i <e3e”52u”2rrst 2t vt 6t T2u#& PHASE LOCK LOOP ENABLI NG SMOOTH LOOP BANDW DTH
SW TCHI NG BACKGROUND OF THE I NVENTION 1. Field of the Invention The ﬁ[@eﬁﬂ“iuus
invention relates to se | ock |l oops, nore particularly to phase |Io
“& band node and a narrow band no of oper ation. 2.
(@&\and radi o

1 oops havi ng
State of the&‘&“\m& 1y all mpdern signal mm\
conmmuni cati o ql(lg Rerment use digital frequencgmm rs based on the
phase | ocked | oop (’PLL). The realization of the PLlgyot2*an i ntegrated
circuit has led to the wi despread adoption of inexpensive frequency

synt hesi zers. In its appl) i fr s (as opposed to
signal detection), the ik%&%ﬁ%&%ﬁﬁﬁwﬂlthe PLL is high, and
the PLL serves to | ock the outpu Fequency on a nmultiple of the input
frequency. A PLL consists %ﬂ@kéh@MNﬁfoﬁ%ﬁﬁw oN? reference frequency

i nput por tion) a loop filter portron, and a voltage-controlled oscillator
(V(Cj:O) porti Fnal.Tﬁg?Q,pﬁ,@rlﬁgbggo,{requency portion includes a phas;a corr]rpar ﬁtor
and may include a VAN IRVA I : e). The phase

fhgg}égegg%v&'uxa Afles (G RodtpD Sl PHRATIR B

conpar at or conpar es ut sig t he L 'wt rence
frequency itSeflhfase,QBth]B@)sﬂl@\fi@g{lﬁﬂﬁﬁwifdé-@ﬁidmyaﬁﬁ Miaeted-HaModd diepeby produci ng
an error signal. The loop filter filters the error signal to produce a
control signalatibhat is applied to the VCO During proper operation) the
control signal drives the VCOin the proper direction so as to cause the
error signal tdStedfithedntto zero or nearly zero. PLLs generally operate in
two di fferent nodePracadilylhibmbd®msighil gengratoRiafdratiid@ominbinitaivkseqoipt 0 a

particul ar frequency, and tracking, during which the PLL ensures that it
remai ns | ockednenBeseldigitaldrequnen syaihesiasr based omthe oikase lockes dnoRi(Rlg-)i Thet he presence

of nodul ation are inport .desi gn objectives. Unfortunat el these design
obj ectives ar é:’alﬁzﬁwaé?ﬁg’? gplt‘ ’“@8%‘%%? ‘3“'Ebﬁafoa@?“gﬁsd’ﬁﬁa@f’ﬁ%% T3 wi de | oop
bandwi dth i s dgsbiRfe i Hh&l-ErsL1h &6 KipNhtioh Br frd3Gere} SR@REE9f modul ati on,
a nar 1 6 MAY 2083 e1 ??%92003 rsow Igﬂgp bgndw%t% ?gﬁldesi raed. In

cel | ul ar appl ioppdsednsignilaieicaion)ytieanpuvdignal-tohnaisgrarig ofthaPldeisdjghaandi de | oop
bandwi dth is desired to acconplish the frequenpé change as quickly as
possi bl e. herModr stienty o5k the myireavensy Ama mulipls of dhedupubireeiong | ow
frequency content i & ed. o 9 4 dele signal o The PLL. attenpts in
effect to cancel tﬁZPer }tﬁlﬁ‘f o%r%ﬂvﬁitcﬁcpgé%gaégéto thlée"ﬁtl}Lpég frequency
drift. To aCCQiaSBJdlsdg; Hlte poriIBi] dhard volige-cdoftedlied 6dcRlatod (WEDYpoftedhl THY | 00p

bandwi dth is desired. such that the nodulation is acconplished outside the
PLL bandwi dt h.refexsecegreapassaportiensinglede a phaye ¢ompaaior awbeaydnghega frcopen t he | oop

tirely dur i dul at i bur st d I t he | wh
modul a1 on 1 s W AT B it RpgPo R A e oRBrtimbRE oop | <

opened for only3hQkd fiekd mswmm@m?érexeéfré$acgﬁéélﬁor&&aafem frecur during
open-| oop operation wll not be substantial. Th

