WD 03/ 005528 PCT/ US02/ 21041 1 DUAL MODE PONER SUPPLY BACKGROUND OF THE

| NVENTI ON  Technical Field [1001] This invention relates to power supplies
and has paotisoodsas relation to power supplies which can Papuisg2/pover
efficiently at light | oads and | ow voltages and w th | ow noise at heavy

| oads. Background Art [1002] Transceivers, especially for wireless

t el ephones, have a nunber of requirements. The tel ephone is usually
battery powered, which neans that the power supply nust be efficient in
order to extend battery life between recharges. The telephone is usually
portabl e, which neans that DUA@aMQmErw&Rt&UBMY supply) nust be
both conpact and light. Finally, the (nobile) tel ephone is in conmunication
with a (fixed) base station, which neans that the di stance between the

t el ephone and the base stati | var i del iS.in turn neans that

t he power required for seﬁép@%bﬁ%@ﬁ%ﬁﬁ%iﬁé’ i1l also vary

w dely. [1003] The Switch Mode Power Supply (SMPS) is a DC-to-DC power
supply. The.S\¥is ashogn makes it very efficient, and thus nakes it w dely
used in wireless telephones and other battery-powered el ectronic devices.
As the nanme inplies, it rapidly swtches a DC voltage on and off, but with
a wel | -cont fH101¢d dut yhisjiaventiontiglates 4p Ipowen gunphies eud ga& parEtulagelation fe
simlarly . i I e over nge of
patt ery. condPtPERBb RN bk gERe M ERt e Y BIof 1BIRAS ETTT O
t he SMPS i swgtriewaloise a5 atagtiestist o be as small (conpact, light, and cheap)
as possible while still assuring that the maxi num desi gned power

requi renents of the, tel ephone (or other load) will be nmet. WO 03/005528
PCT/ Us02/ 218agkeround Art Af

[1002] Transceivers, especially for wireless telephones, have a number of
requirements. The telephore is usually battery powered, which means that the power
supply must be efficient in order to extend battery life between recharges. The
telephone is usually portable, which means that it (and therefore its power supply)
must be both compact and light. Finally, the (mobile) telephone is in communication
with a (fixed) base station, which means that the distance between the telephone and
the base station will vary widely. This in turn means that the power required for

sending and receiving signals will also vary widely.

[1003] The Switch Mode Power Supply (SMPS) is a DC-to-DC power supply.
The SMPS design makes it very efficient, and thus makes it widely used in wireless
telephones and other battery-powered electronic devices. As the name implies, it
rapidly switches a DC voltage on and off, but with a well-controlled duty cycle, thus
allowing the output voltage to be similarly well controlled. This good control extends
over a broad range of battery conditions and an even broader range of power
demands. The size of the SMPS is generally selected to be as small (compact, light,
and cheap) as possible while still assuring that the maximum designed power

requirements of the telephone (or other load) will be met.



2 SUMVARY OF THE | NVENTI ON [ 1004] Applicant has noted a design opportunity
whi ch has been overlooked by the prior art: when a |oad has a requirenent
for varyiwgoamoises s of power, a |ow voltage is beneficialpcaarsorngiokopw power
conditions, and |l ow noise is required during high power conditions. [1005]
When the power supply |oad power requirenent is low a |low voltage is
beneficial if, for instance, the current2drawn by the load is largely

insensitive to the applied voltage. This is true when the load is a
typi cal radio frequency pome?lmﬁgRWO&rTHEWNﬂ@@s tel ephone. In this
case a |l ower voltage reduces the power drawn fromthe battery. [1006]

Usi ng agai n exanpl f i r LI er, adelin

i nport ant t%{;‘ﬁghe pom‘ggﬁlscﬁ%pl{gg%ges %gévﬁgﬁggﬁ"rgﬁwmlgﬁ%%{ F%eoue 18!?11&3'[ e
anplifier pyehepiior arthehstya laaddhas larredliresnandser vdnging aananistaf gdwpnwelowi s

hi gh, and (in_advanced_ systens, such as cdmaOne or cdnma2000),. the received
pover is | owCltpge W@fwlﬁ@gﬂ%@wpawr gapditigns; qnd; oW, pqisq st 'flretdhﬁlr&gwer

supply does e _excessive noise into the systemthat could mask
t he recei veéﬂé?gél\g%{&%ﬁ%%ﬁsﬁgh voltage allows the high transmtted power to

