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[ 0001] Theqpo3asssst i nvention relates to systens and net hodC1/0803/02517

i mpl enenting phase |ock loop (PLL) circuits in multinode radios, and
particularly for inplementing PLL circuits in nultinode code division

mul tiple access (CDVA) cellular radios tthat include global positioning
system (GPS) receivers and other gl obal systens for nobile conmunications
(GSM technol ogi es. Description of the Related Art [0002] Phase Locked Loop
(PLL) circuits are well known and used for frequency control in a variety
of appli cati AEALFBANDWIDTEH PHASE LOCK EQORFILIERS HOR MHILUERIPYDE

mul tipliers, denodul ators, tracking g Iﬁsgrs or clock recovery circuits.
Each of these applications may denan§23f rent characteristics, however
they all use the sane basic <circuit concept. [0003] FIG 1A illustrates a
bl ock di agram of a conventional PLL circuit 100. The operation of this
circuit 100 is typical of BACKGRGUNDCQREAHEINEENTIONS basically a

f eedback c trolﬂflgteqlthat controls the phase of a voltage controlled
oscillatorq§@€f¥ 8 fe reference input signal 102 is applied to one

i nput of a [pHeEe TRMBiAt Rivedtith relaldi@o 8Ysiahs anipuEtheds fopemplearatisoOpiae at or
104 is connected to the output of the $’CO 108 P

lock loop (PLL) circuits in multimode radios, and particularly for implementing PLL

circuits in multimode code division multiple access (CDMA) cellular radios that include
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 applications. For example, they can be configured as frequency
multipliers, demodulators, tracking 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 of this circuit 100 is typical of all phase locked loops. It is basically a
feedback control system that controls the phase of a voltage controlled oscillator (VCO)
108. The reference input signal 102 is 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 to achieve

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



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

vol tage proportional to the phase difference between the two inputs. This
signal iswapplieess4to the loop filter 106. The charact eri stdmssosn2zihe | oop
filter 106 can be selected to achieve the desired closed | oop dynam c
characteristics of the PLL circuit 100. The filtered WO 03/ 065584

PCT/ US03/ 02517 2 signal controls the VEO 108 and the output of the VCO 108
is directed back to the phase conparator 104 via the feedback |oop 110 to
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| ock on is known as the capture range. Once the PLL circuit 100 is |ocked
and tracki n§084ki Neemnally the loapfiléerd00 1y dagismad iematchdhe ehasactmristied tequired 100
will followis called the tracking range. Generally, the tracking range is
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circuit 100 will accept and lock on is known as the capture range. Once the PLL circuit
100 is locked and tracking a signal, the range of frequencies that the PLL circuit 100
will follow is called the tracking range. Generally, the tracking range is larger than the
capture range.

[0005] The characteristics of the loop filter 106 also determine how quickly the
frequency of the reference signal 102 can change and still maintain lock. This is termed
as the maximum slewing rate. The narrower the loop filter 106 bandwidth is, the slower
the response and smaller the capture range will be.

[0006] 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



generating accurate and stable oscillator reference signals in radio
receivers and transmtters. For exanple, the PLL circuit output can be
used for woasessssel ection for such receivers and transmRATAIW3/020007]
However, evolving and diversifying conmuni cati ons standards and
particularly those related to cellular radios, have resulted in a need for
radi o transceivers which can operate i different nodes and accommodat e
nore than one standard and frequency band. For exanple, a cellular radio
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however such an approach increases the size, cost and overall design
ef fi ci ency weralliesigngfisdenoyef the tlangeriven dn addifien.dhers inglsea geaddessychr such
PLL circuits to quickly acquire the new frequency when they are sw tched
fromone Hiddcitanianotiiekly acQiifitthe Aewdreduaglyywhdnhtbepareswitchekflommont he art
for PLL circuits which operate across nultiple frequencies to support one
or nore VC@unad®sanbhdrl pl € standards in nultinode radio cellular devices.
For exanpl e, standards such as CDVA 1X, GPS and/or GSM GPRS and WCDVA
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circuits to operate at speed, quic acquiring a new frequency

multiple frequencies to support one or more VCOs and multiple standards in multimode
radio 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 also 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 error 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 second enable
switches which are activated in combination to control filtering of the error signal. The
first filter subcircuit is enabled by activating a first combination of the enable switches
and the second filter subcircuit is enabled by activating a second combination of the

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



when they are switched to a different node. Myreover, there is a need in
the art to obtain all of the foregoing, while nmaximzing the design

ef fi ci encwoansdhestismi m zi ng si ze and costs. The present i nwawvsssoraets all

t hese needs. SUMMARY COF THE | NVENTI ON [ 0009] An apparatus and nethod for
filtering a signal in a phase |lock loop is disclosed. An typical apparatus
for filtering a phase error signal conpgises a first filter subcircuit
receiving a phase error signal froma phase conparator and filtering the

error  si gn@lde¥fiGipefs 'i‘l?cbflﬂ?éii’ané iSBRNB Bvéiall pFrofHREL bE etphh RCBEYV 109 cibgitphase
error signal fromthe p ase conparator and filtering the error signal when
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second conbi nation of the enable switches. A fast acquisition (FAQ
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underdanpen the filter and i nprove overall performance of the phase | ock
| oop ci r cuito.fast hbguiditibd edthahafitsefiltsiedibtiocudtot ai n mul ti node operation in a
cellular radio. [0010] In one enbodi nent, where the second filter

subcircuit fag1R h Mdefer QﬁhBan%h thd ﬂﬁﬂfﬂt&esut)el&csﬁt zfn'd|th@§ec§h@ﬁlté10U't the

second filter subcircuit can be nonentarily activated fast acquisition
Wi th the f'sru%&r&{ §h%fcf:<fc bk G te%l&flgri't}] Tl 4R BREn | BBk swifdfi id 1 T St
filter subcircui secon er CIFCUI share common clrcuit

el enents. In additi when. t.he fir nabl
actlvated eit er filter subcircuit can aﬁematefy re\IAérenced to a ground or a common

cathode voltage selectable by a reference switch. Furthermore, the first and second
enable switches can be field effect transistors. The filter can be used to obtain
multimode operation in a cellular radio.

[0012] In one embodiment, 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 comprise a
fast acquisition resistor which is used to alter the resistance characteristic of the filter
subcircuit when the fast acquisition switch is enabled. Furthermore, the fast acquisition
subcircuit can be coupled to the first or second filter subcircuit. As with the filter
subcircuits, the fast acquisition 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
circuit elements are a first capacitor and a first resistor in series both connected in
parallel to a second capacitor. Furthermore, the first filter subcircuit can be a subset of

the second filter subcircuit.



activated, either filter subcircuit can be alternately referenced to a
ground or a commopn cathode voltage sel ectable by a reference switch.

Fur t her now® o3toassshi r st and second enable switches can be HdTais3mifiect
transistors. The filter can be used to obtain nultinode operation in a
cellular radio. [0012] In one enbodinent, a fast acquisition subcircuit
including a fast acquisition enable swtch and wherein fast acquisition of
one of the first and second filter subcircuits is enabled when the fast
acquisitio i3t chy 4 . . P Shtd : J ¥
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characteristic of the filter  subcircuit when the fast acquisition switch
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the first or second filter subcircuit. As with the filter subcircuits, the
f ast acqui sinableswitaheibichuplaces arfirktecaphditor irasesiey corefeetiemwill atfostaegistoubathand
common cat hode vol tage sel ectable by a reference switch. [0013] In another
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el enments are a first capacitor and a first resistor in series both
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characteristics.. In opne enbodi nent the first
fErst resistor and 816 fH’Et andqgirci capacitor an?i first resistor are all placed in parallel

connection with a second and fourth capacitor in series connection. In another
embodiment, 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. 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.

[0015] In another embodiment, 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.

[0016] Finally, the first and second filter subcircuits of the present invention can be
implemented on a single integrated circuit. The first and second enable switches 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 comprises the steps of filtering a
signal in a phase lock loop, comprising the steps of receiving a phase error signal from a

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



conbi nati on conprises activating the first enable switch and deactivating
the second enable switch which places a first capacitor in series

connect i owom3toasm4first resistor both in parallel connectrcanusesmitsizecond
capacitor. The second conbination conprises deactivating the first enable
switch and activating the second enable switch which places a first and
third capacitor in parallel connection, 6both in series connection with a
first resistor and the first and third capacitor and first resistor are all

placed in padid &litchGo Bé‘t@sﬁa"{édod?ld\ﬁlieﬁn? HREG R AADw R W sEbnAFRRE blRirchip Seri es
connection. In anot her enbodi nent he first conbl nation conprises

activating %&P Qﬁaﬁlégfﬁc}?ﬂaﬁ EasyM tch and the second enable switch
whi ch pl aces a Prst - capac serres connection with a first resistor
both in parallel connection with second capacitor. The second conbi nati on
conprises deactivating both the first enable switch and the second enabl e
swtch which places a first and th| rd capamtor and a first resistor all
in series connection, all|BBIEEPESCRIPEEINI EJRAYNINGS wi th a second and
fourth capacitor in series connectl on. [0015] In another enbodi nment, the
first and sH¥ABH Refeareng soMpto theuirdwingaotwhichiike sa?emncarmﬁnlmmrepmaam tor
filter including a first capacitor and a first resistor in series both

connect ed i forRa éﬂdl@pé@s tBrou@Romd capacitor. [0016] Finally, the first and
second filter subC|rCU|ts of the present invention can be inplenented on a

single int egroabjedng.rgguyﬁtrﬂa?afbwcﬁtdlmﬂn%?99&%?13@?4}?%&%%65. can be

internal or extern e integrated circuit ition the

present inv t es t.hod hayi feat res | i ke e of the
descri bed a@@pﬁt Eﬁés%m%}ﬁ’tsétﬂte%%ﬁl‘%td%@‘%8ﬁ%? l‘ecércfl §Ip} P ao]I‘OOP?’ﬁtFEri ng a
signal in argga e lock | oop, conprising the steps of receiving a phase
error signaf (chmelat of the present invention;

