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Design tips for a resistive-bridge pressure 
sensor in industrial process-control systems

Introduction
There are many physical parameters that need to be 
measured and controlled in industrial automation systems.  
Temperature, pressure, flow, and level are just a few of 
these physical parameters. Resistive-bridge sensors are 
commonly used in these applications. Figure 1 shows a 
typical diagram of a resistive-bridge pressure sensor in a 
process-control system. This article presents the primary 
design considerations for each block of the resistive-bridge 
pressure sensor.

Sensor basics
Industrial process-control systems commonly use resistive-
bridge sensors to measure changes in resistance, which 
ultimately represent changes in physical parameters such 
as strain, pressure, temperature, humidity, and so on. 
There are numerous resistive-bridge topologies, but the 
Wheatstone bridge (Figure 2) is the most widely known 
and documented. 

Each resistor in the pressure sensor either compresses 
or stretches (Figure 2). When pressure is applied to 
the sensor, the resistances of RAB and RCD decrease via 
compression while RAD and RBC increase by stretch-
ing. These changes in resistance yield a change in the 
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Figure 1. Resistive-bridge pressure sensor connection to process-control system
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differential voltage, VBD, which is amplified by a differen-
tial amplifier (Figure 1). Designers often use differential 
amplifiers with very large input impedance, such as 
instrumentation amplifiers (IAs) and programmable gain 
amplifiers (PGAs) when interfacing with bridge sensors. 
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引言

在工业自动化系统中有许多需要测量和控制的物理参

数。温度、压力、流量和电平等只是此类物理参数中的

区区几个而已。阻性桥传感器在这些应用中是常用的。

图 1 给出了过程控制系统中使用的阻性桥压力传感器的

典型示意图。本文阐述了阻性桥压力传感器每个功能部

件的主要设计考虑因素。

传感器基础知识

工业过程控制系统常常使用阻性桥传感器来测量电阻的

变化，其最终代表了诸如应变、压力、温度、湿度等物

理参数的变化。虽然阻性桥拓扑的种类繁多，但惠斯

通电桥（图 2）则是其中知名度最高和记录最详细的一

种。

压力传感器中的每个电阻器被压缩或拉伸（图 2）。当

把压力施加至传感器时，电阻 RAB 和 RCD 通过压缩而减

小，而电阻 RAD 和 RBC 则经由拉伸而增大。电阻中的这

针对工业过程控制系统中的阻性桥压力传感器的
设计小贴士
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些变化在差分电压中产生了一个变化 VBD，它被一个差分放

大器所放大（图 1）。当与桥式传感器相连接时，设计人

员常常使用具有非常大输入阻抗的差分放大器，如仪表放

大器 (IA) 和可编程增益放大器 (PGA)。

图 1：至过程控制系统的阻性桥压力传感器连接

图 2：施加压力的阻性桥传感器
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Common-mode voltage versus output  
voltage range
The bridge’s common-mode voltage (VCM) is the average 
voltage present at the differential amplifier’s input 
terminals.

 
V

V V
CM

BC DC=
+
2  

(1)

If the bridge is balanced, VCM is half of the bridge excita-
tion voltage, VEXT = VAC. For example, if VAC = 5 V, then 
VCM = 2.5 V. The common-mode voltage of the bridge is 
perhaps the most important design consideration for resis-
tive-bridge sensors. This is because the output voltage 
range (VOUT) of an IA depends on many factors, including 
common-mode voltage, gain, reference voltage, topology, 
and supply voltage.[1] As an example, Figure 3 shows a 
VCM versus VOUT plot of an IA with three operational 
amplifiers (op amps).

Recall that VAC = 5 V, then VCM = 2.5 V. For unidirec-
tional sensors, it is often desirable to power the IA with a 
single 5-V supply with VREF connected to 0 V (GND). 
Unfortunately, this will limit the output swing of the IA. 
Using the INA826 as an example, notice in Figure 3 that if 
VCM = 2.5 V, the output can only swing from 100 mV to 
approximately 3.2 V. As a result, the system cannot use 
the maximum resolution of the analog-to-digital converter 
(ADC) with a 5-V reference voltage. In this case, consider 
an alternate IA, select a different supply voltage and/or a 
different IA reference voltage, or modify the bridge 
common-mode voltage as shown in Figure 4.