be nore easily generated. [1007] To achieve these joint goals (low noise
and hi gh voll1@@fd at hiYhempwmowensupplolwad pbweagreqeircrhentiplower lowt Ydtagpsl | cant

enpl oys a SMPS at. |. ower a b sses_the, S at hi.gh power, .This has
o hunber "of PelAiPLbelsk TS e sPRRIRETR idpS et R PSRl i Mot o
the battery applitd&oROMETHIR infueewh tROUSadPAS 8 Bfical Fldas! FreqhbieeySHRBer O
noi se fromthe SMPS is introduced into the power anplifier. Because the
SMPS does n@mmdiee ing wiralgbse teldphene. ol By €362 dAWarheoliage dedicpo e power

requi renent ;| e nore conpact, lighter, and cheaper. Because it
is small er?h?‘kltéf%%gtggggﬁg mes | ower power itself, even when it is swtched

into the circuit -- and, of course, consunes no power at all when it is
swi t ched out[1@06]t he  Using again the example of a mobile telephone power amplifier, it is

important that the power supply has low noise and high voltage when the amplifier
presents a heavy load. In this case the transmitted power is high, and (in advanced
systems, such as cdmaOne or cdma2000), the received power is low. When the
received power is low it is vital that the power supply does not introduce excessive
noise into the system that could mask the received signal. The high voltage allows the

high transmitted power to be more easily generated.

[1007] To achieve these joint goals (low noise and high voltage at high power
and low voltage at low power) the applicant employs a SMPS at low power and
bypasses the SMPS at high power. This has a number of advantages. Since, for high
power demands, power flows from the battery to the power amplifier without passing
through the SMPS, no noise from the SMPS is introduced into the power amplifier.
Because the SMPS does not have to handle this top portion of the load’s power
requirements, it can be made more compact, lighter, and cheaper. Because it is
smaller, the SMPS consumes lower power itself, even when it is switched into the
circuit -- and, of course, consumes no power at all when it is switched out of the
circuit. Most importantly, power consumption by the power amplifier is reduced.

When the transition between the SMPS and bypass is properly arranged the power



circuit. Most inportantly, power consunption by the power anplifier is
reduced. Wien the transition between the SMPS and bypass is properly
arranged wbaspasses WO 03/ 005528 PCT/ US02/ 21041 3 anpli fi ecTamaz/spend t he
majority of time operating froman econom cal |ow voltage. This is
especially true when operating wthin a systemw th advanced power control,
such as cdmaOne or cdne2000. BRI EF DESCRBPTI ON OF THE DRAW NGS [1008] FI G
1 is a block diagram of an apparatus enbodi nent of the present invention.
[ 1009] FI G amplidies cfn spandahe meforidy pktimsdonsrasingi frasn an stonareicplr leweynltage.

i nventi on. TAI LED. CRI PTI ON . THE. PREFERRED | FI G
e oo e R e o bR S Y BB Do et 2

i nvention. [saéhlddcdnmOfeerpding2oo@ct, current would flow froma battery 102
to a Swtch WMde Power Supply (SMPS) 104, then to a transceiver power
anplifier 106, and then back to the battery. The power anplifier would
take signals froma transmt signal processor 108, anplify them apply the
anplified signals to an interface 110, and transnmt themvia an antenna

112. [1012] For a given s kfier 106 to the
MWbMﬁIWP%WW&S

interface 110, the power anplifier draws ess l'y a constant current
fromthe battery 102 for a range of applied voltages. This is true as |ong
as the appl i(8@08lol t agdl(f & dsre thheck Eagram]@anappataties silyaslimant fibe prrserfi ven
out put power._to.be reached. Thus, for high output power it is desirable to
power the aﬁ‘b‘felnplog'r 106 fromthe battery, w thout going through the SMPS
104, so that the anplifier will have the maxi num avail able voltage. For

| ower requi (€089t s of HIGt Pida Powerarf sfaméthed ampbdifreer of kDG prekdne inmehtiage
applied to the anplifier 106 can be reduced. Since the current into the
anplifier 106

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[1010] FIG. 1 is a block diagram of an apparatus embodiment 100 of the

present invention.

[1011] In the prior art, current would flow from a battery 102 to a Switch
Mode Power Supply (SMPS) 104, then to a transceiver power amplifier 106, and then
back to the battery. The power amplifier would take signals from a transmit signal
processor 108, amplify them, apply the amplified signals to an interface 110, and

transmit them via an antenna 112.

