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How to pick a linear regulator for  
noise-sensitive applications

Noise-sensitive applications require a power supply that 
generates low internal noise and rejects noise from the 
power source. These applications include test and 
 measurement applications, medical equipment, communi-
cation equipment, base stations, and many others. A low-
noise power supply is used to power a signal chain that 
includes data converters, amplifiers, clocks, jitter cleaners, 
PLLs, analog front ends and many other devices. A low-
noise power solution is essential to preserving signal 
 accuracy and integrity. This article addresses criteria and 
parameters to consider in designing such a power solution, 
including important specifications for picking a linear 
 regulator.

The terms “power supply ripple rejection” (PSRR) and 
“linear regulator” often are used together. The linear regu-
lator’s high ripple rejection makes it an integral part of a 
power solution. PSRR is a measure of how well the regula-
tor filters a circuit by rejecting noise or ripple coming from 
the power-supply input at various frequencies. In both 
low-dropout regulators (LDOs) and linear regulators, 
PSRR is a measure of output ripple compared to the input 
ripple over a frequency range.

Since PSRR is calculated as ripple rejection, it is 
expected to be a negative number. However, it is repre-
sented as a positive number in the datasheet so that a 
higher number denotes higher noise rejection. 
Mathematically, it is expressed in decibels as
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The PSRR of a linear regulator can be divided into three 
frequency-range regions. The first region extends from DC 
to the roll-off frequency. The ripple rejection in this region 
is mostly dominated by open-loop gain and the bandgap 
reference. The second region extends from the roll-off fre-
quency to the unity-gain frequency. The PSRR in this 
region is usually higher than in the first region and is 
mainly dominated by the open-loop gain of the regulator. 
The third region’s frequency range is above that of the 
unity-gain frequency. The output capacitor, along with the 
linear regulator’s parasitics (in the VIN-to-VOUT path), 
dominates this region. Therefore, the values of the 
selected output capacitor and its equivalent series resis-
tance are quite important. This information can be found 
in any datasheet.

In addition to VIN, VOUT, and system load requirements, 
an engineer needs to know the frequency range of ripple 
and noise in the system or power supply in order to select 
linear regulators with a good PSRR in that frequency 
range. For example, a switcher that switches at a fre-
quency of 2 MHz may require a linear regulator that has a 
high PSRR at around 2 MHz. Figure 1 shows a linear regu-
lator’s high PSRR of about 55 dB at 2 MHz that helps to 
remove input noise. Also, when PSRR graphs in the regu-
lator datasheets are evaluated, it is always good to note 
the dropout voltage at which the PSRR is measured. High 
dropout voltage leads to better PSRR but reduces the 
device’s efficiency.
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Figure 1. Plot of linear regulator’s wide-
bandwidth, high PSRR

