1 9 JUL 200 | A PHASE-LOCKED LOOP The invention relates to a phase-| ocked
| oop., More specifically, the invention relates to a phase-I|ocked h@owumgg
whi ch plural registers allow the phase-locked |oop to switch quickly

bet ween different operating frequencies. Mbile comunications transcel vers
(for exanple a nobile telephone), generally conprise a single frequency
synt hesi zer which serves as a local oscillator for both the transmt and
recei ve sides of the transceiver. Such frlequency synthesizers typically
conprise one or nore phase-locked |oops (PLLs) that can be programmed to

| ock onto a specified frequency. AlpgASEOCKED ¢lcpone for a cel lul ar
network, the PLL will be reprogranmed to oscillate at different frequencies

for transmt and receive operations and when the tel ephone noves from one
cell in the conmunications systemto another (an operation known as

handof f). Thus, for exanpl e, so- cal syste t he t el ephone
routinely sw t ches be?%’é‘ﬁe@tf%’éeﬁqt %?ﬁdGi@ééP% SpFed ﬁ?ét{ R¢s during
the exchange of speech signals and aI SO svmtches to other Rx frequencies in
order to measur eingawen ichiteshte & phasatlecked deory e which: plarabtrgisters dlpyetisi es, to

determ ne whether the tel ephone is noving fromone cell to another. Thus
t he tel ephone pepHasd-rorked foopad veiicisqgcidl bstiween differém dperatiog frediishties.

Mobile communications transceivers (for example a mobile
telephone), generally comprise a single frequency synthesizer which serves as
a local oscillator for both the transmit and receive sides of the transceiver.
Such frequency synthesizeré typically comprise one or more phase-locked
loops (PLLs) that can be programmed to lock onto a specified frequency. In a
mobile telephone for a cellular network, the PLL will be reprogrammed to
oscillate at different frequencies for transmit and receive operations and when
the telephone moves from one cell in the communications system to another

(an operation known as handoff).

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)



1 9 JUL 2005 2 neasurenent between transmt and receive tinme slots in order
to determ ne whether a handoff should be performed. Wien a PLL is
programmed to a new frequency it takes tinme for the loop to | ock ohGojyLizmE.
settle at, the new frequency. Figure 1 of the acconpanying draw ngs
illustrates in schematic form typical timng of control signals of a
conventional PLL. The signals are illustrated over three periods 1, 2 and
3. During period 1, the PLL is programmed2to a new frequency and during
period 2 the PLL goes through the process of |ocking onto the new

frequency. In b %J&sﬁ?ﬁfc&db&w@&g tl‘?ﬁgrfll? dné ’r?cter{f% fiht giozs H{' ﬁ%d%g:t_cf dﬁt%ﬁgl hus

cannot be used as a frequency rererence. In perio 58 Tocked to
t he new frequenc nd is, therefore, stable and available for use as a
frequency referéﬁ@ Fr?hémEEfS‘%meU@“%ﬁW?&active during period 3.
Programm ng of PLLs is normally done under the control of software.
Typically, PLLs require 20 to 24 bits of data to specify a desired frequency
and currently this takes about 60 Sto load into the PLL. In a GSM nobil e

t el ephone, the tine tWhana PhLtispeogrammet e guenc frequeence duiak esdtite fiwetheess t han
250 S. The 60 S delay of the PLL is, therefore, a significant overhead.

'PLLs capabl e of 1§@54&r1obKk Q@G NIE.NGetfE Cat2 VR 8w GefikincyNevenpleVvi Gestheequire a
dedi cated serial peripheral interface bus on the host chipset in order to

achi eve accompanying drawings illustrates in schematic form, typical timing of

control signals of a conventional PLL. The signals are illustrated over three
periods 1, 2 and 3. During period 1, the PLL is programmed to a new
frequency and during period 2 the PLL goes through the process of locking
onto the new frequency. In both period 1 and period 2, the PLL is unstable
and thus cannot be used as a frequency reference. In period 3, the PLL has
locked to the new frequency and is, therefore, stable and available for use as a

frequency reference. The PLL is thus only active during period 3.

