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REDUCING INTERFERENCE FROM OSCILLATORS
IN ELECTRONIC EQUIPMENT
BACKGROUND
The present invention relates to oscillators and
5 clocks in electronic equipment, and more particularly
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to methods and apparatuses for reducing unwanted
electromagnetic emissions from such oscillators and
clocks.

Modern electronic equipment relies heavily on
the use of clocks and oscillators. Examples of such
equipment are personal computers, household
electronics and appliances (that now typically
include microprocessors and digital circuits),
telephone exchanges, radio equipment (including
cellular telephones), and any apparatus having a
power supply that utilizes switching, to name just a
few.

One characteristic of oscillators and clocks is
the production of unwanted emission of
electromagnetic energy that can create problems not
only for other nearby equipment, but also for
surrounding circuits within the same piece of
equipment as the oscillators and clocks. For
example, within a radio receiver, an oscillator in a
surrounding circuit can create interference in the
radio receiver by emitting unwanted signals at a
frequency where the receiver is sensitive to
interference, such as the intended receive channel or
at an intermediate frequency in a superheterodyne
receiver. (As used in this specification, the word
"interference" may refer to either radiated or
conducted interference.) In many radio designs, all
of the internally used oscillator fregquencies are
derived from a single high accuracy reference
oscillator, which can produce interference at
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fundamental, harmonic and subharmonic frequencies of
the oscillator. It might be impractical or
impossible to detune the oscillétor to avoid this
interference, because the frequency error of the
oscillator will be too large for its purpose. This
is often the case in cellular radios énd_associated
base stations as well as in many other radio designs.

One known solution to the problem of reducing
harmonic interference generated by a clock signal in
a radio transceiver is discldsed in U.S. Patent
Application No. 5,263,055, issued to Cahill on
November 16, 1993. This patent shows the use of a
frequency spreading signal generator and a signal
modulator. The frequency spreading signai is
produced by a pseudorandom noise'generator, and has
the properties of white noise. The signal modulator
modulates the clock signal with the frequency
spreading signal to produce a modulated clock signal
including a modulated harmonic frequéncy component.
This results in the power level of a modulated
harmonic frequency component, corresponding to the
harmonic frequency component inteffering with the
filtered signal, to be spread over a frequency
bandwidth greater than the predetermined frequency
bandwidth, thereby causing the pdwer level of the
modulated harmonic frequency component within the
predetermined frequency bandwidth to decrease.

Japanese Patent Document No. 61-95651, published
on May 14, 1986, appears to disclqse a system very
similar to that of the Cahill patent. In a radio
receivef, a reference signal having a center
frequency f,, which is used as a timing signal within
the receiver, is subjected to angular modulation by a
noise signal outputted from a modulation source.
When the center frequency of the signal to be



l 4

10

15

20

25

30

35

b

WO 95/29542

3

received is sufficiently larger than the reference
signal frequency f,, the frequency spectrum of the
n-th harmonic causing interruption s spread widely
and the interference is reduced remarkably.

A problem with the above techniques disclosed by
both the Cahill and Japanese Patent documents is that
the use of a noise signal to spread the harmonics of
the reference signal does not provide the capability
for completely eliminating all sidebands within a
receiver bandwidth. (In this context, receiver
bandwidth means the frequency band around an assigned
channel frequency, in which interfering signals might
impair reception when the receiver is tuned to the
channel.) At best, these sidebands can be somewhat
attenuated, the amount of attenuation being
equivalent to the ratio of receiver bandwidth to
spreading bandwidth.

Another drawback to these systems is the fact

- that noise generators are themselves, complicated to

implement, making the circuit more costly to design
and build.

Similar unwanted emission problems occur in
other types of electronic equipment that contain
oscillators and clocks with a defined constant
frequency. 1In such equipment, it is often the case
that many other signals are derived from the clock or
oscillator signal in such a way that unwanted
emission occurs in the form of a line spectrunm,
covering a large bandwidth. There are often dominant
components in the emitted spectrum at multiples of
the clock frequency or multiples of subharmonics of
the clock frequency. The exact position and
amplitude of the components may vary with the state
of the equipment, but the dominant lines still
remain.

PCT/US95/05139
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Because of potential coexistence problems
between various clock- and oscillator-based systems,
such equipment is required to satisfy national and
international standards régarding electromagnetic
compatibility (EMC). These standards define a
maximum level of electromagnetic radiation that any
piece of electronic equipment is allowed to radiate.
Unwanted emission is often measured, in accordance
with technical standards, using a quasipeak detector
with a bandwidth of 120 kHz. A line in the emitted
spectrum will give an output from the detector
corresponding to its amplitude. If several lines are
within the bandwidth of the detector, then the output
will roughly be the sum of their amplitudes.

