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Predicting EMI from DC Buses 
in Digital Equipment 

INTRODUCTION 
The EMI emission source that 
most modern digital electronic 
devices have in common is the 
direct current (dc) bus that 
supplies and distributes neces- 
sary electric power to integrated 
circuits (IC). 

DC buses are used in almost all 
digital electronic devices, includ- 
ing satellite transmitters and 
receivers that enable worldwide 
communication, earth resources 
imaging, and collection of navi- 
gation and weather forecasting 
data; and in electronic tools for 
medical research and care, 
personal computers, cellular and 
cordless telephones, and elec- 
tronic games and toys. The 
proliferation of these electronic 
devices is causing a rise in 
interference between susceptible 
devices. The dc bus becomes an 
unintentional radiating antenna 
when minute residual switching 
signals are emitted from the ICs. 
This article will show by mathe- 
matical calculations how to 
predict the amount of EMI a dc 
bus will radiate. 

Regulatory agencies worldwide 
are setting allowable limits for 
radiated and conducted EMI 
emissions and for EMI sus- 
ceptibility or immunity levels to 
assure interference-free operation 
of all existing electronic devices. 
A prime example is the European 
Community (EC), which passed 
an EC Directive, effective in 1992, 
in an effort to control the problem 
of EMI. Any product marketed in 
the EC countries is required to 
meet strict EC regulations, and to 
display the CE Mark to indicate 
conformance. 
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BACKGROUND OF 
THE DC BUS 
Generally, when ICs are used in 
an Emitter Coupled Logic (ECL) 
configuration on printed circuit 
(PC) cards, the PC layout contains 
adcbus and signal traces. The dc 
bus couples unwanted signals to 
some ICs unless they are de- 
coupled with high frequency 
bypass capacitors from the bus. 
This is especially a problem on a 
card that contains a large number 
of densely packed ECL ICs driven 
by a common clock. The simul- 
taneous switching turn-on cur- 
rent at 200 MHz or at a higher rate 
will induce on the dc bus a 
considerable current fluctuation 
at the clock frequency rate. It is 
not uncommon to have rise and 
fall times as short as 1 ns and a 
large harmonic frequency spec- 
trum extending to 1 GHz and 
beyond. i 

The emerging ultrahigh speed 
technology of complementary 
metal oxide semiconductor 
(CMOS) devices is extending EMI 
from dc buses to much higher 
frequencies. With CMOS devices, 
designers can achieve much faster 
solutions with reduced power 
consumption than with ECL ICs. 
The disadvantage of CMOS 
technology is its faster switching, 
and the dc bus contamination of 
ultrahigh frequencies is many 

times worse. The newer CMOS 
logic devices can be driven at a 
clock rate of 15 GHz. The rise time 
of such a short pulse can be as 
short as 75 ps or less. 

Rise and fall times of such short 
duration occupy a very large 
spectrum of harmonic frequen- 
cies. These frequencies extend 
up into the microwave region. 
Such high frequencies are very 
difficult to contain from residual 
high frequency (HF) currents 
circulating in dc buses. The result 
is radiated or conducted EMI. 2 To 
curb radiated EMI, manufacturers 
turn to shielding enclosures, 
which increase the cost of the 
product. 

EMI PATHS: 
RADIATED OR CONDUCTED 
The power line is a very good 
conductor of noise. If the device 
has an adequate line filter 
installed, the EMI is blocked in 
while leaving or entering the 
device. If a device is equipped 
with a very good line filter but a 
very poor dc bus it can still cause 
havoc with radiated EMI. Con- 
versely the device can become a 
victim of received EMI. 

The EMI source needs a path to 
its victim for interference to occur. 
The path may be transmitted on 
metallic conductors, such as 
cables and power wires, or it may 
be radiated in the form of 
electromagnetic waves through 
the airwaves. The dc bus plays a 
crucial role in coupling EMI from 
switching solid-state devices to 
both conducted and radiated 
paths. Portable battery powered 
devices operated with a battery 
charger or battery eliminator are 
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often not designed for conducted EMI. This is a 
frequently forgotten point which causes problems 
later. 
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WHAT IS A DC BUS'? 
A dc bus is a pair of metallic conductors between one 
power supply and several electronic devices. 
Sometimes the electronic device requires the 
connection of power supplies with different voltage 
and current ratings, which necessitates using more 
than one pair of metallic conductor dc buses. One 
of the requirements of a dc bus is a sufficient cross- 
sectional area of a good conducting metal, such as 
copper, to deliver the power supply voltage with an 
acceptable low voltage drop and with minimum 
temperature rise. If the dc bus has a voltage drop 
between the minimum and maximum loads which 
exceeds the manufacturer's recommended levels, 
the electronic devices may not function as intended, 
or a malfunction may take place. 

Most electronic devices require at least one dc bus 
and may contain digital electronic circuits for high 
clock rate switching. Clock rates of 50 MHz and 
higher will have an alternating current (ac) 
component riding on top of the dc voltage. The 
following equations illustrate how to calculate the 
time-to-frequency domain conversion. A 50-MHz 
ECL clock with a 2-ns rise and fall time and with an 
amplitude of 0. 8 volt will occupy a frequency domain 
beyond 50 MHz (Figures 1 and 2). 
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The amplitude will be obtained as follows: 
2A5(f&)(dB)=20 log 2A — = 20 log 1. 6x4x10-' = -3. 8 dB 
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where 
T = clock period 

= clock pulse period 
= rise time 
= fall time 

fi — — frequency of amplitude 
fp — — clock frequency amplitude 
f2 

— — frequency of 20 dB/decade change to 40 dB/ 
decade change. 
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Figure 1. mme-to-Frequency Domain Conversion of Clock 

30 

20 
Q3 

10 

0 

& — 10 E 

— 20 

20 dB/Decade 

40 dB/Decade 

— 30 
10 MHz 100 MHz 1 GHz 10 GHz 

Frequency 

Figure 2. EMI Amplitude of 50 MHz ECL Clock with 2 
ns Rise Time (Time-to-Frequency Domain Conversion). 

At fi the frequency domain envelope is starting a 
-20 dB/decade slope. At f2 the amplitude slope is 
changing to -40 dB/decade. To find the amplitude 
in dBIIV, add 120 dB to each dB value. Thus: 

2A~(f1) = -3. 8 + 120 = 116. 2 dBIIV (10) 

A(fp): -5. 8 + 1 20 = 1 1 4. 2 dBIIV (1 1 ) 

A(f2) = -15. 8 + 120 = 104. 2 dBPV (12) 

Using the previous procedure for calculation, an 
ultra-fast CMOS clock at a 15-GHz clock rate with a 
combined rise and fall time of 20 ps and an amplitude 
of 2. 5 volts would occupy a much larger frequency 
domain (Figure 3). 
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A(fp) = 2AB - 20 log p = -3. 8 - 20 log 3 97 107 
= 5. 8 clB fp 5x10 

3. 97x107 

(8) 

A(f2) = 2A5 - 20 log I- = -3. 8 - 20 log 3 9 1Q7 
= 15. 8 cl B f2 1. 59x10s 

(9) 












