司主要依靠经过严格培训的

网络安装人员，并利用视觉区分方法，即以不同颜色

标示线缆作为防止跨接的措施。这种方法允许使用标

准收发器和线缆，例如：隔离式RS-485收发器和5类
线缆。

为了进一步降低接线错误的风险，最近的一些网络设

计纷纷使用一种被称作训练序列的方法，它让从节点

适应主节点的信号极性。在这种序列中，主节点向所

现代电表网络跨接故障校正方法
作者：Thomas Kugelstadt，德州仪器 (TI) 高级系统工程师

有从节点广播一种独特的位模式。最初于上电期间存

储在每个从处理器内的相同位模式，与主节点所发送

的模式进行比较。如果模式匹配，则从节点保持其信

号极性。如果不匹配，则从处理器反转接收数据和发

送数据的信号极性。这种反转通常通过从处理器内的

互斥或（Exclusive-OR）函数来完成，并不要求对硬

件设计进行任何修改。因此，仍然维持了标准收发器

的正常工作。

与这种方法形成对比的是，亚洲电表公司推动发展更

为低成本的网络设计，它们利用：

• 经验不足的网络安装人员

• 低成本、非颜色编码线，而非双绞线

• 具有集成信号极性校正的专用收发器

图1显示了使用TI  SN65HVD888极性校正（POL-
COR）收发器的典型电表网络。主节点包含一个故障

保护偏置电阻器网络（RFS和RT），用于确定总线的

信号极性。主节点和从节点均要求使用完整极性校正

逻辑，目的是在总线闲置期间匹配总线的信号极性。

这种校正逻辑由一个去抖动滤波器组成，其去抖动时

间可区分相同信号极性长数据串时间和实际总线闲置
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order to match the bus’s signal polarity during bus idling. 
This correction logic consists of a debounce filter whose 
debounce time distinguishes between long data strings of 
the same signal polarity and actual bus-idle time. Due to the 
wide temperature range, across which the SN65HVD888 
must be able to operate, the debounce time can vary 
between a lower limit of tFS(min) = 44 ms and an upper 
limit of tFS(max) = 78 ms.

This means that a polarity correction might be initiated 
by a constant bus voltage that is present for as little as  
44 ms. Therefore, a data string of consecutive 0 bits must 
be shorter than 44 ms to avoid causing polarity correction. 
Alternatively, an intended polarity correction, typically 
required after powering up the network or after the instal-
lation of a new bus node, requires a bus-idle voltage to be 
present for longer than 78 ms to ensure that the polarity 
correction is completed.

Hence, constant bus sig-
nals shorter than 44 ms 
are considered valid data. 
Those exceeding 78 ms 
are considered bus-idle 
states. Only idle states 
with differential voltages 
more negative than the 
negative receiver input 
threshold (VIT–) cause the 
correction logic to invert 
signal polarity. Otherwise, 
a transceiver maintains its 
polarity status. Figure 2 
gives an example of the 
polarity correction after a 
power-up sequence.
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Figure 3. Standard UART frame will not trigger a polarity correction

During power-up, the receiver output (R) is undefined. 
Once the slave-node supply (VSS) is stable, the bus must 
idle for at least tFS(max) to ensure that the polarity correc-
tion is completed. Because of the cross-wire fault, the  
positive bus voltage at the master’s failsafe network 
(VAB(M)) appears negative at the transceiver input. Thus, 
after completion of tFS(max), the transceiver’s internal 
polarity is switched to invert receive and transmit data. 
Hence, the negative input voltage (VAB(S)) is converted 
into a positive output voltage.

The minimum debounce time of tFS(min) = 44 ms allows 
for the transmission of a 250-bps UART frame with eleven 
0 bits without triggering the POLCOR logic. The bit rate of 
250 bps was chosen to be lower than the minimum 300 bps 
used in e-metering. The structure of the UART frame with 
its start, data, parity, and stop bits is shown in Figure 3.

