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i nventi orwgenessbéy rel ates to charge punp phase | ocked | ®op/usosiwasts and,
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| ow noi se charge punp phase | ocked | oops. [002] The phase | ocked | oop
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possi bl e. [003] The charge punp phase | ocked |oop (CP-PLL) incorporating a
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controll e osci | l'at or PLL. For exanple, to increase the VCO

frequencybe used for demodulat1on in wireless communication systems such as cellular

communication systems. PLL frequency synthesizers may also be used to maintain
frequency stability in wireless handsets. As the size of wireless handsets is made
smaller along with the batteries that power them, the power budget for the wireless
handset is reduced, creating a demand for components and circuits that draw as little
current as possible.

[003] The charge pump phase locked loop (CP-PLL) incorporating a phase-
frequency detector (PFD) has been widely used in recent years because of its extended
tracking range, frequency sensitive error signal, and low cost availability in integrated
circuit chips. The CP-PLL is known to be capable of tracking the phase of its input
signal extremely accurately. The CP-PLL derives its name from the fact that the PFD,
or phase detector, output of the PLL is a current source as opposed to a voltage source
and pumps current into and out of the loop filter of the PLL. The logic states of the
PFD are converted into analog quantities using a charge pump. The analog quantities,
i.e. currents, are passed through the loop filter of the PLL. The loop filter output
controls the frequency or phase of the voltage-controlled oscillator (VCO) or current-
controlled oscillator (CCO) of the PLL. For example, to increase the VCO frequency
the charge pump outputs a pump up current, e.g., a source current, and to decrease the

VCO frequency the charge pump outputs a pump down current, €.g., a sink current.



the charge punp outputs a punp up current, e.g., a source current, and to
decrease the VCO frequency the charge punp outputs a punp down current,
e.g., a swol3ossupent. WO 03/088496 PCT/ US03/ 11075 2 [ 004pCCThsongelopunp
based phase detectors for PLLs typically have a dead zone, where the PLL
| oop gai n changes dramatically for very small phase error, which occurs
when the PLL is either | ocked or close,to | ocking. Dead zone may be due,
for exanple, to loss of linearity in%%he phase detector when the phase
error is small. Loss of linearity can occur, for exa en t he anount
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* normally open, or “off”, as seen in Figure 1, until a frequency or phase correction is

required, when pump up switch 118 or pump down switch 120 (or both) may be turned

on, or closed, to supply the appropriate output current for output node 117. Output node

117 may be connected to a loop filter, for example, thereby controlling the frequency or

phase output of a VCO or CCO in the loop.

[006] In normal operation, charge pump circuit 100 may have four states: 1) a

pump up state, in which pump up switch 118 is on and pump down switch 120 is off, 2)

a pump down state, in which pump up switch 118 is off and pump down switch 120 is

on, 3) an off state in which pump up switch 118 is off and pump down switch 120 is off,

and (4) a dead zone elimination state in which both pump up switch 118 is on and pump

down switch 120 is on. Thus, the dead zone of charge pump circuit 100 depends on the

turn on/off time of the charge pump current sources FET 108 and FET 110, which are

biased by current source 112 and FETs 102, 104, and 106 to turn on when pump up

switch 118 or pump down switch 120, respectively, turn on. The dead zone of charge

pump circuit 100 also depends, to a lesser extent, on the turn on/off time of pump up

switch 118 and pump down switch 120, which effectively delay, by a small amount, the



down switch 120 is on. Thus, the dead zone of charge punp circuit 100
depends on the turn on/off tinme of the charge punp current sources FET 108
and FET IWO,03/k84¢6h are biased by current source 112 and PET&S2®PL07104, and
106 to turn on when punp up switch 118 or punp down switch 120,
respectively, turn on. The dead zone of charge punp circuit 100 al so
depends, to a | esser extent, on the tyrn on/off tinme of punp up switch 118
and punp down switch 120, which effec#i vely delay, by a small anount, the
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Referri n? now to Figure 2, another exanple of a charge punp circuit as

pr evi ous [SF aPRIGaHAR AR KW NRIFRFYBPHARI FYEGMS: 200, is illustrated by a

sinplifi f(g)r?t'l Sgggrgféeéiﬁﬁgzﬁgag{oam&??é;# Both&T 8x e 20 ch#08 puRBSeir@idag?10 and

bi as cur conn In a configuration, between a voltage
sour ce 2péeviviglyaimpkmenteds ehmge pifp coufith200,FET ilkG8atedybpca savplfiedur r ent

source to output_ node 217 p swi.t.ch i Mt ched, t t put

ode. 217 SchggalR iR shoymea ore A 2205t 8bfeip e Syt SRR R o
out put ngge cé}n%cﬁé’@qﬂ a%Hﬁ%ﬁ‘aﬁ@n,%&&:ﬂ 2¢Salgs sdké ol and @ comfdutgronatle 217,
as shown in Figure 2. Each of punp up switch 218 and pui’% down switch 220
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output node 217. Such a switching arrangement is generally referred to as differential

switching. For example, dump node 221 may provide a connection to an appropriate

voltage level within charge pump circuit 200, which is capable of absorbing current

from FET 208 or supplying current to FET 210. Output node 217 may be connected,

for example, to a loop filter, thereby controlling the frequency or phase output of a VCO

or CCO in the loop.

