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processor depending on processing demand in order to save energy consumption. When
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[0004] One conventional technique for varying frequency includes a programmable
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programmed to operate at a different frequency while the PLL is suspended, and re-
started at the new desired frequency. This approach may cause large current
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robust power supply. It may also result in halting the operation of the processor being



robust power supply. It may also result in halting the
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[0007] In another aspect, a phase-locked loop includes an input for receiving a reference
signal, a clock output, and a feedback path for locking a signal in phase with the
reference signal. The phase-locked loop further includes a plurality of oscillator
complexes operable to generate output signals and separately couple to the feedback
path and the clock output. The phase-locked loop also includes control logic configured
to sclectively couple an output signal of a first one of the plurality of oscillator

complexes to the clock output.



to selectively couple an output signal of a first one

of the plurality of oscillator conplexes to the cl ock
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capable of other and different embodiments and its several details are capable of
modification in various other respects, all without departing from the teachings of the
invention. Accordingly, the drawings and detailed description are to be regarded as

llustrative in nature and not as restrictive.



illustrative in nature and not as restrictive. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0010] Fig. 1 is a

w0 evsvsamal bl ock di agram of a processor. [ 001RGT/BB2908/@51520
is a first enbodi mrent of the phase -1 ocked | oop
illustrated in Fig. 1. [0012] Fig. 3 is an alternative

enbodi e ' 0 illustrated in
Fig. 2. ?@6@%?£§58?§ﬁh+éeiﬁﬁﬂﬁﬁﬁy%ﬁﬁhn exenpl ary
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operation of a phase-locked |oop. [0016] Fig. 7 is
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operation of a phase-locked |oop. [0017] Fig. 8 is a
overttinier d enbodinent of the phase-locked loop illustrated
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oper¥idh ¥i NPade MRKdanRGuUency of the output of a phase-|ocked
| oop. [0021] Fig. 12 is a flow chart illustrating a

[001610Fig. ITed dd of adexcv@layy on@uitstaeal flinegugndyp @bratdref out put  of
a phase -l ocked | oop. [0022] Fig. 13 is a flow chart
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[0017] Fig. 8 is a third embodiment of the phase-locked loop illustrated in Fig. 1.

[0018] Fig. 9 is graph of an exemplary output signal illustrating a locked slew operation
of a phase-locked loop.

[0019] Fig. 10 is a graph of an exemplary output signal illustrating a complex slew
operation of a phase-locked loop.

[0020] Fig. 11 is a flow chart illustrating a simple slew method for varying the
frequency of the output of a phase-locked loop.

[0021] Fig. 12 is a flow chart illustrating a hop method for varying the frequency of the
output of a phase-locked loop.

[0022] Fig. 13 is a flow chart illustrating a locked slew method for varying the

frequency of the output of a phase-locked loop.



frequency of the output of a phase-|ocked | oop.[0023]

Fig. 14 is a flow chart illustrating a conplex slew
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phase-| ocked | oop. DETAI LED DESCRI PTI ON [0024] Fig. 1

depicts a functional block diagran1of an exenpl ary

r sor, 100 i.n which t nts .may be
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145 may be provided by an oscillating crystal external from the processor 100. The

PLL 140 generates a clock signal 148 which is a frequency multiple of the reference

signal to trigger the synchronous devices such as the processor logic 130, the modem

120, memory 110, I/O circuitry 150, and the bus system 160. The PLL 140 is

programmable and may automatically vary the frequency of the clock signal 148

depending on the processing demands or environmental factors affecting the processor

100. The PLL 140 will be described further in connection with the discussion of Figs.

2-10.



2-10.[0026] Those of skill in the art will recognize

that nunmerous variations of the processor 100 are
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phase -1 ocked |oop to separately control various

el ements within the processor including the bus system
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clarity. For exanple, processor logic 130 nmay include
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buffer, data cache, and the like. [0027] Fig. 2 is a
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i ncl ude oscillators 248A-240B and grossly adjust the
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OSC|IIator conpl éx 240B i ncludes a current controlled
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to operate in a high end frequency range.
[0028] Additionally, the oscillator complex 240A includes a five bit register 242A, a
current control source 244 A, a summer 246A, and a controllable switch 247A. In an
alternative embodiment, the current control source 244 A and current controlled
oscillator 248a may be replaced with a voltage control source and a voltage controlled

oscillator depending on the particular application and overall design constraints. The

oscillator complex 240A is digitally controlled in that the current control source 244A



oscil | ator depending on the particular application and
overall design constraints. The oscillator conpl ex
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control source 244Agenerates a bias current 245A in
response to the value of the five bit register 242A
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to thp/klgeh fich euitpleter D0 Waloh eulspexeethe QupnB of scildemnewtled t o
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2478 is connected to ground and, for example, the value of the five bit register 242B is

two, the oscillator output 249B of the current controlled oscillator 248B will fluctuate
between 825 MHz and 837.5 MHz.

[0030] In order to stabilize and lock the clock output, the clock output is fed through a
shared feedback path defined by the divider 230, the phase detector/comparator 210, the
charge pump 215, and the low pass filter 220. The divider 230 is programmable and

divides the multiplexer 250 output by an amount corresponding to the oscillator



shared feedback path defined by the divider 230, the

phase detector/conparator 210, the charge punp 215,
W@rwsnsmEed ow pass filtes 220. The divider 230 PGI/US2008/051520

programmabl e and di vides the nultipl exer 250 output by

an anmount corresponding to the oscillatorconplex 240A
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[0033] The output of the glitch free multiplexer 250 is directed through an optional
divide by two circuit 270 before being sent to synchronous devices. The optional divide
by two circuit 270 precludes exposure to synchronous devices which may not be
designed to handle high speed transient frequencics and will be described in connection
with Fig. 6.