I's solution my be

accept abl e undgencg éhvided down, nhetadg podmdkigtan@nsr dankl. Tse looy filgpe fiberalbey

appl i cabl e. Referr_éfg? nore particularly to Fi gure 1, _a portion of a PLL is
shown) i ncl udiefgr Hemel gReuss 4 eoairol sigael hakis yreatied ke VEQDRANGREIPE] ncl udes a
charge punp haying. a.tir " PUP= Up’ .ent n 0 inject
curront "into. Qpratine ishiions YR e O N sRBU S RMBFbRRALD O
connected to %gé;gﬁ@\t@@l@gerﬁ%mgrzg%;mﬂys% node. The punp-up current
source is connected to a positive supply voltage V+ and the punp-down
current source i s Ebhngntrelly ¢prae inegadifferent suodes: ycquibitivadering-whidBesi des t he
charge punp, there is also connected to node A a loop filter, typically
real i zed by a BaPdelorronameicpiapiraagengy.aimh aacking. domas ¥ich &€ Phbrbi nati on of a

resi stor and capaci.t Qr, t o, qr . uni . VT is
produced at nocggur Lf’;‘fgr%lcllll rf'ggﬁlsrr}gé‘tﬁ% ooh%sg 3%9103%%%? ll‘?ro “%{ﬁ!é&@ g?] & of

osci I I ation ofprésBfte ¥ERodulitRnla@ampsranciekigh Boj@divéshBnfottimily, ele Figure 1 may
be changed by changi ng the values of one or both of the capacitors, such
t hat they chardgsigmobiectivtsoand, yn genemipcaflgung Kbyfast @vpisgiongg videlopnl ues of t he
capacitors usually requires_sonme formof swtchi ngbfrln—lg ver, it is also

2qQul T .
i nportant not AHOYIHDHHAEIEh EOnAGT YAy BACkRE 11 p e PESEIC ulauon. a nar-



1 6 MAY 2003 tors. Switching usually introduces undesirable transients)
since it is well-known that to change a capacitor value at a fixed voltage
requires an instantaneous change in the stored charge. A preferable vqagm? 2003
changing the | oop bandwidth then is to vary the magnitude of the currents
supplied by the current sources. Tg@ switch fromw de to narrow bandw dt h)
for exanple, Instead of swtching in additional capacitors to nake the
capacitance | arger, the current gain would be altered to mane the currents
smal ler. U S Patent 5,675,292 describes a PLL that enabl es snpoth

swi tching of | geR.dpaAMdHhs &L’i?crd.ﬁc%u@a‘?aﬁ;ﬁi@ﬂ%ns,ﬁ%eﬁa\%&l&%m dhahglSetting a
resi stance between 'the output of a current-node charge punp and a | oop
filter of the iRgthannmaly, b eside Ispbackddtbls dedied elwe@epliphitp fraguengde t o appear as
vol tage sources) and a suitably small trickle current nmay be obtained for
nar r owband t r #8KI&GEGS QURKY #possibép. Peica prsraLing orer Singdq dnrnieh doiFasdaigsssed, such

that the current sources a ai n, fug(iti n as curr.enaﬁ owﬂges in the PLL for
fast |oop respBHQ¥ requerey cqniept is madylpfed ontq g qagrer sign 'é@’ﬁ' QY ust t he
dynam c chara i, Sk f 1.0 ' faf i ' ntirely free
of transi ents%h%g&;ngaﬁhgg‘fg%uénhgﬁ?ﬁ %ﬂg&g{nmi‘%?%\a/%éﬁ%ﬂéyt a{' Tgnabl es snoot h
swi tching of laesmplisiaow ahbolulatiShINMMRYre rvetyHiarrbMVedN b £INVidih & desiegent

i nvention, generally speaking, provides a PLL that enables snooth sw tching
of | oop bandwistRhakithermendplabendfeicagplished quisisls thei ALLdpndwigthaccor dance with one
aspect of the invegtian l;llf}l]%‘s tI)Egnog bandwi . dth o (o] op 1 ncluding

ase_ | ock, |
an out put frequency %ﬁ’r\(}?oéer an IPé]?’.é(Fvébﬁ%em?grcé%’lfgﬁm@;w@iewr&]gra%lr's changed by