[008] In normal operation, charge pump circuit 200 has four states: (1) a pump up

state, in which pump up switch 218 is switched to output node 217 and pump down

switch 220 is switched to dump node 221, (2) a pump down state, in which pump up

switch 218 is switched to dump node 221 and pump down switch 220 is switched to

output node 217, (3) a tri-state in which both pump up switch 218 is switched to dump

node 221 and pump down switch 220 is switched to dump node 221, and (4) a dead

zone elimination state in which both pump up switch 218 is switched to output node 217

and pump down switch 220 is switched to output node 217. Thus, charge pump current

sources FET 208 and FET 210 are effectively always on, so that the dead zone of charge

pump circuit 200 no longer depends on the turn on/off time of the charge pump current



[008] In normal operation, charge punp circuit 200 has four states: (1) a
punp up state, in which punp up switch 218 is switched to output node 217
and punp wown/08sm t ch 220 is switched to dunp node 221, (2rTaASpHMmP7Eown
state, in which punmp up switch 218 is switched to dunp node 221 and punp
down switch 220 is switched to output node 217, (3) a tri-state in which
both punp up switch 218 is switched to dunp node 221 and punp down sw tch
220 is switched to dunp node 221, and (4) a dead zone elimnation state in

whi ch both pu it 8 is switched to output node 217 and punp down
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PLL in a 1(1:1?e|g|er BEEQ %uQ % See;[le'ed for large phase detector gain. For example, the current
consumed may comprise 50% or more of the total current drain of an integrated circuit -
chip containing the PLL in a cell phone handset.
[0010]  As can be seen, there is a need for a low noise charge pump circuit that
eliminates dead zone without consuming significant amounts of current. There is also a
need for a charge pump circuit that minimizes turn on/off times for dead zone
elimination while being economical of current consumption in low noise charge pump

phase locked loops.
SUMMARY OF THE INVENTION

[0011] The present invention provides a low noise charge pump circuit that
eliminates dead zone without consuming significant amounts of current. The present
invention also provides a charge pump circuit that minimizes turn on/off times for dead
zone elimination while being economical of current consumption in low noise, charge

pump phase locked loops.

[0012] In one aspect of the present invention, a charge pump circuit includes a



[0010] As can be seen, there is a need for a | ow noise charge punp circuit
that elimnates dead zone w thout consum ng significant anmounts of
current. Wbhesm®sd436 al so a need for a charge punp circuit wPeatused/nions zes
turn on/off tinmes for dead zone elimnation while being econom cal of
current consunption in | ow noise charge punp phase |ocked | oops. SUMVARY
OF THE I NVENTI ON [0011] The present iné/enti on provides a | ow noi se charge
punp circuit that elimnates dead zone w t hout consum ng significant
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| ocked | oops. n one aspect of the present invention, a charge punp
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source configured for differential .switching of an oytput current and a
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source [OORY] t AnthSidt higrcest il préshi fveMbfa dhafseOplindy bir6f m@Ridegtd t o
turn off the charge punp ™ current source after the differential swtching

of the ouupgnt sowrcerand OBt [sinkanokhiseeursens ewrast andhdhgcagent: sinkvaBt i on, a
charge punp.circuit includes a, current source and a. curr i.n he

cur r ot " SORFER I rrwade B Bl ofilit P an "R glPeufich bl dedad but
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the curren source to the outp to connect the current source to
t he dunp soofte;to ahepourput whalarngvib tcolnecotifei quueatsduoceconhe cuntphmdeus pemp Si nk
to the output node and to connect . the curyent tgi nk to t%??d np node so
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switch configured to turn on't current source and the current” sink prior
to the  switch are configured for differential switching of the output current; and a charge pump

enable switch configured to turn on the current source and the current sink prior to the
differential switching of the output current.

[0014] In still another aspect of the present invention, a charge pump circuit includes
a current source and a current sink configured to provide an output current to an output
node which connects the output current to a loop filter of a phase locked loop. The
charge pump circuit also includes a dump node configured to absorb current from the
current source and to supply current to the current sink; a pump up switch configured to
connect the current source to the output node and to connect the current source to the
dump node; and a pump down switch configured to connect the current sink to the
output node and to connect the current sink to the dump node so that the pump up
switch and the pump down switch are configured for differential switching of the output
current. The charge pump circuit also includes a charge pump enable switch configured
to turn on the current source and the current sink for a warm up period prior to the
differential switching of the output current, where the warm up period comprises an
amount of time adequate for the output current to settle to a required accuracy prior to
the differential switching of the output current, the warm up period is between

approximately 100 ns and approximately 300 ns, the charge pump enable switch is



differential switching of the output current. [0014] In still another
aspect of the present invention, a charge punp circuit includes a current
sour ce ammoas3ossspent sink configured to provi de an out put PCOrUSen110rd an

out put node which connects the output current to a loop filter of a phase
| ocked | oop. The charge punp circuit also includes a dunp node confi gured
to absorb current fromthe current sgurce and to supply current to the
current sink; a punp up switch configured to connect the current source to
t he out put node and to connect the current "source tq t