图2 上电以后的极性校正时序

图3 标准UART框架不会触发极性校正

时间。由于SN65HVD888的工作温度范围较宽，因此

tFS(min)= 44 ms下限和tFS(max)= 78 ms上限之间的去抖动

时间不同。

这就意味着，一个存在时间短至44ms的恒定总线电压

可以发起极性校正。因此，连续0位的数据串必须短于

44ms，以避免引起极性校正。在网络上电或者安装一

个新的总线节点以后通常都会要求进行极性校正，它

要求总线闲置电压的存在时间长于78ms，以确保极性

校正完成。

因此，时间短于44ms的恒定总线信号被视为有效数

据。那些超出78ms的信号则被视为总线闲置状态。只

有小于负接收器输入

阈值（VIT_）的差分电

压才引起校正逻辑反

转信号极性。否则，

收发器维持其极性状

态。图2显示了一个上

电序列以后的极性校

正例子。

在 上 电 期 间 ， 接 收

器 输 出 （ R ） 未 定

义。一旦从节点电源

（VSS）稳定以后，总

线必须闲置至少 t F S ( -

max)，以确保极性校正完成。由于跨接故障，主节

点故障保护网络（VAB（M））的正总线电压会以负的

形式出现在收发器输入端。因此，在tFS(max)结束以

后，收发器的内部极性被切换，以反转接收和发送

数据极性。所以， 负输入电压（VAB（S））被转换为

正输出电压。

tFS(min)= 44 ms的最小去抖动时间，允许传输11个0
位的250-bps UART框架，并且不触发POLCOR逻

辑。选择250 bps的位速率，其低于电表使用的300 
bps最小位速率。图3显示了UART框架的结构以及

其起始、数据、极性和停止位。
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Polarity correction with DL/T645 protocol
The e-metering protocol standard DL/T645 has further 
provisions to distinguish between long data strings of the 
same polarity and bus-idle states. Figure 4 shows how an 
example power value of 340078.56 W is processed within 
slave and master nodes.

The DL/T645 protocol calls for the measured decimal 
value in the driving slave node to be divided into groups of 
two digits. Each two-digit pair is converted into hexadeci-
mal format (indicated by “h”). When these hex values arrive 
at the driver input, a 33h value is added. The resulting 
sum pattern is then transmitted through the driver output 
across the bus towards the master.

At the receiving master input, 33h is subtracted from 
the incoming sum pattern, thus yielding the original raw 
transmit data. Further, data processing converts the hex 
values back into decimal format.

Figure 5 shows a DL/T645-compliant data frame operat-
ing at the minimum rate of 300 bps and compares it to the 
minimum debounce time of 44 ms. Here the DL/T645 pro-
tocol requires a string of ten 0 bits (eight data bits plus the 
start and parity bits) to be converted into a bit sequence 
with a maximum of two consecutive 1 or 0 bits. However, 
because the start bit is always 0, a maximum of three  
consecutive 0 bits can occur at the beginning of a frame. 
Their combined duration of 10 ms, however, is far too 
short to cause an unintentional polarity correction.

Based on the three 0 bits at the frame start, it can be 
determined how far the data rate can be safely reduced 
when one bit is added as a guard band. If the four bits are 
spread across the 44-ms time window, the bit interval 
becomes 11 ms. This results in a minimum data rate of 
1/11 ms ~ 91 bps. Therefore it is safe to say that the 
SN65HVD888 transceiver supports DL/T645-compliant 
data rates down to 100 bps.
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Figure 4. Adding 33h to raw transmit data ensures short bit strings of the same polarity
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Figure 5. DL/T645-compliant data frame does not falsely trigger polarity correction

使用DL/T645协议实现极性校正

电表协议标准DL/T645说明了如何区分相同极性长数

据串和总线闲置状态。图4表明了340078.56 W的举

例功率值如何在主从节点内得到处理。

DL/T645协议要求驱动从节点的测得小数值，分成多

个两位数组。每个两位数对被转换为16进制格式（使

用“h”表示）。当这些16进制值到达驱动器输入端

时，增加33h值。然后，通过总线到主节点的驱动器

输出，发送所得到的和值。

在接收主输入端，用接收和值减去33h，得到最初的

原始发送数据。另外，数据处理再把16进制值转换回

小数格式。

图5显示了300bps最小速率下工作的DL/T645规范

数据框架，并将其同44ms的最小去抖动时间进行比

较。这里，DL/T645协议要求10个0位数据串（8个数

据位加上起始位和校验位）被转换为最大两个连续1
或者0位的位序列。但是，由于起始位始终为0，因

此在框架一开始，会出现三个连续0位的最大情况。

然而，其相加时间为10ms，太短以至于无法引起意

外极性校正。根据框架开始的三个0位，添加一个

位作为保护带以后，我们可以知道数据速率可安全

地降低到什么程度。如果四个位分布于44ms时间窗

口，则位间隔变为11ms。这带来1/11 ms ~ 91 bps
的最小数据速率。因此，我们可以肯定地说，SN-
65HVD888收发器支持低至100 bps的DL/T645规范

数据速率。

图4 给原始发送数据增加33h以确保相同极性短位串

图5 DL/T645规范数据框架不会错误触发极性校正
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Bus loading
To determine the maximum number of slave nodes the 
master can drive, two load conditions are evaluated—
dynamic or AC loading, and static or DC loading.

