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(57) Abstract

In an electronic apparatus including a 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, amplitude of the interference signal within the receiver bandwidth is reduced by
angle modulating the reference oscillating signal with a sinusoidal signal to generate an angie modulated interference signal having a reduced
carrier amplitude and modulation sidebands that are outside of the receiver bandwidth. The angle modulated interference signal preferably
has a modulation index, (3), that is close to a solution of the equation Jo(8) = O, where Jo is a Bassel function of the first kind. Angle
modulation may altematively be accomplished by applying direct frequency modulation to the reference oscillator with the sinusoidal signal
to generate a modulated reference signal and then applying the modulated reference signal to the interfering part, or by phase modulating
the reference oscillating signal with the sinusoidal signal prior to supplying it to the interfering part. Where the interference signal has an
interfering spectral component within a measurement bandwidth, the amplitude of the interfering spectral component 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.




surrounding eircuits within the sane piece of equi pnent as the
OSCI||atOk6 an g&a For exanple, within a radio rec
oscillator™ chdsg surrounding circuit can create i nterfer?ﬁ%’ﬁ@ﬁ%

radi o recelver by emtting unwanted signals at a frequency where
the receiver is sensitive to I nterference, such as the intended
recei ve channel or at an internediate frequency in a

super het er odyne 30 receiver. (As used in this specification, the word
"interference” may refer to eiither radiated or conduct ed
interference.) In many radi o designs, all 1 of the internally used
oscillator frequencies are derived froma S|ngle hi gh accuracy
reference 35 oscil | at oREDHGING IHNTERFEFRINCE HRL: e?%ﬁ%%gh
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2 _ fundarre_nt al , ha_rrmni c and subhar&})&mgenci es of t he

oscillator. It mght be inpractical or I ble to detune the
oscillator to avoid thi ¥he presenterirrencion heehakestte Oseijl2atyprsr and of

the 5 oscig | at iy Jiid 1f d LB TQuipReRt! PLSE mot8' Particularly
to methods and apparatuses for reducing unwanted
electromagnetic emissions from such oscillators and
clocks.
Modern electronic equipment relies heavily on
10 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
15 cellular telephones), and any apparatus having a
power supply that utilizes switching, to name just a
_ few.
f One characteristic of oscillators and clocks is
the production of unwanted emission of
20 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
: 25 surrounding circuit can create interference in the
j 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
30 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
35 oscillator, which can produce interference at



Is often the case in cellular radios and associ at ed basg stations as
wel | aswiowosreesgg ot her radi o designs. One knowpcs@bsssiosnet o t he
probl em of reducing harmoni ¢ interference generated by a clocﬁ’5|gnal
in 10 a radio transceiver is disclosed in U S. Patent Application
No. 5, 263,055, issued to Cahill on Novenber 16, 1993. This patent
shows the use of a frequency spreadi ng signal generator and a signal
nodul at or. The frequency spreadi ng signal is 15 produced by a

pseudor andom noi se generator, and has the properties of white noise.
The signal nodul at or nodul at es tﬁe clock signal wth the frequency

spreading si Qe £k 0 0UeEroRBE kAL Hughachoh1 62 equenciledCldsdi nd 2

nodul at ed harnDnl requenc onent s I n the power
| evel of a|ﬁﬂﬁﬂ?§%&ﬂlat°r-Pw#ﬁﬁﬂ%@htrBauéﬁﬁya§§#ﬁéﬁeﬁF correspondi ng to

the hamﬁ&n@lﬁwqu@wpwenbswnaiw l&a wahdt Reis filtered
signal, to be s ad over a freq%1 £ re é r than the
predetermluﬁpq SRS pPec mﬁﬁ%h rFﬁBFBSV 8§E§an ®ower |evel of
t he S rnxhﬂqu&htntrwmﬂh beequentgrgenﬁonemtswpuhposehe This
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receiver, a ref ef@i&@:&v&ﬂaéoi‘@&’i&g @ocﬁﬂéebroblem bregdaneingl err], which
I s used as §‘t|n1ng sj gnal receiv I s,subjegted to
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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

15 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.

20 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

25 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

30 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.

35 When the center frequency of the signal to be
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s sufficiently larger than the reference
Sl gnal freque‘;‘gé g’?%‘r‘# the frequency spectrum of the PRTTRIS/0S139

har noni ¢ causi ng |nterruption S spread wi dely and the interference
I's reduced remarkably. 5 A problemw th the above techni ques

di scl osed by both the Cahill and Japanese Patent docunents is that
the use of a noise signal to spread the harnonics of t he reference
signal does not provide the capability for conpletely elimnating
all sidebands within a 10 recei ver banddi dth. (In this context,
receiver bandwi dt h neans the frequency band around an aSS|gned
channel frequency,rQ¢QMﬂQ91%%ﬂﬁﬂﬁﬁ%Q#ﬁPéLX) NEALISK gkkan the refgpgpge

recepti on when the §1%1V@ré®éﬂd§ec‘:‘ T,OthéefrequencyCE@Q@:QJr\ﬁn 'Qstf Rasd

t hese si debands can b%.i? at tenuat ed, the anou é
attenuation being r‘b’d\hc\/zﬂ"’é’rﬁqu) %’Pf@?ﬂfﬁ‘?%‘i‘ 7 TRY SR Béﬂﬁh’dt h to
spr eadi ng bandwﬂdthnd the interfer@midcis dredviiced remariesblgystens is the

o arent, o p o SRR YA AF SRS g ot 6l BucaBy
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

10 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

15 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

20 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

25 frequency. In 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 spectrum,
covering a large bandwidth. There are often dominant

30 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

35 remain.
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often the case that many other signals are derived fromthe clock
or oscillator signal in such a way that unwanted em ssi on
occurs in the formof a line spectrum covering a | arge bandw dt h.
There are often dom nant 30 conponents in the emtted spectrum at
mul ti pl es of the clock frequency or multiples of subharnonics of
the clock frequency. The exact positid¥4n and anplitude of the
conponents may vary with the state of the equi pnent, but the

domi nant |ines Berppse gf poteatdad coexistenge gy

PCT/ US95/ Opéefleen various clock- and osc111ator-based fystens,

Because of pofential coexistence, bet ween vari ous cl ock- and
oscill ator® ﬁﬁgeaqgagpg is require % to satisfy na£¥%na1 ang

international standards regardlng electromagnetic

5 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

10 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.

15 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,

20 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

25 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

30 level that satisfies various national and
international standards regarding such emission.

SUMMARY
One aspect of the present invention finds
35 application in an electronic apparatus including a
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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



one aspect of the present invention finds 35 application in an,

el ect r Q¢ ratus including a WO 95/ 29542 ,
pCT/ UsSLo GYR 5 PCT/USISOSIZ ot enc

oscillator and an interfering part that generates an interference
signal having a spectral conmponent within a receiver bandw dth, the
ref erence oscillator supplying a reference oscillating signal 5
to the interfering part fromwhich reference oscillating signal the
interference signal is derived. In accordance with the invention,
t he anplitude of the interferénce signal mﬁthin t he receiver
bandw dth is reduced by angl e nodul ati ng the reference oscillating
si gnal wi t@@ﬁ%s@%d}mdulatednﬁﬂﬁﬁﬁﬂ‘ﬁ@ §F~§ﬁ&l1 t@h&h&oy the interfering

part lnmﬁiﬁ %m:an@é egeﬁdﬂaaéednenhﬁgner fABAa 1 aiteda | havi ng
nodul ati on, gands that ar out bandwi dt h and

a reduced thh ?r%’b%o?'n’e?ﬂa 1%av tﬁ?ﬁc%ﬁal FQB’EP?&P%%a*&ﬁtdt h.
I n a pref aredutrsiie nehithé réceivernbandwidtb.