In electronic circuits, unwanted emission is
traditionally kept below maximum limits by means of
careful design of circuit boards, decoupling and
screening, use of balanced lines, low power levels,
and other commonly known design principles. However,
these technigues are often inadequate at reducing the
unwvanted emissions to an acceptable level.

Therefore, it is desirable to provide a method
and apparatus that can attenuate unwanted clock and
oscillator emission of electromagnetic energy to a
level that avoids interference with other nearby
circuits and equipment.

It is also desirable to provide a method and
apparatus that can attenuate unwanted clock and
oscillator emission of electromagnetic energy to a
level that satisfies various national and
international standards regarding such emission.

SUMMARY
One aspect of the present invention finds
application in an electronic apparatus including a
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reference oscillator and an interfering part that
generates an interference signal having a spectral
component within a receiver bandwidth, the reference
oscillator supplying a reference oscillating signal
to the interfering part from which reference
oscillating signal the interference signal is
derived. 1In accordance with the invention, the
amplitude of the interference signal within the
receiver bandwidth is reduced by angle modulating the
reference oscillating signal with a sinusoidal
modulating signal, whereby the interfering part
generates an angle modulated interference signal
having modulation sidebands that are outside of the
receiver bandwidth and a reduced carrier component
within the. receiver bandwidth. T
»’“wyln a preferred embodiment of the invention, the
sinusoidally modulated interference signal has a
modulation index, 8, that is close to a solution of
the equation J,(8) = 0, where J, is a Bessel function
of the first kind. A satisfactory value of § may be
one that sufficiently reduces carrier voltage of the
modulated interference signal to a level that
produces an acceptable amount of receiver
interference. The modulating signal frequency is
selected so that the modulation sidebands fall
outside of the receiver bandwidth. A modulation
frequency exceeding the receiver bandwidth will serve
the purpose wherever within the bandwidth the
interfering carrier falls. Half the bandwidth is
sufficient if the carrier falls exactly in the center
of the bandwidth.

Angle modulation may be accomplished by applying
direct frequency modulation to the reference
oscillator with the sinusoidal modulating signal to
generate a modulated reference signal, and then
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applying the modulated reference signal to the
interfering part to generate the angle modulated
interference signal having spectral components that
are outside of the receiver bandwidth.
Alternatively, angle modulation may be performed by
phase modulating the reference oscillating signal
with the sinusoidal modulating signal prior to
supplying it to the interfering part so that the

‘interfering part generates the angle modulated

interference signal having modulation sidebands that
are outside of the receiver bandwidth. When this
latter method is used, the unmodulated reference
oscillating signal may be supplied to a non-
interfering part of the electronic apparatus. This
is useful when it is desired to supply a non-
modulated signal to the non-interfering part.
Another aspect of the present invention finds
application in an electronic apparatus including an
oscillator that generates an interference signal
having an interfering spectral component within a
measurement bandwidth. In accordance with the
invention, interference is reduced by using a
deterministic, non-noise modulating signal, such as a
sawtooth waveform modulating signal, to angle

. modulate a clock signal from which the interference

signal is derived, so as to cause the interference
signal to become an angle modulated interference
signal having a reduced spectral component within the
measurement bandwidth, the reduced spectral component
being smaller than the interfering spectral
component.

The step of angle modulating a clock signal from
which the interference signal is derived may comprise
the steps of applying direct frequency modulation to
a reference clock that generates the reference clock

PCT/US95/05139
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signal, and then supplying the frequency modulated
clock signal to an emission generating circuit within
the electronic apparatus in lieu of the clock signal,
the emission generating circuit being responsible for
5 generation of the interference signal.
Alternatively, the step of angle modulating a clock
signal from which the interference signal is derived
may comprise phase modulating the clock signal, and
then supplying the phase modulated clock signal to an
10 emission generating circuit within the electronic
apparatus in lieu of the clock signal, the emission
generating circuit being responsible for generation
of the interference signal.
In accordance with one embodiment of this aspect
15 of the invention, a modulation bandwidth of the angle
modulated interference signal exceeds the measurement
bandwidth.
In yet another aspect of the invention, in which
a clock circuit itself generates a combined signal
20 comprising an interference signal in addition to the
desired clock signal, interference may be reduced by
angle modulating the combined signal as described
above.

