WO 03/ 065584 7 JULY 2006 DUAL BANDW DTH PHASE LOCK LOOP FI LTERS FOR
MULTI MODE RADI OS BACKGROUND OF THE | NVENTION Fi el d of the Invention
[0001] ThggasRsany invention relates to systems and nethods for

i npl ementing phase lock loop (PLL) circuits in mul t i=pelg, 2@‘)% and
particularly for inplementing PLL <circuits in nultinode co i vision
mul tiple access (CDMA) cellular radios 1t hat include global positioning
system (GPS) receivers and ot her gl obal® systens for nobile

comuni cations (GSM technol ogies. Description of the Related Art [0002]
Phase Locked Loop (PLL) circuits are well known and used for frequency

control in a i et iGaki 0 [ i gured
as frequency ﬁﬁ%t‘ﬁ%‘%@@#ﬁ%ﬁﬁ?@ i‘t(f(gﬁ ﬁh&@ﬁ@b&f W@FWK '
recovery circuits. Each of these . appkisgappsons may demand different
characteristics, however they all- use the same basic circuit concept.
[0003] FIG JAillustrates a block diagramof a conventional PLL circuit
100. The operation of thi al | phase | ocked

| oops. It is basically a S8 = control s the phase
of a vol'taggigenhedhteagdopsci |l ator (VCO) 108 The reference input signal
102 is applied to one input of a phase conparator 104. The other i nput
of the pha$@0ddnThe presentlibventioncainite td edtans dridenehoguior dhplehenWR P68

via the feedback | oop 110. The output of the phase conparator 104 is a

vol tage plqRQ6sp @Id)) cirbuitdie rlasRAd ridiey, RS BarBietIa 8 For bl émentinpFalrs
This signal is applled to the | oop filter 106. The characteristics of

the 100p fildelil0f l&ggdg)%w kA Ai0pRAPLEY Fophe) ARRiL stlis! AserlchaoP

dynami ¢ characteris t1cs of the crr 1007

global positioning system (GPS) receivers and other global systems_ for mobile

communications (GSM) technologies.

Description of the Related Art -
[0002] Phase Locked Loop (PLL) circuits are well known and used for frequency

control in a variety of applicatidns. For example, they can be configured as frequency
multipliers, demodulators, traclﬁng generators or clock recovery circuits. Each of these
applications may demand different characteristics, however they all use the same basic
] circuit concept.
[0003] FIG. 1A illustrates a block diagram of a conventional PLL circuit 100. The
operation qf this circuit 100 is -typica] of all phase locked loops. Itis basically a |
feedback control system that controls the phase of a voltage controlled oscillator (VCO)
108. The reference input signal 102 i_s applied to one input of a phase comparator 104.
The other input of the phase comparator 104 is connected to the output of the VCO 108
via the feedback loop 110. The output of the phase comparator 104 is a voltage
proportional to the phase difference between the two inputs. This signal is applied to
the loop filter 106. The characteristics of the loop filter 106 can be selected fo achieve

the desired closed loop dynamic characteristics of the PLL circuit 100. The filtered



WO 03/00')84 7 JULY 2006 2 signal controls the VCO 108 and the output of
the VCO 108 is directed back to the phase conparator 104. via the
feedback, | oap.. to "lock"” the output to the reference input signal

- 102.. [&’BAﬁﬁ’R%l‘gr“?rauy the loop filter 106 is desi gnedJuUp.Yr2006 t he
characteristics required by the application of the PLL circuit 100. If
the PLL circuit 100 is to acquire and track a varying reference signal
102, the bandwi dth of the loop filter ¥06 will be greater than if it is
applied to a nore limted inoput frequency. The frequency range which the
PLL ci r cusigna gontypls thea¥ e BptOeaad thoewperofithe MigwWhOSEs ditesteddptiitetheange.
Once the PLL circuit 100 is |locked and tracking a signal, the range of

f requenci eghdsbabmphietodPll04 et e iféedbk lowh 110 totbew the oeghut Rh Rgelr@cki ng
range. Generally, the tracking range is |arger than the capture range.

[ 0005] The; : phstics of the loop filter 106 al so determ ne how
qui ckly tﬁgﬁnﬁ%%gndy of the reference signal 102 can change and still

mai ntain | This i ernmed.. as the maxi num sl ew, ng rate. The narrower
the | oop + f9pa %@nﬂih@i\mla%fllt%{lqﬁﬁéd%ﬁl A0 Tyaih e SPBACED SR TeiEr or
the capture range will be. ]%000_6] PLL circuits are particularly useful in
comuni catPothe appbeation il die ¥ldk cirgeh Gt the Rlde airaitie1(hig te rethiize apd tiack at or
reference signals in radio receivers and “transmtters. For exanple, the

PLL ci rcui & vayimpuefecame BanabHIR, tierbaabaihiebf geliess finer f0orwillshecdrestaciyer s
and transmtters. [0007] However, evolving and diversifying _

conmuni cat jreMng appipdittaadfoRnitRBhbitGHEAE Y. ITHRYfeduehdf Bl Rzlg%ﬁ'thé"ﬁﬁl

radi os, have resulted in a need for radi o transcelvers. Wwhi can operate
0 et A A YRS, T B0 2o Pl LY
100 1s locked and'tracking a signal, the range of frequencies that the PLL circuit 1000
will follow is cﬁlled the tracking range. Generally, the tracking range is Jarger than the
capture range.
[0005] The characteristics of the loop filter 106 also determine how quickly the
fréquency of the reference signal 102 can change and still maintain lock. This is termed
as the maiimum slewing rate. The narrower the loop filter 106 bandwidth is, the slower
the resiaonse and smaller the capture range will be.
[00.06] PLL circuits are particularly useful in communications electronics for
generating accurate and stable oscillator reference signals in radio receivers and
transmitters. For example, the PLL circuit output can be used for channel selection for
such receivers and transmitters.
{0007] However, evolving and diversifying communications standards and
particularly those related to cellular radios, have resulted in a need for radio transceivers
which can operate in different modes and accommodate more than one standard and
frequency band. For example, a cellular radio which supports CDMA 1X and/or global
system for mobile communications (GSM) general packet radio service (GPRS) and

wideband code division multiple access (WCDMA) is desirable. To support multimode



system for nobile comuni cati ons (GSM general packet radi o service
(GPRS) and w deband code division nmultiple access (WCDMA) is desirable.
To support multinmde WO (13/065584 7 JULY 2006 3 capabilities, there is
a need fovom®nesssdhan one reference oscillator within a single

transcei ver. A conventional design would include tw7SHPRY22E0&LL
circuits and switch between them as necessary, however such an approach
i ncreases the size, cost and overall design efficiency of the
transceiver. In addition, there is also a need for such PLL circuits to
qui ckly ac hed. f.rom one band
to anot her%Bﬁw%?%\éég#r%ﬁ%ﬂ%ﬁ?ﬁﬁ%ﬁm PhERHeBhG S Lh e
circuits which operate across .  multiple frequencies to_support one or
more VOOs HARFCRAIFH i cenEHARA daeep O] I ¥ 70 seirese ELIL GICaHs deieid
For exanpl e, standards such as CDVA | X, GPS and/or GSM GPRS and WCDVA
shoul d al | bﬁwe&uﬁmmasambessw, bosgévec suablant apprddehriecresseallraize, coveent f or
such circuits to operate at very high speed, quickly acquiring a new

frequency oyhanat ei?ﬁ&ﬁ:‘n@ﬁ/\bf BB edniRivar dif {Rfi ey, NRd s alé\@z{ KNSy silchere is
a need in the art obtain all of the foregoing, while maxim zing the

design eff ) nd _costs ntion
neets all F%e?e}&%teseg%u%w&eqﬁﬁFm%W [ﬂb%ﬁaéfgﬂﬁ a% gl’r azéﬁs and
met hod for fllterl a signal in a phase lock loop is disclosed. An
typi cal appidd P@Emgg‘i filtering a phase error signal conprises a first
filter subcircuit receiving a phase error signal froma phase conparator
and filter (8§81 hécerndmely. shege sl a veednn Hreadst fod PLA. goownovhiiGh ererats atyosy cui t
ﬁcei ving the phase error signal fromthe phase conparator and filtering
e error sy hvfencesabhpgornde bi mote FUDssREanG igRFMards Svirtutihasde

V\/m ch are activated in conbination to control filtering of the error

si gnal . Thegio cellular devices. For example, standards such as CDMA 1X, GPS and/or
GSM/GPRS ‘and WCDMA should all. be supportable by such circuits. There is a}sb‘ a
need for such circuits to operate at very high speed, quickly acquiring a new frequency
~when they are switched to a different mode. Moreover; there is a need in the art to

obtain all of the foregoing, while maximizing the design efficiency and minimizing size

and costs. The present invention meets all these needs.

\ SUMMARY OF THE INVENTION

[0009] An apparatus and method for filtering a signal in a phase lock loop is

disclosed. An typical apparatus for filtering a phase ervor signal comprises a first filter
subcircuit receiving a phase error signal from a phase comparator and filtering the error
signal when enabled, a second filter subcircuit receiving the phase error signal from the
phase comparator and filtering the error signal when enabled and first and sgcond enable
switches which are activated in combination to control filteﬁng of the error signal. The
first filter subcircuit is enabled by activating a first combination of the enabie switches
and the second filter subcircuit is enabled by acﬁ Tvating a second combination of the

- gnable switches. A fast acquisition (FAQ) subcircuit can also be used to temporarily



first filter subcircuit is enabled by activating a first conbination of
the enable switches and the second filter subcircuit is enabled by
activati qg a ;E?-QQPd conmbi nation of the enable switches. A fast

acqui siti i f subcircuit can al so be used to termpgyaALY!I20080 03/ 065534
7 JULY 2006 4 wunderdanmpen the filter and inprove overall perfonnance of
the phase lock loop circuit. The filter can be used to obtain nultinode
operation in a cellular radio. [0010] 1 one enbaqdi ment, ‘where the second
filter subcircuit has a higher bandwidth than the first filter

subci r cui t pndérdampentic fflick ket irsproed ocaurall pedormbacaofidrtpdnid pcabdopeated to
fast acquisition with the first filter subcircuit. [0011] In another

enbodi ment Tt Bgtel bapbe i@ bbaiPuNEMde PRFAbASH 886Ng: falild er subcircuit
share common circuit elenents. In addition, when the first enable switch

;Sgriﬁﬁhviﬁﬁ%’mé IR it R B RS AT L R, ©

Furthernore, the first and, second enable switches can be field effect
transi stor éhanﬁh@flﬁt fﬁtl@l? spbgHewh thesgordliber WbaicHtan hronemepan bt 4 Harh a
cellular radio. [0012] In one enbodiment, a fast acquisition subcircuit
i ncl udi ng aaﬁaSMQam@MNSWﬁhdmfh@ﬁﬂtheub@hth and wherein fast acquisition
of one of the first and second filter subcircuits is enabled when the

fast acqui $861i19n 15 hb®Br éfb@BABhCthe IRERtRSUbARAM dtthORcofdBREF CUI t can
be terrporarl | y enabl ed to underdanpen the filter, thereby inproving the

overal | ﬁﬁbrlfé‘ﬂ?%ﬁa@fcoﬁn%np&}cuﬁ'eie%'rlm!n%s II'}@EM?]F wﬁ&19H§e§fi1~%ﬂe%’élPl%‘é%kﬁ?§“ t

can corrpr|se a ast acquisition resist ter 't
resi st ance .char act f.t when th

hoqui si 1 oACRIE ﬁﬁﬁ%rsfawaﬁw%arcgﬁam Wil @ehiric ke 18 disvder fommon

subcircuit can be coupled to the first or second filter subcircuit. As
with the ficathede valiaseiselecinbls bytafaferaise syalghi Eptth@;m%%le@ fisstpnd seemndre
alternately referenced to a ground and

enable switches can be field effect transistors. The filter can be used to obtain

multimode operation in a cellular radio.