Programming of PLLs is normally done under the control of software.
Typically, PLLs require 20 to 24 bits of data to specify a desired frequency
and currently this takes about 60 pS to load into the PLL. In a GSM mobile
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.



data rates of up to 20 Mdoits/sec. 1 9 JUL 2005 3 One way of overcom ng

t hese problenms would be to use two PLLs. At any given tine onlynﬁggaﬁf hﬁg
PLLs woul d need be active allowing the other PLL to be reprogra b
desired frequency in readiness for when it is required. The use of two PLLs
is, however, expensive because, in addition to the cost of two PLLs,
greater printed circuit board (PCB) nust necessarily be nmade avail able.
Furthernore, each PLL would require its odn programmng interface, and
further control would al so be necessary to switch between the two PLLs,

thus increasing the angimhy 8f ovci@mking fiR8e Probldass WEdd BB ¢h uf RSN AL
over heads. The invention alns to address the above-di scussed and rel at ed

probl ems. Accor Iddsn?%é\t?e% {f 3@@&%&% %ﬂﬁs w‘\,{ﬁq{eieg%e ahgi]fé ﬁldvﬁPQ?I%;’&tﬁ&d an

appar at us conpr ap oop; first regrster se 0 ol di ng

data defining e, of operatiqn of the phase-I|ocked |oop;, and coupling
means for coupl Iﬁgg’t he reprogtpmme it%?]éer é?&?‘%ﬁeqﬁ‘%}'%é?glqeégﬁ’éd"q?%d % 0 cause
the same to operate in _a node defined by the data held therein or to

recei ve data defreayirrg. TBheisg ofbule PhLs ép bpweyasnexpensiyabecanse; dyadsitiongtosecond
regi ster set for holding data defining a node of operation of the

phase- | ocked | ooh¢ castdfttwe PEdisppreagr printed circuit board (PCB) must necessarily be

made available. Furthermore, each PLL would require its own programming
interface, and further control would also be necessary to switch between the
two PLLs, thus increasing the amount of track area on the PCB and

processing overheads.

The invention aims to address the above-discussed and related

problems.

According to one aspect of the invention, there is provided an
apparatus comprising: a phase-locked loop; first register set for holding data
defining a mode of operation of the phase-locked loop; and coupling means
for coupling the first register set of the phase-locked loop to cause the same to
operate in a mode defined by the data held therein or to receive data defining
a new mode of operation, characterized by: a second register setrfor holding
data defining a mode of operation of the phase-locked loop; and the coupling
means being arranged to couple 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 connected to the phase-locked loop (10) to cause the same



means being arranged to couple one of the first and second register sets to
receive data defining a new node of operation while the other of the fyings
and second register sets connected to the phase-|ocked |oop (10) to cause
the same ? 9 JUL 2005 4 to operate in the node defined by the data in the
ot her register set, and being reconfigurable to change the coupling so that
the other register set is coupled to receive data defining a further new
node of operation while the one registersset is connected to the

phase-1 ocked | oop to cause the same to operate in the new node of

tion. A i ded
method of oper 4t PRa MEICROFERRERY (K adqlf REECHR %ﬁ%%?@?ﬁ%”aﬂ%{é’ivhge )

data defining a e 0 eatl cked | .00 a first
register set; aﬁﬁcor'g‘(gﬂﬁifbiﬁg E‘ (%F‘?%‘fup 18%?‘2[}@?&‘@ e[r(ge@ﬁgr%h 8“?189ked | oop
to cause the sane to. erate in a node defined by the data held therein or
to receive datatééﬂetﬁerﬁgta@#ﬂéw eme%@eé%wf@mratmaméq@ﬁpa@d by: hol di ng
data defining a node of operation of the phase-locked |oop in a second

regi ster set; andgisteugtiingommeteddd thelphase-loskedandp secauselthesginst@ppsaes t o
receive data defining a new node of operation while the other of the first
and second regi sheke ®&¥ Mmolls of GptMMEIned to the phase-locked | oop to cause the
sanme to operate in the node defined by the data in the other register set,
and reconfiguring the coupling so that the other

According to another aspect of the invention, there is provided a method of
operating a phase-locked loop, the method comprising: holding data defining
a mode of operation of the phase-locked loop in a first register set; and
coupling the first register set to the phase-locked loop to cause the same to
operate in a mode defined by the data held therein or to receive data defining
anew mode of operation, characterized by: holding data defining a mode of
operation of the phase-locked loop in a second register set; and 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, and reconfiguring 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

cause the same to operate in the new mode of operation.