changi ng a di Wgs@br flbaliit®nGukRYhd bRIUEORY, Qhéﬁ'rﬁ&fu]ahb!n@nf)@?%l%. and changi ng
a divisor of the reference frequency divider by substantially the sane
factor. |f thd&hikapproachiasugeshitaf tht hapisapened fdrenlycbt fraiodbat dtimei s decr eased.
If the factor is |ess than one. then the | oop bandw dth i s increased. In
accor dance wi thg dafdhahErY geqyeduring ppeprieop; dpgratinn Wil notbesphptatial ol | oop

i ncludes an osgi f ' 1.6 NMAY 200.control input) a phase
corparator, aceiss o dehile foger ceny Meke e BOR bl bRl ], b
frequency di viashieablA reference frequency divider is also provided. A
controller is coupled to the output frequency divider and to the reference
frequency di vi der Raferrivhmagipagiculartii to Figore lof pehetrfatPLéupsdoant i al |y the sane
time in response o a bandw dt i | .. The cantroll er changes the
di vi sors by s%@?&ﬁ%ﬂcé??R?HFhaé‘dg?xé(ﬁg‘i‘Fg‘%"?gﬁﬂdﬁ%‘?%a ?’ﬁ@el"B‘BBE‘%‘éndm dt h

wi t hout af f ecxﬂgagargl%wwt&n&ﬁ SAHEGHeAld b MGedR BARA: hRTcdiORRe BRI EF

DESCRI PTI ON OF "THE G The present 1 nvention may be further understood
fromthe foll aninig sdesér pyip-diwnl’ Bure@ngouid€ tantecadi to vithdrewsaqupemded drawi ng. I n
the drawing: Figure 1 is a circuit diagramof a portion of a conventional
PLL: Fi gure 2% the sapg pefet TheiPABP AR HTCnBSOPKCE isicAnngelebiodLABEVaPHY t he present
i nvention; Fi i I f the. PLL of ,Figure. 2 with a > |;
Figure 4 is ag%[gg%%ﬁl %’td %}eg’(ra%? ﬁgwgﬁm”g{soﬁ%ﬁf e 8\‘7\? F’H‘ §ga(<?wi§"pghd Figure 5is
a timng di agvafied Vl.l&ﬁiﬂétthef&a:%ééﬁﬁn%, iR i9fisd dogndlel 1PfodEiAGUBED - DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Referring to Figure 2) a circuit

di agram i s shewiymdalia realitedibp 2 agpecirod eonoectaditd proomband tiecdiieseninbioé- t he present

invention. Afirst portion of the PLL js largely conventjonal and includes
a phase det ecti®f 9t &4 YYFE F178EIN copneaed o gigndiA BribpYRaes ¥ifency di vi der .
Typically, a ref ¥ . IS, i tl .he. conpar at or .
Wt b enbodi RSHRCBAE AL BRI i e IR el ke bOEICRYRRE CPUPRCT
receives the wnejerence frequency signal free and divides the reference
frequency by a divisor Rto obtain a sanple frequency fs which is input to
t he phase conpar at Bre.logh lmptividiblof be ciravitobkipired map be brangadtbyghangingquency
divider and tg the reference frequency divider. The control]er receive arid
bandwi dt h sel é}l?'tvag’ieﬁ?féﬂne arrmu\,(gélﬁgﬁpacnors, such that they charge more slowly or

more quickly. Changing the values of the capacitors usually requires some form of

switching. However, it is also important not to disturb the voliage on the capaci-



