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Introduction
Ground wiring can often limit system performance. The
purpose of this application note is to help the system
designer utilize the benefits of the FAN2011 and FAN2001
families of high performance step-down DC-DC regulators,
to avoid PCB layout related problems and maximize overall
system performance. The basic concept of “star grounding”
is presented and ways of implementing star grounding for
systems like a cell phone, are shown. 

Grounding Issues     
Ground is defined as a reference potential for linear circuit
elements such as amplifiers, voltage references, and A/D
converters. It is used as the return for power systems
elements such as switching regulators, power amplifiers, and
digital circuit blocks. It is also used as a shield to prevent the
propagation of electromagnetic noise in the circuit. Because
of these diverse uses, care must be taken in laying out the
PCB ground system to avoid interference between different
areas of the board.

The finite resistance of the grounding path may couple the
noise generated by the power elements into the signal path of
the precision circuit elements, as shown in Figure 1.

Figure 1. Coupling of Ground Current Noise

If a ground connection carries substantial current, a voltage
drop will develop in the ground because of the basic
resistance of the ground material. This voltage drop makes
local ground different than zero volts, depending on circuit
topology and element location. If the current is high and if
there are ground sensitive circuits connected to this current
path, the voltage drop across the parasitic ground resistance
will produce offsets in the voltage measurements of the
sensitive linear circuit. In the case of a switching regulator,
where the power current is time varying, noise is induced in
the system. Linear circuits are referenced to ground and
some parameters of the converter such as load regulation and

overall output voltage accuracy are affected by this noise.
Another related issue of the ground system is its tendency to
carry inductively induced currents. Since the ground system
can be spatially extended, it is possible to generate
circulating currents in the ground caused by changing
external magnetic fields. Because the ground system has
usually low resistance, the ground loop currents can become
quite large. This often happens in larger systems that
magnetically couple to the 50 or 60 Hz power supply lines,
which are common in many areas. These circulating currents
can then induce noise in the sensitive linear circuits through
parasitic ground resistance, as shown in Figure 2.

Figure 2. Coupling of Magnetically Induced Ground Cur-
rent Noise

The Star Ground Technique
In all systems, the correct choice of the ground junction
point or single point ground reference, as it is sometimes
called, is important. The power management area in
particular requires special care as it supplies the current for
the whole system. It is necessary to first evaluate the flow of
the power supply and signal currents, and then configure the
path of the return currents and the location of the junction
point. This is necessary to minimize the introduction of DC
offsets and noise into the signal return paths.

In star grounding, a common point is chosen to which to
connect all ground lines. A physical point is chosen on the
circuit board to serve as the star ground point and all grounds
radiate from that point to the separate parts of the system.
Any one of the ground lines radiating from the star ground
may star again, forming a local star ground for a sub-circuit.
Special care must be taken to separate the signal ground
from the power ground at a star, such that no power current
will flow through any signal line ground. Cell phone system
design is complex as it compounds various sub-circuits such
as analog baseband, digital baseband, audio amplifiers, LCD
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controller, power and battery management, and RF
transceiver. Such a system is shown in Figure 3 with a
general scheme of a “star” ground connection. Ideally, all
grounds would converge on the main star and a single point
ground reference would be generated at that location. It is
physically difficult to bring all the traces on a board to a
physical location and make contact at a mathematical point
to avoid current generated interference. Therefore, the main
star might be broken into sub-stars. This shifts the burden to
coupling signals from one star to another, which have
slightly different, time variable ground reference potentials.
Signal coupling between different blocks would have to be
differential to avoid all ground problems.     

Figure 3. Star Ground Connection for a Cell Phone

FAN2011 and FAN2001 Regulators 
The FAN2011 and FAN2001 series of regulators uses a
current mode control loop with a fast transient response that
ensures excellent line and load regulation. A star ground
connection ensures that the highest performance is achieved.
The local ground plane for the switching regulator is shown
in Figure 4.

Figure 4. Star Ground Connection for High Performance 
DC-DC Converters

To benefit from the high performance of the FAN2011/
FAN2001 families of regulators, care must be taken
designing the PCB layout. The high ground current paths are
identified in Figure 4 by bolded lines. The voltage feedback
signal, internally connected to an error amplifier, is sensitive
to noise and the resistors must be routed separately from the

high current paths. If large ground noise is coupling into the
feedback signal the device may become unstable and
depending on the noise magnitude, the output voltage will be
out of regulation. The internal reference of the device is
connected to AGND pin. This pin should also be routed
separately from the high current paths directly into the
“star.” Any DC offset introduced into the analog ground pin
will affect the load regulation and consequently the
regulator's DC output voltage accuracy. An optimum PCB
layout for the FAN2011 family is shown in Figure 5.

Figure 5. PCB Layout
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LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER 
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LIFE SUPPORT POLICY 
FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES 
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR 
CORPORATION.  As used herein:

1. Life support devices or systems are devices or systems 
which, (a) are intended for surgical implant into the body, 
or (b) support or sustain life, or (c) whose failure to perform 
when properly used in accordance with instructions for use 
provided in the labeling, can be reasonably expected to 
result in significant injury to the user.

