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| NTERLEAVI NG BACKGROUND OF THE INVENTION 1. Field of the Invention The
present in.woenteodn rel ates to phase | ocked | oops (PLLS). pcmusimyg of the
Art Practically all nodem signal generators and radi o conmuni cati ons equi p-
ment make w despread use of PLLs. A known PLL is shown in Figure 1. A

et act or, ¢ o wh ﬁtiﬁ%‘??lf%f‘é@%%ﬁ*%‘?%"‘&@%ﬁ%@@ﬁ&kﬁ%@%@ﬁﬁ% an
Ci'ghal . which 14 i1 tered byPaCkeBEbE THRROENTIOR' onal “of the | oop

filter is appl iﬁ‘i’iél@o?tﬂ%f&?ﬁﬁcom rolled oscillator (VCO, which produces
t he out put frequency,signal.fo

0. t. Conmonly, rogrammabl e divide-by-N
count er divides do R S%P‘pﬂ“@r’@ﬁ‘ﬁ%?‘?d&?a%ﬁ]@‘ﬁ‘éﬁquBEl(PItIé)-pr oduce a | ower
frequency signal that is then applied to the detector. In this manner, an .
out- put frequehdjatepfthgiArtan be generated that is sone nultiple of the

reference fre- quen@yacticallylallghodeerigdinl déneratons kiTadlh BorhiBhieatidn¥ el | zed in
CMOS. At very high frequencies (such as those used in cellular

r adi ot el ephonesthent niakevwidespreatiiuse eff Ridd. Adpanon PLL s shbwaigRigukel . fAagfeest CMOS
circuit is quickly exceeded. In this instance, a dual-nodulus prescaler is
commonl y used i ficqirquancytfinds anpliedioamhasems phasetirequencyldetecter. tpeibichis (P) and

t he ot her divide nodul.us 1) is.one, I n such an arrangenent, shown in
Figure 2, a hi gﬁ’losaﬁgléiﬁ‘ a(féé.(g?‘fk @fﬂeﬂera%frmﬁaaemgt Eeaumpeyrsignal fplof iked by a

| oner - speed (e. g1 r 1 e .counter.. e | ower-speed counter
control s which %Ldﬂ@%q&@ﬁ@g{{ﬁg%%m W%%§ggfr§?8¥§5%?é’ﬂﬁ(?é% a given
time via a nod | ; : | lnyenabl es a
full range of g@é?%%B%S?gg@k?M;ggg%%?‘ﬂtggé'cg?e&%%ﬁés@}aﬁg?gnb )’of such a
circuit is shovwhitliprodges the dutpitfraqlitried sighal £\ @ommonly, a programmable

divide-by-N counter divides down the output frequency signal f,,,, to produce a

lower frequency signal that is then applied to the detector. In this manner, an out-
put frequency signal can be generated that is some multiple of the reference fre-
quency. Such divide-by-N counters are typically realized in CMOS.

At very high frequencies (such as those used in cellular radiotelephones).
however, the speed capability of even the fastest CMOS circuit is quickly
exceeded. In this instance. a dual-modulus prescaler is commonly used in which
the difference between one divide modulus (P) and the other divide modulus (P =
1) is one. In such an arrangement, shown in Figure 2, a high-speed (e.g., ECL)
dualfmpdulus counter is followed bya low:r-speed (c.g.. CMOS) programmable
'countér.' T_h_e lbWér-Speed béﬁqtﬂ qon_fro_ls which modﬁius of thé dixal-quﬁlus o
prescaler is active at a given time via a modulus control signal MC. The use of
multiple moduli enables a full range of effective divisors to be obtained.

One construction of such a circuit is shown in Figure 3, in which the dual-
modulus counter is followed by a pair of lower-speed (e.g.. CMOS) programmable

counters. In the circuit of Figure 3, the reference and output frequencies are related



nmodul us counter is followed by a pair of |ower-speed (e.g.. CMOXS)
‘progranmabl g. counters. In the circuit of Figure 3, ther nd

