;e3e jvC g>>?T@R>AB6" CTvCKX g3 A PHASE- LOCKED LOOP The invention
relates to a phase-locked | oop. Mdre specifically, the invention relates t

a phase-| gakedhshes@p i n which plural registers allow the phasecbeaked | oop

to switch quickly between different Wﬂm’mﬂm equenci es. Mobile

conmmuni cations transceivers (for ex | "Ire t el ephone), generally

conprise a single frequency synthesizersgich serves as a | ocal oscillator

for both the transmt and receive sides of the transceiver. Such frequency

synt hesi zers typically conprise one or nore phase-|ocked | oops (PLLs) that
can be programmed to | ock onto aAﬁFmﬁ'EimC@mmg. In a nobile tel ephone

- for a cellular network, the PLL w be reprogramed to oscillate at

different frequencies for transmt and receive operations and when the

t el ephone noves fromone cell in the comunications systemto another (an

: [ k handoff) ... Th f I [ - cal
Che. mobi e el ephone JurI o) eepcR e TP Resknd 1o ARES Bheali bBci Ve

(Rx) frequencies durjng the exchang f eech signal s.and al so swi.tches to
other Rx frequerBYe@&ionfelgtegdp %Bh%'i%‘%f“ﬁg%lé’r W?‘FF%t ﬂgra% eSS *\%Q%Y}\‘?ed at
the other frequencies, to deternine whether the telephone is noving from
one cel |l to anotphese-lotkedsloop eswitthapiickiebeimetn different opereting Hegiegeigs.
strength indicator (RSSI) WO 02/ 0600G. 1 PCT/ GBOL/ OS(r10 2 neasurenent
between transmt and receive tinme slots in order to determ ne whether a
handof f shoul d be perfornmed. When a PLL is programred to a new frequency it

takes time for the | oggmii® LofthuRidhons itl?anséﬁ{lérhe(%p dxampltea f megpiney .-

Figure 1 of the acconpanying draw ngs illustrates in schematic form

typical timng qf, control si | . \ j . 'QE%I are
illustrated oveﬁelfﬁl?oélgs’p?gp;érggg%ﬁépﬁgeaaﬁ%ﬁge %ﬁ?‘%’ﬁ’g eérﬁlklgéer}%flﬁée La§'i S
programmed to a new frequenc n urin eripod 2. the, PL oes through the
process of | ockih cﬁln?%% A ﬁ)é%og’r gl‘fu%ﬂ’gyﬁt i"HjO %Fwepséqqs&h- tﬂe grﬁﬂscﬁg’tef'od 2,
the PLL is unstable and thus cannot be used as a frequency reference. In
period 3, the Pliuchafsequsawedyntbesizses hwigally cepuentisy enedor gore phassrlesked st abl e
and avail able for use as a frequency reference. The PLL is thus only active

during period 3.loéssa@LisnihagcanfbeRirbgramseddo harki ontele specifiedereanereyc dntar ol of
software. Typically, PLLs require 20 to 24 bits of data to specify a

desired frequengyolindtefephbfdfdrya télhdar @dtworkaihs PLEOw Be treprb@aginiedte t he
PLL. In a GSM nobi |l e tel ephone, the tine taken to tune to a frequency is

required to be lcﬁéﬁleela W@gntt%eéé%ﬁesg@r #aﬁsnﬂ?laﬁ’d' re‘agivwe@ﬁ&nsi ahd Wi ef or e,

a significant over aster programming are avail able

but these devic [ ire a dedicated rial I ral i S on
the host chi pseftatﬁﬁa ﬁe?%QF r?%veg%:r%néélée cesngla %ercgﬁg@&g atlﬁ’lﬁs %%E%iﬁ%tg sec.
WO 021 OGUUG~- 3 PCT/ G BO 1 /05!?511%1‘19 e way of overcom ng these probl ens

woul d be to use @hgPERiian kngwn, tinme only one of the PLLs woul d need
be active allow ng the other

Thus, for example, in a so-called GSM system, the mobile telephone
routinely switches between transmit (Tx) and receive (Rx) frequencies during
the exchange of speech signals and also switches to other Rx frequencies in
order to measure power in the signals received at the other frequencies, to
determine whether the telephone is moving from one cell to another. Thus,

the telephone performs a received signal strength indicator (RSSI)

AHITUARRA
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PLL to be reprogrammed to the desired frequency in readiness for when it
is required. The use of two PLLs is, however, expensive because, in
addi ti on Wwo decst of two PLLs, greater printed circuit pegaishioRB) mnust
necessarily be nade avail able. Furthernore, each PLL would require its own
programm ng interface and further control would al so be necessary to swtch
between the two PLLs, thus increasing the anount of track area on the PCB
and processi ng overheads. The invention aPms to address the above-di scussed
and rel ated problens. According to one aspect of the invention, there is
provi ded an appacasursmentnimtwesnnigansmip izt eededekifrde spapin erdbakt deteghinter set
- for holding data defining a node of operation of the phase-locked | oop; a
second regi st er wirthef @hattiftkhoglddriperdahedi ng a node of operation of the
phase-1 ocked | oop; and coupling nmeans for coupling one of the first and
- second register sets to receive data defining a new node of operation while
the other of the first and second register sets is connected to the
phase-1 ocked | oop toGause e sane to erate jn the node defined by the
data in the other re etneﬂ‘Pfth‘S; P‘E"I%E“’&‘Bﬁ@ﬁ? ﬁdleﬁ‘e%?fﬁ"%@i Hdgfeég%‘? Ydbebl e to
change the coupling so that the other register set is coupled to receive
dat a defini ng al9a®r thdpcketondee SHleoghr tei Bew wiequency. wieareotoots-the
PCT/ GBOL/ OSG10 4 the one register set is connected to the phase-|ocked | oop
to operate in thecompanyingedratvingseilbisiratns iAcshenhtig foon,angticedrtimigeof of the
invention, there is provided a circuit conprising: a phase-locked | oop