. e dunmp. node; and a
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of the ouédprding Gurd ehirge Thene kanlge sigmap aid thei thags euimpe buahds signehiy ge punp

enable switch configured to turn qn th urrent, source.and the current
si nk forPﬁ"’Wrﬁ%agféﬂp‘ﬁ@yﬂ‘Yle‘? ng?{q%a?’g f‘f‘él?eemais%lrocgﬁ f(l)c?ﬁi ng of the

out put Ctﬁtﬁ?i‘t . R ELANLNS YA’ 8P e éﬁ@s%hpﬁlvéﬁfﬂﬁ[ l2SIB8thed foRraMBing Wurdehtre
adequate t0r the output cSrrent to settle to a required accuracy %rl or to
g
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between approximately 100 ns angd approxi mately 300 h unp
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current E)Hle 0% @bl i Feent Providink aabligut Elitendufihg tterdhagde puspl dutleng  of

t he out put current the charge punp enable switch is configured to switch
accor di ngotroe dutithmthgechprgeppuen byantsingriamingpld théehas g PyaP SURPEREe si gnal

is provided froma freque di yi in the phase | ocked

| oop. [08T8% t}fenC?lérgeLPrWe?naggeypsé%da\{’oagt%{ ﬁ%@g"r“jéé g{rﬁ@ieﬁg@hti on, a method for

r educi ng [o1i6] €NtThe ORI festuied, Bpedtaargieadvanpgesi afths prebent invdegorsweps of :
provi di n% a charge punp enable signal; usi n]gqt,he ha{{%('sa urrB enabl e si gnal
to turn dacane hettgeunsiereaduriBniclesenseda the ApRewing dawfigs o EesSUR it :
provi di ng,.an_out put current using the charge punp current source during

t he char ggﬂ%ﬁ'rrp event; and turning off the charge punp current source,
using the charge punp enable signal, after the charge punp event. [0016]

These and ot her featuycey RRSEL BN OITRETRAWINGS Present | nvention

[0017] Figure 1 is a simplified schematic diagram of one example of a charge pump
circuit as previously implemented;

[0018] Figure 2 is a simplified schematic diagram of another example of a charge
pump circuit as previously implemented;

[0019] Figure 3 is a block diagram of an exemplary phase locked loop incorporating
a charge pump circuit in accordance with one embodiment of the present invention;
[0020] Figure 4 is a simplified schematic diagram of an example of a charge pump
circuit according to one embodiment of the present invention; and

[0021] Figure 5 is a timing diagram for an example of a charge pump circuit

according to one embodiment of the present invention.



become better understood with reference to the follow ng draw ngs,
description and clainms. BRI EF DESCR PTION OF THE DRAW NGS [0017] Figure 1
is a sinpwofosesssschenatic di agram of one exanple of a chaPge/ysesplo7eircuit
as previously inplemented; [0018] Figure 2 is a sinplified schematic

di agram of anot her exanple of a charge punp circuit as previously

i npl enent ed; [0019] Figure 3 is a bl oc‘7k di agram of an exenpl ary phase

| ocked | oop incorporating a charge punp circuit in accordance with one

enbodi ment of the present invention: 2 i is.a sinplified
schermati ¢ di agram @H@W@WPJM%%WﬁN&JQﬁ according to one
enbodi ment of the present invention; and [0021] Figure 5 is a timng

di agram for an exanple of a charge punp circuit according to one

embodi mei022f t e folewitg Hetaided idestripheh (18/ 8B OBesPCTIEISHB/congrplater

DETAI LED DESCRI PTI ON OF THE | NVENTI 0022] The fall i il.e
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the i nveniehtion, sticade schpe stibpevehtiomhis beshdsfingdhy ths apeerdedstaimed by t he

appended cl aims, [0023] The current saying technigue of t
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the anmougt af ch%}gercﬁl%p Y hsédcibdufs Gitefdlibe anictinD6f @eRMedin fothe exanipl e, the
current saving technique 'of the present invention may be especi aII%% usef ul
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circuit chips sych as those used i [ ] nnj j
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appr oxi naneél ip mtizmdarmﬁgrpgéegrated cirzuit chips used il‘ll %Qi?d?hélﬁ‘“ I?lObOIIC 1(1:nu1{;’sr %P tcelli otal,

phones.

[0024] TFor example, in a typical integrated circuit chip, which may use
approximately 40-60 milliamps (mA) of current total, approximately 32 mA may be
devoted to charge pump current drain, where the charge pump uses differential
switching as known in the prior art. Thus, the charge pump current drain may amount
to as much or more than 50% of the total current drain of the integrated circuit chip.
Using the current saving technique of the present invention, in one embodiment where
the reference frequency of the phase locked loop is 200 kilohertz (KHz), the charge
pumps need only be on for approximately 200 nanoseconds (ns) out of the reference
time period of 5 microseconds (ps), or less than 5% of the time. Thus, significant
savings can be achieved without sacrificing the low noise properties of differential
switching operation. Prior art charge pump circuits have exhibited either high noise
operation or high current consumption, in contrast to the present invention, which

achieves both low noise operation and economical current consumption.

[0025] In one embodiment, the present invention eliminates wasteful consumption of
current by using signal available as part of the rest of the PLL to control the charge
pump so that the charge pump is on only for the time required for the output current to

settle to the required accuracy and the time required to providé the pump up and pump



devoted to charge punp current drain, where the charge punp uses
differential switching as known in the prior art. Thus, the charge punp
current dweion/ossys anount to as nuch or nore than 50% of th@/uses/alo7Eur r ent
drain of the integrated circuit chip. Using the current saving technique
of the present invention, in one enbodi nent where the reference frequency
of the phase | ocked loop is 200 kil oheétz (KHz), the charge punps need
only be on for approxi rrately 200 nanoseconds (ns) out of the reference
time perl(ﬂd of 5 mcrosec or less than 5% of the tine. Thus,
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by voltage controlled oscillator (VCO) 308 and frequency divider 310. PFD 304 may
output pump up signal 312 and pump down signal 314 to charge pump 316 at
appropriate times for correcting the frequency and phase error of local signal 306, in
order to cause local signal 306 to track input signal 302. Signal available as part of the
rest of phase locked loop 300, i.e., charge pump enable signal 318, may be used to
control charge pump 316 so that charge pump 316 is only on, or consuming current, for
a minimal amount of time required to achieve frequency and phase correction. Charge
pump enable signal 318 may be provided, for example, from the PLL counters in
frequency divider 310. A reset signal, i.e., turning off of charge pump enable signal
318, may be provided, for example, from the internal reset si gnal of PFD 304, used for
resetting both D flip-flops of PFD 304. Charge pump enable signal 318 may be
combined from one or more other signals, for example, using appropriate logic gates, as
known in the art. When enabled, for example, when charge pump enable signal 318 is
high, and according to the presence of pump up signal 312 and pump down signal 314
at the inputs of charge pump 316, charge pump 316 may pump output current 320 either
into or out of, respectively, loop filter 322. Loop filter output 324 may be fed to VCO



