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RS-485 failsafe biasing: Old versus  
new transceivers

It is incredible that an industrial interface standard such 
as RS-485, having been around for 30 years, still appears 
obscure to many industrial-network designers. While there 
should be plenty of literature available explaining the stan-
dard fundamentals, the Texas Instruments (TI) application 
team continues to receive basic questions on a weekly 
basis, such as how to apply failsafe biasing to an idle bus.

Failsafe biasing refers to the technique of providing a 
differential voltage to a terminated, idle bus in order to 
maintain the receiver output of a bus transceiver in a 
logic-high state. This technique is commonly required 
when legacy transceiver designs are used for designing 
bus networks.

Legacy designs such as transceiver X in Table 1 possess 
a wide input sensitivity of ±200 mV. This means that small 
input signals between +200 mV and –200 mV can turn the 
receiver output either high or low, thus making the output 
state indeterminate.

During a data transmission, the differential line voltage 
of a fully loaded bus is required to be higher than ±1.5 V, 
which is well above the transceiver’s input sensitivity. 
However, during a handover of bus access from one node 
to another, or during a transmission pause, the bus idles. 
Then the low-impedance termination resistors, connecting 
the two conductors of the differential signal pair with each 
other, cause the differential bus voltage to be 0 V, right in 
the middle of the transceiver’s input sensitivity, which pro-
duces an indeterminate output.

Therefore, to keep the receiver outputs at a logic high 
during bus idling, a positive, differential failsafe voltage 
higher than a receiver’s positive input threshold (VIT+) 
must be applied to the bus.

Table 1 shows that the theoretically required failsafe 
levels decrease with the receiver’s positive input threshold 
from one generation to the next. While transceiver X 

requires a minimum of +200 mV of failsafe biasing, trans-
ceivers Y and Z can do without it as their positive input 
thresholds are below 0 V. Unfortunately, these values 
apply only in noise-free environments such as laboratories 
or the Earth’s poles, and certainly not in the harsh envi ron-
ments of industrial factories where RS-485 networks are 
commonly installed.

Differential noise induced into the bus wires can falsely 
trigger a receiver input if the projected noise magnitude 
has not been included in the failsafe voltage calculation. 
Using a twisted-pair bus cable helps to convert noise 
induced along the cable run into common-mode noise. 
This noise is then rejected by the receiver’s differential 
input. However, cable irregularities as well as noise induced 
at the bus node connectors might contribute to differential 
noise that cannot be rejected by a receiver.

Figure 1 on the next page shows that when a noise signal 
is superimposed onto the positive input threshold levels of 
transceivers X and Y, the minimum hysteresis voltage deter-
mines at which noise level the receiver output will assume 
the wrong logic state. Table 1, in which the receiver param-
eters have been extracted from different datasheets, gives 
a minimum hysteresis level only for transceiver Z. For the 
two older transceivers, X and Y, only typical hysteresis  
values are provided. In a situation such as determining the 
minimum failsafe value for a worst-case scenario, typical 
values are meaningless. In fact, the TI application team 
has measured minimum hysteresis voltages for both  
transceivers X and Y that were nearly half the specified 
typical values.

Furthermore, there is the possibility that for a given 
transceiver the hysteresis window might be located any-
where between the positive and negative input thresholds. 
Hence, for a worst-case calculation, one must assume that 
the hysteresis window is at the uppermost positive 
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Table 1. Receiver input sensitivities of first-, second-, and third-generation (X, Y, and Z) transceivers

TRANSCEIVER

POSITIVE-GOING INPUT 
THRESHOLD VOLTAGE, VIT+

(mV)

NEGATIVE-GOING INPUT 
THRESHOLD VOLTAGE, VIT–

(mV)