out put freq‘ggﬁfgﬁg@ are related WJ 01/ 10028 PCT/ USOQO 20749%223@3 4gvvs: f oul
=N'fin=(Q Rfin=((Q- RPRP-]))fin where Qis the quotient of the
i nt eger divisi@afollomsand Ris the remainder of the integer division NP.
The value Qis used to preset a "tens" counter (so-called because its
effect is nultiplied by the nmodulus P) and Ris used to preset a "ones"
counter the effect of which is, not Iﬂu“i plied by the nodulus). The value Q
must be greater than or equal foeo™tMelival ue R Wth this restriction. the
m ni mum division ratio achievableg (gr 9Rgf.ant ee conti nuous coverage of the
possi bl e integer divisors N using such a'®ircuit is, in general, P(P - 1).
Assume, for exanple, that a 10! 11=d(RI~RBduR(B +do¥gcal er (P = 10) is used
and that a desired output frequency is 197 tines the reference frequency.
Using the foregoing fornula, Q mght be 19 and R mght be 7. (Note that R
< P always.) These values are preset into the respective counters. Wth a
non-zero val ue Wixacl@ds the geaienidf tiR intsgertdivision NeP ahdR isthecrameindeyofdisal er i s
set to divide by P -1 at the star of the cycle. (The period of the cycle

i s given by thdnieggidbisemNFofhe yalug Qisysed oadrescra “tefse ARunter (spreeliedit put fr om
t he dual - nodul us prescal.er. cl ocks.bot.h counters. en ,the R count.er
Foaches zoro. |RechiE S ETEhl iR e et i ) Bt D S 0R o o
divide by P. On i . . i

illustrated in A%P{Sﬂ@(‘a&i& QWE‘%E@H%H%%?}%{%%?%% egﬂkg-{%%{‘ﬁg @ﬁf tial

val ues are agai g drQAGathnioPEqual tb AR VAR, &Fith BRTestdiBioR W mHRkR RGNS, | N
such a circuit. the nodulus control signal for controlling the dual-nodu-

| us prescal er cratio gehiwabit @ fuarnted esminueusovaage/dfithd posdible inegendieery band of

the ref-
: N using such a circuit is, in general, P(P - 1).

Assume, for example, that a 10/11 dual-modulus prescaler (P = 10} is used
and that a desired output frequency is 197 times the reference tfrequency. Using the
foregoing formula, Q might be 19 and R might be 7. (Note that R < P always.)
These values are preset into the respective counters. With a non-zero value loaded
into the R counter. the dual-modulus prescaler is set to divide by P — 1 at the start
of the cycie. (The period of the cycle is given by the reciprocal of the reference fre-
quency.) The output from the dual-modulus prescaler clocks both counters. When
the R counter reaches zero, it ceases counting and sets the dual-modulus prescaler
to divide by P. Only the Q counter is then clocked. Such a cycle is illustrated in
Figure 4. When the Q counter reaches zero. the initial values are again loaded into
the counters and the next cycle begins.

In such a circuit. the modulus control signal for controlling the dual-modu-
lus prescaler can generate considerable noise within the frequency band of the ref-
erence signal. since the period of this modulus contro] signal is equal to the period

of the PLL reference signal. As illustrated in Figure 2. this noise may be coupled



erence signal. since the period of this nodul us control signal Is equal to
the period of the PLL reference signal. As illustrated in ure 3. this
noi se may b¥GBIMRRJd 2 WO 01/10028 PCT/ US60/ 20749 by pa?&!«"-g%mm
capacitance to the VCO input. causing frequency jitter. In addition. the
sane noise is ibhgwtasttin capaeitaimatothoﬁaodspmrcmsﬁny ferquenteg fitten. Inadﬂi,tionahse

variations in the input edance of the prescaler. resulting in_frequency
pul 1 ing by the samenoisgs vamt aé@lﬂoéqluéw@yabwhprngt mayrrauspapetionsiynal  of
the VCO to the ual pgé escallree y uffered ai #ﬁ@%}rat ed in
dotted lines in FPQH?‘H‘ ‘E)EFF?cé F- A ’3 ?‘lﬁ‘e’L‘Wé’“QF’E vd mpl exity

of |t he PLL. Var P-{a eeCfE %\{}H&gpﬁﬁlﬁgg@%&%tg 3 0??’1 (F_l(;)l ?oetge Ehgﬁl %od%ﬁlk this

noi se probl em “remains a

| ong-st andi ng “ Q:alersi'nl atfefed,ddndshY @QAZJI kA Wi?x‘?qh }gr_ et

general ly speak ng,  eves nol se sprea usi ng

dual - modul us prﬁﬁi@ﬁitﬁésﬂyaxmbmpiemyomepm \cunmugsﬂmmg@ﬁlatéglesﬁa&émea a given
cycle. "ones" and "tens" are not all counted consecutively. Instead, ones