5 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

10 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

15 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

20 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

25 . 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

30 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

35 a reference clock that generates the reference clock



si nusoi dal | y.- nodul ated i nterference signal has a nodul ati on i ndex,

[err],. that 0 a solution of the equation [err] e
[err] is a Beigébgﬁﬁﬁ%tion 20 of the first kind. A satlsfag?gﬂgnﬁgﬁﬁ

of [err] may be one that sufficiently reduces carrier voltage of the
nodul ated interference signal to a | evel that produces an acceptabl e-
anount of receiver I nterference. The nodul ating signal frequency is
25 sel ected so that the nodul ati on sidebands fall out side of the
recei ver bandw dth. A nodul ation frequency exceedi ng the receiver
bandwi dth will serve t he purpose wheiZever within the bandw dth the
interfering carrier falls. Half the bandwidth is 30 sufficient if the

carrier falls exa#ignaln and thencsupplyingothenfrpguencyt Rodulated

Angl e nodul ati on EBycIPes PERATPES SQEdeMsapahygaaeratmg direattf Waenancy
nodul ation to the reference gHS|n so| dal,

nodul ati ng si gnal q?)e%ﬁptriﬁﬁﬁr%?@aﬁ?ﬁﬂﬁu ﬁtéaePePgr e CdPGHaPIIBAY +t hen
WD 95/ 29542 the emission generating circuit BEinhgStebpbhdible for

6 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 technigues in accordance with the second aspect of
the invention; _

Fig. 6 is a block dlagram 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



The step of .angle nodul ating a clock signal from whi ch the

I nterference i I.s derived may conprise the steps of a '

di rect fréaueﬁggg%%ﬁﬁ?ation to 35 a reference clock that genggt%%%g$ﬂ%)
reference cl ock WO 95/ 29542

PCT/ US95/ 05139 7 signal, and
t hen supplying the frequency nodul at ed clock signal to an em ssion
generating circuit within the el ectronic apparatus in |lieu of the
cl ock signal, the em ssion generating circuit being responsible for
5 generation of the interference signal. 9 Alternatively, the step
of angl e nodul ating a clock . signal _fromwhich the interference
signal is derived oscillakgr wighalcteonratteabdthat raguekdon o€k uawgnied
and t hen supliddibihe phase nodul ated cl ock signal to an 10

em ssion generating circuit wwifhin the elegctronic aratus Jin lieu
of the clock signal, thdReHREEIYS novw to gbﬁErﬁtiﬂgb&PFEuaRgHEPﬂg°f
responsi bl e for gersledt¥onic equiphenbethateiheledes ai fizst embodiment

In accordancegMtf1é¥miﬁgﬁ§¥ué§%goﬁﬁiékgﬁogﬁpefﬁe 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

10 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

15 105, 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

20 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

25 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

30 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.



15 of the invention, a nodul ati on bandw dth of the angle _
modul atwe dsBégas f er ence signal exceeds the neasurenment PCT{US'?.?M‘SQ dt h.
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In yet another aspect of the invention, in which circuit
itself generates a conbined signal 20 conprising an interference signal
In addition to the desired clock signal, interference may be reduced
by angl e nodul ati ng the conbi ned signal as descri bed above.
25 BRI EF DESCRI PTI ON OF THE DRAW NGS The objects
and advant ages of the invention wl]l be understood by reading the
foll ow ng detailed descripticn1¥q|conjunction with the draw ngs in
30 whi ch: Ha 1.15.,2 ocC | 0, | ectronic

equi pnrent that i ﬁ@l [ ggré%crestd%r%o%%%&+ﬁgim thccordance with a

first aspectintertfiesing evignal, is sharply attemuabedbbyrapgluphgcal
conpar i $0NS afl 1 AThBHARL IS to "SI e AULAUKEE lokiti B1ELEEULbSY  BsNd
w t hout the use . WD 95/ 29542 ] .
PCT/ US95/ 05fiepicted in Fig. 1, the angle modulation is effected
5 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
10 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
15 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
20  produce a modulated signal having a modulation index
that will cause the carrier frequency signal at.the
EEEEixgﬁizggugngzwggmy§ §§§;;: “Egz—choice of a
deterministic non-noise modulating signal, such as
the sinusoidal waveform, instead of a waveform having
25 white noise characterisﬁics, 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
30 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



8 of .techniques in accordance with the first aspect of t he

i nventiong Fig. 3 is a block diagramof an alternati

enbodi ment in aggg?ggﬁce with the first aspect of the 5 invgn F%%mwr”
Fig. 4 is a block diagramof electronic equi prent that includes an
enbodi nent in accordance with a second aspect of the invention;

Figs. 5a-b are graphical conparisons of em ssion 10 | evel s produced by a
circuit with and without the use of techniques in accordance with the
second aspect of t he i nventi on; Fig. 6 is a block diagram
of still another enbodi ment in accordadde with the second aspect of
15 t he invention;

been nodul ated by AhARVEs Wﬁ%é%%&?%ér C‘Lg‘ghl‘(]t;é a’gl whéf' s
embodi nent of the phesevrriedtdyt chidsen modulatind gsigrsl disrehgsenhs
Fhoweng e il o5l ined ianfloitT nedbidL ol YR ISR LVS |
art phase nodsledegted scouithat the® modulation index oORUMe LED -
DESCRIPTION g modulaed ¥ighaie6i3101hd N8 JEEEN L end VES u L ons ! 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

10 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

15 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.

20 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

25 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

30 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



now be described with respect to a nunber of enbodi nents., First,

sever al weygapeégaent s that are capabl e of reducing raqunmmmgﬁ@r
interference from 30 an oscillator will be presented. Next, several

enbodi nents of the invention will be described that are capable of

attenuati ng unwanted em ssions froma clock or oscillator to |evels

that satisfy national and international standards regardi ng such
em ssion. 35 In all instances, angle nodulation is applied to the
WO 95/ 29542 PCT/ US95/ 05139

9 oscillator signal to effechimareduction of unwant ed

em ssi on. Referrin 1 a_b] ock dlag n1of

el ectronic @a&fﬂm%dﬁ%&g’& #Ojr +‘| fl' F t he

i nventi on i intlesfierifige palxac tyadi eqU|pnent may, for exanpl e,
radio equi pment , NGy 'H?llﬁ]recogn 4681 ind pold Llbgogeam e 1!

desired to prevent ETMBrt ering part be a

control | ogithati the selackhon Rk £9 dfz a3 R modulatlon

5 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

10 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

15 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

20 103 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.

25 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

30 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

35 modulating signal is determined as described above

be
S



10 interfering signal 109 at a receive frequency of the receiver

101. FRor purp his exanple, it wll be assuned t
receive frequce)?g?/)s'?;s“émz 4 MHz, and that the interferi ngeglgrstbgol%%g

uses a 6.4 Mz cl ock signal derived fromthe reference oscillator
15 105, which oscillates at a frequency of 12.8 Miz.