{0012] Inone embc;diment, a fast acquisition subcircuit including a fast acquisition
enable switch and wherein fast acquisition of one of the first‘ and second filter - -
subcircuits is enabled when the fast acquisition switch is enabled. The fast acquisition
subcircuit can be temporarily enabled to underdampen the filter, thereby improving the
overall performance of the PLL circuit. The fast acquisition subcircuit can cdmprise a
fast acquisition resistor which is used to alter the resistance c‘:haracteristiclof the filter
subcircuit when the fast acquisition switch is enaﬁled. Furthermore, the fast acquisition
subcircuit can be cbupled to the first or second filter subcircuit. As with the filter
subcircuits, the fast .acquisitior; subcircuit can be alternately referenced to a ground and
common cathode voltage selectable by a reference switch.

[0013] In another shared element embodiment of the invention, the shared common
cifcuit elements are a first capacitor and a firsf resistor in series both connected in
paralle] to a second capacitor. Furthermore, the first filter subcircuit can be a subset of

the second filter subcircuit.



common cat hode vol tage selectable by a reference switch. [0013] In

anot her shared el enent enbodi nent of the invention, the shared conmon
circuit elements are a first capacitor and a first resistor in series
bot h conpgsiémisiyy parallel to a second capacitor. Furthernore, the first
filter subcircuit can be a subset of the second fil 7VdUEYR20GUIt. WO
03/065584 5 7 JULY 2006 [0014] In different enbodi nents of the invention
vari ous switch conbinati ons nay be us%d to operate the filter and change
its characteristics. In one enbodinent “the first conbination conprises
activati ngwhh first enable switch and deactivating the second enable
switch whi 1%1 atedifgrent empodimeas efdhe inyenlden waious Sieh rombinREPNsANAY pest
resistor both in parallel connection with second capacitor. The second
conbi nat i arsed coppirseshe Hdbeacdridvdnngritt ttarddtarstice nhlbdre esnbddicheraick first
activating the second enable switch which places a first and third

capaci t or dgmiRfktikl @mlﬁps@mawaﬁgg tHea Bt bR R 278 WBEG VA WelsBeahd f1 T st
resistor and the first and third capacitor and first resistor are all

pl aced in | ann pon-with a.second and fourth capacitor i,n
series con%%é{%l Sovﬁl.mhlvﬁmglﬁ§@%%Sra'ﬁ’\§$1%%)ﬁicﬁ%ﬂ? ,Se??fecof“f’?cg{onc%? ﬁés([% f&ytor both
conprises activating the both the first enable swtch and the second
enabl e swiifi@RTANE epIMsFaeR Wit segandcapagiioni T s4cANd BPBRAHIhARIBRIGH with a
first resistor both in parallel connection with second capacitor. The
second condsan@vdtong the by enabds swictcardzativatn ghthe lseddnd ehialrls swinlabhghswi t ch
and the second enable switch which places a first and third capacitor

and a fir sflade’ S HisOindathirdicBpRAGT BSpLAMN eSiricefion, Moth B REEFcdmMeftinalteh
connection with a second and fourth capacitor in series connection.

- [0015] 1 n gRothgt, et ARNind thitg cg,{);;c?[{o-{ mj&?feggwa&é £1fpla§éhbﬁgjafalﬂe} s

each conprise a ‘resistor-capacitor er 1 nc Ing a rst capacitor

and a first resistor,in seri ea bo%h connected i.n 1;;)ar.al I (lel t(% a second
" capaci t or “connection with a second and fourth capacitor In series confiection. In ano her

embodiment, the first combination comprises a_ctivatihg the both the first enable switch -
and the second enable switch which places a first capaéitor in series conmection with a
first resistor both n paralle] conection with second capacitor. The secoﬁd combination
comprises deactivating boti] the first enable switch and the second enable switch which
places a first and third capacitor and a first resistor all in series connection, all placed in
paralle! connection with a second and fourth capacitor in series connection.

[0015] In another embodiment, the first and second fﬂ'tcr subcircuits each comprise a
resistor-capacitor filter including a first capacitor and a first resistor in series both
connected in parallel to a second capacitor.

[0016] Finally, the first and second ﬁ]tcrl subcircuits of the present invention can be
implemented on a single integrated circuit. The first and second enab]e.switchcs can be
internal or external to the integrated circuit.

[0017] In addition the present invention also teaches a method having features like
those of the described apparatus. The typical method compﬁées the steps of filtering 2
signal in a phase lock‘loop_, comprising the steps of receiving a phase error signal froma -

phase comparator, filtering the error signal with a first filter subcircuit when a first



[0016] Finally, the first and second filter subcircuits of the present
invention can be inplenented on a single integrated circuit. The first
and second enable switches can be internal or external to the integrated
circuit. WO addition the present invention afspUL3a2086 a net hod
havi-ng features like those of the described apparatus. The typical

net hod conprises the steps of filtering a signal in a phase |ock | oop,
conprising the steps of receiving a phaGe error signal froma phase
comparator, filtering the error signal with a first filter subcircuit

when a fir shaBlOsOREWEHE4at?d dhd N112006tHe crionaiha ik b edtoha fdet skeiredt and
filtering the error signal with a second filter subcircuit when a second

enabl e sw tgh,iSe d %W’@R’&mﬁ%@q PTI ON OF TBE DRAW NGS [ 0018]
Referring now to t aW| ngs in |'i ke reference nunbers represent-
correspondi ng parts thr oughout: [0019] FIG 1A illustrates a bl ock

di agram of a conventional PLL circuit; [0020] FIG 1B illustrates a bl ock
diagramof a PLL circuit e pl 0 |n a | oop filter errbodl ment of the
present ‘i nvention; [0021BREGEDEICR ] HWANGE a first

enbodi nent of the present invention; [0022] FI G ZB isacircuit di agram
of a secondo@&rjodiafermingaiowt toehpdasents inmiget likgieferbRR2MmbekGepents a
circuit di agram of a third enbodi mrent of the present invention; [0024]

FIG 3B isg %ln@ms,t]ﬂ%@goﬁé}%u@nabl e switch conbinations of the third
enbodi rrent; 25 4A 1S a circuit diagramof a fourth enbodi nent of

25‘&5?53%&’%@& GHE” T phEln Tk Bt plnt RSP PLEGGR, onebl €

[0020] FIG. 1B illustrates a block diagram of a PLL circuit e:rhp]oying aloop filter

embodiment of the present invention;
- [0021] FIG. 2A is a circuit diaéram of a first crﬁb‘odimé:nt of the present invention; -
{0022} - FIG. 2B is a circuit diagram of a second embodiment of the present invention; '
1060231 'FIG. 3A is acircuit. diagram of a third embodiﬁlent éf the present invention;
[0024] FIG. 3B is atable showing the enablé switch combinations of thclthird
embodiment;
[0025] FIG. 4A is aeircuit diagram of a fourth embodiment of the present mvention;
[0026] FIG. 4B is a table showing the enable switch combinations of the fourth
embodiment;
[0027] - FIG. 4C is a circuit diagram of a modified fourth embodim‘entvof the present
invention;
[0028] FIG. 4D is atable showin g the enable switch combinations of the modified
fourth embodiment; and
[0029] FIG 5 is a flowchart illustrating 2 method of filtering a phase error signal

according to the invention.



[0027] FIG 4Cis a circuit diagramof a nodified fourth enbodi nent of
the present invention; [0028] FIG 4D is a table showi ng the enable

. switch c%i ations of the nodified fourth enbodinment; and [0029] FIG 5
is a floWCh&PSTH ustrati ng a nethod of filtering apFEgcye@pper signal
according to the invention. WO 03/065584 7 JULY 2006 7 DETAILED

DESCRI PTI ON OF THE PREFERRED EMBCDI MENT [0030) In the follow ng
description of the preferred embodi menf/, reference is made to the
acconpanyi ng drawi ngs which forma part hereof, and in which is shown by

way of il ustraDEIABEDIRESCREPEIGN ORTEHE FREFERRBDIEMBODRIENDN  may be

practiced. It is to be wunderstood that other enbodi nents nmay be utilized

and struct gysb) Ch@ﬂﬁ%nélﬁlﬁa/%sdiﬁ%n ofH Hf%ﬁféélgﬁ{bfohﬂﬂerﬁ!@f&éd& i SHQREOT

t he present invention. erview [ 0031 e present 1nvention is

e of - opBParra it ran ES ol RER N horfol” BRI L len FoAieut Hoeifed

to operate with nore than one bandw dth and communi cation standard. For .
exanpl e, allupration & werificRRROFITa|N 1% Whidrthe apwntianmey besmcicrRS) isdadeWCDVA
woul d enable a cellular radio to operate in either systemas required by
t he | ocat i wrdemstosd/thtestherenigdanees ofaytheartilized andiitustursluchangesPhdy led ihadd t

enabl e systemroam ng of the user. [0032] FIG 113 is a bl ock di agram of

a PLL circyithodtdRpauhRe tlofPike sbiend thdBreléR $8Rhtioh.nvention. A reference
input, signal 114" is sSupplied to the circuit 112. The input can be

optionally directed through a divider 116 to reduce the frequency of the
signal 114. The signal 114 is then directed to a phase conparator 118
whi ch det efm' neg5 a Phase

L . VEIVIEW

[0031] The present invention is directed to a PLL circuit desi gn capable of supporting- -
more than one mode of opél‘éiion, Such a.circuit is useful in cellular 1'adiqs designed to
operate with more than one bandwidth and communication standard. For example, a
PLL circuit which can support CDMA 1X or GSM (GPRS) and WCDMA would enable
: é cellular radio to operate in either-system as required by the location or system

reference of the user. Thus, such a PLL circuit enable system roaming of the user.
[0032] F1G.1Bisa blocl; diagram of a PLL circuit 112 embodiment using the present

J invention. A reference inpu't signal 114 is supplied to the circuit 112. The input can be
optionally directed through a divider 116 to reduce the frequency of the signal 114. The
signal 114 is then directed to a phase COInparafor 118 which determines a phase
difference between the signal 114 and an output from a voltage controlled oscillator 124 -
downstream from the phase comparator 11 8.' The output from the voltage controlled
oscillator 124 is fed back to the phase 'comparator via feedback loop 126. Optionally,
the feedback loop 126 may include a foop divider 128 to reduce the frequency of the

- . output before process.ing by the phése comparator 118. Thf; phase comparator 118

produces an output based upon the phase difference between the signal 114 and the

output from the voltage controlled oscillator 124. The phase comparator 118 may be



di fference between the signal 114 and an output froma voltage controlled
oscillator 124 downstream fromthe phase conparator 118. The output from
the voltage controlled oscillator 124 is fed back to the phase

conpar at 9P % 3¥dedback 1 oop 126. Optionally, the feAJIDACR0060p 126 nay
include a | oop divider 128 to reduce the frequency of the output before
processi ng by the phase conparator 118. The phase conparator 118

produces an out put based upon the phas8 difference between the signal 114
and the output fromthe voltage controlled oscillator 124. The phase '
conpar at or digitéll yrepntiodle\@nd BicD 658 arze Hump RORGdEedingddipdtlcypasingol | ed and
i nclude a charge punp to produce an output conprising regulated current

pul ses as fcBelaRldtddenOfuléeld Qs lﬂk@éﬁ{)lﬁ%@ﬁ’é%&% cdrhBaral@038] The out put of

t he phase conparator 118 is used to control the output frequency of the

comar ai or 00315 FEpbBLCarhE BYvsShubli P S, conBRlihe ST Fanepey

which can be applied to the VCO 124, |In addition, the filtered phase

di f f er enceRldhg V4O A2 e achipys thisd ragylaigst @urema pulsenisomcise plpase cpmpaator| n
one enbodi nent, this can be acconplished by a filter 120. The filter 120
recei ves the® mustgwetconfertddenphasdtage npahalap 4 velidh appbegppliad & thef il ters
the signal for wuse by the VCO 124. In support of nultiple nodes and

bandwi dt hsycdi {1erantiditioh! @eim@redpHaReditictscasBnheadl b8 dupplie td ibthii g
properties of the filter are alterable through one or nore swtches

enabl ed W%{%\?b@nﬁ%ﬁ applied at inputs 122. Thus, the output of the
filter 120 1s applied to the one or nore VCOs 124 to | ock the phase of

o D8] o SRt BB AR b b ios TR oL aF0PEY T
> l_JbCI red trsechgs the output of the phase comparafor 118‘and appropﬁate]y filters the signal for
use by the VCO 124. In support of multiple modes and bandwidfhs, differéﬁt filtering
properties are reqqired. The filtering properties of the filter are alterable through one or
more switches enabled with si gnals applied at inputs 122. Thus, the output of the filter

120 is applied to the one or more VCOs 124 to lock the phase of the output to the

reference input signal 114.