and tens are |nusedtm&dﬂuslmlsepmbbrmadleﬁfemxedbmdmso}mamtqtbnsprdblmR count
I's dou- bled and the output of the R counter is toggled between high and
| ow st at es. (Th@margseénpatsandmyeqderrm n unnodi fied.) In another enbodi nent
of the invention, ones and tens are interleaved in accordance with a ratio

g:r. By so interleavingthe to spread the noise
resulting fromthe output si g‘r%g‘l I%C’Fzﬁﬁq‘&c\dﬁms prescal er over a

wi der frequency rangihe prdiént ivestionl %ernezam §Rallify Qthiéves n&é@s?ida&mé&%ﬁed
particularly within the frequency nd of the reference frequency. BRI EF
DESCRI PTI ON OF ZPEL idighl duEl-fiodulps presoaler bynineerieaving the divisionfmodulieWithinder st ood
fromthe follow ng descrl ption in conjunction with the appended draw ng.

In the draw ng: aBiveeyele“qnes”and ‘Ea% @%ﬁ&ﬁﬁ'@fed@@s@ﬁ#@nm #d. pags using a

di vi de- by- N. -
Y- and tens are interleaved. In one embodiment of the invention, the R count is dou-

bled and the output of the R counter is toggled between high and low states. (The
Q counter may remain unmodified.) In another embodiment of the invention, ones
and tens are interleaved in accordance with a ratio q:r. By so interleaving the mod-
ulus. the effect is to spread the noise resulting from the output signal of the dual-
modulus prescaler over a wider frequency range. The prescaler noise level is

greatly reduced, particularly within the frequency band of the reference frequency.

BRIEF DESCRIPTION OF THE DRAWING
The present invention may be further understood from the following

description in conjunction with the appended drawing. In the drawing:

Figure 1 is a block diagram of a conventional PLL using a divide-by-N
counter;

Figure 2 is a block diagram of a conventional PLL using a dual-modulus
prescaler;

Figure 3 is a more detailed block diagram of one realization of the circuit
of Figure 2;



counter; Figure 2 is a block diagramof a conventional PLL using a

‘dual - hodul us . escaler; Figure 3 is a nore detailed bloc WF=Yo1a of one
realizati onWBPB{oﬁ circuit of Figure 2: 3 WO 01/10028 PC?F%E%%49
Figure 4 is atimng diagramillustrating operation of the PLL of Figure 2;
Figure 5 is a di agr Biguiel 4 isstinang diagratdllysirating qpemtiod of the PLhofFigims2: i n accor -
dance with one enbodi nent thereof; Figure 6 is a block diagramof a PLL in
accordance w th oneFmupedtis adiagrdneillugtratisg tite prinvipletof ¢he;inventjon i@ agedrs a ti nmi ng
di agram il | ustrat i ndamepeithtone embddimbre thekdofof Figure 6. Figure 8 is a

wavef orm di spl ay showi ng noi se | evels using a conventional PLL circuit;
and Figure 9 is a whigafed inadleRidigranhalve Rid. inacseddney eith onesispert bhithe pr esent
PLL circuit. DETAI piebtnbiivemiddl| ON OF THE PREFERRED EMBODI MENTS The
nmodul us interleaving technique of the present invention may be applied in

various forms w th ¥ N adidghediagrai ihapbiisd dpeatibe 6f haBLL ofiPigekic.y. A
sinple but effective inplenentation of nodulus interleaving is illustrated
in Fig- ure 5. In tRigurd $i3laareefonh dizplay sHvRvind Aeisylbvelndingheofentomd er are

| eft unchanged. TheLRcgOufAtandSs doubl ed. and the R counter is toggled. For
exanple. if the Rcount would normally be 15 with the counter output being

hel d low for 15 coufigure 9 isaSta€efdrmh BSplapstdivingnoiebleRAsing hiéQresdt@LTOUNT €r

-

output. instead of Rgsa@ held | ow continuously, is toggled. i.e.. low for
| count. high for 1 count. low for | count. etc. The overall effect is the
same as in the conventional case--referring again to the

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The modulus interleaving technigue of the present invention may be
applied in various forms with varying degrees of sophistication and complexity. A
simple but effective implementation of modulus interleaving is illustrated in Fig-
ure 5. In this implementation, the Q count and the Q counter are left unchanged.
The R count is doubled. and the R counter is toggled. For example. if the R count
would normally be 15 with the counter output being held low for 15 counts,
instead the count is doubled to 30. The counter output. instead of being held low
continuously. is toggled. i.e.. low for 1 count. high for 1 count. low for 1 count. etc.
The overall effect is the same as in the conventional case--referring again to the
foregoing equations, the effect is to replace R with 2R2. The difference is that the
energy spectrum of the modulus control signal is shifted above and away from the
PLL reference frequency. If desired. the same measure may be taken with respect
to Q. In general, R (and Q. if desired) may be replaced by mR 'm. where m is the
number of moduli of the prescaler. For a dual modulus prescaler, m = 2.