AC loading
AC loading exists during data transmission when the mas-
ter commands a slave to send data and the slave responds 
to this request. During this normal operation, signal tran-
sients occur on the bus that are affected by the capaci-
tances of the bus cable, node connectors, transceiver 
inputs, and power supplies. To minimize the effect of 
capacitive reactance on the signal, e-metering networks 
operate at low data rates of 300 bps to 20 kbps. Therefore, 
the following discussion considers only resistive loads.

Figure 6 shows a simplified data link between a master, 
its failsafe-biasing network, and a remotely located slave 
receiver. Due to their large capacitance, the voltage sup-
plies of the master (VSM) and the slave (VSS) can be seen 
as short circuits for AC signals. Hence, for the master 
node, the two failsafe resistors (RFS) are connected in 
series and lie parallel to the termination resistor (RT). The 
slave nodes are connected in a similar way. Here the inter-
nal DC-bias resistors (R2 and R3) are in parallel to one 
another, and their combined resistance is in series to a 
typical high-impedance R1. Occasionally external pull-up/
pull-down resistors (RPU and RPD, respectively) are used 
to further bias the node input. These resistors do nothing 
but load the bus because they lie in parallel to the internal 
resistance network of the receiver.

Note that when RFS is kept between 1 and 2 kΩ, it is 
sufficient to bias the entire bus with a low-impedance 
biasing network at the master without further biasing at 
the slave nodes.

The resulting equivalent AC circuit is shown in Figure 7. 
Here 2RB/n represents the input resistance of multiple (n) 
transceivers. Because the EIA-485 standard specifies a 
maximum differential driver load of RL = 54 Ω, the parallel 

combination of all resistances on the bus must not exceed 
this value. This requirement is expressed in Equation 1:

L T FS B

1 1 1 n
R R 2R 2R

= + +  (1)

Solving for n yields Equation 2, which gives the maximum 
number of bus nodes that should be used under an AC- 
loading condition:

B
L T FS

1 1 1n 2R
R R 2R

 = × − −    
(2)

Two commonly applied network designs are as follows:

1. The master uses a failsafe network with RT =120 Ω and 
RFS = 1 kΩ, while each slave is biased with external 
pull-up/pull-down resistors of RPU = RPD = 20 kΩ, so 
that RB ~ 18 kΩ. Under these conditions, the maximum 
number of potential nodes on the bus is limited to

1 1 1n 2 18 k
54 120 2 k

348 nodes.

 = × Ω × − −  Ω Ω Ω
=  (3)

2. The other scenario uses no termination resistor and 
rather high-impedance failsafe resistors of 10 kΩ. Also, 
the slave nodes operate without external biasing (RPU = 
RPD = ∞). In this case, RB consists of only the receiver’s 
internal resistance, which for the SN65HVD888 is 184 kΩ 
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Figure 6. Simplified data link

