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1 CE01299R FREQUENCY SPREADI NG CLOCK MODULATI Fi el d of
the Invention 5 The present invention pertains to clock nodul ati od,P@ﬁd
nore particularly to frequency spreading to reduce noi se. Background of the
Invention 10 A radio frequency (RF) comuni cation system conprises devices
that communi cate over a shared communi cat{on |ink. Comuni caidga@doks in
RF wirel ess communi cation systens are typically referred to as channel s.
The channel is defined by its center frequency and falls within 15 a

predet er mi ned bandw dth. FREQWENCY iSPREADING, GlILOCK ornmation signal is
nmodul ated with a carrier signal havh@ﬂoﬁneefﬁgher frequency of the channel.
In wireline systens, the communi cat defined by a twisted wire

pair, a coaxial cable, or the like. Information signals are transmtted 20

on the wireline link by a carri i hawidig: &, particul ar frequency
common to devices at different gglec@ gfqbﬁeﬁ)é%%ﬁ?cation l'ink. In both

wireline &d wireless systenms, a transmtter and a receiver are enployed to

comruni cate over t i ' ' ' iah N a nodul at or
and a receiver inﬁ];g%g a ge‘ﬁrgédﬁtl}lwgllt%?@ns}eou&ksrﬁng%?g?g'r%%ﬁg?gd to

The 25 1
modul ate an i RRgiCHRAYJR fﬁwcyvﬁﬂrﬁa‘éﬂngéprrﬁéﬁ’c%PSI‘F&I- for transmnission over

the communi cation |link. The denodul ator is used to denbdul ate signals

recei ved fromthe communi cat xon,link noVi the carrier signal and
outputting the information Sb&%&g‘roun%y&ethe InVention
10

A radio frequency (RF) communication system comprises devices
that communicate over a shared communication link. Communication
links in RF wireless communication systems are typically referred to as
channels. The channel is defined by its center frequency and falls within

15 a predetermined bandwidth. To transmit information, an information
signal is modulated with a carrier signal having the center frequency of
the channel.

In wireline systems, the communication link is defined by a twisted
wire pair, a coaxial cable, or the like. Information signals are transmitted

20 on the wireline link by a carrier signal having a particular frequency
common to devices at different ends of the communication link.

In both wireline and wireless systems, a transmitter and a receiver
are employed to communicate over the communication link. A transmitter
includes a modulator and a receiver includes a demodulator. The

25 modulator is used to modulate an information signal with a carrier signal
for transmission over the communication link. The demodulator is used
to demodulate signals received from the communication link by removing
the carrier signal and outputting the information signal.

In addition to the demodulator, RF receivers typically employ filters

30 to remove noise outside of a desired bandwidth and a detector to convert
the demodulated signal into a signal usable by digital circuitry in the
communication device. The digital circuitry is driven by a high frequency
clock signal. This high frequency clock signal contains significant
spectral energy which produces harmonic frequency components, or

35 hamonics. These harmonics are at muitiples of the frequency of the
clock signal driving the digital circuitry.



In addition to the denodul ator, RF receivers typically enploy filters 30
to renove noi se outside of a desired bandwi dth and a detector to convert

t he denodul ated signal into a signal usable by digital circuitry in the
conmmruni cation device. The digital circuitry is driven by a high frequency
clock signal. This high frequency clock spgnal contains significant
spectral energy which produces harnonic frequency conponents, or 35
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significantly I nproves
signal to produce a resultant signal. The power level of the harmonics of
the resultant signal are spread over a frequency bandwidth greater than
the bandwidth of the receive filters, such that desense due to harmonics
15 canbe reduced. Although this circuit significantly improves the
performance of the receiver, it is desirable to provide additional

improvements in the receiver.

Brief Description of the Drawings

20
FIG. 1 is a circuit diagram illustrating a radiotelephone system.
FIG. 2 is a circuit diagram illustrating a frequency spreading circuit.
25 FIG. 3 is a circuit diagram illustrating a frequency spreading circuit
for the circuit of FIG. 1.
FIG. 4 illustrates signals in the circuit of FIG. 3.
30 Detailed Description of the Preferred Embodiments

A communication device comprises a receiver circuit receiving a
modulated receive signal within a first bandwidth. A reference oscillator
generates a first clock signal at a first frequency, the first clock signal

35 having harmonics. A synthesizer circuit coupled to the reference signal
generator and to the receiver is responsive to the first clock signal to



performance of the receiver, it is- desirable to provide additional

| nprovenents in the receiver. Brief Description of the Drawings 20 FIG 1
is acircuit diagramillustrating a radiotel ephone system FIG 2 is a
circuit diagramillustrating a frequency spreading circuit. 25 FI G
3disacircuit diagramillustrating a frgquency spreading circuit for the
circuit of FIG 1. FIG 4 illustrates signals in the circuit of FIG 3. 30
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modulated clock signal such that the harmonic frequency signals are not
spread into multiple channels when the master clock signal harmonics
are not in the presently selected receiver channel.
A radiotelephone system 100 (FIG. 1) includes communication

15 devices 102 and 104 that communicate over a communication link 106.
The communication devices can be any two or more compatible devices
such as MODEMs (a device having both a modulator and a
demodulator), telephones, a cordiess or a cellular radiotelephone, two-
way radios, a radio, a base station, a cordless telephone base, a radio

20 dispatch center, a radio transmission station, or the like. As used herein,
“‘communication device” refers to each of these and their equivalents.
The illustrated communication devices 102 and 104 exchange
information via a wireless communication link 106. However, the
communication link 106 can be a twisted wire pair, a coaxial cable, a

25 satellite link, or the like. Hence, “communication link” as used herein
refers to each of these and their equivalents.