[0034] The control logic 260 couples to switches 247A-247B and glitch-free

multiplexer 250. To avoid driving the output of the phase-locked loop by multiple



desi gned to handl e high speed transient frequencies
and will be described in connection with Fig. 6.
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cycles result when switching the outputs of oscillator
switchhrgplicexess d4aAR40Bpkius 040gFR40m thtou g rext@rex@360. [ 0035]

The control logic 260 controls switches 247A-247B
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optionally control the contents of registers 242A and
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st epped through
calibration of the register values at initialization of the PLL. During calibration, the

reference voltage Vs 310 is set and the gross adjustment currents are stepped through
their range. The resultant frequency of the ICOs for each setting of the register is
measured. During steady state operation of the PLL, if a new frequency is desired, the
register value that produced a frequency closest to that desired frequency with the

corresponding Vs input along with the proper divider setting is chosen.



their range. The resultant frequency of the I1COs for
each setting of the register is neasured. During
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I ment, e optiona divide by two circuit 270 is
three more cycles.

[0038] At reference 430, in one embodiment, the optional divide by two circuit 270 is
not utilized. In this embodiment, the output clock signal 280 will track the oscillator
output 249B (illustrated as the solid line in Fig. 4). This embodiment has particular
application when the synchronous circuits being driven by the output clock signal 280

are designed to handle overshoot at high frequencies.



not utilized. In this enbodi nent, the output clock
signal 280 will track the oscillator output 249B
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Addi tionally, phase-lock 1 oop 500 includes a glitch

1ndef)efn&&tly Fig. 5 contains all the elements described in Fig. 1 with the exception of
the divide by two circuit 270. Additionally, phase-lock loop 500 includes a glitch free
multiplexer 530 which provides for independent coupling of oscillators between the
feedback path defined by the divider 230, phase detector 210, low pass filter 220, and
the output of one of the oscillator complexes 240A-240B. By way of example, control
logic 560 may be configured to select the output of oscillator complex 240A to be

connected to clock output 540 by controlling glitch free multiplexer 250 while selecting



mul ti pl exer 530 which provides for independent
coupling of oscillators between the feedback path
waledosrgdoby the divideri2230, phase detector 21BCT/U808/051520
pass filter 220, and the output of one of the
osci |l l ator conpl exes 240A-240B. By way of exanpl e,
control | ogic 560 be confi to select the
the et 51 0> BF OaEr P H0 B SRR SRt B Bonnect ed t o
. . ' L ee
o U B O BA0, B SO0 1 LI 45
clim@86d dvbBloOIwHeOMPEIEK 0@ AR BrahRs RBvEORNREEHRE bl &clihte:
feedback path by controlling glitch free nultipl exer
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frequency domain. In graph 600, the output clock
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At reference 601, the oscillator conplex 240B out put
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path. As a result, the frequency of the oscillator
comBlIONAL B ¥nd2dk@Bhasithut diddu Signal 36 dO pUtunCIn@eked siagnal 540
drops and runs unl ocked at a slightly | ower frequency.
slighflh @weefraqeney dbkieth unbfled sfdsgo dningitirglothetpol dde RLIout put
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than a locked output for the same specified bias voltage.

[0043] The drop is still within the range defined by the value in register 242B due to the
oscillator complex 240B. At reference 610, register 242B is incremented by control
logic 560 causing both the oscillator output 249B and the output clock signal 540 to
increase to operate in the next operating frequency range. In other embodiments, the

increase in operating frequency range may include jumping over the next operating



than a | ocked output for the sanme specified bias

vol tage. [0043] The drop is still within the range
waledosrgdoeby the val ue i13 regi ster 242B due to BEBUS2008/051520

oscillator conplex 240B. At reference 610, register

242B is increnmented by control |ogic 560 causing both

the osci|lato ut 49B and.th out ut clock signa
ok B reP s P Parae TR SR e Rlsul at t ng
0 ease in
fmqﬁeﬁé”@a?f%%%ém%?ggﬁé%%%% %ﬁ%&h@ﬁg%@ﬁ%ﬁ?“‘a%s P er "t he
unloBI@Y lthe@P@HAL HAPEL LAYRAGY rehaN §Q lit RRMeSth it WiltidBe | S
continually incremented to achi eve an out put frequency
had @beca ppradid Indibd [Fyrifpridz ivhik@scillabr coplek OBphd@se thocked
| oop is operating while unlocked, the operating
OutpﬂtrV@@}eré Pmlyhnatto té%\%ﬁ%h el fhe dividprgmaur! jsirmpgcriaksligine t han i t
it been operating | ocked. Furthernore,
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Furthqrreq@ ¢he Erpaugicol tlractargesol oheiflitere ale by ag Imear fy shesvryi t
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exenpl ary output signal illustrating a hop nethod of
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The clock output illustrated in Fig. 7 may be suitably
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phasel ock
lock loop 500. The dotted line indicates that the respective oscillator complex is not

selected to be the output of the phase-lock loop 600.