Consequently, there is the potential that the interfering part 103
will generate an interfering . signal conprising the 66th harnonic of
t he cl ock frequency. It will be recognized by those having 20
ordinary skill in the art that although thel¥eference osci |l I at or

105 and the interferin art. 103 npy be eparate parts, as
illustrated, they redpect ok at}VeI?hﬁe°B§88 n8ftﬁ8esgﬁésﬁbrt. That
is, it | sngubskatde 303 bsreliencsuppbied! tot thet dntlerderidy

gener at e unwant e&}atp{s% (X} &M héﬁ\fgec&%féégéggégéf tlhlel moduia%er cei ver

bandwi dt h. Howev .y fo ustrating the
various features e¥ogkhesignals needche swppihedf onlywtagthioseupards treat s

the g ef ergiféh Askéat e DhtdPPePiflyt 88ghRLE! f COtRGrPPartEO%nat30  as
Separate entities, hbtmnthstandlﬂ%¥th|s treatnent, the principles
and techni ques didR R Freate intgrierence, gr| FhabpAPrc ROt tP e &se

where a eodi FaE€d OSTgha R} Otant fétéiganthat aamedulaved edock
interference si gnsazj.c_jnal as gﬁoov?r?/ J‘?r?Sélge figure.
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The use of phase modulation, as depicted in Fig.
10 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
15 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
20 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,
25 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
30 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
35 amplitude to unmodulated carrier amplitude. The



10 I n accordance with the invention, the interfering

si gnal wip@hekfdl y attenuated by applying angl e mdydigeEesRethe
ref erence oscillator 105. As depicted in Fig. 1, the angle nodul ation
is effected 5 by neans of direct frequency nodul ati on 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 sane, as nentioned above. Techni ques for 10
frequency nodul ating an oscillator are well known in the art, and are
not described here in detail. Those 14 having ordinary skill in the art
w Il recognize that t he sanme angl e nodul ation could alternatively be
acconpl i shed by applying hase dulation to e 15 out put of the
reference oscil lefttdr -165 sin (P crk 'CDBénrmM,,ittl ng signal is
chosen to be a g elﬂm"n d | cB hon-noi se ggnal (as opposed to random
or pseudo- randonlsegf 8if Beshh% characteristics({carriek)white noise),
preferably si nusoi dal®B t hat 2wi | | 50 produce-a nodul ated signal having a
modul ation index « \@dglﬁkqgsgzge_&ayEL@ést&equepgy signal at the
receive frequency t®@#-a4hi 1. 2Zhe choi a “def'ermi ni stic

non- noi se modul ating giggnal , such as (fﬂﬁréts@sadsé’m pPad¥dform instead
of a waveform havi og %ﬁ 3Mg£ﬁﬂgkqég§p@giﬁ&%ﬁg;éég@§b+gbkpg@ the invention

to x® (B2-2%)
(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.
5 Thus in accordance with the above-described

aspect of the invention, it is possible to avoid
interference that wouid otherwise be difficult tb
avoid. Small and compact designs ¢an be achieved at
lower cost and weight, because less shielding and

10 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

15 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

20 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

25 reduce unwanted electromagnetic emissions to levels
that enable the electronic equipment to satisfy
national and international standards regarding such



achi eve a greater attenuation wthin a certain bandw dt h centered

around the in ' har noni c frequency. This is becausgcfigdsnsifa
modul ati on caﬁﬁls %g made to cause all sidebands to fall outside of at%O
gi ven bandw dth. By conparison, the use of white noi se as the

nodul ating signal only permts an attenuation equivalent to the ratio
of receiver bandwi dt h to spreadi ng bandw dth. Thus, the present

i nvention pernmts substantial attenuation to be WO 95/ 29542

PCT/ US95/ 05139 11 achieved with
significantly smaller nmodul ation when tRe correctly chosen nDduIating

signal is chosen Re sinusoQi d gpdulatln Si aﬁ 0

selected so that tPRiGSLONS:i oAS iﬁﬁ@iabPeahé oxe, ééf ﬁ#ﬁ Iq be

cl ose to the sol utmagRimtn level bﬁee&qutrbnaghemb:&adiatao[mmﬁat wilile

nodul ati on i ndex tgf@gaﬁgﬁrf%oh i§3t§3 Eﬁg@ o of the first kind.
the

For exanple prererre i"on I ndex,
[err], is selected (e gReferving nawl tooFiBesdel one embodzment of the

S invention is shown that addresses th;s 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



10 functions) so that it satisfies the relation [err] < R where R

I s the @gpdspogharati o of the reduced carrier voltage pyedosgéizbhe \
nodul ated signal to the carrier voltage |evel of the unnodul ated

signal. As an exanple, if R=0.1 (equivalent to 20 dB 15
reduction), a value of [err] between 2.2 and 2.4 at the interfering
frequency is satisfactory. Those having ~ordinary skill in the art
will recognize that an accept abl e value for R depends on the
susceptibility of the particulir receiver to interference. 20
Furthernore, a nodul ation frequency 8 sel ected that wi || produce

the exampl EoafEd At ndiiafieR trdfpency Biefatied \MFITNGRET " " 1"
reduced sweép wWidhh. th@hﬁnnumberonfgGmmpgnﬁntsfﬁlthxnmkhaie the 25
out put  of Lb§e§e§§&€HC§soﬁﬁéh|égﬁhllQE @heﬁ&@ﬁﬁdwaithe s l'ating signa

havi ng a nnd ation | ndex _of Vhz, and a ul ati on

frequency ¥t dth ke the m°dBP9Fﬁ&nnSHGH&ﬁ“ﬂ¥%m(ﬁgﬁnﬁﬁﬁﬁiu%&QRP%f t he

receiger powebamé\/\edhanaiaalwaqusmly shlagied ibetiwdeds WHe from 30 t he
fact that at certa n nndﬁ ati n i.n xes the vicinity of
e

2.4), the gﬁ@B?PﬁP gonfiB ﬁ?c ofy, hgsh%ﬂﬁ%ﬂ%ﬁ15|gnal at the
unnodul at edorrespendinglivesmaller. Thiissispectium nicd ghedwronin ndex at 6. 4

Mz s onl¥igure 7214/ 86 5ae03Rh obehd mbMRSIEYY HaEyse VO
Panther, which has been incorporated herein by
10 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

15 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,

20 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,

25 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

30 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

35 frequency slightly higher than the measurement
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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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The effectlveness 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



The use of phase nodul ation, as depicted in Fig. 10 3 is also applicable
to the casge WeghGsadipp oscil | at or 103 itself is responsi bl gcf/psosnsizo
generating the Interfering signal. The phase nodul ated cl ock signa
may be generally distributed to other parts in the apparatus. In this
case, it may be necessary to 15 additionally use comonly known design
principles in order to reduce the interference that may enanate

bet ween the oscillator 103 and t he phase nodul at or 303.

The enbodi nents descri bed above have nmade 20 reference to the use of a
si nusoi dal waveform as the nndulatin&%signal However, one could al so

design a cir ed.an the.teachi ngs presented he
using a di fferent™ gzﬁdte t%a%] q'ﬁl(,s tt?(ﬁpmeé %%f%?'?nchea@ élé%u ﬁeﬁg a square
wave. As taught Mgtmmi deomise, the testFﬁeﬁhﬂdrgnveswbdmbadlmaaSDrse and

Spect ra )%Jy ré&}gn%g%n@%q@%urlél orgdtdq. Whde
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I ncor por at ed her el n Seril es Cal’l’l er

that is frequencpnddsrathe mpagurachanission khejsnyllern wiliobe py
setting [erg] =2 ighe %tqumc@r&éam By othe emisélénafml i tude

of the carrier vanishes,, In eneral ul atjon
shoul d be sel ect &€ Fadio % fqh(?st e rfe?%lr&?lt?% f }%&ﬁfferr]/f
2) < R where R mnnthqnwatﬁnﬂmnenﬁidﬁuthe(ﬁnvnmhiamedlbhrnoerba5

anpl i tude to unmydul 354 LU FWdrdli%o FIY. 6. Here, the

electronic equipment 600 comprises digital logic

10 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

15 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

20 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

25 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

30 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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14 [ er %o 9529542 exact value of Rwll depend upp@r,ﬁgmgfs?rr_ents‘
for the particular circuit being designed. Using a modul ati on
with sufficiently large [err] causes the si debands to fall outside of
t he receiver bandwidth. 5 Thus in accordance with the

above- descri bed aspect of the invention, it is possible to avoid
interference that would otherw se be difficult to avoid. Small and
conpact designs can be achi eved at | ower cost and wei ght, because | ess

shielding and 10 decoupling is necégéary. Problems relating to the
above-! dent i 1] i YCLa’ SN dF SElUE4R wlicn enbEE18480C TN the
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
5 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
10 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
15 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
20 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
25 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
30 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.