The illustrated communication device 104, a radiotelephone,

includes a receiver circuit 108 including a detector 112, a transmitter 110,
and a controller 114. The receiver receives modulated signals from the

30 communication link 106 via antenna 116 and outputs signals having a
stepped down frequency to detector 112. The detector 112 demodulates
the stepped down signals to generate signals input to controller 114,
The controller 114 can be implemented using a digital signal processor,
a microprocessor such as the HC-11 available from Motorola, Inc., or the

35 like, and associated commercially available known circuitry.



the modul ated cl ock signal and operates at the frequency of the 10

nmodul ated clock signal. The circuit thus selectively generates a nodul at ed
clock signal such that the harnonic frequency signals are not spread into
mul ti pl e channel s when the master clock signal harnonics are not in the
presently selected receiver channel. A ragliotel ephone system 100 (FIG 1)

I ncl udes conmuni cation 15 devices 102 and 104 that conmuni cate over a
comuni cation |ink 106. The comruni cati on devices can be any two or nore
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Mot orol a, Inc. oscﬁllatfrﬁeséﬁal ol eker 328, associ ated commercial ly avail able
known cireurtry. A reference oscillator 132 is coupled to the synthesizer circuit 130
15 and to a frequency spreading circuit 134. The reference oscillator 132
generates a reference signal, or clock signal. The clock signal is input to
the synthesizer circuit 130 as a reference signal and to the frequency
spreading circuit 134 as a clock signal. The frequency spreading circuit
134 combines the clock signal with the frequency spreading signal to
20 generate a modulated clock signal.
The operation of the communication device 104 will now be
described with reference to the illustrated radiotelephone system 100.
The communication link 108 in the RF wireless systems is defined by a
predetermined frequency range including a plurality of different channels
25  in which signals are communicated. This frequency range is passed by
the wider bandwidth filter 120. For example, the up-link channels (from a
base station to a mobile station) in the Global System for Mobil
Communications (GSM) are all within the frequency band from 925 MHz
to 960 MHz, and this frequency band is passed by filter 120. Signals
30 outside of the pass band of filter 120 are noise to the receiver, and are
attenuated by filter 120 to remove them from the signal input to detector
112.
The mixer 122 steps down the frequency of one of the channels
passed by filter 120 to a particular intermediate frequency associated
35  with filter 124. The bandwidth of filter 124 is narrower than filter 120, and
is preferably equal to the bandwidth of one channel. Filter 124 thus



4 The controller 114 responds to audio signals received fromdetector 112
to generate anal og signals which drive speaker 115. The controller 114 is
responsive to audio signals fromm crophone 117 to output signals to
transmtter 110. Transmitter 110 generates nodulated 5 signals fromthe
signal s output by controller 114 and thegnodul ated signals are input to
antenna 116 for communi cation over comrunication link 106. The illustrated
receiver circuit 108 is a doubl e heterodyne receiver, but alternately could
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syst ens ild) debscillatingy signal which is combined with the signals from filter 120 to
reduce, or step down, the frequency of signals output by filter 120. The
-amount that the signals are stepped down is determined by the
frequency of the signal from synthesizer circuit 130. By varying the
frequency of the channel select signal input to mixer 122, a different
15 channel's center frequency is stepped down to be passed by filter 124. |t
is important that the frequency of the channel select signal be accurate
so that the center frequency of the desired channel is stepped down to
the center of frequency of filter 124 and all the information in this channel
is passed to the detector 112.
20 The output of the filter 124 is input to mixer 126, which combines
the filtered signal with another signal from synthesizer circuit 130. Mixer
126 steps down the intermediate frequency signal output by filter 124 to
a base band frequency at which the detector 112 operates. It is important
that mixer 126 reliably step down the information signal for detector 112
25 so that information is not lost by receiver circuit 108.

A reference oscillator 132 having a crystal is used to generate a
local reference signal. Synthesizer circuit 130 is connected to the
reference oscillator 132 and to controller 114. The synthesizer is
responsive to the local reference signal and a channel number from

30 controller 114 to generate signals for mixers 122 and 126. The
frequency spreading circuit 134 is also connected to the reference
oscillator 132 and to controller 114. The frequency spreading circuit 134
is responsive to the local reference signal to generate a clock signal for
controller 114 and to selectively spread the harmonics of this clock

35 signal. Because the frequency spreading circuit and the synthesizer are
connected to the same reference oscillator, both circuits can use a



predeterm ned frequency range including a plurality of different channels
25 in which signals are communi cated. This frequency range is passed by
the wi der bandwidth filter 120. For exanple, the up-link channels (froma
base station to a nobile station) in the dobal Systemfor Mobi

Conmuni cations (GSM are all within the fgequency band from 925 MHz to 960
MHz, and this frequency band is passed by filter 120. Signals 30 out si de
of the pass band of filter 120 are noise to the receiver, and are
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With the si gna&)?nt%gﬁbi Hr&.ﬂf 1&8,0cr58ting a buffered clock signal input to summer
206. The signal from input buffer 202 is illustrated connected to summer
206 through a resistor 204 which sets the level of the buffered clock
signal input to the summer. A wire alone, a filter, or the like, can be used
15 instead of the resistor.