RT
2RB2RFS

n
D

Figure 7. Equivalent AC network

图6 简化版数据链

图7 等效AC网络
总线负载

为了确定主节点可以驱动的最大从节点数，需对两种

负载状态进行评估—动态或者AC负载以及静态或者

DC负载。

AC负载

当主节点命令某个从节点发送数据并且该从节点对这

种请求做出响应时，数据传输期间存在AC负载。在

这种正常工作期间，总线上出现信号瞬态，其受到总

线缆线电容、节点连接器、收发器输入和电源的影

响。为了最小化容抗对信号的影响，电表网络工作在

300 bps到20 kbps的低数据速率下。因此，下面内

容仅考虑电阻性负载。

图6显示了主节点及其故障保护偏置网络和远程从接

收器之间的一个简化数据链。由于它们的电容较大，

主节点（VSM）和从节点（VSS）的电压电源可被看作

是AC信号的短路。所以，对于主节点来说，两个故

障保护电阻器（RFS）串联，并与端接电阻器（RT）

并排放置。以类似方法连接从节点。这里，内部DC
偏置电阻器（R2和R3）相互并联，并且其组合电阻

与典型高阻抗R1串联。有时，外部上拉/下拉电阻器

（分别为RPU和RPD）用于进一步对节点输入进行偏

置。这些电阻器什么作用也没有，只会增加总线的负

载，因为它们与接收器的内部电阻网络并联。

请注意，当RFS保持在1 kΩ到2 kΩ之间时，足以在主

节点对低阻抗偏置网络的整条总线进行偏置，无需再

在从节点进行偏置。

图7显示了所得到的等效AC电路。这里，2RB/n代表

多（n）收发器的输入电阻。由于EIA-485标准规定了

最大差分驱动器负载为RL= 54 Ω，因此总线所有电阻

的并联组合必须不得超过该值。方程式1表示了这种

要求：

求解n得到方程式2，得到AC负载状态下使用的最大

总线节点数：

两种常用的网络设计如下：

1、主节点使用一个RT=120 Ω且RFS= 1 kΩ的故障保

护网络，而每个从节点则通过RPU= RPD= 20 kΩ
的外部上拉/下拉电阻器偏置，这样RB~ 18 kΩ。

在这些条件下，总线上的最大节点数便被限定

在：

2、另一种情况不使用端接电阻器，而使用10kΩ的高

阻抗故障保护电阻器。另外，从节点工作在没有

外部偏置的情况下（RPU= RPD= ∞）。这时，RB

仅包括接收器的内部电阻（使用SN65HVD888
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per input. Due to this high-impedance loading, the theo-
retical number of bus nodes increases drastically to

1 1n 2 184 k 6805 nodes.
54 40 k

 = × Ω × − =  Ω Ω
 (4)

These two examples yield rather high numbers of bus 
nodes in comparison to the average e-metering network 
comprising only 40 to 60 nodes. The next section, “DC 
loading,” shows that the AC-loading evaluation is mislead-
ing, as it does not consider the bus’s leakage currents 
caused by the bus-node supplies.

DC loading
DC loading occurs during bus idling when no transceiver is 
actively driving the bus. In this state, the supply of the 
master (VSM) drives current through the nearby failsafe 
network to establish a positive bus failsafe voltage (VFS). 
This voltage determines the signal polarity for all slave 
nodes. Like the master supply, the slave supply (VSS) 
drives current through its internal resistor network. Part 
of this current leaks through the input resistance (R1) into 
the bus. The remaining current then flows through RT and 
returns through R1 of the opposite terminal (Figure 6).

Correctly wired nodes drive currents through RT in the 
same direction as the master supply. However, cross-wired 
nodes drive current in the opposite direction through RT. 
This reduces the combined current through RT, and with 
it the failsafe voltage (VFS). At a certain number of cross-
wired nodes, VFS can become so small that it falls within 
the receiver’s input sensitivity, causing all bus nodes to 
assume indeterminate output states. To avoid this condi-
tion, the failsafe network at the master must be dimen-
sioned so that even if all slaves are cross-wired, a positive 
VFS is still maintained.

Figure 8 illustrates this scenario for only one slave node 
in order to simplify the mathematical derivations of the 
voltage and current relations within the network. Because 
VSM equals VSS, both supplies are simplified to VS.

Equations 5 and 6 describe the two existing voltage 
loops, while Equation 7 expresses the current in the upper 
summing node:

S M FS T TV I 2R I R 0− + × + × =  (5)

S S B T TV I 2R I R 0− + × − × =  (6)

RT

RFS RB

RFS RB

IM

IM

IT

1) 2)

IS

IS

VS VS

Figure 8. Equivalent DC network

T M SI I n I= − ×  (7)

Note that in Equation 7, the slave current (IS) is multi-
plied by a factor n, indicating multiple slave nodes.

The master and slave currents are determined by solving 
Equation 5 for IM and Equation 6 for IS, yielding Equations 
8 and 9, respectively:

S T T
M

FS

V I R
I

2R
− ×

=  (8)

S T T
S

B

V I R
I

2R
+ ×

=  (9)

Inserting the equations for IM and IS into Equation 7 and 
substituting IT with VFS/RT gives

( )
( )

S B FSFS

T B FS T FS T

V R R nV
.

R R 2R R R R n

× − ×
=

× + + × ×
 (10)

Solving Equation 10 for RFS provides the failsafe resistor 
value necessary to keep VFS positive:

( )
S FS

FS
FS T S FS B

V V
R .