is illustrated according to one enbodi nent. |nput signal 302, whose
frequency and phase is to be tracked, can be fed to phase frequency

det ect or WBHEBY8KA®!. PFD 304 can conpare the frequency anaCphses®10f5 i nput
signal 302 to that of |ocal signal 306 output by voltage controlled
oscillator (VCO 308 and frequency divider 310. PFD 304 may output punp up
signal 312 and punp down signal 314 togcharge punp 316 at appropriate
times for correcting the frequency and“phase error of |ocal signal 306, in

order to use | oca). signal 306 to track_input signal 302. Signal available
as part ofoagt (Y6 contgaghin gg‘ﬁ&%@%’@@ﬁ&aﬂedﬁﬁ/ %‘8@,“9“? 26 fedria figaugngslivederbl e

si gnal 31§1,0 may be used to control charge punp 316 so that charge punp 316
is only on, or consunming current, for a miniml anmount of time required to

achi eve fm@alﬂenc&efanmmwsm Elguneebtan@mmﬁmaifgﬁ:hargftrmmmﬂab:h@t &cidalg 318 may
be provided, exanp fromthe PL counﬁ ers in frequenc d| Vi der 310.
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Fi gure 4,428ris ewanmcmoocbu@mmegmwmmﬁ & Flguds 80T Quthsk Adle Aremeypedi ment ,
circuit 400, is illustrated by a sinplified schematic di agram

gﬂg\r/\ngﬁgpf%iong‘i‘?fteéif@é‘cfﬂm?ﬁ&ﬁw it a0, TaveRaings 1o 208 e Baopy b as
current, ssmassy AR FYRAR SR PO AL AEhRISETAN
that, whdf02ar g¥hgunimrenpiuing ensbik tsefitcd 224iis cllsed @, tuded od] aedgdpumpET 408
ey act et 200 rn?ary[ opse?zlijtg (iref\ o%g o?'iloﬂu;tatgsO(j(?) a pump up state, in which pump up
switch 418 is switched to output node 417 and pump down switch 420 is switched to
dump node 421, (2) a pump down state, in which pump up switch 418 is switched to
dump node 421 and pump down switch 420 is switched to output node 417, (3) a tri-
state in which both pump up switch 418 is switched to dump node 421 and pump down
switch 420 is switched to dump node 421, and (4) a dead zone elimination state in
which both pump up switch 418 is switched to output node 417 and pump down switch
420 is switched to output node 417, as shown in Figure 4.
[0029]  As shown in Figure 4, charge pump enable switch 424 is normally open, or
turned off, so that charge pump circuit 400 consumes practically no current. When‘a
frequency or phase correction is required, referred to above as a charge pump event,
charge pump enable switch 424 may be closed, or turned on, using charge pump enable
signal 318, described above. Charge pump enable signal 318 may be configured, for
example, using signals available in the PLL as described above, to turn on charge pump
enable switch 424 a short time, approximately 100 ns to 300 ns, before the charge pump

event is to occur, in order to provide an adequate warm up period, as described above,

for charge pump circuit 400. During the warm up period, charge pump circuit 400



417 when punp up switch 418 is switched to out put node 417, as shown in
Figure 4, and FET 410 may act as a current sink for output node 417 when
punp dowwewswngddoe 420 is switched to output node 417, as POOWSOI/NOE gure 4.
Qut put node 417 nmay be connected to a circuit external to charge punp 400,
for exanple, to a loop filter, thereby controlling the frequency or phase
output of a VCO or CCOin the phase Ioﬂfed | oop. [0028] Wen charge punp
enable switch 424 is closed, or turned On, charge punp circuit 400 rmay

operate in_one of four states: (1) a np. up state, in which pu u
S\F/)vi tch 4I18Peir§te§v\}i‘t‘%%g‘?fsisa@;otl??‘b@gﬂeﬁo%%gﬁgh éﬁé %@n}ﬁﬁlabmwéwwiéq% 4 3?65
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418 is switched to dunp node 421 and punp do ched to
out put no#&l 21, pyo3ideaa tconrectivmtte dmappropintd obhagelgvelivitm thkrgd Ioni

switched t.0 du node 421 d dowmn switch 420 is switched to dunp
node 421, &gcﬁl t {@) v, lcﬁégaa@%eoﬁ%ggﬁb%qu&?“&r%ﬂ% O%p1i WRPlYS S CYsTERptoup
switch 41BET®1ewi tched to output node 417 and punp down switch 420 is
swi tched to output node 417, as shown in Figure 4. [0029] As shown in