INPUT HYSTERESIS
VOLTAGE, VHYS

(mV)
RECEIVER OUTPUT IS  

INDETERMINATE WHENMIN TYP MAX MIN TYP MAX MIN TYP MAX

X
(SN65LBC176) 200 –200 50 –0 .2 V < VAB < 0 .2 V

Y
(SN65HVD12) –10 –200 35 –0 .2 V < VAB < 0 .01 V

Z
(SN65HVD72) –70 –20 –200 –150 50 80 –0 .2 V < VAB < 0 .07 V

RS-485故障保护偏置：老式收发器与新式收发
器对比
作者：Thomas Kugelstadt，德州仪器 (TI) 高级应用工程师

许多工业网络设计人员对已经存在了30年的工业接口标

准（例如：RS-485等）似乎仍然搞不清楚，这令人难以

置信。尽管讲解这种标准基础知识的文献有很多，但是

TI应用团队仍然每周都会收到一些基础性问题，例如：

如何把故障保护偏置应用于闲置总线。

故障保护是指为端接闲置总线提供差动电压的技术，其

目的是让总线收发器的接收机输出维持在逻辑高电平状

态。当传统收发器设计用于总线网络设计时，常常会要

求使用这种技术。

一些传统设计，例如：表1所示收发器，具有±200 mV
的宽输入敏感度。这意味着，+200 mV和-200 mV之间

的小输入信号可以让接收机输出变高或者低，从而使输

出状态变得不确定。

在数据传输期间，要求满负载总线的差动线压高于±1.5 

V，其远高于收发器的输入敏感度。但是，在总线访问

权限从一个节点移交给另一个节点期间或者传输暂停期

间，总线闲置。使两个差动信号对导体相互连接的低阻

抗端接电阻器，让差动总线电压为0V，刚好位于收发器

输入敏感度的中间，从而产生一个不确定的输出。

因此，为了使接收机输出在总线闲置期间保持逻辑高

电平，必须对总线施加一个高于接收机正输入阈值

（VIT+）的正差动故障保护电压。表1表明，收发器每

提高一代，理论要求故障保护电平便随接收机正输入阈

值改变而下降。尽管收发器X要求最低+200 mV的故障

保护偏置，但是收发器Y和Z均可在没有它的情况下工

作，因为它们的正输入阈值低于0V。不幸的是，这些

值仅运用在无噪环境下，例如：实验室或者地球的南北

极，肯定不能在恶劣的工厂环境下使用，而RS-485网络

就普遍安装在这种环境中。

差动噪声会进入总线，如果这种噪声的量级被包括在

故障保护电压计算中，则其会错误触发接收机输入。

利用一条双绞线可帮助把线缆噪声转换为共模噪声。

之后，接收机的差动输入对这种噪声进行抑制。但

是，线缆不规则性以及总线节点连接器出现的噪声，

可能会促进差动噪声的产生，而这种噪声是无法被接

收机抑制的。

下一页的图1表明，当噪声信号叠加在收发器X和Y的正

输入阈值电平上时，最小迟滞电压决定接收机输出出

现错误逻辑状态的噪声电平。表1显示了从不同产品说

明书提取的接收机参数，它仅举出了收发器Z的最小迟

滞电平。使用两个老式的收发器X和Y时，仅举出典型

的迟滞值。在某种情况下，例如：确定极端情况的最

小故障保护值，典型值没有意义。实际上，TI应用团

队同时测量了收发器X和Y的最小迟滞电压，其接近规

定典型值的一半。

表1 第一代、第二代和第三代（X、Y和Z）收发器的接收机输入敏感度
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threshold limit. Therefore, to determine a sufficiently 
high failsafe-biasing voltage, the projected peak-to-peak 
noise level must be added to the positive input threshold 
voltage: VAB(min) = VIT+ + VN(PP_max).

For a well-balanced bus with a noise level of VN(PP_max) 
= 50 mV, using transceiver X requires a differential failsafe 
voltage of VAB(min) = 200 mV + 50 mV = 250 mV (Figure 1).

Operating transceiver Y at the same noise level without 
external biasing could be risky, particularly when consid-
ering a significantly smaller minimum hysteresis than the 
nominal value. Again, adding the noise level to the positive 
input threshold provides a minimum failsafe voltage of 
VAB(min) = –10 mV + 50 mV = 40 mV.

The more modern third-generation transceiver Z can 
maintain a stable output without failsafe biasing. Its positive 

input threshold of –20 mV and the specified minimum  
hysteresis of 50 mV allow for a maximum peak-to-peak 
noise level of 140 mV, which is almost three times the 
noise immunity of legacy devices with external biasing.

If it is not possible to use modern transceivers, the cal cu-
lation methods presented in the following section can be 
used to optimize the failsafe-biasing networks required by 
legacy transceivers.