(PLL) for recei comtgplaignaBfta congadtional PYAI B forfalesty enetratiachvep Mirbgur abl e
in first and second configurations each associated with a different

frequency of saPaiadapp,tz%gr@! ;Dttﬁ-lr%] R bt i%tl%%@g?ﬁéﬁ”fd qUiRs i on

data representative of said firs second confi g I ons; and means

for switching t n .d, hifs nd secon onfigurations in
accordance Wit hﬂggﬁﬁkxgﬁé:ﬁgﬁ?%i ?%%d gat[‘%FPL c%%crsgﬁli‘?ﬁgtf eaprPg?StSi?grlo‘gg%ct of
t he invention, thertg is provided a nethod of operating a lg)hase-l ocked | oop
(PLL) confi gur aBM@ e nev Eqquenty- Sackmily peded il pud pered 3, therPhleécpasgiahde an

i nput signal of different frequencies, the nethod conprising: operating
said PLL i n sai &nd fhustcagambeqsedias arfrequennyi referewea In gpried 8nthet Phe hoé sai d
second configuration; and re-configuring said PLL in said second

confi guration i tocked tor thanew fisijhdnclylaad $4, dhierefoctn s@bleBng avAikdd fop Ds@hsSH

provi des a nethod of operating a nobil e tel ephone conprising a phase-| ocked
| oop (PLL) for meg@ine Adereh@naite mmgitﬁﬁseélﬁpactiaemﬁﬁggéﬁéd 3the method
conprising: storing data representative of a first PLL " configuration for
receiving a signal of a first frequency; operating the PLL in a second
configuration for receiving a signal of a second frequency; and WO

02/ OG00G 4 PCT/ GBOL/ S 5. 0p ing the PLL in gaid firs onfiguration
usi ng said stored da#J ?%%{brplé@eoﬁms\}gn%@@gﬁ %’nleiupé?r tg%ﬁ‘?’?‘bqirogts‘i’%wgre’rhe
above and furthgr .fe?t res of the invention are set forth with
particul arity i nypigal %E’ﬁiﬁd@%l@l 20 s 24 bt 10b gletarferspesifiha desiend: fegisnedher eof
w || becone clearer fromconsideration of the follow ng detail ed
description of anf evreantly dhiy taked ebouterttuSto load iitavienPLbn lyiav@$Muwnobile
reference to the acconpanyi ng draw ngs.

telephone, the time taken to tune to a frequency is required to be less than

250 uS. The 60 uS delay of the PLL is, therefore, a significant overhead.
PLLs capable of faster programming are available but these devices require a
dedicated serial peripheral interface bus on the host chipset in order to achieve

data rates of up to 20 Mbits/sec.



In the drawings: Figure 1 is a schematic diagramrepresenting timng in a
conventional phase-|locked | oop (PLL) as al ready di scussed herei nabove;
Figure 2 wo @oseeenmati c di agram of PLL enbodyi ng the invempdratgoiok@yre 3 i s
a schematic di agram showi ng part of the PLL in greater detail; Figure 4 is
a timng diagramof the operation of the PLL; Figure 5 is a timng diagram
of GSM system downlink (nobile unit recei ves) and uplink (nobile unit
transmts) tinmesloots; WO 02/11COl(~ 63PCT/GB(IIIOSC>10 Figure 6 is a
timng diagramof a GSM system show ng receive, transmt and nonitor
functions; Figure 7 Dmeavdﬁoﬁavgrcdﬁﬁgtﬁaseqhoblbmgv&mﬂdbemmemPhnal APLL

. woul d be programmed for a GSM environnent; Figure 8 shows one way in which

the Figure 3 Plbng@iveRen QY BRBBEHicTPIL GRS R¥Ld BEBRR: auwh 'guﬂﬁr9 shows
a timng diagramfor power saving. Turning nowto Figure 2

- acconpanyi ng dr gﬁﬂnﬁ 0. pgagﬁ Kk ( . Whi ch
.is typically sugp jae. I néltbn‘\tﬂggrat qureg@ ﬁ%gﬁ’iﬁgsrsnflggn%}er%g&%“ ses a
phase detector 14,.a.l il vol t age-contrql | ed osci IIator 16, a
progr anmabl e di HEFLE i])yqﬁgé’ 9&%\;0 é“SiLS ’nlbo“év 58 P%ﬂﬂ?ﬁﬁ% egase, A FAON 0 ¢ o unt er
18. A reference oscillator_19 drives the divi de by- R counter 18 The
integrated circiiecosbolvaPlbingratarinted; disyit bo @Qi?atrau%nmﬁanbahel nput
for a clock signal and an input for a latch enable signal. The data is

i nput serial |y anade syaitibieonBurieymbre, tévh PIl eguat mduire its wwn pragrasintigg t he
clock signal and is stored in registers (not shown in Figure 2). WO

(12/ OG00G 4 PCTireE@de! indGhEhdr Wikid! woald Ak6 be @i2adds@ryStb dRalchastvaeth the he data
is transferred fromthe registers into the counters 17 and 18. The

di vi de- by-N cou r t d | pegagfyt hen
repeats the pr ogggspﬁ%g&gﬂ 1%311&\ ?ﬁgeéﬁ%n%ggo e%fﬁgrg‘gg %bg- gyﬂjf\él gguntggr 17 is
therefore N tines less th an that of its output. Li kevm' se, the frequency of
t he signal out p8¥°°F?%‘%ﬁ?‘f$é G&F%l de-by-R input is Rtines |ess than that of
the signal input thereto by the reference oscillator 19. As wll be
appreci ated by those possessed of the appropriate skills, the PLL 10
outputs a signal fromthe VCO 16 at a frequency aﬁmour equal to the
frequency (fref) of ’trhé ingtrtiosn gimo o hddressr thies abave-dispusserl apdt redatedit i o of
Nand RL i.e. four = (NRfref Figure 3 of the acconpanyi ng draw ngs shows
part of the PLLpﬁﬂble'm]s.great er detail. The PLL 10 conprises two register
sets 21,22, each of which stores data defining a respective configuration
for the PLL 12. Each register set 21,22 has an associ ated serial/parall el
converter 23,24 connected to receive data in serial formfromthe serial

data interface 25 of @c&gﬁ;gzﬁ\lcgn %}gflohetfjdllg% at av*?gm Eagg)a,{égl sier set

