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INTRODUCTION 
Meeting the regulatory require- 
ments is becoming increasingly 
difficult for many electronic 
products. Microprocessors are 
becoming faster, and with this 
increased performance comes 
increased radiated emissions due 
to the higher frequencies present 
in the system. Often, the primary 
sources of radiated emissions 
which exceed the regulatory limits 
include the microprocessor, the 
oscillator circuits, and derived 
signals such as address or data 
buses. Filter components could 
be added to signals to increase 
their rise or fall times and thus 
reduce the high frequency con- 
tent. However, with micro- 
processors having 32-bit wide 
data and address buses, filtering 
more than a few of these lines is 
often physically impossible due 
to space constraints. Any method 
which would simultaneously 
reduce the emissions from aII 
signals associated with a micro- 
processor or microcontroller could 
significantly reduce the cost of 
complying with the regulatory 
requirements. A technique to 
accomplish this goal has recently 
been developed. 

In the late 1940s, development 
began on a communication 
technique to intentionally broad- 
band a radio signal without 
increasing the modulation. This 
technique has come to be known 
as spread spectrum transmis- 
sion. The initial design objective 
of this technique was secure, jam- 
proof military communications. 
It is still used extensively for this 
purpose although commercial 
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communication applications have 
also been developed. The tech- 
nique described here is analogous 
to these communication spread 
spectrum techniques by the 
spreading of the energy in the 
intended signal. The primary 
clock used to provide timing 
signals to a microprocessor or 
other digital circuit is intentionally 
broadbanded to reduce the 
amplitudes of radiated emissions 
that are the result of this clock 
signal or any signal synchronized 
to it. This technique is hereinafter 
referred to as Spread Spectrum 
Clock Generation, or SSCG. 

In a typical microprocessor- 
based system, an external oscilla- 
tor or clock generator is used to 
provide the fundamental timing 
signals. Since the signal is 
approximately a trapezoidal pulse 
train, harmonics are present at 
each integer multiple of the 
fundamental frequency. For 
example, consider a trapezoidal 
clock signal with a fundamental 
frequency of 15 MHz. Harmonics 
of this clock signal are found at 
integer multiples of 15 MHz with 
the amplitude of the harmonics 
dependent upon the pulse rise 
and fall times and the pulse width. 

For a pulse train with a 50% duty 
cycle, only the odd harmonics are 
non-zero. However, it can be 
shown that even slight deviations 
from a duty cycle of 50% result in 
significant even harmonics. 
Deviations in the duty cycle can 
be caused by temperature or load 
variations, and can vary signifi- 
cantly over brief periods of time. 

In the frequency domain, 
harmonics of the trapezoidal clock 
signal are represented as delta 
functions at each harmonic 
frequency (Figure I). The data 
presented in Figure 1 are actual 
spectral data measured with a 
spectrum analyzer. The center 
frequency of the spectrum ana- 
lyzer is set to 315 MHz, which 
corresponds to the 2 1st harmonic 
of the fundamental frequency. The 
SSCG modifies the spectrum of 
the clock signal by frequency 
modulating (FM) the clock signal. 
With SSCG, the spectrum of the 
clock signal is changed from a 
delta function concentrated at the 
frequency of the nth harmonic to 
a series of sideband harmonics, 
centered over the frequency of the 
nth harmonic, but spread over a 
much wider frequency span, 
thereby reducing the amplitude 
of the harmonic. The separation 
of the sideband harmonics is given 
by the frequency of the modulating 
signal. 4 As shown in Figure 1, by 
applying the SSCG technique to 
the 15 MHz clock signal, the peak 
signal of the 21st. harmonic is 
reduced by approximately 10 dB 
when compared to the standard 
non-modulated signal. 

The degree of attenuation 
provided by SSCG is dependent 
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upon the maximum frequency 
deviation and the shape of the 
waveform used to frequency 
modulate the clock signal. The 
15 MHz clock of Figure 1 is 
modulated with a 30-kHz signal 
and the peak deviation is +100 
kHz. At the 21st harmonic, the 
spread of the resulting harmonic 
will be given as 

2x100kHzx21 =4. 2MHz 

Since the spread increases with 
each harmonic, the attenuation 
provided by SSCG increases with 
frequency. 

It is important to note that 
although the SSCG technique 
consists of frequency modulation 
of the clock signal, the waveform 
used is not typical. Standard 
waveforms such as a sine wave 
provide little if any attenuation. 
However, the modulating signal 
was empirically derived and 
provides optimum attenuation. ' 
The amplitude of the modulated 
harmonic is nearly uniform across 
the span of the harmonic (Figure 
I) . This is critical to optimizing the 
attenuation provided by SSCG. 

MEASUREI3 RESULTS 
In order to verify the attenuation 
provided by SSCG, the experi- 
mental implementation shown in 
Figure 2 is used. The synthesizer 
generates the frequency modu- 
lated SSCG signal with a unique 
modulating waveform generated 
by an arbitrary waveform gener- 
ator. The output of the synthesizer 
is amplified and converted to a 5- 
volt square wave by a zero- 
crossing detection circuit. The 
attenuation can be measured with 
a spectrum analyzer or quasi- 
peakreceiver directly, or the signal 
can be transmitted via a fiber 
optic link to the printed circuit 
board of an actual electronic 
product. By setting the peak 
deviation to zero, a standard clock 
signal is provided by the syn- 
thesizer. 

The attenuation provided by 
SSCG is found by measuring the 
peak amplitude of each clock 
harmonic with and without 
modulation. The attenuation at 
the nthharmonic is defined as the 
ratio of the peak amplitude of the 
nthharmonic without modulation 
to the peak amplitude of the 
harmonic with modulation. This 
attenuation will be the same 
regardless of the detector used; 
that is, whether a quasi-peak 
detector or the peak detector of a 
spectrum analyzer is used. The 
attenuation in dB measured using 

of+100 kHz. 
At the higher frequencies in 

Figures 3 through 5, a wide 
variation in the attenuation is 
observed, with the greatest 
variation at a peak deviation of 
+250 kHz. The lower attenuation 
values occur at those frequencies 
which, in the case of the nonmod- 
ulated clock signal, correspond 
to nulls in the Fourier series 
expansion of the trapezoidal pulse 
train. This variation in the 
attenuation is the result of the 
frequency modulation of the clock 
signal shifting the frequency of 

the configuration of Figure 2 
for fundamental clock fre- 
quencies of 20 MHz, 32 MHz, 
and 40 MHz is found in 
Figures 3 through 5, re- 
spectively. Data for two 
deviations, +100 kHz and 
+250 kHz, are given. 

The attenuation values 
found in Figures 3 through 5 
have an initial value of 
approximately 0 to 1 dB and 
increase with frequency at a 
slope of 10 dB/decade. The 
attenuation obtained with a 
peak deviation of 250 kHz is 
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Figure 2. Experimental Implementation of SSCG. 
Continued on page 278 
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