[0046] At time 705, the oscillator complex 240A is locked at 600 MHz and is sclected
to drive the clock output. Also, the oscillator complex 240B is operating unlocked and
unselected at under 1 GHz. If the oscillator complex 240B is not already powered on,

the corresponding register may be modified to a value that would cause the oscillator

complex 240B to operate at under | GHz. At time 710, the feedback loop is



| oop 500. The dotted line indicates that the
respective oscillator conplex is not selected to be
W@ bwsogsput of the phase-1 ock | oop 600. [ 0046]PEX/USI0NE051520
705, the oscillator conplex 240A is | ockedAdENE00 MHz
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Phase-locked loop 800 includes similar feedback elements as described in Fig. 2.

Phase-locked loop 800 also includes oscillator complexes 840A-840D, control logic

860, and glitch free multiplexers 855 and 865. Oscillator complexes 840A and 840B,

collectively referred to as low end oscillator complexes, are rated to oscillate signals at

frequencies between 400 MHz and 800 MHz. Oscillator complexes 840C and 840D,

collectively referred to as high end oscillator complexes, are rated to oscillate signals at

frequencies between 800 MHz and 1200 MHz . Each of the oscillator complexes are

coupled to multiplexers 855 and 865. Control logic 860 is configured to connect any



[0048] Fig. 8 is a third enbodi nent of the
phase-| ocked loop illustrated in Fig. 1. Phase-I| ocked
WO o@p/08360 | ncl udes si mbar feedback el ements aBCT/US2008/051520
described in Fig. 2. Phase-|ocked | oop 800 al so
i ncl udes oscillator conpl exes 840A-840D, control |ogic
860, and glitch free nultiplexers 855 and 865.
one of the osalgipricpranieyes ' BrplPdeasugdbaphaisdoBa0BP 8861 | ecti vel y

o as_|ow end oscillator conplexes, are rated
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oscillator cor%ﬂ%e?tg%e\lbé_'ﬁback%ﬁ é)r he Ahee15R0R Q%)éﬁos g@o@b nd 840D,

ect| to as 11 ator
860 may consa&maé %6 gsmuattalecoﬁ@&&@l b&pm@asaklohtah 8ndShdBRAbIk at
frequenci es between 800 Mz and 1200 MHz . Each of the
path or may @8icl dnabsoiflateanpplexe sic &edbackup beichndtioer oaaillbtbrpl exer s 855
and 865. Control logic 860 is configured to connect
ummbxuﬂhhy@h@mwf the oscillator conplexes to the clock output
of the phase | ocked IooP 800. Additianal | contro
[0049] Cmﬁ?b@?&“@éﬁyP%‘%%ﬁ??ﬁﬁ?@ﬁeﬁﬁgﬁﬁ@% BN YEHS WP ‘%onnect any

t.he. aos |IIat to t eedback path
oscillator drlvei_s tfeﬁcflba g%l ean wh1 q[ator qq{;rlgsoﬁxﬁd out ut Flg]9fogl c 860 rmy

graph of an &W&uﬁl&@gn@%ﬁ[ﬁra‘ﬁﬁ A 1&1{@& Qv £ %@%ra{e@b)hﬁg h the clock
out put and the feedback path or may connect one

phase-locked8pi hd. atodtiol GRIFBbENnEDs dshRefceedbacknpatih and anot her
oscillator conplex to the clock output. [0049] Contro

dﬁwmwmmgqgm@m8©©mﬂ@yMWdemne%vépH@ugﬂ@k@bhr@M@h@ng met hods by
varying which oscillator drives a feedback path and

in order to SWHF’&IP’? ogBiclopkfregeneyy By deing Reclqok puRyPdsdt . Fi g.

,,Iar out put signal illustrat
gmmmwdm%wm% égawwn '”@mﬁgﬁ%rated by- the- phase-toc

[0050] In reﬁglg F 1gC§) ok E(ﬁlh hllqudl&lte§ﬁ9 01&151?1%1509 b@S R the 8&%@1@&6 of

connectlng and dlsconnectlng oscil'l'ator conpl

order to step up t he out put cl ock frequency. By doing
to be the outmoof tied phosk-looluopuit00905 is Conment [JBAlI JTYsa thougftf

enerated by sw tching between oscillator] conpl exes.
[0051] Befoys dipp 8% Oscﬂlm?@omla@q BA 1sfosked aideselededie driva b W ftave

clock outputt961§ % t[lrfnle tl?e osglllator within the oscillator complex 840B, the
other low end bias circuit, is powered on and is unlocked. Oscillator complex 840B is
initialized by its register to operate within the frequency range around 700 MHz. At
time 920, control logic 860 disconnects oscillator complex 840A from the feedback
path, resulting in the clock output 905 to drop. Also, at time 920, control logic 860
connects oscillator complex 840B to the feedback path and programs the divider 230,

resulting in the output of the oscillator complex 840B to increase to about 700 MHz.