[0021] FIG. 2A is a circuit diagram of a first embodiment of the present invention; -
[0022] FIG. 2B is a circuit diagram of a second embodiment of the present invention;
[0023] FIG. 3A is a circuit diagram of a third embodiment of the present invention;
[0024] FIG. 3B is a table showing the enable switch combinations of the third
embodiment;

[0025] FIG. 4A is a circuit diagram of a fourth embodiment of the present invention;
[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 embodiment of the present
invention;

[0028] FIG. 4D is a table showing the enable switch combinations of the modified
fourth embodiment; and

[0029] FIG 5 is a flowchart illustrating a method of filtering a phase error signal

according to the invention.



phase conparator, filtering the error signal with a first filter subcircuit
when a first WO 03/065584 PCT/ US03/ 02517 6 enable switch is activated and
filteringwadns/iesiser signal with a second filter subcircui tPcwsssozs13econd
enable switch is activated. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0018]
Referring now to the drawings in which |like reference nunbers represent
correspondi ng parts throughout: [0019] FIG 1A illustrates a bl ock di agram

of a conventional PLL circuit; [0020] FIG 1B illustrates a block diagram
of a PLL circuit ]?E“PAE)EIG%]%deP@I@N‘@I‘?THEep@EﬁEKRED elEdspERgent
I nvention; [0021] 'S a circui agram o I TSt enbodi ment of the

pr esent in o] |
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of a third enbodi nment, of the res i nvention 0024 is a table
showi ng t hé G ARBTPABYE CHNBsLIVhS AR B o Ane ¢ E#Baﬂ%%?évﬂt%y Y2095]

FIG 4Ais a circuit diagramof a fourth enbodi ment of the present

i nvent i on; illpoogieh appesifia@npedigentis which tiiinyentine neaydisl pracgiged.c K is to be

conbi nati ons of the fourth enbodinent; [0027] FIG 4Cis a circuit diagram

of a nodi f iwdefsoodtihat @iz dmbediments mhlyabepulﬂm&tand sttt aial ciengtOMABhe kaGe 4D
Is a table show ng the enable switch conbinations of the nodified

without departing from the scope of the present invention.

1. Overview

[0031] The present invention is directed to a PLL circuit desi gn capable of supporting
more than one mode of operation. Such a circuit is useful in cellular radios 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
a 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] FIG. 1B is a block diagram of a PLL circuit 112 embodiment using the present
invention. A reference input 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 comparator 118 which determines a phase
difference between the signal 114 and an output from a voltage controlled oscillator 124
downstream from the phase comparator 118. 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 loop divider 128 to reduce the frequency of the
output before processing by the phase comparator 118. The 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



fourth enbodiment; and [0029] FIGS5 is a flowhart illustrating a nethod of
filtering a phase error signal according to the invention. W 03/065584
PCT/ USO03/ @2bBA65584 DETAI LED DESCRI PTI ON OF THE PREFERRED EM&@NISuBAEI51f 0030]
In the follow ng description of the preferred enbodi nent, reference is nade
to the acconpanying drawi ngs which forma part hereof, and in which is
shown by way of illustration a specifi& enbodinent in which the invention
may be practiced. It is to be understood that other enbodi nents may be
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scope of the present invention. 1. Overview [0031] The present invention is
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of operation? Such a circul e 0s designed to
operate wit re._than on andw dt h and ni ¢cation standard. For
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woul d enable a cellular radio to operate in either systemas required by

the | ocati off the V&5 1¥m Te ashioveribis, seulated aysient putyes srons thetphasemiomperateiui t
enabl e systemroam ng of the user. [0032] FIG 1B is a block diagramof a

PLL ci rcui t11BhRust b cdnveziet] inteianglibpeviptiesieod filtenwaithican be Appleideo @iece i nput
signal 114 is supplied to the circuit 112. The input can be optionally

di rected thvoogipdaa 1diaddieien, thd BitbRd pasiecrittRacd oo %h%e@hglsm_ t8 S8 thah14.
The signal 114 is then directed to a phase conparator 118 which determ nes
a phase  one vCO 124.

[0034] In one embodiment, this can be accomplished by a filter 120. The filter 120

receives the output of the phase comparator 118 and appropriately filters the signal for

use by the VCO 124. In support of multiple modes and bandwidths, different filtering

properties are required. The filtering properties of the filter are alterable through one or

more switches enabled with signals 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
selectively enabled to alter the properties of the filter. Various embodiments 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 filters the input to
produce an output voltage to one or more VCOs 124. The filter 200 comprises at least

. two filter subcircuits 202A, 202B which are separately enabled by switches 204A,



di fference between the signal 114 and an output froma voltage controlled
oscillator 124 downstream fromthe phase conparator 118. The output from
the vol t ag® asmasisel | ed oscillator 124 is fed back to the piTas®3ozaIPar at or
via feedback | oop 126. Optionally, the feedback |oop 126 may include a

| oop divider 128 to reduce the frequency of the output before processing
by the phase conparator 118. The phase gonparator 118 produces an out put
based upon the phase difference between the signal 114 and the output from
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one VCO 124. [0034] In one enbodinment, this can be acconplished by a filter
120. The fi tebigtor-t2ucitoefirérvesh b Iﬁestmsﬁmnzwh, 206B pha siest capeRoe208A, 208Band
appropriately filters the signal for use by the VCO 124. In support of
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required. The filtering properties of |ter are alterable through one
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the phase OIEIé q%) %B}gl?elgit tottlgeiE rhees'\pective switches 204A, 204B. In one embodiment, the
switches 204A, 204B are semiconductor switches such as field effect transistors (FETs),
however, other switch elements can be used, including 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
support a different mode of operation. For example, first filter subcircuit 202A may be
optimized for CDMA 1x mode operation, while the second filter subcircuit 202B is
optimized for GSM GPRS mode ope;ation. Design of the filter subcircuits 202A, 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 loop filter (e.g., filter subcircuit) can be designed with independent
charge pump current (CPi) settings. When switching between multiple filter
subcircuits, such as filter subcircuits 202A, 202B, the change in the filter bandwidth
may require a related change in the supplied charge pump current supplied by the phase

comparator 118.



reference i nput signal 114. Exanple Filter Enbodi ments [0035] The present
invention is directed to a PLL filter wherein filter subcircuits are

sel ectivewp ®rakdsed to alter the properties of the filter . PCTIarsoonss17

enbodi ments of the filter may be used in the PLL circuit of FIG 1B to
support nultinmode operation and nultiple bandwi dths in a cellular radio.
[0036] FIG 2Ais a circuit diagramof ® first filter 200 enbodi nent of the
present invention. The filter 200 receives an input fromthe phase

conpar at or - (§B39] OFIGPEH Id £aitcditldagrhhi &f & Bk fméfrES(f’émB&ﬁm%ﬁf@qH@ x%Een’clff)
and then filters the input to produce an output voltage to one nor e

VCGCs 124. T. ci rcw ts 202A,
2098 whi ch Dreitdnt et G3TRIh AL fﬁtgfﬁ#?gg%gg%\%%@/b e i o
PCT/ US03/ 02 To enable filter subcircuit

first sw tcﬁljt‘lzro%ﬁl? gh(ﬁ@i ﬁﬁggﬁg‘&ﬁa‘ﬁl}(fg@%ma%ewh% g Flir2&ivated in a
first switch conbination. Likew se, to activate filter subcircuit 202B,

second swi t Risferallp the filier 230¢aadeimplomantad with switclee 284 As204Beorcan vated in a
second switch conbination. The subcircuits 202A, 202B each include a

resi st or - caiptagrdted cifduit wingisdreta ekierrsd fittes¢amtmme6 AhisZ 6B sabidrchity 3024,
capacitor 208A, 208B in series, both in parallel with a second capacitor

210A, 210B. ZGﬂEoﬁthists@éorﬁifﬂt‘dragg|af§ena81@3'9vlth2§fﬁ§h%ﬁlb%@tl%ﬁ§ idéﬁtlléél arhbyadied by
i nputs 212A, 212B (such as the inputs 122 of FIG 1B) applied to their

respective g tehesddtient204B. In one enbodi ment, the swi tches 204A, 204B
are sem condugtor svmtf:}ﬁbens such as field effect tranS| stors (FETs),

[0040] In addition, at least one of the subcircuits 202B includes a fast acquisition
subcircuit 214. The fast acquisition subcircuit 214 includes a fast acquisition resistor
216 which is placed in parallel with the resistor 206B of one of the filter subcircuits
202B when fast acquisition 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 bandwidth expansion. Fast acquisition may be temporarily activated to
enable fast acquisition 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 charge pump current
is cut to one quarter the value.