Fi gure 4, 0938} geAfaniheewain vp pariod whrnda psmpapnal fumppewn igput signahéer of f |
so that c i rcui Q consupes practically no rrent. \Wen a
frequency or g?"i se cgé rsg%‘? % %ﬁp%p‘r@atﬂg‘;"é‘dggl?agﬁé%r @d%éffiiv%{jg&égg@é’ugﬁ’arge
punp eventircuitc4@0, gke pppRpEBRIR SMhieh W2 dwidy 408 & RS doRh dwichedoon,
usi ng chQ%%e punp enabl e signal 318, described above. "Charge punp enable

si gnal 3187HHGS Be eyRrs gededil’s dp supphmihe, appeiprigtes cymentsindv airl abil efi n t he
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occur, i mpatbdoww cpargy pumpanrragtequaies, fopeRAtPlc PEET 008 288 FIASEI], ke dcabove,
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connect i gWwitch 48 iappritched tt eutpat naiget I7eandl punip Hown Ghétcly @20 Usrpwit€liddagi t 400,
which is o({]%pue%%lo eg{,/.'absorbi ng current from FET 408 or supplying current to

[0031]  After the frequency or phase correction, charge pump circuit 400 may be

turned off, for example, by opening charge pump enable switch 424, a short time, for

example, approximately 1 ns, after the charge pump event is over, for example, after

charge pump circuit 400 has resumed tri-state operation or output current 320 has

dropped to zero. Charge pump enable switch 424 may be turned off, for example, using

charge pump enable signal 318 as described above. In the off state, with charge pump

enable switch 424 in its normally open position, as seen in Figure 4, charge pump

circuit 400 again consumes practically no current. Thus, charge pump current sources

FET 408 and FET 410 are effectively on only during the time that charge pump enable

switch 424 is on, so that charge pump circuit 400 gains the low noise benefits of

differential switching, without inéurring the current consumption penalties of

differential switching.

[0032] Referring now to Figure 5, exemplary timing diagram 500 illustrates a

portion of the timing relationship between charge pump enable signal 318 and output

current 320. Timing diagram 500 shows pump up output current 502, pump down

output current 504, and charge pump enable signal 506 graphed relative to horizontal



FET 410. [0030] After the warmup period, when a punp up or punp down i nput
signal, for exanple, punp up signal 312 or punp down signal 314, is

recei ved wWp oshss4ge punp circuit 400, the appropriate onePofi/ysosploap switch
418 or punp down switch 420 switches to output node 417, to supply the
appropriate current into or out of, respectively, output node 417. Dead
zone elimnation may be achieved by foycing both up and down charge punp
current sources, for exanple, FET 408 and FET 410, to act sinmultaneously
for part of the gqre uency cycle of the phase detector, i.e., by placing the
char ge putiBCERiStNg. JEP IRHAUPR| uricabPosrreaspenss Jios examplg, whorit cwrerte bot h
punp up ! lo§ i SMM u 1 sw,tch 420
s S {oho o S i o B S it S 25 B PMBNEE
correct i oRymp dawgeouputpucienicii4 cettpomls, fie extmpleeed ofithut E@reneBa0BeRg by
openi ng char enahl e ttch 424, a _short time,_for _exanple,
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for exanpthargeupimy 316has geovpuinp FigvabBe As geal in3FRues Sdelsngd pesipadavie. | n

the off state. w.th charge P enable switch 424 in jts_normally open
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di fferentj i h G WL i rHe-Qg. t current .consuppti on penalties
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504, and g t%rr&ﬁ@?abgﬁg.bl e signal 506 graphed relative to horizontal WO
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[0033]  Charge pump enable signal 506 is set low, in order to turn off charge pump

316, for example, a short time delay 512 after the completion of the charge pump event,
which is represented in Figure 5 by both pump up output current 502 and pump down
output current 504 going low. Time delay 512 may be just long enough to ensure the
completion of the charge pump event and settling of currents to zero, for example,
approximately 1 ns.

[0034] It should be understood, of course, that the foregoing relates to preferred
embodiments of the invention and that modifications may be made without departing

from the spirit and scope of the invention as set forth in the following claims.

WE CLAIM:



time axis 508. Punp up output current 502 corresponds, for exanple, to

out put current 320 being punped into loop filter 322 by charge punp 316,
as shown wp oBioga4pe 3. Punp down out put current 504 corre®pon$ei/1f0os
exanple, to output current 320 being punped out of loop filter 322 by
charge punp 316, as shown in Figure 3. Charge punp enable signal 506
corresponds, for exanple, to charge pugp enabl e signal 318 fed to charge
punp 316, as shown in Figure 3. As seenin Figure 5, charge punp enabl e
signal 506 is set high a short tine,gégrrgsponding to warmup period 510,
prior to the charge punp event repr by punp down out put current 504
goi ng high. For exanple, the length of warmup period 510 nmay preferably
be in the range of approximately 100 ns to 300 ns for a PFD or PLL with a
r ef er ence If r eqieHieygeafummeiprudtdometrising: 200 KHz. As descri bed above, warm up

period 510 may provid adequate time for the current sources of the charge
punp of one enbodi et 5 P4 |Cél\?§n{ ﬁq}‘tr?ﬁj‘for&‘@we@%r g’tféﬁ‘mﬁia{ gwitthipm off archar ge
punp enabbetpai @irht;208 is set low, in order to turn off charge punp 316,

for exanple, a short time delay 512 after the conpletion of the charge punp
event, which is reprd3estRump sngtileswich copfigoed tpuwp ampsadtchatze cpunient 502

and punp . I 504.gai ng, | ow,. Tine delay 512 nay be just
| ong enoug tgs@#@ﬁﬁ@rﬁﬁéﬁ%@ Iétt‘efqg?‘?'rllrg]f‘mgﬁgs ﬂgwé’éltﬂ'lfﬁfﬁ‘t'event and settling

of currents to zero, for exanple, approximately 1 ns. [0034] It should be
under st ood, of course, that the foregoing relates to preferred enbodinents
of the inventidn andl% SRATSHBYTP Ceetit ofdairal, feshersgmprisingout departing from

the spirit and scopg -@fretth&ullVat | \{/ rt:h in the foll ow ng clains.
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swi tching of an outrput currgnt , _and )
: ail output node configured to connect said output current to a circuit
external of the charge pump circuit;
a dump node configured to absorb current from said current source and
to supply current to said current sink;
a pump up switch configured to connect said current source to said
output node and to connect said current source to said dump node; and

a pump down switch configured to connect said current sink to said

output node and to connect said current sink to said dump node.