covered a warrants f we mss [0050] In reading Fig. 9,

the solid line indicates the output clock 905 of the
wWeb@sesd4otk one , e to1@ar breadth of cover ageP@mUs2008/051520

scope of elatns, we should be s ae covered. | oop 800.
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oosgn g s 2eCle SRR SpP B00T p5onS) Oc%gf St rhESs 10,
860 §Q%h11€Lt§ SQYIat 1&)%4&‘6' Q&H e cll)c%%ﬁt gm%g (% 1¥la§(g to
rive output 905.
comPI&CE4bB &)ttKHcldék &dﬁiuﬂ retsmqg@rsa:gtéplugtoqfeq&mk R 1\&1420 B, the
other low end bias circuit, Is powered on and is
withown e ckéchutp@egpelitra o frepempy @xrsid40 B ihis cxemphiyabipzed by
its register to operate within the frequency range
signg] PO g cyBroet R}Hzomg)\wep rsillapocomplerss repdats [figypec B8O
%i onnects _oscil | ator._ compl ex 840A fromthe feedback
untilfagppek PP S ogeTi e ?tH@GEIIZo k 251t PUY0EPPiBe dr op. Al so,
n I | | ator
betv&@ gn lgvlv g% %ﬁ%@r %0% feig]e(s) 1Pusg d as E glgn & Pﬂ%ﬁ gn% ogcﬁl%{o

prograns the
comglla;ééhﬁl Bistraged Qs redi6rSdéby érﬁgeﬂv&ntamﬁ/egﬁjfo@léﬁd (g&uatul?e osci || ator
conpl ex 840B to increase to about 700 MHz.[0052] At
complex¥Ran@ 8(3h etdh@v @8 oiclikiat @mpleodmkiexd 84efonyseones | ocked.
The control logic 860 disconnects oscillator conplex
w%84ﬁﬁlﬁﬁ@mmﬁhéa@@@@wwmQMEmﬁgahﬂm%ﬁmﬂ@@%sC%gévlIator
npl ex 840B to the clock output, resulting in a step

Slewd]if?&’loé"’ffvﬁlé(tﬁ‘%éﬁl??fﬁ Ipgkecriop vy Wit RBRlEx IREn L8k out put
sum?ar E:Q]%I I?n% hodgc%r%c%get% Plgggovﬁglget%oafse %Fkgéﬂ) Q)IOS exenpl ary

SI gna |ng bet ween

rem(Q/%stVlzljs@BQfomQMCP&%t §‘1§§1Q1 ?ts@ltctnln o aﬁ@ﬁeﬁos@ﬂlﬂ&s until the
cl ock output 905 is operating a . Fig. 9 also

complkd. USthéuah &8 atokOpphigy bekvesn wmwmemdvdlﬁai ilnlsedtarr
conpl exes (illustrated as region 940), high end
as g@swil fr@fasyinggompbexizy nfapick, gt vtedargaskilt ¢licenn wdb0) , and
between a | ow end | ow end oscillator conpl exes and
apPTRiHhE HE BRI R Closr Waxtlns BShPF@XivEly POESE it ed as
n 950) [0053] Fig. 10 is a graph of an exenplary
(kmgﬁﬁﬁn?mglgnal 1005 illustrating a conpl ex

[0054] Fig. 11 is a flow chart illustrating a simple slew method 1100 for varying the
frequency of the output of a phase-locked loop. Atblock 1110, a desired frequency at
which an output signal of a phase-locked loop should operate is presented. By way of
example, the load of a processor may have increased, thus, requiring faster clock cycles
to process the load in a shorter period of time. At block 1120, an oscillator driving the
output of the phase-locked loop is unlocked from a reference signal such as reference
signal 203. Unlocking the driving oscillator, results in a drop of frequency at the output

of the phase-locked loop. At block 1130, a digital control means such as register 242A



sl ew met hod of varying a phase-locked | oop output. The
conplex slew nethod is simlar to sinple slew nethod
waele®ssdaedd in Fig. 6 exigept phase-| ocked | oop BODUS2008/051520
renoves overshoot fromthe clock output signal by
smﬁtching to another oscill ator conpl ex. Although the
ove cl ock out put wavef orns have. heen
Whl%% P f 5?‘ d“ga§ 1&&"6 & Earnﬁiﬁsﬁ%sg@?&t flffeﬂ‘@e“?yﬁs ?fhfﬁg cendi ng
85 iR RLALRATY, S K g i ||
o R R R NI Sl B B BER Tvet or m
freqiBBYy caikewﬁg@ttﬁe\e@dnge R GH B BSsdilitod TREBGLAEG oRNNET .
[0054] Fig. 11 is a flow chart illustrating a sinple
simgd sew nagtol ad &R fndiie. ViarBlickgl 1#thed f rSequaney of t he
output of a phase-locked | oop. At block 1110, a
embeplg¢ng @hﬂefo}OélandW%tl 1&Rmné h19% ﬁefwa tother cgbghvednt- of  a
ocked oper : te is presented. By way
[““ng“ é e, thet“i’?&”&b %me]&e %&éfos%&ﬁi’uﬁ%?%my

of the ogc{llgt%slggﬁhlﬁ {ﬂ fége 0?‘[99(11651 eﬁ gut%t@%r&q@%ncgld&ggay%yd es to

rocess t in a short time. At bl ock

anq-plez Qdes@erd ﬁ%@ﬁcp hd QecifNi\mg Tﬁehﬁetﬂ%&' hadhin@fir hdre

phase-| ocked [oop is unlocked froma reference signa
rang8 e theefetcEnie Wﬁicg tvatrol20Scorrkdpdrak beagatbtvempled vi ng
oscillator, results in a drop of frequency at the
HNMﬁﬂﬁﬁﬁl@ﬁZ$ﬁ@mphé§@SM@@k@diU@%EDWﬂbuﬁﬂ@EkUQx@@e a
control nmeans_such as regi ster 242Awhi ch

the %ﬁe Psﬁll“%tortlﬁléCkﬂf} m tPffgfe %@E‘F Fieni Rrsoifipe acqﬁva%g EQPREGr o5
coup%n% ¢ ﬁgnvg ! e%ﬁlgtlg a feed IaF tgéophase lfocLe%q?oH eﬁ 1t(1)sl’lnto{J ut