21, 22 corrprlses a register or th |V|deb N

count er ar gﬂ% o gé Fg&lﬁgiﬁ RZJZ (éfnqs(g ﬁ&ﬂ(eﬁ glog[?,t ¢ ﬁfré%rregm{eer VRIS AR Ing

count er 18 and

data defining a mode of operation of the phase-locked loop; a second register
set for holding data defining a mode of operation of the phase-locked loop;
and coupling means for coupling one of the first and second register sets to
receive data defining a new mode of operation while the other of the first and
second register sets is connected to the phase-locked loop to cause the same to
operate in the mode defined by the data in the other register set, the coupling
means being reconfigurable to change the coupling so that the other register

set is coupled to receive data defining a further new mode of operation while



hol di ng data for the phase detector 14. The phase detector data in the '
regi sters 21P, 22P defines the gain applied by the phase detector 14. WO
02/ 06001- ¢ PoMfedds¥BO 1 /05610 Al so shown in Figure 3 is ajd@skpakest or 24
coupled to the phase detector 14 for providing an indication to the host

m crocontrol l er (not shown) when the PLL 10 has | ocked onto the desired
frequency, i.e. when it has becone stable. Switches 27,28 and 29 are
provided to switch the divide-by-N counte# 17, the divide-by-R counter 18
and the phase detector 14 between the two register sets 21,22. A further
switch 30 is praoe ded régistavdet dhcdrinectsé ito ahe Phisa-lockiedribas € dperteii thee host
- mcrocontroller (not shown) between the two serial to parallel converters
23,24. Al of thewshbd<Ldtperdfion0 30 are controlled by a configuration

sel ect control signal 32 generated by the host mcrocontroller (not shown).
- The switches are arranged so that when the first register set 21 is coupled
to the divide-by-N counter 17, the divide-by-R counter 18 and the phase
detector 14, the second register Islet 22 is _coupled via the switch 30 to the
serial data interfacé\serdiin ppEher,aipeqs @fdg%d’clYeé‘PP’ér theggds prviladna second
regi ster set 22 is connected to the divide-by-N counter 17, etc, the first
regi ster set 21 cirguigeempitiegl a phaserdocked lagp @RI formecsiving en fput signaliefs way,
one set of registers 21,22 can be | oaded with new data while the other set
of registers 21yvadabls fregqnérncy! dnid ngnfigerablel mnfist afideecdhd icdefiyrativreoescher |7,
etc. This provides a nuch nore efficient way of switching between different
frequencies by Le@dumdiOwithe AITBEAL fiedueht ffsﬁati%m%i%lhb s’to‘%z&%é@ﬁﬁﬁsvﬁ)r The
period 1 in Figure 1 is elim nated. 02/ 0600(: L PCT/ GBI |1 /05610

Furthernore, th ;g&in Vi . he L.t 2 P t he
phase detect or t, gné%ﬁ@%ﬁ%hg B[ tosgﬁgﬁgﬁg?6ﬁfg%ﬁsgﬁ?h%$d%§ %%%g es
sooner to the new frequency. \Wen the freguen the PLL i.§ changed, the
BLL w111 ose | GORIBHAE: B dugins DY Eaing e Lk HeReeqR g5 ffioh ot o
t he new frequency, which tine depends on the gain _of the |oop. A higher
| oop gai n reducé&econdsonfigrrating émagegrdanpe with|saldcopfgwation d#eovi des | ess
stability once | ocked. A lower |oop gain increases the tine taken but
provi des greater stability once | ocked. A suitable value of P is,
therefore, chosen that balances the tinme taken with the degree of
stability. Alternativekydidgh® 4 duitbéreispe bt edindeftionpyhdde iP prwidiaidawi t h
two values of P. One value is high and is selected when the PLL is
attenpting to | qedth QN0 opbiting QUMRREN0dKRE BbHIPLY.R A dRabI8VindRd: lafid
sel ected once | ock has lgie)enlagchi eved.oT e rmgiq?%cgtci orllgtﬁ?) dontaﬁlgs woul d be
t he addition of her Joleline.f.romthe | ock,detiector 24 back to the
regi sters 21P aﬁ%%%gﬁ% gggg\%\flér%hfof)é Seent fhe” %S?%né‘f ngﬁg Fgrﬁ. ﬁze@%g%%s\?ant age
of elimnating the delay hitherto associa W th, progr ing the PLL is
Chat i1 1'a poos i bt SapEHTG opeghmicgerd BLLIh bidbis, Someurios: S05PEnd. by
node, the PLL during periods of inactivi t}\f. I'n

data representative of said second configuration; and re-configuring said PLL

in said second configuration in accordance with the stored data.