In other arrangements. it may be advantageous to be able to control the dis-
tribution of pulses within the modulus control signal. Referring now to Figure 6. a
block diagram is shown of a PLL circuit in accordance with another embodiment

of the present invention. As compared to the PLL circuit of Figure 2. the R counter



foregoi ng equations, the effect is to replace Rwith 2R 2. The difference
IS that thewo%'fﬁﬁogé' spectrum of the nodul us control signa C'.}.,ﬁso%%.med‘above’
and away fromthe  PLL reference frequency. |If desired. the sane neasure
may be taken with respect to Q _In general, R (and Q if desired) may be
repl aced by nRrandiedQ eountsr pre maqified by thregddisfon ebanut ¢ounter aldangrosyntet.er . For a
dual nodul us prescal e{. in =_2. 1n other arran{gerrents. It may be

| I n |
advant ageous t JeIPECEINe TheFesunE Ry pounisE copnts R foral gounts, patgrime, Tse syt hi n t he
nmodul us control. sjgnal.. Referri now tQ Fiqure 6, ,a block diagramis
Shown of a PLL ¢ Reamer cqtnie Oiiprafkonttt o gt it loraccordancs With an xeniidlary

present inventi D : b JuSihld Figure 2. the R
counter 4 WO 0%8@%&9%%%%\6%%8%15’3'1%‘81%«{]“@11%%3@{%,[er are nodified by
the addition of an AsGPHhepAGr s Ercai] WithCOMM REo valuedsdd8 trity e R colii@r,” esul ting
R counter counts R total counts, r at a tine. The result- ing Q counter
counts Q total thoduai-modujusyresealer igset té dividedyPdahaghe\dtirnofthe eycknhar y

enbodi ment. the apparatus operates in the following manner. As in the prior
an circuit, w tdunut ﬁgmﬂmﬁmaduh@ nresselenrlogks both iseunkers; GVirendhe 1 counter

dual - nodul us. prescaler is_set to divide by P - 1 at the start of the cycle.
The outuut frJRIDRFHEE RASUNET 2558 sQunting andsety deduglympduyles messalsr towhen t he

Qual -modul us: pragasrer Q' R ieaeDy Hen SRR Wi BeadHHREr R BT HER ol ocked.
When the q_ COUNGelfuPARNIRS affy e agdififoali ihiohe 4BlHRInd iGuBlyR1ca02I N

| oaded into the counters an ext subcycle begins. ring“the final
subcycl e, the FpegRTiRing GRUMLSUBEHMIR, tHe RZ&ufter éuh dowh tdhero, ahiér Wigpunt er
counts down to zero. Such operation is illustrated in Figure 7, with (R

ry 7. 1) and ( Ghe Q)countér@purly dowiiab @erohSuchroperaibrris illneteaiedin FignroT)avitht he onl y
requirenents are that R5 Q r:5 R and -5 Q (The caser = Rand q = Q
represents thdReormiehl) anddQ. ocBatl). iNptghatiradd ) ndadarohbs eng; thppaladi ng ef f ect

of the present nodul us inter]eaving techni gue '
P requirements are that R < Q,rsq{, ang quC.] (The case r=R and q = Q represents

the conventional operating method.)

The noise spreading effect of the present modulus interleaving technique
may be observed by comparing Figure 8 and Figure 9. Figure 8 is a plot of the
energy within the signal present on the modulus control line in accordance with the
traditional modulus control setup of Figures 3 and 4. Excluding zero hertz. the
noise margin at the first noise peak is about -5dbm. Figure 9 is a plot of the energy
within the signal present on the modulus control line in accordance with the
present modulus control setup of Figures 6 and 7. Excluding zero hertz. the noise
margin at the first noise peak is about -25dbm. Thus. this example demonstrates a
reduction in the noise from the modulus control signal at the reference frequency
of 20dB, greatly alleviating the noise problems experienced in the prior art. Note
that there are no additional components or extra filtering required by this method.
There is essentially no increase in the cost of a PLL incorporating the present