Example Filter Embodiments

[0035] The present invention is directed to a PLL filter wherein filter subcircuits are
selecti\?c]y enabled to alter the properties of the filter. Various erﬁbodiments of the filter
may be used‘in the PLL circuit of FIG. 1B to support multimode operation and multiple
bandwidths in a cellular radio.

[0036] FIG. 2A is a circuit diagram of a first filter 200 embodiment of the preSent
invention: The filter 200 receives an input from the phase comparator 118 (or
particularly, the charge pump of the comparator 118) and then ﬁltefél the input to '
“produce an output voltage to one or more V COs 124. The filter 200 comprises at least -

. two filter subcircuits 2024, 202B which-ére separately enabled by switches 2044,

”

i



selectively enabled to alter the properties of the filter. Various

enbodi nents of the filter may be used in the PLL circuit of FIG IBto
support nultinmode operation and nultiple bandw dt hs in a cellular radio.
[ 0036] F\k’ﬁ(ﬁl%(‘a le a circuit diagramof a first filter 200 enbodi nent of
the present  Invention. The filter 200 receives an ﬂnHJLYEBHﬁt he phase
conparator 118 (or particularly, the charge punp of the conparator 118)
and then filters the input to produce_an output voltage to one or nore
VCOs 124. The filter 200 conprises at feast two filter subcircuits 202A,
202B which are separately enabled by sw tches 204A, WD 03/065184 7 JULY
2006 9 204HEB, rasppasvelw el genable feltcatsiibcifauitt 2902 As Gingismitah £02A 2activhted and
switch 204A is activated and second switch 204B is deactivated in a

first sw tseborisatonal04®is deadti@nicd en a FigstaGkiicH @bRibirfakibh SLi1GWRR, frastiva@02B,
second switch 204B is activated and first switch 204A is deactivated in

a second i clude a
Fest st or - apsEary G 02h:; Mond AP fr%‘eﬂg.hi @95%%%55%?%&. st
capaci tor 208A, 0_8B in er| oth in | 1 el h a second capacitor
210A, 2108caqHatad peagec Cgkﬁ PGB, “écﬂléiséé% q‘%e‘? é&‘?‘i‘ & ed
by i nputs 21_2A, 212B (such as the inputs 122 of FI G EB) appl ied to

t hei r r espevstor-eapsagitochiter idnafirse oesitor 3)6dn &0eBisnd fims wapacithe208MWi208Re s
204A, 204B are sem conductor swi tches such as field effect transistors

(FETs), Hasenst bothtih@arailel with a etnl RhSact@n 2 beA UsIeB,. Thedhiudisiigtircuits
m cr oel ectronechani cal swi tches, npn or pnp transistors, pin diodes, or

simlar deypaesork A3 eckIeh aea‘wattétfb; 11'{3(1@21%'&)9 ﬁﬁleéqccﬁ %94@2 8f €

separately deS| gned to operate wth e remal n er o ﬁe PL circuit 112
ohr o on oL QP AR PUPARREARY Ot e ©
switches 204A 204B are semiconductor switches such as field effect transistors (FETs),
'howevcr, othcr_ switch elements can be used, 1ncludmg microelectromechanical
switches, npn or pnp transistors, pin diodes, or similar devices.
[0037] Each of the filter subcircuits 202A, 202B are separately designed to operate
 with the remainder of the PLL circuit 112 to lock to a different frequency and thereby
suppbrt a different mode of operation. For example, first filter subcircait 202A may be
optimized for CDMA 1x mode operation, while the second filter subcircuit 202B is
} optiﬁﬁzed for GSM GPRS modé opelration. Desigﬁ of the filter subcircuits 2024, 202B
is effected through the selection of values for the resistor 206 and capacitor 208, 210
circuit elements. Any number of filter subcircuits 202 may be added to the filter in the
manner described to support any number of bands with one or more VCOs in the overall
. PLL design. - |
[0038] Each Joop filter (e.g.. filter subcircuit) can be designed with independent
charge pump current (CPi) settings. When switching between multiple filter
subcircﬁits, such-as filter subcirc_uits 2024, 202B, the change in the filter bandwidth
may require a relatéd change in the supplied charge pump cun'eﬁt supplied by the phase

; comp'arator‘l'l 8 -



optim zed

for CDVA | x node operation, while the second filter subcircuit

202B is optim zed for GSM GPRS node operation. Design of the filter

subcircuit

t he resiwoargd84 and capacitor 208, 210

s 202A, 202B is effected through the selection of values for
circuit el 23LY. 2006/ nunmber of

filter subcircuits 202 may be added to the filter in the manner

descri bed

overall PLL design. [0038] Each loop foilter (e.g., filter subcircuit)

to support any nunber of bands with one or nore VCOs in the

can be designed with i ndependent charge punp current (CPi) settings.

When swit
subcircuit

qo8g)_beiwesn; iR d‘?a%érhb%ts%c?‘ﬂ?ﬂl{eg?5%%%%&5%1@8%% beSknt

require a

Compar at or T PGON B3 EEBSARRY e SuBb RS e oA BDEE. ek g et

di agram of _a second filter 250 enbodi mrent of the present invention. The

s 202A, 202B, the charrge in

filter 250ikgrddlinshayyewitk pistightlwdifferent arangepganthanoizsof FEweder, this

filter 250 is shown with a slightly different arrangenment than that of

FIG 2A

et shlathy filteh250f dantteimpEtnehasd With kwhtisssad2e4B bn awi t ches

204A, 204B on an integrated circuit using discrete external filter

conponent §pyebhitd fikdudi€isi n,gd §
are enabled With switch ¢onbi nations identic t

enbodi nent

1E8 Wkietna? BB co n&f ’J;]h% ?ltéfesﬁﬁé] uFtE hé&®
0 the

I rst |

i ncl udes & ¥ g?olltg']éicf:‘]’?%]%ﬂﬂ%}ﬁ I?‘gQ ﬂ{?g‘?tnla%@lgtsv} it}j%?weﬂc Lcé)tl qﬁgftﬁgg I&‘{ﬁ%ﬁﬁlﬁ%ﬁg%ﬁ“

subcircuit_214 includes a fast acquisition resistor _
in paral | dH%520H epbhedie&itst or 206B of one of the filter subcircuits

when f ast

total . redD84@Gncl aiditidre afledst ene dbibe sulsasuin A02B mabihdes gdag aoguisition ent

i ncreases

by a facter, F,
subcircuit 214. The fast acquisition subcircuit 214 includes a fast acquisition resistor

216 which-ié placed in paral]cl with the resistor 206B of one of the filter subéircuité
2028 when fast acguisition switch 218 is enabled. In fast acquisition, the total
resistance of the filter decreases and the charge pump current increases by a factor, F,
and causes a bandwidthexpansion. Fast acquisition may be temporarily activated to
enable fast acquisiti;:m of the signal. Or fast acquisition can be forced to obtain a wider
loop bandwidth. The charge pump current changes by a factor, F, equal to the square of
the ratio of bandwidth change. -For example, if switching the filter subcircuit results in
doubling the bandwidth, the charge pump current increases four times. In contrast, if
switching the filter subcircuit results in halving the bandwidth, the éharge pump current

is cut to one quarter the value.

_ [0641] Table 1 below provides examples of bandwidth expansioﬁ, FAQ and the total

effective resistance (R, ) for parallel fast acquisition resistor 216, which are

correlated by a factor (F). As discussed above, the charge pump current changes by the

factor, F, when the bandwidth changes. Closing fast acquisition switch 218 expands the -

bandwidth of filter subcircuit 202B by the factor, F, (i.e. properly setting the chérge

pump current). Thus, three selectable filters are effectively available in the circuit 250,

.

ter 200

216 which is placed
202B
acqui sition switch 218 is enabled. In fast acquisition, the

.‘_}



and causes a bandw dth expansi on. Fast acquisition may be tenporarily
activated to enable fast acquisition of the signal. O fast acquisition
can be farrgdekeobtain a wider |oop bandw dth. The charge punp current
changes by a factor, F, equal to the square of the 7aUKRYdogwndw dt h
change. For exanple, if switching the filter subcircuit results in
doubling the bandw dth, the charge pug@ current increases four tinmes. In
contrast, if switching the filter subCircuit results in halving the
bandw dt h, the charge punp current is cut to one quarter the val ue.
[0041] Tatiter qubgar %ff?o%inuﬁ%o@wpﬁﬂé‘g sEbCipaRdall 2B Witk kAt asauisitAn and
the total effective resistance (RTOla)for parallel fast acquisition
resi st or 2dironiti2dK easlded.correl ated by a factor (F). As discussed above,
t he charge punp current changes by the factor, F, when the bandw dth
changes. Closing fast acquisition swtch 218 expands the bandw dth of
filter subcircuit 202B by the factor, F, (i.e. properly setting the

avai bl & ekl iy d i Ead (R G BELRR b PO, el REpilEF

- subcireui tls 2024vanH ERRBIGN |f idseRcquibieion (RAL)202B Wi th LhrifRe)
acqui sitidn subcircuit 214 endbled. Table 1.” Fast |Acquiaiti on Bandwi dth
Expansi on |t or Parall Fast adquisition Resistor Bandw dth ggxpansi onfast
Acquisitidn (FAQRFGIAL = (RI/|/Ri ") - XHARFF - [x4Rl -44\1\7?(8RI

: R1
' ~+/4 x4 ' -
} V4
’ - | | ' R1
=-\/§ . %8 . =
VB

=\/1_6 %16 _
16

[0042] The total effective resistance for parallel resistors 206B, 216 is given by the

following equation (1).

_RI'%RI1
TOTAL " R14R1

Thus, the necessary value for the fast acquisition resistor (R1') 216 can be determined

by applying the appropriate Ryq;,,. value to the following equation (2).

RIXR 1opa,
R1 “RTOTAL

R1=

Or, in the general form, including the factor, FF, R1' can be determined from equation

R1

3
N (3)

Rl=



16x16R1 16 [0042] The total effective resistance for parallel resistors
206B, 216 is given by the following equation (1). RLl'xR RTOTAL= R'+Rl
Thus, the\vﬁ%éﬁh%@fy value for the fast acquisition resistor (R1') 216 can
be determ ned by applying the appropriate RTOTAL valugUIoYt2g8& ol | owi ng
equation (2). P1, RI XR TOTAL RI-RTOTAL (2) O, in, the general form
i ncluding the factor, F, Ri' can be detlgrm' ned fromequation R'= Rl (3)
WO 03/ 065584 12 7 JULY 2006 [0043] For “éxanple, to obtain a bandw dth
expansion of 16 and FAQ of x16 * (under a conmensurate sixteen fold charge
punp current increase), the fast acquisition resistor 216 should have a
val ue of approximately one-third the resistor 206B of the associated

filter subgg it i : : I i 1 Jd put 212C
bopl ed at (R FoSRHpIEI (hilih aMbafd it R ERRE A, thd PR 0B,
bandw dt h f%he filter subci rc#)iﬁSCZOZB s increased bﬁ/ Itgf_{‘nggtrdarrpj ng the

filter, th&y5y2SPENRHFHGES HETEIO Charghm PP CHHeNtABCIPRg).d CRUISHiOn
t abl e above. Although shown only on a single filter subcircuit 202B,
fast acqui sesistorlifespobls iavp hewietof dpprexamstelyrongithird thetiesistonBe4B oltbes of
the filter, thereby increasing the effective nunber of available filters.
Af ter tuni agsocfa@Sifilter subcircuit 202B. The switch 218 can be enabled with an input 212C
applied at the switch 218. With fast acquisition enabled, the loop bandwidth of the filter
subcircuit 202B is incrcased.by underdamping the filfer, thereby provid.ixllg a q.uicker
turiing time as indicated in the table above. Although shown only on a single filter
subcircuit 2028, fast acquisition may be implemented on any or al-l .of the subcircuits of
the filter, thereby incféasin g the effective number of available filters. After tuning, fast
acquisition may be disabled to return the filter to its regular damping characteristics as
determined By the filter sﬁbciréuit(é) 202A, 202B (i.e. the effective total resistance is
returned to R1). A]So, when leaving fast acquisition, the charge pump current returns
- toits previous steady state current. Such temporary enabling of the fast acquisition
subcircuit 214 can be used to improve the overall tuning time of the PLL circuit.
[0044] It should also be noted that in some embodiments fast acquisition can be
' ‘implemented by temporarily activating a filter subcircuit having a higher bandwidth.