25 BRIEF DESCRIPTION OF THE DRAWINGS

The objects and advantages of the invention will
be understood by reading the following detailed
description in conjunction with the drawings in

30 which:

Fig. 1 is a block diagram of electronic
equipment that includes a first embodiment in
accordance with a first aspect of the invention;

Figs. 2a-b are graphical comparisons of emission

35 lévels produced by a circuit with and without the use
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of techniques in accordance with the first aspect of
the invention; o |

Fig. 3 is a block diagram of an alternative
embodiment in accordance with the first aspect of the
invention;

Fig. 4 is a block diagram of electronic
equipment that includes an embodiment in accordance
with a second aspect of the invention;

Figs. 5a-b are graphical compaxisons'of emission
levels produced by a circuit with and without the use
of technigues in accordance with the second aspect of
the invention; _ _

Fig. 6 is a block diagram of still another
embodiment in accordance with the second aspect of
the invention;

Fig. 7 is a graph of a clock signal that has
been modulated by a sawtooth waveform in accordance
with one embodiment of the present invention;

Figs. 8a-d are graphs showing empirical results
of tests in which the various inventive techniques
are applied; and

Fig. 9 is a diagram of a prior art phase
modulator circuit.

DETAILED DESCRIPTION

Several aspects of the present invention will
now be described with respect to a number of
embodiments. First, several embodiments that are
capable of reducing radio receiver interference from
an oscillator will be presented. Next, several
embodiments of the invention will be described that
are capable of attenuating unwanted emissions from a
clock or oscillator to levels that satisfy national
and international standards regarding such emission.
In all instances, angle modulation is applied to the
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oscillator signal to effect the reduction of unwanted
emission.

Referring now to Fig. 1, a block diagram of
electronic equipment that includes a first embodiment
of the invention is shown. The electronic equipment
may, for example, be radio egquipment, including a
receiver 101. In this example, it is desired to
prevent the interfering part 103, which may be a
control logic circuit, from generating a strong
interfering signal 109 at a receive frequency of the
receiver 101. For purposes of this example, it will
be assumed that the receive frequency is 422.4 MHz,
and that the interfering part 103 uses a 6.4 MHz
clock signal derived from the reference oscillator
105, which oscillates at a frequency of 12.8 MHz.
Consequently, there is the potential that the
interfering part 103 will generate an interfering
signal comprising the 66th harmonic of the clock
frequency. It will be recognized by those having
ordinary skill in the art that although the reference
oscillator 105 and the interfering part 103 may be
separate parts, as illustrated, they may
alternatively be one and the same part. That is, it
is possible for a reference oscillator to also
generate unwanted harmonics that cause interference
in a receiver bandwidth. However, solely for the
purpose of illustrating the various features of the
invention, the following discussion treats the
reference oscillator 105 and the interfering part 103
as separate entities. Notwithstanding this
treatment, the principles and techniques discussed
here are equally applicable to the case where a

reference oscillator itself generates an unwanted

interference signal.
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In accordance with the invention, the
interfering signal is sharply attenuated by applying
angle modulation to the reference oscillator 105. As
depicted in Fig. 1, the angle modulation is effected
by means of direct frequency modulation of the
reference oscillator 105. This technique is equally
applicable for the case where the reference
oscillator 105 and the interfering part 103 are one
and the same, as mentioned above. Techniques for
frequency modulating an oscillator are well known in
the art, and are not described here in detail. Those
having ordinary skill in the art will recognize that
the same angle modulation could alternatively be
accomplished by applying phase modulation to the
output of the reference oscillator 105. 1In either
case, the modulating signal is chosen to be a
deterministic, non-noise signal (as opposed to random
or pseudo-random signals having the characteristics
of white noise), preferably sinusoidal, that will
produce a modulated signal having a modulation index
that will cause the carrier frequency signal at.the
£ss§ixg”£z§gugngzwgg%pg §§§;;: “Egz—choice of a
deterministic non-noise modulating signal, such as
the sinusoidal waveform, instead of a waveform having
white noise characteristics, allows the invention to
achieve a greater attenuation within a certain
bandwidth centered around the interfering harmonic
frequency. This is because sinusoidal modulation can
be made to cause all sidebands to fall outside of a
given bandwidth. By comparison, the use of white
noise as the modulating signal only permits an
attenuation equivalent to the ratio of receiver
bandwidth to spreading bandwidth. Thus, the present
invention permits substantial attenuation to be
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achieved with significantly smaller modulation when
the correctly chosen modulating signal is chosen.