The switch circuit 208 receives a frequency spreading signal from
the synthesizer circuit 130 and a bias signal from controller 114. The
bias signal tums switch circuit 208 “ON” and “OFF”. When the switch
circuit is ON, the frequency spreading signal is input to the summer 206

20 and summed with the buffered clock signal, the resultant signal passed to
the output buffer 210. When switch circuit 208 is OFF, the buffered clock
signal alone is passed into the output buffer 210. The output buffer 210
can be implemented using a comparator, a limit circuit, a logic inverter
with its input DC biased at half its logic threshold (e.g., 2.5 volts fora 5

25 voltinverter), or the like.

When switch circuit 208 is ON, the output buffer 210 receives the
summation signal and outputs a signal having phase modulation
resulting from the addition of the frequency spreading signal added to the
buffered clock signal. In this manner, the buffered clock signal is

30 modulated by the frequency spreading signal to produce a modulated
clock signal. When the switch circuit 208 is OFF, the output buffer 210
will not output a substantially modulated signal as the frequency
spreading signal will not alter the buffered clock signal. The buffered
clock signal is thus passed through the frequency spreading circuit

35  without being modulated when the switch circuit 208 is OFF.




reduce, or step down, the frequency of signals output by filter 120. The
anount that the signals are stepped down is determ ned by the frequency of
the signal from synthesizer circuit 130. By varying the frequency of the
channel select signal input to mxer 122, a different 15 channel's center
frequency is stepped down to be passed by filter 124. It is inportant that
the frequency of the channel select signal be accurate so that the center
frequency of the desired channel is stepped down to the center of frequency
of filter 124 and &lle lelel ofrtherbias sigmat alsohadjustsaheahodidatiors indéxtioy t he
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to generate a .kocal reference signal. Synthesizer circuit 130 is connected
to the refereM&& oscillator 132 and to control ler 114. The synt hesi zer is

responsive to the |Arcemboelimernofthei foequenaydspreading wircuit tiddeand r om 30
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frequency spr &apPWEUahthat thelogal relerencesignalcor Glpek sighab@tdunetion @5 sane
reference oscidsad fiked Peédeteminedtifediihcys TR reference signal is input to a
divider 350, a phase lock loop 352, and a phase lock loop 353, in
15 synthesizer circuit 130. The divider 350 produces the frequency
' spreading signal input to the frequency spreading circuit 134 at input
312. The phase lock loop 352 generates the oscillating signal input to
mixer 126. The phase lock loop 353 generates the channel select signal
input to mixer 122.
20 The phase lock loop 353 includes a programmable divider 356
responsive to a channel signal from digital circuitry 342 to output a
divided down signal according to the channel to be selected. A phase
detector 360 compares the phase of the programmable divider to the
reference signal from reference oscillator 132. The phase detector
25 compares these signals and outputs a signal indicating the difference.
The loop filter 358 filters this signal to produce a control signal for an
oscillator 354. The oscillator frequency is set by the control input thereto
from the filter 358. This signal is fed back to the programmable divider.
The phase lock loop 353 will adjust the frequency of the controlled
30 oscillator until the phase difference detected by the phase detector 360 is
substantially zero. The phase lock loop 352 is similar to phase lock loop
353, except that phase lock loop 352 does not include a programmable
divider receiving the channel signal.
The reference signal from oscillator circuit 302 is input to input
35 buffer 202, the output of which is the buffered clock signal, being a
square wave clock signal having a fixed predetermined frequency. The



6 common crystal, thereby reducing the nunber of oscillators required for
communi cation device 104. This achieves a cost and wei ght reduction for the
device. Controller 114 includes the digital circuitry within comrunication
5 device 104. Controller 114 is conprised of circuitry which operates
synchronously with master clock signals gutput by the frequency spreading
circuit 134. The frequency spreading circuit 134 includes an input buffer
202 (FIG 2), a sunmer 206, a switch circuit 208, and an output buffer 210.
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threshold (e. %he ngliercf'l, fe Lr%'blif'ﬁd% of the frequency spreading modulation signal
is set. The frequency spreading signal input 312 is connected via a
series of elements, including capacitor 328 and resistor 330, to the base
of a transistor 322. The capacitor 328 removes any DC (direct current)
15 shift from this modulating signal. A resistor 324 is connected between
the collector and the base of transistor 322, and a resistor 326 is
connected between the base and the emitter of transistor 322. The
collector of transistor 322 is connected to a resistor 332, which is
connected via a capacitor 334 to a summing junction 308 at which point
20 the voltages from switch circuit 208 and lowpass filter 306 are summed.
The summing junction 308 is connected to output buffer 210 having a
threshold level Vth. When the signal at summing junction 308 is greater
than the threshold Vth, the output of output buffer 210 has a high logic
level. When the signal at summing junction 308 is less than Vth, the
25 output of output buffer 210 is a low logic signal. The Vth voltage level is
~ normally chosen such that the duty cycle of the output signal from output
buffer 210 is 50%. The resulting modulated clock signal is input to digital
circuitry 342 as the clock signal at which the digital circuitry operates.
In operation, and with reference to FIGs. 1, 3 and 4, the buffered
30 clock signal output by input buffer 202 is filtered in filter 306, buffered a
second time in output buffer 210, and passed to the digital circuitry 342
for most channels. The buffered clock signal is not modulated with the
frequency spreading signal because the bias signal has a voltage level
of 0, which prevents the switch circuit 208 from passing the frequency
35 spreading signal to the junction 308. However, for those channels that
include a harmonic of the master clock signal, switch circuit 208 is turned