' For example, if filter subcircuit 202B has a hi gher bandwidth than filter subcircuit
202A, filter subcircujt 202B can be applied to fast acquisition filter subcircuit 202A. In
this case, filter subcircuit 202B is momentarily enabled to produce a similar effect, as
discussed above, as applying a dedicated fast acquisition subcircuit. The charge pump
current is temporarily adjusted for the bandwidths of the two filter subcircuits 202A and '
202B.. Iﬁ ihis way, fast acqﬁisit-ion can also be effected for at least the lower bandwidth
subcizcuits ;n filter circuits without a fast acquisition subcircuit (such as filter circuit

- -~

200).



acquisition may be disabled to return the filter to its regular danping
characteristics as determned by the filter subcircuit(s) 202A, 202B
(i.e. _tkﬁige'[;ﬂ%g’g"lve total resistance is returned to RI). Al so, when

St acC

| eavi ng qgui sition, the charge punp current r HTH?Y' its
previ ous steady state current. Such tenporary enabl?%g 0 t%QQQEwt
acquisition subcircuit 214 can be used to inprove the overall tuning
time of the PLL circuit. [0044] It shddl d al so be noted that in sone
enbodi nents fast acquisition can be inplenmented by tenporarily

act i vat i nd06d3]i | Fexhesmbrei Fiui 2B Wav ilhgtratehitgi tre filsardubdtduits 2624, 2028nqide,
if filter subcircuit 202B has a higher bandwi dth than filter subcircuit

202A, fil tres a%%hﬁitibﬁ@hlﬁqir%ﬁﬁ@lﬂ@ﬁh_ GHRplet oF bRrdRHc 18 SbcBichitoPod Dhi &
subcircuit 202A In this case, filter subCircuit 202B is nonentarily

o ot o b ARACLC BRI ARLILIABEE (82 LI BRGGe BN AR AP @

dedi cat ed acqui Si'tron subcir€ui

tenmporarily adjusted for the idths of the two filter subcircuits
202A and S%!%J?HP'BF 1'5“0@3,01-‘3%25\1"\" cféﬁf%tﬁmelre%m&er the fastpeqiglon or at
| east the | ower bandwi dth subcircuits in filter circuits without a fast
acqui si t i enbsinhgl 21Uk engbiadcthraughfthe regpective cefeten2O)itcha®2208/ TRES §Nok JULY
2006 13 [0045] Furthernore, FIG 2B also illustrates that the filter

subci r cui tikeré@2Ao re2@2fceandichi22OB foe GlibSiubbRELISDOTA itthkelex ZchfleBYwh
enabl ed by referencing the subcircuits 202, 214 to ground or a conmnon

cathode volh@a{ofiicht SREGUD hESId HRE BRI B0 {1620 B0e 8h8me

Sel ection of either ground or VCC for t ter su uit

fast acquisitli subci.rcuit 214 is.enable hr qugh the respecti

ref erence \Z t@%«g‘ﬁvﬁ'ﬁ(‘ﬁé{krﬁ%‘o‘ﬁlac(t‘f’ﬁc}?]lceem‘[cﬁ%r ‘gltﬁ’%ug%otgfg éfffg?egﬁ% %‘Q’E‘ﬁaef éﬁOBZZ 0A
for filter subcircuit 202A.in the exanple shown.) This arrangenent is
usef ul i n 22H& % ehpwa schematicaliv as rpgchapical spirhess@20BREC: ofhpr BiEeh Vo 124
havi ng different varactor references. Al though the reference swtches
220B, elements can be used, including semiconductor switches, e.g., FETs, npn-or pnp

transistors, pin diodes, microelectromechanical switches, or similar devices.
[0046] FIGS. 3A andr3]3 are a circuit and control matrix of a third filter circuit 300
embodiment of the present invention. FIG. 3A is diagram of tﬁe filter circuit 300. In
this filter 300, multimode support is integrated into a single integrated circuit 316

- operated by switches. Such an integrated dcsign is accomplished by employing a -

) comumon resistor value in the otherwise separate subcircuits 2024, 202B of the previous
embodiments. The resulting circﬁit includes subcircuits 302A,302B which use
commion filter elements for different modes. In the example shown, the filter circuit
elements of subcircuit 302A are a subset of the filter circuit elements of subcircuit
302B. In other words, the common filter circuit elements are all the filter circuit
elements of subcircuit 302A. Different modes of operation are effected by enabling and -
disabling switches 304A, 304B and fast acquisition enable switch 218 according tothe
switch combinations of table of FIG. 3B to produce the circuit characteristics shown.
10047] | In a first fnode, fi]_ter subcircuit 302A is enabled by activating first filter switch

304 A and deactivating second filter switch 304B. This produces a filter with a first -



220C are shown schematically as nechani cal” switches 220B, 220C, ot her
swtch elenents can be used, including sem conductor- switches, e.g.,
FETs, npRy@hamiR, transistors, pin diodes, mcroelectronechanical
switches, or simlar devices. [0046] FIGS. 3A and 3F A& ¥2006cuit and
control matrix of a third filter circuit 300 enbodi nent of the present
invention. FIG 3Ais diagramof the filter circuit 300. In this filter
300, nm tinode support is integrated ifito a si ngle integrated circuit 316
operated by switches. Such an integrated design is acconplished by

enpl oyi ng caPactiOnABR i wesics wath afdistresistor BA& and hethvin peradlebwrthnsesmdei rcui t s
202A, 202B of the previous enbodinents. The resulting circuit includes
subci r cui teap@RdA31B0BE: wWabed rissle, filearuirchitl 3088 iekeaed By @lvadhs oMt
nodes. In tﬁe exanpl e shown, the filter circuit elenments of subcircuit

302A : f I
are 1S]t°e‘x' ?ﬁrﬂ&h 84t B %hl[a!tcEelﬁﬁtu&' ﬁr%f'l?ltter;%hﬁﬁﬁ BH3AC A1§€]‘v',|l?ﬁ Fﬁé“ﬁ"r’? Y8, 1N

ot her wor e cammon f ClIr cul elemrents are a er

circuit elenments of subcircuit. 302A. Diff nt. nodes of operation.are
of f ect ed B AT S UPIeToRG o DEHTanS BT IO A s s
acqui sition enable swtch 218 according to the swtch conbinations of
tabl e of Mg, a3k eagseiberida is péaced ind@ithe seernddeitassireeircsd 398BviA paraflelo47] I1n -
a first Mode, filter subcircuit 302A is enabled by activating first
filter swiwithihe30dikapautod 866 thd gk poovédes ancffetli tetots whparhtad@4fnalThitise
produces a filter with a first WD 03/065584 7 JULY 2006 14 capacitor 306
in series i & e idi 3hd 198 &bAEIt39 80 NI2 bRl R séibeBAyaht BlIoMihY cquabiBsONd
capacitor 310. In a second node, filter subcircuit "302B i s enabl ed by
activatinq §econd filter swtch 304B and deactivating first filter
switch 304&3 Also, in this second node a charge punp current setting
different fromthat of the first node nmay be used. In this case, a third
capacitor 312 is placed into the second filter subcircuit 302Bin
parallel wth the first capacitor 306 and thus provides an effective
total capaCigrae€legdal to the 4)

This combination of capacitors 312, 306 is in series connection with the first resistor
308. In addition, the sécond capacitor 310 is now placed in series combination with a

fourth capacitor 314, yielding a total effective capacitance given by the following

equation (3).
17 L]
Cronr = C2xC2 5)
e C2+C2'

The effeptiVe total capaci‘;ances and resistances are shown in the table of FIG. 3B
according to the iﬁdicated combined operation of switches 304A, 304B, 218.-
[0048] As with the previous embodiments, a fast acquisition subcircuit 214 is also
appended to the filter circuit 300 and operates according to the characteristics |
previously described. In tﬁis case, because the subcircuits 3024, 302B are. conjoined,

* the fast acquisition subcircuit 214_ may be activated for either subcircuit 302A, 302B.



sumof the first and third capacitors 306, 312, as described by the

foll ow ng equation (4). CTOTAL = C I+C 1' (4) This conbination of

capaci t o Rilis58306 is in series connection with the first resistor 308.
In addition, the second capacitor 310 is now placed FNygEY 2§pgONDI nation
with a fourth capacitor 314, yielding a total effective capacitance
given by the following equation (5). 2 x C' CITOTAL C2+C2' (5) The

ef fective tot al capaC| tances and resi stances are shown in the table of

FIG 3B ord| n t he |nd| ted i ned o ion o ches 304A,
5048, 218 MieToRstadilg Sipiut it G Rehe v b 1S T o

subcircuit 214 |s also ap ended to the filter circuit 300 and operates
accor di ng teroperaslycaeaivalet ¢o fast aaguisitmmethe dapsinbaddwisith bawircwit (¢-oi 80
because the subcircuits 302A, 302B are conjoined, the fast acquisit i on

subci r cui tprdddudpyisbissed itk atPactlto filer tikgiits 200 aid 080! TBORRer GRZR 3000
. 03/065584 7 JULY 2006 15 Alternately the filter subcircuit (e.g., 302B)

having a rﬁlsgr]ﬁélu#& ég ECEQ'ZO SRR }t)y ciftfel 'ggcglglg%r 5806 Biline leter

acquisition t circurt as previously

di scussed % g@gect to f| |ter circuits 200 and 250. The filter circuit
300 al so SPHAYY a reference switch 220 for selection of either ground
or VCC for the filter subcircuit 302. [0049] The third filter circuit
300 shown [Mduckhs third fillepeirguit 306 sbRwnipsoduces & filtptia which the first mode of

operation (enabling subcircuit 302A) has a lower bandwidth than the second mode of
operation (enabling subcircuit 302B). This is made possible by using a common first
resistor 308 for entire filter circuit 300. As a result, the circuit is more lcompac.t and thus
all the fi}te; switches and fast acquieiﬁon switch may be inte‘grated into the PLL
integrated circuit 316.

[0050] FIGS.4A and 4B are a cucuIt 400 and control matrix for a fourlh embodiment
of the invention. FIG. 4A is a circuit diagram of filter circuit 400. Th1s flltcl
embodiment is designed with a first filter subcircuit 402A and a second filter subcircuit
402B merged in a manner similar to the third filter embodiment above. The first filter
subcircuit 402A and the second filter subcircuit 402B share common filter circuit
elements.