The invention also provides a method of operating a mobile telephone
comprising a phase-locked loop (PLL) for receiving signals of different
frequencies, the method comprising: storing data representative of a first PLL
configuration for receiving a signal of a first frequency; operating the PLL in

a second configuration for receiving a signal of a second frequency; and



applications such as a nobile tel ephone for a GSM system there are several
" periods between transm ssion and reception where the PLL is not required.
During t e j ods, the PLL nay be powered down to cons tery life.
WO 02/ 061 1%%60'!5&/ GBO0110s(10 10 The control of the gai nq@ﬁlﬂgkﬁ gse
detector 14 may reduce further the period of tinme during which the PLL
needs to be fully powered. Figure 4 is a timng diagramof signals in the
PLL 10. A latch enable signal 31 causes data to be |latched in the register
sets 21,22. The configuration select signal 32 selects between the two
registers 21, 22 nf.J td.gn 'S ; at e,

- there foll ows ao%dgétl}ngj t%ge%]ﬁ]?l {rllllg%\‘c;\l/{]d?cfkat ﬁgﬁﬁﬂat%ﬁ g{éﬁllgogglsdclqggi@zdna? during
the period the | ock detect. signal 34 is..low Once |lock is recovered, the

| ock detect si g’f?gfes a%‘{)"e%fsﬁ1d§ﬁ4a%°dlﬁg8‘f%‘? 's high during a period 35 until

- the configuration select signal again changes state. During the period 35,
the PLL is active in that it can be used as a reference for the desired
frequency. During this period, the PLL operates in accordance with the data
in one of the registEhe ghowe andfunthay foaturesseft thelinventom angr sehdorthiwitlber i od,
the other register set, say set 22, is |oaded with new configuration data
37, clocked in pirtieulsirddy€in died ppehdaiiclbiynsaand egetiior sviticadvafitaged thedebf wiike
appreciated fromthe foregoing that the PLL 10 is well suited for use in

appl i cations WhesBnaWidAE Mo RBhWaSALGN f @b foildviRE Wetailbd BEEPEHEST A
requi red. One such application is a nobile tel ephone for a M system w

O 112/060UG 1 11 PCT/ GBOL U. Fi . 1 he.acc any} raw.ngs shows
various tine sl 8’fe§n%;[ﬂ%e@%1%e e!ﬁ?%ﬁ%pﬁgg t1°§/], ngﬂegl r%gg} Ir}éfcg’g]lcgp or%ggi S
assigned a transmt tinme slot that is three slots away fromthe assi gned
received tinme sPSPMOPIRYIES AEANEEY hat there are two avail abl e slots between
receive and transmt acid four available slots between transmt and
receive. These slots may be utilised to power down the PLL and/or to
perform ot her operations necessary to the GSM standard. Figure 6 of the
acconpanyi ng drawi ngk thdvesvihgay two of the slots between transmt 42 and
receive 43 are used to nonitor transm ssions from adjacent cells in the GSM
system In tinme slots 44 and 45, the transm ssions froma first adjacent
cell are nmonitored. Simlarly, in tinmeslots 46,47 and 48,49 transm ssions

from second and thirg adi pe 1afaki irk #i faloly hfhall X

ti mesl ot has ended, ﬁggngEESeﬁu%t aelérdg%r ogr r{’rr%gﬁ?%rﬁ?%% I\/b%(lﬁfvgr tiamesl ots.
As soon as the nitor, tines have .ended e PLL must be reprogramed
for the Rx tineR %SF'FIOGH?@ logh @E‘Eﬁtasglé?a\dg%dhs&?ssﬁ%ﬁ{erﬁénab%echr onised with the

current or serving cell and, therefore, it may take additional tine during

the nonitor tine slots (44 to 49) to achieve franme synchronisation (in the

first timeslot) before o . _ .
Figure 2 is a schematic diagram of PLL embodying the invention;

Figure 3 is a schematic diagram showing part of the PLL in greater

detail;

Figure 4 is a timing diagram of the operation of the PLL;

Figure 5 is a timing diagram of GSM system downlink (mobile unit

receives) and uplink (mobile unit transmits) timeslots;



adj acent cell data can be decoded (in the second tinmeslot). Once canped
onto a cell, the nobile tel ephone is required under GSMto read the

br oadcast wg Msrs UGOOG~ PCT/ GBOL/ 05610 12 control channelpcrig§sdioséiat a on
the best 6 non-serving cells. This nust be done within 30 seconds. The
nobil e tel ephone will try to read the BCCH data for the best 6 non-serving
cells at least every 5 mnutes. In addition, it wll try to read the
synchroni sati on channel (SCH) data for thé best 6 non-serving cells every
30 seconds. Figure 7 of the acconpanying draw ngs shows the GSMti nesl ots
t hat woul d be taken up with configuration and progranm ng of a conventional
PLL. The tinmeslots are showmn with reference to the PLL status in the top
line of slots shown iga, FlLgure 7; ¢ ol ' ' (Wa) GRWZACH
during the receive sIPg%lﬁhéw 1s$ﬁemaﬁ?a§1tgg1:5%1 g,rg atagﬁl\\ﬂ/gﬁgdgﬁlfeis%dmﬁg irgénelfééslt t he

- receive frequency). In the next two slots 51,52, the PLL is reconfigured to
the transmt fréé’%}gﬁlﬂ?.n MPRREOPUNSHi ¢ sl ot 42, the PLL is in an active
configuration (at the transmt frequency). There is only one tinesl ot

bet ween end of nonitoring and start of reception, nanely slot 53, and

bet ween end of transm ssion and start of nonitoring, nanely slot 54, in
whi ch to get the PLL Rigiirh 7ps agimingelihgeanl showingdowna convestionad BLEcvould
frequency. Therefore, as soon as the transmt 42 tinmeslot has ended, the
PLL nmust be I‘epr}jéﬁjr ddabr 4 GSMVappiaftent)g nonitor tineslots 44,45 and as
soon as tineslot 45 has ended, the PLL nust be reprogrammed for the
approaching receive tineslot 43. Plainly, this is undesirable because it
gives no free tinme to do anything el se. WO U2/ OC0UG 4 13 PCT/ GBOL/ CsG10