25 volt inverter), or the like. Wen switch circuit 208 is ON, the output
buffer 210 receives the summati on signal and outputs a signal having phase
nodul ation resulting fromthe addition of the frequency spreadi ng signal
added to the buffered clock signal. In this manner, the buffered cl ock
signal is 30 nodul at ed by the frequencyg spreading signal to produce a
nodul at ed cl ock signal. When the switch circuit 208 is OFF, the out put
buffer 210 will not output a substantially nodul ated signal as the
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osci | | at dr0 ouoptputdudier @18t havieglaofixad theeshald ddhswheanithe switch cirkudi gnal , at

junction 305 208 js ON, whereas the oscillating master clock signal is input alone
when the switch circuit is OFF.
The output signal Vo of the output buffer 210 is the master clock
signal for the digital circuitry 342. The master clock signal is a fixed

15 frequency signal set by the buffered clock signal and the threshold
voltage Vth when the switch circuit 208 is OFF. When the switch circuit
208 is ON, the master clock signal is a square wave signal that is a
phase modulated signal at the buffered clock signal fundamental. This
modulated clock signal produces wide band modulation at the harmonics

20  because the amount of modulation is multiplied by the harmonic number.
The average frequency of the phase modulated signal will be near the
buffered clock signal frequency. The higher harmonics of the resultant
master clock signal are spread out, such that they will not substantially
interfere with the received signal in a single channel. It is envisioned that

25 the amplitude of the modulating signal and the threshold signal are
selected such that the pulse duty cycle of the resulting modulated clock
signal varies from 45 to 55 percent when the switch circuit is on. If the
duty cycle drops below 45 percent, the digital processor may have
difficulty following the clock signal.

30 The modulation will now be described with reference to the
waveforms Va, Vs, Ve, Vth and Vo in FIG. 4. Waveform VA is the buffered
clock signal running at frequency fA. Waveform Vs is the frequency
spreading signal, which is a sinusoidal signal running at frequency fB.
Waveform Vc is the signhal generated by summing Va and VB. Vth is the

35 cut-off amplitude of output buffer 210 (FIG. 3). Waveform Vb is the
modulated clock signal generated by passing waveform Vc through a



has a fixed predeterm ned frequency. The reference signal is input to a
di'vider 350, a phase lock |oop 352, and a phase | ock loop 353, in 15

synt hesi zer circuit 130. The divider 350 produces the frequency spreadi ng
signal input to the frequency spreading circuit 134 at input 312. The phase
| ock | oop 352 generates the oscillating giggnal input to mxer 126. The
phase | ock | oop 353 generates the channel select signal input to m xer 122.
20 The phase | ock | oop 353 includes a progranmabl e di vider 356
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i vi ded down signal, accor,din e chanpe sel ect ed. ase

et ector 360 coiia SRk skel O bV ARG Wit BB SFRuBRbE Frréading

ref erence si gnsignél cansesfa varakorodcphase, ar phage niddulptiasdndbeéect or 25

conpares these_.si uts a signal indicating the difference. The

| oop filter 35@%99’%6@?56 |§aé|8|gnal to produce a control signal for an

osci | | ator 5354. TheTbeypltage.ovA,fafdbe diratwlock signalhavinga peakrasnplituge of

thereto from t R&udits! 4 teqaafcy of f& i8 'dé@éhapéd;aé fSlloRACKs b Juidtnbiaghe tmabl e

di vi der. The phase 1ock 1 oop 353 W I adjust the frequency of the

controlled 30 oscillator until the phase difference detected by the phase

detector 360 is substantvald X *30Q2n*g) Phpse | ock Ioop 352 is simlar to

phase | ock | oop 353, except that phase |ock | oop 352 does not include a

programmuabl e di vi der receiving the channel signal. The reference signal

from osci l1i0at or ci r 8imilarB)2he soltaga Vetaf the frequeBey spréading 8igpal has aout put

of which is th : C Kk 8l I i L gnal
8%%5@’"&% 6@§ voﬁia g@gca frg%éé%fofsféf% Belbrtfed b ilowsd

having a fi xed ermned fre y.
as a function of time t:

Ve =B * Sin{ 2r*fB) *t }

15
The summation signal voltage Vc is the summation of VA and Vs.
The summation signal is described as follows:
Ve=A* Sin{ @r*fa)*t} + B * Sin{ 2n*fB) *t }
20

If there is no modulation waveform present, such that the voltage
of the frequency spreading signal Vs is zero, the output buffer 210 output
waveform Ve is a square wave without any phase modulation, having a
duty cycle of 50%. In this case, the comparator output amplitude D is

25 described as follows:

VD = (.5 * D)+(2*D/m)*2{ {1/[(2*n)-11} * Sin {[(2*n)-1]*Q*rn*fa)} }

n=1

30 With the frequency spreading signal having a non-zero value,
modulation can be produced. However, the suppression of the
amplitude of the harmonic must be achieved without causing too much
phase distortion of the fundamental in modulated clock signal Vo. The
distortion fundamental d is the peak percentage deviation of the square