[1012] For a given output power from the power amplifier 106 to the interface
110, the power amplifier draws essentially a constant current from the battery 102 for
a range of applied voltages. This is true as long as the applied voltage (from the
SMPS 104 or otherwise) allows the given output power to be reached. Thus, for high
output power it is desirable to power the amplifier 106 from the battery, without going
through the SMPS 104, so that the amplifier will have the maximum available
voltage. For lower requirements of output power from the amplifier 106, the voltage

applied to the amplifier 106 can be reduced. Since the current into the amplifier 106



WO 03/ 005528 PCT/ US02/ 21041 4 is approximately the sane, and the SMPS is
efficient, the current fromthe battery is reduced and there is a power
consunptiwo ekt . [ 1013] FIG 1 shows an enbodi nent of PChaiSongm®mt i on in
which a switch 114 has been added in parallel to the SMPS 104, and the
SMPS 104 is made with a capacity which is |ower than the maxi num power
requi renent for the power anplifier 1064 A controller 116 senses what the
power requirenment is for the power anplifier. This sensing can conme from
t he SMPS 104S appiexisngtely fihel same, gpd ey SMPRdP cliimgindacurrenidigmithe batigry i or

may cone fr(}FALﬁgdt%é{lﬁ{eﬁeaisla)floa’lép%dﬁ%pgg{%gﬁt Oten the base station with

which a wreless ephone*I's 1n co rols the tel ephone's power
setting. This is particularly true in Code Division Miultiple Access (CDVA)
wirel ess tdléfdjones. FIGO14howWhan enttetimaierd the gvientdoneint whkixh eexhd tcholie

-d ined th d t trQl 16 cl vt 114, Thi
" urn ol | G bEG AEHEA (hRerouier e APl 6 i ST PBrYy Title W dhe
pover anpl i fehpscidhQbnith 1NOWE ﬁ%ﬁ%%xﬁxﬂﬁﬁﬁﬂﬁe&?&;uh@h{@§ fépfhg rp\é%f‘aﬁl figlover

requirenment falls back below the threshold, the control 116 re-opens
the switch 108, Assomigplier fli6 senseshwhatlibé dowbereqpioeweent is fgubhe poresttanplifier.

i ncreasing, .and a second (a | gwe I;lr&s old. power equi renents are
deor easi ng. T FeRsEraR demedeer PoPUry e PR at A AESE R ah e ety « o
114 from r epgew R Gh FIGPE b ithyadthefRork b Skidehal & ip Rt oningaid] ICPRINhS bikever
near the threshold, which would undesirably inject noise into the system

[ 1015] Hyst stationswitnyhighsy Wirslephieleapgeeth Bycantask eentids HettelephonpIBpewero t he

controller L16y.SaiNat,filGasihENn Hole $968 A ufil S K43 (& "gEaL& m ned
e‘?é’pseg sy t {Ch Was as?k opeke]a,ﬁ‘@ %

S

period of tl B ohas nce the sw r so that
the switch diéptdmes. not open until a predeterm ned period of tinme has
el apsed since the switch was last closed, or both. This tinmer-provided

hysteresis rﬁ‘gléa e int r\?fﬂé‘nc &1(31 Ii)orwérei\rgc(ljuif)e];ﬁen(t) E:xclegds some pre-determined threshold,
the controller 116 closes the switch 114. This in turn allows current (and power) to
flow from the battery 102 to the power amplifier 106 without passing through the
SMPS 104. When the power requirement falls back below the threshold, the
controller 116 re-opens the switch 114. Using a first threshold when power
requirements are increasing, and a second (and lower) threshold when power
requirements are decreasing, will introduce desirable hysteresis. This prevents the
switch 114 from repeatedly opening and re-closing when power requirements hover

near the threshold, which would undesirably inject noise into the system.