ase- to el increase or

1@%&6@@%%m&£¢55ﬁ8%@@§%0%&9§@Qhﬁgm9ﬁmkﬁﬁh%Hﬁﬂ%&mﬁn the
driving oscillator. Two enbodinents of a sinple slew

valutBtrfpad: ana. ifliditstifeatos@witR ofrp@ of thd phaBl@LéS00p140 and
1150 defi ne one enbodi nent while blocks 1160, 1170,
highgr] @@incremal rdds@O valiefwilheustobohier otthdddk mewep upt@065] At
bl ock 1140, the nethod 1100 deterni nes whether the
nextgrossiecagneygenes-fIf B detied o gev thﬁ@tlalé%fiﬂvqpé%seﬂodfeé o@p t hi n t he
range of the regu way of
v Gy i Mt PR TP By R R S . e
me&§kﬁ&9hﬂﬁ£ﬁﬂﬁ1993 if the range deflned by the register
val'ue whi ch controls the correspondi ng oscill ator

[0058) O ®%ond embodiment and returning to block 1130, the method 1100
proceeds to block 1160. At block 1160, the method 1100 performs a look ahead
function by determining whether the next change in gross output frequency of the
oscillator would result in outputting a frequency within the range of the desired output
frequency. If it would not, the method 1100 proceeds to block 1130 where the oscillator

is adjusted to operate in the next frequency range. If it would, the method 1100

proceeds to block 1170 where the output of the phase-locked loop is divided. For



includes the 1.1 GHz frequency. If it is, the nethod

1100 proceeds to bl ock 1150 where the driving
wo@BlsEsor i s | ocked wisth the reference si gnaPChys2008/051520

setting a divider ampbunt and coupling the driving

oscillator to a feedback path of the phase-| ocked

| i 1100 ds t bl k
el e LA R A S e M St Bl

270 V'ﬂle ldﬁlld% Qy &5 gfrc%l:t &t 01% % Erleg linlly lJe %%alglgﬁféeﬁoqgthiﬁst sl ew the

out put of the phase- oop i ncreased
unlobIR@ kS, @K an¥@rUBbdMnheht, GRSEe ByNRo OKLPMEy REnbREaret OCKk to

junmp up to the next gross frequency range. If it is
the lekesilackd st 18 behofitivee tou tipwtlinodits, tHediviphaseoctragised | oop

| ower, the decreased register value will cause the
enabéﬂ@lmfal? swifchipgige lopre ke daskglyempieddinn d@lackhel 7pdlet gr oss

fre uenc rang 0056 n the cond enbodi pent and
°S°ﬂﬂaé‘1r %@ Ofn(li’uttﬁ?ﬁ]j‘& Ehafll%‘](l? d I?Wéhr%%f“ ﬁiﬁ avHoIprt égsg eds to
that tgs o Ut %&6gcyf1§0‘ \;/1‘[1’1?1’1 tge rlé & 1@ Qd deglrlgg ouq%tt Emﬁen%%‘ OQ bl% rforms a

unct eterm ni e next
1 1803 h@@gﬁlaﬂolrhngﬁlgﬁl@ OI;M Bifte phdsEBUIRD T¥p gﬁoci;eh@m@ &€ I I I'at or
woul d result in outputting a frequency within the
refelel gi@nabby sttt thteBtidee thodhttafdidonifct g the deying dsdillatdr towoul d
not, the nethod 1100 proceeds to block 1130 where the
m@@%@%k@ﬁhﬁﬂﬁ@@%@@ﬁﬁéb@d(b@ﬂbpéﬁﬁﬂéﬁﬂm*ﬂh@em@%ﬁ
que ran the nethod 1100 proceeds

110g 16006?%EP1PY0111171(3§W%?1€€ qqu“dmmse Bfee{ R BHAEERT ocked

d1V1CL€8 OF, e)bfn?)le tfle ol 8ut ma& E)l)l/gn{)beecﬁwc{eg & %:alt)lglé hﬁ Ic‘{lgéle ?’yle r Slu?”t ded

twogzgﬁzmhe d|V|de by two circuit, in one enbodinent, may

be enabl ed before the Iast unl ocked step. In another

[00saNbQdR BRMbw chafelluetiavthChehop yethaiol 200 fo:Cildtying R Yref@ncgnabl ed
after the last unlocked step. In both of these two

of the nippd pimephiss-Jocked &opli AMibtbek BYO.tviiesirad frequeinty of whidrtlbl ed
before swtching the loop to the | ocked configuration.

outppgor (h plage- 11°i<9<5100pt8h<éﬂdd>§%rﬁt|3 s &%p&tfeddlr\‘i k\lﬁc}ﬁ @229 Hdibut put of

hase- | ock i s adj usted
oscﬂtla60r Vél%g the 0 tplét ?gﬁ?ha?eq%%ff@ﬁ ed rﬂm ar%eﬁeéi Ya nge of
s1gn£1h§t lg(?cﬁ llfﬁda sQéﬁch&éEﬂleft(;r%q)ld@g}Q&/on ’?‘ﬁe SQJOQ&&Clﬂ'&(ﬁQS’ not he
oscillator driving the output of the phase-locked | oop

condeSied 108458 ehe Whthil ot th’eﬁphase locked loop. At block 1240, the second
oscillator is digitally controlled to oscillate within a range of frequencies including the
desired frequency. At block 1250, the second oscillator is locked to a reference signal
by connecting it independently from the first oscillator to a feedback path of the phase-
locked loop. At block 1260, the first oscillator is switched to not drive the output of the
phase-locked loop and the second oscillator is switched to drive the output of the phase-

locked loop. Optionally, the first oscillator may then be powered down.



