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Grounding in mixed-signal systems  
demystified, Part 1

Introduction
Every signal-processing system 
requires mixed-signal devices,  
such as analog-to-digital converters 
(ADCs) and/or digital-to-analog con-
verters (DACs). The need for proc-
essing analog signals with a wide 
dynamic range imposes the require-
ment to use high-performance ADCs 
and DACs. Maintaining performance 
in a noisy digital environment is 
dependent upon using good circuit-
design techniques like proper signal 
routing, decoupling, and grounding.

Undoubtedly, grounding is one of 
the most discussed subjects in system 
design. Though the basic concepts are 
relatively simple, the implementation 
is difficult. For linear systems, the 
ground is the reference against which 
the signal is based; and, unfortunately, 
it also becomes the return path for the power-supply 
 current in unipolar supply systems. An improper applica-
tion of grounding strategies can degrade the performance 
in high-accuracy linear systems. There is no “cookbook” 
that guarantees good results, but there are a few things 
that, if not done properly, can cause issues.

This article is the first of a two-part series that looks 
closely at the grounding techniques used in mixed-signal 
systems. Part 1 explains typical terminologies and ground 
planes and introduces partitioning methods. Part 2 explores 
techniques for splitting the ground planes, including pros 
and cons. It also explains grounding in systems with multi-
ple converters and multiple boards. Part 2 will appear in a 
future issue of Analog Applications Journal.

A term often used in system design is star ground. This 
term builds on the theory that all voltages in a circuit are 
referred to as a single ground point, or star ground point. 
The key feature is that all voltages are measured with 
respect to a particular point in the ground network, not 
just to an undefined ground wherever one can clip a probe. 
Practically, it is difficult to implement. For example, in a 
star ground system, drawing out all signal paths to mini-
mize signal inter action and the effects of high-impedance 
signal or ground paths causes implementation problems to 
arise. When power supplies are added to the circuit, either 
they add unwanted ground paths or their supply currents 
flowing in the existing ground paths are large enough or 
noisy enough to corrupt the signal transmission.

Interpretation of AGND and DGND pins  
in mixed-signal devices
Digital- and analog-design engineers tend to view mixed-
signal devices from different perspectives, but every engi-
neer who uses a mixed-signal device is aware of analog 
ground (AGND) and digital ground (DGND). Many are 
confused about how to deal with these grounds; and, yes, 
much of the confusion comes from how the ADC ground 
pins are labeled. Note that the pin names, AGND and 
DGND, refer to what’s going on inside the component and 
do not necessarily imply what one should do with the 
grounds externally. Data-converter datasheets usually sug-
gest tying the analog and digital grounds together at the 
device. However, the designer may or may not want the 
data converter to become the system’s star ground point. 
What should be done?

As illustrated in Figure 1, the grounds inside a mixed-
signal IC are typically kept separate to avoid coupling digi-
tal signals into the analog circuits. An IC designer cannot 
do anything about the internal inductance and resistance 
(negligible compared to the inductance) associated with 
connecting the pads on the chip to the package pins. The 
rapidly changing digital currents produce a voltage (di/dt) 
in digital circuits, which inevitably couples into the analog 
circuits through the stray capacitance.

The IC works well in spite of such coupling. However, in 
order to prevent further coupling, the AGND and DGND 
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Figure 1. AGND and DGND pins in a data converter
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图 1 数据转换器中的 AGND 和 DGND 引脚引言

所有信号处理系统都要求混合信号器
件，例如：模数转换器 (ADC) 和/或
数模转换器 (DAC) 等。对于宽动态
范围模拟信号处理的需求，要求必须
使用高性能 ADC 和 DAC。要在高噪
声数字环境下保持性能，依赖于优秀
的电路设计方法，例如：正确的信号
布局、去耦和接地等。

毫无疑问，在系统设计中，接地是我
们讨论最多的话题之一。尽管基本
概念十分简单，但实现起来却并不容
易。就线性系统而言，接地是信号建
立的参考基准，而不幸的是，它也成
为单极电源系统中电源电流的返回通
路。错误的接地方法会降低高精度线
性系统的性能。没有哪一种教程能够

保证一定能获得理想的结果，但我们可以注意几个容易
引发问题的方面。

本系列文章将为您详细介绍混合信号系统使用的一些接
地方法，它共分两个部分，本文为第一部分。第 1 部分
为您解释说明一些常用的术语和接地层，并介绍划分方
法。第2部分探讨分割接地层的一些方法，包括每种方
法的利弊。它还介绍了使用多转换器和多板的一些系统
的接地情况。第2部分将出现在《模拟应用期刊》的后
续期刊中。