[1015] Hysteresis may also be introduced by inserting a timer 118 into the
controller 116, so that the switch 114 does not close until a predefermined period of
time has elapsed since the switch was last opened, or so that the switch 114 does not
open until a predetermined period of time has elapsed since the switch was last
closed, or both. This timer-provided hysteresis may be introduced instead of, or in

addition to, the threshold-provided hysteresis described above.



addition to, the threshol d-provi ded hysteresis descri bed above. WO

03/ 005528 PCT/ US02/ 21041 5 [1016] Wen the parallel switch 114 is cl osed,
t he typi c&lb 0SP52804 senses the reduction in voltage dropCantoyrops
operating. If the SMPS 104 is not typical, it nay be renoved fromthe
circuit by opening one or nore series switches (not shown). [1017] Wen
the switch 114 is cl osed, the power arrpl?fier 106 can no longer rely on a

particul ar tage |le bei ng suppl i ed .it. The power ifier 106 nust
t herefore biﬂL\ﬁ?uct ur Z\ﬁL%&@dﬁ%@gfngﬁ} }i%& @8*%5@ yeiral gﬁﬁ gﬂdﬁgseﬁﬁ?h
power condigd QAgctidER Wag@dﬁg%hd%tozkro#&ta%g. IS meedNPRi bh i Pndthgpiekidinar y
skill in the art, especially Since such tolérance is not requifed during

medi um and oy heaweoved fromhi the cnwiit Hyl@esingldneton enare paies syitdiesthe sBMPS). 104
can be tailored to the requirenents of the system then the threshold is

typi cal | dt | .t i ity. Both..of t
paramst er s 1 bener A goe B St s o AR Bl a2 P et 0 B el B on,
under both hilghnpopeiicandvdiQpe ROUEbei O Gplie@Rs it. Ofhetgosycp aiplifierdI T8 inhéter

106. Such mnimzation often results in, or at |east approximtes, an

overal | ni iHieseferd rbeavBreigedpiandplerin sYAPNE oMolirget hevelsndprieg thdple pPROYRS.
Sometine the ncgﬁgﬁ{.]eﬁegi'ggﬂéesugﬁ 2 lulchurd SCLAAGS R NEE okﬁﬁ%rgrs%lf GPfe abU! K.
wei ght, etc.? Ich are®nofPe | nportant than power anplifier power
consunpt i onespectale sipgd isadt itelaraate hanmt equirgldbrisg tedivmnsyd ide spowaro
paranmeters shoul d be adjusted accordingly. Routine software sinmulations
can be used°P¥ii@Pcul ate the capacity and threshold (or thresholds, if

hysteresis is used). [1019] Sonetinmes an SMPS 104 of exactly the right size

i's not availaplgg, andif{iRRapRYY of MISHPS! AR dBMPe tRBortd Bfthe BqiRhenfaste, the
threshold can be set either at 'the capacity of the SMPS 104 or at any

conveni ent [theneystens\thén thaghigslfodd s, typicellyedlecied td beyequak i bt eagagity. uBeidl | y

the level Wrc])% C&leises trw%qupia{ra%(ljetér(s) grienigg}'légll}p O " 1o” Wil z%i t average power
consumption, under both high-power and low-power conditions, of the power
amplifier 106. Such minimization often results in, or at least approximates, an overall
minimum in average power consumption of the entire telephone. Sometime the
desired figure of merit includes other factors (cost, bulk, weight, etc.) which are more
important than power amplifier power consumption in the application at hand. In
such situations, these two parameters should be adjusted accordingly. Routine
software simulations can be used to calculate the capacity and threshold (or

thresholds, if hysteresis is used).

[1019] Sometimes an SMPS 104 of exactly the right size is not available, and
the next larger size must be used. In this case, the threshold can be set either at the
capacity of the SMPS 104 or at any convenient lower level. As before, the actual
level selected is usually the level which is required to minimize power consumption
by the power amplifier 106, although (also as before) other figures of merit may apply

in the application at hand.

[1020] FIG. 1 shows the controller 116 as being distinct from the SMPS 104,

power amplifier 106, or switch 114. It is often convenient to build the controller as a



by the power anplifier 106, although (also as before) other figures of
nmerit may apply in the application at hand. [1020] FIG 1 shows the
control | ewOb300%38 bei ng di stinct fromthe SMPS 104, powercansoz/tioer 106,
or swwtch 114. It is often convenient to build the controller as a WD

03/ 005528 PCT/ US02/ 21041 6 separate conponent. In other situations, the
controller is a part of the SMPS, power Sanplifier, or switch, and is
separate only in concept. [1021] FIG 1 shows the SMPS 104 driving a power
anpl i fier 16pardpwermpenent; Ha ophsituasiops.ithe epntiadier iy P of Hist S, WPYE any
| oad havi ng equi I k [ of power, the power havin

| ow noi se ddr |plrillglgﬁioéﬁ&§gﬁvx’/eafrnaésosﬁél %éo&r%glﬁl%%% se, the switch 114 may beg
repl aced with any conveni ent neans for applying power fromthe battery 102
to the | oad [1@A]wi t hoRIGpaskowgtht ISMRS) 004 HeviskRASD a4 amplificeHi, Hdowevsat t ery