3. The charge pump circuit of claim 1 wherein said charge pump enable
switch is configured to turn on said charge pump current source for a warm up period

prior to said differential switching of said output current.

4. The charge pump circuit of claim 3 wherein said warm up period
comprises an amount of time adequate for said output current to settle to a required

accuracy prior to said differential switching of said output current.

5. The charge pump circuit of claim 3 wherein said warm up period is

between approximately 100 ns and approximately 300 ns.



a charge punp enable switch configured to turn on said charge punp current
source prior to said differential switching of said output current. 2. The
charge puwpogiossagét of claim 1, further conprising: a curPEmUSSHUWOCE and a
current sink, wherein said charge punp current source conprises said
current source and said current sink; an output node configured to connect
said output current to a circuit extegrnal of the charge punp circuit; a
dunp node configured to absorb current Tromsaid current source and to
supply current to said current sink; u up, switch configured to connect
said current sbur ceTI?eoc@égﬂpu’B‘Bt%{?PItrfgo‘galg{E&l Berpgnigiet chasgs g“@ﬂﬁ”@ sour ce

to said dy hQQGSﬁﬁ%ﬁQd fo REABAHOIQND cMbd Glmb QLA ! Fted QRIACK R A4l

current sink to sai out put node and”to connect said current sink to said
dunp nodeswihinpe seidayugmit pumgntci rcuit of claim 1l wherein said charge punp
enable switch is configured to turn on said charge punp current source for
a warmup period prior to said differential swtching of said output

current. 4. The chapge pReP phinpMichit U @higd M Bhoiar id) chape puaprendpleper i od
conprises an anount of tine adequate for said output current to settle to a

requi red svathus eenfigurddoto switck acaprding ter ehargabuspicndne signadf sai d out put
current. 5. The charge punp circuit of claim3 wherein said warm up period
is between approximtely 100 ns and approxi mately 300 ns. WO 03/ 088496
PCT/ US03/ 110758, 13 Bhe fheg€ Pamgecifuiiofcilsien 7t whdreigl gidvcHarpd @uiprenabied
charge punp enabl e switc}gw is configured to turn off said charge punp
current sognatés prpvided Same phase kcked [ogP-  swi t chi ng of said output current.
7. The charge punp circuit of claiml wherein said charge punp enabl e
switch is configured to switch according to a charge punp enable signal. 8.
The charge pung ci rthd thage phmproirtunhe dhim Jawhereinasage chargp pemabdnable

signal is provided from a frequency divider and from a PFD in a phase locked loop.

10.  The charge pump circuit of claim 2 wherein said output node connects

said output current to a loop filter of a phase locked loop.

11. A charge pump circuit comprising:

a current source and a current sink, wherein said current source and said
current sink are configured to provide an output current;

“an output node configured to connect said output current to a circuit
external of the charge pump circuit;

a dump node configured to absorb current from said current source and
to supply current to said current sink;

a pump up switch configured to connect said current source to said
output node and to connect said current source to said dump node;

a pump down switch configured to connect said current sink to said
output node and to connect said current sink to said dump node wherein said pump up
switch and said pump down switch are configured for differential switching of said
output current; and

a charge pump enable switch configured to turn on said current source

and said current sink prior to said differential switching of said output current.



signal is provided froma phase | ocked |oop. 9. The charge punp circuit of
claim?7 wherein said charge punp enable signal is provided froma
frequencywaiodioskars and froma PFD in a phase | ocked | oop. POT/USh&1whdar ge
punp circuit of claim2 wherein said output node connects said output
current to a loop filter of a phase |ocked |oop. 11. A charge punp circuit
conprising: a current source and a curjgnt sink, wherein said current
source and said current sink are conflgured to prOV|de an out put current
an out put node ,gonfi gd t o _connect t curre to a crrc

external of thégcha B%5 PRt ‘aﬁﬁbTL “33&@1 Wﬁm%ﬁg

current fieitsal éi)nﬁ'gﬁfeﬂf’tb 1SR UWnCRI BEHrent Qoibd Bhd/ sHd L@t stk foRlaCy b ﬂip? nt
sink; a punp up switch configured to connect said current source to said
out put nogetiehpriergo saidelterentyil wiching af saidavipst ereshi d dunp node; a punp
down switch configured to connect said current sink to said output node
and to connect said current sink to said dunp node wherein said punp up
switch and sai d3punmrhd asMarg@wpiip @fcaltcmleagﬁrmi“ﬂﬁfendlsbﬂ‘demﬁlLqJ p&iéd chi ng
of said output current; and a char punp enable switch configured to turn
on said cGPMBHECSsBLRBAUNtQ]fiBe adeqid faﬁtsagi KDY usFent ¢o seiflg taiof regpisett | al
swi tching 03/ 11075 14 12. The
char ge pur%%gu(rzlé)c&l ?% ?aﬁl&flg{l:%n %I%ere%éﬁgﬁﬁaﬁgg%éry@unp enable switch is
configured to turn on said current source and said current sink for a warm

up period prlor to dlfferentlal tching of said output current. 13.
The charge punp?ci ré@FtC Blfgecﬂ’%‘i’ﬁnmf%lﬁﬁéwi?r‘ g’&e’(ﬁé} MG pveEY PBd’erIE‘é)rﬁ)rl ses

an anount b%eghqulagé%ﬂé} 480H 9 aﬁﬁrwhﬁﬁ y 8o peNt to settle to a required
accuracy prior to said differenti swtching of said output current. 14.