如何为噪声敏感型应用选择一款线性稳压器
作者：Sureena Gupta，德州仪器 (TI) 营销工程师

噪声敏感型应用要求一种内部噪声低且能够抑制电源噪

声的电源。这些应用包括测试与测量应用、医疗设备、

通信设备、基站等等。低噪声电源用于驱动信号链，包

括数据转换器、放大器、时钟、抖动消除器、PLL、模

拟前端以及众多其它器件。对于保持信号精确度和完整

性而言，低噪声电源解决方案是一种基本要求。本文为

您介绍在电源解决方案等设计过程中需要考虑的一些标

准和参数，包括选择线性稳压器所需的一些重要规范。

术语“电源纹波抑制”（PSRR）和“线性稳压器”通

常一起使用。线性稳压器的高纹波抑制性让其成为电源

解决方案不可或缺的重要组成部分。PSRR是一种计量

标准，它表明稳压器对某个电路进行滤波的好坏程度。

稳压器对各种频率下来自电源输入端的噪声或者纹波进

行抑制。在低压降稳压器（LDO）和线性稳压器中，

PSRR是衡量某个频率范围输出纹波对比输入纹波的一

种计量标准。

由于PSRR以纹波抑制度计算，因此它是一个负数。但

是，在数据表中它表示为一个正数，数值越大表示噪声

抑制度越高。它的数学表示方法如下：

线性稳压器的PSRR可被划分为三个频率范围区域。第

一个区域从DC到转降频率。该区域内的纹波抑制度基

本由开环路增益和带隙基准主导。第二个区域从转降频

率延伸到单位增益频率。该区域内的PSRR常常高于第

一个区域，并且主要由稳压器的开环路增益主导。第三

个区域的频率范围高于单位增益频率。输出电容器以及

线性稳压器的寄生现象（在VIN到VOUT通路中）主导该区

域。因此，选定输出电容器及其等效串联电阻的值十分

重要。在任何数据表中都说明了这一点。  

除VIN、VOUT和系统负载要求以外，一名工程师还需要知

道系统或者电源中纹波和噪声的频率范围，以便在该

频率范围内选择一些具有良好PSRR的线性稳压器。例

如，在2MHz频率下进行开关操作的某个开关，可能要

求一个在约2MHz下具有较高PSRR的线性稳压器。图1
表明，2MHz下线性稳压器的PSRR约为55dB，其可帮

助消除输入噪声。另外，在对稳压器数据表中PSRR图

进行评估时，需始终注意测得该PSRR的压差。高压差

可带来更好的PSRR，但却降低了器件的效率。

图 1 线性稳压器的宽带宽、高 PSRR 的曲线图
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Figure 2 shows a switching regulator’s spectral noise 
that is fed to a linear regulator. It can be seen that the 
switcher is operating at 500 kHz. Figure 3 shows the 
 output spectrum of the Texas Instruments TPS7A4700 
 linear regulator. The spike caused by the switcher at  
500 kHz has been attenuated. If the power solution is not 
designed for noise attenuation with high-PSRR linear 
 regulators, the spike may show up at the output of the RF 
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Figure 2. Typical noise spectrum from a 
switching regulator

100

10

1

0.1

0.01

0.001

10 100 1 k 10 k 100 k 1 M 10 M

Frequency (Hz)

O
u

tp
u

t 
S

p
e
c
tr

a
l 
N

o
is

e
 D

e
n

s
it

y
 (

µ
V

H
z
)

TPS7A4700 Output: V =3.3 V, I = 500 mAOUT OUT

Figure 3. Output noise spectrum of TPS7A4700 
linear regulator with attenuated 500-kHz spike

voltage- controlled oscillators, which after mixing affect 
the PA performance. The spike may also fold back into 
the audio band and create noise in an audio application.

Usually, noise and PSRR parameters are lumped 
together in a linear regulator’s datasheet, which causes a 
lot of confusion because noise and PSRR are two very 
different characteristics. Noise is purely a physical 
 phenomenon that occurs with transistors and resistors 

图2显示了送至一个线性稳压器的开关式稳压器的频谱噪
声。我们可以看到，该开关工作在500kHz下。图3显示了 
TI TPS7A4700线性稳压器的输出能谱。500kHz下开关引起
的尖峰被削弱。如果电源解决方案并非为高PSRR线性稳压
器噪声抑制而设计，则尖峰可能出现在RF压控振荡器的扇
出，其在混频后会影响PA性能。这种尖峰还可能会向后折
叠进入音频带，并在音频应用中形成噪声。

通常，噪声和PSRR参数都会在线性稳压器的数据表中集

中说明，这很容易引起困惑，因为噪声和PSRR是两种非
常不同的特性。噪声完全是一种物理现象，其在一种非常
基本的层面伴随线性稳压器内部晶体管和电阻器出现。这
种噪声可能包括热、闪烁和散粒噪声。噪声通常以一条
曲线表示，它表明频谱噪声密度（）与频率的对比关系
（图4）。噪声还可以表示为综合输出噪声（µVRMS），
其在数据表的电气特性表格下面列出（图5）。输出噪声
（µVRMS）某个频率范围的频谱噪声密度，可被看作是
规定频率范围的总噪声。

图 2 开关式稳压器的典型噪声频谱

图 3 削弱后500kHz尖峰的TPS7A4700线性稳压器
的输出噪声频谱
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inside the linear regulator on a very fundamental level. 
This type of noise may include thermal, flicker, and shot 
noise. Noise is usually indicated as a curve showing spec-
tral noise density (in µV/√Hz) versus frequency (Figure 4). 
Noise can also be indicated as integrated output noise (in 
µVRMS), listed under the electrical characteristics table in 
the datasheet (Figure 5). The output noise (in µVRMS) is 
the spectral noise density integrated over a certain fre-
quency range and can be seen as the total noise in a speci-
fied frequency range.

The next obvious question is whether an engineer 
should look at spectral noise density or integrated output 
noise, or both. The answer depends purely on the engi-
neer’s application. For example, in RF applications where 
the signal does not have any dependency on the frequency, 
it makes more sense to look at the linear regulator’s spec-
tral noise density. However, in applications where the 
noise will be integrated by the system, such as powering 
DACs and ADCs, the engineer should look at the linear 
regulator’s integrated output noise instead.
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Figure 4. Spectral noise density for the TPS7A4700

VIN = 3 V, VOUT(NOM) = 1.4 V, COUT = 50 µF,
4.17 µVRMS

CNR = 1 µF, BW = 10 Hz to 100 kHz
VNOISE Output noise voltage

PARAMETER TEST CONDITIONS TYP UNIT

VIN = 6 V, VOUT(NOM) = 5 V, COUT = 50 µF,
4.67 µVRMS

CNR = 1 µF, BW = 10 Hz to 100 kHz

Figure 5. Excerpt from TPS7A4700 datasheet showing integrated output noise voltage