invention. Furthermore. buffering requirements of the VCO output signal may be



may be observed by conparing Figure 8 and Figure 9. Figure 8 is a plot of

‘the énergy i N the signal present on the nodul us cont } N
accordance “ﬁ@knpﬁ% traditional nodul us control setup of¥g#6§yg§m% and 4.
Excluding zero hertz. the noise margin at the first noise peak is about
-5dbm Fi gur e 9elaxedepr pliminatsl. ¥ ¢te fusther that thiginterieavingis reddiiwakpapdedeont on t he
nmodul us control__line in accordance with the present nodul ? control setup
of Figures 6 arfégher o@grépﬁgfm@ug@pgps%pg,zs}mq ¥e>- ‘1'1'3%5' a“ﬁ’éf’"@?‘ﬁ’ ugpresRal- £ r st
noi se peak is about -25dbm Thus. this exanple denonstrates a reduction in
the noi se from$he nodul us control signal at the reference frequency - of
20dB, greatly alleviating the noise problens experienced in the prior art_
Note that there are no additional conponents or extra filtering required
by this nmethod. There is essentially no increase in the cost of a PLL
incorporating the present invention. Furthernore, buffering requirenments
of the VCO out put silgwill bedpprebiated by those of-ordinary skill-in the\& thht ihbGiviBtion

PCT/ US00/ 20749 relaxed or elimnated. Note further that this interleaving
is readily expacuide etmboditd ighodrer spedific formistwithnwdigparting frers el spiriy or ssserh as
3-nmodul us and 4-nodul us prescal- ers. It will be appreciated by those of
ordinary skill s chavectertherefathepresentindiselasethembadiments aspthseafers considot her
specific forms wi thout departing fromthe spirift. essen-. ti.al character
Thereot . The. pr BEbH e eas feafhrmBi A Brrres e Thegss o CedRiention e eq | n
all respects to. y 1 i . NOL . F Jcteiyve. T t he
invention is i ﬁdﬁ?dé%'kégﬁ tt%@?% gﬁggggwgke thglﬁglgr{rr{gg?dé%%énrg ({lﬁ%@%? ﬁgan?%lg egoi ng
description, anghsabds wHidhARERSvitiH B me@iiRe Mdlrigd otf@ﬁxi@é}iﬂ Héregfifle r ange of
equi val ents thereof are intended to be enbraced therein. 6 WO 01/10028
PCT/ USOQ' 20749 intended to be embraced therein.




What is claimed is: 1. A method of operating a multiple-nodul us prescaler
havi ng at I&@g}/moﬂ nodul us P and control | ed by counting tp@pgdsbheus of an
applied frequency signal, conprising: determ ning at |east one of an
integer portion Q and a remainder portion R of a division operationN P.
where a desired out WhatBclagnaligy is N tines an input reference frequency:
during at least a portion of a nodulus control signal. alternating the
nodul us control signal between high and | ow_states sucggrt hat a maxi mum

number of counts thht tHemetadpiepersing asuluplymedulpsrpssaler Ravingiarleast 4i ven
state is less tha . 2., Th hod of aim 1l further.conprijsing togglin
t he nodul us Camqggﬁs gF%%n%gﬁwﬁugqn&%gélg?nsggeﬁapggﬁc?]{}?quggcyﬁén A o9 IS

mul ti pl e- nodul us gr.sclensgcal er and associated control circuitry. operated by
counti ng transi?TONS Sof an applied frequency signal, conprising: a first
counter. including meanjelephindleOht 1daét o bf rSihtePérPoftion QPaHdla rein@ihdercouNnt i ng
transitions of the applied frequency signal: and a second counter,

i ncl udi ng means f or p&rtiéd Rga divistonuperafio® N, whereurdesiretl outpaofiequenny is
transitions of the applied frequency signal; wherein at | east one of the
counters, during codnimesgn afput feergnee frequencyount , gener ates an out put si gnal
that transitions nultiple tines. 4. A nethod of operating a .

mul ti pl e- modul us pr escal &wing aidesst & Rortien of ameriulusicpptra) sigRalAleMBHNEBE ween at

| east a first and secg d rmdu{eﬁtils f)n a %&C{lle Easis such .t hat aver the
course of a cycle tH@ ‘BP%%"(‘,‘HP gng| Reryess Mg and Joyy states YCR JRLATXENTha by the
tirst modulus for ahm}cﬂ')err%% cdthfhd: Eﬂe%od%ustcgﬁro’i silgul dside! tthin a7given

state is less than R.

2. The method of Claim 1, further comprising toggling the modulus

control signal between states at each count.