[0041] Table 1 below provides examples of bandwidth expansion, 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 charge

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



however, other switch el enents can be used, including
m cr oel ectronechani cal swi tches, npn or pnp transistors, pin diodes, or
simlar devm @as5580037] Each of the filter subcircuits 202€T/@502B24r e
separately designed to operate wth the remainder of the PLL circuit 112
to lock to a different frequency and thereby support a different node of
operation. For exanple, first filter subcircuit 202A may be optim zed for
CDMA | x node operation, while the second filter subcircuit 202B is

optim zed %Mf OReRAL (Waler fd cELCcuits
202A, 2028ffl irs ef %ﬁ?ﬁ?hd%oughﬁféﬁgqgtgr%%Eltng%gﬁﬁedgé%%gactaﬁgﬁgaergi stor
206 and capaci.t or 8 bi%‘g circuit elenents. Any nunber of filter

subci rcui t &% mrtrgs a2 ed to the filter in the mnanner described to
support any nunber of bands with one or nore VCOs in the overall PLL
design. [0038] Each loop filter (e.g., filter subcircuit) can be designed
wi th i ndependent charge punp current (CPi) settings. Wen swtching
bet ween nulablelle FastlAagisitsnmgdanduidth Fxpguston for Phialleblass adspiisiizen Resiiop A

202B, the dhange.in the filter {bandw dth . nma uire a related changg in
the suppli dd 5?1‘5’21% APATSTY ertaﬁ]@ﬁ%?quéﬂu%@&égphasé{mwﬁp Bdr) 118. w0
03/ 065584 REHUSE3+025++—+66039+—F+6—2B—+s—=a—cirectt—diggranmot—=a
second filtler 250 en i ment off the presgnt invention. Th ilter 25p al so

includes fillter subcircuits 202A, 202B, however, this filt¢F 250 i s shown
with a slightTy arfrerent arrangenent than that of [FIG ZAgp{Prereranly,
the filter [250 can ke/4 nmpl ementled with ¢ t ches 204A, 20483;? an

R1

=+/8 x8 —
V8 7
R1

=16 x16 akiall
Vi i

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

following equation (1).

_RI'XR1
TOTAL ™ R1'+R1

)

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

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

Rl'= _RI_XRLOLAL (2)
R1-R TOTAL

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

R1

JE-1

Rl= 3)



integrated circuit using discrete external filter conponents. This filter
subcircuits 202A, 202B or this second filter 250 are enabled with swtch
conbi nat | woso3iodsssti cal to the first filter 200 enbodi nentPCT/d402517 n
addition, at |east one of the subcircuits 202B includes a fast acquisition
subcircuit 214. The fast acquisition subcircuit 214 includes a fast
acquisition resistor 216 which is plaged in parallel wth the resistor
206B of one of the filter subcircuits 202B when fast acquisition switch
218 is enabled. In fast acquisition, the total resistance of the filter
decreases and the charge punp current increases by a factor, F, and causes

a bandw dt h _expansi on. Fast acquisition nay be tenpgari ivated to
enabl e f astl093]ui Ereramplss tq ppiaia jayagdwidgy e’f%floﬁé’af d(#ﬁ@&&l forced to

obtain a wider |oop bandw dth. The charge punp current changes by a
factor, F, (endela comndmustpusixteernfold theege pimp cadrerts amutedsel), thectastrageuisifon
exanple, if switching the filter subcircuit results in doubling the

bandwi dt h, £H&oEIRs GRURINEVe QURARRMNE appokRARES dnelthird tH¥REsistbn2ameBet , i f
switching the filter subcircuit results in halving the bandw dth, the

char ge pum, cHifelf eﬂsﬁb Whid 28N erHIUitcin Qngé‘la led WA H in ﬁlCl bel ow
F ]ft ban% (]*]{(? Il ? ective

pr ovi des exanpl es O expansi on, and t e tota

sl stance (T o ead gk AR AT B it

changes by the factor, F, when the bandw dth changes. CI 0si ng fast
acqui si t i orfUBGIFE02Bds incsenserd by HederdatnRing derfili, tIhFllePE proyiing ?Hﬁi €202B by
the factor, F, (i.e. properly setting the charge punp current). Thus,
three sel edtmibpéinfe dstindisatad in t tabit ihovey Adthabgashiayw enly e asinghfiter250, WO
03/ 065584 PCT/ US03/ 02517
subcircuit 202B, fast acquisition may be implemented on any or all of the subcircuits of
the filter, thereby increasing 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 subcircuit(s) 202A, 202B (i.e. the effective total resistance is
returned to R1). Also, when leaving fast acquisition, the charge pump current returns
to its 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 higher bandwidth than filter subcircuit
202A, filter subcircuit 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. In this way, fast acquisition can also be effected for at least the lower bandwidth

subcircuits in filter circuits without a fast acquisition subcircuit (such as filter circuit

200).



11 filter subcircuits 202A and 202B and filter subcircuit 202B with the
fast acquisition subcircuit 214 enabled. Table 1. Fast Acquisition

Bandw dt hwiexgsaasisen for Parall el Fast acqui sition Resi storpCTAzgvdmesdr h
Expansi on Fast Acquisition (FAQ RTOTAL = (R//R1') j xF RL JF x4 R1 x8
Rl 16 xI 6 R1 16 [0042] The total effective resistance for parallel
resistors 206B, 216 is given by the fa8low ng equation (1). R TOTAL Rl' xRl
(1) TOTAL - R1'+R 1 Thus, the necessary value for the fast acquisition

resistor (R304512HrgRAnbR, BRY. OBUINEHusBMeARR the filtet ABcRARTUORAADE2BRALT AL
value to the follow ng equation (2). Rl'= RIXxRTOTAL (2) RI| -R TOTAL O,

ieg u;? ? Oge n%&& lgc{ﬁgi%? %l?%llregl't oA hﬁ? bta h8ea by refgilelnciﬁgfhe%ﬁba?éu% %@,%4‘“[50 m
ground or a common cathode voltage (VCC) through their respective switches 204, 218.
Selection of either ground or VCC for the filter subcircuit 202B or the fast acquisition
subcircuit 214 is enabled through the respective reference switches 220B, 220C. (Note
there is no reference switch 220A for filter subcircuit 202A in the example shown.)
This arrangement is useful in the event that the PLL circuit 112 uses more than one
VCO 124 having different varactor references. Although the reference switches 220B,
220C are shown schematically as mechanical switches 220B, 220C, other switch
elements can be used, including semiconductor switches, e.g., FETSs, npn or pnp
transistors, pin diodes, microelectromechanical switches, or similar devices.

[0046] FIGS. 3A and 3B are a circuit and control matrix of a third filter circuit 300
embodiment of the present invention. FIG. 3A is diagram of the filter circuit 300. In
this filter 300, multimode support is integrated into a single integrated circuit 316
operated by switches. Such an integrated design is accomplished by employing a
common resistor value in the otherwise separate subcircuits 202A, 202B of the previous
embodiments. The resulting circuit includes subcircuits 302A, 302B which use
common 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 304 A, 304B and fast acquisition enable switch 218 according to the
switch combinations of table of FIG. 3B to produce the circuit characteristics shown.
[0047] In a first mode, filter subcircuit 302A is enabled by activating first filter switch

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



WO 03/ 065584 PCT/ US03/ 02517 12 [0043] For exanple, to obtain a bandw dth
expansi on of 16 and FAQ of x16 (under a commensurate sixteen fold charge
punp curremosioasisease), the fast acquisition resistor 2léecamnmesd2fiave a
val ue of approximately one-third the resistor 206B of the associated
filter subcircuit 202B. The switch 218 can be enabled with an input 212C
applied at the swtch 218. Wth fast apfguisition enabled, the |oop

bandwi dth of the filter subcircuit 202B is increased by underdanping the

filter, th 4od - (1l 5 I - ' tHofrE; IRdLsaiadcddy t he table
above | Al L e P B Mo R B Se™ t

acquisition m i mpl enented on.an r. al. I LGHt he
filter, thg?%éoﬁbﬁbdr ggsai Sﬁ(éontdhnelo er e Slu@glrﬁld{n%g]s }3? g%@%&ﬁ%%&e{) ab?lg? er g& Af ter
tuning, fast acquisition may, be disabled to return the fjlter to ifs

regul ar dafpFhtViEhaiME: ad depstbating flr“iﬁg‘t“@? Wlﬁ‘gﬂfoétyi"t‘ﬁ OfIPIt%“érsecé’Hﬂ@??‘%Lﬁ t(s)
202A, 202B (i.e. the effective total resistance is returned to Rl). Also,
when | eavi nbargapempeyuestiseiting diff¢rentdhem gt pliths fosirneda mpebepsed. Ip st s
previ ous steady state current. Such tenporary enabling of the fast

acqui si ti opasesubigid @iphdito? 342 ¢epladre intoealble sepohdrfiitevarbtitenio3(Bainlpatallei ng ti me
of the PLL circuit. [0044] It should also be noted that in sone enbodi nents

fast acqui gjifn ROFiERBaRR L0 T0¥ KREREESoPMES SIPBERNE kotaldGbhdi@hbd el ol the er
subcircuit having a higher bandw dth. For exanple, if filter subcircuit

2025 can bARREIoBT Y Bl ootk Th12 P Bkt d oy B DL Elq o T

case, fil t%{ subcircuit 202B is nonentarily enabled to produce a simlar
ef fect, as )i scussed above, as applying a dedicated fast acquisition
subcircuit. The charge punp

Crora = C1+C1' “)

This combination of capacitors 312, 306 is in series connection with the first resistor
308. In addition, the second capacitor 310 is now placed in series combination with a
fourth capacitor 314, yielding a total effective capacitance given by the following

equation (5).