1 6 MAY 2003 5 sive thereto applies one of two pairs of divisors, (N R) or
(aN aR tothe dividers) respectively. The effect of applying the
second of the foregoing two pairs of divisors to the dividers nmay bel§ MAY 2003
appreciated as follows. At lock, fo N=fJ : fo = Nfs By observation, fs -
J re J R Algebraic manipul ati on prgduces the followng result: NfO - R
",frej =y ..frej Note further that 1.'" = R _N_ a_ R-a In other words, K
is unchanged if nultiplied by unity, such that the output frequency renains
unchanged regardl ess of which pair of divisors is applied to the dividers.
The | oop bandwgt Bl iWaNSly iduddiBasagstablagadiRiis NecaRIY $ai-ahed from the
Bode plots of Figure 3 and EI gure 4. Figure 3 is a Bode plot for the case a
> 1. As seen ttheretiepgad dapacdorvaily attaligedfolegtrequire canamsginagedus drmgehe fir st
pair of divisors to the second pair of divisors is to shift the anplitude
response downwirige storpechaxsp A preisieblsvay Rhshergivgehs 1er bandwidthyiden 1B ihdwi dt h,
therefore shifts toward the |left (the.l bandw dt h e ed). Phase
stability is a¥%§:’f g&%%ﬂ%&ﬁr&w%ﬁ{w SHBEEhegggtrhgg‘fr%\é\{enggesF?%gvylg&ir%lgls a Bode
plot for the C@YE iPhafrol banddidiS §ERx AN, RisRad ¥ sWilcngSn hdditibl @pdcect of _
changing fromthe first pair of divisors to the second pair of divisors is
to 1 6 MAY 20330 sihkd the éaheitamplardey de coesp e1is e oulphaaldredihenakadBe cr ossi ng,
whi ch defines the | oop bandwi dth, therefore shifts toward the right (the
| oop bandwi dt HuEnt fedeased) . Again, phase stability is affected somewhat
but not a great de r il i i.m L agr is shown

ﬂS. Pagél%tﬂgegl_{cl %'EE%LHL% tﬁﬂtf?ﬂb&é gmpgh g\k{ﬁcglxn Tk

illustrating operation © gure ularfy occurring out put
pul ses have a 1p& taAg@intoyerQfwilid fhsse. BRIWRBIb DR aRbdi$8S) bdib&ndi Vi sors may
be changed at any tine in order to change the | oop bandw dth. The out put
frequency i s uhafifipe pedcunTiienqde ehnegstpung erhd Igorfilies otheBlb, dumreritnpl enent at i on
and results in a very spooth change of Ioog bandwi dt h. No adj ustnents in

t he act ual IoéB“rF"rslotfﬁ}"c FESAIPP MRS NAPPRA 25 YATRLCHOMESn NG st Yque may,
however) be u (W70 i I i LOURS, - hapgi ng | oop
bandw dt h, for%ﬁlglig%pk{ég%ﬁgﬁ%%%g%gfogwﬁwggﬁg%?] é‘ﬂ?‘%&%&ﬂg'g‘?g’?ef erenced
previously. | tthanchibrardee iseiypased] satietlathye dubros oundes agatt faadtionahédrlent N t he art
that the invention can be enbodied in other specific forns w thout
departing frorfP¥res is e PLE fgfasklosmissnoase. Tipinals rreather Fuitcids reqifed thr esent | y

di scl osed enbodi nents are therefore.considered in all respects to be
illustrative ?fg Stntg Eyr" geEF %‘%?C:Ee\?élfcs?ﬁée g’(‘:’%g rorPfe” fsr?g[e%'?'chyn}r?es i ndi cat ed

by the appended gi@nfts rather than the foregoing description, and all
changes which cone within the neaning and range of equival ents thereof are
i ntended to be enbi&weidndchelk iemis an ifipr@eIRYL 200Sables smooth switching of

loop bandwidth.

SUMMARY OF THE INVENTION

The present invention, generally speaking, provides a PLL that enables
smooth switching of loop bandwidth without changing the Joop filter. In accor-
dance with one aspect of the invention, the loop bandwidth of a phase lock loop
including an output frequency divider and a reference {rcquency divider is
changed by changing a divisor of the output {requency divider by a factor and
changing a divisor of the reference frequency divider by substantially the same
factor. If the factor is greater than one, the loop bandwidth is decreased. If the fac-
tor is less than one. then the loop bandwidth is increased. In accordance with

another aspect of the invention, a phase lock loop includes an oscillator having a