equi pnent, which saves tine. Furthernore, it is not only one frequency
that i.s inprowedosiesyz al | 15 frequenci es where the nodul ati onpPCTWSS/H5339

cl ose enough to, for exanple, 2.4 to give the desired attenuation
of the interference. This is inportant because interference from
digital circuits is often in the formof harnonics of a relatively |ow
cl ock 20 frequency causing interference at several channels W thin

t he recei ver tuni ng bandw dth. In accordance with a second aspect
of the i nvention, angle nodul ation is plied to a reference

clock signal in electronic equipnent in ord%? to 25 reduce unwant ed

el ectromagneti c en1SSif{E.t§b!fy§+§%ﬂﬁph gﬂg&iﬁgaghﬁ Eggesgfggronic

equi pnent to satisfy national I'nternatfonal stan regar di ng
such WO 95/fa%pency modulating a clock signal (not shpwn)yuwddhosizg
15 eni ssi sy ¥ifz XRrEoHEN WY LoriURAvEhgndakdeepeividth of 20BXi mum
| evel of electromagnetic radjatiopn that wll be tolerated,f,rom
el ectronic equip at the interfering component frequency. his

5 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

10 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

15 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

20 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

25 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

30 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

35 from the spirit of the invention. The preferred



Referring now to Fig. 4, one enbodinent of the 5 invention,is shown

t hat adgloessexgz t hi s probl em Here, el ectronic equi ppeniusdéigsizocl udes
an oscillator 401 that provides a clock signal for use by em ssion
creating circuits 407, which generate the interfering signal 409. In
accordance with the invention, phase 10 . nodulation is applied to the
out put of the oscillator 401 by neans of a phase nodul ator 403.

Al ternatively, angle nodulation could be achieved by means of direct
application of frequency nodul ation to the oscillator 401, in the
manner descri bed above 15 wth reszifect to Fig. 1. The nodul ation
waveform i : | thern £ASK; 14 ] 0i St EC ngj.ge veform

and preferez?{'g‘r:’f/i ¥ egg!vwlt()g(e;t% 'V\/as_,ef't(s)'li_]'ﬁn'l %ﬁ?né{‘%l ghaﬂfa me’%bg iment is
provi ded Iopnsidenad rastericling ckmany wayencFhaeosceps. ofhghese of a

det er mi ni SiventiQr 1Y Pveh by Uppenddd! c18¥R8, apathersawt oot h

wavef orm i nstead of a ite nojse sigpal_provides,advant ages,

i ncl udi ng thad the Ruegeding rd’t‘?q'n’g"%v%'? r?r}fsvarlaglﬂﬂﬁh simpler to
genesat e. andr egidivalents whicinifall withdwethhe nrangebefgeher at ed sinply by
integrati 5 C , efiLlpg:ihe output

peri odi calr']:lq?.%‘m% are %@Péﬁ{#]eglgéfcﬁ :%eievnzﬁr}gaség%f%%?gléési gn derives from
the fact that a sawmooth frequency nodul at ed si gnal with a large
nodul ati on i ndex has a spectrumw th 30 conponent s of al nbost equal
anplitude within the nodul ati on frequency sweep wi dth. Each spectral
conponent of the nodul ated signal has a power | evel approxi matel y
corresponding to the ratio of the saw oot h nodul ati on frequency to
the sweep width. 35 This is because the spectral conponents are equally
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16 .. Spagegofhesypdul ati on frequency di stances within the perussiRed
wi dt h. The nunber of components within the sweep width is then equal
to the ratio of the sweep width to the podul ati on frequency. The

total signal 5 pOMELth.essenLLaLL¥_equalIy shar ed betmeen the

conponents, and each of them as a
This spectrumis shovvn” mllul ”H 7 11 on e
book by Pant her, ncor orau

r ef er ence. 1f this nDduIated sp SUFe

power measuri ng (}g\éﬁ% havi ng a bandw dt h of B ' the m)dul ation
frequency is cho *be | arger than B, only one spectral conponent
at atinmeis presant In anm&lectndnnqxnppanaensringldéﬁhqeabandmﬁdth
anyuwher e i fd S&iﬁﬁér TiEelPOEHOR"E E2¥LECSigna), W I
t hus show t he pomer on fﬁéte of gehe e nponent s ang gé?Pg

reduction is achidydnterférence sjgnal kﬂ?ﬁ%@gu?|ﬁeeEEV?%e°P§Panﬁ§$k power
met er, 5 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
10 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.

15 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

20 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.

25 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

30 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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20 it

anpl i t uggp expigl@nent within the p

s an advantage to use a nodul ation spectrun1mnth .

a .const ant

[EEASLIE: b devi ,@@gﬂg\hgt h. The

meter will then never sho \gsihan t he peak IeveI of each
conponent, which is also equal t : e 25 since the
anplitude 1s constant.  That-neans that a detern1n|s I ¢ nmodul ation
wth a fla as the ISsjjbetter for this
I et R, T

aver age powdr @i thi ' tHe ﬁeasurenent T J t he noi se signa
wi || have a much hi gher "peak than average value The peak power neter
w Il show high k_po o n d fi than for sawtooth
sweep nodu atlgﬁhﬁn ggﬁpgga%§£1&re ughgg v%g%(ﬁyblél The choi ce

of a sawt omdauwa‘c«eqlommaﬁengnae%lgnaiel}aen@y modudiatihomiipdex s han t he

measur ene 542
PCT/USQS/d%lS%hat s¥©: 8P4 €854 2relation (2/nB)s1n(ﬂ€{2) < R,

bandmﬁdth S

opti mum i n"aeEe sRni® 2npredetgrpined ratip,of.modulated, Garxiqne
measus emenampRitiiddt tot GaModulatefheareliercampliiuild.s so because if the

frequency

10

15

20
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30

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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I s made even- hi gher, then each conponent will be 5 | arger. On the other

hand, .if the fyweWddassy i S nade. | ower, then several conponepcgsdsbsizan
t he measur ement bandwi dth, which will add to higher peak power,
even if the average power rerains fhe same, Preferably, the frequency
of the sawtooth maveforn1|s 10 selected froma_range pey val ues,
t he range Lmn havi ng a | ow(f t

is substantially urement bandwijd :
frequency value that Is substantlally $ uahitot-—b—tipes—4e

measur enent bandw dth. 15 For the pu gose of |Ilustrat|ng t he above
principles, assu th SULLE evie sllghtly
| ess than 100 kkgganda%hgtggﬁﬁgdngg Hiégglgéd gtgg evegggﬁyﬁﬁBéi ,
times) reducstep of syppplyihgcthpousmpdudated :fnrsm signal mmm dt h
In accordance wt b [ p I ﬁgyg

sawt oot h nDduIatllg%ﬁ f“tg¥?§ﬁﬁéﬁc§a5F QSOEEEEESESQESQSEQE$ Al so, the tota
si gnal power should be shared anong 10 conponents in order to give the

desired powes redygliorm dR aiectﬁbﬂﬂécﬂpb5952u§01ﬁ@ﬂn@ﬁ§ﬁ¥Sn:the cl ock

si gnal shoul d ngle no oot h way ef or haV|
sweep W dth of 10l§g§5€eEFEg pirk+%ﬁa§héepg g%ﬁc? comb r?'of a
nodul at ed cl ock scgmptlaﬂﬁgthafihsk s1gnaheandnaduﬁatedﬁﬂnﬂnddusxynzr|bed

sawt oot h wavef or S n teachin S
wi |l now be ap ”ﬁ%Q%ng é sﬁgeﬁgai CE#EOHZPE renge to t e CIrCUIt o?
Fig. 4. If bh@d%4ééhvoﬂ|@eéqeﬂpﬁéﬁtrﬁégciyg ﬂaﬁeaﬁgﬁﬁnsezylthln

personal cofput erghé hpacéiges! BakaliatHsNe¥mpPrabingy the st@p Miz  Assune
that it is desired to avoid
angle modulating the combined signal with a
deterministic, non-noise modulating 51gnal, whereby
the interfering part generates an angle modulated
interference signal having modulation sidebands that
15 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
20 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