2. A critical component is any component of a life support 
device or system whose failure to perform can be 
reasonably expected to cause the failure of the life support 
device or system, or to affect its safety or effectiveness.
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Summary Points:
• Printed circuit board traces have substantial resistance.
• The star ground technique eliminates ground noise problems due to PCB resistance. 
• When designing a PCB layout, first evaluate the flow of power supply and signal currents, and then configure the path of 

the return currents and the location of the junction point. This will minimize the introduction of DC offsets and noise into 
the signal return paths.

• To benefit from the high performance of the FAN2011 and FAN2001 families of DC-DC regulators, local star ground 
techniques should be considered for the switching regulator embedded in an application system.   
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射 频 和 天 线 设 计 培 训 课 程 推 荐 

 

易迪拓培训(www.edatop.com)由数名来自于研发第一线的资深工程师发起成立，致力并专注于微

波、射频、天线设计研发人才的培养；我们于 2006 年整合合并微波 EDA 网(www.mweda.com)，现

已发展成为国内最大的微波射频和天线设计人才培养基地，成功推出多套微波射频以及天线设计经典

培训课程和 ADS、HFSS 等专业软件使用培训课程，广受客户好评；并先后与人民邮电出版社、电子

工业出版社合作出版了多本专业图书，帮助数万名工程师提升了专业技术能力。客户遍布中兴通讯、

研通高频、埃威航电、国人通信等多家国内知名公司，以及台湾工业技术研究院、永业科技、全一电

子等多家台湾地区企业。 

易迪拓培训课程列表：http://www.edatop.com/peixun/rfe/129.html 

 

 

射频工程师养成培训课程套装 

该套装精选了射频专业基础培训课程、射频仿真设计培训课程和射频电

路测量培训课程三个类别共 30 门视频培训课程和 3 本图书教材；旨在

引领学员全面学习一个射频工程师需要熟悉、理解和掌握的专业知识和

研发设计能力。通过套装的学习，能够让学员完全达到和胜任一个合格

的射频工程师的要求… 

课程网址：http://www.edatop.com/peixun/rfe/110.html 

ADS 学习培训课程套装 

该套装是迄今国内最全面、最权威的 ADS 培训教程，共包含 10 门 ADS

学习培训课程。课程是由具有多年 ADS 使用经验的微波射频与通信系

统设计领域资深专家讲解，并多结合设计实例，由浅入深、详细而又

全面地讲解了 ADS 在微波射频电路设计、通信系统设计和电磁仿真设

计方面的内容。能让您在最短的时间内学会使用 ADS，迅速提升个人技

术能力，把 ADS 真正应用到实际研发工作中去，成为 ADS 设计专家...

课程网址： http://www.edatop.com/peixun/ads/13.html  

 

HFSS 学习培训课程套装 

该套课程套装包含了本站全部 HFSS 培训课程，是迄今国内最全面、最

专业的HFSS培训教程套装，可以帮助您从零开始，全面深入学习HFSS

的各项功能和在多个方面的工程应用。购买套装，更可超值赠送 3 个月

免费学习答疑，随时解答您学习过程中遇到的棘手问题，让您的 HFSS

学习更加轻松顺畅… 

课程网址：http://www.edatop.com/peixun/hfss/11.html 
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CST 学习培训课程套装 

该培训套装由易迪拓培训联合微波 EDA 网共同推出，是最全面、系统、

专业的 CST 微波工作室培训课程套装，所有课程都由经验丰富的专家授

课，视频教学，可以帮助您从零开始，全面系统地学习 CST 微波工作的

各项功能及其在微波射频、天线设计等领域的设计应用。且购买该套装，

还可超值赠送 3 个月免费学习答疑… 

课程网址：http://www.edatop.com/peixun/cst/24.html  

 

HFSS 天线设计培训课程套装 

套装包含 6 门视频课程和 1 本图书，课程从基础讲起，内容由浅入深，

理论介绍和实际操作讲解相结合，全面系统的讲解了 HFSS 天线设计的

全过程。是国内最全面、最专业的 HFSS 天线设计课程，可以帮助您快

速学习掌握如何使用 HFSS 设计天线，让天线设计不再难… 

课程网址：http://www.edatop.com/peixun/hfss/122.html 

13.56MHz NFC/RFID 线圈天线设计培训课程套装 

套装包含 4 门视频培训课程，培训将 13.56MHz 线圈天线设计原理和仿

真设计实践相结合，全面系统地讲解了 13.56MHz线圈天线的工作原理、

设计方法、设计考量以及使用 HFSS 和 CST 仿真分析线圈天线的具体

操作，同时还介绍了 13.56MHz 线圈天线匹配电路的设计和调试。通过

该套课程的学习，可以帮助您快速学习掌握 13.56MHz 线圈天线及其匹

配电路的原理、设计和调试… 

详情浏览：http://www.edatop.com/peixun/antenna/116.html 
 

我们的课程优势： 

※ 成立于 2004 年，10 多年丰富的行业经验， 

※ 一直致力并专注于微波射频和天线设计工程师的培养，更了解该行业对人才的要求 

※ 经验丰富的一线资深工程师讲授，结合实际工程案例，直观、实用、易学 

联系我们： 

※ 易迪拓培训官网：http://www.edatop.com 

※ 微波 EDA 网：http://www.mweda.com 

※ 官方淘宝店：http://shop36920890.taobao.com 
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