3. A multiple-modulus prescaler and associated control circuitry.
operated by counting transitions of an applied frequency signal. comprising:
a first counter. including means for storing a first preset count. for
counting transitions of the applied frequency signal: and
a second counter, including means for storing a second preset
count. for counting transitions of the applied frequency signal;
wherein at least one of the counters, during counting of the preset

count, generates an output signal that transitions multiple times.

4. A method of operating a multiple-modulus prescaler. comprising:
controlling selection between at least a first and second modulus on
a cyele basis such that over the course of a cycle the prescaler divides an

applied frequency signal by the first modulus for a first proportion of the

———

Iy,



L/terrerrrrrt  S*/1 Ji. WO 01/10028 PCT/ USOQ 20749 cycl e and divides the

‘applied fre ?Wf%zfi gnal by the second nodulus for a secwnjgf,m%tion of
an

t he cycl e; controlling selection between at |east the first ang second
nodul us on a subcycl e basis such that over the course of a subcycle the
prescal er divides thde apldivides the apgliehfrsquenqyrsignalhy thhsecondmedusdeiaus for a
first propor- tion of the subcycle and divides the applied frequency signal
by the second nodulserond roparigkebhacyfies8dti on of the subcycle. 5. The

thod of Claim4, wh ' i d le.includ 1l i pl b- . 6. A
OO O I S Ll BSOS B 2 S
f d d . t I ncl udi
[ eueney, and oo ol LLRPARY o MEp P b ARl | ol Ui

determ ning for a degiikdh B frdqueity s the £i3¢ mBENRIGE & RAt propak- peri od,
defined by the reciprocal éc?’bt he {qng‘&? %ﬁzgcﬁenc;, r(Izlluri ng whi chlgl?tp first

modul us is to be useidn ofithd satet-ele anddividesths apliedifrequens signalbyathe §deend per i od
during which a second nodulus is to be used: and controlling the nodul us so
as to change nodul usnedulnsiferiase¢ond pyopoftiontof thesubhycleng a period so as to
obtain the desired output frequency. 7. A control circuit for a
mul ti pl e-nodul us prescaler, conprising: a first counter that counts R
total counts r at a%i meThamsthed nEiClainftehrer¢in seid cysimineludgsimmilaple subint s g at
atinme: and a control circuit for repeatedly selecting in turn a first
nodul us for r @6Rts and a second nodul us for g counts.
6. A method of operating a phase locked loop that receives a reference
frequency and produces a output frequency, the phase locked loop including a
multiple-modulus prescaler, the method comprising the steps of:
determining for a desired output frequency a first proportion of a
period. defined by the reciprocal of the input frequency, during which a
first modulus is to be used, and determining a second proportion of the
period during which a second modulus is to be used: and

controlling the modulus so as to change modulus a multiplicity of

times during a period so as to obtain the desired output frequency.

7. A control circuit for a multiple-modulus prescaler, comprising:
a first counter that counts R total counts r at a time;
a second counter that counts Q total counts q at a time: and
a control circuit for repeatedly selecting in turn a first modulus for r

counts and a second modulus for q counts.

8. A phase locked loop comprising:
a reference frequency signal;

a detector coupled to the reference frequency signal:

A



8. A phase | ocked | oop conprising: a reference frequency signal; a

detector cqupled o the reference frequency signal: 8 tlddraldshAdrad | | N
NERRREEAR |‘#$P1"q’ﬂi¥ss WO 01/10028 PCT/ USOQ 20749 a loop filter coupled to an

out put signal of the detector; a controlled oscillator coupled to an out put
signal of the |oop filtealoopfiler coupled t9i dnoytpytsignal af the dyiectduci ng an out put

frequency signal; and a frequency divisiopn circuit res OPé‘i e to the output
frequency sig- nal for pkeenseledpossilltopenynied 1 anppgput signgl o e!‘ﬁ’[gl ¥ to the

prescal er a firs AERHIe Rt fobiem SAPULAPR sl Do T30
h o ey ircuit f
counter that counts Q to%g.%%&g%%lgn% f 'Eﬁpfﬁs“f‘??q}°"§’gpﬁm&f"%°ﬁé cuit for

repeatedly selecting in Irst no nts" and a second

modul us for g count S fhot probincing d febdbhdk'digrlal thad it hfpliedto tBe detector, the fre-
quency division circuit comprising:
a multiple-modulus prescaler:
a first counter that counts R total counts r at a time;
a second counter that counts Q total counts q at a time; and
a control circuit for repeatedly selecting in tumn a first mod-

ulus for r counts and a second modulus for g counts.
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