25 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
30 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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spbepf erence occurring around 900 MHz. A frequq;@yusgs,osngsweep of
he 900 MHz conponents requires smeeplng the 66 MHz cl ock

r (66/900) x 1 Mdz.=—23-3=KH

of this de

vog K

osci*l | &4t of
can be see
conpri ses

within the
nmeasur emen
t he

al | owabl e
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sign is illustratfEd HbngMﬁFﬁQEN—%
) IIIQIIJHLLP? PP IhebuADED o oo ;Pg

4b1 Yo the input of the 1 em ssi on cr

ggms

t of
407

n that the interferi signal 409 in thls |nstance

1B§ﬁg\ﬂe%eﬁ'°§[ ﬁ" io%:\f\%n c%n g{%;idgh £ Pﬁ%hﬁéggﬁ'ggém ssion

bandwidthbe nade. 15 W thout the use of t he present invention,

anplitude of the first line 501 exceeds the maxi num

he me Sladah 13 ghexrein e ARILefect of
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

anplltude Al erizset by, nati onal and/or I nt ernati onal
st andar ds. 15

Ihe effectlveness

a

t he
|t

falls



20 appl ying the sawtooth frequency sweep waveform nmodul ation to the
out put of .t hewosssibisat or 401. Here, the interfering signalpCiigs9s/05139
conprises twelve | i nes spaced across the frequency spectrum However,
only the third |i-ne-503 falls within the bandmndth 25  Blerr] in which

an electronagnetl i on neasur ement - Oirassraches

significance is t ‘ﬁ@zjf ﬂmum _ arrpl i tude oTHhSrﬁ%ﬁETHﬁA@BEENe 503 is
| ess than the l e anblitude Alerr] B&FL@QEhatlo I

and/ or |nternat|onal standards Thusz7the el ; prent
400 woul d satisfy these requirenents. effect, by applylng angl e

modul ation to thsoﬂggﬂghgoalthln ?L Fagﬁﬁhﬁl%&95ﬁﬂﬁﬁlééﬂald ﬁg the line

spect rum read out S W'thin any one
bandwi dt h, |nclu§PﬁgrPﬁBCén€ Pﬁtﬁﬁfeﬁeaceeﬁé@ﬁ@niﬁﬁe neasureRent s enission

neasurements. | haffQilehhecomprisitg he2d%ed of:
PCT/ US95/ 05139 19 not ed .t hat

this technique does nBEiRgea: mpARlating signal. g, Angls Aedniafe (the
met hod gives a ggp#stesignhal, wherebyt hhe interderniory ideatt igereratesl. That

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

10 wherein:
the modulating signal is a deterministic,

non-noise waveform, and
a modulation bandwidth of the angle
modulated interference signal exceeds the measurement
15 bandwidth.

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

20 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

25 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
30 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
35 interfering part in lieu of the first 51gnal the
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smal |l er the measured enission, the snaller will be 5 t he actual .

I nt er f e’ved@%829882at ed by the em ssion in t he radi o r epeTsYs/OSkaN ., t he.
test nethod sinul at es. Anot her enbodrnent of the invention wll
now be described wWith reference H H el ectronic

R o Peass iR e

em ssion crea lecngt M Sciftcuit

oscillator 601, which may typrcally Qﬁga crystal - oscillator having a
si nusoi dal output. In accordance 15 mnth the invention, the output of the
oscrllatorﬁﬂ; éﬁgfgggﬂ f npaLhah05 1983 he nodul ating
signal is errveé”}ronra sawﬂ wavefornr ene%%tor fo 07, designs for
which are W@ﬂenéﬁiﬂﬁlﬂftqhﬁﬁiﬂﬁﬁﬁfﬁfence sig®hary skill in the art of

el ectroni cs, and are not 20 descri bed here further. The output of the
sawt oot h rat 07 supp] ied to the ut . of a
|ntegrat|n&3frl 4? ﬁkiévWWﬁfF?én tA8 sEﬁBpP?ed to the phase

nodul &t or @wgléTMDanqhxng(ﬁhe first h=igma kocomprnijsés!| the B8epss t o ensure
that the 2 g, Output of the phase nodul ator is the sane as what one

woul d produce by directly frequency nodul ating the oscillator 601 with
t he out put of tmbﬁﬁﬁMManiatlnggﬁhﬁn%&tﬂtaﬂﬂgnal° and  Thus, this aspect

of the present igppiitiy Ihe pHaNe qﬁ&d&patéeleityelylbﬁaﬂetat pgnuations of
unwant ed em ssiqn to be ‘achi eved, Thjs pernts costs for decoupling

and screenFW&sﬁ&°Heﬁ%&ﬁﬁﬁ&ingﬂﬁ}rcult Hurthe oHERBARTIRIFI gs. 4 and 6
are wol | syparedin lidwrof RilRyriirst sigrd Dekelse rémiésiond processors.

generating circuit being responsible for generation
of the interference signal.

24. The method of claim 23, further comprising the
15 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

20 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:

25 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

30 interfering spectral component,

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

_This Sheet Has Been Reﬂlaced
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20 Enmpirical results of tests in which the various .
i nventive techniques are applied will now be described With reference
to the graphs. deplcted in Figs. 8a-8d. Each_of these gﬂaphs was
produced by a5,

Hewl-ett Packard Spectrum Anal %ﬁ- B.
The fol | owi-ng-exarptes do not use the sane A%ﬁEEN |on

- nb@ﬁ'ﬁﬁg ]
frequenci es uﬂm t he previous Py GER Rxanp!
However, Tﬂ “ﬂ[ﬂmﬂﬂt i ng does not |nfluence ‘the results, so 10
the relationss eplcted"béiow are. val1d |§%genera

Referrlng now
to Fig. 8a, an. |nterfer|ng SIQnal O represents a harnonic fref-an

unnodul at edclock . | s Wa%idkﬁ agrtheuhaglaﬂna|nterfer|ng
si gnal 800 i'neliides a- Ia?ggo “égger B&

1 ing. Spg ict ral q%g@ﬂfe
cent ered arounﬂéééﬂaﬁhb.lnfhtﬂpeamcsoflgna eﬁ% ther erlng spect ral,
conponent 801:]

ln thls exanpl e I s desired
to S|gn|f|cantp9n§V? guate the <L

interfering spectral conponent 801 i n
order to 20--yivtimal |y eI|n1nate Fnterfere '

Nce :wit hi e
snv-nzs?'trhe method-of .¢ldim:25,. wherein- ¢hé mcéﬁiﬁf{ng
:riSlghél ls & sa 'ooth waveform.

iEThe merhod of claim 26 wherein the frequency of -
ﬁf;ruegeawtooth waveform js.selected from a range of
10 i:ffrequency values, the’range iof  freéquency “values
"iihaVLng a‘low-. frequency value-that is. substantially
Lﬂiequal to'; the measurement pandwidth and a high ]
”E§ifrequency value that is substantially equal to 1.
:r;times the measurement bandw1dth.

= fzé; The method of claim 25, wherein the step of
.;angle modulatmng the combined signal comprises
fapplylng dlrect frequency modulation to the
gfinterfering pa-'

20 S

;%Iﬁgei The methed of claim 25, .

-7, wherein the ‘stap: of angle ‘modulating the
'focoﬁsined slgnal comprxses phase modulating the
Tffcomblned s1gna1, and’

25“”7.‘ . further comprxszng the step of supplying, in
S 1reu of the cpmblned signal, the phase modulated
:%'comblned signal to a first component in the
:%'electronic apparatus-
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bandw dt h centered around 450 MHz, then the unnodul at ed cl ock si gnal
may be freguemwegosrssad at ed with a 10 kHz square wave and aPCEUSHSASIAIN
i ndex at the interfering 450 Mz cor’?ponent approxi mately equal 25 to
2. The effect that this has on the intelrfsering signal is depicted in
the graph of Fig. 8b. Here, the interfering signal 800" has an
interfering spectral conponent 803 that represents an attenuation

of nore than 60 dB conpared to the interfering 30 spectral conmponent 801.
Furt hernore, the sidebands 805 t hat e generated by application of
this techni que are 10 kHz away fron)‘elF .SO/M-lz receiver center
frequency, and are therefore outside of the recei ver bandw dth.