The sinusoidal modulating signal should be
selected so that the modulation index of the
modulated signal will be close to the solutions to
the equation J,(8)=0, where §8 is the modulation index
and J, is the Bessel function of the first kind. For
example, in a preferred embodiment the modulation
index, B, is selected (e.g., from a table of Bessel
functions) so that it satisfies the relation
Jo,(8) < R, where R is the desired ratio of the reduced
carrier voltage level of the modulated signal to the
carrier voltage level of the unmodulated signal. As
an example, if R = 0.1 (equivalent to 20 4B
reduction), a value of 8 between 2.2 and 2.4 at the
interfering frequency is satisfactory. Those having
ordinary skill in the art will recognize that an
acceptable value for R depends on the susceptibility
of the particular receiver to interference.
Furthermore, a modulation frequency is selected that
will produce modulation sidebands outside of the
receiver frequency bandwidth. In the example shown
in Fig. 1, the interfering signal 109 will be reduced
by using the modulation generator 107 to modulate the
output of the reference oscillator 105 by applying a
modulating signal having a modulation index of 2.4 at
422.4 Mhz, and a modulation frequency of 60 kHz,
giving modulation sidebands outside of the receiver
bandwidth of 8 kHz. This attenuation results from
the fact that at certain modulation indexes (e.g. in
the vicinity of 2.4), the spectral component of the
modulated signal at the unmodulated carrier frequency
vanishes. The modulation index at 6.4 MHz is only
2.4/66 = 0.0364, which is too small to cause
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malfunction in the control logic circuit (i.e., the
interfering part 103).

It should be recognized in the above example
that the selection of 60 kHz as the modulation
frequency is arbitrary. Any frequency above the
receiver bandwidth might be used. For instance, in
the above example an 8 kHz modulation freguency would
also be acceptable. _

Fig. 2a is a graph that illustrates the
interfering signal 109 that would result without the
modulation of the oscillator, and Fig. 2b is a graph
showing the effect of the inventive modulation
technique on the interfering signal 109. It is
readily apparent that the strength of the interfering
signal at the receive frequency has been greatly
reduced.

An alternative embodiment of the above-described
invention is illustrated in Fig. 3. Here, the
concern is still that the interference creating part
103 will generate an interference signal 109 at the
receive frequency of a receiver 10l1. However, the
electronic equipment also includes a non-interfering
part 301 for which it is desired to supply a non-
modulated signal directly from the oscillator 105.
Consequently, it is not feasible to directly apply
frequency modulation to the reference oscillator 105.
To accommodate this situation, the output of the
oscillator 105 is supplied to a phase modulator 303
which receives a modulating signal from the
modulation generator 107. An example of a
conventional phase modulator circuit is shown in Fig.
9. Techniques for phase modulating a signal are well
known to those having ordinary skill in the art, and
are not described here in greater detail. . The
modulating signal is determined as described above

PCT/US95/05139
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with respect to Fig. 1. The output of the phase
modulator 303 is then supplied to the interfering
part 103. With this configuration, the modulated
clock signals need be supplied only to those parts
which create interfering signals. Other parts that
do not create interference, or that do not tolerate a
modulated signal, can receive the unmodulated clock
signal as shown in the figure.

The use of phase modulation, as depicted in Fig.
3 is also applicable to the case where the oscillator
103 itself is responsible for generating the
interfering signal. The phase modulated clock signal

‘may be generally distributed to other parts in the

apparatus. In this case, it may be necessary to
additionally use commonly known design principles in
order to reduce the interference that may emanate
between the oscillator 103 and the phase modulator
303.

The embodiments described above have made
reference to the use of a sinusoidal waveform as the
modulating signal. However, one could also design a
circuit based on the teachings presented here, but
using a different deterministic, non-noise waveform,
such as a square wave. As taught by, for example,
P.F. Panther, "Modulation Noise and Spectral
Analysis" 257-260 (McGraw Hill 1965), which is
incorporated herein by reference, the Fourier series
of a carrier that is frequency modulated by a square
wave is given by
By setting f=2 in the above equation, one finds that
the amplitude of the carrier vanishes. In general, a
modulation index, 8, should be selected that
satisfies the relation (2/78)sin(mB8/2) < R, where R
is a predetermined ratio of modulated carrier
amplitude to unmodulated carrier amplitude. The
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2A,. . .
= __"'s]_nﬂcoswct {carrier)
x BA 2 :
2pA; . Bx -
.kﬂ(Bz-iq cos £ [cos(w -w,) t-cos (w +w,) t]

(first sideband pair)
-#‘:{t’ﬁ'a’.in-%’E [cos (@ _-2a,) t+cos (0 +2w,) t]
(second sideband pair)
exact value of R will depend upon requirements for
the particular circuit being designed. Using a
modulation with sufficiently large w, causes the
sidebands to fall outside of the receiver bandwidth.