_C2xC2
TOTAL — C2+C2

)

The effective total capacitances and resistances are shown in the table of FIG. 3B
according to the indicated 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 this case, because the subcircuits 302A, 302B are conjoined,

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



current is tenporarily adjusted for the bandw dths of the two filter
subcircuits 202A and 202B. In this way, fast acquisition can al so be

ef fect ed worosabsdseast the | ower bandwi dth subcircuits in Fdl/w®s/oziircuits
wi thout a fast acquisition subcircuit (such as filter circuit 200). WO

03/ 065584 PCT/ US03/ 02517 13 [0045] Furthernore, FIG 2B also illustrates
that the filter subcircuits 202A, 202B1&nd fast acquisition subcircuit 214
may be enabl ed by referencing the subcircuits 202, 214 to ground or a

comon cat hagenaval, ttﬁ.gﬁltéﬁ/s(ﬁ@)m&h Lg@dz@%ﬁvm aPeSHek BELEMUTCAR D204, 218.
Sel ection of either ground or Vi or the filter subcircuit 202B or the

f t ct

gifer ance Sy WELEH oo DR P@%’é%@?a@%@) 3504 for
ter b 02A th hown Th ) ful i

Lhe. ovent PO R yithiesoad B Nlu s 2a0and e Thoatie swewgaddg "

different varactor references. Although the reference swi t ches 2208 220C

are shown slshersledesaleiprense gwipnA?Q fir sglw;tmmf§1t2mou@@d’ Céifnethedilier ch

el ements can be used, including sem conductor switches, e.g., FETs, npn or
pnp transkﬂ&ﬂmeﬁ3pzn di odes, m croel ectronechani cal smﬁtches, or sinmlar
devices. [0046] FIGS. 3A and 3B are a circuit and control matrix of a third

filter cir ¢o049] 308 (RFDALEBRLItB00hEWR ?Rﬁﬂﬂés 4 fiN&1h whitch tht Grst ddodesordi agr am
of the filter circuit 300. In this filter 300, nultinode support is

L R AL U0 AT RS D e, St

in the ot h%r g\lda 10n Eengglgr?é Seub(s:llil’(t:)lﬁ{ f,&ﬂ)t sl“hgsqg'?‘ﬂad% %%sBsﬂ:(ﬁfe bgl r1]15'\1n ra%\élm%lljgn first
resistor 308 for entire filter circuit 300. As a result, the circuit is more compact and thus
all the 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 embodiment
of the invention. FIG. 4A is a circuit diagram of filter circuit 400. This filter
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 deactivated in a second switch combination. Here also, the first and

second filter subcircuits 402A, 402B can use different charge pump current settings. In



enbodi nents. The resulting circuit includes subcircuits 302A, 302B which
use common filter elenents for different nodes. In the exanple shown, the
filter ciwow3toessBhenents of subcircuit 302A are a subset afcTrvs®3fp2iirer
circuit elements of subcircuit 302B. In other words, the common filter
circuit elements are all the filter circuit elenments of subcircuit 302A
Different nodes of operation are effeci@d by enabling and disabling

swi t ches 304A, 304B and fast acquisition enable switch 218 according to the

swi tch comanat) Oah'ﬁstoafcq&?ﬁloﬁ s@htchUb6 is3Bed B @faﬁ%ﬁsﬂ RGuiition ¥bcircuit

characteristics s In a first node, |ter subcircuit 302A is

enabl ed by f t fil

(ilrer s Ogg%i\ st Wi @r%wo%ceg 1 el é‘sﬁéﬂh"de%@%%é} 005554
17 14 t 30 h f

bot h i n_patlIS2d! FaetuwoBeBanE Me Spsarabncan ek G A DI et or

subcircuit 302B is enabled by activating second filter switch 304B and
deact i vat i H§01s oy atdilablerwian the hec®od Anabi¢ switch 404Bhissleadtiveted- fbifdsa char ge
punp current setting different fromthat of the first node may be used. In
this casepeaukdinedecapamiableswdtR 404B phatate fast acquinitiesnboigeiii 4G8#y when
subcircuit 302B in parallel wth the first capacitor 306 and thus provides

an effecti ygq ta&mkecp FRRAGHEARE ﬁvi%@l#@dmﬁlﬁaﬂdﬁ@ det‘éﬁﬁin@fthe{tlﬂlﬁé Jobiid erdBI t hi rd
capacitors 306, 312, as described by the | owi ng equation (4). CTOTAL =

Crel (4 JTRLR 4608 &%Eﬁ%eg%qlﬁ%%ﬁ i Ogeﬁorﬁlllﬁ tror $6citchid 40284K biIGOIAPCL I ON

with the firrst resrs I on e secon capaci t or 310 s now

| aced in serl es conbi nat i
P - acquisition ?s only available v when ffle second filter subcircuit 402B is enabled in this

example. In addition, when the fast acquisition subcircuit 408A is enabled, a fast
acquisition resistor 410 is placed in parallel with only one of two resistors 412 or 414.
FIG. 4A shows the fast acquisition resistor 410 connected in parallel to resistor 414.
Therefore, for some designs the fast acquisition resistance can be eliminated so that
enabling fast acquisition merely entails shorting the resistor 414. In other words, the
fast acquisition 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
acquisition 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 pump 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 series connected resistors 412, 414 are used in the second filter

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



fourth capacitor 314, yielding a total effective capacitance given by the
follow ng equation (5). _C2xC2' CTOTAL (5) C2+C2' The effective total
capaci t ano@so3aashksu esi st ances are shown in the table of FI ®C1aEso3azaor di ng
to the indicated conbined operation of swtches 304A, 304B, 218. [0048] As
wi th the previous enbodi nents, a fast acquisition subcircuit 214 is al so
appended to the filter circuit 300 andlbperates according to the
characteristics previously described. In this case, because the
subcircuit 0 tp acq ' it 214
may be act ?h%@%@o}l%?&g?&q%}l&ét%gillg‘g%ﬁth&0 Rfr@%é{f T“\L}\g)g%g??lﬂ 0 %gg%%hfn%f'

PCT/ US03/ 02517 15 Alternately, the filter subcircuit (e.g., 302B) having a
hi gher bandhs ecesiaiorsydl2, ¢ihpbshemn ip Table 2/balew. Fastfaagwﬂaeam%iﬂfﬁwﬁ X% he

| ower bandw dth subcircuit (e.g., 302A) as previously discussed with
respect t o ohe kdsistance value to$ tH20@riencbnde@ed Whaistdrs (itegrRErcuit 300 al so
includes a reference switch 220 for selection of either ground or VCC for
the filter subcircuit 302. [0049] The third filter circuit 300 shown

produces a gl Ralih WYbiskton BendviadiEAPatGoR for FARGIcahisRidn FRBARY iBarallel
subcircuit vﬁﬁ?@lxe Qﬁﬁuﬁﬁlggﬁﬁeﬁt@&% Wil ﬁ%gl%gs t he second nmode of  operation

(enabl i ng sgHPetrretht+—382B—thts—rsade—posstbre—tyusTmyg—a commom 1 r st
resistor 3(8 fBanhdedth BRpidsidrer |ciFsuAtqiiifon ABAQ) r s ), RIERIGRLT {s
nore conpadt_and thus
R1+R1"
~~/F xF
VF I
2 xd R1+R1"
} V4
- 03 %8 RI+R1"
. V8
RI1I+R1"
=4/16 x16
J16

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 (6).

R1I'xR1"
Rrorar =R1+m‘ (6)

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

RI"R 1orar-R1)
R1I™R1-Rgrar

'——

(M

As before, the general solution can be obtained by applying the general form of Ry,

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



all the filter switches and fast acquisition swtch may be integrated into
the PLL integrated circuit 316. [0050] FIGS. 4A and 4B are a circuit 400
and cont relo o3eksisx for a fourth enbodi nent of the inventiPOT/USB@®RS1ZA is a
circuit diagramof filter circuit 400. This filter enbodinment is designed
wth a first filter subcircuit 402A and a second filter subcircuit 402B
merged in a manner simlar to the thirtBfilter enbodi nent above. The first
filter subcircuit 402A and the second filter subcircuit 402B share commpn
filter circuit elenents. [0051] FIG 4B is a table showing the switch
combi nati ons of the fourth filter 400 enmbodinent. In this filter circuit
400, selection of-the f second filter subcircuit 402A, 402B is not
ef fected by acRil} &t"rRﬂg( Eﬁb) SWI tch and deactivating anot her tch as

t he preV|od§Len1( ﬁiﬂﬂf To enable the first filter subC|rc3$1 402A, the
first and seco Ehntches 404A, 404B are both activated in a first
swi t ch conbi nati on. enabl e the second filter subcircuit 402B, the first
and second enabl e sw tches 404A, 404B are both deactivated in a second
switch conbination. Here also, the first and second filter subcircuits
402A, 402B[e055] ugdedbidiefirat400aitgdineimbac w firs fill tes efticirogis 4024 Wi 03/ 065584
PCT/ US03/ 02517 16 addition, a fast acquisition switch 406 is used to
enabl e a f 3B, QYIS likb Bibss HP ”é)?é%éus AR th&ts, st ¢dph@foria6 andrinvper

simlar to the previous enbodi nents 0052 Fast acquisition wth the fast

b
e 54 o SPGB ol el ol

second filter subcircuit 402B does not use only the first resistor 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 capacitor 416 when the second filter subcircuit 402B is
enabled. As described\ in the previous embodiments, this yields a total effective
resistance of the sum of the resistors 412, 414 and a total effective capacitance of the
reciprocal of the sum of the reciprocals of the capacitors 416, 420. A fourth capacitor
422 is also placed in series with the second capacitor 418 in this second filter subcircuit
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 that the first filter subcircuit 402A obtains a
low bandwidth, while the second filter subcircuit obtains a high bandwidth.