Initial input offset voltage (VOS)
The input offset voltage is the DC error voltage between 
the differential amplifier’s input terminals (for example, op 
amp, IA, PGA, and so on). For a traditional IA with three 
op amps, this voltage depends on the device’s gain.[2] The 
offset voltage contributes to the solution’s overall offset 
error and if not calibrated, it also shifts the common-mode 
voltage. Therefore, a better choice may be a zero-drift IA 
or PGA (for example, a PGA900) which has a very low 
offset voltage.

Zero-drift is a term that applies to a chopper or devices 
with auto-zero topology that will internally correct for 
offset errors, such as initial input offset voltage, input 
offset voltage drift, power supply rejection ratio (PSRR), 
common-mode rejection ratio (CMRR), and some others.

Input offset voltage drift (DVOS/DT)
Input offset-voltage drift is the change in input offset 
voltage as the temperature deviates from room tempera-
ture (25°C). This offset error is in addition to the initial 
input offset voltage. Since most industrial systems must 
maintain accuracy over a wide temperature range, zero-
drift IAs or PGAs are preferred. While the initial input 
offset voltage can be removed with a room temperature 
calibration, the offset-voltage drift requires a more 
 complicated and time consuming over-temperature 
 calibration routine. Each individual system must be 

 calibrated at various temperatures because each system 
component may drift in different directions. In some cases 
the error over temperature may actually increase if the 
system is calibrated at 25°C without calibration at other 
temperatures.[3] 

Noise
An amplifier’s intrinsic noise is a primary concern when 
selecting the bridge amplifier. Of particular interest is the 
amplifier’s low-frequency, or 1/f, noise because industrial 
systems are typically low-bandwidth. Noise generated by 
the amplifier sums with the noise of the ADC, which ulti-
mately reduces the measurement’s noise-fee resolution. 
While zero-drift amplifiers may be preferred because the 
1/f region of their noise spectral-density curve is flat, some 
non-zero-drift IAs may have better overall noise perfor-
mance. Conduct a complete noise analysis to determine 
the amplifier’s total noise contribution. 

Figure 3. A VCM versus VOUT plot for the 
INA826 IA
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Figure 4. Adjust VCM by adding RTOP 
and/or RBOTTOM
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图 3：INA826 IA 的 VCM 与 VOUT 
关系曲线图

图 4：通过增设 RTOP 和 / 或 
RBOTTOM 来调节 VCM

共模电压与输出电压范围的关系

电桥的共模电压 (VCM) 是存在于差分放大器输入端子

上的平均电压。

    VCM = (VBC + VDC)/2                                       (1)