35 wave duty cycle. The amplitude of the frequency spreading signal VB is
selected such that the duty cycle of the modulated clock signal Vo is



8 output of input buffer 202 is converted to a sinusoidal signal, A by
filter 306. Filter 306 conprises a resistor 316 and a capacitor 318. The
resistor 204 sets the level of the buffered clock signal summed at the

i nput of output buffer 210. If the master clock signal is a sinusoidal 5
signal, the capacitor 318 can be omttedyq1The bias signal at output 310 of
digital circuitry 342 is connected to a resistor 320, which is connected to
the collector of a transistor 322. The resistor is a |load resistor for the

anplifier cirquitin Pirge 6E50%RY+/L DaNEfsltRé freddendf of iR PEGRSHcY fes@igONENt S.
The i npedance of tlhl s.re |st|§,r can,.10 bﬁg_)cﬁa gfd to %{?ﬂrn%ﬁ t he Bal n of
the anplifier SIGRRLIESigHifiGANty jawgn thanfa, fﬁg ock signal freulrBEY«t8R of t he
frequency spr &pdisrdeteninkdtasoioliewgnal is set. The frequency spreadi ng
signal input 312 is connected via a series of elements, including capacitor
328 and resistor 330, to the base of a transistor 322. The capacitor 328
renoves any DC (direct NEF¥At)SING.5 £ {00 ¥orhthis nodul ating signal. A
resistor 324 is connected between the collector and the base of transistor
322, and a resjstor. 326 i s connected between the base,anéthe emtter of

transi stor 322YPEallycWe neadinegpeak peicestage phasq deviglion d.da hevlegsr esi st or
332, which is thamBest THisWiveda GENK irhlld réfdirdnent cFUOTS Rt d HB%] on 308 at

whi ch point 20 thﬁ;ﬂvol t g%z frﬁ) SWi té'h cifcuit 208dandf howgas% filter 306
are sunmed. The su en@w?’ 89 § Q&%Qri‘ AR exaressgd An iollewsuihere 210

havi ng a 10r eshdl)didnetes mth brdatthe Bessekfugotibn ef thedfirst kipdj unction 308 is
greater than the threshold Vth, the output of output buffer 210 has a high

l ogic | evel. When the signal at summng junction 308 is less than Vth, the
25 out put of output buffer 210 isw~a lsow | 0gic signal. The Vth voltage

l)ﬁ%lglut is normally ohwsen sggm(g*lmk)*tﬁfzipyy(zemc“q +f Ji[ae.soB/pog)) $i gnal from
n=l m=-co

15
© * Sin {[(2*n)-1]*2*n*fa ) +m*(2*n*fB)} }

For a small 9, the amount of suppression of the nth clock harmonic is
approximately equal to 10*Log{Jo[n*.5*(d/100)]}. For example, if 0 = 5%
20 and n = 80, then the suppression is 10*Log[Jo(2)] = 6.5 dB
In a reduction to practice for GSM, the clock signal was
approximately 13 MHz and the modulation sighal approximately 500
KHz. This resulted in interference with the received signals in channels 5
and 70. These channels are at 936 and 949 MHz, respectively, which

25 are the 72nd and 73 rd harmonics of the master clock signal. The circuit
provided approximately 7 dB improvement in desensitization, which is a
significant improvement over systems without frequency spreading.
Additionally, this improvement was achieved at a very low additional cost
relative to circuits without frequency spreading.

30 One difficulty of clock modulation techniques is spreading
harmonics into other channels can cause a good channels to become
desensitized. If this occurs, the switch circuit 208 can be provided. The
switch circuit eliminates this problem by enabling frequency spreading
only when the selected channel coincides with a harmonic of the master

35 clock. Inthe reduction to practice noted above, the frequency spreading
circuit is enabled by turning switch circuit 208 ON only for channels 5 and



buffer 210 is 50% The resulting nodul ated clock signal is input to digital
circuitry 342 as the clock signal at which the digital circuitry operates.
In operation, and with reference to FIGs. 1, 3 and 4, the buffered 30

cl ock signal output by input buffer 202 is filtered in filter 306, buffered
a second tine in output buffer 210, and gassed to the digital circuitry 342
for nost channels. The buffered clock signal is not nodulated with the
frequency spreadi ng signal because the bias signal has a voltage | evel of

0, which prevepg.sifithe swich®ircQit 208iis ré®Bvéd aenasdilaton brckrsighstagy 35

spreadi ng signal he junction, 308. wever, for those.channel s. that
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t hen conbi nedaémh%%efy ghmdyr&g‘é&&l ocC lsr nal at the i'nﬁut_ of the out put
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radiotelephone, from the RX_LEV or the RX_QUAL signals. The
RX_QUAL signal is generated by the radiotelephone, and has a range
from O to 4. RX_QUAL of: O is for a bit error rate between 0.0 and 0.2%; 1
15 isfor a bit error rate between 0.2 and 0.4%; 2 is for a bit error rate
between 0.4 and 0.8%; 3 is for a bit error rate between 0.8 and 1.6%; and
4 is for a bit error rate between 1.6 and 3.2%. The RX_LEV ranges form
0 to 100 and corresponds to the power of the receive signal including
interference. The range of 0 to 100 corresponds to an input level of -110
20 to- 10 dB. One criteria that can be used is that the frequency spreading
circuit 134 is only used to modulate the buffered clock signal when
RX_QUAL signal is greater than 1 and the selected channel is a
harmonic of the first clock signal. Another criteria that can be used is that
the frequency spreading circuit is only used to modulate the buffered
25 clock signal when RX_QUAL is weak, such as below 15 for example, and
the selected channel includes a harmonic of the buffered clock signal. In
this manner, the switch circuit is only turned ON when the improvement in
the signal level is necessary, thereby reducing the current drain by the
switch circuit 208.
30 Thus it can be seen that a circuit is disclosed that provides
effective frequency spreading. The circuit provides clock harmonic
spreading in a circuit that is readily implemented using few circuit
elements and at a lower cost than circuits heretofore utilized.
Additionally, by selectively modulating the clock signal only in those
35 channels that include a harmonic of the master clock signal, it is possible
to avoid desense of good channels by frequency spreading.