Conclusion
This article has discussed the important specifications that 
design engineers need to consider when picking a linear 
regulator. It has also covered the criteria and parameters 
to consider in designing a power solution for low-noise 
applications. Given these guidelines, engineers should be 
able to preserve signal accuracy and integrity in their 
applications.
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很明显，接下来的问题是，工程师应用研究频谱噪声密
度还是综合输出噪声，又或者两者一起研究呢。问题的
答案完全取决于工程师的应用。例如，在RF应用中，信
号对频率没有任何依赖度，因此研究线性稳压器的频谱
噪声密度更加合理。但是，在一些噪声将会被系统整合
的应用中，例如：DAC和ADC驱动，工程师就应该研究
线性稳压器的综合输出噪声。

结论

本文讨论了选择线性稳压器时设计工程师需要考虑的一些
重要规范。另外，文章还介绍了低噪声应用电源解决方案
设计需要考虑的标准和参数。有了这些指导，工程师应能
够保持其应用的信号精确度和完整性。
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图 4 TPS7A4700的频谱噪声密度

图 5 表明综合输出噪声电压的TPS7A4700数据表摘录
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     LM34917 具有智能电流限制的超小型 33V、1.25A 恒准时降压开关稳压器  

     ADS1298 具有集成 ECG 前端的 8 通道 24 位模数转换器   

     SN65HVD82 针对要求严格的工业类应用的稳健耐用的驱动器和发送器  
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对于 TI 的产品手册或数据表中 TI 信息的重要部分，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。TI 对此类篡改过的文件不承担任何责任或义务。复制第三方的信息可能需要服从额外的限制条件。

在转售 TI 组件或服务时，如果对该组件或服务参数的陈述与 TI 标明的参数相比存在差异或虚假成分，则会失去相关 TI 组件 或服务的所有明
示或暗示授权，且这是不正当的、欺诈性商业行为。TI 对任何此类虚假陈述均不承担任何责任或义务。

客户认可并同意，尽管任何应用相关信息或支持仍可能由 TI 提供，但他们将独力负责满足与其产品及在其应用中使用 TI 产品 相关的所有法
律、法规和安全相关要求。客户声明并同意，他们具备制定与实施安全措施所需的全部专业技术和知识，可预见 故障的危险后果、监测故障
及其后果、降低有可能造成人身伤害的故障的发生机率并采取适当的补救措施。客户将全额赔偿因 在此类安全关键应用中使用任何 TI 组件而
对 TI 及其代理造成的任何损失。

在某些场合中，为了推进安全相关应用有可能对 TI 组件进行特别的促销。TI 的目标是利用此类组件帮助客户设计和创立其特 有的可满足适用
的功能安全性标准和要求的终端产品解决方案。尽管如此，此类组件仍然服从这些条款。

TI 组件未获得用于 FDA Class III（或类似的生命攸关医疗设备）的授权许可，除非各方授权官员已经达成了专门管控此类使 用的特别协议。

只有那些 TI 特别注明属于军用等级或“增强型塑料”的 TI 组件才是设计或专门用于军事/航空应用或环境的。购买者认可并同 意，对并非指定面
向军事或航空航天用途的 TI 组件进行军事或航空航天方面的应用，其风险由客户单独承担，并且由客户独 力负责满足与此类使用相关的所有
法律和法规要求。

TI 已明确指定符合 ISO/TS16949 要求的产品，这些产品主要用于汽车。在任何情况下，因使用非指定产品而无法达到 ISO/TS16949 要
求，TI不承担任何责任。

产产品品 应应用用

数字音频 www.ti.com.cn/audio 通信与电信 www.ti.com.cn/telecom

放大器和线性器件 www.ti.com.cn/amplifiers 计算机及周边 www.ti.com.cn/computer

数据转换器 www.ti.com.cn/dataconverters 消费电子 www.ti.com/consumer-apps

DLP® 产品 www.dlp.com 能源 www.ti.com/energy

DSP - 数字信号处理器 www.ti.com.cn/dsp 工业应用 www.ti.com.cn/industrial

时钟和计时器 www.ti.com.cn/clockandtimers 医疗电子 www.ti.com.cn/medical

接口 www.ti.com.cn/interface 安防应用 www.ti.com.cn/security

逻辑 www.ti.com.cn/logic 汽车电子 www.ti.com.cn/automotive

电源管理 www.ti.com.cn/power 视频和影像 www.ti.com.cn/video

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

RFID 系统 www.ti.com.cn/rfidsys

OMAP应用处理器 www.ti.com/omap

无线连通性 www.ti.com.cn/wirelessconnectivity 德州仪器在线技术支持社区 www.deyisupport.com
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