According to a further aspect of the invention, there is provided a mobile

telephone comprising the aforementioned apparatus.



register set is coupled to receive data defining a further new node of
operation while the one register set is connected to the phase-I| ogk ng
to cause the same to operate in the new node of operation. Accordin o)
further aspect of the invention, there is provided a nobile telephone
conprising the aforenenti oned apparatus. 1 9 JUL 1005 5 The above and
further features of the invention are set forth with particularity in the
appended cl ai ns and together with advantadges thereof will becone clearer
fromconsideration of the follow ng detailed description of an exenplary
enbodi nent of the invention given with reference to the acconpanying
drawings. In the drawings: Figure 1 is a schematic diagramrepresenting
timng in a conventional phase-locked |oop (PLL) as already discussed

her ei nabove; Figure 2 is a schematic diagramof PLL enbodying the invention;
Figure 3 is a schematjc di agram showi ng part .of the PLL in greater . detail;
Figure 4 is a tining dicaghoym Jd b %QF‘%F? &f B¢ ipygatipp are Iﬁg“g&r@ yiths 5

ti mng diagram of GSM system downlink (nobile unit receives) and uplink
(rmobi I e unit traesidulanity in thesAppersded claims and together with advantages thereof will

become clearer from consideration of the following detailed description of an
exemplary embodiment of the invention given with reference to the
accompanying drawings.

In the drawings:

Figure 1 is a schematic diagram representing timing in a conventional

phase-locked loop (PLL) as already discussed hereinabove;
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;



1 9 JUL 2005 6 Figure 6 is a timng diagramof a GSM system show n

receive, transnmit and nonitor functions; Figure 7 is a tining di aggaBmJUL 1005
showi ng how a conventional PLL would be progranmed for a GSM environnent;
Figure 8 shows one way in which the Figure 3 PLL can be programmed in a GSM
environment; and Figure 9 shows a timng diagram for power saving. Turning
now to Figure 2 of the acconpanying drawi ngs, there is shown a phase-I|ocked
| oop (PLL) 10, which is typically suppliedin part in integrated circuit 12
form and conprises a phase detector 14, a loop filter 15, a

vol tage- cont rol | ed osgpblatag | ¥ofle s ROTTGIVER Rt b Diechlyccount r

17, and a programmabl e vi de counter 18, A ref'erence oscillator 19
drives the divide-by-R caount. rf18 . The integrated circuit 12 also conprises
an input for a dtézlnéxgﬁaéﬁéﬁw,mg)ﬁ Y5808t or a cl ock signal and an input for a
| at ch enabl e signal. The data is input serially and synchronously to the
integrated circuit 12 wusing the clock signal and is stored in registers
(not shown in Figure 2). Wen the latch enable signal active, the data is
transferred from the Figgiest srastithirg diagraRhéwing how a conventional PLL would

be programmed for a GSM environment;

Figure 8 shows one way in which the Figure 3 PLL can be

programmed in a GSM environment; and
Figure 9 shows a timing diagram for power saving.

Turning now to Figure 2 of the accompanying drawings, there is
shown a phase-locked loop (PLL) 10, which is typically supplied in part in
integrated circuit 12 form and comprises a phase detector 14, a loop filter 15,
a voltage-controlled oscillator (VCO) 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).

When the latch enable signal active, the data is transferred from the registers



7 into the counters 17 and 18. The divi de-by-N counter 17 counts N pul ses
bef ore producing a pulse and then repeats the process. The out put rge?menﬁy
of the divide-by-N counter 17 is therefore Ntines |l ess than that of 5
output. Likew se, the frequency of the signal output fromthe divide-by-R
input is R tines less than that of the signal input thereto by the
reference oscillator 19. As will be appreciated by those possessed of the
appropriate skills, the PLL 10 outputs a7ignal fromthe VCO 16 at a
frequency (fout) equal to the frequency (fref) of the reference oscillator

16 mul tiplied byinthfhe @uhRrOl7 Mnd@N®, The idjvide- L%Ntlcoﬁn@é}” P E6glis NFh@LEse 3 _of

t he acconpanyi ng drawi ngs shows part of the P O1n greater detail. The

PLL 10 conprises twg register sets 22, e aof _whi st.or d

e i ning_ar espetsa-Eichiect pEES Bad fish *encBR3R; Blostlothe Gl GFeat® 51 o
has an associ ated, serjal/parall el conv%rkgr 23,24 connected tqQ receive data
in serial form feidhe AadasN compienl7 dnthsrelore &Y Hmes less thn thatipfdts output.

m crocontroller (not shown). Each register set 21,22 conprises a register
21N, 22N for hol diikgwiset the fitaquersy ofithd signayoulput diom éhe dividesbyrRanptas R21R 22R
for holding data for the divide-by-R counter 18 and a regi ster 21P, 22P for

hol di ng dat a f ortithéiclegthsethded B signdldnpuk ieergtb dyehdrf@eic@rostidibmrilf. t he
regi sters 21P, 22P defines the gain applied by the phase detector 14. 1 9 JUL
2005

As will be appreciated by those possessed of the appropriate skills, the
PLL 10 outputs a signal from the VCO 16 at a frequency (fo,) equal to the
frequency (frr) of the reference oscillator 16 multiplied by the ratio of N and

Riie. fou= (N/R)fer.