102 may itself be replaced wth an wer squrce ich has sufficjentl
ow not se. ulRePORFGATBBIET b ey (heorrelacet vith Fen gfsatint A redeqeBh T
vol tage (undgryify gRoRaWes F&@adthte'pag«f%) gmn%% {ove ABisOBuri) lﬁ?ﬁ‘%@@elbébnﬁhﬁ)nk.oad

106. [1022] FI'G®2 is a ffowchart hod enbodi men 00 of the present
i nvention. Udkbeviserttie seitgh dil4 cuaysheareplased wth 8yPSrivenipotweray 202pplyingt he

power required t he .l oad ceeds .t hreshal d 204, then,a rQller is
actuated 208°W° 'OBHH’?I %’%8@’ gﬁs%etﬁ% K (ellé%t %ﬁﬁ%ﬁeo as§{ue i ir Sm ﬁgh
circuit, andndddg, kiRAbattesy NORENSH itselfl Be Weplaoet withearSVESwer foulrdte whhERas

required by the | oad does not exceed the threshol 04, then powering of
the | oad 216ulisintydey npish undes hEEPBOVAr eprelidonse gnd whicke Bagr i antegplatado| ds

are, as _not ev?ﬁt@%(}ﬁ‘ﬁc}%r%éﬁﬁoﬁ&%ﬁﬁﬁbﬁs) it ARG AR dYPHENGRI fog: | NDUSTRI AL

APPLI CATI ON i'sTi nventiron Is capable of exp ation inindustry,
and can be made and used, whenever is it desired to econonm cally power a
| oad with a[$22lch noddG. foisea flowphiry.of a method embodiment 200 of the present

invention. Under ordinary circumstances, the SMPS is powered 202. If the power
required by the load exceeds the threshold 204, then a controller is actuated 206,
which closes a switch 208 to take the SMPS out of the circuit, and the load is powered
210 without the SMPS. If the power required by the load does not exceed the
threshold 204, then powering of the load 210 continues with the SMPS in the circuit.

Separate thresholds are, as noted above, often desirable in introducing hysteresis..

INDUSTRIAL APPLICATION

[1023] This invention is capable of exploitation in industry, and can be made
and used, whenever is it desired to economically power a load with a switch mode

power supply.

[1024] While various modes of apparatus and method have been described,
the true spirit and scope of the invention are not limited thereto, but are limited only

by the following claims and their equivalents, and such are claimed as the invention.



[ 1024] Wil e various nodes of apparatus and net hod have been descri bed,

the true spirit and scope of the invention are not limted thereto, but are
limted owby3omis2g he foll owing clains and their equival entesr/tzazi2@uch are
clainmed as the invention. WO 03/005528 PCT/US02/21041 7 CLAIMS 1. An
reduced- aver age- power electronic circuit _conprising: a power source; a
swi t ch node power supply (SMPS) powered By the power source, the SMPS
having a capacity which is lower than the naxi num power requirenment for the
hereafter-recited | oad; a | oad, power Q@W$he SMPS, having a requirenent
for varying amounts of power, the power having | ow noise during high power
conditions and the load tolerating a | ow voltage during | ow power

condi ti ons; 1.and Arasdickdavapgl-yowsy gentnid cioenit bempdsies: = poweresduoce; e | oad

wi t hout passing through the SMPS e appljed power is highe an a
Chr eshol dF -t he (HAEBHEIE BOIRGUPBN Qs MR ROBEREUIE RO Eh e At SYRT ¢ he
SMPS. 2. The el eqff Ay LeaphliGiticOfs 16Wa# thhrd the¥SXiRiuth Hdveer POWBENRAUIOE the
conprises a battery.” 3. 'The electronic circuit of claim1, wherein the

| oad conpri ses a herenfitecedcited loagpamad gropteréd by the AMPBchagingot nequiranagit foii t  of
claim1l wherein the .neans for | vi ower, fro t he. wer source to the
| oad without passi®highé ﬁi‘r&ﬂﬂlaﬁ ?fﬁlg(})%%%c}g% i RAying, Ows%fnﬁ‘ggmpﬂg %é#’ap?‘@?r with
the SVMPS. 5. The ®hefiohoBhE tHeilbsUoler@fngtd R ditageliRfifg Tow PeweMddneitions;
coupled to a controller which is structured to close the switch when the

appl i ed power is dndghesnst fearfpplying poweEsheomdtharrpwwes wpeas torbe dogd witharen t he
applied power is o)l i 1 of
D, Poner ot AL g BV e BISeP HSEPI i

the threshold being lower than or equal to the capacity of the SMPS.