signal for the digital circuitry 342. The nmaster clock signal is a fixed 15
frequ signal set by the buffered clock signal and the threshold voltage
Vt h ﬂww ' [rcuit 208 is OFF. Wen the switch circuit 208 is ON,
the ma m;@n‘;ﬂﬁl is a square wave signal that is a phase nodul at ed
signal at tHe Bufse clock signal fundpgental. This nodul ated cl ock

si gnal produces w de band nodul ati on at the harnonics 20 because the
anount of nodulation is nmultiplied by the harnonic nunber. The average
frequency of the phase nodul ated signal will be near the buffered cl ock
signal frequency. The higher harnonics of the resultant master clock signal
are spread out, such that they will not substantially interfere with the
received signal in a single channel. IGLABMEnvisioned that 25 the
anplitude of the nodul ating signal and the threshold signal are selected

such that the pulse duty cycle of the resulting, nodul ated cl ock signal
varies fr 45 to 95 pefcePmnimisationedevice SAMPTisiNg:t is on. If the duty

cycl e drops bel ow 43epeiveeircuit Fsceiial lsomolURRES Peceiv@ Sighay Withir Aifest t Yy
fol |l owi ng theg%a‘(,:vlﬂgwg[gnal .30 The nodul ati on wi Il now be descri bed

with referenc waveforns VA, VB, Vc, Vth and VD in FIG 4. \Waveform
VA i s the bufferedacleferiense gigral generatgr i génergteea diystfolock/digadloatna VB i s t he

frequency {BdURERRIve 14 deck Sighel hBURG NGNS i g VA and ve.
Vth is tHd 35  cucirotitryasoupladittether refenepae sigrial gengraio( andto he Wavef orm
\1/([)) I's the modpbddifsh Ghfitkartd BERY rBEPEHGYE To BYe AR BIdMK MGYATE PFbYG:d Ar ough a
signal used by the receiver circuit to reduce a frequency of the modulated
receive signal;
a control circuit; and
15 a frequency spreading circuit coupled between the reference
signal generator and the control circuit to modulate the first clock signal
with a frequency spreading signal to produce a modulated clock signal
including modulated harmonic frequency components, wherein a power
level of harmonic frequency components of the first clock signal are
20 spread over a frequency bandwidth greater than the first bandwidth,
whereby interference with the modulated receive signal within the first
bandwidth is reduced;
the control circuit coupled to the frequency spreading circuit to
receive the modulated clock signal and operating at a frequency
25 according to the modulated clock signal.

2. The communication device as defined in claim 1, further
including a switch circuit coupled to the frequency spreading circuit to
disable modulation with the frequency spreading signal.

30

3. The communication device as defined in claim 2, wherein
the switch circuit receives a bias signal and a spreading modulation
signal, the bias signal tuming the switch circuit ON and OFF to selectively
pass the spreading modulation signal.

35



output buffer 210. As can be seen in FIG 4, the variation in the anplitude
of ock signal VA by summation vmth the frequency spreading

Si gnal Lﬁgiﬁ mlﬂmﬁmlﬂi on in phase, or phase nodul ation, in the nodul ated
cl ock s¥ The vol tage, VA, of the first cl ock si gnal having a
peak arrplltude of A volts a frequency off4f A, is described as follows as a
function of tinme t: VA = A *Sin{ (2[err]*fA) *t } 10 Simlarly,
the voltage VB of the frequency spreading signal has a peak anplitude of B
volts and a frequendy of Thecomnnicatiaiedeviceas definfed inalaima8, whereint i on of

time t: VB = Blh @kﬂ,{h éfr{@'lﬁl‘rl#ﬁ@eatr&né’iﬁo?ﬁ%s%ﬁmegﬂaé's p!tage Ve is

t he summati on dasfollovxs
Ve= A * Sin{ (@rpehw]dequ theigs sngakbgng{adqqqte@I t¢ edjust an aroplitude péthkei s no
modul ati on vavipéQidRdy §8RlingSSigHalididdut Bietheoswikdecipduit he frequency

spreadi ng ZI gnal VB i's zero, 'the output buffer 210 output waveform VE is a
square wav€ w t hout any phase nodul ati on, having a duty cycle of 50% In

this case, the conpsrat ﬂheubmrhurﬁwﬂidn ddﬂc@a'ssdé’fﬁned idedaim eevJJheseiﬁol | ows:

[err] 30 d i

Val e, “modul at Pertanlie! ot Bk RERECEMAh Rl MRuRne AT EReF

anpl i tude of téamed lsacoupléd torthe cibauitay to eontdolthe ecaiveragiduitdotseteatnach phase
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is selected to disable the switch cncwt such that the first clock SIgnal is
modulated with the frequency spreading modulation signal only for a

predetermined subset of the group of possible channels.