Figure 3 of the accompanying drawings shows part of the PLL 10 in
greater detail. The PLL 10 comprises 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 associated serial/parallel converter 23,24 connected to
receive data in serial form from the host 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.



8 Also shown in Figure 3 is a lock detector 24 coupled to the phase

detector 14 for providing an indication to the host m crocontrollerf oot 2005
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

di vide-by-N counter 17, the divide-by-R counter 18 and the phase detector
14 between the two register sets 21,22. A further switch 30 is provided to
switch the host serial data interface 258 romthe host mcrocontroller (not
shown) between the two serial to parallel converters 23,24. Al of the

switches 27 to 30 are\js¢ QRéwW®R ik Ty 32isCHMdkIdbtéldOP4 LBNS1Ed t6 T Eﬁ’ziseSi gnal
32 generated by the host mcrocontroller (not shown). The swtches are

v dasby N couielerR 4 holRind SYStHlonGindtos BihHPI: b ibSmy, o,
switch 30 to e host

14, the second register_set 22 is coupled via.the t
serial data inté&flc eé?:'ﬁf rlgﬁ?atshlédﬁiﬁlsgmﬁi%? %‘Fﬁr‘]ir Brausney.atfy Wit second
regi ster set 22 is connected to the divide-by-N counter 17, etc, the first
regi ster set 21 besomopiablet Switches hb2&aird 2 arg previdest lorsaieh thadivide-tyhNs way,
one set of registers 21,22 can be | oaded with new data while the other set
of registers 2kouaitet $7,abe1tdividd-byrB copatenl$ aid the pghase dbtedteielolyeteanthet er 17,
etc. This provides a nmuch nore efficient way of swtching between different
frequenci es by rgguepior khig 22MUNA Rfthéd §FRitdN3d id hRvidel th SwifkRGhé st The
serial data interface 25 from the host microcontroller (not shown) between the
two serial to parallel converters 23,24. All of the switches 27 to 30 are
controlled by a configuration select control signal 32 generated by the host

microcontroller (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 set 22 is coupled via the switch 30 to
the host 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.



period 1 in Figure 1 is elimnated. 1 9 JUL 2005 9 Furthernore, the gain
control, provided by the register 21P, 22P over the phase detector ﬁg%AUL2W5
enabl.es the PLL to be controlled so that it settles sooner to the
frequency. Wen the frequency of the PLL is changed, the PLL wll | ose |ock
on the signal. It takes tine for the PLL to | ock onto the new frequency,

whi ch time depends on the gain of the | oop. A higher |Ioop gain reduces the
time taken for the PLL to lock but provides less stability once |ocked. A

| ower | oop gain increases the tinme taken But provides greater stability
once | ocked. A suitable value of Pis, therefore, chosen that bal ances the

time taken with the [Hegesgolf 1Rt kd)ﬂtbbl @Jobﬁematylmewgm&m,@mm sva@rs 21P
and 22P may be provi ded with two val ues value is high and is

sel ected when tfige Bl dhfiet 48TBEL RGO oeah&oﬁgfevegﬂvgﬁﬁys g0t her

value is | ow an ‘once ock een ac |cat|on
to do this would b the additio ther tro i.ne fro h
detector 24 backtottge PR freqUERG: o éleﬁi}? S‘ﬂﬂi’n?}é fhs Mﬂ%ﬁh%F%bﬁ%{“:[re t Wo

val ues of P. One advantiﬁe of elimnating the delay hitherto associated with
programm ng t he Wil lopg lackzan the signapoYdplksisdime fagvihe BfLofof locky pntet the @89t  power
down into a stand-by node, the PLL during periods of inactivity. In

frequency, which time depends on the gain of the loop. A higher loop gain

reduces the time taken for the PLL to lock but provides less stability once

locked. A lower loop gain increases the time taken but provides greater

stability once locked.

A suitable value of P is, therefore, chosen that balances the time taken
with the degree of stability. Alternatively, the registers 21P and 22P may be
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 battery life.



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 reg 'rﬁdﬁs
During these periods, the PLL may be powered down to conserve batt ﬁij k?g.
1 9 JUL 2005 10 The control of the gain of the phase detector 14 may reduce
further the period of time during which the PLL needs to be fully powered.
Figure 4 is atimng diagramof signals in the PLL 10. A |latch enable

signal 31 causes data to be latched in thé&dregister sets 21,22. The
configuration select signal 32 selects between the two registers 21, 22.