Thus in accordance with the above-described
aspect of the invention, it is possible to avbid_
interference that wouid otherwise be difficult to
avoid. Small and compact designs ¢an be achieved at
lower cost and weight, because less shielding and
decoupling is necessary. Problems relatiﬁg to the
above~identified interference can be solved at a
later stage in the development cycle of electronic
equipment, which saves time. Furthermore, it is not
only one frequency that is improved, but all
frequencies where the modulation index is close
enough to, for example, 2.4 to give the desired
attenuation of the interference. This is important
because interference from digital circuits is often
in the form of harmonics of a relatively low clock
frequency causing interference at several channels
within the receiver tuning bandwidth.

In accordance with a second aspect of the
invention, angle modulation is applied to a reference
clock signal in electronic equipment in order to
reduce unwanted electromagnetic emissions to levels
that enable the electronic equipment to satisfy
national and international standards regarding such

PCT/US95/05139 -,
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emissions. As explained above, such standards set a
maximum level of electromagnetic radiation that will
be tolerated from electronic equipment.

Referring now to Fig. 4, one embodiment of the

5 invention is shown that addresses this problem.

Here, electronic equipment 400 includes an oscillator
401 that provides a clock signal for use by emission
creating circuits 407, which generate the interfering
signal 409. In accordance with the invention, phase

10 modulation is applied to the output of the
oscillator 401 by means of a phase modulator 403.
Alternatively, angle modulation could be achieved by
means of direct application of frequency modulation
to the oscillator 401, in the manner described above

15 with respect to Fig. 1. The modulation waveform in
either case is a deterministic, non-noise waveform,
and preferably a sawtooth waveform, which in this
embodiment is provided by the modulation waveform
generator 405. The use of a deterministic, non-noise

20 waveform signal, such as the sawtooth waveform,
instead of a white noise signal provides advantages,
including the fact that the modulating waveform is
much simpler to generate. For example, a sawtooth
waveform can be generated simply by integrating a

25 constant voltage, and resetting the output
periodically. _

The effectiveness of this design derives from
the fact that a sawtooth fregquency modulated signal
with a large modulation index has a spectrum with

30 components of almost equal amplitude within the
modulation frequency sweep width. Each spectral
component of the modulated signal has a power level
approximately corresponding to the ratio of the
sawtooth modulation frequency to the sweep width.

35 This is because the spectral components are equally
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spaced at modulation frequency distances within the
sweep width. The number of components within the
sweep width is then equal to the ratio of the sweep
width to the modulation freguency. The total signal
power is essentially equally shared between the
components, and each of them has a power
correspondingly smaller. This spectrum is shown in
figure 7-11 on page 260 of the above-cited book by
Panther, which has been incorporated herein by
reference.

If this modulated spectrum is measured with a
power measuring device having a bandwidth of B Hz and
the modulation frequency is chosen to be larger than
B, only one spectral component at a time is present
within the power measuring device bandwidth anywhere
in the modulation spectrum. The measuring device
will thus show the power of only one of the
components and a desired reduction is achieved.

When the measuring device is a peak power meter,
it is an advantage to use a modulation spectrum with
a constant amplitude component within the power
measuring device bandwidth. The meter will then
never show more than the peak level of each
component, which is also equal to the average level,
since the amplitude is constant. That means that a
deterministic modulation with a flat spectrum, such
as the sawtooth sweep, is better for this purpose
than a random noise spectrum with an equal spectral
average power within the measurement bandwidth, since
the noise signal will have a much higher peak than
average value. The peak power meter will show higher
peak power for noise modulation than for sawtooth
sweep modulation with comparable frequency deviation.

The choice of a sawtooth waveform having a
frequency slightly higher than the measurement

PCT/US95/05139
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bandwidth is optimum in the sense that it gives
smaller peak power in the measurement bandwidth than
other choices. This is so because if the frequency
is made even higher, then each component will be
larger. On the other hand, if the frequency is made
lower, then several components fall in the
measurement bandwidth, which will add to higher peak
power, even if the average power remains the same.
Preferably, the frequency of the sawtooth waveform is
selected from a range of frequency values, the range
of frequency values having a low fregquency value that
is substantially equal to the measurement bandwidth
and a high frequency value that is substantially
equal to 1.5 times the measurement bandwidth.

For the purpose of illustrating the above
principles, assume that a power measuring device
bandwidth is slightly less than 100 kHz and that it
is desired to achieve a 10 dB (i.e., 10 times)
reduction of spectral component levels in this
bandwidth. In accordance with the inventive
principles described above, a sawtooth modulation
frequency of 100 kHz can be used. Also, the total
signal power should be shared among 10 components in
order to give the desired power reduction. To
produce these 10 components, the clock signal should
be angle modulated by a sawtooth waveform having a
sweep width of 10 x 100 kHz = 1 MHz. The frequency
variation of a modulated clock signal 701 that has
been modulated with the described sawtooth waveform
is shown in Fig. 7.