2. The electronic circuit of claim 1, wherein the power source comprises a
battery.
3. The electronic circuit of claim 1, wherein the load comprises a transceiver

power amplifier.

4. The electronic circuit of claim 1 wherein the means for applying power from
the power source to the load without passing through the SMPS comprises a

switch in parallel with the SMPS.

5. The electronic circuit of claim 4, wherein the switch is coupled to a controller
which is structured to close the switch when the applied power is higher than
the threshold and to open the switch when the applied power is lower than the

threshold.

6. The electronic circuit of claim 5, wherein the controller further comprises a
timer which is structured: to delay closing the switch, when the applied power
is higher than the threshold, until a predetermined period of time has elapsed

since the switch was last opened; or to delay opening the switch, when the



timer which is structured: to delay closing the switch, when the applied
power is higher than the threshold, until a predeterm ned period of tine
has el apsw0 03®03te®& the switch was | ast opened; or to del apcopsnt/ng4t he
switch, when the WO 03/005528 PCT/US02/21041 8 applied power is |ower than
the threshold, until a predeterm ned period of time has el apsed since the
switch was | ast closed; or both. 7. The &l ectronic circuit of claimb5,

wherein the threshold comprises a first threshold and a second threshold
which is |over tH@RliehBoOWeris{ovenihasibe threshald, upiiles pedetenminedopsriog|of dmq s

structured to Op%ﬁ?%ﬁﬁe@%&%m‘é’%&ht‘pg 1BRR ds‘é‘&i 09%\6@{ wel s lower than a

second t hreshol d ntr Cl ng hystereS|s b en closing the
switch at the higher, flrst t hreshol d and opening the switch at the | ower
second threshold 8. The electronic circuit of claim?7, wherein the

control I er flurt hethecelepiFqnie Sirguit of lgimy A syherein dhe (hreshold) comprises| &\firg) osi ng
the swtch, when 4 gh(ﬂ?%hheadse ﬁiﬁeﬁlfeshéldmlﬂ@ﬁrls ! tltnzﬁleth[‘: r?cstﬂf&ll‘?olduﬁltd | a

pr edet er m ned peri o time has elapsed since the swt c st opened;
or to del ay openiwiger¢inehsgarttioter inkiguctuted to apﬁpﬂ ihedwptoh\mhenﬁlel applied pivaer t he

t hreshold, until . redet erm ned ri el apsed si ethe
switch was |ast df (}Bgar thyn BosteﬁondQ r%?%ﬂléf I‘Fgﬁre 3rlngﬁ‘%ﬁ1"§ﬁ goLerepiy &‘@ n
average power toc@oshlgg:\dw AR B ghderirss HRBhoRS ancp%mgnlﬂe%w%htaﬁhennde
power supply (SMPS) with a power source; powering the |oad with the SMPS;

and appl yi ng powdewtr ssapnchidurgsboldr source to the load without passing
t hrough the SMPS when the applied power is higher than a threshol d;
wherein: the |oad has a requirenent for varying anounts of power; the

power source has THevelaidke Gibduithef daigh 7poefein eenchintiolasiuather thapliead
tolerating a | ow voltage during | ow power condjtions; _the SMPS has a

capaci ty which i SIMwehich FaviueREedis fskinrlosingihe B¥shs Bfgmihe applied power

is higher than the threshold, until a predetermined period of time has elapsed
since the switch was last opened; or to delay opening the switch, when the
applied power is lower than the threshold, until a predetermined period of time

has elapsed since the switch was last closed; or both.

9. A method for supplying a reduced average power to a load, comprising the
steps of: powering a switch mode power supply (SMPS) with a power source;
powering the load with the SMPS; and applying power from the power source
to the load without passing through the SMPS when the applied power is
higher than a threshold; wherein: the load has a requirement for varying
amounts of power; the power source has low noise during high power
conditions and the load tolerating a low voltage during low power conditions;
the SMPS has a capacity which is lower than the maximum power requirement
for the load; and the threshold is lower than or equal to the capacity of the
SMPS.