[0056] FIGS. 4C and 4D are 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 450 is otherwise identical to

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



because the second enable switch 404B shorts the fast acquisition
subcircuit 408A when it is activated. Because the sw tch conbi nations

det er m newohstocsdse second enable switch 404B i s deacti vatrd/usegahen t he
second filter subcircuit 402B is enabled, fast acquisition is only
avai | abl e when the second filter subcircuit 402B is enabled in this
exanple. In addition, when the fast ackuisition subcircuit 408A i s enabl ed,
a fast acquisition resistor 410 is placed in parallel with only one of two
resistors gdgey tﬂ%é cuif448 otfiéwiORcddIR ifh BRtsafe Ghiinhbf AOfe pRVidHs @frcdil O
connected 1n parallel to resistor 414. Therefore, for sone designs the

f ast acqui;b%%on resi stance can be elimnated so that enabling fast
acquisitio rely entails shorting the resistor 414. In other words, the
fast acquisjtion resistor_410 wquld have a,value of zero. ln.this case, the
Lotal "ef T cllOSFE AssbpEpaELs bR ecTTstof vt we ira hEGLhle aTs 11
any case, the charge punp current nust be appropriately adjusted by the
factor, F,sutwikeieA02Ads datigptedt Botansoprabling$ast agauigitian eqnaRcts $uskgd| ed.

[ 0053] However, fast acquisition can still be effected for filter

subci r cui t re4f2ohs hyparnistpthe fidt rgsisod 41Chindghd fasteacyiighien hestond W, fast i | t er
subcircuit 402B as previously discussed regarding filter circuits 250 and

300. The Chaf8 s BReraks e tafies beRBsimi@NIBARAIIE khe sREdBiRidhir@ the charge
punp current setting of filter subCircuit 402B. Thus, the lock tinme

perfor mnc@m%@@g%ﬁts@@&igﬂﬁgd&\éﬁﬂeﬂ t hout a dedicated fast acquisition
. ecause

subcircuit tWwo series connected resistors 412, 414 are used

expansi on TUS8brra i F8 FEREF B 15 PR Doy e st P s PSR e
modified circuit 450, the circuit functions very similar to the second and third
embodiments. However, in this case, the second resistor 414 is now added to the first
resistor 412 and both are connected in parallel with the fast acquisition resistor 410.
The analysis is identical, except that the first resistor R1is now replaced with the sum

of R1 and R1". Thus, the Table 3 below provides examples of bandwidth expansion,

FAQ and the total effective resistance (R o, ), Which are correlated by a factor, F (i.e.

the charge pump current multiplier).



17 the previous enbodiments. In this case, the required RTOTAL is based
upon the sumof the two resistors 412, 414 as shown in Table 2 bel ow. Fast
acqui siti wo oswdsfees only one resistance val ue of the serrGasUsenzEct ed
resistors (i.e., R1"). Table 2. Fast Acquisition Bandw dth Expansion for
Fast acquisition Resistor in Parallel wth One of Miltiple

Seri es- Connect ed Resistors Bandw dt h Bfpansi on Fast Acquisition (FAQ
RTOTAL = R1+R1 /IR1" xF R +R1" VF x4 RI+R" 14 x8 R1+Rl" 16 x16 R1+Rl"

16 Thus, eQPPa{s@W é’i%ﬁioﬁ%hd@f‘cﬁﬁ"aﬁpédsﬁﬂ oL Fhst hequiddéh Radister inRarallel S
somewhat d ?\ﬁ@'ﬂblg Qdoﬂgé RESYHQUS ermbodi ments. The necessary total

r esi st anc g—eaf—pe—detetrnrret—tromte—fotow g gguatTom (6). RL XI-(.LJ1
RTOTAL = Hl+ Baajiwidtd Expdnsidsol Vi rigast Acquikidof 8AQACC UR%{)-J&If'iS e?(Rle-SdlS)‘//@rl']v | ue
yields thg followi ng equation (7). Rl1'= R "(RTOTAL - 7)
RI+R1"
~ xE
VF 75
7 d R14R1"
- V4
_ 8 R1+R1
8
R1+R1"
~ %16
16 \/ig

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

| by the following equation (9).

_RI'X(R1+R1")

= )
TOTAL T R14+R14+R1"

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).

_ (RIFRI"XR o1
R1I4+R1"-Rorar

(10)

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

(11).



R "+Rl - RTOTAL As before, the general solution can be obtained by applying
the general formof RTOTAL including fast acquisition factor, F, to yield
equat i on W8)e3/00€3803/ 065584 PCT/ US03/ 02517 18 Rl= R1"[ R'- PO1/6Dpp2118)
(R1"+R1) (i -1) [0055] The fourth filter 400 enbodi nent has a first filter
subcircuit 402A with characteristics |ike those of the previous

enbodi nents, a first capacitor 416 and2first resistor 412 in a series,
both in parallel with a second capacitor 418. However, the second filter
subcircuit 402Bidpgs not use only the first resistor 412 in this

enbodi ment .RI'#A d resistor 414 and a third capacitor 420 Gbe al so

pl aced in serie Febnnection with the first resistor 412 and first
capacitor 416 when the second filter subcircuit 402B is enabled. As
described in the previous enbodi nents, this yields a total effective

resi stance of the sumof the resistors 412, 414 and a total effective

capaci t ancgn effeéthie al@iGibR bRl se@ndirbgstBH(R OF) 4t hén ttrah@difiedtiscuif450He
capacitors 416, 420. A fourth capacitor 422 is also placed in series with

t he secondgggpg%bygqmﬁ&gh{ ht RhRie SE RS dekik@r 4ppibci recuit  402B. This al so

yields at ective capaclitance of the reciprocal of the sumof the
reci procals of the capacitors 418, 422 for this leg of the circuit. The
total effective values for each of the circuit elenments are provided in
the table of FIG_4B. Values for these various elenents are sel ected such
that the fif*¢mplq MethoddupRqdimentt 402A obtains a | ow bandwi dth, while the

second filter subcircuit obtains a high bandw dth. '
[0059] FIG. 5 is a flowchart 500 illustrating 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 phése error signal is filtered with a first filter
subcircuit when a first enable switch is 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 description of the preferred embodiment of the
invention 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
modifications and variations are possible in light 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,



[0056] FIGS. 4C and 4D are a circuit 450 and control matrix for a nodified
enbodi nent of the circuit 400 of FIGS. 4A and 4B. In this circuit 450, the
fast acquiosi3toesas4r esi stor 410 of the fast acquisition sulrdwesBn2408B is

tapped in at a point between the resistor 412 and the capacitor 416. The

circuit 450 is otherw se identical to that of FIG 4A Consequently, fast
acqui sition operates sonewhat differen22y, WO 03/065584 PCT/ US03/02517 19
however, the circuit 450 otherw se functions in the same nmanner as the

previous Ciek&uples ardata pRIVEHE] a Ansibe\WBsdriptibh Of théhafuiisgturaegdiuss sfithe is now
“avail able when the first filter subcircuit 402A is activated. Because

enabl ing f q?%arrgt% g‘l‘ﬁir?ﬁj‘hg’ﬁ g??lgagtﬁ%rﬁidny %ﬁn&e‘@ﬂanprre?ﬁﬂo?ﬁrﬁ&ﬁs Bf‘th}?%\%hﬁ@ﬁ carf Ne

first resis acqui sition resistor 410, fast acquisition

operates in a nner very simlar, to that of the second and thi.rd

enbodi ment S°pre v ior Senbedielire the obo Bk s Bel I el £k nghe
activated with the second filter subcircuit 402B in the nodified circuit
450, the cictams hereinties amwendesky sinilar to the second and third

enbodi nents. However, in this case, the second resistor 414 is now added to
the first resistor 412 and both are connected in parallel with the fast
acquisition resistor 410. The analysis is identical, except that the first
resistor RL is now replaced with the sum of Rl and R1". Thus, the Table 3
bel ow provi des exanpl es of bandw dth expansion, FAQ and the tota
effective resistance (RTOTAL )'which are correlated by a factor, F (i.e.
the charge punp current nmultiplier).



WO 03/ 065584 PCT/ US03/ 02517 20 Table 3. Fast Acquisition Bandw dth
Expansi on for Fast acquisition Resistor in Parallel wth Miltiple

Ser i es- ComoewstoesssiResi st or s Bandwi dt h Expansi on Fast Acqui SHAQT/@S30EAQ)
RTOTAL = [(R1+R1")//R"'] xF R1+R1" = VT x4 R+R" v4 x8 R1+Rl" 16 x16
R +RI" 16 The total effective resistance for the conbination of resistors
412, 414 and 406 is given by the foll2BM ng equation (9). R'x(R +R ")
RTOTAL- R1+R1'+RI " (9) Thus, solving equation (9), the necessary val ue for

the fast aqEuig IS enAT®sEPUS! (R ) 410 can be determ ned by applying the
appropriate RTOTAL value to the followng equation (10). R1' _

(R1+R1") xRTOTAL (10) (R1+R 1 ")-RTOTAL In a general form including the
factor, F, RLl' can now be determ ned fromequation (11). WD 03/065584

PCT/ US03/ 0%5 17 An apparatus for filtering a phase error signal, comprising:

2 a first filter subcircuit receiving a phase error signal from a phase comparator
and filtering the error signal with the first filter subcircuit when enabled;
4 a second filter subcircuit receiving the phase error signal from the phase
comparator and filtering the error signal with the second filter subcircuit when enabled;
6 and
a first enable switch and a second enable switch which are activated in
8  combination to control filtering of the error signal;
wherein the first filter subcircuit is enabled by activating a first combination of
10  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.

2. The apparatus of claim 1, wherein the second filter subcircuit has a higher
2 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, further comprising a fast acquisition subcircuit
2 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 activated.