After the confi'ﬂw&hhﬁﬂoﬁt%%ﬁﬁq STtBEBhasS deteO1BP 0 aFirédiRe ffliRirehd Mrloaws a
period 33 during which the PLL first |oses |lock and during the period the

| ock detect si %mééﬁﬁ&ﬁ%th%ﬁ@#&ggﬂ% ﬁﬁg}gg@g& , the lock detect

signal 34 goes hi emai ns ring a’ perirod 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 regi st drigwetdsis astipingahiagramof signatzin thg Bl 18urA Hgch enableper i od,
the other register set, say set 22, is |oaded with new configuration data
37, clocked in afigmlr3t eadsisedinned bbylatchsy sinethec IregikteS &etsl 21)22] | Te
appreciated fromthe foregoing that the PLL 10 is well suited

configuration select signal 32 selects 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.



for use in applications where swtching between plural different frequencies
is required. One such application is a nobile tel ephone for a GSM system
19 JUL 2005 11 Figure 5 of the acconpanying draw ngs shows varioug & ijie))qs
slots in a GSMsystem Typically, the nobile tel ephone is assigned a
transmt tinme slot that is three slots away fromthe assigned received tine
slot. This neans that there are two avail able slots between receive and
transmt and four available slots between transmt and receive. These slots
may be utilised to power down the PLL andllor to perform other operations
necessary to the GSM standard. Figure 6 of the acconpanying draw ngs shows

how two of the sl ots fibglvieenthkRbsipdnythd BAfingS GRIWE vARURItENnd!ISIBE th@ noni t or
transm ssions from adjacent cells in the GSM system In Mnitor (M tine

o kPR AR e IR i

nonitored. Siml ar transm ssi ons a and 43a from

a second adj acent cell ar noni tored. As soon as.the Tx tineslot s ended,
the PLL nust be tﬁ’%tp'tsélértefé Wk °‘Pﬁ€e %?SW%F“FH"%&‘P&S;[‘?L 1%8‘8%“%*53 he
Moni tor timeslots have ended, the PLL nust be regrogranned for the Rx
timeslot. The adfereere twe available slatstbeprceayaesivomdsEansiit and foar evlable or
serving

slots between transmit and receive. These slots may be utilised to power

down the PLL and/or to perform other operations necessary to the GSM

standard.

Figure 6 of the accompanying drawings shows how two of the slots
between transmit 42 and receive 43 are used to monitor transmissions from
adjacent cells in the GSM system. In Monitor (M) time slots 44 and 45, the
transmissions from a first adjacent cell are monitored. Similarly, in timeslots
46 and 47 transmissions 42a and 43a from a second adjacent cell are

monitored.

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



cell and, therefore, it may take additional tinme during the nonitor tine
slots (44 to 49) to achieve frame synchronisation (in the first gg §Qmﬁ)
.before adjacent cell data can be decoded (in the second tineslot). ce
canped onto 1 9 JUL 2005 12 a cell, the nobile tel ephone is required under
GSM to read the broadcast control channel (BCCH) data on the best 6
non-serving cells. This nust be done wthin 30 seconds. The nobile

tel ephone will try to read the BCCH data12for the best 6 non-serving cells
at least every 5 minutes. In addition, it will try to read the

synchroni sati on, CRANAR! moBfENel8ftidhe fi0 redliRdPERIer GINVoSRAY tRD brda@bdse every

30 seconds. Figure 7 of the accompanying draw ngs shows the GSM ti nesl ots

that would be taken i fi gurati rQQr N9 Qf: ent i onal
UL, The 11 most Se8L Rl (RCERRda P E e R Y BoPraVhR S s ySPRTop
line of slots shown jn Figure 7, Starting at the receive ti 43,
during the rec8PReeV 16t30/§§‘,’°qdﬁeTbEElqbéleFegepélﬁn%t?;"t‘]il%t%ﬁ?ﬁi%%ﬁgm%ﬁl at the
receive frequencyﬁl‘ée In the next two slots 51,52, the PLL is reconfigured to
the transmt ffadbebesyod non-setving eellaghicastsieny Sapinutdse PPpdditign,ithwidhtract i ve
configuration (at the transmt frequency). There is only one tinesl ot

between end of tovesadt e ispactaadsaioar dhahel ((ECENt datn forntheest 6! min-&dvingnd
bet ween end of transm ssion and start of nonitoring, nanely slot 54, in

which to get thgeRldvery 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.