The above teachings will now be applied to an
example with reference to the circuit of Fig. 4. If
the electronic equipment 400 is, for example, a
personal computer, then the clock freguency might by
66 MHz. Assume that it is desired to avoid
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interference occurring around 900 MHz. A frequency
sweep of 1 MHz of the 900 MHz components requires
sweeping the 66 MHz clock signal over

(66/900) x 1 MHz = 73.3 kHz. .

The effectiveness of this design is illustrated
in Figs. 5a and 5b. Fig. 5a shows a graph of the
line spectrum of the interfering signal 409 that
would ordinarily result from direct application of
the output of the oscillator 401 to the input of the
emission creating circuits 407. It can be seen that
the interfering signal 409 in this instance comprises
three lines 501, 501’/, 501’’. The first line 501
falls within the bandwidth B, in which an
electromagnetic emission measurement is to be made.
Without the use of the present invention, the
amplitude of the first line 501 exceeds the maximum
allowable amplitude A4, set by national and/or
international standards. _

By comparison, Fig. 5b shows the effect of
applying the sawtooth frequency sweep wavefornm
modulation to the output of the oscillator 401.

Here, the interfering signal 409 comprises twelve
lines spaced across the frequency spectrum. However,
only the third line 503 falls within the bandwidth
B,.. in which an electromagnetic emission measurement
is to be made. Of significance is the fact that the
amplitude of this third line 503 is less than the
maximum allowable amplitude 3,, set by national and/or
international standards. Thus, the electronic
egquipment 400 would satisfy these requirements. 1In
effect, by applying angle modulation to the output of
the oscillator 401, the lines of the line spectrum
are spread out so that less power falls within any
one bandwidth, including the one in which a detector
performs its emission measurements. It should be
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noted that this technique does not cheat the test
method, because the test method gives a good measure
of the interference that is created. That is, the
smaller the measured emission, the smaller will be
the actual interference created by the emission in
the radio receiver that the test method simulates.

Another embodiment of the invention will now be
described with reference to Fig. 6. Here, the
electronic equipment 600 comprises digital logic
circuits, including the emission creating circuits
609. A clock signal for use by the emission creating
circuits 609 is derived from the output of an
oscillator 601, which may typically be a crystal
oscillator having a sinusoidal output. In accordance
with the invention, the output of the oscillator 601
is supplied to a phase modulator 603. The modulating
signal is derived from a sawtooth waveform generator
607, designs for which are well-known to those having
ordinary skill in the art of electronics, and are not
described here further. The output of the sawtooth
generator 607 is supplied to the input of an
integrating filter 605, the output of which is
supplied to the phase modulator 603. The purpose of
the integrating filter 605 is to ensure that the
output of the phase modulator is the same as what one
would produce by directly frequency modulating the
oscillator 601 with the output of the sawtooth
generator 607.

Thus, this aspect of the present invention
provides for relatively large attenuations of
unwanted emission to be achieved. This permits costs
for decoupling and screening to be reduced. The
configuration shown in FPigs. 4 and 6 are well suited
for integration in clock circuits and processors.
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Empirical results of tests in which the various
inventive techniques are applied will now be
described with reference to the graphs depicted in
Figs. 8a-8d. Each of these graphs was produced by a
Hewlett Packard Spectrum Analyzer, Model No. 8568 B.
The following examples do not use the same
bandwidths, modulation frequencies and deviations as
the previously described examples. However,
frequency scaling does not influence the results, so
the relations depicted below are valid in general.

Referring now to Fig. 8a, an interfering signal
800 represents a harmonic from an unmodulated clock
signal (not shown). In particular, the interfering
signal 800 includes a large interfering spectral
component 801 centered around 450 MHz. The peak 802
of the interfering spectral component 801 is =20 dBm
in this example.

If it is desired to significantly attenuate the
interfering spectral component 801, in order to
virtually eliminate interference within a receiver
bandwidth centered around 450 MHz, then the
unmodulated clock signal may be frequency modulated
with a 10 kHz square wave and a modulation index at
the interfering 450 MHz component approximately equal
to 2. The effect that this has on the interfering
signal is depicted in the graph of Fig. 8b. Here,
the interfering signal 800’ has an interfering
spectral component 803 that represents an attenuation
of more than 60 dB compared to the interfering
spectral component 801. Furthermore, the sidebands
805 that are generated by application of this
technique are 10 kHz away from the 450 MHz receiver
center frequency, and are therefore outside of the
receiver bandwidth.