2V R n V V R

−
=

+ × +
 (11)

For applications without a termination resistor (RT = ∞), 
Equation 11 simplifies to

( )
( )

B S FS
FS

S FS

R V V
R .

n V V

× −
=

× +
 (12)

时，其为184 kΩ每输入）。由于这种高阻抗负

载，总线节点数理论上会急剧增加至：

相比仅有40到60个节点的普通电表网络，这两个例

子都拥有非常高的总线节点数。下一小节“DC负

载”将说明，AC负载评估正在误导我们，因为它并

未考虑总线节点电源带来的总线漏电流。

DC负载

当没有收发器主动驱动总线时，总线闲置期间出现

DC负载。在这种状态下，主节点电源（VSM）通过附

近的故障保护网络驱动电流，从而形成正总线故障保

护电压（VFS）。这种电压确定了所有从节点的信号

极性。与主节点电源一样，从节点电源（VSS）通过

其内部电阻器网络驱动电流。这种电流的一部分通过

输入电阻（R1）泄露进入总线。剩余电流则流经RT，

然后通过反向端R1回流（图6）。

正确接线的节点以与主节点电源相同的方向，驱动RT

的电流。但是，错误跨接的节点会以相反方向驱动RT

的电流。它会减少RT的组合电流，并影响故障保护电

压（VFS）。跨接节点达一定数量以后，VFS会变得非

常小，以至于降至接收器输入灵敏度以下，使所有总

线节点进入不确定输出状态。为了避免出现这种状

态，必须规定主节点的故障保护网络，以便即使所有

从节点都被跨接也仍然能够保持正VFS。

图8仅描述了一个从节点的这种情况，目的是简化网

络内电压和电流关系的数学推导过程。由于VSM等于

VSS，因此两个电源可简化为VS。

方程式5和6描述了两个现有电压环路，而方程式7则
表示了上面相加节点的电流：

注意，方程式7中，从节点电流（IS）乘以因数n，其

表示多个从节点。

求解方程式5的IM和方程式6的IS，可知道主从电流，

并得到方程式8和9，其分别为：

把IM和IS的方程式插入方程式7，然后使用VFS/RT代入

IT，得到：

对方程式10求解RFS，得到保持VFS为正所必需的故障

保护电阻器值：

对于没有端接电阻器（RT= ∞）的应用来说，方程式

11可简化为：

图8 等效DC网络
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Figure 9 shows the values of RFS and the master supply 
current (IM) as functions of bus-node count. Figure 9a was 
created by using Equation 11, assuming a termination resis-
tor of 120 Ω. Figure 9b was created by using Equation 12, 
assuming no termination. Both figures were created for a 
failsafe voltage of 110 mV.

Figure 9c shows the master supply current (IM) for both 
cases. Despite the low-impedance load of 120 Ω, IM in the 
failsafe network with termination is merely 1 mA larger 
than IM in the network without termination.

Conclusion
The SN65HVD888 POLCOR transceiver provides polarity 
correction for cross-wired bus cables by means of debounce 
filtering. The filter’s minimum debounce time (tFS(min)) 
determines the maximum duration of consecutive bits of 
equal polarity, while its maximum debounce time (tFS(max)) 
determines the minimum bus-idle time for a complete  
signal-polarity correction.

The SN65HVD888 requires polarity correction only after 
a power-up sequence. Once completed, the polarity status 
is stored within the transceiver and consistently applied to 
both receive and transmit data. Switching the transceiver 
between transmit and receive mode does not alter the 
polarity status.

The transceiver supports DL/T645 data rates well below 
300 bps. The recommended failsafe-biasing network uses a 
120-Ω termination resistor and two 1.1-kΩ failsafe-biasing 
resistors.
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(a) RFS with termination (b) RFS without termination (c) Master supply current (IM)

图9显示了RFS的值和主节点电源电流（IM）与总线节

点数目的关系。使用方程式11得到图9a，其假设端接

电阻器为120 Ω。使用方程式12得到图9b，其假设没

有端接电阻器。两幅图的故障保护电压均为110 mV。

图9c显示了两种情况的主节点电源电流（IM）。尽管

低阻抗负载为120 Ω，但使用端接的故障保护网络电

流IM仅为1mA，大于无端接电阻器的网络电流IM。

结论

SN65HVD888 POLCOR通过去抖动滤波，提供跨

接总线线缆的极性校正。滤波器的最小去抖动时间

（tFS(min)）决定了相同极性最大连续位时间，而其最

大去抖动时间（tFS(max)）则决定了一次完整信号极性

校正的最小总线闲置时间。

仅在上电序列以后，SN65HVD888才要求进行极性

校正。一旦完成，极性状态便存储于收发器内，并一

致应用于接收和发送数据。在发送和接收模式之间切

换收发器，不会改变极性状态。

这种收发器支持300 bps以下的DL/T645数据速率。

推荐故障保护偏置网络使用一个120Ω端接电阻器和

两个1.1kΩ故障保护偏置电阻器。
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