Figure 8 of the acconpanyi pg_.draw ngs shows_ho ne ©f th ve descri bed
PLL 10 rel eases tinegﬁéﬁ ?oﬁ“ﬁ@h@?gdggél?iw'Fﬁh%ﬁblﬁgﬁ%r?ng d%% %éthe PLL
if desired). The tineslots are shown with reference to the PLL programm ng
wi ndows in the tRspeEmAEedgD ad#SMicgvsonmpentyandy Fi gure 8 and active
configuration windows in the line 61 belowthat. Starting with reference to
the receive tinmeslot 43, during the receive tineslot 43, and the slots 63
and 64, preceding and succeeding the receive tineslot, the PLL 10 may be
programed in the Tx Kiginkioghbat itiming Giagrlnt farpoadessavag. i ve in the Rx
configuration during timeslots 63 and 43. During the transmt tineslot 42
and the slot 65 preceding it, the PLL 10 may be programred in the nonitor
configuration and is also active in the Tx configuration. During the

nonitor timeslots 44 . 45 t i %ﬁ&ﬁl% : e;.PLL may
be programred in the_wggn?ﬁgﬂ?a@%% gﬁ@ @%r&g ﬁ%_t re ra(ta?&rrlggﬁpot%léﬂ%ﬁ 45, 66

br ogr an ng. havetB8Br Shssapred oo BLAE ey MpituE i faf vferc <
nore flexibility in time during which configurations can be prqgranped. All
configurations Hategraedsisgtakniony and samrrisss a,phasg deteciondd 13 WBE%%F% Erg‘rsi or to

when they are required to be active. ' The tine taken for the PLL and VCO
to | ock to the desoltagd-dontrglieshoscillator 16, a programmable divide-by-N counter 17,

and a programmable divide-by-R counter 18. A reference oscillator 19 drives
the divide-by-R counter 18. The integrated circuit 12 also comprises an input
for a data signal, an input for a clock signal and an input for a latch enable

signal.

The data is input serially and synchronously to the integrated circuit 12

using the clock signal and is stored in registers (not shown in Figure 2).



is thus only dependent on the settling tinme of the VCO | oop, because the
tinme WO 02/ UGQUG. | PCT/ GBOL/ OSGLO 14 taken to reprogramthe PLL no | onger
reduces tWe dak@ssti me avail able as the reprogranm ng i s @eArGRdokQo0a
different configuration is active. This allows the PLL to be put into
power - save nodes with the next configuration already programmed so that
when it is taken out of power-save node, it will go straight into | ocking
the VCO For exanple, to be configured fo7 the Rx tineslot, the
configuration for the Rx frequency nust beconme active in the prior tineslot
whi ch, in turn, Waeuihe@sch BRaul® Bish@lldctivé,ahe Uata e trifidgkalfron the regigters§ t he

. three tinmeslots prior to that. Hence, while the PLL is using the

configuration fQqpqtiig BRMELCT7 & 388NThe Bivid-BMRCJulRr 17NEountd R pulses
configuration in the PLL can be programed for the upcom ng Rx t’ineslot.

- Simlarly, whil he Rx. configurati i ive indl.e ' ion in
the PLL can be %ﬁgodP g}:ﬂ?g&ln\g&ﬁﬁ eé‘iﬁ‘S@SThfs"ﬁ%&‘%}ﬁ/et ? rﬁ%%?‘otﬁgr?&l?pq@\ﬁeggéﬁ%ke TX
configuration is active, the idle configuration in the PLL can be
configured for tHdhedivuieitygN eoRRtenE 7 i tﬁ‘%‘?iﬂﬁf’éf.)t‘rp%l?ﬁ%ﬁ@néﬁ%\ﬁznéﬁyp&anpl e
of how to inplenent a possible power saving scenario using the new PLL
design. By pre- picibgviamthmﬁeqmcyl@fﬁhérsigm}mﬂlmmmm&ﬁcfmﬂe-%ﬂeRmuﬁlSnle ot 42

during the Rx tineslot 43 and then, at the end of the Rx tinesl ot

perform ng the ahasger\vin thet dffilke Sxgn4l dmut dheietd bo theaergicetdseigiaton €9.PLL

i medi ately into power-save node 70, the PLL will inmediately start using
the Tx configuration when it is taken out of power WO 02/ OG00G- 4

PCT/ GBOL/ 05G10 15 save node. This gives the fastest possible VCO | ock-up
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PLL is substantially or entirely elimnated, as the_ programm ng for one
configuration orfregugecycer) bbtheaatereuse oscillpter 46 mavtiplindrhypilie satinpf Noandct i ve.
As a consequence, the performance of the PLL synthesizer subsystem becones
dependent only oR, itdhé@e@R¥MLi on and | ock-in times of the PLL itself.
Anot her advantage lies in hcndover situations. GSM handsets regul arly have
to provide neasurenents of surrounding cell-site signal strengths in order
to assess the need for a hand-over. Conventionally, this is perfornmed by

tuning to alternati V%'Bﬁe%hmgla?f%ﬁ}%w §B8ink¥ sAEWs gggrdfngépgisl,o in

nmeasuring the RSSI and”subsequen u g back to th ssigned channel .
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‘ set 21,22 has an associated serial/parallel converter 23,24 connected to
receive data in serial form from the serial data interface 25 of a host
microcontroller (not shown). Each register set 21,22 comprises a register
21N,22N for holding data for the divide-by-N counter 17, a register 21R,22R
for holding data for the divide-by-R counter 18 and a register 21P,22P for

holding data for the phase detector 14. The phase detector data in the

registers 21P,22P defines the gain applied by the phase detector 14.