如果电桥是平衡的，则  VCM 为桥激励电压的一半，

VEXT = VAC。例如，倘若 VAC = 5 V，则 VCM = 2.5 V。对

于阻性桥传感器来说，电桥的共模电压也许是最重要

的设计考虑因素。这是因为 IA 的输出电压范围 (VOUT) 
取决于诸多的因素，包括了共模电压、增益、基准电

压、拓扑和电源电压。[1] 作为一个例子，图 3 示出了

一款具有三个运算放大器（运放）的 IA 的 VCM 与 VOUT 

关系曲线图。

回顾一下，当 VAC = 5 V 时，VCM = 2.5 V。对于单向传

感器，通常希望利用一个单 5 V 电源来给 IA 供电，并

把 VREF 连接至 0 V (GND)。不幸的是，这将限制 IA 的
输出摆幅。以 INA826 为例，我们在图 3 中注意到：

如果 VCM = 2.5 V，则输出仅能从 100 mV 摆动至大约 
3.2 V。因此，当采用一个 5 V 基准电压时，系统无法

使用模数转换器 (ADC) 的最大分辨率。在该场合中，

可考虑采用一款可供替换的 IA、选择一个不同的电源

电压和 / 或一个不同的 IA 基准电压、或者变更电桥共

模电压，如图 4 所示。

初始输入失调电压 (VOS)
初始失调电压是差分放大器的输入端子（比如：运

放、IA、PGA，等等）之间的 DC 误差电压。对于具

有三个运放的传统型 IA 而言，该电压取决于器件的

增益。 [2] 失调电压会增加解决方案的总失调误差，而

且假如不予以校正，它还将使共模电压产生位移。

因此，具有非常低失调电压的零漂移 IA 或 PGA（如 
PGA900）可能是一种更好的选择。

零漂移这个术语适用于具有自动归零拓扑的斩波器或

器件，这种拓扑可针对诸如初始输入失调电压、输

入失调电压漂移、电源抑制比 (PSRR)、共模抑制比 
(CMRR) 及某些其他的失调误差进行内部校正。

输入失调电压漂移 (ΔVOS/ΔT)
输入失调电压漂移是当温度偏离室温  (25°C) 时输

入失调电压中的变化。这是初始输入失调电压以外的

失调误差。由于大多数工业系统都必须在很宽的温度

范围内保持准确度，所以零漂移 IA 或 PGA 是首选

方案。虽然初始输入失调电压可利用室温校准予以消

除，但是失调电压漂移则需要采用一种更加复杂且费

时的过温校准例程来消除。必须在各种不同的温度条

件下对每个单独的系统进行校准，因为每个系统组件

的漂移方向也许是不同的。在某些场合中，如果系统

校准只是在 25°C 温度下进行的（而并未在其他温度

条件下实施），则整个温度范围内的误差实际上有可

能增加。[3]

噪声

当选择桥式放大器时，放大器的固有噪声是一个主要

关注的对象。人们特别感兴趣的是放大器的低频（即 
1/f）噪声，因为工业系统一般是低带宽的。由放大器

产生的噪声与 ADC 的噪声相加，最终将导致测量的无

噪声分辨率下降。尽管零漂移放大器可能因其噪声频

谱密度曲线的 1/f 区域很平坦而成为首选，然而某些

非零漂移 IA 则或许拥有更好有总体噪声性能。应进行

完整的噪声分析以确定放大器的整体噪声成分。



Texas Instruments 23 AAJ 3Q 2015

IndustrialAnalog Applications Journal

Analog-to-digital converter
High-resolution (24 bit) delta-sigma analog-to-digital 
converters (delta-sigma ADCs) can be used to measure 
resistive-bridge signals. Generally, these ADCs include a 
modulator and digital filter. The total quantization energy 
is very high for the delta-sigma modulator because the 
number of bits-per-sample is extremely low. The decima-
tor must filter unwanted noise in the spectrum above the 
Nyquist band so that the noise is not aliased into the base-
band by the decimation process.

The decimator filter implemented in most delta-sigma 
ADCs is a Sinc filter. This filter topology is popular 
because it is inherently stable and simple to implement. 
The order and decimation ratio of this sinc filter deter-
mine the performance of the ADC.[4]

The ADC’s noise-free code resolution is defined as the 
number of bits of resolution beyond which it is impossible 
to resolve individual codes. The noise-free resolution of 
the ADC can be calculated based on the total number of 
codes (2N) and the peak-to-peak noise code measurement.

Noise-free code

 

resolution =








log

Peak-to-peak noise codes

N

2
2

 

(2)

Effective resolution can be calculated by adding log2 (6.6), 
or approximately 2.7 bits to the calculated noise-free code 
resolution.

 Effective
resolution 

= Noise-free code resolution + 2.7 bits
 

(3)

For example, the delta-sigma ADC in the PGA900 has a 
second-order modulator operating at a sampling frequency 
of 1 MHz, and a third-order Sinc filter with 128 oversam-
ples. The noise performance shown in Figure 5 is for an 
output data rate of 7.8 kHz with a bandwidth of 3.9 kHz, 
and a step response of 384 µs.

Applying additional digital filtering
It is common for the ADCs in this application to have data 
rates that are much higher than the required system band-
width. Therefore, additional digital filtering can be applied 
to further reduce the ADC noise and therefore increase 
the noise-free resolution at the expense of the output data 
rate. 

A simple averaging filter creates a low-pass filter that 
will lower the in-band noise by 3 dB and increase the 
measurement resolution by a half-bit for each two consec-
utive samples that are averaged. This is defined in 
Equation 4 where M is the number of consecutive samples 
averaged and W is the increase in output signal resolution. 

 
W log M= 1

2 2( )
 

(4)

From Figure 5, a gain of 40 dB results in a noise-free 
output resolution of 13.84 bits. Applying a moving-average 
filter with M = 32 to the ADC output data should improve 

the noise-free output resolution by 2.5 bits as shown in 
Equation 5 and Figure 6. 

 
W log bits= ( ) =1

2
32 2 52 .