WD 95/ 29542 i PCiB/ US95/ 05139

21 Fig. 8c 955 a graph showing the effec Sof frequency
nodul ati ng a cl ogk—stTygrmat—(Tot] shown) with * wt oot h wavef or m
havi ng a sweep w|dt kHz at the ipte I offponent
frequency. This {5 #éﬁ%’%l riesultin fhpjugné?}é#\ﬁ%?ﬂéei
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approxi mately 20 conponents, so that attenuation shoul d be

appr oxi mat.el yygfoshbdygs, or -13 dB. This is i n good agr eeperiusesssizg he

actual attenuation 807 of -12.5 dB, as shown in Fig. 8c. The

measur enent 10 bandw dth used to generze(ﬁe the graph in Fig. 8c is

300 Hz, which is smaller than the di stance between t he conponents.

Thus, at nost only one conponent could be neasured at a tine. This is

al so a peak power rmneasurenent. There is no difference between 15

peak and average power because there is Ly a constant anplitude

signal present in the nmeasurenent EB da‘l Ref erri ng now

to Fig. 8d, the same spectrum as 301 sho in Fig. 8c is again depicted.

However , here 20 the-inte 4 signal has been neasured with a

bandw dt h of 3 kHz, thereby|all owing 3 cp

This is a peak power neasurgne 7/49

t he peak val ue of the r

corresponding 25 to 9. g d
9

nponents in t he bandw dt h.
. rough cal cul ation predicts that
vofﬁ dNGeaspired should rise 3 tines,

d0Ftpb the measurenent in Fig. 8c.

The actual attenuation 8 | [err] -12.5 dB actual +
9.5 dB estimate) is in good agreerrent W th thls estimate.
The i nvention has been dEScrl bed 308t h reference 3d03 to a particul ar
enmbodi nrent. However, |t will be ¢ readi ly—appdrent 1o those skilled in
the art that|it sp05|bletoe ody1h in specif
other than tho ﬁ of }bge PI refErrWMgﬁboa nent ¢ ﬁlfﬂ?ﬁfé}é’é’gr bed aboz%afﬁ%y
may be done W ¢ myujmn S Pi OREAGHG e
preferred PART 109 S/6NAL
)
105 | T /
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considered restrictive in any way. The scope of the i nvention is given
by the appended clains, rather t han3fthe precedi ng description, and al
variations 5 and equi val ents which fall within the range of the
clainms are intended to be enbraced therein. CLAI Ms:
1. In an electronic apparatus including E?
1g. ©o0
ANPLITUDE g
A
L 301 501’ 501"
T e A S
L , —~=FREQUENCY
)
’meas.

Fig 50

ANPLITYOE

P 503
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)
’meas
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interfering part that generates, froma first signal, an interference
si gnal havi ng(}@oﬁ)ﬁ%ﬁi al conponent 5 within a receiver bandw ptirses/05139
met hod for reducing interference\@ggnn t he recei ver bandwi dth

conpri sing the step of: ngl e nodul ating the first signa
with a determ ni stic, non-noise nodul ati ng signal, whereby 10 t he
interfering part generates an angl e nodul at ed i nterference signal
having all nodul ati on si debands falling conpletely outside of the
recei ver bandw dth and a reduced carrier anplitude. 2. The
met hod of claim11, wherein the determnistic, 15 non- noi se nodul ati ng
signal is a sinusoidal signal. 3. In an electronic apparatus

i ncluding an interfering part that_generates, froma first signal,
an interference signal having a spectral opapongnt within a receiver
bandw dth, a method for reducing 20 interPérence within the receiver
bandwi dt h, conprisin e step of: angl e nodul ati ng the
first signal with a 9"W‘ﬂmmg{vgrm'nistic, non- noi se nodul ati ng si gnal

wher eby an angl e nodlul ated interference signal having nodul ation 25
si debands that are conpl ¢tely outside of the receiver bandw dth and a
reduced carrier anplitude is generated by the interfering part,
wherein the determ ni stg¢5;~~~~~~ se nmo@ll atiyng signal i a sinusoidal
si gnal , and 30 [ rference signal

! NHz

frae——emr]
10 MIGROSECONDS

— [IHE

WeY PHASE NODULATED
gﬁ%ﬁ%@ - T I = 0UTPYT SIGNAL

I‘D_( HODULATION
VOLTAGE IWPUT
. j SROUND

Fig 9

(PRIOR ART)
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has a nodul.ation index, [err], that satisfies a relation [err] < R
where.R i s a Ry¢elogfymi ned ratio of modul at ed carrier anplpdruwsesos139
unnodul ated carri er anpl it ude. 5/8 4. The nethod of claim
1, wherein the determ nistic, non-noi se nodul ating signal is a
symmetrical square wave. 5. In an electronic apparatus
including an 5 interfering part that generates, froma first signal,

an interference signal having a spectral conponent within a receiver
bandw dt h, a method for reducing interference within the receiver
bandw dt h, conpri sing the step of: 10 angle nodulating the
first signal wth a determ ni stic, non-noise nodul ati ng signal,

wher eby an napgl e modul ated interference signal having nodul ation
si debands that ®Re| conp] et el § outgi de qf th8' recgi ver b th
reduced carrieﬂbggplitude | s{generlat ed {15 by the interfef

o
Q

MR A
SPAN 1000 Kz

SWP 20 sec
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ATTEN 10 dB

RES BW 300 Hz
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wherein the determ nistic, non-noise nodul ating signal is a
symmgtrical squar ve, and wherein the symetri cal pcrqusssesisaye
has a : r@‘&:ﬁz?? n frequency high enough to cause nodul ati on 20

si debands of the angl e nodul ated interf&Bence signal to fall outside
of the receiver bandw dth. 6. In an electronic apparatus

I ncl uding an interfering part that generates, froma first signal,
an interference signal having a spectral conponent 25 wthin a receiver
bandw dt h, a method for reducing interference within the receiver
bandw dt h, conpri sing the step of: angl e nodul ating the
first signal with a determ ni stic, non-noise nodul ati ng signal,
whereby an 30 »saggle ulated interference signal having npodulation
si debands that ar ® conpl et el ygouts de off the' rece:*ver v dt h

o
QO

reduced carrier afglitude is penerated by the inferferdin
wherein the det®ginistikc, noh-noi se nodul ati ng $ignal 1
symet ri cal squge werveT e
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wherein the angl e nodul ated interference signal has a nodul ati on

i ndex, [err], o$@lisfies a relation (2/[err])sin([err]pcAyusssiby139
where Ris a pre etern1ned ratio of7ﬂ¥dulated carrier anplitude to
unnmodul ated carrier 5 anpl it ude. The nethod of claim1,
wher ei n: the el ectronic apparatus further includes a first
part that supplies the first signal to the interfering part; and 10
the step of angle nodulating the first signal conprises the steps of:
appl ying direct frequency nodul ation to the first part wth the
determ ni sti c, non- noi se nodul ati ng signal to generate a nodul ated
first 15 signal ; and appl ying the nodul ated first signa
to the interfering part to generate the angl e nodul at ed
i nterference si mavig nopar at . afe ouygsi de %
the receiver bagdy{dth. | 20| 8. 1, whereir
the electronic ratus|{ further i part [t hat supplsgs
the first signag the interferin thelsten .
. . . 4 . L h
angl e modul at the first sipnal eps of: ag‘”
phase nodul ating tHe firpt signal EEEE
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determ ni stic, -non-noise nodulating signal and suppl yi ng the phase
nodul ated firyooksyzas to the interfering part, whereby thpCT/US95/05139
interfering part 30 generates the anglqwgndulated i nterference signa