WO (12/060(1C 4 16 PCT/ GBOL/ 0OS610 A further advantage is that tineslots are
freed that allow the PLL to be powered-down, thereby reducing power

consunpt i @iy @wdeock N nobi | e applications for exanple, extempdrigslitde’y
life. Having thus described the invention by reference to a preferred

enbodinent it is to be well understood that the enbodiment in question is
exenpl ary only and that nodifications and variations such as will occur to
t hose possessed of appropriate know edge &nd skills may be nmade without
departure fromthe spirit and scope of the invention as set forth in the

appended cl ai ms and ARdi shakv@ninSFigher 8o a locW\@e@BﬂoQQQO&u%IeHWOQhNﬂMEsel- An
. apparatus conprising: a phase-locked | oop; PCT/GO0L/0S610 a first register

set for hol dingadaha: fefor Bz IR idaﬁglggﬁe}l@hb&r}nfarogwﬁ?@gggg-sh&%nfd | oop;

a second register set for g data Ining a node o at1on of the
. phase-I| ocked | oop: and upl i n ans_fop coupl i one of the fi.rst and
second regi st erwg%[{ Zhet giﬁegée:l"eglog%f’(go&éof fbﬁl %ﬁﬁga :%ﬂu%aeLwa fﬁ%l‘taﬁ %n while

the other of the first and_second register sets is connected to the

phase- | ocked | off§Oms Séaéﬁl&es‘t‘”ﬁ‘é‘%3%@8@8‘?8%@F%Rfévﬁdﬁgtt‘?@” © detdeneNoy t he
data in the other register set, the coupling neans being reconfigurable to
change the couptduntprdd, theatividerbyR eamnterd§iantidhe plagseidstector pft bekweon thecei ve
data defining a further new node of operation while the one register set is

connect ed to t hgvdohegisterl seiskEig2]. oApfuttheropeitaht 30 isnprobiled eyvswitclethefseiper at i on.
2. An apparatus as clained in claim1, wherein the phase-|ocked | oop

conprises a di viAgiR¥rdeCURbA tha RstGRictbcBhirdIg (hotr s%wﬁ?ﬁet%%&?ﬂfé fuRNI ster
sets conprises a register fox storing a value of N for the divide-by-N

counter, S A SRARAUmASORIAIER 30 Kl fods HASGLA RgoRESe

| ocked | oop conprise e- counter and eac e first and
second w0 02/11600(n PCT/GBOL/) 1 S(i 10 18.regi gter sets. conprises a
register for st®fi ﬁgg%llt\f/)%‘lrﬂ@nofsekc? PRk BEHAL g a2 bgereritedin PR theoMoghe

di vide-by-R counter. 4. An apparatus as clainmed in claim1, 2 or 3, wherein
t he phase Iocké@mﬂyﬁwh@ﬂmﬂmpgﬂ@“m)phase detector and each of the first and
second register sets conprises a register for storing a value defining gain
in the phase

The switches are arranged so that when the first register set 21 is
coupled to the divide-by-N counter 17, the divide-by-R counter 18 and the
phase detector 14, the second register set 22 is coupled via the switch 30 to
the serial data interface 25 from the host microcontroller, and when the
second register set 22 is connected to the divide-by-N counter 17, etc, the first
register set 21 is connected to the serial data interface 25. In this way, one set
of registers 21,22 can be loaded with new data while the other set of registers
21,22 is controlling operation of the divide-by-N counter 17, etc. This
provides a much more efficient way of switching between different
frequencies by reducing the amount of time that the PLL is inactive. The

period 1 in Figure 1 is eliminated.



detector. 5. An apparatus as clainmed in any preceding claim wherein the
coupling neans is arranged to couple each of the first and second register
sets to awoentesogsal controller to receive said data therefpcamph/oséid
apparatus as clainmed in claim4, wherein the phase-locked | oop conprises a
| ock detector for detecting |ocking of the phase-|ocked | oop and outputting
a signal indicative of said locking. 7. An apparatus as clainmed in claim6®,
further conprising a controller for contr®lling the coupling means. 8. An
apparatus as clainmed in claim7, wherein the controller is arranged to

generate sai d data dBfirthtirmgreathizoghin obntegle pasvidud Wnthetrogiodt PUR,22heveat a for
. the first and second register sets. WO 02/01r00!-4 19 PCT/ GBOL/0s1i 10 9.
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responsive to the signal fromthe | ock detector. n appar at us as

- clainmed in clai ef el e [ i ry agged to out put id data
in serial form wtt%g n\ggpfégdélt@ﬁé}bf‘l}ﬁ}%ﬁgfégygﬁ%%cgioﬁéﬁ%ﬁggff gﬁ%g‘?’atﬁf’ éjl'ﬁ‘
converter for co ?rti ng the seri ftl gta?ht(a fromthe caontrol]ler into parall el
formfor the f iY"[é]i/ osfido ‘&‘bﬁ’& steagl- s ftdpkesetime for the £14; facleck oatpibeinging: a
phase-l ocked | oop (PLL) for receiving an input signal of variable frequency
and confi gur abl Gequeney,rwhicly ihestspemds @otife gpim af ilenisopachhigbeolopptgath Wit h a
different frequency of said input signal; storage nmeans for storing
confi guration dadacasethe ementakén ¥@ the Fdi do lockshutgsrovides ke sablility once
configurations; and neans for switching the PLL between said first and

second confi gur gk@Ns A MoR&CREFARE inkrédies M tifRMakeH bat bRVIAR Geatd?- The
circuit of claim1l1l, further conprising control nmeans for controlling the

storing of said j j data in said storage neans, and the sw tching
bet ween sai d fi?tglﬁﬂg’ncgﬂég:ég% configurations. ' 13. A nobile tel ephone

conprising the circuit of claim11l1l or 12. WO 02/ 0(00C4 20 PCT/ GBOL/ USGLO
14. The nobile tel ephone of claim 13, operable in accordance with the GSM
standard. 15. A nethod of operating a phase-|ocked | oop (PLL) configurable
in first and second AdHitejevaue ohB 13, dhereforoiohpsey that balapoes the Gmel takdn
different frequencies, the nethod conprising: operating said PLL in said
first confi gur awithrthe d¢gred ofstabality. rAlpreatérdygtthe regters 21 Bl and 22 thay be
configuration; and

provided with two values of P. One value is high and is selected when the

PLL is attempting to lock onto the frequency the other value is low and is

selected once lock has been achieved. The modification to do this would be

the addition of another control line from the lock detector 24 back to the

registers 21P and 22P to switch between the two values of P.