Failsafe biasing for legacy transceivers
Figure 2 shows a terminated RS-485 bus with its distrib-
uted network nodes and a failsafe-biasing network con-
sisting of two biasing resistors (RFS) and a termination 
resistor (RT1). With the majority of RS-485 applications 
being master/slave systems, the failsafe-biasing network is 

0.2 V

–0.01 V
–0.02 V

0 V 0 V
0 V

–0.2 V –0.2 V –0.2 V

–VAB –VAB –VAB

VAB

VAB VAB
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VHYS(min) VHYS(min)

VN(PP_max)

VAB(min)
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Figure 1. The need for failsafe biasing depends on the transceiver

(a) Legacy transceiver X with  
failsafe biasing

(b) Legacy transceiver Y with  
failsafe biasing

(c) Modern transceiver Z does 
not require failsafe biasing

VS

RFS

RFS

RT1 VABZ0 RT2RINB

RINA

Figure 2. RS-485 bus with failsafe-biasing network for legacy transceivers

另外，有一种可能性是，给定收发器情况下，迟滞窗口可

能位于正输入阈值和负输入阈值之间的任何位置。因此，

进行极端情况计算时，你必须假设迟滞窗口位于最高正阈

值极限处。因此，要确定足够高的故障保护偏置电压，必

须给正输入阈值电压添加预计峰到峰噪声电平：VAB(min) = 
VIT+ + VN(PP_max)。

对于噪声电平为VN(PP_max)= 50 mV的高度平衡总线来说，使

用收发器X要求差动故障保护电压为VAB(min) = 200 mV + 50 
mV = 250 mV（图1）。

在没有外部偏置的情况下使用相同噪声电平操作收发器Y，
是一项高风险的工作，特别是在最小迟滞远小于标称值

时。另外，给正输入阈值增加噪声电平，得到最小故障保

护电压为V

AB(min) = –10 mV + 50 mV = 40 mV。

更加现代的第三代收发器Z可以在没有故障保护偏置的情

况下维持稳定的输出。它的正输入阈值为–20 mV，规定最

小迟滞为50 mV，允许最大峰到峰噪声电平为140 mV，这

几乎3倍于使用外部偏置的传统器件的抗噪性能。

如果无法使用一些现代收发器，则后面内容介绍的一些计

算方法可用于对传统收发器要求的故障保护偏置网络进行

优化。

传统收发器的故障保护偏置

图2显示了一条端接RS-485总线及其分布式网络节点，以

及由两个偏置电阻器（RFS）和一个终端电阻器（RT1）组

成的故障保护偏置网络。对于大多数作为主/从系统的RS-
485应用来说，故障保护偏置网络常常安装于总线的主

端，而另一个线缆端接收匹配典型线路阻抗（Z0）的终端

电阻器（RT2）。

图2 传统收发器的故障保护网络RS-485总线

图1 故障保护偏置需求取决于收发器
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commonly installed at the master end of the bus, 
while the other cable end receives a termination 
resistor (RT2) matching the characteristic line 
impedance (Z0).

The major drawback of failsafe biasing is its 
common-mode loading. A common-mode load is 
the resistance between a signal conductor and the 
local transceiver ground. Transceivers have a high 
common-mode load, primarily because the receiv-
er’s input-voltage divider (Figure 3) reduces the 
input signal by a factor of 10 or more.

The internal resistor network, imposing a  
common-mode load on each of the A and B bus 
terminals, can be represented by a combined input 
resistance (RIN). The total common-mode resist-
ance of an entire transceiver network then can be 
expressed through an equivalent input resistance (RINEQ) 
for both the A and the B line.

The RS-485 standard specifies a maximum common-
mode load per bus line with 375 Ω. Initially this value is 
allocated for only the bus transceivers. Implementing a 
failsafe-biasing network can consume a significant amount 
of this loading, therefore allowing only a reduced number 
of transceivers to be connected to the bus.