在系统设计中经常使用的一个术语是星形接地。这个
术语的意思是，某个电路中所有电压均指一个单接地
点，也即星形接地点。它的关键特性是，在接地网络
中，对特定点的所有电压进行测量，而不仅仅是某个
非定义接地（不管探针定在何处）。特别需要指出，
这种方法实现起来很困难。例如，在一个星形接地系
统中，为了最小化信号相互作用和高阻抗信号或接地
通路产生的效应而拟定出所有信号通路，会带来实现
问题。当给电路添加电源时，它们会增加非理想接地
通路，或者其现有接地通路中电源电流较强或噪声较
多，以致于破坏信号传输。

混合信号器件中AGND和DGND引脚解释

数字和模拟设计工程师们往往会从各个不同角度来查看

混合信号器件，但每名使用混合信号器件的工程师都会

注意到模拟接地 (AGND) 和数字接地 (DGND)。对于如

何处理这些接地，许多人感到困惑，而多数困惑均来

自于如何标示ADC接地引脚。注意，引脚名称AGND和

DGND是指该组件的内部情况，并不必然表明你应该在

外部如何操作。数据转换器数据表通常建议将模拟和数

字接地捆绑在器件上。但是，设计人员有时想而有时又

不想让数据转换器成为系统的星形接地点。我们应该如

何做呢？

如图1所示，混合信号IC内的接地一般会保持独立，目

的是避免数字信号耦合进入模拟电路。对于连接芯片上

焊垫至封装引脚相关的内部电感和电阻（相比电感可忽

略不计），IC设计人员没有一点办法。快速变化的数字

电流在数字电路中产生电压（di/dt），其不可避免地会

通过杂散电容耦合进入模拟电路。

若不考虑这类耦合，IC可以工作得很好。但是，为了防

止进一步的耦合，我们应使用最短的导线，从外部把

AGND和DGND引脚接合到一起，连接同一低阻抗接地
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pins should be joined together externally to the same low-
impedance ground plane with minimum lead lengths. Any 
extra external impedance in the DGND connection can 
cause more digital noise and, in turn, can couple more 
digital noise into the analog circuit through the stray 
capacitance.

Analog or digital ground plane, or both?
Why is a ground plane needed? If a bus wire is used as a 
ground instead of a plane, calculations must be done to 
determine the bus wire’s voltage drop because of its imped-
ance at the equivalent frequency of most logic transitions. 
This voltage drop creates an error in the final accuracy of 
the system. To implement a ground plane, one side of a 
double-sided PCB is made of continuous copper and is 
used as a ground. The large amount of metal has the low-
est possible resistance and lowest possible inductance 
because of the large, flattened conductor pattern.

The ground plane acts as a low-impedance return path 
for decoupling high-frequency currents caused by fast  
digital logic. It also minimizes emissions from electromag-
netic interference/radio-frequency interference (EMI/RFI). 
Because of the ground plane’s shielding action, the circuit’s 
susceptibility to external EMI/RFI is reduced. Ground 
planes also permit high-speed digital or analog signals to be 
transmitted via transmission-line (microstrip or stripline) 
techniques, where controlled impedances are required.

As mentioned earlier, the AGND and DGND pins must 
be joined together at the device. If the analog and digital 
grounds have to be separated, should both be tied to the 
analog ground plane, the digital ground plane, or both?

Remember that a data converter is analog! Thus, the 
AGND and DGND pins should be connected to the analog 
ground plane. If they are connected to the digital ground 

plane, the analog input signal is going to have digital noise 
summed with it, because it is probably single-ended and 
referenced to the analog ground plane. Connecting the 
pins to a quiet analog ground plane can inject a small 
amount of digital noise into it and degrade the noise mar-
gin of the output logic. This is because the output logic is 
now referenced to the analog ground plane and all the 
other logic is referenced to the digital ground plane. 
However, these currents should be quite small and can be 
minimized by ensuring that the converter output does not 
drive a large fan-out.

It is possible that the devices used in a design have 
either low digital currents or high digital currents. The 
grounding scheme is different for both cases. Traditionally, 
data converters may be thought of as low-current devices 
(such as flash ADC). But today’s data converters with on-
chip analog functions are becoming more and more digi-
tally intensive. Along with the additional digital circuitry 
come larger digital currents and noise. For example, a 
sigma-delta ADC contains a complex digital filter that adds 
considerably to the digital current in the device.

Grounding data converters with  
low digital currents
As mentioned, a data converter (or any mixed-signal 
device) is analog. In any system, the analog signal plane is 
where all the analog circuitry and mixed-signal devices are 
placed. Similarly, the digital signal plane has all the digital 
data-processing circuits. The analog and digital ground 
planes should have the same size and shape as the respec-
tive signal planes.