One advantage of eliminating the delay hitherto associated with
programming the PLL is that it is possible to switch off, or at least power
down into a stand-by mode, the PLL during periods of inactivity. In
applications such as a mobile telephone for a GSM system, there are several
periods between transmission and reception where the PLL is not required.

During these periods, the PLL may be powered down to conserve baitery life.



re-configuring said PLL in said second configuration in accordance with the
stored data. 16. An integrated circuit arranged to performthe nethod of

cl ai m 15. wbt/ zﬁ@wg;gt hod of operating a nobile tel ephone cor‘g&j/éﬁd]%smghase

| ocked | oop for receiving signals of different frequencles,

met hod conprising: storing data representative of a first PLL configuration
for receiving a signal of a first frequency;, operating the PLL in a second
configuration for receiving a signal of dOsecond frequency; and operating
the PLL in said first configuration using said stored data representative

of said first coRéicEMrabita ainOl M\p;h% hdel detdeter 14 mAPreatbenimnd pefiog! ai m

. 17, further conprising: PCT/ G 10 storing data representative of
sai d second PLL [ j f Vi ' in said second
frequency; and 8%@@%9?%%@ g&'ﬁ[lﬁi)ll“n%(ség‘liscfbs%gg@#?ib%g%ﬁl'gur ation using said

- stored data representative of said second configuration. 19. The method of

.claim 17 or 18, wherein said second configuration is used to perform
Received Signal Strength Indicator (RSSI) neasurenments. 20. The nethod of

any of claims 17 to Fmurehas eiimingfigsiant of sigus ingthe RLLoH.i 4 laishgnatde r ecei ve

signals through an assigned RF channel. .A N .AF .AL?. AYas, .Au. ANs. ANSE

. AFusY . Au . Aur siaal. All. darBesAldataA30 beAdatéhed? i\utBe . velgisteY sebsi. 24,22. 2dTEh®! $A
D{ vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cTa] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ealfiphlfARhcRlcef sibAdiadCalddts between the two registers 21,22, After

the configuration select signal 32 changes state, there follows a period 33
during which the PLL first loses lock and during the period the lock detect
signal 34 is low. Once lock is recovered, the lock detect signal 34 goes high
and remains high during a period 35 until the configuration select signal again

changes state.

During the period 35, the PLL is active in that it can be used as a
reference for the desired frequency. During this period, the PLL operates in
accordance with the data in one of the register sets, say register set 21. Also
during this period, the other register set, say set 22, is loaded with new

configuration data 37, clocked in at a rate determined by a system clock 38.

It will be appreciated from the foregoing that the PLL 10 is well suited
for use in applications where switching between plural different frequencies is

required. One such application is a mobile telephone for a GSM system.
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As soon as the Tx timeslot has ended, the PLL must be reprogrammed

for the Monitor timeslots. As soon as the Monitor timeslots have ended, the

PLL must be reprogrammed for the Rx timeslot.

The adjacent cells may not be synchronised with the current or serving
cell and, therefore, it may take additional time during the monitor time slots
(44 to 49) to achieve frame synchronisation (in the first timeslot) before
adjacent cell data can be decoded (in the second timeslot). Once camped onto

a cell, the mobile telephone is required under GSM to read the broadcast
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control channel (BCCH) data on the best 6 non-serving cells. This must be

done within 30 seconds. The mobile telephone will try to read the BCCH data

for the best 6 non-serving cells at least every 5 minutes. In addition, it will try

to read the synchronisation channel (SCH) data for the best 6 non-serving

cells every 30 seconds.

Figure 7 of the accompanying drawings shows the GSM timeslots that

would be taken up with configuration and programming of a conventional
PLL. The timeslots are shown with reference to the PLL status in the top line
“of slots shown in Figure 7. Starting at the receive timeslot 43, during the
receive slot 43, the PLL is in an active configuration (at the receive
frequency). In the next two slots 51,52, the PLL is reconfigured to the
transmit frequency. In the transmit slot 42, the PLL is in an active
configuration (at the transmit frequency). There is only one timeslot between
end of monitoring and start of reception, namely slot 53, and between end of
transmission and start of monitoring, namely slot 54, in which to get the PLL
both programmed and locked onto the required frequency. Therefore, as soon
as the transmit 42 timeslot has ended, the PLL must be reprogrammed for the
approaching monitor timeslots 44,45 and as soon as timeslot 45 has ended, the
PLL must be reprogrammed for the approaching receive timeslot 43. Plainly,

this is undesirable because it gives no free time to do anything else.
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described PLL 10 releases timeslots for other uses (including powering down
the PLL if desired). The timeslots are shown with reference to the PLL
programming windows in the top line 60 of slots shown in Figure 8 and active
configuration windows in the line 61 below that. Starting with reference to
the receive timeslot 43, during the receive timeslot 43, and the slots 63 and
64, preceding and succeeding the receive timeslot, the PLL 10 may be
programmed in the Tx configuration. The PLL is also active in the Rx
configuration during timeslots 63 and 43. During the transmit timeslot 42 and
the slot 65 preceding it, the PLL 10 may be programmed in the monitor
configuration and is also active in the Tx configuration. During the monitor
timeslots 44 and 45 and the timeslot 66 preceding them, the PLL may be
programmed in the Rx configuration and for all three timeslots 44,45,66 is

active in the monitor configuration.

As the active configuration and the programming have been
uncoupled, i.e. separated from each other, there is more flexibility in time
during which configurations can be programmed. All configurations have a
programming window of at least two timeslots prior to when they are required

to be active.

The time taken for the PLL and VCO to lock to the desired frequency

is thus only dependent on the settling time of the VCO loop, because the time

109 () - 3
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reprogramming is done while a different configuration is active. This allows
the PLL to be put into power-save modes with the next configuration already
programmed so that when it is taken out of power-save mode, it will go

straight into locking the VCO.