reference signal by setting the divider anmount and

connecting the driving oscillator to the feedback path
w@ooshgv4phase- | ocked | agp. Once the oscil | at orPEBHUS2008/051520

| ocked, the nmethod 1100 proceeds to block 1190 where

t he out put of the phase | ocked | oop is no | onger

i vided. For e e. out put onger be
oosfs U e o8 S ABARHE. LS g PP el car 1 270.
| hop
R T kA o et U P S
wm@ aﬁ) aa@emé@nk@ghakeq@&ed 168p shdu@Cperdi ik Ghpueed desiidcrd
frequency at which the output of the phase-I|ocked | oop
132G hoastitlt@ devisd tee dugpui off it biagdlockéd lodyl io@kocled 20m aa fi r st
oscillator driving the output of the phase-I|ocked | oop
refererce pigflap K Elgcl 1&6%@%@@?3@1&1 @éhgﬂlkyﬁmtroﬂwo hrgeis 1230, a
second oscil | at i S power second oscill ator

rosp @”fﬁlb “Agdhh é)é’Peé‘ n% Lo} ﬂ&ﬁrqe%d %‘F&“"B ﬂftﬁ‘iﬁ ot e AEPYY h ase
the c(lj;an g &qie toa her or opiver elélue%cz 4 ‘i)l%ckq%?)et% ntﬁier gscﬁ"l ator 19 tor iIs
Yy CO tr O SCi

ate MA Ina range of

1ock£cf@1qlu§er}@fk@§ce kgl ty;l“ragoftetaﬁnp%eﬁé Jgtete) oa‘cﬁ@tqlumaa{eae&t bl ock
1250, the second oscillator is |ocked to a reference

to ths ifegdvadk phl o CladpheelidcRg léob. Artiepersdented lykéd aevthdie fir st
oscillator to a feedback path of the phasel ocked | oop.
Oscﬂ}!aﬁor iyl sotdhed]tp @dve thelyptpftiof th¢ phassdickdddeopr Aftdock\WiPchred t 0 not
i ve the output of the phase-locked | oop _and. the
meﬂ?é ol detﬁ%’ieﬁ ‘T’Iﬁfhﬁf thg %OS%WWJ@FF@W“TYd)f df WVéngtOHCéuaB)ﬂ tput of

?has e esne outp ¥ uevr\llr?f al l %Elhocli]%fglm{dSt QSCI I'lator

w1th1nql$e T *s
powere | ow

not, 91@ %I‘hod ﬂ3bd’&§$c@@g {o%g)cl@l§2@%ﬁe¢éjth§$s§1thaﬂéth RpuR! ying
the frequency of the output of a phase-|ocked | oop. At

the fhhsdQdkeliBoop @,unickd€si red frequency at whi ch an out put
signal of a phase-locked | oop should operate is
[0059INip et ¢ ed.flowthaglilbstkatidBRrOmplenslaosuidthiol 4400 fordaryivg thg t he
out put of the phase-Iocked | oop is unlocked froma
freqlfeé%).f BAEEPUS Pfgrl?g%se -loglied fopiy K stlgg‘lO Afotdreawagiat | ator is

|| ntrolled, t t
whihgily S i RIS b SRR bR Rl o ¢ he
14203 L@ﬂc@e&orhﬁ@ngq}&t OQLH)E‘U of It-hg Shagﬂg&g@loémyun@o%keh Grofd a hi g her or

'ower frequency. At bl ock 1340, the other osci | | at or
refeleffee signal. At block 1430, the oscillator is digitally controlled to change its gross

output frequency while unlocked from the feedback path of the phase-locked loop. At
block 1440, the method 1400 performs a lookahead function. In particular, it
determines whether the next change in gross output frequency of the oscillator would
result in outputting a frequency within the range in which the desired output frequency
lies? If it does not, the method 1400 proceeds to block 1430 to change the gross output

frequency while unlocked.



| ocked with the reference signal. By way of exanple,

the other oscillator is connected to the feedback path
w@tooslgv4phase- | ocked | @op. At bl ock 1350, onceP¢CDURA$/051520

the other oscillator is switched to drive the output

of the phase -locked Ioop. At block 1360, the nethod

0 determ et h th oss out put frequency of
o0 g R B Eof P e B0 PR RS P e st G T he”
powgrﬁcg(g{ %?‘?1&:141:1 Qé(bt th£ !e?o‘ﬂ&l ﬁlé(tor 14 {\}gﬂgﬁy eoﬁtrollg&g oS TH étlg Qfg[h 1360

I'S not 1300 proceeds to bl ock
a ranlgs&@lu&ﬁgaﬁeaiegdaefra}ﬁ@cw@ﬂb@&k dr, e BGodddseiigist Ruwckaaf t he
phase-| ocked | oop is unlocked. [0059] Fig. 14 is a
withftheowferetrasignal. |At iSO rtit firn gscalatoompiieded sl seyvdrietdyad 1400 f or
varying the frequency of the output of a phase-I|ocked
Outpwc)éﬁle phage- 1bqke<blkop1az;<i‘(be segond esslipterdls oriteled érvisiye g oWkl ch an
ut SI e-l ocked | oop shou] d operate is

oot %FatHF [%lﬁal %&% MOARSOREY S S A1V ng t he
com oLlJl%RsucIescgged nhc%mght%‘ﬁ 1t£ %? l%dlfl%%gdléc‘?olg]e%%ler%% g'ﬁqbef r om a

erence si g { € 0ScCl ator 1s

1mp1€|1‘n<91|teh a3l ﬂe)fo&@([‘&fﬁpi geeede &georl etcﬁ 1%%& pRULRM
frequency while unlocked fromth ack path of the

