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Techniques for accurate PSRR measurements

Introduction
In theory, measuring the power-supply-rejection ratio 
(PSRR) is relatively simple. A variable-frequency signal 
modulates the power-supply input, and the attenuation of 
that signal is measured at the output. However, the mea-
surement is highly sensitive to setup noise, including noise 
from the probe-loop area and the layout of the printed  
circuit board (PCB). This article explores commonly 
encountered setup issues that limit PSRR measurement 
and offers a method to overcome them using high-fidelity 
signal injectors and a highly sensitive/selective vector net-
work analyzer (VNA).

Input-signal modulation
The easiest way to modulate the input to a regulator is with 
a line injector, such as the Picotest J2120A. This device 
accommodates 50 V at the input and an input current of  
5 A. Coupled with a VNA, the J2120A directly modulates 
the input voltage while the VNA measures the input/output 
attenuation. The drawbacks of this method are the need to 
break into the input lines and the need to accommodate a 
voltage drop across the injector. While these drawbacks are 
generally not issues for bench testing, they can be trouble-
some when the measurement is performed in circuit.
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Figure 1. Test board setup for THRU calibration

An alternative way to modulate the input is to capaci-
tively connect the VNA to the device under test by using a 
low-frequency DC blocker, such as the J2130A DC bias 
injector. The amplitude of the signal at the input is limited 
by the VNA’s 50-Ω source impedance, but the signal is 
usually large enough to be measured by the VNA. This 
method does not require breaking into the input connec-
tion and therefore can be performed in circuit without 
adding any DC loading to the voltage bus being modulated.

Calibration
Before performing a PSRR measurement, it is important to 
correct for any probe variations. It is also important to mea-
sure the noise floor of the setup to determine measurement 
limitations. The image in Figure 1 shows the test board 
setup for calibration. The black and white wires are the 
input from the J2120A line injector. The red and black clips 
on the right are connected to a J2111A current injector that 
serves as a 25-mA load. The two probes are connected to 
a common output ground; and both probe tips are con-
nected to the same input so they see the same mod u lation 
signal. A THRU calibration is then performed on the VNA 
in order to correct for any probe or cable-related imper-
fections. A flat gain response should be seen on the VNA 
over the frequency band of interest.
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图1 THRU校准测试电路板装置

引言

在理论上，电源抑制比（PSRR）测量相对简单。变

频信号对电源输入进行调制，然后在输出端测量该信

号的衰减情况。但是，这种测量对装置噪声高度敏

感，包括来自探测环路区域和印刷电路板（PCB）布

局的噪声。本文利用高保真信号注入器和高敏感/选
择性矢量网络分析器（VNA），对限制PSRR测量的

一些常见装置问题进行探讨，并介绍一种克服这些问

题的方法。

输入信号调制

调制输入至稳压器的最简单方法是使用线路注入器，

例如：Picotest J2120A等。这种器件可适应50V输入

电压和5A输入电流。与VNA结合使用时，J2120A直

接对输入电压进行调制，而VNA则测量输入/输出衰

减。这种方法的缺点是，需要中断输入线路，并需要

适应注入器的压降。对于实验室测试而言，这些缺点

一般并不是问题，但是当在电路内进行测量时它们会

成为棘手的问题。

对输入进行调制的一种替代方法是，使用一个低频

DC阻断器，通过电容方式把VNA连接至受测器件，

例如：J2130A DC偏置注入器。输入端信号的量级受

到VNA 50Ω电源阻抗的限制，但该信号一般较大，

足以让VNA测量到。这种方法不要求中断输入连接，

因此可在电路中进行，无需给受调制的电压总线添加

任何DC负载。

校准

在进行PSRR测量以前，进行校正非常重要，以查看

是否存在探测变化。另外，测量装置的噪声底限以确

定测量限制，这一点也很重要。图1中的照片显示了

这种用于校准的测试电路板装置。黑白线为J2120A
线路注入器的输入。右边的红和黑色夹子，连接至

一个J2111A电流注入器（起到一个25mA负载的作

用）。两个探针连接至公共输出接地，两个探针尖均

连接至同一个输入，这样它们便有相同的调制信号。
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Assessing the noise floor
With the probe calibration completed, the noise floor can 
be assessed by shorting the output sense probe to the 
ground connection (Figure 2). It is clear from this mea sure-
ment that this noise floor is far too high in relationship to 
the PSRR of most regulators today and that a better setup 
is required to ascertain the actual PSRR. In general, high-
fidelity measurements like PSRR necessitate the use of 
carefully terminated connections with minimal probe-loop 
area. In fact, the low-fidelity measurement in Figure 2 is 
largely a result of induced noise in the wire loop created 
by the scope probe’s ground clips.

In the next measurement setup, shown in Figure 3, the 
output scope probe is replaced with a 50-Ω coaxial cable 
via an SMA adapter soldered directly to the output capaci-
tor. The cable is connected to the VNA through a J2130A 
DC blocker and a J2102A common-mode transformer. The 
probe is shorted at the output ground to assess the noise 
floor. From Figure 3 it is clear that the noise floor has 
been improved with over 90 dB out to 1 kHz. However, 
since most quiet power regulators from Texas Instruments 
(TI) have good PSRR out beyond 1 MHz, this noise floor is 
still unacceptable.