[0051] FiG. 4B is a table showing the switch combinations of the fourth filter 400
embodiment. In this filter circuit 400, selection of the first or second filter subcircuit
402A, 402B is not effected by activating one switch and deactivating another switch as
in the previous embodiments. To enable the first filter subcircuit 402A, the first and
second_enable switches 404 A, 404B are both activated in a first switch combination. To
enable the second filter subcircuit 402B, the first and second enable switches 404 A,
404B are both deactivaied in a second switch combination. Here also, d‘xe first and

second filter subcircuits 4024, 402B can nse different charge pump current settings. In



operation (enabling subcircuit 302A) has a | ower bandw dth than the
second node of operation (enabling subcircuit 302B). This is made

possi bl e@&&%&&a common first resistor 308 for entire filter circuit
300. As a result, the circuit is nore conpact and thpgUIavI200@ filter
switches and fast acquisition switch may be integrated into the PLL
integrated circuit 316. [0050] FIGS. 4A_and 4B are a circuit 400 and
control matrix for a fourth enbodi ment 1®of the invention. FIG 4Ais a
circuit diagramof filter circuit 400. This filter enbodinent is

desi gned widditian,fa festtacqyisition ssitsh 406 s wsed 0@ enabhela fass expisitidn $ubeircuit
subcircuit 402B nerged in a manner simlar to the third filter

enbodi nment 4GR Y& thd fidef in' Sinafiddr kithilarst B previiots 48BAdiaRdist he second filter
subcircuit 402B share common filter circuit elenents. [0051] FIG 4B is

a table s hﬂ)‘ﬁ}s??t E?% gﬁﬁ’%}i@ﬁ%ﬂ%ﬂﬂh@%é&gg@igéfaé gL?JICEfBHiEL Elb%f% Iélll #hﬁ% I;iftgrocircuit

enbodi nent ter circult on - of or second

filter subcjrcui 40 402B.i s not, effected ctjvating e switch
and deacti ‘\E/éé ?Wﬁbﬁ\ﬁqlﬁaﬂ wam p S%FQ“diBHa‘ilﬁéWHFlégéﬂgés ‘i@ﬁ%‘éﬁt%m?‘ 8To
enable the first filter subcircuit 402A, the first and second enable
swi t ches 4berapsesdaBeeond epable sweich da¢B dhonts the fast sequisaiioncnbeiraii AGEA wihen To
enabl e the second filter subcircuit 402B, the first and second enabl e

swi t ches 4f14factivAddB Briceudeabdswiedctdnsh&thnis RleRnaRreans thykdcohd Bl nat i on.
~Here also, the first and second filter subcircuits 402A, 402B can use

di fferent chHALIROAITUGHIVARY ot S iilneR 9% seb&mt%%élgém{ozﬁ dbhah1 P PRt 16

addition, a fast acquisition swtch 406 Is use e a fast

or ovi ous. oisotfiehE:onty psaliention' B¢ sddobd Flrgt SRR AEPR BLePebBlad Bis o
Subcircuit 408A i %&13 filter circuit, 400 is onlé}/ avai | abl e when the
second enaBtENRNG B’t JA@%B Wheng § 3rqpsHiomyypeirguat 408A is enabled, a fast o

acquisition resistor 410 is placed in parallel with only one Qf two resistors 412 or 414.
FIG. 4A shows the fast aéquisition resistor 410 connected in parallel to resistor 414.
Therefore, for some designs the fast acqﬁisition resistance can be eliminated so that
enabling fast acquisition merely entails shorting the resistor 414. In other words, thé
fast aﬁquisition resistor 410 would have a value of zero. In this case, the total effective -
resistance becomes just the value of the resistor 412. In any case, the charge pump
current must be appropriately adjusted by the factor, F, to keep the loop stable when fast
acqliisition is enabled.

[0053] However, fast acquisition can still be effected for filter subcircuit 402A by
momentarily switching to a higher bandwidth filter subcircuit 402B as previously
discussed regarding filter circuits 250 and 300. The charge pumyp current must be
temporarily adjusted to the charge pump current setting of filter subcircuit 402B. Thus,
the lock time performance can be improved even without a dedicated fast acquisition
_subcircuit.

[0054] Because two scﬁes.‘conn'ect'ed resistors 412, 414 are used in the second filter

subcircuit 402B,; the fast acquisition bandwidth expansion is somewhat diffezent from



because the second enable switch 404B shorts the fast acquisition
subcircuit 408A when it is activated. Because the sw tch conbi nations
determ ne that the second enable switch 404B is deactivated only when
t he secemddickisar subcircuit 402B is enabl ed, fast ' 'bi on is only
avai |l abl e when the second filter subcircuit 402B i g-&ﬂ& ih nthis
exanple. In addition, when the fast acquisition subcircuit 408A is

enabl ed, a fast acquisition resistony410 is placed in parallel with only.

one of two resistors 412 or 414. FIG 4A shows the fast acqui sition
resistor 410 congec 1 ra]ﬁeHéil el t remst& 414, refore, for sone
desi gns tHePFILHS SH ﬁlé]?et“l ' §|c§5[ea U Y ety Fﬁl?ﬁite 4Py he sap of
enabling fast acquisition merely entails shorting the resistor 414. In
ot her wortistwd fesistdrad2, adqus shawoin Tase 3 belowd Fasnasduisihiay odifieabaly of
zero. In this case, the total effective resistance becones just the

val ue of t rggepunp current nust be
appropr i g}thgfyﬁ%%}cgs‘?reugﬁéﬁ %}e@e?ﬁ%ﬁ%@?ﬁﬁaééﬁ&sﬁg‘gp@?hg | oop Stable when

fast acquisition is enabled. [0053) However, fast acquisition can still

be effec r_ fi ter..sub 02A b rrentarlly Wi t chj to.a
hi gher éﬁ%ﬂm ﬁﬁ%stf ?qwn@hﬁeﬁ* V&Gﬁ&%ﬁ?ﬁ ﬁéOﬁséwml\}On @ﬁte%@e”'?ffallel
regardi ngVif Ppepf M‘%lféﬁli?tsﬁnﬁﬂi Oléﬁi’ﬁteﬁdiﬁﬂsMé charge punp Lurrent nust__be

terrporarlly e AR ur ing of fi

subci r cuift @?g%?éltﬁ%x%%lsﬁﬂe I oc n§n§‘ 1r°f‘c¢%’g‘)1tqce mmbre | rI{}\/g{jl even
w t hout 4 i rsTtTom-subcireurt— T 0654} rsetv
series.. jconnected fesistors {412, 414 gFe used in the segg%_ji I ter
subci rcunt 402B, the fast acquisition bandwi dth expansion JE sonewhdt

di fferentf Trom WO 1157065584 |/ JULY 2006 17 "The |pr evi ougy odinmentls. In
~ this casg, the regu4ed RTOTAL is base® upon the {sum of wo
resistors _in Table 2 below Fast} acquisit %n_mmdi fifes
only . N ‘ RI+R1"
. =a4/8 %8
' ' | - R1+R1"
4 V6

Thus, the appropriate fast acquisition resistor 410 value (R1') is somewhat different
than in the previous embodiments. The necessary total resistance can be determined

from the following equation (0).

RI'xR1” ' '
Royoran = Rl"'m 6)

Solving for the fast acquisition resistor value yields the following equation (7).

= RI"Rora -R1) , N
RI"tR1-RpgraL : 4

As before, the general solution can be obtained by applying the general form of R{OTAL

including fast acquisition factor, F, to yield equation (8).



one resistance val ue of the series connected resistors (i.e., R"). Table
2. Fast Acquisition Bandw dth Expansi on for Fast acquisition Resistor in
Par al | el \\Q{I tp %1 of Multiple Series-Connected Resistors Bandwi dth

Expansi onFast’ %‘Sﬂi sition (FAQ RTOTAL = RI+R1YJR xFRIBRIY 20064R1+Ri "
x8R1+Rl " -- 16x16R1+R1" 16 Thus, the appropriate fast acquisition
resistor 410 value (RI') is sonewhat different than in the previous
enmbodi ments. The necessary total resisl@&nce can be determined fromthe
followi ng equation (6). R'xRl RTOlat = R+ R'+R" (6) Solving for the
fast acquisition resistor value yields the follow ng equation (7). A 1~
R1"(RToTAL-R ) R "+R1-RTOTAL (7) As before, the general solution can be

obt ai ned by appl ying .t neral form of RTOTAL i ncluding fast
acqui siti o?uf:agﬂéﬂR, gﬁ,(gﬁ‘)ﬂji el d equation (8). WD 03/065584 18

(R1"+R1)(/F-1) ®

[0055] The fourth filter 400 embodiment has a first filter subcircuit 402A with
charact(;ristics like those of the previous embodim(_ents, a first capacitor 416 aﬁd first
resistor 412 in a series, both iﬁ parallel with a second capacitor 418. However, the
second filter subcircuit 4028 does not use only the fi1‘st résistor 412 in this embodiment.
A second resistor 414 and a third capacitor 420 are also placed in series connection with
the first resistor 412 and first Capacifor 416 when the second filter subcircuit 402B is
enabled. As described in the previous embodiments, this yields a tof:al effectivé
Tesistance of the sum of the resistors 412, 414 and a total effective capacitance of the
1‘ecipr0cal'.of the sum of the r'eciprocals.of the .capacitors-{llﬁ, 420. A. fourth capacitor
422 is ;iléo placed in. series with the second capacitér 418 in this second filtér subcircﬁit
402B. This also yields a total effective capacitance of the reciprocal of the sum of the
reciprocals of the capacitors 418, 422 for this leg of the circuit. The total effective
values for each of the circuit elements are provided in the table of FIG. 4B. Values for
~these various elements are selected such thét the first filter subcircuit 402A obtains a
low bandwidth, while the second filter subcircuit obtains a high bandwidth.
[0056] FIGS. 4C and 4D aré a circuit 450 and control matrix for a modified
embodiment of the circuit 400 of FIGS. 4A and 4B. In this circuit 450, the fast
acquisition resistor 410 of the fast acquisition subcircuit 408B is tapped in at a point
between the resistor 412 and the capacitor 416. The circuit 4_50 is otherwise identical to

that of FIG. 4A. Conseguently, fast acquisition operates somewhat differently,



RI"[R'-R1(s-1)] R'= (R"+R)(V-1) 7 JULY 2006 (8) [0055] The fourth
filter 400 enbodi rrent has a first filter subcircuit 402A with

char act eky¢hbacsssd ke those of the previous enbodinents, a first capacitor
416 and first resistor 412 in a series, both in paraJa,ywdds a second
capacitor 415. However, the second filter subcircuit 402B does not use
only the first resi stor 412 in this erfgodi ment. A second resistor 414
and a third capacitor 420 are also placed in series connection with the
first resistor 412 and st. capacitor 416 when the second filter

subci r cui POMEIE: | Cl@H&ﬁﬁ@&themsa WRGHOBSH! 1 SERE MBS, A5U8S BIRYENES SERHIS
this yields a total effective resistance of the sumof the resistors
412, 414 46Q@.a total effective capacitance of the reciprocal of the sum
of the reciprocals of the capacitors 416, 420. A fourth capacitor 422 is

al so pl aceghs7] S&¢ siRswiVntMIGL BB, RECARMisGARAS nbATavAfblk Whthiuse SREAMdG filter
subcircuit 402B. This also vyi elds a total effective capaci tance of the

et Pt ocal gl Regs U ALl 6 BESLI SR, Ol OSRGOS R 422 Tor

this le circurt Ues or ea t he

circuit elenents are vided in t able of FIG, 4B. Values for -

t hese var F%ﬁ%toﬁll’éﬁé‘f‘?pgi ﬁ?‘ieﬁréterle%‘étf’ég?% ﬂ'é‘ﬁthﬁf%%t aEgEsifipp §ff5’$?ll‘{e ¢ Taslbci r cui t
402A obtains a | ow bandwi dth, while the second filter subcircuit obtains
a hi gh banciywigitibn opeeBe in £N@ESNCACT A fignEDiatheboicihe sedond 450 teindl cont r ol
matrix for a nodified enbodinent of the circuit 400 of FIGS. 4A and 4B.

In this cemtiddimetdprevivasilyaiteribadqui sition resistor 410 of the fast.
acqui sition subcircuit 408B is tapped in at a point between the resistor

412 and t F@%pa\ﬁhéﬁfas@c@mmﬁ% 1§ labSHida WRA tﬂése@&ﬁl?fﬂ%xssﬁbb]g&ﬂu@@l intfe

that of FIG 4A. Consequently, fast acquisition operates somewh

_ different ll'l’Yddly\Ql 9 %{m GA?j%,Sﬂnc circuit _functlons very similar to the second and third

em_bodiments. How_ever, in this case, the second 1'é§istor 414 is now added to the first
resistor 412 and both are connected in paralle] with the fast acquisition resistor 410.

The analysis is identical, except that the first resistor R1is now replaced with the sum
of Rl and RI1". Thus, -the Table 3 below provides examples of bandwidth expansion,

FAQ and the total effective resistance (R ;;,, ), which are correlated by a factor, F (ie.

the charge pump current multiplier).