PCT/US95/05139
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Fig. 8c is a graph showing the effect of
fregquency modulating a clock signal (not shown) with
a 1 kHz sawtooth waveform having a sweep width of 20
kHz at the interfering component frequency. This
should result in the signal power being shared by
approximately 20 components, so that attenuation
should be approximately 20 times, or -13 dB. This is
in good agreement with the actual attenuation 807
of -12.5 dB, as shown in Fig. 8c. The measurement
bandwidth used to generate the graph in Fig. 8c is
300 Hz, which is smaller than the distance between
the components. Thus, at most only one component
could be measured at a time. This is also a peak
power measurement. There is no difference between
peak and average power because there is only a
constant amplitude signal present in the measurement
bandwidth.

Referring now to Fig. 8d, the same spectrum as
shown in Fig. 8c is again depicted. However, here
the interfering signal has been measured with a
bandwidth of 3 kHz, thereby allowing 3 components in
the bandwidth. This is a peak power measurement. A
rough calculation predicts that the peak value of the
voltage measured should rise 3 times, corresponding
to 9.5 dB, compared to the measurement in Fig. 8c.
The actual attenuation 809 (-1.9 dB actual = -12.5 dB
actual + 9.5 AdB estimate) is in good agreemeﬁt with
this estimate.

The invention has been described with reference
to a particular embodiment. However, it will be
readily apparent to those skilled in the art that it
is possible to embody the invention in specific forms
other than those of the preferred embodiments
described above. This may be done without departing
from the spirit of the invention. The preferred
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embodiment is merely illustrative and should not be
considered restrictive in any wdy. The scope of the
invention is given by the appended claims, rather
than the preceding description, and all variations
and equivalents which fall within the range of the
claims are intended to be embraced therein.
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CLAIMS:
1. In an electronic apparatus including an
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interfering part that generates, from a first signal,
an interference signal having a spectral component
within a receiver bandwidth, a method for reducing
interference within the receiver bandwidth,
comprising the step of:

angle modulating the first signal with a
deterministic, non-noise modulating signal, whereby
an angle modulated interference signal having
modulation sidebands that are outside of the receiver
bandwidth and a reduced carrier amplitude is
generated by the interfering part.

2. The method of claim 1, wherein the
deterministic, non-noise modulating signal is a
sinusoidal signal.

3. The method of claim 2, wherein the angle
modulated interference signal has a modulation index,
B, that satisfies a relation J,(8) < R, where R is a
predetermined ratio of modulated carrier amplitude to
unmodulated carrier amplitude.

4. The method of claim 1, wherein the
deterministic, non-noise modulating signal is a
symmetrical square wave.

5. The method of claim 4, wherein the symmetrical
square wave has a repetition frequency high enough to
cause modulation sidebands of the angle modulated
interference signal to fall outside of the receiver
bandwidth.
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6. The method of claim 4, wherein the angle
modulated interference signal has a modulation index,
8, that satisfies a relation (2/78)sin(nB8/2) < R,
where R is a predetermined ratio of modulated carrier
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amplitude to unmodulated carrier amplitude.

7. The method of claim 1, wherein:

the electronic apparatus further includes a
first part that supplies the first signal to the
interfering part; and

the step of angle modulating the first signal
comprises the steps of:

. applying direct frequency modulation to the
first part with the deterministic, non-noise
modulating signal to generate a modulated first
signal; and

applying the modulated first signal to the
interfering part to generate the angle modulated
interference signal having modulation sidebands that
are outside of the receiver bandwidth.

8. The method of claim 1, wherein:

the electronic apparatus further includes a
first part that supplies the first signal to the
interfering part; and

the step of angle modulating the first signal .
comprises the step of:

phase modulating the first 51gna1 with the

deterministic, non-noise modulating signal prior to
supplying it to the interfering part, whereby the
interfering part generates the angle modulated
interference signal having modulation sidebands that
are outside of the receiver bandwidth.
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9. The method of claim 8, further comprising the
step of supplying the unmodulated first signal to a
non-interfering part of the electronic apparatus.

10. In an electronic apparatus including an
interfering part that generates a combined signal
compfising a first signal and an interference signal
having a spectral component within a receiver
bandwidth, a method for reducing interference within
the receiver bandwidth, comprising the step of:

angle modulating the combined signal with a
deterministic, non-noise modulating signél, whereby
the interfering part generates an angle modulated
interference signal having modulation sidebands that
are outside of the receiver bandwidth and a reduced
carrier amplitude.

11. The method of claim 10, wherein the
deterministic, non-noise modulating signal is a
sinusoidal signal.

12. The method of claim 11, wherein the angle
modulated interference signal has a modulation index,
f#, that satisfies a relation J,(8) < R, where R is a
predetermined ratio of modulated carrier amplitude to
unmodulated carrier amplitude.

