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By Dr. Ray Ridley, Ridley Engineering

A perpetual problem in design-
ing switching power supplies 
lies with the input filter. Modern 

power electronics started with this issue 
when the very first switching power sup-
plies were built. It was discovered that 
adding an input filter can make a previ-
ously stable system unstable. Much has 
been written about this in the past, and 
the reader is encouraged to look at the 
literature available, starting with refer-
ence [1]. 

With modern dc-dc converters avail-
able in either fully packaged form, or 
as integrated controllers, many new 
engineers are placing power supplies on 
a board. The input filter interaction is-
sue continues to plague many designs, 
especially for engineers who are not 
familiar with proper design guidelines.

Power supply input filters are used 
to attenuate switching power supply 
noise, and to prevent corruption of the 
input line. If you are designing to meet 

stringent emissions standards, at least 
a two-stage filter is needed to attenuate 
the noise to an acceptable level. If you 
are designing for board-mount power, 
and switching substantial currents, at 
least an LC filter is advised to prevent 
noise problems on the board. 

Figure 1 shows a typical two-stage 

filter configuration. Two different capaci-
tors are shown on the output of the filter. 
One provides bulk energy storage, and 
one provides low impedance at high 
frequencies.

Input Filter Attenuation
An input filter works in two ways. First, 

it attenuates noise from the input source 
to the output of the filter. In this direc-
tion, it can be viewed as a voltage filter, 
and the transfer function is expressed 
as the voltage ratio from Vin to Vout. 

Then, to attenuate the power sup-
ply noise, the filter acts as a current 
filter. The input of the power supply is a 
switching current, which drives the filter. 
The transfer function is from the current 
at the right of the filter to the current at 
the left of the filter, assuming the input is 
short circuited (a voltage source.)

In either case, the attenuation is the 
same. Figure 2 shows the attenuation 
for the example filter values of Figure 1. 

Is Your Input Filter 
Causing Trouble?

This month’s article comes with a free giveaway to help you with your power supply design process. 

Whether you are designing complete PWM converters from scratch, working with modular power 

supplies, or something in between, you will be faced with input filter design issues. Once you have read 

this article, you can download the free program InputFilter.xls to analyze your input filter design quickly 

and easily. 

Figure 1: Input filter with five reactive elements. Figure 2: Input filter attenuation.
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China’s vehicle market is small but 
with huge potential for growth 
has companies flocking to get a 

piece of the market. China’s vehicle pro-
duction is forecast to surpass Japan’s 
by 2010 to become the world’s second 
largest automobile manufacturer, how-
ever, China’s automotive semiconductor 
market remains relatively small at the 
moment. But the potential for growth 
during the next several years is tremen-
dous as the country becomes one of the 
leading automotive centers in the world. 

In 2006, China’s total automotive 
semiconductor consumption for do-
mestic electronic systems is estimated 
to reach $1.5 billion. Only 45 percent 
of this is sourced within China. Fur-
thermore, only about 40 percent of 
this figure is generated from domestic 
designs—the rest using foreign designs. 

However, China’s share of design ac-
tivities will improve quickly sometime in 
2008. This turnaround is being encour-

aged by favorable Chinese government 
policies on capital investment as well as 
tax incentives.

Domestic designs will spread from 
automotive entertainment to naviga-
tion, body and security systems, and 
finally to other control systems. iSuppli 
Corp. forecasts that China’s domestic 
automotive electronic equipment design 
activities will reach 6.1 billion in 2011 

or 33 percent 
of China’s total 
production 
value in 2006. 
This is up from 
$2.45 billion or 
only 24 percent 
of total produc-
tion value in 
2006. In 2006, 
China’s domes-
tic entertain-
ment designs 
will account 
for more than 
60 percent of 
total production 
value. Power 

train, chassis and safety systems will 
experience the largest growth rates. The 
opportunities for the domestic design 
work are in automotive audio and video. 
Navigation, body electronics, airbags, 
Anti-lock Braking Systems (ABS) and 
Engine Control Units (ECUs) will also 
be a source of much of this automotive 
design activity.

iSuppli predicts that China’s light 
vehicle electronic content will rise from 
$1,059 on average per vehicle in 2006 
to $1,359 in 2011. Electronic content 
for cars will increase from $1,243 to $1, 
488 over the same period. The Top 5 
automotive electronic systems by value 
are: airbags, Transmission Control Units 
(TCUs), engine control units, electric 
HVAC and ABS systems.

Domestic demand fluctuations greatly 
impact automotive electronic systems 
manufacturing and design in China—es-
pecially in the face of the future market 
potential. The five electronic systems 
listed previously generate the largest de-
mand and will likely attract more manu-
facturer and designer involvement. This 
is good news for foreign design com-
panies who are looking to penetrate the 
Chinese market with power semiconduc-
tors. The most likely effect on the market 
will be price erosion for some of these 
semiconductor products driving down 
the costs of the overall systems Figure 1 
shows iSuppli’s light vehicle production 
forecast for China from 2001 to 2011. 
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