 
(5)

Now the output noise-free resolution has increased from 
13.84 to 16.34 bits. However, the data rate of the output 
signal decreases from 7.8 kHz to 244 Hz.

Analog output stage
Once the sensor signal has been acquired and processed, 
the next step is to create a linear analog-output signal that 
represents the sensor measurement from zero- to full-
scale. The linear sensor output is transmitted over a 
2-wire current loop or a 3-wire voltage output signal, 
depending on sensor transmitter requirements. The most 
common output range of a 2-wire sensor transmitter is 
4 to 20 mA, although other output spans are occasionally 

Figure 5. Measured performance versus gain 
at output data rate of 7.813 kHz
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模数转换器

可采用高分辨率（24 位）增量-累加型模数转换器 (ΔΣ 
ADC) 来测量阻性桥信号。一般地，此类 ADC 内置了一

个调制器和数字滤波器。由于每样本位数极低，因此总体

量子化能量对于 ΔΣ 调制器来说是非常高的。抽取器必

须把高于奈奎斯特频段的频谱中不希望有的噪声滤除，这

样噪声就不会经由抽取过程而混叠至基带之中。

在大多数 ΔΣ ADC 中实现的抽取滤波器是 Sinc 滤波

器。这种滤波器拓扑因其固有的稳定性和易于实现的特点

而广受欢迎。该 Sinc 滤波器的阶数和抽取比决定了 ADC 
的性能。[4]

ADC 的无噪声代码分辨率被定义为这样的分辨率位数，

如果超过该位数就将无法解析各个代码。ADC 的无噪声

分辨率可根据总代码数量 (2N) 和峰至峰噪声代码测量值

来计算。

 (3)

有效分辨率可通过给无噪声代码分辨率计算值增加 
log2(6.6)（即大约 2.7 位）来计算。

有效分辨率 = 无噪声代码分辨率 + 2.7 位                  (3)

例如，PGA900 中的 ΔΣ ADC 具有一个工作于 1 MHz 
采样频率的二阶调制器，以及一个采用  128 倍过采样

的三阶 Sinc 滤波器。图 5 中示出的噪声性能针对的 7.8 
kHz 输出数据速率、3.9 kHz 带宽和 384μs 阶跃响应时

的情形。

应用额外的数字滤波

让该应用中所使用的 ADC 拥有远远高于所需系统带宽的

数据速率是很常见的。因此，可运用额外的数字滤波以进

一步降低 ADC 噪声，从而以牺牲输出数据速率为代价来

换取无噪声分辨率的提高。

一个简单的平均滤波器可创建一个低通滤波器，其将使带

内噪声降低 3 dB，并把测量分辨率提高 0.5 位（对于每

两个被取平均的连续样本）。这在 (4) 式中进行了定义，

式中的 M 是取平均的连续样本的数量，而 W 是输出信号

分辨率的增加。

W = (1/2)log2(M)                                             (4)

由图 5 可见，40 dB 的增益将产生 13.84 位的无噪声输

出分辨率。对 ADC 输出数据应用一个 M = 32 的滑动平

均滤波器将使无噪声输出分辨率提升 2.5 位，如 (5) 式和

图 6 所示。

    W = (1/2)log2(32) = 2.5 位                                    (5)

现在，输出无噪声分辨率从 13.8 位提高至 16.34 位。不

过，输出信号的数据速率则从 7.8 kHz 降低至 244 Hz。

模拟输出级

一旦采集并处理了传感器信号，下一步则是创建一个用于

代表零标度至全标度传感器测量值的线性模拟输出信号。

线性传感器输出通过一个两线式电流环路或三线式电压输

出信号（这取决于传感器发送器的要求）来传输。两线式

传感器发送器的最常用输出范围为 4 至 20 mA，但是偶

尔也会使用其他的输出范围。（接下页）

无噪声代码
分辨率

= log
峰至峰噪声代码

N

2
2

 

图 5：在 7.813 kHz 输出数据速率条
件下实测性能与增益的关系曲线

图 6：ADC 输出与滤波器输出的关系曲线
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used. The most common 3-wire voltage output range is  
0 to 10 V, but other output ranges can be implemented 
such as ±10 V, 0 to 5 V, and ±5 V.

The two main building blocks of the analog output stage 
are a digital-to-analog converter (DAC) and an op amp 
circuit configured to create the desired current or voltage 
output range. Be sure to match the performance of the 
analog output stage closely to that of the sensor acquisi-
tion circuitry; including resolution, offset, gain error, non-
linearity and noise. 