21 R1I+R1" R1'= (11) J-1 In effect, the addition of the second resistor
(R1") 414 in the nodified circuit 450 is equivalent to increasing the

val ue of wWaoeosfoesB resi stor 412. Exanpl e Met hod Enbodi nentPdi0@®3p2#rG. 5 is
a flowmchart 500 illustrating a nmethod of filtering a phase error signal
according to the invention. The nethod begins by receiving a phase error
signal froma phase conparator at bl @k 502. The phase error signal is
filtered with a first filter subcircuit when a first enable switch is
activated at block 504. The phase error signal is filtered with a second
filter subgircuihe Yhfratas SEANRMNS aNRin tiMakicdqiisitiontsibaicall iatenipoeally 506.
Optionally, the error signal may be fast acquisitiond by a fast acquisition
subcircuyit il the first and second filter subcircuits
are fil erPﬁgkﬁﬁg%£g%§%§b§?g§§ﬁkﬁhgn athird enable switch is activated at
bl ock 508. Such fast acquisition my be tenporarily enabled to inprove the
overal |l performance of the PLL circuit. CONCLUSION [0060] This concludes
the description including the preferred enbodi nents of the present

i nvention. The foregoing description of the preferred enbodi nent of the

i nvention has been presented for the purposes of.illustration and ,
descri ptiof. |t Theapparatus af aided, Wlaerﬁg@%ﬁiﬁfﬂ?\?@loarsuﬁ%f‘wtrﬁoﬁlpi“ﬁ%s 38%nt i on
to the precise formdisclosed. Many nodifications and variations are

possi bl 2 i acquisjtiin wehiston avhadivis @laced ghpaigllel 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

R1 .
2 resistance of approximately R1' determined by Rl':Tﬁ , where R1 comprises the

first resistor of the one of the first and second filter subcircuits and F comprises a fast

4  acquisition factor.

7. The apparatus of claim 5, wherein the one of the first and second filter
2 subcircuits further comprises a second resistor in series connection with the first

resistor.

8. The apparatus of claim 7, wherein the fast acquisition resistor comprises a

Rl"[R"—Rl(«/F—l)}

, where R1
(R1"+R1)(VF-1)

2 resistance of approximately R1' determined by R1'=



[0061] It is intended that the scope of the invention be Iimted not by

this detailed description, but rather by the clains appended hereto. The

above spewidozpasison, WO 03/ 065584 PCT/ US03/ 02517 22 exanm@susisd2zdat a

provi de 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 made wi thout departing fromthe sc@®je of the invention, the invention

resides in the clains hereinafter appended. WO 03/065584 PCT/ US03/ 02517

23 WHAT lc%ngyrﬁle%\@ first redistoPIn PRAALEPSsds e ddcbh@fdsREbraf pRasme of tedfirssi gnal ,
afirs

conpri si ng: t filter subcircuit receiving a phase error signal from
a phase, co rat or...and, f.ilter]j err j - WM he first filter
subciréhitg&ﬁ?ﬁmgﬁygﬁéabmgmggggggﬁégﬁpg%égaguC%?@%ﬁ%?&gg%eiving t he phase
error signal fromthe phase conparator and filtering the error signal with
the second filter subcircuit when enabled; 6 and a first enable switch and
a second enable switch which are activated in 8 conbination to contro
filtering of the error signal; wherein the first filter subcircuit is
enabl ed by activating a first conbination of 10 the first and second

enabl e sw PchesThhappamius elcamian 7. Whessin difplastacapisition TRl CFmies 4ct i vat i ng
a second conbination of the first and second enable sw tches.

R1+4R1" _
2 resistance of approximately R1' determined by R1'= N E where R1 comprises the

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

4 filter subcircuits and F comprises a fast acquisition factor.

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

2 subcircuit share common filter circuit elements.

11.  The apparatus of claim 10, wherein the shared common filter circuit elements
2 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

2 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

2 the first enable switch and deactivating the second enable switch to place a first



2. The apparatus of claim1l, wherein the second filter subcircuit has a

hi gher 2 bandwi dth than the first filter subcircuit and the second filter
subcircui wa®/oesssentari ly activated to fast acquisition wamusobe2517r st
filter subcircuit. 3. The apparatus of claim1, further conprising a fast
acqui sition subcircuit 2 including a fast acquisition enable switch and
wherein fast acquisition of one of th&6first and second filter subcircuits
is enabl ed when the fast acquisition switch is activated. W 03/ 065584

PCT/ US03/ 02pddtor #seédies EBfne@RBR ivith uiirdf resib@i BhBbothhies Bisicdpaeitdrast first
acquisition subcircuit is tenporarily 2 enabled to underdanpen the

filterMDQWengIﬂFzﬂgﬁﬁ%g&ﬂ§ﬁ8éwﬁk%kahﬁmm ogi N the fast acquisition
| B85 a tast ' )

subci rcui t " conpr acquisition resistor which is placed in
paral l el 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 claim5, wherein the fast acquisition resistor conprises a Rl
2 resistance of approximately RI' determned by Rl'=, where Rl conprises
the -1 first resistor of the oneﬁﬁq first, an cond filter

th )
subci r cui t ¥-andThe spsptpsefclam s wheppin &F%c?ntdicé’ﬁﬂwiaglt%rgf’m?pselshe appar at us

of claim5, wherein the one of the first and second filter 2 subcircuits
f urt her2 codgactiesingahe Hrsd Aekblesyisthond;agti vasingdhe sesand erabiswitehnwiigh f i r st
resistor.
places a first and a third capacitor in parallel connection and the first and third capacitor
4  both in series connection with a first resistor and the first and third capacitor and the

first resistor are all placed in parallel connection with a second and a fourth capacitor in

6  series connection.

15.  The apparatus of claim 10, wherein the first combination comprises activating
2 both the first enable switch and 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

4 paralle] connection with a second capacitor.

16.  The apparatus of claim 10, wherein the second combination comprises
2 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 ail in parallel

4  connection with a second and a fourth capacitor in series connection.



8. The apparatus of claim7, wherein the fast acquisition resistor
conprises a R1"[R'-R1(J-1)] 2 resistance of approximately Rl' determ ned
by R1'= , wah®res®R1 (R1"+R1) (~-1) WD 03/065584 PCT/ US03/ 02CA/ud3/0zampri ses
the first resistor and RI" conprises the second resistor of the one of the
first 4 and second filter subcircuits and F conprises a fast acquisition
factor. 9. The apparatus of claim7, wl@rein the fast acquisition resistor
conprises a RLI+Rl1 2 resistance of approximately RI' determned by Rl'= -
1, where R1 conprises the rF- first resistor and R1" conprises the second
resistor of1#he peapphrabideoficldistl, amdrehetRittstantithd sscosdibeblecswitchenme F
conprises a fast acquisition factor. 10. The apparatus of claim1l, wherein
the first fi L it and the second filter 2 subcircuit share
common ?i|93$&§??§3?@b% g%ents. 11. The apparatus of claim 10, wherein the
shared common filter circuit elenents 2 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 conprises
filter 2 circuit elements that are a subset of filter circuit elements of
the second filter subcircuit. . 13. The apparatus of clai.m 10, wherein the
first conbi Hati ohnGymaratsed claim | Yherrin ?}?‘gﬂglef 'IIStsetnan? l@émﬁé ﬁtegghae

deactivating the second enable switch to place a first WO 03/ 065584
PCT/ US03/ ozg'@vfilter subcircuit is alternately referenced to a ground and a common cathode voltage

selectable by a reference switch.

19.  The apparatus of claim 1, wherein when the second enable switch is activated
2 the second filter subcircuit is alternately 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
2 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

2 implemented on a single integrated circuit.

22. The apparatus of claim 21, wherein the first and second enable switches are

2 external to the integrated circuit.



26 capacitor in series connection with a first resistor and both the first
capacitor and first 4 resistor in parallel connection with second

capaci t orwolos/oe3dse apparatus of claim 10, wherein the secawd/csmabesiati on
conprises 2 deactivating the first enable switch and activating the second
enable switch which places a first and a third capacitor in parallel
connection and the first and third cagg8citor 4 both in series connection
with a first resistor and the first and third capacitor and the first
resistor are all placed in parallel connection with a second and a fourth

capaci tor 9 BRIl BsCONSAk PN whbRin fHRFuHRMArsatdE cahblesaitohebGre wher ei n
the first conbi nati'on conprises activating 2 both the first enable switch

and t he, second .engbl.e,_swi.t place a first capacitor in series
connectd onll\(ﬁﬁr{‘ﬂ%%ﬁﬁlmﬁgrartee(ﬁ%scﬁlg? and both the first capacitor and first

resistor in 4 parallel connection with a second capacitor. 16. The
apparatus of claim 10, wherein the second conbi nation conprises 2
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 4 connection with a second and a fourth
capaci tor 2 seAnappaapnder ibHINOAPIIS SEYRPAbEPMBEEEL02517 27 17. The
apparatus of claim1l1l, wherein the first and the second enabl e switches are
2 fieldzeffect tfiasidiler sulsircdi8 meThefonpsaiving s physe erar signal s Bl3sewhen t he
first. enable swtch is activated the

comparator and filtering the error signal with the first filter subcircuit when enabled;

4 a second filter subcircuit means for receiving the phase error signal from the
phase comparator and filtering the error signal with the second filter subcircuit when
6 enabled; and
a first enable switching means and a second enable switching means for
8  activating in combination to control filtering of the error signal;
wherein the first filter subcircuit is enabled by activating a first combination of
10 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.

25. The apparatus of claim 24, wherein the second filter subcircuit means has a
2 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, further comprising a fast acquisition subcircuit means
2 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.