The charge punp circuit of claim12 wherein said warmup period is

15.  The charge pump circuit of claim 11 wherein said charge pump enable
switch is configured to turn off said current source and said current sink after said

differential switching of said output current.

16.  The charge pump circuit of claim 11 wherein said charge pump enable

switch is configured to switch according to a charge pump enable signal.

17.  The charge pump circuit of claim 16 wherein said charge pump enable

signal is provided from a phase locked loop.

18.  The charge pump circuit of claim 16 wherein said charge pump enable

signal is provided from a frequency divider and from a PFD in a phase locked loop.

19.  The charge pump circuit of claim 11 wherein said output node connects

said output current to a loop filter of a phase locked loop.

20. A phase locked loop comprising:
an oscillator oscillating at a frequency;
a frequency divider driven by said oscillator and providing a local signal;

a PFD, wherein said PFD compares an input signal to said local signal to



bet ween approxi mately 100 ns and approxi mately 300 ns. 15. The charge punp
circuit of claim1ll wherein said charge punp enable switch is configured
to turn oWDosmssdocurrent source and said current sink aft®CTa®s0311075
differential switching of said output current. 16. The charge punp circuit
of claim 11 wherein said charge punp enable switch is configured to swtch
according to a charge punp enable sig . 17. The charge punp circuit of
claim 16 wherein said charge punp enable si gnal is provided froma phase

| ocked | oop., 18. The charge u circuit claim 16 wherein said charge
punp enabfevi %?@’HHHPWPSSI%PSW‘S%H P6]H1W33f juency divider and froma PFD in

a phase | ocked | oop, cphPee giltp, GNRLAR sBHTRarsE Ibgﬂﬁbtcogfpngésal m 11 wherein said
out put node connects sal d output current to a loop filter of a phase

| ocked | oop. 20. A phasaacriangekpldnp @opeMcsnplrcas;pm@guradnfqrsbffbﬂeaudrs“@tgbmgl ating
at a fre uenc di vi der, driven .by .sai.d.qscill ator .an rovi di ng
a | ocal q‘? zﬂ\i‘t ut 8” BSOS P USHHR #1iA B SAH PIMB OV § éﬁ'ﬂ“ﬁ? aB g sai d
local si gnal to VD 03/ 088 %@H&&%ﬁé@@&&l céﬁlgm&yw@ma GHI8Rd Uhaegnal

and a punp down signal; a c argeﬁfg , Wherein said charge punp conpri ses:
a char ge PURPCWIAN: soHICSPATIE smdm'lﬂ eremtend swiehiag pf ew@avtpal cwwant; @ifing  of an

ci'gnal, “anda’ char bR ennRl SR Mgl Rua 3P e R TRIR, o

punp cur ridt fré@iehEeof¥ai dscilitsraivile@by b edvial €ibnd WatledHainhit Sgiall out put
current; and a loop filter, wherein said loop filter uses said output
current to control said frequency of said oscillator, whereby said Iocal

AL LK BB P oo IRRPIRSR O TR B 0,
sink, . whetpisas:sai d charge punp current
a current source and a current sink, wherein said charge pump current
source comprises said current source and said current sink;
an output node configured to connect said output current to said loop
filter;
a dump node configured to absorb current from said current source and
. to supply current to said current sink;
a pump up switch configured to connect said current source to said
output node and to connect said current source to said dump node; and

a pump down switch configured to connect said current sink to said

output node and to connect said current sink to said dump node.

22.  The phase locked loop of claim 20 wherein said charge pump enable
switch is configured to turn on said charge pump current source for a warm up period

prior to said differential switching of said output current.
23.  The phase locked loop of claim 22 wherein said warm up period
comprises an amount of time adequate for said output current to settle to a required

accuracy prior to said differential switching of said output current.

24.  The phase locked loop of claim 22 wherein said warm up period is



source conprises said current source and said current sink; an output node
configured to connect said output current to said loop filter; a dunp node
conf i gur ewotos/ostasor b current from said current source andPCraSssuppry
current to said current sink; a punp up switch configured to connect said
current source to said output node and to connect said current source to
sai d dunp node; and a punp down sw tchgconfigured to connect said current
sink to said output node and to connect said current sink to said dunp
node. 22. The phase.locke | 00 dof cIanHZgO erein said charge punp enabl e
switch i LEEETHIAFREHPEEY PSS 2BP g ey ge "B current source for a warm
up period prior to said differential switching of said output current. 23.
The phase | ocked | oop of claim22 wherein said warmup period conprises an
anount of ti n25%adedu®t phaserlogeid doepioplaigu?} averaip saigt ¢hagza purap ca8gbler ed

accuracy prior. to said differential, swtchi i : . 24,
The phaseisBiBENERE bR Lrhef oufiHERLhHTL SRS L Bl G !