Figure 4 presents a lumped equivalent circuit of an 
RS-485 bus. This circuit allows the failsafe resistor values 
to be determined as a function of the required failsafe bus 
voltage (VAB), the supply voltage (VS), the common-mode 
loading caused by RFS and RINEQ, and the characteristic 
line impedance (Z0). Determining the currents into nodes 
A and B and solving for the respective line voltages (VA 
and VB) yields

( )

S A A B A B A

FS T1 T2 INEQ

S A
A INEQ A B

FS T1 T2

V V V V V V V
R R R R

V V 1 1
V R V V

R R R

− − −
= + + ⇒

 −  
= × − − × +    

for Node A, and

( )

B A B A B B

FS T1 T2 INEQ

B
B INEQ A B

T1 T2 FS

V V V V V V
R R R R

1 1 V
V R V V

R R R

− −
= + − ⇒

  
= × − × + −    

for Node B. Allowing for the difference between the two 
line voltages and assuring failsafe biasing under minimum 
supply conditions permits the required minimum failsafe 
bus voltage to be determined:

 

S(min)
AB(min)

FS

INEQ FS T1 T 2

V 1
V

R 1 1 1 1
2

R R R R

= ×
 

+ + +  

 (1)

Because RFS in combination with RINEQ makes up the 
total common-mode load for a signal line, the parallel 
value of the two must not exceed the specified maximum 
of 375 Ω, which is expressed through

 
FS INEQ

INEQ FS

1 1 1
R || R 375  or .

R R 375 
= Ω + =

Ω
 (2)

At the remote cable end, the termination resistor (RT2) 
must match the characteristic line impedance (Z0):

 
T2 0

T2 0

1 1
R Z  or .

R Z
= =  (3)

At the biasing network, the parallel combination of RT1 
and the two failsafe resistors must also match Z0:

 
T1 FS 0

T1 0 FS

1 1 1
R || 2R Z  or .

R Z 2R
= = −  (4)

Inserting Equations 2, 3, and 4 into Equation 1 then 
yields the bus failsafe voltage:

 

S(min)
AB(min)

FS
0

V
V

1 4
R 1

375 Z

=
 

+ − Ω 

 (5)
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R2B
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Figure 3. Common-mode input resistance of the 
receiver section

A

B

VS

RFS

RFS

RT1 VAB
Z0 RT2

RINEQ RINEQ

Figure 4. Lumped equivalent circuit

故障保护偏置的主要缺点是其共模负载。共模

负载是信号导线和本地收发器接地之间的电

阻。收发器具有高共模负载，主要是因为接收

机的输入电压分压器（图3）把输入信号降低了

9倍以上。

内部电阻器网络在每个A和B总线端施加一个

共模负载，其可表示为组合输入电阻（RIN）。

那么，可以通过A和B线路的等效输入电阻

（RINEQ）表示整个收发器网络的总共模电阻。

RS-485标准规定每条总线的最大共模负载为

375Ω。初始，该值仅分配给总线收发器。实现

一个故障保护偏置网络会消耗大量的这种负载，因此

仅允许少数收发器连接至总线。

图4显示了一条RS-485总线的集中等效电路。可根据

规定故障保护总线电压（VAB）、电源电压（VS）、RFS

和RINEQ引起的共模负载以及特性线路阻抗（Z0），来

计算这种电路允许故障保护电阻器值。计算节点A和B
的电流，然后求解各自线压（VA和VB）得到：

就节点A而言：

就节点B而言，考虑到两个压线之间的差异，并确保故

障保护偏置在最小电源条件以下，可计算得到要求的

最小故障保护总线电压：

由于RFS与RINEQ共同组成一条信号线的总共模负载，因

此两条信号线的并联值不得超出375Ω的规定最大值，

其可表示为：

在远线缆端，终端电阻器（RT2）必须匹配特性线路阻抗

（Z0）：

在偏置网络处，RT1和两个故障保护电阻器的并联组合也

必须匹配Z0：

插入方程式2、3和4到方程式1中，得到总线故障保护电

压：

求解方程式5的RFS，得到每个故障保护电阻器的值：

图3 接收机部分的共模输入电阻

图4 集中等效电路
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Solving Equation 5 for RFS provides the value of each 
failsafe-biasing resistor:

 

S(min)
FS

AB(min)

0

V 1
R 1

V 1 4
375 Z

 
= + ×   +

Ω

 (6)

After RFS is known, RT1 can be derived from Equation 4. 
Once the failsafe network has been established, the maxi-
mum number of transceivers that can be connected to the 
bus can be determined through

 XCVR FS

12 k 1 1
n ,

UL 375 R
 Ω≤ × − Ω 

 (7)

where ULXCVR is the unit-load (UL) rating of the trans-
ceiver. A typical design procedure would be to calculate 
RFS via Equation 6 first, then determine RT1 via Equation 
4 while making RT2 = Z0. Finally, Equation 7 would be 
used to calculate the maximum number of bus transceiv-
ers possible.