Figure 2 summarizes the approach for grounding a 
mixed-signal device with low digital currents. The analog 
ground plane is not corrupted because the small digital 
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Figure 2. Grounding data converters with low internal digital currents

层。DGND连接中任何一点外部阻抗都会引起更多的数

字噪声，而其反过来又会通过杂散电容让更多的数字噪

声耦合进入模拟电路。

模拟还是数字接地层，又或者两者兼有？

为什么需要接地层？如果一条总线线路用作接地而非

层，则必须进行计算才能确定总线线路的压降，因为大

多数逻辑转换等效频率的阻抗。这种压降造成系统最终

精确度误差。要实现一个接地层，双面PCB的一面由连

续铜材料组成，用作接地。由于使用大面积、扁平化导

体方式，大量金属材料实现最低程度电阻和电感。

接地层起到一个低阻抗返回通路的作用，旨在去耦快速

数字逻辑引起的高频电流。另外，它还最小化了电磁干

扰/射频干扰（EMI/RFI）产生的辐射。由于接地层的屏

蔽行为，电路对于外部EMI/RFI的敏感性降低了。接地

层还允许高速数字或者模拟信号通过传输线路（微波传

输带或者带状线）方法进行传输，其要求受控阻抗。

如前所述，AGND和DGND引脚必须在器件上接合到一

起。如果必须隔离模拟和数字接地，那么我们应该将它

们连接到模拟接地层、数字接地层还是两个都连呢？

请记住，数据转换器是模拟的！因此，AGND和DGND
引脚应连接至模拟接地层。如果它们被连接至数字接地

层，则模拟输入信号将出现数字噪声，因为它可能为单

端，并且参考模拟接地层。连接这两个引脚至静态模拟

接地层，会把少量数字噪声注入其中，并降低输出逻

辑的噪声余量。这是因为，输出逻辑现在参考模拟接地

层，并且所有其它逻辑均参考数字接地层。但是，这些

电流应为非常小，并且通过确保转换器输出不驱动大扇

出得到最小化。

可能的情况是，设计使用器件的数字电流可低可高。两

种情况的接地方案并不相同。一般而言，数据转换器常

常被看作为低电流器件（例如：闪存ADC）。但是，今

天的一些拥有片上模拟功能的数据转换器，正变得越来

越数字化。随着数字电路的增加，数字电流和噪声也随

之增加。例如，∑-△ADC包含一个复杂的数字滤波器，

其相当大地增加了器件的数字电流。

低数字电流数据转换器接地

正如我们讲的那样，数据转换器（或者任何混合信号器

件）均为模拟。在所有系统中，模拟信号层都位于所有

模拟电路和混合信号器件放置的地方。同样，数字信号

层拥有所有数字数据处理电路。模拟与数字接地层应有

同各自信号层相同的尺寸和形状。

图2概述了低数字电流混合信号器件接地的方法。该模拟

接地层没有被损坏，因为小数字瞬态电流存在于本地去

耦电容器VDig和DGND（绿线）之间的小型环路中。图2
还显示了一个位于模拟和数字电源之间的滤波器。共有

两类铁氧体磁珠：高Q谐振磁珠和低Q非谐振磁珠。低Q
磁珠常用于电源滤波，其与电源连接点串联。

图 2 低内部数字电流数据转换器接地
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transient currents flow in the small loop between VDig, the 
local decoupling capacitor, and DGND (the green line). 
Figure 2 also shows a filter between the analog and digital 
power supplies. There are two types of ferrite beads: high-Q 
resonant beads and low-Q nonresonant beads. Low-Q 
beads are commonly used for power-supply filtering in 
series with the power connection.

Grounding data converters with  
high digital currents
The circuit in Figure 2 depends on the decoupling capaci-
tor between VDig and DGND to keep the digital transient 
currents isolated in a small loop. However, if the digital 
currents are significant enough and have components at 
DC or low frequencies, the decoupling capacitor may have 
to be so large that it is impractical. Any digital current 
that flows outside the loop between VDig and DGND must 
flow through the analog ground plane. This may degrade 
performance, especially in high-resolution systems. An 
alternative grounding method for a mixed-signal device 
with high levels of digital currents is shown in Figure 3. 
The AGND pin of the data converter is connected to the 
analog ground plane, and the DGND pin is connected to 
the digital ground plane. The digital currents are isolated 
from the analog ground plane, but the noise between the 
two ground planes is applied directly between the 
device’s AGND and DGND pins. The analog and digital 
circuits must be well isolated. The noise between AGND 
and DGND pins must not be large enough to reduce 
 internal noise margins or cause corruption of the internal 
 analog circuits.