6. The communication device as defined in claim 2, wherein
15 the frequency spreading circuit includes a summer coupled to the switch
circuit and to the reference signal generator for combining an output of
the switch circuit with the first clock signal.

7. The communication device as defined in claim 1, wherein
20 the frequency spreading signal is a substantially constant frequency
signal having a frequency substantially less than the frequency of the first
clock signal.

8. The communication device as defined in claim 1, wherein
25 the control circuit controls the frequency spreading circuit to modulate the
first clock signal with the frequency spreading signal when the modulated
receive signal has a frequency near a harmonic of the first clock signal
and controlling the frequency spreading circuit to not modulate the first
clock signal with the frequency spreading signal when the modulated
30 receive signal has a frequency substantially different from a harmonic of
the first clock signal.

9. The communication device as defined in claim 8, wherein
the frequency spreading circuit includes a switch circuit having a bias
35 control input and an input coupled to receive the frequency spreading
signal.



wave duty cycle. The anplitude of the frequency spreading signal VB is

ect such that the duty cycle of the nodul ated clock signal VD is
W|th| 'E gu’ﬁﬂﬂrﬂm [err] If [err]B, the frequency of the frequency
sprea gnificantly lower than [err]A the first clock

si gnal frequency, then VB is determn ned % follows: 5 VB =VA *
Sin[.5 *([err]/100 * [err]] Typically, we need the peak percentage phase
deviation, [err] to be less than 5% This gives a VB/NA ratio requirenent
of .079 for [err] = 5% The nodul ated clock signal can be expressed as

foll ows, where 10 Jm( - 1t

first kind: [err] or aT}'ﬁa Eﬁrc?}rgn%regﬁ:rﬁoé%?eﬁsééﬂ c'ragﬁglltddﬁvrh%%nhe

cl ock har noni the eontpl ciieuitds epypleddalthe switoh ciguil &0 ﬁfO\ﬂdQ the biasisignal} . For
exampl e, 11 [&nals Godpfeddo theRekdiver difbuit'td eoniBPitRiRRERES Ryt fo

10*Log[ Jo(2)] reduction to practice cl ock si gnal
was appro {5%'99‘ whﬁnﬁeh&emmrmm Bes$ heﬁwel%mdo‘m‘ﬁﬁ' B#S Khz.

Thi's resul tedsrghar obrtkdletRe ewitohidircliteto ME@:@ thedréd %pr@a@rhg@'@a 5 and

70. These chann are.at.9 respectively, whic are the
72nd and 73 r8n ﬁﬁﬁﬁrﬁ@? Bf)?ﬁr? er?ﬁ'&% P°<§rsl?é‘r< Eg P The circuit provided
approximately 7 dB i nprovenent in desensitization, which is a significant

i nprovenent over systens w t hout frequency spreadi ng. Additionally, this

i nprovenent was achieved at a very |ow additional cost relative to circuits
wi t hout frequency spreadi ng. 30 One difficulty of clock nodul ation
techni ques is spreading



har nmoni cs into other channels can cause a good channels to becone
desensitized. If this occurs, the switch circuit 208 can be provided. The
switch circuit elimnates this problem by enabling frequency spreading only
when the sel ected channel coincides with a harnonic of the master 35

clock. In the reduction to practice notedigbove, the frequency spreading
circuit is enabled by turning switch circuit 208 ON only for channels 5 and
12 70. If the switch circuit 208 is renoved, the nodul ation cl ock signal at
i nput 312 can be coupl ed t FREQUBNCYsi SPREABRING Clp@CK or to out put
buffer 210, through a capacitor alon t h transm ssion wres
capacitively or inductively coupl ed. MOE’ULR?R?% order to reduce the
current drain by the switch circuit 208, which is desirable in battery

power ed devices to inprove the garaét o th ,§@||bs%rﬁatter y, additional
criteria can be enployed to determ ne when swtch circuit is turned ON

Thus, the switch circuit can be turned ON onIy when t he sel ected channel

coincides with a hawr@csmmuhﬁcattm deidee 1021)%h1p1r&es @rsteiver cireGRi(Y68) | S
operating near its .sensitiyv

di
Goterm nad fr offGaung s modblstéd sedive siahel, Aefbrafie Seriiathediie)®
r adi ot el ephone geherates hdirsdtlask signehat &RHrsfftéiqusngydhe firsitotodRGiGhiAIL si gnal

of: 20 i s for atptSidithatics CEISRfy (1Y) BaTnEd aRHE rbRiicd dstifhrof B
error ratd®etiRthe mcgl\eaﬂde@por%s to the fﬂ’%trC|QC'b$|Qn€|rﬁ°cﬂl‘0ﬂut3% awgwense@l 4 and
0.8% 3 is for tHétre@éI{/@F tol @Hﬁc@%é{"ﬁ@ uQnéi/ We%@&’&laﬂﬁ& styriaf jaOr a bit
error rate bet \?rzequenby spread3 ing cwcmt f"13 ) lslzglso cogbp?eg to {He reference
oscillator to modulate the first clock signal with a frequency spreading
signal to produce a modulated clock signal including modulated
15 harmonic frequency components. The frequency spreading circuit
selectively combines the frequency spreading signal and the first clock
signal. A control circuit (114) controls the frequency spreading circuit to
modulate first clock signal with the frequency spreading signal when the
selected receive signal includes a harmonic of the first clock signal.
20
Figure 1 accompanies this abstract.