DAC considerations
The DAC commonly sets the performance capabilities for 
the analog output stage, so select it carefully. Many sensor 
transmitters are designed with 16-bit DACs, but systems 
with lower resolution requirements can use 12-bit DACs. 
Similar to the input stage and ADC, the DAC DC offset, 
gain and drift errors can be removed with calibration. 

Integral non-linearity (INL) errors cannot be removed 
with a standard gain and offset calibration and set the 
post-calibration accuracy. Therefore, make sure that the 
DAC INL specification is well below the desired final 
system accuracy. A differential non-linearity (DNL) speci-
fication less than 1 LSB is almost always a requirement to 
ensure a monotonic output.

2-wire, 4- to 20-mA output op amp circuit
A standard 2-wire, 4- to 20-mA, transmitter op amp circuit 
is shown in Figure 7. This circuit requires an op amp with 
very-low quiescent current to minimize the impact on the 
limited 2-wire supply-current budget of 4 mA. A linear 
voltage regulator is typically used to lower the +24-V loop 

supply voltage, which allows the use of low-voltage op amps.
The op amp input common-mode range must include 

the negative rail. To maximize the available output voltage 
swing, the output swing should include both rails. The 
output-current requirement is low because the op amp is 
only required to drive the base current of the bipolar junc-
tion transistor (BJT).  The majority of the 4- to 20-mA 
current flows through the BJT from the collector to the 
emitter.

Select op amp performance specifications to match the 
DAC and the rest of the signal chain. The op amp must 
have low input offset voltage and drift. High CMRR and 
PSRR will improve DC performance and noise immunity of 
the design. eTrim™, laser trim and zero-drift (chopper/
auto-zero) CMOS op amps are typically used to meet this 
circuit’s performance requirements.

As shown in the transfer function in Equation 6, resis-
tors R1, R2, and R3 set the circuit’s gain. Select precision 
resistors with low tolerance and temperature coefficients. 
Ratiometric tolerance and drift-matching the resistors 
greatly improves performance of the circuit over 
temperature.

 

I
V

R
R

R

OUT
DAC=

× +




1

2

3
1

 
(6)

The circuit must maintain a stable output response to 
load transients and changes in the output current. 
Therefore, it is important to select the proper emitter 
resistor (RE) based on the Q-point on the V-I curve load 
line.[5] A properly selected value for RE results in a stable 
feedback network.

Figure 7. Loop-powered 4- to 20-mA transmitter
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（续上页）最常用的三线式电压输出范围为 0 V 至 10 
V，但也可实施其他的输出范围，如 ±10 V、0 V 至 5 V 
和 ±5 V。