bot h programmed and | ocked onto the required frequency. Therefore, as soon
as the transmt 42 tineslot has ended, the PLL nust be reprogranng% ﬁﬁgm&he
approaching nonitor timeslots 44,45 and as soon as tineslot 45 ha eﬁ X
the PLL nust be reprogrammed for the approaching receive timnmeslot 43.
Plainly, this is undesirable because it gives no free tinme to do anything
else. 1 9J UL 2005 13 Figure 8 of the acconpanying draw ngs shows how one
of the above- described PLL 10 rel eases tinmeslots for other uses (including
powering down the PLL if desired). The tiheslots are shown with reference
to the PLL programming windows in the top line 60 of slots shown in Figure

8 and active confi gurigire @ofthededtsnpafyinp @rdvings SHowachdswohd af theAbavé-i ng wi t h
reference to the receive tinmeslot 43, during the receive tinmeslot 43, and

the slots 63 an cegdli i | i | I the PLL
10 may be pr og?dgﬁrérrfebgdi r{it Eéejk %sg%ﬁ?l?gﬁtrgg?ﬂgg& &r%g(léﬁ%ging%ﬂegﬁgggwe in the

Rx fi [ i I | 63 d 43.. Duri ] ' |
42 and the ol ofed i BoSS 1 (he WESBET 4 KAy bRy UgieaRedd T Phke

nonitor configuration and is also active in the Tx canfjguration. During
the monitor ti risegamening windewsgn fhefop hige 60 of shobst shewnip Eidiwe A gnd ACHE t he PLL
may be programmed in the Rx configuration and for all three tineslots
44,45,66 is actdonfgunatiomevindows iorthe dmi6jurehew dimat. 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



As the active configuration and the programm ng have been uncoupled, i.e.
separated from each other, there is nore flexibility in time during which
configurations can be programred. All configurations have a prognahmmmgm

wi ndow of at |east two tineslots 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 tinme of the VCO | oop, because the
time 1 9 JUL 2005 14 taken to reprogramthe PLL no | onger reduces the total
time available as the reprogramming is dbhe while a different configuration
is active. This allows the PLL to be put into power-save nodes with the

next confi gurat itgkenafor@ granpwmpmdoﬁger&étmemﬁnotal titrfe dvaligle @yltheof
power -save node, it wil straight into | ocking the VCO For exanple, to

be configured fqg %ﬁ'oglean%m%' iTRShChilk Q%ffé}gﬁ %ﬁﬁ@ﬁﬂaﬂ&h if fivehenRalldgauency

nmust becone activ rior tineslo turn, requires the

configuration to,b ro tipnes rior.to that.
Hence, while the h?’%EE uﬁ&%? W8W85%%Vedﬁ?dg?ts |V‘8ﬁ1 ﬁ%&nef%céonrﬁ% att18€ airg Yacent
cells function, the idle conflguratlon in the PLL can be programed for the
upcomi ng Rx ti ne¥PgRmnmdnsq hat ywhepnit|is telifa et %foh?‘f’%fcﬁaé(?lfﬁ?fi% dt ¥akigpe, the
idle configuration in the PLL can be programed for the upcom ng Tx

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-



timeslot and, while the Tx configuration is active, the idle configuration
inthe PLL can be configured for the upcom ng nonitor tineslots. gure F
shows one exanple of how to inplenment a possible power saving scen JYL 2005
using the new PLL design. By pre-programm ng the next Tx configuration for
the Tx tinmeslot 42 during the Rx tinmeslot 43 and then, at the end of the Rx
ti mesl ot performng the changeover to the Tx configuration and putting the
PLL i mredi ately into power-save node 70, the PLL will imediately start
using the Tx configuration when it is taken out of power 1 9 JUL 2005 15

save node. This sgvé/ﬁﬁ)dehqhﬁsagb@ss&leq@s&@t Bb&IIERV O Wkl timEHoBABIRIvied When
exiting from power-save node. wi |l be appreciated fromthe foregoing that

the PLL has adv &) r for comuni cations systens such as GSM
where the frequgﬁﬁégyéeegg“ggg e(hlil(genged regularly. One advantage is that
the variable tine required to programthe PLL is substantially or entirely
elimnated, as the programm ng for one configuration or node can be done
while the other configuration is active. As a consequence, the performance
of the PLL synthesi AbWil bpgpprceirtaddeamdlee weemomeethat @l@l%ﬁ%h%%ﬂé’%@l sition
and lock-in tinmes of the PLL itself. Another advantage |ies in handover
situations. GSMihgnaéeiels 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.