10. The method of claim 9, wherein the power source comprises a battery.



for the |load; and the threshold is |lower than or equal to the capacity of
the SMPS. 10. The nethod of claim9, wherein the power source conprises a
battery. W 0383256528 PCT/ US02/ 21041 9 11. The met hod of Peraisny/@04invher ei n
the | oad conprises a transceiver power anplifier. 12. The nethod of claim
9, wherein the step of applying power fromthe power source to the |oad

W t hout passing through the SMPS conpri s¥s the step of closing a switch in
parallel with the SMPS. 13. The nethod of claim 12, wherein the step of
cl osing t he 1dwi t diej methodcefgelginpy, Whreeia bg 19pd LOMPESThHG BATSERVSTOPTRST whi ch
is coupled to th%ﬁﬁ’\ﬂf‘{ﬁﬁh’ and which is actuated when the applied power is
hi gher than the threshold. 14. The nethod of claim 13, further conprising
the steps of: delaying closing the switch, when the applied power is

hi gher than e resh

h | d, .uptil a.  predeterm ned period of. ti has
el apsed si ndé& t hd '§\iP¢ ﬂg\?/%{]afrﬁgt W(S‘B%T‘l‘ég',‘e gep Ogé‘P }nrggpogfc?érﬁ%rtrqe%%o‘g‘?ﬁ t ch,
when the appli ed ;gewerioithe lGanBLitHdABadshy thidlighsine! MPYRbinprisesPhe dgpesfm ned
period of time has el apsed since the switch was |ast closed; or both. 15.

The met hod of cl alasingg switedrigiparatlpleviththesPS. conprises a first threshold
and a second threshold which is |Iower than the first threshold, and
wherein the nethod further conprises the steps of: opening the switch when

the appl i ed 13powamheifeth6def clhia, WiRrdr andep bf €641nf die swidhad petaigditye
switch when the applied power is hi ﬁher than the second threshol d; thereby
i ntroduci ng hystles &6p of petugling cangeileigwhish 1% Gpymed tor the awiteh). grd which st

t hreshol d and op%ggugggr&%grtﬁ%\%ﬁ%rg? g{,‘ﬁ%ﬂ? Rg%%{haﬁ%%%éféﬁaes hol d. 16. The

nmet hod of claim steps of: aying closing the

14.  The method of claim:13, further comprising the steps of: delaying closing the
switch, when the applied power is higher than the threshold, until a
predetermined period of time has elapsed since the switch was last opened; or
delaying opening the switch, when the applied power is lower than the
threshold, until a predetermined period of time has elapsed since the switch

was last closed; or both.

15.  The method of claim 12, wherein the threshold comprises a first threshold and
a second threshold which is lower than the first threshold, and wherein the
method further comprises the steps of: opening the switch when the applied
power is lower than the second threshold; and closing the switch when the
applied power is higher than the second threshold; thereby introducing
hysteresis between closing the switch at the higher first threshold and opening

the switch at the lower second threshold.

16.  The method of claim 15, further comprising the steps of: delaying closing the
switch, when the applied power is higher than the threshold, until a
predetermined period of time has elapsed since the switch was last opened; or

delaying opening the switch, when the applied power is lower than the



switch, when the applied power is higher than the threshold, until a
predeterm ned period of tinme has el apsed since the switch was | ast opened;
or del aywog3opses ng the switch, when the applied power i ®Crawez.2toman the
WD 03/ 005528 PCT/ US02/ 21041 10 threshold, until a predeterm ned period of
time has el apsed since the switch was |ast closed; or both. 17. Apparatus
for supplying a reduced average power tdOa |oad, conprising: neans for
powering a switch node power supply (SMPS) with a power source; neans for
powering the | oadhigshdid:t il Ivpedeterrnerenersods of timgdlayictapsedsines ther BYifcbhe
ower source to i.t passi ng through the SMPS when the applied
Bovver i s higher %ﬁg%&%@%%ﬁg%i wherein: the load has a requirenent for
varyi ng anmounts of power; the |oad tolerates a | ow voltage during |ow
power conditions; the power source has | ow noise during hjgh ower.