Connecting analog and digital ground planes
Figures 2 and 3 show optional back-to-back Schottky 
diodes connecting the analog and digital ground planes. 

The Schottky diodes prevent large DC voltages or low- 
frequency voltage spikes from developing across the two 
planes. These voltages can potentially damage the mixed-
signal IC if they exceed 0.3 V, because they appear directly 
between the AGND and DGND pins.

As an alternative to the back-to-back Schottky diodes, a 
ferrite bead can provide a DC connection between the two 
planes but isolate them at frequencies above a few mega-
hertz where the ferrite bead becomes resistive. This pro-
tects the IC from DC voltages between AGND and DGND, 
but the DC connection provided by the ferrite bead can 
introduce unwanted DC ground loops and may not be suit-
able for high-resolution systems. Whenever AGND and 
DGND pins are separated in the special case of ICs with 
high digital currents, provisions should be made to con-
nect them together if necessary.

Jumpers and/or strap options allow both methods to  
be tried to verify which gives the best overall system  
performance.

Isolation or partitioning: Which is important  
for ground planes?
A common concern is how to isolate the grounds so that 
the analog circuit does not interfere with the digital circuit. 
It is a well-known fact that digital circuitry is noisy. 
Saturating logic draws large, fast current spikes from its 
supply during switching. Conversely, analog circuitry is 
quite vulnerable to noise. It is not that the analog circuit 
might interfere with the digital logic. Rather, it is possible 
that the high-speed digital logic might interfere with the 
low-level analog circuits. So the concern should be how to 
prevent digital-logic ground currents from contaminating 
the low-level analog circuitry on a mixed-signal PCB. The 
first thought might be to split the ground planes to isolate 
DGND from AGND. Although the split-plane approach can 

Analog ground plane’s shape
same as for analog signal plane

VD

AGND

Digital ground plane’s shape
same as for digital signal plane

DGND

Back-to-back
Schottky diodes

between AGND and
DGND keep maximum

ground-potential
difference at < 0.3 V.

To System Star Ground

Digital
Data

Processing

VD

VA

Analog
Supply

Digital
Supply

Data
Converter

Analog
Signal

Conditioning

VA VA VD

PCB

Figure 3. Grounding data converters with high internal digital currents

高数字电流数据转换器接地

图2所示电路靠VDig和DGND之间的去耦电容器来使数字

瞬态电流隔离在小环路中。但是，如果数字电流足够

大，并且有组件在DC或者低频下，则该去耦电容器可

能必须非常的大，而这是不实际的。VDig和DGND之间环

路之外的任何数字电流，必须流经模拟接地层。这可能

会降低性能，特别是在高分辨率系统中更是如此。图3
显示了一种适用于强数字电流混合信号器件的替代接地

方法。数据转换器的AGND引脚连接至模拟接地层，而

DGND引脚则连接至数字接地层。数字电流也隔离于模

拟接地层，但两个接地层之间的噪声却直接作用于器件

的AGND和DGND引脚之间。模拟和数字电路必须获得

有效的隔离。AGND和DGND引脚之间的噪声必须不能

过大，否则会降低内部噪声余量，或者引起内部模拟电

路损坏。

模拟和数字接地层的连接

图2和3显示了连接模拟和数字接地层的备选背靠背肖特

基二极管。该肖特基二极管防止大DC电压或者低频电

压尖峰在两个层之间形成。如果其超出0.3V，这些电压

可能会损坏混合信号IC，因为它们直接出现在AGND和

DGND引脚之间。

作为一种背靠背肖特基二极管的替代方法，铁氧体磁珠

可以在两个层之间提供一个DC连接，并在数兆赫兹频率

时对其进行隔离，此时铁氧体磁珠电阻增加。这种方法

可防止IC受到AGND和DGND之间DC电压的损坏，但是

这种铁氧体磁珠提供的DC连接会引入讨厌的DC接地环

路，其可能不适合于高分辨率系统。只要在高数字电流

IC特殊情况下AGND和DGND引脚被隔离，则在必要时应

将它们连接在一起。

跳线和/或带选项允许我们尝试两种方法，以验证哪种方

法能够获得最佳总系统性能。

隔离还是分割：哪一种对接地层重要？

一个常见问题是如何隔离接地，以让模拟电路不干扰数

字电路。众所周知，数字电路噪声较大。开关期间，逻

辑饱和从其电流吸引强、快速电流尖峰。相反，模拟

电路非常容易受到噪声的影响。模拟电路可能不会干扰

数字逻辑。相反，可能的情况是，高速数字逻辑可能会

干扰低级模拟电路。因此，这个问题应该是如何防止数

字逻辑接地电流污染混合信号PCB上的低级模拟电路。

我们首先想到的可能是分割接地层以将DGND隔离于

AGND。尽管分割层方法可以起作用，但它存在许多问

题—特别是在一些大型、复杂系统中。

图 3 高内部数字电流数据转换器接地
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be made to work, it has many problems--especially in 
large, complex systems.