regularly have to provide nmeasurenents of surrounding cell-site signa
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is performed by tuning to alternative RF channels between the Tx and %&
timeslots, nmeasuring the RSSI and subsequently tuning back to the assigned
channel . Using the above-described nethod, the requirenent to keep re-
programm ng the PLL with the assigned channel can be renpved. One
configuration can be maintai ned once programed (the assigned channel),
while the other configuration can be used to control the tuning for RSSI
measurements. S 9 JUA 200Rr adBinfgh W thBSim AN A A0E i tRatl IRy th PEEIBhe are
freed that allow the PLL to be Somered-domn, t hereby reduci ng power
consunption and,_in ile .applications for exanple.. extendi.ng battery
e Favi ngt hog ARt R RGPS Pl SPERufie®y R HapRRikS
enbodiment it is to bhe well understood that the enbodinment in question is
exenpl ary only ARBIG3HGRS 1o gxamRlgs SSRGSt i ons such as will occur to
t hose possessed of appropriate know edge and skills nay be made w t hout
departure fromthe spirit and scope of the invention as set forth in the
appended cl ai ns and equi valents thereof. 1 9 JUL 2005

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.



17 CLAIM5 1. An apparatus conprising: a phase-locked |loop (10); 5 a first
regi ster set (21, 22) for holding data defining a node of operatloqq?ygmﬁ
phase-1 ocked | oop; and coupling neans (27, 28, 29, 30) for coupling't

first register set (21, 22) to the phase-locked |oop (10) to cause the sane
to operate in a node defined by the data held therein or to receive data
defining a new node of operation, 10 characterized by: a second register set
(21, 22) for holding data defining a nidde of operation of the phase-I|ocked
| oop (10);, and thg coupling nmeans (27, 28, 29, 30) being arranged to couple
one of th second register sets (21, 22) to receive data defining
a new node of operation while the 15 other of the first and second register
sets (21, 22) is connected to the phase-locked |oop (10) to cause the sane
to operate in the node defined by the data in the other register set, and
bei ng reconfi glr abl Antappagatahemmprisengcoupl i ng so that the other register set
(21, 22) is coupled to receive data defining a further new node of

oper ati on whi | gphdse-lavked toagi(Bd)er set (21, 22) is connected to the

phase-1 ocked | oop (10) to cause the sane to operate in the 20 new node of

I0 ggr at i 8 )n 2. A\rsaRpPaia es2 8926 FdihdRind ditLdelinfgl mydesRipBratibe ophase- | ocked
’ phase-locked loop; and
coupling means (27, 28, 29, 30) for coupling the first register set (21, 22) to the
phase-locked loop (10) to cause the same to operate in a mode defined by the data held
therein or to receive data defining a new mode of operation,
10  characterized by:
a second register set (21, 22) for holding data defining a mode of operation of the
phase-locked loop (10); and
the coupling means (27, 28, 29, 30) being arranged to couple one of the first and
second register sets (21, 22) to receive data defining a new mode of operation while the
15  other of the first and second register sets (21, 22) is connected to the phase-locked loop
(10) to cause the same to operate in the mode defined by the data in the other register set,
and being reconfigurable to change the coupling so that the other register set (21, 22) is
coupled to receive data defining a further new mode of operation while the one register

set (21, 22) is connected to the phase-locked loop (10) to cause the same to operate in the

20  new mode of operation.

2. An apparatus as claimed in claim 1, wherein the phase-locked loop (10)

comprises a divide-by-N counter (17) and each of the first and second register sets (21,



conprises a divide-by-N counter (17) and each of the first and second
register sets (21, 1 9 JUL 2005 18 22) conprises a register (21N, 22N) for
storing a value of N for the divide-by-N counter (17). 3. An apgg;ﬁg%@sas
clainmed in claim1, wherein the phase-locked |oop (10) 5 conpri

di vi de- by-R counter (18) and each of the first and second regi ster sets (21,
22) conprises a register (21R 22R) for storing a value of R for the

di vi de-by-R counter (18). 4. An apparatus as clainmed in claim1l1, wherein

t he phase-1ocked loop (10) 10 conprislds a phase detector (14) and each of

For stori A APRRGE HERIh . a2k norie S st BCTBOLEE Bpud SNty 1 #7

apparatus as clainmed in claim1l, wherein the coupling neans (27, 28, 15 29,
30) is arf%ﬂged to couple each of the first and second regi ster sets (21,
22) to an external controller to receive said data therefrom 6. An
apparatus as clained in claim4, wherein the phase-locked | oop conprises a
| ock detector (24) for detecting | ocking of the phase-locked | oop (10) and
20 out putting 3 si gAahppangticatdlaimedin daindl,|vdekdimthe phaseAnckeddeora{lls as
claimed in claim6, further conprising a controller for controlling the
coupl i R oB:AMSset 8 dividBby-RRourt@h (18) and each of the first and second register sets (21,

22) comprises a register (21R, 22R) for storing a value of R for the divide-by-R counter

(18).