7 JULY 2006 19 however, the circuit 450 otherwi se functions in the sane
manner as the previous circuit 400. [0057] As shown in FIG 4D, fast
acquisition is now avail able when the first filter subcircuit 402A is
activat edy lﬁ%ﬁ*@f enabling fast acquisition connects just two resistors
in parall e?, the first resistor 412 and the fast acduIBiLY@006esi st or
410, fast acquisition operates in a manner very simlar to that of the
second and third enbodinments previ ou;lqy descri bed. [0058] Wen fast
acquisition is activated with the second filter subcircuit 402B in the
modi fied circuit 450, the circuit functions very simlar to the second
and t hi r d TadltbbdiaaeheguisitombBerdwidihErpangicodeelast hequisdonBesistol ktharalld i s
now added with Vhdiijfle Ssties-CemicstedrRetistorand both are connected in parall el
with the fasi acquisition resi s%ﬁoﬁr 410. . . The_anal ysis 1s 1dentical,
except thht PAMYIAHSEXpRRSIoBt of REST ACHEHLEPRHTARLD | WRtt HERUHRIWRIA {and
RI". Thusl.the Table 3 below provides exanples of !bandw i i
FAQ and the total effective reésistance OTa), which areRteRiel ated Py a
factor, F{(i.e. th¥*charge punp curre mul tiplier). V\D'OT{ETGBSM 2017
JULY 2006 [Fable—3—Fast—Acgti-$t--er—Bardw-ai-h-—Expansi
acqui siti n Resi Stzow n Paralllel with Mgtiple Selies-ConhétREd Resisfors
Bandwi dt h| Expansi onFast Acqui $ition (FAQ RTOTAL =|[ (R +R1")J4 R ']

XxFR1+R1" [X#AR—=+R™

R1+R1"
=8 x8
V8
- R1+RI1" .-
= /16 x16 :
vie | e

The total effective resistance for the combination of resistors 412, 414 and 406 is given

| by the following equation (9).

. RI'%(RI+R1")
TOTALT RI4RIMRI"

©

Thus, solving equation (9), the necessary value for the fast acquisition resistor (R1") -

410 can be determined by applying the appropriate R, value to the following

equation (10).

R1= (RI+R1"xR1orar

= (10)
RI+R1)R rq7,

In a general form, including the factor, F, R1' can now be determined from equation

(11).



x8RI +RI " =. 16x16RI+R" 16 The total effective resistance for t he

conbi
equat

(9),

nation of resistors 412, 414 and 406 is given by the follow ng
i onw@)306RE4x( R +RI.")  RTOTAL- R +R1'+RI " (9) Thus, solving equation

t he necessary value for the fast acquisition regi IRy 306 )

410 can

be determ ned by applying the appropriate RTOTAL value to the foll ow ng
ion (10). RI'= (RL+R1")xRToTAL @R +Rl ")-RTOTAL (10) In a general
including the factor, F, RI' can now be determ ned from equati on

equat
form

(11). WD 03/06- §ﬁ1 21 RI'=R +R1" -1 7 JULY 2006 In effect, the addition
of the se Lstor (R1") 414 in the nodified circuit 450

equi val en

1
t to iwheteasing the value of the first resistor 412. Zxarrple

Met hod Enbodi nent -

In éffect, the addition of the second resistor (R1"™) 414 m the modified circuit 450 is

equivalent to increasing the value of the first resistor 412.

Example Method Embodiment
[0055] FIG. 5 is a flowchart 500 illusirating a method of filtering a phase error signal

according to the invention. The method begins by receiving a phase error signal from a -

phase comparator at block 502. The phase error signal is filtered with a first filter

subcircuit whcn‘a first enable switch ié activated at block 504. The phase error signal is
filtered with a second filter subcircuit when a second enable switch is activated at block
506. Optionally, the error signal may be fast acquisitiond by a fast acquisition
subcircuit while at least one of the first and second filter subcircuits are filtering the -
error signal when a third enable switch is activated at block 508. Such fast acquisition

may be temporarily enabled to improve the overall performance of the PLL circuit.

CONCLUSION

[0060] This. concludes the description including the preferred embodiments of the
present invention. The foregoing deggﬁp’mtion of the preferred embodiment of the
invent_ion has been presented for the purposes of illustration and description. It is not
intended to be exhaustive or to limit the invention to the precise form disclosed. Many
mddiﬁcations and variations are possible in 1i ght of the above teaching.

[0061] Itis intended that the scope of the invention be limited not by this detailed

- description, but rather by the claims appended hereto. The above specification, .



[0059] FIG 5 is a fiowhart 500 illustrating a nethod of filtering a
phase error signal according to the invention. The nethod begi ns by
receiving a phase error signal froma phase conparator at block 502. The
phase errBWO &Y is filtered with a first filter JUMLYQ006 when a
first enable switch is activated at bl ock 504. The phase error signal is
filtered wth a second filter subcircuit when a second enable switch is
activated at block 506. Optionally, tHeé error signal nay be fast
acquisitiond by a fast acquisition subcircuit while at |east one of the
first and ssemplishnd tan pseMdds  camplsteadescrlipti dnesfithg mahefacewe and wdegrighie when
a third enable switch is activated at block 508. Such fast acquisition

may be tenpy g%raiukléngﬁﬁm&ﬁbfttﬁe inVBRBME $if€ AUSY Bhbo@8lchR TARE fivehtidn18nPLL
circuit. CVIWwL71JTV1V [0060] This concludes the description including

the preferred ephodi ts _of [esent .i,nvention. . The foregoing.

Hocert ot 1 obeapeBRR e B le AibG B SERE oo M ARt AT bt By rhial SR in the
presented for the purposes of illustration and description. It is not

i nt ended t ¢laims bereznadier grpeBded.o |inmit the invention to the precise form
di scl osed. Many nodifications and variations are possible in |ight of

t he above teaching. [0061] It is intended that the scope of the invention
be limted not by this detailed description, but rather by the clains
appended hereto. The above specification, WO 03/065584 7 JULY 2006 22
exanpl es and data provide a conpl ete description of the manufacture and
use of the apparatus and nethod of the invention. Since many enbodi nents
~of the invention can be nade w thout departing fromthe scope of the
invention, the invention resides in the clains hereinafter appended. 23
VWHAT |S CLAIMED | S: _



7 JULY 2006 1. An apparatus for filtering a phase error signal,
conprising: a first filter subcircuit receiving a phase error signal from
a phase conparator and filtering the error signal with the first filter
subcircuit when enabl ed; a second filter subcircuit 7Tg¢H. Y@@ he phase
error signal fromthe phase conpar at orland filteri ng the error signal
with the second filter subcircuit when enabled; a first enable switch and
a second enable switch which are activated in conbination to control
filteri nWESST IELAMEBP 18 gnal ; a fast acquisition subcircuit including a
f ast acqui siti on enabl e switch for changing a charge punp current

t hr ough one he f| ISt and. second.filter subcircuits; and
wherein he f%?gsptpar?tuf ﬁﬁ%h &i r%ﬁ??orsgngnagpn%ngoy activating a first

conbi nati on of firstHdtef subgicuit xevispe pne: enabire! S b ples canpdratonendsecond
filter SHRGhE RN kol BndnAREdnRIBALLNAN] Mindpiggond  combination of the
first an ond en e sw tches. e apparatus of claim1l, wherein

t he second f idseemddilibreibaianit rem@ﬂahmhghﬂ@rrotmmlwm fhe phdsa pontphamiok Ardst

filter sghci [ fidy! is nonentarily

activat eg]b&llné fhg eltrm%«gég E&hﬁ@lﬂ%ﬁgﬁq\g\nﬁ t‘%{ Sakﬁ{rc‘\&ﬁ%lﬁ E%Hie?er subcircuit. 3. The
appar at us of &firafienable swilsle prsli apedond enable quiteh whichrredctivated infonbimtid tost  and
second f&dn{r&rﬁiteéﬁg}ﬁ‘h{é(\e}}b;é L5 enabled when the fast acquisition switch is
activated. 4. The apparatus of claim3, wherein the fast acquisition
subcircuit |saﬁﬂ%ﬁwrsetwn ybcieiditinchiings fasumwﬁlambie sWiEchffrichengingg. 5. The
appar at UghaQf pth bd??e?fbthfé@&ra%leﬁstBllfheofft}fésﬂrst%%Héo%lifﬁlté}@u&‘i}@&{sr #yi t conprises a
fast acquisi t| on resistor whic pl aced paral | el connection with a
first resistovhesin pérspflte ﬁ‘é’mif‘iuﬂ%ﬁt enalﬁ@%b}%@@ﬁw § fistcembigetipmiof haifisss when

the fast,;AGEBhSEdabI0 Switihbd £ teSeBRd fiedbbircuft is chile PRRRT RIS, &f:onfal aim 5,
wher ei n the fast acg_w sition resistor corrprl ses a resistance of

appr oxi nefmdinatiey of thedirg apq s5eend 5)abiy switchry.

2. The apparatus of claim 1, wherein the second filter subcircuit has a higher bandwidth
than the first filter subcircuit and the second filter subcircuit is momentarily activated to fast

acquisition with the first filter subcircuit.

3. The apparatus of claim 1, wherein fast acquisition of one of the first and second filter

subcircuits is enabled when the fast acquisition switch is activated.

4, The apparatus of claim 3, wherein the fast acquisition subcircuit is temporarily enabled to

underdampen the filtering.

5. The apparatus of claim 3, wherein the fast acquisition subcircuit comprises a fast
acquisition resistor which is placed in parallel connection with a first resistor of one of the first

and second filter subcircuits when the fast acquisition switch is activated.

6. The apparatus of claim 5, wherein the fast acquisition resistor comprises a resistance of

approximately R1' determined by

Rl'= L

Je1



ITT -1 7 JULY 2006 where RI conprises the first resistor of the one of
the first and second filter subcircuits and F conprises a fast
acquisition factor. 7. The apparatus o Ia|n15 wherein the one of the
first and second filter subcircuits furk conpri SEJTALYX(§ resistor
in series connection with the first re5|stor. 8. The apparatus of claim
7, wherein the fast acquisition resistor conprises a resistance of
approximately RI' determined by RI'RL"[R'-R (,iP-1)] = (R"+R1l)(f-1)
where R ¢ o rrpmlieeeem ¢o|ﬂ@:r1§eis ttfirst esisot oftheadhd oRhe it ORGSR AR QubSRAANd
re5|stor nllmsaﬁma 1toffjcrst and second filter subcircuits and F
conprlses a‘? 3 ach|§@?§bH %% or. 9. The apparatus of claim7, wherein
t he fast ach|S|t|on reS|stor conprlses a resistance of approximtely
R deteymn 1+ 1 co resistor
and R1" Co rrp?ﬂ%e eépa{anléﬁg 5 &ohd “?h(%rgllnst]fe Olne 8? i ngéecﬁ’ﬁdsﬁl{eﬁ%lb?lfcru@% IRy second
filter selprisesaistcondmsistét ic eanips toprstien Withsthe Grstgedisert i on factor. 10. The
apparatus of claim1l1l, wherein the first filter subcircuit and the second
filter subcircuit share common filter circuit elenents. 11. The

appar at u§ of Blcabpard®,of whier &iwhereineheshr adisitiommesistof dolipeses e rasistande of|l enment s

are a fiy %xm%ﬁﬁ@ﬁiggﬁnﬁ£ﬂ ? flrst resi-st-or-.i-n series both connected in
par al | el o a second capacitor i i

Jhe ratus of claim 10, wherein
the first filter subcircuit co .lgé iﬁﬂgﬁiﬁﬁrcuit elenments that are a
subset of filter circuit elenments ofgjhg;pgeayd filter subcircuit. 13.
The apparatus of claim 10, wherein the first conbination conprises
activating the first enable switch and deactivating the second enable

switch to pl agRedrf ddndlisds Rkt tistol ThaFaF dofiPrises the second resistor of the one of

the first and second filter subcircuits and F comprises a fast acquisition factor.

9. The apparatus of claim 7, wherein the fast acquisition resistor comprises a resistance of
. | , . -
approximately R1' determined by  RI4RI"
Rl e
JE-1

where R1 comprises the first resistor and R1" comprises the second resistor of the one of

the first and second filter subcircuits and F comprises a fast acquisition factor.

10. The apparatus of claim 1, wherein the first filter subcircuit and the second filter subcircuit

share common filter circuit elements.