13. The method of claim 10, wherein the
deterministic, non-noise modulating signal is a
symmetrical square wave.

14. The method of claim 13, wherein the symmetrical
square wave has a repetition frequency high enough to
cause modulation sidebands of the angle modulated

i
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interference signal to fall outside of the receiver
bandwidth.
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15. The method of claim 13, wherein the angle
modulated interference signal has a modulation index,
B, that satisfies a relation (2/78)sin(nB8/2) < R,
where R is a predetermined ratio of modulated carrier
amplitude to unmodulated carrier amplitude.

16. The method of claim 10, wherein the step of
angle modulating the combined signal comprises
applying direct frequency modulation to the
interfering part with the deterministic, non-noise
modulating signal, whereby the interfering part
generates the angle modulated interference signal
having modulation sidebands that are outside of the
receiver bandwidth.

17. The method of claim 10, wherein the step of
angle modulating the combined signal comprises phase
modulating the combined signal with the
deterministic, non-noise modulating signal prior to
supplying it to a first component in the electronic
apparatus, whereby the interference signal becomes
the angle modulated interference signal having
modulation sidebands that are outside of the receiver
bandwidth.

18. The method of claim 17, further comprising the
step of supplying the unmodulated combined signal to
a second component in the electronic apparatus.

19. In an electronic apparatus including an
interfering part that generates, from a first signal,
an interference signal having an interfering spectral
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component within a measurement bandwidth, a method
for reducing interference within the measurement
bandwidth, comprising the step of:

using a modulating signal to angle modulate the
first signal, whereby the interfering part generates

an angle modulated interference signal having a
reduced spectral component within the measurement
bandwidth, the reduced spectral component being
smaller thanuthe interfering spectral component,
wherein:

the modulating signal is a deterministic,
non-noise waveform, and

a modulation bandwidth of the angle

modulated interference signal exceeds the measurement

bandwidth.

20. The method of claim 19, wherein the modulating
signal is a sawtooth waveform.

21. The method of claim 20, wherein the fregquency of

the sawtooth waveform is selected from a range of
frequency values, the range of frequency values
having a low frequency value that is substantially
equal to the measurement bandwidth and a high
frequency value that is substantially egual to 1.5
times the measurement bandwidth.

22. The method of claim 19, wherein the step of

angle modulating the first signal comprises the steps

of:

applying direct frequency modulation to a first

part that generates the first signal; and

supplying the frequency modulated first signal
to an emission generating circuit within the
interfering part in lieu of the first 51gnal the
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emission generating circuit being responsible for
generation of the interference signal.

23. The method of claim 19, wherein the step of
angle modulating the first signal comprises the steps
of:

phase modulating the first signal; and

supplying the phase modulated first signal to an
emission generating circuit within the interfering
part in lieu of the first signal, the emission
generating circuit being responsible for generation
of the interference signal.

24. The method of claim 23, further comprising the
step of supplying the unmodulated first signal to a
non-interfering part of the electronic apparatus.

25. In an electronic apparatus including an
interfering part that generates a combined signal
comprising a first signal and an interference signal
having an interfering spectral component within a
measurement bandwidth, a method for reducing
interference within the measurement bandwidth,
comprising the step of:

using a modulating signal to angle modulate the
combined signal, whereby an angle modulated
interference signal is generated, having a reduced
spectral component within the measurement bandwidth,
the reduced spectral component being smaller than the
interfering spectral component,

wherein:

the modulating signal is a deterministic,

non-noise waveform, and
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a mod bandwidth of the angle

:ﬁmedulated lnterference s1gnal .exceeds the measurement -
.ffban@WLdth.._. :

claim 25, whereln the mcdulatxng
nal ls 4:.8a ooth waveform.

:The metho of:

?The methoﬁ-of claim 26 wherein the frequency of -

:fithe ‘Sawtooth! waverorm is. selected from a range of
10.':§frequency values, the'! range :of - frequency “values

"-.-;-'hav:Lng a low. frequency value-that is.substantially

:equal to; the measurement pandwidth and a high

j};frequency value;that 4s substantially equal to 1.5
'Aftimes the measurement bandw1dth.

fzé. The method of claim 25, wherein the step of
.;angle modulatmng the combined signal comprises
.ﬂapplylng dlrect frequency modulation to the
jﬂinterfering part. '

ﬁ;?:ﬁiﬁ The methed;of claim 25, .

i whereln the step of .-angle ‘modulating the

-f?gcomhined slgnal comprxses phase modulating the
combined’ s:.gnal, -and’
25 .
{ﬁglleu of the cpmblned signal, the phase modulated
'Tﬂcomblned signal to a first component in the
:f7e1ectronic apparatus.

further compr1s1ng the step of supplying, in
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