p
condi tions; fhe SNAPRIatds for supphing ¢ 1eress AECTREn@PYEN &N & Radne¥PRRTHE pover
requi renment for ; e d.l &ﬁg@ Fos t he
capacity of the éﬁ%ggq?g.po%gn%%p%‘%ﬁlﬁzﬁ%fe }t):+‘g?ljm9}]%.f?,ﬁy erg?ryv 1t ga%)%‘;\;\ée}r
sour ce conpri ses sautoat means. foll Poweking thp peadatits tiof SEIPS; amd heanshfer epplyinige | oad
conprises a transceiver wer anplifier,. 20, The apparatus of claim17,
wherein the man?OWBF?@Hgﬁﬂ?iﬂ?éveﬁg&%?e f‘?%lpﬁ%w‘%%gg%gﬁweugtbﬂi I Bad
Wi t hout passing tfHeaugd ag?ﬁ‘e werGe HlSHes QBan B aRshdl @ whdiBiRl B RadWal G i n
parallel with the SMPS. . e apparatus of claim 20, wherein the neans

for closing the sequirsimens forcuuying dmounisr@ceaivary theelead tlorates ot loat voltpes

controller which. s cqupled to th swi,tch, and whi,ch.,is actuated n the
applied power is Pa%cei?&lt %o%ertc}%ﬁ%f)ﬂ \é@ﬁ (ﬂoav_el source has low noise gunng Hﬁgﬁ

power conditions; the SMPS has a capacity which is lower than the maximum

power requirement for the load; and the threshold is lower than or equal to the

capacity of the SMPS.

18. The apparatus of claim 17, wherein the power source comprises a battery.

19.  The apparatus of claim 17, wherein the load comprises a transceiver power
amplifier.

20. The apparatus of claim 17, wherein the means for applying power from the
power source to the load without passing through the SMPS comprises means

for closing a switch in parallel with the SMPS.

21.  The apparatus of claim 20, wherein the means for closing the switch is
coupled to preceding means for actuating a controller which is coupled to the
switch, and which is actuated when the applied power is higher than the
threshold.

22.  The apparatus of claim 21, further comprising: means for delaying closing the
switch, when the applied power is higher than the threshold, until a

predetermined period of time has elapsed since the switch was last opened; or



22. The apparatus of claim?21, further conprising: neans for del aying
closing the switch, when the applied power is higher than the threshol d,
until a Wwoedeoisesri ned period of time has el apsed since tRreTdmoreto4mas | ast
opened; or WD 03/005528 PCT/ US02/ 21041 11 neans for del ayi ng opening the
switch, when the applied power is |lower than the threshold, until a
predeterm ned period of tinme has el apsedllsi nce the switch was | ast closed;

or. 23. The apparatus of claim 20, wherein the threshgld comprises a first
threshold and a Be¥Biar delruassPeNiHhiEHFwIEh) wher H{er?é’ﬁh% BOWSTAS {OWH Aol d,

and wherein the apRArRLME, Ll b SRR Seri S 3P Hirh® haO REBEATsihbE yav t ch
when the applied power 1s |ower tﬁan the second threshol d; "and neans for
cl osing the sw t cdwitchheas lbtielapplored power is higher than the second

t hreshol d; thereby introducing hysteresis between closing the switch at
the higher first threshold and opening the switch at the | ower second

threshold. 24 ThenBifaeAuObs Shih 70 23herbil thb hreSIVMW cbmbAgEs ABAD Tréhbld
del aying closing the 'switch, when the applied power is higher than the

threshol d, until and arecolst dresholddviper isdewer than the firatsthresheld cd yvhesein thee
switch was | ast opened: or. neans.for del ayi ng opening.the switch,  when the
applied power is %8\7&’/@?‘1%%5[}?“ THRPISRY S8HOP 3& ﬁﬁ‘?}‘ g ep&%&f@t@?ﬁﬁi th%c?pgléerd?od of
time has el apsed [sdwigas id\eer Bk tiehsesasd thrsdhold, eaadhedE fOIOEBsing the switch
when the applied power is higher than the second threshold; thereby
introducing hysteresis between closing the switch at the higher first threshold

and opening the switch at the lower second threshold.

24.  The method of claim 23, further comprising: means for delaying closing the
switch, when the applied power is higher than the threshold, until a
predetermined period of time has elapsed since the switch was last opened; or
means for delaying opening the switch, when the applied power is lower than
the threshold, until a predetermined period of time has elapsed since the

switch was last closed; or both.