11. The apparatus of claim 10, wherein the shared common filter circuit elements are a first

capacitor and a first resistor in series both connected in parallel to a second capacitor.

12 The apparatus of claim 10, wherein the first filter subcircuit comprises filter circuit

elements that are a subset of filter circuit elements of the second filter subcircuit.

13. The apparatus of claim 10, wherein the first combination comprises activating the first
enable switch and deactivating the second enable switch to place a first capacitor in series

connection with a first resistor and both the first capacitor and first resistor in parallel connection



connection wth a first resistor and both the first capacitor and first
resistor in parallel connection 25 with second capacitor. 7 JULY 2006 14.
The apparatus of claim 10, wherein the second conbi nation conprises
deactivating the first enable switch aqg activating7 feA.¥eped enabl e
switch which places a first and a third 5apacitor in parallel connection
and the first and third capacitor both in series connection with a first
resistor and the first and third capacitor and the first resistor are al
pl aced i With®ea catacitatonnecti on with a second and a fourth capacitor in
series connection. 15. The apparatus of claim 10, wherein the first

conbi nation conprises activating both the first enable switch and the
second elabl eTswpraggiustod claimy e wherein the secondrpaibingtion qemgdsep depctivgingethe i on

Wi th a fiikshati@stieh d RPCROHE sdbifl hibisdviCRRAEA %l%es ameht fddaShird €51 StOr in
paral l el connection with a second capacitor. 16. The apparatus of claim
10, wher €P¥itpra pyalieherpnecipminddhs 5 adwipd rapadtoposleiniseries congedsior Withehe fir st

enabl e st edistRfld thb BrsbLRMA BRRAnENE HifNeliQort A R ed infpafanand a third
capacitor and a _first resistor all in series connection and all in

par al | el “EBHELYitAseqand gndye Legihsgacadn sricpepfsstiot apaci tor in series
connection. 17. The apparatus of claim1, wherein the first and the
second enabl e_switches are fieLd,effect transistors. 18. The %ﬁgaratus

of claim, wHEPBRFANHPE A phireip thediny panbingtipnspmpeises aptptinedathethe f i r st
fil L e(rj ﬁl@'fﬁﬁhﬁl@ﬁifelh i tﬁet) s;,eemaah@heyswﬁtfeﬁ t@rpﬁﬂél@ﬁlrst_tdapﬁit&rigwﬂi%] @hfkcBorCONMDN f
cat hode vol t age sel ec a_ reference swtch. : e apparatus o
claim1, W{}\%%f}%‘i rﬁS“?}i‘il”fé"Hcti F%& S%B??ﬁacétﬂ%ﬁgrséwlfteﬁnipga'é%{:‘i’"yﬁ?‘@’awﬁﬁ% second
filter sybeidrcagabitori s alternately referenced to a ground and a conmon

cat hode voltage selectable by a reference switch. 20. The apparatus of

claim1, wherein the first and second filter subcircuits each conprise a
16. The apparatus of claim 10, wherein the second combination comprises deactivating both

the first enable switch and the second enable switch to place a first and a third capacitor and a
first resistor all in series connection and all in parallel connection with a second and a fourth

capacitor in series connection.

17. The apparatus of claim 1, wherein the first and the second enable switches are field effect
transistors.
18. The apparatus of claim 1, wherein when the first enable switch is activated the first filter

subcircuit is alternately referenced to a ground and a comimon cathode voltage selectable by a

reference switch.

19, The apparatus of claim 1, wherein when the second enable switch is activated the second
filter subcircuit is alternatety referenced to a ground and a common cathode voltage selectable by

a reference switch.

20. The apparatus of claim 1, wherein the first and second filter subcircuits each comprise a
resistor-capacitor filter including a first capacitor and a first resistor in series both connected in

parallel to a second capacitor.

21. The apparatus of claim 1, wherein the first and second filter subcircuits are implemented



resistor-capacitor filter including a first capacitor and a first
resistor in series both connected in parallel to a second capacitor. 21.
The apparatus of claim1l, wherein the first and second filter subcircuits
are inplemented 26 on a single integrated circuit. 77 JUDY2006 22. The
apparatus of claim 21, wherein the firs#band second enable switches are
external to the integrated circuit. 23. The apparatus of claim 21,
wherein the first and second enable switches are internal to the

i Nt egr at @ch siigtegutegrate@efrcuidn apparatus for filtering a phase error signal,
conprising: a first filter subcircuit nmeans for receiving a phase error
signal froma phase conparator and filtering the error signal wth the
first fid%er Bwbenaragiof cloimell, whradit thd firshandsecondierfable switchsydse extaudl to means
for recehyingrlicrfftase error signal fromthe phase conparator and
filtering the error signal with the second filter subcircuit when

enabl ed; a first enable switching neans and a second enabl e sw tching

nmeans f013 actThéapiallsioRclaicOTPi AL B0 ﬁ?s@alﬁlqwoﬁ&)tlmaf)l'e L Rihb\Ge Rferdali® €rror
signal; a fast acquisition subcircuit means for fast acqui sition one of

the firshe iaradcwé- filter subcircuits when a fast acquisition
switching neans for enabling the fast acquisition subcircuit neans is
activated; and wherein the first filter subcircuit is enabled by
activatiHy a 41 3ewaupienfilesing s ahass erfor sienal.cemprisitgy second enabl e swi t ches,

the second fidfir@ifilteRBlifcGitintans for RREGILEE eéwr bivided 5 a®h&B6 6strator
conbi nat 'nﬁﬁltot the first and second ena wi tches, and the fast

acqui si t PoAlteingdhesEr Fienqbyiythe drst @ﬁﬂ@?léﬁuit ui2¥FEd to under danpen t he

filtering. 2% seddnefingRacatiuimahs B} atdiiddhe m@er@ﬂoﬂmmefraﬂm@dasfal | ter
subcircuit neans first fllLJ_er subcircuit

means an‘&?fftpp{gtog@ggﬁgril?gi tFelt %{T}? EIEBIE}%EISWF fec?@éﬂgr subc 1rcu1t when enab

a first enable switching means and a second enable switching means for activating in
combination to control filtering of the error signal;

a fast acquisition subcircuit means for fast acquisition one of the first and second filter
subcircuits when a fast acquisition switching means for enabling the fast acquisition subcircuit
means is activated; and

wherein the first filter subcircuit is enabled by activating a first combination of the first
and second enable switches, the second filter subcircuit is enabled by activating a second
combination of the first and second enable switches, and the fast acquisition subcircuit means is

temporarily enabled to underdampen the filtering.

25. The apparatus of claim 24, wherein the second filter subcircuit means has a higher
bandwidth than the first filter subcircuit means and the second filter subcircuit means is

momentarily activated to fast acquisition with the first filter subcircuit means.

26. The apparatus of claim 24, wherein the fast acquisition subcircuit means comprises a fast
acquisition resistor which is placed in paraliel connection with a first resistor of one of the first

and second filter subcircuit means when the fast acquisition switch is activated.

27. The apparatus of claim 26, wherem the fast acquisition resistor comprises a resistance of

approximately R1' determined by R1

fl



monentarily activated to fast acquisition with the first filter
subcircuit neans. 26. The apparatus of claim24, wherein the fast

acqui sition subcircuit neans conprises ast acquisition resistor which
is placed in parallel connection with a-fifrst resistpgualyagnegf the
first and second filter subcircuit means when the fast acquisition
swtch is activated. 27. The apparatus of claim26, wherein the fast
acqui sition resistor conprises a resistance of approximately RI'

det er mi ned bywlRfe Rllcompditds WieX@4) E:siatoerfaheRine obthpfiistand s¢ched filier sitbciraii st or  of
t he one IS fdlter subcircuit neans and F conprises
a fast a@%ﬁ%%ﬁgﬁgﬁéfgggg?éﬁgggﬂ¥ﬁg%gbparatus of claim 26, wherein the one
of the first and second filter subcircuit means further conprises a
second rasi SURL o Slok BRinPRNRGLLih BB ol drithel B afd 8T8 bHcnit ke THE
apparatus of clai'm 28, erern the fast acquisition resistor conprises a
r esi st anthgtoppsjseondeenat edsiptoRi sergps campgtine it the st resiffort rR'- Rl (f- 1) ]
(R1"+R1) (,fF--1) where Rl conprises the first resistor and R" conprises
the second resistor of the one of the first and second filter subcircuit
means andP-F cBpgppasiius of clpigsds, whegein diedasbrsadigiargesist@gommies auspatige 05 of

cl ai m 28,ppVARKRlYR [ BGerhfRl bACQUi Si tion resistor conprises a resistance of
approxinapely RI™ determ ned by m'fTﬁiﬁﬁ%r:U f-1 where RL conprises the
first resistor and RL" conprisR§EE5£_§£iuLJ£*L_SiStOF of the one of the
first and second filter subcircuit (REFaR$)}@Fd)F conprises a fast
acquisition factor. 31. The apparatus of claim 24, wherein the first
filter subcircuit means and the second filter subcircuit nmeans share

comon filteryithd ©LdmpRLed MRMrS resistor and R1" comprises the second tesistor of the one of

the first and second filter subcircuit means and F comprises a fast acquisition factor.

30. The apparatus of claim 28, wherein the fast acquisition resistor comprises a resistance of
approximately R1' determined by )
R1+R1"

Rl= -
VE-1 '

where R1 comprises the first resistor and R1" comprises the second resistor of the one of

the first and second filter subcircuit means and F comprises a fast acquisition factor,

3L The apparatus of claim 24, wherein the first filter subcircuit means and the second filter

subcircuit means share common filter circuit elements.

32. The apparatus of claim 31, wherein the shared common filter circuit elements are a first
capacitor and a first resistor connected in series both the first capacitor and first resistor

connected in parallel to a second capacitor.

33. The apparatus of claim 31, wherein the first filter subcircuit means comprises filter circuit

elements that are a subset of filter circuit elements of the second filter subcircuit means.

34. The apparatus of claim 31, wherein the first combination comprises activating the first

enable switching means and deactivating the second enable switching means which places a first



32. The apparatus of claim 31, wherein the shared common filter circuit
el enments are a first capacitor and a first resistor connected in series
both the first capacitor and first resistor connected in parallel to a
second capacitor. 33. The apparatus of aim3l, wher gULY006 rst filter
subcircuit means conprises filter circdi el ements that are a subset of
filter circuit elenments of the second filter subcircuit nmeans. 34. The
apparatus of claim 31, wherein the first conbination conprises activating
t he fi r sdapackérdibetiessbinhazhibmgithemisessnd bok@ acgarallal dongctlidhevigaeand enabl e
smﬁtchiquﬁggps whi ch places a first 7 JULY 2006 capacitor in series
connect i 8R*W'th a first resistor both in paral l el connection wth second
capacitor. 35. The apparatus of claim 31, wherein the second conbination
conpris deagtivatina.the ..first. enable swiching nean nd..activating
the. second ondb U s RL it bhdtn f et b W REDSeal i,

capaci t ofirst enabbeavaiichied meamn aeicactiaiting the sdaoridrenghdy swaishiocpmeas whsh plabdshh a fir st
resi st or ﬁr@trégd th}rP% Ja!:i{oﬂn eltclallmreg'oﬁ%ﬁlqh Ee(?ir S (,aoqge B{gr{ \%ﬂ% %ﬁrﬁ r%gié%cgr aftd € al |

pl aced in parallel” connection w R secon and tour capacitor in

seri es ctbafistand third c@GeitoTled faptyesisiir as abflacddan par@le] conhestien with heecdndr st
combi nat j R, CRMRLLRE S A6k Waklddd the both the first enable swtching
means and the second enabl e swW tchi ng nmeans which places a first
capacitor in series connection with a first resistor both in parallel
connecti Wi :anAC] : : kAl wherein
the sec o% c o%nh‘g iaﬁ%%%f ?:lgﬁg%f {gféés?é"é éhggi t Sit g@ﬁlﬁg&ﬁ‘%@ﬁ H§etS %étw%ﬁﬁ@'sﬂﬁﬂ bgﬁyab l e

swi t chi nige fstanablasydtching meens opdithe ppaeridenahlg srataliingmeana whichhlaesh aprshces a

first an&pacﬁt&i ih geri%@&ﬁﬁéc@ia{ wﬁpgﬁl‘@t rfeé;is!i(ﬁf‘ll)oﬁl @Iﬁ)ﬁ?&ll@f coﬁillelcti(;nr\lviﬁles'ééo%§ connecti on,

all placed in parallel connection wth a 'second and fourth capacitor in
seri es c@h#Eet i on. 38. The apparatus of claim 24, wherein the first and
second enable switching neans are field effect transistors. 39. The

apparatus of claim 24, wherein when the first enable switching neans is
activat e%y,. The apparatus of claim 31, wherein the second combination comprises deactivating both

the first enable switching means and the second enable switching means which places a first and
third capacitor and a first resistor all in series connection, all placed in parallel connection with a

second and fourth capacitor in series connection.