For example, to be configured for the Rx timeslot, the configuration
for the Rx frequency must become active in the prior timeslot which, in turn,
requires the configuration to be programmed in any of the three timeslots
prior to that. Hence, while the PLL is using the configuration for the monitor
adjacent cells function, the idle configuration in the PLL can be programmed
for the upcoming Rx timeslot. Similarly, while the Rx configuration is active,
the idle configuration in the PLL can be programmed for the upcoming Tx
timeslot and, while the Tx configuration is active, the idle configuration in the

PLL can be configured for the upcoming monitor timeslots.

Figure 9 shows one example of how to implement a possible power
saving scenario using the new PLL design. By pre-programming the next Tx
configuration for the Tx timeslot 42 during the Rx timeslot 43 and then, at the
end of the Rx timeslot performing the changeover to the Tx configuration and
putting the PLL immediately into power-save mode 70, the PLL will

immediately start using the Tx configuration when it is taken out of power-

dYNC
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It will be appreciated from the foregoing that the PLL has advantages
in particular for communications systems such as GSM where the frequency
needs to be changed regularly. One advantage is that the variable time
required to program the PLL is substantially or entirely eliminated, as the
programming for one configuration or mode can be done while the other
configuration is active. As a consequence, the performance of the PLL
synthesizer subsystem becomes dependent only on the acquisition and lock-in

times of the PLL itself.

Another advantage lies in handover situations. GSM handsets
regularly have to provide measurements of surrounding cell-site signal
strengths in order to assess the need for a hand-over. Conventionally, this is
performed by tuning to alternative RF channels between the Tx and Rx
timeslots, measuring the RSSI and subsequently tuning back to the assigned
channel. Using the above-described method, the requirement to keep re-
programming the PLL with the assigned channel can be removed. One
configuration can be maintained once programmed (the assigned channel),
while the other configuration can be used to control the tuning for RSSI

measurements.
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powered-down, thereby reducing power consumption and, in mobile

applications for example, extending battery life.

Having thus described the invention by reference to a preferred
embodiment it is to be well understood that the embodiment in question is
exemplary only and that modifications and variations such as will occur to
those possessed of appropriate knowledge and skills may be made without
departure from the spirit and scope of the invention as set forth in the

appended claims and equivalents thereof.
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1. An apparatus comprising:

a phase-locked loop;

a first register set for holding data defining a mode of operation of the
phase-locked loop;

a second register set for holding data defining a mode of operation of
the phase-locked loop; and

coupling means for coupling one of the first and second register sets to
receive data defining a new mode of operation while the other of the first and
second register sets is connected to the phase-locked loop to cause the same to
operate in the mode defined by the data in the other register set, the coupling
means being reconfigurable to change the coupling so that the other register
set is coupled to receive data defining a further new mode of operation while
the one register set is connected to the phase-locked loop to operate in the

new mode of operation.

2. An apparatus as claimed in claim 1, wherein the phase-locked
loop comprises a divide-by-N counter and each of the first and second register

sets comprises a register for storing a value of N for the divide-by-N counter.

3. An apparatus as claimed in claim 1 or 2, wherein the phase-

locked loop comprises a divide-by-R counter and each of the first and second
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counter for the divide-by-R counter.

4, An apparatus as claimed in claim 1, 2 or 3, wherein the phase-
locked loop comprises a phase detector and each of the first and second
register sets comprises a register for storing a value defining gain in the phase

detector.

5. An apparatus as claimed in any preceding claim, wherein the
coupling means is arranged to couple each of the first and second register sets

to an external controller to receive said data therefrom.

6. An apparatus as claimed in claim 4, wherein the phase-locked
loop comprises a lock detector for detecting locking of the phase-locked loop

and outputting a signal indicative of said locking.

7. An apparatus as claimed in claim 6, further comprising a

controller for controlling the coupling means.

8. An apparatus as claimed in claim 7, wherein the controller is
arranged to generate said data defining a mode of operation and to output the

data for the first and second register sets.
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is responsive to the signal from the lock detector.

10.  An apparatus as claimed in claim 8, wherein the controller is
arranged to output said data in serial form, the apparatus further comprising a
serial/parallel converter for converting the serial data from the controller into

parallel form for the first and second register sets.

11. A circuit comprising:

a phase-locked loop (PLL) for receiving an input signal of variable
frequency and configurable in first and second configurations each associated
with a different frequency of said input signal;

storage means for storing configuration data representative of said first
and/or second configurations; and

means for switching the PLL between said first and second

configurations in accordance with said configuration data.
12.  The circuit of claim 11, further comprising control means for
controlling the storing of said configuration data in said storage means, and

the switching between said first and second configurations.

13. A mobile telephone comprising the circuit of claim 11 or 12.
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14.  The mobile telephone of claim 13, operable in accordance with

the GSM standard.

15. A method of operating a phase-locked loop (PLL) configurable
in first and second configurations for receiving an input signal of different
frequencies, the method comprising:

operating said PLL in said first configuration;

storing data representative of said second configuration; and

re-configuring said PLL in said second configuration in accordance

with the stored data.

16.  An integrated circuit arranged to perform the method of claim

15.

17. A method of operating a mobile telephone comprising a phase-
locked loop (PLL) for receiving signals of different frequencies, the method
comprising:

storing data representative of a first PLL configuration for receiving a
signal of a first frequency;

operating the PLL in a second configuration for receiving a signal of a
second frequency; and

operating the PLL in said first configuration using said stored data

representative of said first configuration.
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operating the PLL in said second configuration using said stored data

representative of said second configuration.

19. The method of claim 17 or 18, wherein said second
configuration is used to perform Received Signal Strength Indicator (RSSI)

measurements.

20.  The method of any of claims 17 to 19, wherein said first

configuration is used to receive signals through an assigned RF channel.