2 first filter subcircuit is alternately referenced to a ground and a
common cat hode voltage selectable by a reference swtch. 19. The apparatus
of cl ai m W0 oshwesBen when t he second enable switch is acti wvaTausosB2i1he
second filter subcircuit is 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 second2Pilter subcircuits each 2 conprise a
resistor-capacitor filter including a first capacitor and a first resistor
in series both connected in parallel to a second capacitor. 21. The

appar at us 8f cl@hdparabiesildin 16 whistest theiTastseqasidof butiotrcuis mipeny Gui t s are
2 inmplenented on a’'single integrated circuit. 22. The apparatus of claim

21, whejeip t |k ISt Ches are 2 external to the

i nt egr ed%ﬁpggaﬁﬁ?EW/%@%@B%I)%USOBI 2517 28 23. The apparatus of
claim 21, wherein the first and second enable switches are 2 internal to
the integrated circuit. 24. An apparatus for filtering a phase error

signal, conprising: 2 a first filter subcircuit nmeans for receiving a phase
error signal froma phase conparator and filtering the error signal with

the first filter subcircuif when enabled: .4 a second filter circuit
neans for Pecei Whﬁ@PRaﬁgui)ﬁfta%I%mé%’dY eé‘?lﬁﬂ%ﬂfaf%%ﬂ??‘ﬁlgnﬁﬁgcégugénﬁéggat or and
filtering the error signal with the second filter subcircuit when. 6
enabl ed2 anoimprises a fast acquisition resistor which is placed in parallel connection with a first

resistor of one of the first and second filter subcircuit means when the fast acquisition

4  switch is activated.

29.  The apparatus of claim 28, wherein the fast acquisition resistor comprises a

R1 .
2 resistance of approximately R1' determined by R1'=:/—];_:—1 , where R1 comprises the

first resistor of the one of the first and second filter subcircuit means and F comprises a

4 fast acquisition factor.

30.  The apparatus of claim 28, wherein the one of the first and second filter

2 subcircuit means further comprises a second resistor in series connection with the first

resistor.

31.  The apparatus of claim 30, wherein the fast acquisition resistor comprises a

R1"[R"-R1(«/F-1)]

, where R1
(R1+R1)(F-1)

2 resistance of approximately R1' determined by R1'=



a first enable switching neans and a second enable switching neans for 8
activating in conbination to control filtering of the error signal; wherein
the firstwhdstoessssubcircuit is enabled by activating a fi rtr/esosbesiati on of
10 the first and second enable switches and the second filter subcircuit is
enabled by activating a second conbination of the first and second enabl e
swi tches. 25. The apparatus of claim 23] wherein the second filter
subcircuit means has a 2 higher bandwidth than the first filter subcircuit

means and ther3eeifst kdsRoraHl R IM WaintprisereinB Sedond resiseor @rthd yneael thy fitsed t o
f ast acqw 5| t| on with the first fil ter subcircuit means. 26. The appar atus

of clai g‘w dnq SHDhARSLAMRLLSE A% £ATF cAGHsh sPRApURE ok, Means 2 for

fast ac ion one Irst an d filter subcircuits when a fast
acquisition switching neans for enabling the fast acquisition subcircuit
means i s activated. WO 03/065584 PCT/US03/02517 29 27. The apparatus of
claim 26, wherein the fast acquisition subcircuit neans is 2 tenporarily
enabl ed to underdanpen the filtering. 28. The appar atus of claim 26,

wherein the fast acquisiti n subcircuit ses
acqui si ti od2r es/lSEEPPHATER F@%BQC@EFIPW tﬁ%ﬁ’ﬁ? ﬁ‘célfnsbt@’ﬁg%lft%ﬁowl?%sa first
resistor of one of the first and second filter subC| rcuit means when the

fast acquisition switch i t IR &dpa SR P Teoflnfikdd 8-
wher ei ngt héesli%@lceé’gaﬁ?@f‘waéﬂyr S|ds‘,3 e%ﬁ%&r%’%ées Fa r’g@#sét Iéqf)lce of
approximately R1' determned by RI'= Rl , where Rl conprises the first

E gfrlpf ;[ g;s O&uétr}gmgtgre an(I Rtl h (caor];nllg)nses tﬁen&:ccs)r?(f r%gfsltofr 'ok f@lond "6? tile" 5t IndRBSE an d F

4 filter subcircuit means and F comprises a fast acquisition factor.

33.  The apparatus of claim 24, wherein the first filter subcircuit means and the

2 second filter subcircuit means share common filter circuit elements.

34.  The apparatus of claim 33, wherein the shared common filter circuit elements
2 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.

35.  The apparatus of claim 33, wherein the first filter subcircuit means comprises
2 filter circuit elements that are a subset of filter circuit elements of the second filter

subcircuit means.



4 fast acquisition factor. 30. The apparatus of claim 28, wherein the one
of the first and second filter 2 subcircuit means further conprises a
second rewicsi3wesism series connection with the first resi stavuse3asiThe
apParatus of claim 30, wherein the fast acquisition resistor conprises a
R"[R'-RI(,fF--1)] 2 resistance of approximately R1' determined by R'=
where Rl (RL"+R1)(J -1) WD 03/065584 BCT/ US03/ 02517 30 conprises the firét
resistor and R1" conprises the second resistor of the one of the first 4
and second filter subcircuit nmeans and F conprises a fast acquisition

factor. 3235 TherpppHagitsofeiaifl 35, Mhdfkin ieelrel conibiveatioasbmpdises wstivitong
resi st or corrprl ses'a R +R1 2 resistance of approximately R1' determ ned

by RL' % esfi}lg Eﬁé Fhfle 8 eltg@g@g}eﬁﬁiaﬁma&waﬁhéﬁl%sée%&m erdBR SRitch@rpednses the

second e first and second 4 filter SUbCIrCUIt

means and F C ri ses. a fast ui.sition of claim
24b wher ej Whic g}f § & firg CF‘W@FOTSWBL’SPP ?ﬂnpe?%eogﬁ&ﬁ?i%d%%ﬁes}-&% seco %‘ﬂﬁlt er |
subcircuit means share conmmon filter circuit elenments. 34. The appar at us of
cl ai m 38, odneeetion witk sefead 68P€BMon filter circuit elements 2 an a first
capacitor and a first resistor connected in series both the first capacitor
and first resistor connected in parallel to a second capacitor.

37.  The apparatus of claim 33, wherein the second combination comprises

2 deactivating the first enable switching means and activating the second enable switching
means which places a first and third capacitor in parallel connection, both in series

4 connection with a first resistor and the first and third capacitor and first resistor are all

placed in parallel connection with a second and fourth capacitor in series connection.

38.  The apparatus of claim 33, wherein the first combination comprises activating
2 the both the first enable switching means and the second enable switching means which
places a first capacitor in series connection with a first resistor both in parallel

4  connection with second capacitor.

39.  The apparatus of claim 33, wherein the second combination comptises
2 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,

4 all placed in parallel connection with a second and fourth capacitor in series connection.



35. The apparatus of claim 33, wherein the first filter subcircuit neans
conprises 2 filter circuit elenents that are a subset of filter circuit
el emrent s oo @3hwessecond filter subcircuit nmeans. WO 03/ 0637%84US03/02517

PCT/ US03/ 02517 31 36. The apparatus of claim 33, wherein the first

conbi nati on conprises activating 2 the first enable sw tching neans and
deactivating the second enabl e switchi3dy neans which places a first
capacitor in series connection with a first resistor both in parallel 4
connection with second capacitor. 37. The apparatus of claim 33, wherein

t he secondgombithghpRiateeEPElhisess, Aviteca thevtst #gl sebend érrable ssvitwbing seans chi ng
nmeans and activating the second enable switching neans which places a

first d i i [ parallel connection, both in series 4
connec??on%v%jfiﬁidgﬁ?ﬁ?% 8g'tggsl'stor and the first and third capacitor and

first resistor are all placed in parallel connection with a second and
fourth capacitor in series connection. 38. The apparatus of claim 33,
wherein the first conbination conprises activating 2 the both the first
enabl e switching nmeans and the second enabl e sw tching nmeans which places
a first capacitor in series conpection w.th i rst . resi. A n

paral | el 4%tonndbeABPATAIUE ﬁfglé%ﬁ "X%Q&‘YIE?P.J[Q%%FS{ %agieai%zcﬁlgé%@g%{g 1%:I ai m 33,
wherein the second conbi nation conprises 2 deactivati ng[ both the first
enabl e 2wi nctivateyl, thecfirst filtet subeircsianens arlisrmatelwrelelnerg o ReEAWdMdh pl aces
a first and third capacitor and a first resistor all in series connection,
4 all pl acedminonpataide @bltagrsekectablerbym tefierenceswdichingmeeabsur t h capacitor in
series connecti on.

42.  The apparatus of claim 24, wherein when the second enable switching means is
2 activated the second filter subcircuit means is alternately referenced to a ground and a

common cathode voltage selectable by a reference switching means.

43.  The apparatus of claim 24, wherein the first and second filter subcircuit means
2 each comprise a resistor-capacitor filter including a first capacitor and a first resistor in

series both connected in parallel to a second capacitor.

44.  The apparatus of claim 24, wherein the first and second filter subcircuit means

2 are implemented on a single integrated circuit.

45.  The apparatus of claim 44, wherein the first and second enable switching means

2 are external to the integrated circuit.