4. An apparatus as claimed in claim 1, wherein the phase-locked loop (10)
10  comprises a phase detector (14) and each of the first and second register sets (21, 22)

comprises a register (21P, 22P) for storing a value defining gain in the phase detector

(14).

5. An apparatus as claimed in claim 1, wherein the coupling means (27, 28,
15 29, 30) is arranged to couple each of the first and second register sets (21, 22) 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 (24) for detecting locking of the phase-locked loop (10) and

20  outputting a signal indicative of said locking.

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

controlling the coupling means (27, 28, 29, 30).



1 9 JUL 105 19 8. An apparatus as clainmed in claim?7, wherein the
controller is arranged to generate said data defining a node of igpr ti@n
and to output the data for the first and second register sets (21, gg). 5
9. An apparatus as clained in claim7, wherein the controller is responsive
to the signal fromthe |lock detector (24). 10, An apparatus as clained in
claim8, wherein the controller is arranged to 10 output said data in
serial form the apparatus further coni®ising a serial/parallel converter
(23, 24) for converting the serial data fromthe controller into parall el
formfor the first and second register sets (21, 22). 11. A nethod of
operating a phase-Ilocked | oop, the nmethod conprising: 15 holding data
defining a nod® of Apspparphagslaiped ipelawsl, wheked thegoptrplieras arranged tor egi st er
set; and coupling the first register set to the phase-locked | oop to cause
t he sane tgenesgiesad data definingra dwdd ef opesationynd heoutpitt shehddtal for therfastrandr t o
receive data defining a new node of operation, 20 characterized by: hol ding
dat a def i Rédogd segigpedaetoi2lgpey.ati on of the phase-locked | oop in a second

regi ster set; and

5

9. An apparatus as claimed in claim 7, wherein the controller is responsive to

the signal from the lock detector (24).

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

and second register sets (21, 22).

11. A method of operating a phase-locked loop, the method comprising:
15 holding data defining a mode of operation of the phase-locked loop in a first
register set; and
coupling the first register set to the phase-locked loop to cause the same to operate
in a mode defined by the data held therein or to receive data defining a new mode of
operation,
20  characterized by:
holding data defining a mode of operation of the phase-locked loop in a second

register set; and



1 9 JUL. Z0ob 20 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-Iocked |oop,t0 [ AHRe t he
sane to operate in the node defined by the data in the other r%éi%“er‘set,
and 5 reconfiguring the coupling so that the other register set is coupled
to receive data defining a further new node of operation while the one

regi ster set is connected to the phase-locked |oop to cause the sanme to
operate in the new node of operation. 2. A nethod as clained in claim11l
wherei n the phase-|ocked | ogp 10, conpri ses a divide-by-N counter, the nethod
further conpri $3URYNE PR ¢hihe Hrstandssoyid IRgistEhsstsdp eceivy %&&?%B’fngtaﬁ’éwr egi st er
sets. 13. A nethod as clainmed in claim1l, wherein the phase-I|ocked | oop
conpr i ses mpdgp{ prigation viledhaetber ofthrefinybandsgeand regigter setripeomicefgd txtbei ng a
value of R 15 therefor in each of the register sets. 14. A nmethod as

cl ai med i phasedoaked loopwh eause thetsame phopeatt octke thode defined bypthé dsinghphase
detector, the nethod further conprising storing a value defining gain

t her eof | othRARRAIsaE séthendr egi ster sets. 20 15 A nobile tel ephone conprising

t he apparatus of any of clains 1 to 10.

5 reconfiguring 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 cause the same to operate in the new mode of operation.

12. A method as claimed in claim 11, wherein the phase-locked loop
10  comprises a divide-by-N counter, the method further comprising storing a value of N

therefor in each of the register sets.

13. A method as claimed in claim 11, wherein the phase-locked loop
comprises a divide-by-R counter, the method further comprising storing a value of R

15  therefor in each of the register sets.

14. | A method as claimed in claim 11, wherein the phase-locked loop
comprises a phase detector, the method further comprising storing a value defining gain
thereof in each of the register sets.

20

15 A mobile telephone comprising the apparatus of any of claims 1 to 10.