(DSDh@B@Mkﬂﬁk@HmﬁﬂmﬁmmﬂkuthﬁkCi4ﬁadmb@ﬁmﬁﬁk@@d 1400
perforns a | ookahead function. In particular, it

amaj@P@f nr nég rwisehetric piecompsienicharvigesale pr tgnseses logiat put
frequency of the oscillator would result in outputting

dlscﬁteﬂl?ré‘&%ﬁ%wwoﬂﬁti R 7Y f%@lnﬁ%&@rer)wew%ﬁ PETRE™ Hesi r ed

? hod 1400
func?ons RUL; gc{ l%eq: :’A C%&eraiﬁ%&os% poce ?]sor mag%e i 1cf0'proce§so {iho

ocee u'ftput

in thE 51%%@\@ Ct}fe ﬁ&‘&%is& eoeGlE @d;{lve[ngggﬂ;roclzsgor ctontﬁi)ggs the met hod
1400 proceeds to where a second oscill ator

micio&nPONME 6186 te@fAchikd] At@hﬁ&&n Mﬁﬁso ot helsraandaoscil lator is
digitally controlled to oscillate with a range

compipgtbuidlicpigputinecoupeinedef s @gienioy of sASPBhdTk 1470, the
second oscillator is |ocked wwth the reference signal.

mwwwv%%eeamwﬁ%y?mmeﬂmweeW$P%vevw$§H%%WFeﬁ€ﬂnto stop

h I ked | dth
conBieiini s O8F b B Bl FuRBRTEE O fva the outout

[006£] Oﬁg ]‘r]eth&ﬁ%es\{ﬁ{eh 91Le§nneétlhllﬂ§td{t§é em\égdnlnghgsj cﬁs@llose@ Lé?&lg( S,

circurts, elenents, and
may be embodled directly in hardware, in a software module executed by a processor,

or in a combination of the two. A software module may reside in RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM memory, registers, hard disk, a
removable disk, a CD-ROM, or any other form of storage medium known in the art. A
storage medium may be coupled to the processor such that the processor can read
information from, and write information to, the storage medium. In the alternative, the

storage medium may be integral to the processor.



conmponents described in connection with the

enbodi nents di scl osed herein may be i nplenented or
wW@erBosred W th a general purpose processor, ardi/gb108$/051520

signal processor (DSP), an application specific

integrated circuit (ASIC) a field progrannable gat e

ooefl st aton i paheRep B g Pt ST be har aver e
soIPORGRLE 9y AN IHOALNALLADLNSLER! pilgalaned Lo

ormt unctions describe erei’n

ordi@NERN13) hPAH RRAKRNDTMGIRSSAE dibRYsioR 8nd@hdBlEhOREQCESSOr, but
in the alternative, the processor may be any

folledraient i onal processor, controller, mcrocontroller,
or state machi ne. A processor may al so be inpl enent ed
as a conbi nation of conputing conponents, e.g., a
conmbi nation of a DSP and a microprocessor, a plurality
of m croprocessors, one Oor nDre m Croprocessors in
conjunction with a DSP core, or any other such
configuration. [0062] The nethods described in
connection with the enbodi nents discl osed herein nay
be enbodied directly in hardware, in a software nodul e
executed by a processor, or in a conbination of the
two. A software nodule nmay reside in RAM nenory, flash
menory, ROM nenory, EPROM nenory, EEPROM nenory,
regi sters, hard disk, a renovable disk, a CO-ROM or
any other form of storage nmediumknown in the art. A
storage nedi um may be coupled to the processor such
that the processor can read information from and
wite information to, the storage nmedium In the
alternative, the storage nediummy be integral to the
processor.[0063] Wihile the invention is disclosed in
the context of enmbodinents, it will be recognized that
a wde variety of inplenentations my be enpl oyed by
persons of ordinary skill in the art consistent with
t he above di scussion and the clains which foll ow
bel ow. CLAI M5 WHAT IS CLAIMED | S



1. A phase-locked | oop conprising: a clock output; a

plurality of oscillator conpl exes operable to generate
W@i0p08946t gnal s; and caatrol |ogic configured RPOI/US2008/051520

sel ectively couple an output signal of one of the

plurality of oscillator conplexes to the clock output.