WO 03/ 065584 PCT/ US03/ 02517 32 40. The apparatus of claim 24, wherein the
first and second enable swtching neans 2 are field effect transistors.
41. The apoen3absss4of claim 24, wherein when the first enalca/ssesozhivng
means is 2 activated, the first filter subcircuit neans is alternately
referenced to a ground and a comon cat hode vol tage sel ectable by a
reference switching neans. 42. The app#ratus of claim24, wherein when the
second enable switching nmeans is 2 activated the second filter subcircuit
nmeans is alternately referenced to a ground and a common cat hode vol t age
sel ect abl e4gy aThehgpeMue oButking Hi,nghereianise firkBandveompbpmblet avstcbingohednm 24,
wherein the first and second filter subcircuit nmeans 2 each conprise a

resistos-c j § ibtifkodaialidipg a first capacitor and a first resistor
. to th ! !
in ser?esaﬁgﬁehg%nnectedg?n parallel to a second capacitor. 44. The

apparatus of claim 24, wherein the first and second filter subcircuit neans
2 are inplenented on a single integrated circuit. 45. The apparatus of
claim44, wherein the first and second enable switching neans 2 are
external to the integrated circuit. WO 03/065584 PCT/US03/ 02517 33 46. The

2 Bre i nt otal toeiedohPEERLE aahge e R R ENRr s kE 8 s
error signal in a phase |ock | oop, conprising the
2 steps of:
receiving a phase error signal from a phase comparator;
4 filtering the error signal with a first filter subcircuit when the first filter
subcircuit is enabled; and
6 filtering the error signal with a second filter subcircuit when the second filter
subcircuit is enabled; and
8 controlling filtering of the error signal by activating a first enable switch and a
second enable switch in combination, wherein the first filter subcircuit is enabled by
10  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

12 enable switches.

48.  The method of claim 47, further comprising momentarily activating the second
2 filter subcircuit to fast acquisition with the first filter subcircuit wherein the second filter

subcircuit has a higher bandwidth than the first filter subcircuit.



2 steps of: receiving a phase error signal froma phase conparator; 4
filtering the error signal with a first filter subcircuit when the first
filter swcoroesast i s enabled; and 6 filtering the error Siaqmadosmesih a
second filter subcircuit when the second filter subcircuit is enabled; and
8 controlling filtering of the error signal by activating a first enable
switch and a second enable switch in ¥onbination, wherein the first filter
subcircuit is enabled by 10 activating a first conbination of the first
and second enable switches and the second filter subcircuit is enabled by
activating49 seqapehepisaiatinaty, airtieheothprisihg Andacmesitih ofkihe of diel fgrst
switches. 48. The nethod of claim47, further conprising nonentarily
activating bdi&wi st £ddlulsi i herSd fasOftquisitiont he

PO LY A ahd GBI danbirbdifwilt PR Sddbsirdh, ubSitouCANUR fasodequisiiont 1 gher
bandwi dth than the .first filter subcircuit. WO 03/065584 PCT/US03/02517 34
49. The neﬁwgglﬁﬁweygF 47, further conprising fast acquisition of one of
the first 2 and second filter subcircuits with a fast acquisition
subcircuit when a fast acquisition switch is activated. 50. The net hod of
claim49, wherein the fast acquisition subcircuit conprises 2 tenporarily
enabling the fast acquisition subcircuit to underdan}pen the filtering. 51.

The met hod of claim49, wherein the fast acquisition sybcjrcuit conprises a
f ast 50. The method of claim 49, wherein the fast acquisition subcircuit comprises

2 temporarily enabling the fast acquisition subcircuit to underdampen the filtering.

51.  The method of claim 49, wherein the fast acquisition subcircuit comprises a fast
2 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.

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

R1 .
2 resistance of approximately R1' determined by R1'=:/—_F—1 , where R1 comprises the

first resistor of the one of the first and second filter subcircuits and F comprises a fast

4 acquisition factor.

53. The method of claim 51, wherein the one of the first and second filter subcircuits

2 further comprises a second resistor in series connection with the first resistor.



2 acquisition resistor which is placed in parallel connection with a first
resistor of one of the first and second filter subcircuits when the fast
acqui siti wo ®wesslh i s activated. 52. The nethod of clai m PLT/vdeenziin t he
fast acquisition resistor conprises a 2 resistance of approximtely Rl
determned by RI'= Rl , where Rl conprises the J-1 first resistor of the
one of the first and second filter sub8¥rcuits and F conprises a fast 4
acqui sition factor. 53. The nethod of claim51, wherein the one of the
first and second filter subcircuits 2 further conprises a second resistor
in series @Gannecthcancthod bf dlhien 53, veteraie thesthsiracquiitio fSEHGSHIREFEUS03/ 02517
35 54. The nethod of claimb53, wherein the fast acquisition resistor

conprises a RI"[R'-R1(i-1)] 2 resistance of aﬁp[gx_k?gzﬁlﬂjm' det erm ned
by R'=_, where Rl %Rl" +Rl%té']% ' Cfe% rrile%eo f{?g t i stor and g{Ll"
conprisés tRESEMESHAPPIOEIRYEY Tt FHATIIE Bt he (RitstnfF-and second filter
subcircuits and F conprises a fast acquisition factor. 55. The nethod of
claim53, wherein the fast acquisition resjstor conprises.a 2 resistance of
appr oxi mat €OyPRses he (T A Hier f’g@ Iﬁ%h conppyIses thisEr sy 1§t8’frf)ftih§ 8ee ?ﬁtiw %r%- 1
first resistor and R1" conprises the second resistor of the one of the

first add sedeecnd filicr sehciruitcanddicamprisgn § faghacquisbppiackds a f ast
acqui sition factor.

55.  The method of claim 53, wherein the fast acquisition resistor comprises a

: R1+R1" i
2 resistance of approximately R1' determined by R1'= Nl where R1 comprises the

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

4  filter subcircuit means and F comprises a fast acquisition factor.

56. The method of claim 47, wherein the first filter subcircuit and the second filter

2 subcircuit share common circuit elements.

57. The method of claim 56, wherein the shared common circuit elements are a first

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

58.  The method of claim 56, wherein the first filter subcircuit comprises filter circuit

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



56. The nethod of claim47, wherein the first filter subcircuit and the
second filter 2 subcircuit share common circuit elenments. 57. The net hod
of cl ai m 8@ o3wkasssei n t he shared conmon circuit el ements arrETAUSBOR7 2
capacitor and a first resistor in series both connected in parallel to a
second capacitor. 58. The nethod of claim56, wherein the first filter
subcircuit conprises filter circuit 2 8Pements that are a subset of filter
circuit elements of the second filter subcircuit. W 03/065584

PCT/ US03/ 02517 36 59. The nethod of claim56, wherein the first

conbi nat i or69%onpTliesmsthad bf vlain 66, Wieeein2hd firss corebiabiien eomprises agityating the
deactivating the second enable switch which places a first capacitor in

seri es ooNN@&t dfabBleWwlifdhandl desdivh@sd G QécdaateRatle spasiahizh ptawnedidton with 4
second capacitor. 60. The nethod of claim56, wherein the second

conmbi natio [ : L vatd ng: £ | : ctivatin
The second TERaL 1L cg RO Y R A o Bl e 1
paral | el, connection,. both in series connection with a 4 first resistor and
the firdt 98PN pacitor and first resistor are all placed in parall el
connection wth a second and fourth capacitor in series connection. 61. The
nmet hod of claim56, wherein the first conbination conprises activating the
2 both the first enable switch and the second enabl e switch which places a
first capacitor in series connection with a first resistor both in

paral l el connection with second 4 capacitor. 62. The nethod of claim 56,
wher ei n t hebG ec oRee wetlbil eaclatn S6orpiodhe second combination comprises

2 deactivating the first enable switch and activating the second enable switch which
places a first and third capacitor in parallel connection, both in series connection with a
4 first resistor and the first and third capacitor and first resistor are all placed in parallel

connection with a second and fourth capacitor in series connection.

61.  The method of claim 56, wherein the first combination comprises activating the
2 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

4  capacitor.

62. The method of claim 56, wherein the second combination comprises
2 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

4 connection with a second and fourth capacitor in series connection.



2 deactivating both the first enable swtch and the second enable sw tch
which places a first and third capacitor and a first resistor all in
series cowmoewstoesdsy all placed in parallel 4 connection wnrdr/esosezand and
fourth capacitor in series connection. W 03/065584 PCT/US03/ 02517 37 63.
The met hod of claim47, wherein the first and second enable switches are
field 2 effect transistors. 64. The n¥t hod of claim 47, wherein when the
first enable switch is activated the 2 first filter subcircuit is
alternately referenced to a ground and a common cat hode voltage selectable
by a refergnce §uétiehhoddd clatheienhbeth bk fettaindsdcdndwhebleswitohrsrare fiddsecond
enable switch is activated the 2 second filter subcircuit is alternately
ref eren ede%fgt ag&g@ﬂp and a common cat hode voltage selectable by a
referente SWich. . The met hod of claim47, wherein the first and second
filter subcircuits each 2 conprise a resistor-capacitor filter including a
first capacitor and a first resistor in series both connected in parallel
to a second capacitor. 67. The nmethod of claim47, wherein the first and
second filter subcircuits are 2 inplenented on a single integrated

circuit. 68. The nethod of cl aj 7, .wherei.n the first . abl e
switches aféd- 2 Thgmsthpd Oftcéal{rhw“ﬁ"t"%? &'?’8‘31 h}?’l tlf'réttﬁntabfe\ﬁgl‘%ﬁ? %%g@@%ﬁ ihe’
PCT/ US03/ 02517 38

o first filter subcircuit is alternately referenced to a ground and a common cathode voltage

selectable by a reference switch.

65. The method of claim 47, wherein when the second enable switch is activated the
2 second filter subcircuit is alternately referenced to a ground and a common cathode

voltage selectable by a reference switch.

66. The method of claim 47, wherein the first and second filter subci/rcuits each
2 comprise a resistor-capacitor filter including a first capacitor and a first resistor in series

both connected in parallel to a second capacitor.

67. The method of claim 47, wherein the first and second filter subcircuits are

2 implemented on a single integrated circuit.

68. The method of claim 67, wherein the first and second enable switches are

2 external to the integrated circuit.



69. The nethod of claim67, wherein the first and second enabl e sw tches
are 2 internal to the integrated circuit.
WO 03/065584 PCT/US03/02517

38

69. The method of claim 67, wherein the first and second enable switches are

2 internal to the integrated circuit.