1. A nethod of changing the | oop bandwi dth of a phase |ock | oop including
an out put frequency divider and a reference frequency divider, conprising:
desi gni ng the phase | ock | oop such that a phase margin of greater th&MmQQ3
éxi sts throughout at |least a 10:1 frequency range; changing a divisor of

t he out put frequency divider by asfactor a; and changing a divisor of the
reference frequency divider by substantially the sane factor; whereby a
snooth change is effected in the | oop bandwidth in a single step w thout
substantially inpairing phase margin of the phase |ock |oop. 2. The nethod
of claim1l, wheitei mpa, i phags @aipaiot, Bdp GiNer, andadesdbsk pathitttudingep bandwi dt h.
3. The nethod of claim1l, wherein a is |less than one, increasing the |oop
bandwi dt h. 4. omppifeegeency dikiderod peferemep dicgieney: divider dssdsolpravidse. Aavi-ng a contr ol

input; a phase conparator; a loop filter coupled ta the _phase conparator
and to the os&’Pﬁ?rg{)@Pﬁc ‘of@e%'%b‘ﬁeqlu%ﬁ E’&ﬁb‘”f"g(ﬁo FEF%I“HWC 68450%Y si gnal of the
oscillator to I I - Of : : back | oop

i ncl udi ng an 8%9%L@P?%8§h§§@§” f@%ﬁgﬁsngﬁﬁugggggggéﬁ%%l#@iﬁﬁgﬁgy di vi der
havi ng an i npubardesdih &ikct Ggnal. ThY @hesiecHahf8 URIOYsof gRabstaanglyaRe out put

coupled to the phase conparator; and a controller coupled to the output
frequency di viamsrfageidchppeingibe loaq kandwidd witheutpéiaetipe dievivtat frgasencghangi ng a
di vi sor of thg.gugpuﬁ gﬁeqyency di vider and a divisor of the reference
frequency diV|de?p5§3§dbg?antially the sane tinme in response to a bandw dth
sel ect signal
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 circuit diagram of a portion of a conventional PLL;

Figure 2 is a circuit diagram of a PLL in accordance with the present inven-
tion;

Figure 3 is a Bode plot for the PLL of Figure 2 with o > 1;
Figure 4 is a Bode plot for the PLL of Figure 2 with o < 1; and

Figure 5 is a timing diagram illustrating operation of the PLL of Figure 2.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Figure 2, a circuit diagram is shown of a PLL in accordance
with one embodiment of the present invention. A first portion of the PLL is largely
conventional and includes a phase detector, a loop filter, 2 VCO, and an output fre-
quency divider. Typically, a reference frequency is input directly to the phase com-
parator. In the embodiment of Figure 2, however, a reference frequency divider
receives the reference frequency signal f,.r and divides the reference frequency by
a divisor R to obtain a sample frequency fg, which is input to the phase comparator.

A controller is coupled to the output frequency divider and to the reference

frequency divider. The controller receives and bandwidth selcct signal and respon-



1 b MAY 2003 s wherein the phase |ock loop is designed such that a phase
margi n of greater. than 50 exists throughout at least a 10:1 frequency
range; and wherein changing a divisor of the output frequency dividey gant 003
di visor of the reference frequency divider at substantially the sane tine
effects a snooth change in the | oog bandwidth in a single step w thout
substantially inpairing phase margi n of the phase |lock |oop. 5. The
apparatus of claimd4, wherein the controller changes a divisor of the

out put frequency divider and a divisor of the reference frequency divider
by substanti al Liye thb@1o:ppRs bRCdi@o phrs ofl i@s@ PRI S0 Bf o Rl) & AR Siviawherei n sai d
factor is greater than one, decreasing the | oop bandw dth. 7. The apparatus
of claimb5, wheseespesiaeld factor is | ess than one |ncrea3| ng the | oop
bandwi dth. . Ay. A&L% A y. A. A" L% A9h. ASh . A :WI"k

<>70 }xsni d_Z] ca] ca‘]héa f@aP%@PUH]Fé}E]SE‘a’PQaﬁ‘Eeaﬁot%flé&]“éaﬂaﬂa]’ﬁ%l]‘é‘a] ©a] ca] ca] ca]c

aJ ca] ca] ca] ca] ¢a a , LU g Ut W e i #p#A####&&1) H
V,c,d,,, va-}xg'nlljl ’ J%]prcp] ]C”]E]% ]O(ho & 9%ﬂo‘:]ca] ca] ca] ca] caV] ca] caV] ca] caV]
caj ca\/] ca] cal] caV] ca U\/] caV] ca] ca\/g 3]3 ca] caj ca] ca] ca