2. The phase-locked(hggﬁsof claim1 further

conpri sing: an input receiving a reference signal;

a_feedback path for |ocking a signal in phase with the
WHALISSH AR 1Si gnal , wherein the control logic is further

configured to selectively couple another of the

pl br al PPlpsocksd PR eBPBEconpl exes to the feedback

path. 3. The phase-1ocked [ oop of claim1l further

congecksutmgy: a nul ti pl exer configured to couple the

out put of one of the plurality of oscillator conpl exes

t 0a f108ItEIrREKIaREdoPYlexcs dperabl @ dohdseoulpoGleads; baop of claim

1 wherein an oscillator conplex includes a register

C O @S SorkiQustiQLf el BUME £ ALLESRONALNG O 3

specifi ¢ range of frequencies. 5. The phase-| ocked
plur:hﬁflﬂo@fllaﬁ} @}nﬁlb)a@s folﬂﬁetcn)elfouqﬁﬁpri sing: a divide-by-two

circuit coupled to the control logic, the contro

ogi ¢ s LNt PER 1osp&fcia9w§9he§ 90@53;1;%}/ ate the

I
di vide-by-two circuit to | ower the Trequency of the

outputg$| nal while the one of the plurality of
osTiI T HP OV BRPIEIBL 188¥ks to a high frequency. 6. The

phase-| ocked | oop of claim2 further conprising:a
mut feqdpick Rl fotlopine g siewdinpbrse itfphercieisece pigwd AT  pat h t o

one of the plurali f oscillator c lexes.. 7. The
the ‘6?1%?% Qe BELI{%‘ CP%%H“{)% S“g‘fcﬁﬁ’eﬁﬁ COURIGFB T R tﬁ%é“f%i]é‘/eoé back path
oscif.fla[gq? lco%?p?&es%o t%aj-: %éc%?c& ’pat@. P hase detector, and a |oo P
ilter.

3. The phase-locked loop of claim | further comprising:

a multiplexer configured to couple the output of one of the plurality of oscillator

complexes to the clock output.

4. The phase-locked loop of claim 1 wherein an oscillator complex includes

a register configured to store a value corresponding to a specific range of frequencies.
5. The phase-locked loop of claim | further comprising:

a divide-by-two circuit coupled to the control logic, the control logic is further
configured to activate the divide-by-two circuit to lower the frequency of the output

signal while the one of the plurality of oscillator complexes locks to a high frequency.

6. The phase-locked loop of claim 2 further comprising:



8. The phase-| ocked | oop of claim2 wherein the
control logic swtches the plurality of oscillator
W@ oroplgnes bet ween driv3ng the feedback path apdr/Ukm08/051520
cl ock output to produce a sinple slew operation. 9.
The phase-| ocked | oop of claim2 wherein the contro

ogi ¢c.swW tches the rality of oscillator npl exes
et alieiery ! rePr it Bep SR B ECk out put
%dﬁ%np duge a hop operation. 10. The phase-|ocked | oop
im2 wherein the control logic swtches the

P ebababie Rt oG or H bt SRR Bebrs Pt ek a Focked
mw%%gpﬁgggg &‘Qﬁak%%Ph he phase-I|ocked | oop of claim2

ernt e contr ‘ogic switches the plurality of

Sl St T T
plurﬁi?forf %gcplglr'f coﬂﬁ%lexeAbeQ\De%f? grl\Jln%%?e%d‘Aa&o thGQ {% éléci( nl%%lk

elving a rererence Signa

mp@wkpygmm@g&@@ggﬁﬁk path for |ocking a signal in phase
with the reference signal; a plurallty of oscillator

Codrp ! CX& phaosQ BLd og]? (t}toclaﬁne b5 \?ﬁe?eg the %tpolil L)ﬁl% Cfﬁles %neand

separately coup the cl ock

pluraQﬁ?!yI he Ugcﬂla@m&gﬁteg %Wéeﬁ)giv%g @f @Jelilgbkr ;ﬁﬁt ahPhSEI R Gﬁtﬂ)u\( ely
coupl e an output signal of a first one of the

to pfpdiudé @bopboyeraibn.0sci | | at or conpl exes to the cl ock out put.
13. The phase-1ocked | oop of claim12 wherein the

coptr o*l"he p@eg!: %cﬁe@ lot)HSftcntﬁﬁ 2 @%ﬂ tgé"croﬁtg)l toglc %tcﬁ&tﬂlev ely
coupl e a second one of the plurality of oscillator

plurdidn@beres: dapkiebdeetirals teatclbacklth oAl thedidre dutgift

varying the frequency of the output of a phase-| ocked
to pro@ygpa locked slew operation.

11.  The phase-locked loop of claim 2 wherein the control logic switches the
plurality of oscillator complexes between driving the feedback path and the clock output

to produce a complex slew operation.
12. A phase-locked loop comprising:
an input for receiving a reference signal;
a clock output;
a feedback path for locking a signal in phase with the reference signal;

a plurality of oscillator complexes operable to generate output signals and

separately couple to the feedback path and the clock output; and



conprising: inputting a desired frequency at which an

out put signal of the phase-locked | oop shoul d operate;
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output for the phase-locked loop; and

coupling the oscillator complex to the feedback path to lock the signal in phase
with a reference signal when the signal has a frequency within a range of the desired

frequency.
15. The method of claim 14 further comprising:

repeating the adjusting step until the signal has a frequency within the range of

the desired frequency.

16.  The method of claim 14 wherein the control of the decoupled oscillator

complex is digital.
17. The method of claim 15 further comprising:

dividing the signal before the last adjustment.



frequency range containing the desired frequency;

decoupling the first oscillator conplex fromthe
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second oscillator conplex to the output of the

phase-| ocked | oop.

18. A method of varying the frequency of the output of a phase-locked loop

comprising:

coupling a first oscillator complex to the output of the phase-locked loop, the

first oscillator complex being decoupled from a feedback path of the phase-locked loop;

inputting a desired frequency at which an output signal of the phase-locked loop

should operate;
powering a second oscillator complex;

digitally controlling the second oscillator complex to generate a signal in a

frequency range containing the desired frequencys;

decoupling the first oscillator complex from the output of the phase-locked loop;

and

coupling the second oscillator complex to the output of the phase-locked loop.