38. The apparatus of claim 24, wherein the first and second enable switching means are field
effect transistors.
39. The apparatus of claim 24, wherein when the first enable switching means is activated,

the first filter subcircuit means is alternately referenced to a ground and a common cathode

voltage selectable by a reference switching means.

40, The apparatus of claim 24, wherein when the second enable switching means is activated
the second filter subcircuit means is alternately referenced to a ground and a common cathode

voltage selectable by a reference switching means.

41. The apparatus of claim 24, wherein the first and second filter subcircnit means each
comprise a resistor-capacitor filter including a first capacitor and a first resistor in series both

connected in parallel to a second capacitor.



the first filter subcircuit neans is alternately referenced to a ground
and a commopn cat hode voltage sel ectable by a reference swi tching neans.
40. The apparatus of claim 24, wherein when the second enabl e swi tching
neans is activated the second filter ,am rcuit nmeahguUIsYagow natel y
referenced to a ground and a conmon ca vol t age sel ectable by a
reference swtching neans. 41. The apparatus of claim 24, wherein the
first and second filter subcircuit neans each conprise a

resi st or4Xapédietprardusiof daini He hein gie dird ardsteopd b isttsircdinoeans 4re r st
resistor; din parallel to a second capacitor. 24
7 JuLy 200 %ﬂ%%£aT eg %%? ﬁggg ﬁcIa|mZ4 wherein the first and second
filter subcircuit means are inplenented on a single integrated circuit.

43. The gpparffyspphusor ahii Az2whé4\@§fh@ﬁpst Lmeéohagi abRAFiEHEINEpabl e

switching nmeans are external to the integrated circuit. 44. The

appar at uestasfal to|thg integrated gifféitei n the first and second enabl e SMAtChlng
nmeans are internal to the integrated circuit. 45. A nethod of filtering
a phase error_signal in a phase |ock |oop, conprising the steps of:

recei vi nff-a pHEsBPaEysf claimyRamhereip the dirsh ndsecond prshleaviehingimeansare ng t he

error sigig Witdentlerattd &iglye.f i 1 ter subcircuit when the first filter
subcircuit is enabled; and filtering the error signal with a second

filter subcircuit mhen the second filter subcircuit is enabled;

control | iNg fAlde@bl Gﬂil@f‘m% D$ha® eiOF sighlalif @ lphddy 108IE Toby, %ﬁlml@ thd skepl oenabl e
switch and a second enable switch 1n conbination; ch anglnﬁ}a char ge

punp current ®HIGERPhate efreignal i pphagafemparptgp %Wgéﬁeaﬁm%bw Cuits by

activati gt fief Astircalt GHérSthé fi@NiIEHABLIFGH islenab®adangher ein the first filter

subcircuit is_enabled by, activatin first conbination of the first
filtering the error%lgnal with a secogd t?lter subcircuit when the second filter subcircuit 1s

enabled;

controlling filtering of the error signal by activating a first enable switch and a second
enable switch in combination; and

changing a charge pump current through at least one of the first and second subcircuits by
activating a fast acquisition subcircuit; and

wherein the first filter subcircuit is enabled by activating a first combination of the first
and second enable switches and the second filter subcircuit is enabled by activating a second

combination of the first and second enable switches.

46. The method of claim 435, further comprising momentarily activating the second filter
subcircuit to fast acquisition with the first filter subcircuit wherein the second filter subcircuit has

a higher bandwidth than the first filter subcircuit.

47. The method of claim 435, further comprising fast acquisition of one of the first and second

filter subcircuits with the fast acquisition subcircuit when a fast acquisition switch is activated.

48, The method of claim 47, wherein the fast acquisition subcircuit comprises temporarily

enabling the fast acquisition subcircuit to underdampen the filtering.

49, The method of claim 47, wherein the fast acquisition subcircuit comprises a fast

acquisition resistor which is placed in parallel connection with a first resistor of one of the first



and second enable switches and the second filter subeircuit is enabled by
activating a second conbination of the first and second enabl e sw tches.
46. The nethod of claima45, further conprising nonmentarily activating the
second filter subcircuit to fast acqgiosi tion with thgULYSX006 | t er
subcircuit wherein the second filter Subcircuit has a higher bandw dth
than the first filter subcircuit. 47. The nethod of claim45, further
conprising fast acquisition of one of the first and second filter

subci r cuant second filtet hubcifaid wiamaus fadt bdqoivitisnbdich Guictivawden a fast acqui sition
switch is activated. 48. The method of claim47, wherein the fast
acquisition subcircuit conprises tenporarily enabling the fast

acqui si t30on slhboicthodipf claio 40ndereitathp st atduisitfon Irdsitor nampriéés. a réddieannesthod of

claimA4zy IR cquisition subcircuit conprises a fast
apBWQﬁ{a{%Mm E&%d??’%{% bf‘

acqui sitron resi'stor s placed in parallel connection with a first
resistor of one of the first 7RIV Q006 and second filter subcircuits
when the fast acquisition switch inF-ctivated. 50. The nmethod of claim

49, wherein the fast acquisition resistor conprises a resistance of
approximately RI' determined by R'= R J-1 where R conprises the first
resistor of t : fdl : b ! pt.s ..and F
conprises a f@%{qu%&g{pg%e? iﬁlgrtlilr %tgzlts%f&t%io?@?ﬁgé %I%%aﬁg(sf% W{egwlff&tsaMer ein
t he one #f Frep@prisey sfastapryisiivadastrs i | ter subcircuits further conprises a
second resistor in series connection with the first resistor. 52. The

met hod of claim51, wherein the fast acquisition resistor conprises a
resi st ande ofThe#sPeeef dindpywirrein fa%t)@roﬁg'ﬁ 8ept 1yl spgond fijrer sgfciroufitrfurthir

(RL" +RI) domiphised ) sabbRf 18siddr i€ QIR dof@RtidnhRttithd bt résRrStor and R conpri ses
t he second resistor of the one of

52. The method of claim 51, wherein the fast acquisition resistor comprises a resistance of

approximately R1' determined by o
e R1"[R"-R1(J1?-1)]
RIHR1)(VE-1)

where R1 comprises the first resistor and R1" comprises the second resistor of the one of

the first and second filter subcircuits and F comprises a fast acquisition factor.

53. The method of claim 51, wherein the fast acquisition resistor comprises a resistance of
approximately R1' determined by -
R1'= R1+R1 ,
JF-1

where R1 comprises the first resistor and R1" comprises the second resistor of the one of

the first and second filter subcircuit means and F comprises a that acquisition factor.

54, The method of claim 45, wherein the first filter subcircuit and the second filter subcircuit

share common circuit elements.

35. The method of claim 54, wherein the shared common circuit elements are a first capacitor

and a first resistor in series both connected in parallel to a second capacitor.



the first and second filter subcircuits and F conprises a fast
acquisition factor. 53. The nethod of claimb51, wherein the fast

acqui sition resistor conprises a resistance of approxinmately RI'
determined by R'= R1+R " where Rl conprises the firsgUle¥i2i0er and R "
conprises the second resistor of the one of the first and second filter
subcircuit neans and F conprises a t hat acquisition factor. 54. The

nmet hod of claima45, wherein the first filter subcircuit and the second
filter subcircuit share common circuit elenents. 55. The method of claim
54, whergi n Uihe 238 SELIARTINRA ity AlLIBAI: By Red hlcPlrfgPac Lo and
a first resistor 1n series both connected 1 n para e 16 @ ‘second

capaci t otlements ghat are 2 oubget 81 filg6 circpii elementhefdheokcanl Altensslbircwiher ei n t he first
filter subcircuit conprises filter circuit elenents that are a subset of
filter circuit elenments of the second filter subcircuit. 57. The nethod
of cl ai M54, The&etiosof drimfSitrwereheiinrombinaitasrppmprisssaciEating gheifing t he fir st
enabl e syhit1efyidR anARAGH iR ke Mool EnaBR GRGL VRA ResSV R GschLaces a
first capacitor in series connection wth a first resistor both in

par al | el copgssctitharfirgtiresistos beth Hupapdplgennesion vl secppdeangdiibd of cl ai m 54,
wherein the second conbi nati on conpri ses deactivating the first enable
switch and activating the second enable switch which places a first and
third cafaci tdf mMethod peslaim Say whegsihBe ter g combipiiop goamispeleadiypgdicitBn with a
first reshséatitcAast dbiihg e becaittbnhti $vlick FBRE bk a it ehdlthiSlapdcB&digt or are
all placed in parallel conpnection with a second and fourth capacitor in

series REgIRErepPn: bpgh inprries pommprdign Bith @ fiust wvisier anyhe fest andythied qapacier
conbi nat in@ i€ REPG B8 Feded WiataNl chitRctRatilith b B&ond Ak Fbur@Rahbitor si¥etigh and
the second enable switch which places a first capacitor in series

connect i A" h a first resistor both in parallel connection with second
capacitor. 60. The nethod of claim54, wherein the second conbination
conpris e%. deaﬁlte Imvegl%h Qpclgr?ltSQ, wherein the first combination comprises activating the both the

first enable switch and the second enable switch which places a first capacitor in series

connection with a first resistor both in parallel connection with second capacitor.

60. The method of claim 54, wherein the second combination comprises deactivating both
the first enable switch and the second enable switch which places a first and third capacitor and a
first resistor all in series connection, all placed in parallel connection with a second and fourth

capacitor in series connection.

61. The method of claim 45, wherein the first and second enable switches are field effect
transistors.
62. The method of claim 45, wherein when the first enable switch is activated the first filter

subcircuit is alternately referenced to a ground and a common cathode voltage selectable by a

reference switch.

63. The method of claim 45, wherein when the second enable switch is activated the second
filter subcircuit is alternately referenced to a ground and a common cathode voltage selectable by

a reference swiich.



the first enable swtch and the second enable switch which places a first
and third capacitor and a first resistor all in series connection, all
pl aced in parallel connection with a second and fourth capacitor in
series connection. 61. The method of clabm 45, wher ey JUDY 20065t and
second enable switches are field effect™ transistors. 62. The nmethod of
claim45, wherein when the first enable switch is activated the first
filter subcircuit is alternately referenced to a ground and a conmon
cat hode &bl t aje nedlod of disinetShwyheaein the fist @ eesosdiilter bubcB@its Fok comgirbod of

Clai M 45, WhelBlRoMiENnbin LEANIpERARL L 81 £6or i (AEL bVRLG A LA second
filter subcrretit i's alternate y Feterenced to a ground)an a conmon

cat hode wuilledge serehdapaibe by a reference switch. 7 JULY 2006 64. The
met hod of claim45, wherein the first and second filter subcircuits each
conprise a resistor-capacitor filter including a first capacitor and a
first re6i st ofheinpthod of daimydt Hhasdimthe Srseandiserondltes pybsircvity arg ispleraemied
capaci t o, , & i i ABLRQA of claim 45, wherein the first and second
filter subcircurts are inplenented on a single integrated circuit. 66.
The nethod of claim65, wherein the first and second enable switches are
external ¢4 0 tHR mdHdSIAFRER, ThdrGiHhk firsPdnd sdddfd SRbIDOFit@bs £t Al thavherein

the first and second enable switches are internal to the integrated
ci rcui t . integrated circuit.

67. The method of claim 65, wherein the first and second enable switches are internal to the

integrated circuit.