e

havi ng nodul ati on si debands that are outsi of the receiver
bandw dt h. 9. The nethod of claim8, further conprising the
step of supplying the unnodul ated first signal to a
26 non-interfering part of the electronic apparatus. 10. In
an electronic apparatus including an interfering part that
generates a conbi ned signal conprising a first signal and an
i nterference signal 5 having a spectral conponent wthin a receiver
bandw dth, a makl‘Qd for reducing interference within the receiver ,,
bandw dth, conp®N Qfng tHe step of. Mangl B nodplati phg the comp@ed
signal with a S8 Q
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determ ni stic, non-noi se nodul at i ng gnal, whereby 10 the interfering

part generates an mmmllrm&“mlt!ll . |nterference si gnal having

nodul ati on si deba conpl etely outside of the ebver

bandw dt h and*a feduced Carrier anpl i tude. 11. || HerLADEMENT SHEET |
of claim 10, wher ei n the 15 detegan ni stic, non-nofise nodulating
signal is a si nusoi dal si gnal . 12. In an eff extathhi AUG 1997
apparatus i nclqm%s‘an interfering part that generat

si gnal conprising a first signal and an interference signal

havi I t i t h

method for roadbt ng Fh orfbr e fRearTate ® oRfRAfle vlerr»é’%u%w?dt sl
conprising the stegrféring part thatggeneouhtiest, rﬁ}'mh@ dadEtnetignabal with
a determ "%&t § Ge NV SE Wagt | E%S”%' '8 #\Q ?erenc ésﬁé‘nt

i nterfering par generat es an ang nodul a nal
havi ng nodul at iwktkineBarmecehner ban@f@%ﬂpﬁemﬁh@lt £pge nadueing

recei ver bandw gffefPdrence @lﬁﬁﬂﬁca@e%ééﬁe@mﬂmh, comprigidderein

t he determ nistic, non-noise nodul ating signal 1s a sinusoidal Signal,
and _ _ V#e cPrePhefangl e nodul ated interference signal has a
nmodul ation index, [edhglet hglodAldtinss eheel Firt 551 gh&ll] with wWaere R
|sapredeterm£|edrat|o of nodul at ed %arr|er thuet ungdulated
carrier terministic, non-noise mo ulat:.ng gna W,

10 the interfering part generates an angle modulated

interference signal having all modulation sidebands
falling completely outside of the receiver bandwidth
and a reduced carrier amplitude.

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

3. In an electronic apparatus including an
interfering part that generates, from a first signal,
an interference signal having a spectral component
within a receiver bandwidth, a method for reducing

20 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

25 sidebands that are completely outside of the receiver
bandwidth and a reduced carrier amplitude is generated
by the interfering part, wherein the deterministic,
‘non-noise modulat:l.ng signal is a sinusoidal signal,
and A _

30 wherein the angle modulated interference signal
has a modulation index, B8, that satisfies a relation
Jo(B8) = R, where R. is a predetermined ratio of
modulated carrier amplitude to ummodulated carrier
amplitude.



27 .anpl i t ude. 13. The nmet hod of claim 10, wherein the

det er mi n| sti c nonW‘se—rmdm-aH—ng signal is a symmetrical square
wave. nic apparatus including an

|nterfer| ng par ,",mmwmgmmaﬂﬂa conbi ned si gnal co @LI} ﬁEET |
signal and an interference sigral &g a spectral Wbs 'g%[ |n a
receiver bandwi dth, a method for redum ng interferenge ‘ir!\U@ 1991[__?_1_(_—1
recei ver bandw dt h, corrpri sing the step of: anglile "r'm """""""

conbi ned si gnal 4t h The methind e:ﬁTicrliaémi d, wberednstheode
wher eby t hg, dqt 615&'&3& ?ﬁeéf%ﬁ% gga{%;fyﬁg&i‘&ﬁﬂ square

interference signal "having no u at are corpletely

outsi de of the ™m&&wver bandw dth and a reduced carrier anplitude,
wherein the determ nistic, non-noi se nodul ating si gnal i s a
symmetrical square wave, and Wherein the synmmetri siuare
wave has a 5. In an electronic apparatus :.nclu n

5 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:

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

15 by the interfering part,

wherein the deterministic, non-noise modulating
signal is a symmetrical aquare wave, and

wherein the symmetrical square wave has a
repetition frequency high enough to cause modulation

20 sidebands of the angle modulated interference signal
to fall outside of the receiver bandwidth.

6. In an electronic apparatus including an
interfering part that generates, from a first sigmnal,
an interference signal having a spectral component
25 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
30 angle modulated interference signal having modulation
sidebands that are completely outside of the receiver
bandwidth and a reduced carrier amplitude is generated
by the interfering part,
wherein the deterministic, non-noise modulating
signal is a symmetrical square wave, and



20 repetition frequency high enough to cause nodul ati on

an i nterf

t he angl e nodul-ated-interference si gnal to fall outside of the
recei ver bandw d In an electronic apparatus includin
er”M'bH!’Mlt@JHwer ates a conbined si ONPT 1 S
el Ty signal 25 having al| RERMACEMESpHrNt]

first signal and and¢n

within a recei

t he conbi ned s

si debands of

ver bandwi dt h, a nmethod for reduci g i njerf,ene w tthi n
the receiver bandwi dth, conprising the step of: "Dﬂeégbﬁﬁaéggggﬂi‘g
i gnal whébhedn the dagienmodsliatedd @Rk ' signal ,

wher eby t
interference s

out si de of the (2f®Byeind{afd\R)dtsh Ranhere Raiscdupsedeterminedptatice,

28
s a symetric
interfererfte s

10

15

20

25

30

e interferi .part
hﬁﬁ%léhgeﬁﬁag%%%h atron si‘deban e conple

1EDEL heoehle BRLEHIU & Sladaon |

aeg@%&m&ésdde;gxﬁgw %ﬁi%%@ AR AL 'a'eqzr%ﬁefi gnal

square wave,

erein the ang
iapplitude.
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
gignal; 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 steps of:

- phase modulating the first signal with the
deterministic, non-noise modulating signal and
supplying the phase modulated first signal to the
interfering part, whereby the interfering part
generates the angle  modulated interference signal
having modulation sidebands that are outside of the
receiver bandwidth.

9. The method of claim 8, further comprising the
step of supplying the unmodulated first signal to a

at ed



has a nodul ation_index, [err], that satisfies a relation 5
(2/[err])S|n([err]/2) < R where Ris a predetermned ratio of

nodul ated carrier dul ated carrier j

16. The nethod of Iﬂlﬂlmmﬂlmm the step of angle FEFmg}_‘vblf“_ Tg,:ghe]
conmbi ned signal conbri‘ses aPplying 10  diggect frequengy nngr eblon F
interfering part wth the determ nistic, non-nois !mn@ ét '
whereby the interfering part generates the angle
interference si givil-inverfefdfigl partnof theidldrtrionibdaappatatuissi de o
t he receiver bandw dth. 15 17. The nethod of claim10, wherein the
step of angle nodul ating the conbi ned signal conprises the steps of
phase nodul ati ng@.he Ionbiamed ellgegiromiich t hpparatwet edmiclusling an
non-noi se nodul.at al d the Ry dy

conbi ned si gnal J'tq"11“{]"{‘]“2?)&"lg atlatp thgr?enégﬂgk¥§§geliect roni ?%%pa?’%%&q'
wher eby tm;qmpmiﬂzmgneefsrghabigmaingndrﬁneﬁgﬁerﬁeneneeeelgnal
interferenge %ﬁﬂlﬁv' a9 'R‘Hétﬁtalpn é ﬂféﬁaﬂ% “@f’itthin &' ereiled v Of

the recei ver | aim 17, further

conpri si ng the i@ndﬁ%bhofasﬂﬁﬁhyﬁn§qzh€m a?’éﬁleﬁgﬁﬁPﬁEG wikhdn ¢ o

a second conponqife iFeddPvetrephhaRidtMPIciipitising thelBtepno®n el ectronic
apparatus including an

......................
........

angle modulating the combined signal with a
deterministic, non-noise modulating signal, whereby

10 the interfering part generates an angle modulated
interference signal having modulation sidebands
falling completely outside of the receiver bandwidth
and a reduced carrier amplitude.