03/ 088496wRichind? 34id bdfut cdiediet ween approxi mately 100 ns and approxi mately
300 ns. 25. The phase |l ocked | oop of claim?20 wherein said charge punp

enable switch is configured to turn off said charge punp current source
after said differengia ' [ | d o GHI ek gpghase

| ocked | oop ofi(’gl a?f%SZéhzﬁﬁ\gqr?éeﬁléﬁ lgglln g)ffcclflag.}rng%@%h%%é%%gﬁ %ﬂl %?Aﬁl?[gﬁ I'S

conf i gur egvitch iSvérifghredas awitch gedondiag ehaclgeggpurpp endid sigsdlgnal . 27. The
phase | ocked | oop of claim 26 wherein said charge punp enable signal is
provi ded from sai d phase | ocked | oop. 28. The phase | ocked | oop of claim26

wherein said charg efl‘%“g@asg Nadlea. 185% PR aibS 26 rvfjﬁé.h?ﬁ dafd HA-SRbembraangnCy

di vi der and from sali Din sai hase | ocke oop.
signal is provided from said phase locked loop.

28.  The phase locked loop of claim 26 wherein said charge pump enable
signal is provided from said frequency divider and from said PFD in said phase locked

loop.

29. A charge pump circuit comprising:

a current source and a current sink, wherein said current source and said
current sink are configured to provide an output current;

an output node configured to connect said output current to a loop filter
of a phase locked loop;

a dump node configured to absorb current from said current source and
to supply current to said current sink;

a pump up switch configured to connect said current source to said
output node and to connect said current source to said dump node;

a pump down switch configured to connect said current sink to said
output node and to connect said current sink to said dump node wherein said pump up
switch and said pump down switch are configured for differential switching of said
output current; and

a charge pump enable switch configured to turn on said current source

and said current sink for a warm up period prior to said differential switching of said



29. A charge punp circuit conprising: a current source and a current sink
wherein said current source and said current sink are configured to
provi de aWO®AWER4DP6 current; an output node configured to cecmasbi/s@rdl out put
current to a loop filter of a phase |ocked |oop; a dunp node configured to
absorb current fromsaid current source and to supply current to said
current sink; a punp up switch configured to connect said current source to
said output node and to connect said current source to said dunp node; a

punp down switch configured to connect .said current sink .to said ut put
node and QBPYSHHER: WOSISP 341d WaHR UD; Hﬂ?ofié:ogjfpaesdﬂh?fnﬂ%é#mraé? uaé%l?od Burrp

up  SW t e R eautreRtBHRWD asrw;lﬁifél'l RLErabP PribOter Al differcdtiAl SFiRRIngaf
swi t chi ng of Sgld output current; and a charge punp enable sw tch
conf i gur exhid outpulr curent, ydtiedein vaid evarmsepupeeod iabdtvesen dippipxiaielysiOfstasd a war m

up period prior t jd differential swtchi of ..sai d 408

per sosroporamaiely ST S ivhetstt Sy <Ree Pk “ade SRRl e TR RS ses an
amount  of satd R8BS 8nd 9did cBAbM s Hir seidr diffBfentisl ssiching dfGaid dugputi red
accuracy prior to said differential switching of said output current,

wher ei n’ sairtenaayheraip sgidrohage ipympesnablerswaishris goiguesd topoichgcggiging to a
appr oxi mat
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di f f er ent frgin aSddueidyn@vidkr s flord WRATD in il pieise lockb@lodpn sai d charge punp
enable switch is configured to switch according to a charge punp enable
signal, and wherein said charge punp enable signal is provided froma

frequency diviger apd,ffomy Péa%g &ﬁieﬁt emﬁﬁlgggﬁgfgct@g@ peif cficiigt hod

for reducing current consunption 1R a charge p rising
st eps of : cqmmisired saigpsavfchar ge punp enabl e signal ; using said charge punp
enabl e signal to turn on a chargergung gur.re t
providing a charge pump enable signal;
using said charge pump enable signal to turn on a charge pump current
source prior to a charge pump event;
providing an output current using said charge pump current source
during said charge pump event; and
turning off said charge pump current source, using said charge pump

enable signal, after said charge pump event.

31.  The method of claim 30 wherein said charge pump event comprises

differential switching of an output current.

32.  The method of claim 30 wherein said charge pump enable signal turns on

said charge pump current source for a warm up period prior to said charge pump event.

33.  The method of claim 32 wherein said warm up period comprises an
amount of time adequate for said output current to settle to a required accuracy prior to

said charge pump event.

34,  The method of claim 32 wherein said warm up period is between

approximately 100 ns and approximately 300 ns.



source prior to a charge punp event; providing an output current using said
charge punp current source during said charge punp event; and turning off
sai d charwe opos§adcurrent source, using said charge punp @cahises/sioghal ,
after said charge punp event. 31. The nmethod of claim30 wherein said
charge punp event conprises differential switching of an output current.
32. The nethod of claim 30 wherein sai@ charge punp enabl e signal turns on
sai d charge punp current source for a warmup period prior to said charge
punp event. 33. Thge rﬂ?@tﬁ@&i #lc18hAhm \%?ermesra‘?d Rh&dk hutey hitle REMLOS
conprises an anount of tine adequate for sald output current to settle to a
r equi r ed pantdeddoym piphase lockeddadmd charge punp event. 34. The nethod of claim
32 wherein said warmup period is between approximtely 100 ns and

approxi mately 300 ns. WO 03/088496 PCT/US03/11075 18 35. The nethod of

claim 30 whereggn sghd rﬁ&ﬁ&%fwﬁﬁl 8D aPhReinl Gidlchhrse d;mnwleﬂﬁde fsioam & phase
| ocked | oop. 36. The method of claim30 wherein said charge punp enable

si gnal i grovided\fiaed ffeqoenca di videnerad dyomp PEBAn aghdsef loolkaddoPFD i n a phase
| ocked Ioop