Next, the input-side scope probe is replaced with a 50-Ω 
coaxial cable soldered directly to the input capacitor 
(Figure 4). The complete setup (two 50-Ω coaxial cables 

Figure 3. Noise-floor measurement with output 
scope probe replaced by 50-Ω coaxial cable
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Figure 4. Input scope probe replaced by 50-Ω 
coaxial cable

Figure 2. Noise-floor measurement with setup 
using scope probes
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之后，对VNA执行THRU校准，以对探针或者线缆相

关缺陷进行校正。在相关频带，应能在VNA看到一个

扁平的增益响应。

噪声底限评估

探针校准完成以后，通过让输出检测探针短路至接地

连接评估噪声底限（图2）。由该测量，我们可以清

楚地看到，就今天大多数稳压器的PSRR而言，这种

噪声底限太高了，并且要求使用更好的装置来探明实

际PSRR。总之，如PSRR等高保真测量，必需使用仔

细端接的连接点，并且探针环路面积最小。实际上，

图2所示低保真测量，大多都是由示波器探针接地线

夹所形成线环路内的噪声产生。

在下一个测量装置中（如图3所示），使用50Ω同

轴线代替输出示波探针，一个SMA适配器直接焊接

至输出电容器。线缆通过一个J2130A DC阻断器和

J2102A共模变压器连接至VNA。在输出接地探针短

路，以对噪声底限进行评估。由图3，我们可以清楚

地知道，1kHz时噪声底限改善超过90dB。但是，德

州仪器（TI）拥有最为安静的电源稳压器，在1MHz
以上可提供较好的PSRR，因此这种噪声底限仍然不

可接受。

图2 使用示波器探针装置的噪声底限测量
图3 使用50 Ω同轴线缆替代输出示波器探针
以后的噪声底限测量

图4 50 Ω同轴线缆代替输入示波器探针
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and the J2102A, J2130A, J2120A, and J2111A) and the 
noise-floor/PSRR measurements are shown in Figure 5. 
The setup has a much lower noise floor, facilitating a PSRR 
measurement to 1 MHz and a low-frequency PSRR over  
90 dB. The PSRR resonance near 30 kHz is likely a result 
of the PCB layout or component parasitic interaction.

To illustrate the significance of a good setup, the PSRR 
of a carefully designed regulator, PCB layout, and setup is 
shown in Figure 6. This measurement shows that with care-
ful setup and appropriate measurement equipment, it is 
possible to obtain a significantly lower noise floor, enabling 
very accurate PSRR measurements. Lastly, to validate the 
injection methods discussed earlier, the PSRR of TI’s 
LM317 adjustable regulator was measured using a J2120A 
line injector (method 1) and a J2130A DC bias injector 
(method 2). Figure 7 shows nearly perfect overlapping 
plots, which means there is a very good correlation 
between the two injection methods.

Figure 5. Complete setup and noise-floor/PSRR 
measurements
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Figure 6. Optimized high-fidelity PSRR and 
noise-floor measurements
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Figure 7. LM317’s PSRRs measured with 
J2120A and J2130A

Conclusion
This article illustrates that although PSRR measurement is 
simple in concept, the setup is of great significance in 
achieving an accurate result. A methodology for lowering 
the noise floor has also been presented.
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接下来，使用直接焊接至输入电容器的50Ω同轴线

缆来替代输入端示波探针（图4）。完整的装置（两

条50Ω同轴线缆和J2102A、J2130A、J2120A以及

J2111A）和噪声底限 /PSRR测量显示在图5中。该

装置拥有低得多的噪声底限，帮助PSRR测量达到

1MHz，并实现90dB的低频PSRR。30kHz附近的

PSRR谐振，可能是PCB布局或者组件寄生相互作用

的结果。

为了说明优秀装置的重要性，图6显示了精心设计的

稳压器、PCB布局和装置的PSRR。这种测量表明，

利用精心设计的装置和正确的测量设备，是可以获得

极低噪声底限的，从而实现高精确的PSRR测量。最

后，为了验证上述注入方法，使用一个J2120A线路

注入器（方法1）和一个J2130A DC偏置注入器（方

法2），对TI的LM317可调稳压器的PSRR进行了测

量。图7显示了近乎完美的重叠图，其意味着在两种

注入方法之间进行了非常好的校正。

结论

本文表明，尽管PSRR测量在概念上很简单，但要想

获得精确的测量结果，装置的好坏极为重要。另外，

我们还介绍了降低噪声底限的方法。
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图4 简易CAN总线收发器

图5 完整装置和噪声底限/PSRR测量 图6 优化以后的高保真PSRR和噪声
底限测量

图7  使用J 2 1 2 0 A和J 2 1 3 0 A测量

LM317的PSRR
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