模拟输出级的两个主要构件是一个数模转换器 (DAC) 和
一个的运放电路，其通过配置以建立期望的电流或电压

输出范围。一定要使模拟输出级的性能与传感器采集电

路的性能严密匹配；包括分辨率、偏移、增益误差、非

线性及噪声。

DAC 考虑因素

DAC 常常设定了模拟输出级的性能，因此其选择必须谨

慎仔细。虽然许多传感器发送器是采用 16 位 DAC 设计

的，但是分辨率要求较低的系统则可使用 12 位 DAC。与

输入级和 ADC 相似，DAC DC 偏移、增益和漂移误差也

可利用校准予以消除。

积分非线性 (INL) 误差无法借助标准的增益和偏移校准

来消除，而且它设定了校准后的准确度。于是，应确定 
DAC INL 规格远远低于期望的最终系统准确度。为了确

保提供一个单调输出，几乎总是要求差分非线性 (DNL) 
规格小于 1 LSB。

两线式、4 至 20 mA 输出运放电路

图 7 示出了一款标准的两线式、4 至 20 mA、发送器运

放电路。该电路需要一个具有非常低静态电流的运放，

以尽量减轻对于有限的两线式电源电流预算 (4 mA) 的影

响。通常使用一个线性电压调节器以降低 ＋24 V 回路电

源电压，从而允许采用低电压运放。

运放输入共模范围必须包括负电源轨。为了最大限度地增

加可用的输出电压摆幅，输出摆幅应包含两个电源轨。由

于运放仅需驱动双极结型晶体管 (BJT) 的基极电流，所以

对输出电流的要求很低。4 至 20 mA 电流的大部分流过 
BJT（从集电极至发射极）。

应选择合适的运放性能规格以与 DAC 及信号链路的其余

部分相匹配。运放必须具备低的输入失调电压和漂移。高 
CMRR 和 PSRR 将改善设计的 DC 性能和抗噪声能力。

通常使用 eTrim™、激光修整和零漂移（斩波器 / 自动归

零）CMOS 运放以满足该电路的性能要求。

如 (6) 式中的转移函数所示，电阻器 R1、R2 和 R3 设定了

电路的增益。应选择具有低容差和温度系数的高精度电阻

器。实现电阻器的比例式容差及漂移匹配可极大地改善整

个温度范围内的电路性能。

                                    (6)

针对负载瞬变和输出电流中的变化，该电路必须保持稳定

的输出响应。因此，应根据 V-I 曲线负载线上的 Q 点来选

择正确的发射极电阻器 (RE)，这一点很重要。[5] 正确选定

的 RE 阻值可形成一个稳定的反馈网络。

图 7：由回路供电的 4 至 20 mA 发送器
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3-wire voltage-output op amp circuit
A standard op amp circuit used to create a 3-wire voltage 
output is shown in Figure 8. High-voltage op amps are 
required for 3-wire circuits to meet the output voltage-
range requirements. Single-supply, 0- to 10-V outputs 
require an input common-mode range that includes 
ground (GND) with a rail-to-rail output stage to reduce 
zero code errors in the system.[6] Performance require-
ments for the op amp are the same as the 2-wire circuit; 
such as low-offset and drift with high CMRR and PSRR.

The gain is set by resistors RF and RG. Select them 
based on the same criteria as the gain-setting resistors in 
the 2-wire circuit.
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In a 3-wire voltage-output circuit, the op amp directly 
drives the system load, which can vary greatly depending 
on the final application. Therefore, a robust op amp output 
stage is required that can deliver upwards of ±30 mA of 
output current into a wide range of capacitive loads. Few 
amplifiers can directly drive large capacitive loads, so the 
compensation network formed by RISO, RF, CF, and CL is 
required for a stable output.[7] To properly compensate the 
circuit, the op amp open-loop gain (AOL) and open-loop 
output impedance (ZO) must be known. Furthermore, the 
variations in the AOL and ZO curves over the system oper-
ating conditions need to be considered, or the design may 
become unstable.[8, 9]

Conclusion
There are many design considerations for resistive-bridge 
pressure sensors in industrial process-control applications. 
Performance and specifications of the input signal- 
conditioning stage, the ADC, and the analog output stage 
must all be evaluated. This article presented primary 
design considerations for each of these stages of the signal 
chain and provided guidance to the designer when select-
ing components for the design. 
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三线式电压输出运放电路

图 8 示出了一款用于建立一个三线式电压输出的标准运

放电路。三线式电路需要使用高电压运放以满足输出电

压范围要求。单电源、0 V 至 10 V 输出需要一个包括

地  (GND) 的输入共模范围和一个轨至轨输出级，旨在

减少系统中的零代码误差。 [6] 对于运放的性能要求与两

线式电路相同；例如：低失调和漂移以及高 CMRR 和 
PSRR。

增益由电阻器 RF 和 RG 来设定。它们的选择标准与两线

式电路中的增益设定电阻器是一样的。

                                    (7)

在三线式电压输出电路中，运放直接驱动系统负载，此

类负载会因最终应用的不同而千差万别。于是，需要一

个能够为各种各样的电容性负载提供超过 ±30 mA 输出

电流的稳健型运放输出级。几乎没有放大器能直接驱动

大的电容性负载，因而需要利用由 RISO、RF、CF 和 CL 构
成的补偿网络来提供一个稳定的输出。 [7] 为了对电路实

施正确的补偿，必须获知运放开环增益 (AOL) 和开环输出

阻抗 (ZO)。此外，还必需考虑所有系统工作条件下 AOL 和 
ZO 曲线中的变化，否则设计有可能变得不稳定。[8，9]

结论

工业过程控制应用中的阻性桥压力传感器具有许多设计

考虑因素。对输入信号调节级、ADC 和模拟输出级的性

能和规格指标均必须进行评估。本文逐个介绍了这些信

号链路级的主要设计考虑因素，并为设计人员选择设计

所用的组件提供了相关的指导。
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