The design examples in Table 2 show the typical design 
procedure. This table also highlights the differences in fail-
safe biasing between a network using 1-UL, 5-V transceiv-
ers (X) and one using 1⁄8-UL, 3.3-V transceivers (Y).

Conclusion
Failsafe biasing with the high failsafe voltages required for 
first-generation transceivers causes heavy common-mode 
loading and necessitates a reduction in bus transceiver 
count. Using second-generation transceivers with less input 
sensitivity and lower unit loading improves the situation at 
low noise levels by allowing for a high transceiver count. 
The best of both worlds, however, can be accomplished 
only with modern third-generation transceivers, such as 

TI’s 3-V SN65HVD7x family and 5-V SN65HVD8x family. 
These new transceivers have the following advantages:

• They don’t require an external bias resistor network 
that can impose heavy common-mode loading on the 
bus, reducing the number of transceivers that can be 
connected to the bus.

• Therefore they allow for up to 256 transceivers on a bus.

• They tolerate high noise levels.

• They are robust against 12-kV IEC ESD and 4-kV IEC 
burst transients.

• They are less expensive than legacy transceivers, and 
some come in much smaller packages that provide cost 
and space savings.

• The designer doesn’t have to spend time going through 
a mathematical treatise like the one in this article.
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Table 2. Examples of how failsafe biasing affects bus transceiver count

TRANSCEIVER X TRANSCEIVER Y

VS(min) = 4 .75 V, VIT+ = 200 mV, ULXCVR = 1 UL
RT2 = 120 Ω (RT2 = Z0)

VS(min) = 3 .05 V, VIT+ = –10 mV, ULXCVR = 1⁄8 UL
RT2 = 120 Ω (RT2 = Z0)

Assuming VN(PP_max) = 50 mV yields:
VAB(min) = VIT+ + VN(PP_max) = 250 mV

Assuming VN(PP_max) = 50 mV yields:
VAB(min) = VIT+ + VN(PP_max) = 40 mV

Applying Equation 6 yields:
RFS = 555 .5 Ω . Choosing the closest E192 value makes RFS = 556 Ω .

Applying Equation 6 yields:
RFS = 2 .11 kΩ . Choosing the closest E192 value makes RFS = 2 .10 kΩ .

Applying Equation 4 yields:
RT1 = 134 .5 Ω . Choosing the closest E192 value makes RT1 = 135 Ω .

Applying Equation 4 yields:
RT1 = 123 .5 Ω . Choosing the closest E192 value makes RT1 = 124 Ω .

Applying Equation 7 yields:
n = 10 transceivers

Applying Equation 7 yields:
n = 210 transceivers

知道RFS以后，RT1可从方程式4得到。一旦故障保护网

络建立起来，可连接至总线的最大收发器数量可通过

如下方法得到：

其中，ULXCVR为收发器的额定单位负载（UL）。典型

设计过程是，首先通过方程式6计算RFS，然后再通过

方程式4计算RT1，并使RT2=Z0。最后，方程式7可用于

计算可能的总收发器最大数目。

表2所示设计举例描述了这种典型的设计过程。该表还

突出显示了使用1-UL、5V收发器（X）网络与使用1⁄ 
8-UL、3.3V收发器（Y）网络之间的故障保护偏置差

异。

结论

第一代收发器要求的高故障保护电压故障保护偏置导

致大共模负载，并且必须减少总线收发器数目。使用

更小输入敏感度和更低单位负载的第二代收发器，可

通过兼顾高收发器数目来提高低噪声电平下的性能。

但是，两全其美的办法是现在的第三代收发器，例

如：TI的3V SN65HVD7x系列和5V SN65HVD8x系
列。这些新型收发器拥有如下优点：

• 它们不要求使用外部偏置电阻器网络（会给总线带

来大共模负载），从而减少了连接总线的收发器数

目。

• 它们最大允许一条总线上256个收发器。

• 它们可承受高噪声电平。

• 它们对12kV IEC ESD和4kV IEC脉冲瞬态有很强的

抵抗能力

• 它们比传统收发器更便宜，并且有些使用更小的封

装，实现成本和空间节省。

• 设计人员不必花费时间研究数学计算难题，例如：

本文中介绍的数学计算方法。
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表2 故障保护偏置影响总线收发器数目举例
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