W - .G R/ s/>000$1n11"242A2C2223r +44444J5"5} xsni d_Z] ca] ca]ca] ca]ca]c

a] ca] ca] ca] ca] ca] c3yahleraliom] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]caJca]c
aljcalcalcal; Wf G 10%&' ()- @O0%& ()-s 10%R,.A)-910%& ()-109& ()-y 10%& ()-"k
VAE, 10%& ()- 10%& ()-109%& ()- 109%& (1}-"5 %& ()-10%& ()-V

Algebraic manipulation produces the following result:

N
fO = } 'fn’f

K'frcf

Note further that

K =

wiZ

[
B
RIR

In other words, K is unchanged if multiplied by unity, such that the output
frequency remains unchanged regardless of which pair of divisors is applied to the
dividers. The loop bandwidth, however, is changed, as may be appreciated from
the Bode plots of Figure 3 and Figure 4. Figure 3 is a Bode plot for the case o > 1.
As seen therein, with o > 1, the effect of changing from the first pair of divisors to
the second pair of divisors is to shift the amplitude response downward. The 0dB
crossing, which defines the loop bandwidth, therefore shifts toward the left (the
loop bandwidth is decreased). Phase stability is affected somewhat but not a great
deal. Figure 4 is a Bode plot for the case & < 1. As seen therein, with a < 1, the

effect of changing from the first pair of divisors to the second pair of divisors is to
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shift the amplitude response upward. The OdB crossing, which defines the loop
bandwidth, therefore shifts toward the right (the loop bandwidth is increased).
Again, phase stability is affected somewhat but not a great deal.

Referring to Figure 3, a timing diagram is shown illustrating operation of
the PLL of Figure 2. Regularly occurring output pulses have a periodicity of 1/1,.
Between output pulses, the divisors may be changed at any time in order to change
the loop bandwidth. The output frequency is unaffected.

The present technique is simple in implementation and results in a very
smooth change of loop bandwidth. No adjustments in the actual ioop filter itsclf
are required. The present technique may, howevcr, be used in conjunction with
other techniques for changing loop bandwidth, for example the technique of U.S.

Patent 5,675,292, referenced previously.

It will be appreciated by those of ordinary skill in the art that the invention

can be embodied in other specific forms without departing from the spirit or essen-

tial character thereof. The presently disclosed embodiments are therefore consid-
ered in all respects to be illustrative and not restrictive. The scope of the invention
is indicated by the appended claims rather than the foregoing description. and al}
changes which come within the meaning and range of equivalents thereof are

intended to be embraced therein.
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1. A method of changing the loop bandwidth of a phase lock loop including

an output frequency divider and a reference frequency divider, comprising:
designing the phase lock loop such that a phase margin of greater than 50°

exists throughout at least a 10:1 frequency range;
changing a divisor of the output frequency divider by a factor a; and
changing a divisor of the reference frequency divider by substantially the
same factor;
whereby a smooth change is effected in the loop bandwidth in a single step

without substantially impairing phase margin of the phase lock loop.

2. The method of claim 1, wherein a is greater than one, decreasing the loop
bandwidth.

3. The method of claim 1, wherein o is less than one, increasing the loop
bandwidth.

4. A phase lock loop comprising:

an oscillator having a control input;

a phase comparator;

a loop filter coupled to the phase comparator and to the oscillator;

a feedback loop coupled from an output signal of the oscillator to an input
signal of the phase comparator, the feedback loop including an output frequency divider;
and

a reference frequency divider having an input coupled to a reference
frequency signal and an output coupled to the phase comparator; and

a controller coupled to the output frequency divider and to the reference
frequency divider for changing a divisor of the output frequency divider and a divisor of
the reference frequency divider at substantially the same time in response to a bandwidth

select signal;
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in the loop bandwidth in a single step without substantially impairing phase margin of

the phase lock loop.

5. The apparatus of claim 4, wherein the controller changes a divisor of the
output frequency divider and a divisor of the reference frequency divider by substantially

the same factor.

6. The apparatus of claim S5, wherein said factor is greater than one,

decreasing the loop bandwidth.

7. The apparatus of claim 5, wherein said factor is less than one, increasing

the loop bandwidth,