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

12. In an electronic apparatus including an
interfering part that generates a combined signal
comprising a first signal and an interference signal
20 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 signal, whereby
25 the interfering part generates an angle modulated
interference signal having modulation sidebands that
are completely outside of the receiver bandwidth and
a reduced carrier amplitude,
wherein the deterministic, non-noise modulating
signal is a sinusoidal signal, and
wherein the angle modulated interference signal
has a modulation index, £, that satisfies a relation
5 Jo(B8) s R, where R 1is a predetermined ratio of
modulated carrier amplitude to unmodulated carrier



interfering part_that ﬂPnPtaLesﬂ—i%on1a first signal, an interference

si gnal having an |nterfer|n conponent within a neasurenent
bandw dt h, a net hﬁ uliﬂaml ng | nterference within the

measur enent sing the step of: UsT

nodul ati ng si gnal to ang e "modul ate the 27 F%SP’%PQHQFOHL-T |
whereby the interfering part generates an angle nnduLateq)anBGf

signal having a reduced spectral conponent within tHeDf#asureren
bandw dt h, the amgsllieddepectral conponent being 5 smal | 8 than The
interfering spectral conponent, wher ei n: t he

nodul ating signal is a determnistic, non- noi se waveform and

a nodul ati on bd@w dthke ohethedandl ¢ladaulldcwitereint theer ence si gnal

exceeds the me

nodul ating signal 1s a sawm wav ef

SPEfhi Q@@g“"dE@n-noisé”“hodulaalng Wag il

theg
mhereln t he

frequency of t Rymmervbealnadupgenwave.
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14. In an electronic apparatus including an
interfering part that generates a combined signal
comprising 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 modulation signal, whereby
the interfering part generates an angle modulated
interference signal having modulation sidebands that
are completely outside of the receiver bandwidth and
a reduced carrier amplitude,

wherein the deterministic, non-noise modulating
signal is a symmetrical square wave, and

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.

15. In an electronic apparatus including an
interfering part that generates a combined signal
comprising 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 signal, whereby
the interfering part generates an angle modulated
interference signal having modulation sidebands that
are completely outside of the receiver bandwidth and
a reduced carrier amplitude,



10 sel ected froma range of frequency values, the range of frequency
val ues having a I”owT‘equency val ue that is substantially equal_to _the

measur enent bandwi gh frequency val ue that 1 =SURSEARti-al):
equal to 1.5 ﬂlmml‘m“uangMrrent bandwi dth. 15 ? E'b i .§

¥
of claim 19, whereih the 'stép of angle 28 modul ating the |fpegt. g‘gﬁs&ﬁboqgm
conpri ses the steps of: applying direct frequenc ,egs,; -t
first part that generates the first signal; and suppl y| ng
the frequency nodul atvﬂrbféintth'egdatetmiﬁastm amn<snoibsgecmodalatdng rcui t
within the interf; egr% gfnfn i'c qu 44 ‘;é“;ét sh@nal, the em ssion
generating circult e|ng resp nsi nerat | on of the
i nterference signal . where:.nzt;he'[amghet batedainterfexpace signalstep of

angl e 25  noduladd ng ﬁ&@uiaﬁibnsma@lx L HPEIRAS §i1@1§££8§ af relation
phase nodul ating the first si ying t phase

modul ated i rst G/ sind ‘&ﬁ/g) s RenVESFGnRgéﬂe'?'alFﬂﬁeEPFE‘&PF%Fﬁ#‘P t he

interfering of R¥duldtéd BaPfiéhcahplitudedtol uninbautaited earider
generating ci rcw t 1bie| ng responsi bl e for generation of

16. The method of claim 10, wherein the step of angle
modulating the combined signal comprises applying
10 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.

15 17. The method of claim 10, wherein the step of angle
modulating the combined signal comprises the steps of
phase modulating the combined signal with the
deterministic, non-noise modulating signal and
supplying the phase modulated combined signal to a

20 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
25 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
5 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




30 .the interference signal. 22. The method of claim 21,
further conprising- -+ he-—————step—of-suppl yi ng the unnodul atec
to a non- i nt Qﬁ IH“ h t he el ectroni c appar at us. E;@Ageama, SHEET
an electronic !m !ng an interfering prt th t

generates a conbl B @ onprisigg a first signal @ AUG MLJ
I nterference signal havi ng an interfering spectral conpereat—w
measurenent bandwidth, a mnmethod for reducing 10 interference wit h| n
the nmeasur errenflrbandw'gdhu,, wherehy‘rwﬁéiilﬂtébﬁeﬁ.ﬁg @fart generateHSi ng a
nodul ating signal to conbi negd, si wher eb

angl e nodul at e a“?ﬂger‘f‘ga&ﬁég g Efglterge&ﬁ{ﬁeat -9 n%a‘él?%du e

spectr al conpomeduaedhspebltaraieammpmwmtbunﬂhﬁ.nt the meaﬂﬂ:seme;dtuced

spectral CoMPOrERLaBehdt, STd Yoddiilla Bectray BHBELEN R @

conmponent efein is a
determini ic, smallavnthemsé:hmwetmmienmg spectral compaonenfeul ati on

CHH

bandwi dth of the an reeyl.at ed i nterference signal exceeds the
measur enment bandw dt and 10 | wherein the nodul atjng signal is
a saw oot h the modulat:.ng signal is a deterministiec,

non-noise waveform, and
a modulation bandwidth of the angle modulated
5 interference signal exceeds the measurement bandwidth,
and
wherein the modulating signal is a sawtooth
waveform, and
wherein the frequency of the sawtooth waveform is
10 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 equal
to 1.5 times the measurement bandwidth.

15 20. 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 f£irst signal to
20 an emission generating circuit within the interfering
part 1in 1lieu of the first signal, the emission
generating circuit being responsible for generation of
the interference signal.

21. The method of claim 19, wherein the step of angle
25 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
30 generating circuit being responsible for generation of



wavef orm ,and
sel ect ed froma ra
val ues having a lo
measur enent bandwi
to 1.5 time$ t‘he measur ement  bagwwi dt h.
claim 23, wherein the step of angle nodul ating th g@*@b: ned ‘Signd

equal

wherein the frequency of the sawtooth waveformis

conpri ses applying 20 di rect frequency nodul ation to ering
part. the inBérferencas sigmalwet hod of clai m 23, whe
the step of angle nodul ating the combined signal conprises phase

nodul ating the combi ned signal ; and 5 further conprising the

of supplying, im?iclhe me&hOdh@fcéﬂtﬂ%cﬂ]sq gherthexeccompyd sipd e d

conbi ned

10

10

15

20

non-interfering part of the electronic apparatus.

23. 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
a modulation bandwidth of the angle modulated

interference signal exceeds the measurement bandwidth,
and

wherein the modulating signal is a sawtooth
waveform, and |

wherein the frequency 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 equal
to 1.5 times the measurement bandwidth.

24. The method of claim 23, wherein the step of angle
modulating the combined signal comprises applying
direct frequency modulation to the interfering part.

e of frequency val ues, the range ~of frequencL,
Hi"“ﬂ““ H:“liﬂm that 15 is subst mrt‘ e
gh frequency val ue \y

rein

step
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25. The method of c¢laim 23,

wherein the step of angle modulating the combined
signal comprises phase modulating the combined signal;
and

further comprising the step of supplying, in lieu
of the combined signal, the phase modulated combined
signal to a first component in the electronic
apparatus.