There are two basic principles of electromagnetic com-
patibility (EMC):

1. Currents should be returned to their sources locally and 
as compactly as possible. If not, a loop antenna should 
be created.

2. A system should have only one reference plane, as two 
references create a dipole antenna.

During EMC tests, most problems are observed when 
traces are routed across a slot or a split in a ground or 
power plane. Since this routing causes both radiation and 
crosstalk issues, it is not recommended.

It is important to understand how and where the ground 
currents in a split plane actually flow. Most designers think 
only about where the signal current flows and ignore the 
path taken by the return current. The high-frequency sig-
nals have a characteristic of following the path of least 
impedance (inductance). The path’s inductance is deter-
mined by the loop area that the path encloses. The larger 
the area that the current has to travel to return to the 
source, the larger the inductance will be. The smallest 
inductance path is directly next to the trace. So, regard-
less of the plane--power or ground--the return current 
flows on the plane adjacent to the trace. The current 
spreads out slightly in the plane but otherwise stays under 
the trace. The actual distribution is similar to a Gaussian 
curve in nature. Figure 4 illustrates that the return-current 
flow is directly below the signal trace. This creates the 
path of least impedance.

The current-distribution curve for the return path is 
defined by

O
2

I 1
i (A/cm) ,

h D
1

h

= ×
π  +   

where IO is the total signal current (A), h is the height of 
the trace (cm), and D is the distance from the trace (cm). 
From this equation it can be concluded that digital ground 
currents resist flowing through the analog portion of the 
ground plane and so will not corrupt the analog signal.

For reference planes, it is important that the clearance 
sections of vias do not interfere with the return current’s 
path. In the case of an obstacle, the return current finds a 
way around it, as shown in Figure 5. However, this rerout-
ing will most likely cause the current’s electromagnetic 
fields to interfere with the fields of other signal traces, 
introducing crosstalk. Moreover, this obstacle adversely 
affects the impedance of the traces passing over it, leading 
to discontinuities and increased EMI.

Part 2 of this two-part article series will discuss the pros 
and cons involved in splitting the ground planes and will 
also explain grounding in systems with multiple converters 
and multiple boards.
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图 4 返回电流分布情况

图 5 有无插槽两种情况的返回电流

共有两条基本的电磁兼容（EMC）原则：

1. 电流应返回其本地源，并且要尽可能地紧凑。否则，

应构建环路天线。

2. 一个系统应只有一个基准层，因为两个基准会形成一

个偶极天线。

在EMC测试期间，当在接地或者电源层中某个插槽或者

缝隙之间布置线路时可观察到大多数问题。由于这种布

线会引起辐射和串扰问题，因此我们不建议使用。

重要的是，清楚地知道某个分割层中的接地电流如何流

动以及流向何处。大多数设计人员只想到了信号电流流

向何处，而忽略了返回电流的路径。高频信号有一个特

点：沿阻抗（电感）最低的路径流动。路径电感由路径

圈起的环路面积大小决定。电流返回源必须经过的面积

越大，电感也就越大。最小电感路径直接靠近线路。因

此，不管是哪一层—电源或者接地—返回电流都在与线

路相邻的层上流动。电流在该层内会微有扩散，并且保

持在线路下面。本质上而言，其精确分布情况与高斯曲

线类似。图4表明，返回电流直接位于信号线路下面。

这会形成一条最小阻抗的路径。

返回路径的电流分布曲线为：

                    

IO为总信号电流（A），h为线路厚度（cm），而D为距

离线路的长度（cm）。由该方程式我们可知道，数字接

地电流不愿流经接地层的模拟部分，因此不会损坏模拟

信号。

就基准层而言，过孔间隙部分不干扰返回电流路径，这

一点很重要。如果存在障碍，返回电流便会另寻路径绕

过它，如图5所示。但是，这种布线最有可能会引起电

流的电磁场，干扰其它信号线路的磁场，从而产生串扰

问题。另外，这种障碍会对它上面的线路阻抗产生不利

影响，导致不连续以及EMI增加。

本系列文章第2部分将讨论分割接地层存在的利和弊，并

说明多转换器和多板系统的接地方法。
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