O to 100 and corresponds to the power of the receive signal including
interference. The range of O to 100 corresponds to an input |evel of -110
20 to - 10 dB. One criteria that can be used is that the frequency
spreading circuit 134 is only used to nodul ate the buffered cl ock signal
when RX_QUAL signal is greater than 1 aﬂﬁ/t e selected channel is a
harnoni c of the first clock signal. Andtfier"criteria that can be used is
that the frequency spreading circuit is only used to nodul ate the buffered
25 cl ock signal when RX QUAL is weak, such as bel ow 15 for exanple, and
the sel ected channel includes a harnonic EE t e bufferad gl ock signal. In
this manner, the switgh circuit is only turnéd PN when iKe i nprovenent in
the signal level is Bcessary, thereby redircmmgsthe duydreht drain by the
switch circuit 208. 3 Thus it can be |seen thdgt a&circuit is

di scl osed that provr <effective frequepcy sgreading.] The circuit provides
cl ock harnonic sprebdipgasnNla circuit tRat i |y |i npl enented using few
circuit elements and pt | dwer cost tha oirEEit. eretofore utilized.

Addi tionally, by sel ectvply nodul ating thg ckock signal only in those 35
channel s that incl ude B0 re—rrmt e clpek—signal , it is possible
to avoid desense ofl goad Ehannel s by frequ:ncggs- eadiing. 13 CLAIM5 5
1. A comuni cati oh d&Vi e|conprising: a rlece?veg irjcuit receiving a
modul at ed recei ve st gnak \wi tthin a first bardwidii,
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a reference signal generator to generate a first clock signal at a first
frequency, the first clock signal having harnonics; 10 circuitry
coupled to the reference signal generator and to the receiver circuit and
bei ng responsive to the first clock signal to produce a signal used by the
receiver circuit to reduce a frequency_of,the nodul ated receive signal; a
control circuit; and 15 afre cW# spreading circuit coupl ed

bet ween the reference signal generator and the control circuit to nodul ate
the first clock signal with a frequency spreading signal to produce a
nodul at ed cl ock signal including nodul ated harnonic frequency conponents,
wherein a power |evel of harnonic frequency conponents of the first clock
signal are 20 spread over a frequency bandwi dth greater than the first
bandw dt h, whereby interference with the nodul ated receive signal wthin
the first bandwi dth is reduced; the co§§rol circuit coupled to the
frequency spreading circuit to receive ke nodul ated cl ock signal and
operating at a frequency 25 accordi ng.f0 the nodul ated cl ock signal. 2.
The comuni cation device as defined in®IR&im1, further including a switch
circuit coupled to the frequency spreadng circuit to disable nodul ation
with the frequency spreadin xgnal . 3 The comruni cati on device as
defined in claim2, wherein & =w t&h cjrcuit receives a bias si gnhal and a
spreadi ng nodul ati on signal,“ﬂ e biag sipgnal turning the switch circuit ON
and OFF to selectively pass thg l nDduIation‘gjgnaI. 35
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14 4.° The conmuni cation device as defined in claim3, wherein the switch
circuit includes a transistor biased by the bias signal, an anplitude of
the bias signal being adjusted to adjust an anplitude of the frequency
spreadi ng signal output by the switch circuit. 5 5. The conmuni cati on
device as defined in claim3, wherein ggﬁ/qﬁntrol circuit is coupled to the
swtch circuit to provide the bias sig amd is coupled to the circuitry
to control the receiver circuit to select a channel froma group of
possi bl e channel s, and wherein the bias signal 10 is selected to disable
the switch circuit such that the first clock signal is nodulated with the
frequency spreadi ng nodul ation signal only for a predeterm ned subset

the group of possible channels. 6. The conmuni cati on device as defi in
claim2, wherein 15 the frequency spreading circuit includes a sumer e
coupled to the switch circuit and to the reference signal generator f

conbi ning an output of the switch circuit with the firstyzcl ock signal ..
The conmuni cation device as defined in claim1, wherein 70 equeocy
spreading signal is 2 . i i
frequency gsubstantially les
8. The cdnmuni cation device as defined in claiml1, wherei
control cifcuit controls the frequency spreading circuit to

e t he

first clock signal with the frequency spreadi ng signal whfmtheé~midyl at ed
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receive signal has a frequency near a harnonic of the first clock signa

and controlling the frequency spreading circuit to not nodul ate the first
clock signal with the frequency spreadi ng signal when the nodul ated 30
receive signal has a frequency substantially different froma harnonic of
the first clock signal. 9. The co ¢/ﬁ§¢l0n device as defined in claim
8, wherein the frequency spreading cirduit includes a switch circuit having
a bias 35 control input and an input coupled to receive the frequency
spreadi ng signal. 15 10. y The comruni cation deyice as defined ijn claim
10, wherein thelcontrol cirguit is :Eupled to thelswitch circuit tjo provide

t he bi as s% s coupfied to the recei wet=—tr] t o contget=it he

recei ver ci selfect a chahnel fr - et~ of possi channel s,
signaJ jcontrol sjthe sw oot to pass—the
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and wherein
frequency s
channel s.
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