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H GH EFFI Cl ENCY LI NEAR AMPLI FI ER Techni cal Field The
present disclosure generally relates to anplifier

S,
WORMPA2$42 ti cul arly, the disclosure rel ates t oPGURFHH?/000109

efficiency |inear anplifier. Background Anplifiers
such as class A anplifiers and non-lianear amplifiers
are often used to anplify signals which have a

const ant envel ope. Linear andplifiers have | ow

ef ficiency, whereas non-linear anplifier hat operate
in switchi ngHﬁGQEEEFéCIE@ﬁWyLEVEKEi A:MP.LI%QEBOUS
conventional anplifiers have been proposed in attenpts
to achieve linear anplification using non-linear

Tadphichi eRl | nstead of |inear anplifiers. Exanples of
such conventional anplj

fiers are K envel ope .
Tei picset | Gsclatie r el Fegﬂes( E%F%lllaﬁgﬁr?-fi g)i%rg pHigyarly, the
j . | ( @MRdebf 4 nd |inear
dgﬁ%%ﬂfe?g%%%ﬁh%[%%&ﬁ%%ﬁ nea?lf1 f %rgfﬁ%%ﬁent s (LINC
anplifiers. Fig. 1 shows an EER anplifier 100. The EER
arrRIifi r 100 includes an envel ope nodul ator 110, a
Backeraundon and a Radi o Frequency (RF) power anplifier

Aﬁﬂliﬁe@@fséﬂcﬂ Qsecraﬁé/@l aﬁguﬁa{é whathn-1khGarangplifies Rfe pwensed to
a e

I f1er have high ficiencies, ., A linear

ampdifiy @ignels sibighalhave as epagtanteenvielppe. a Lingar sspwlifiers have low

| dul ation sj _
TS R AR S lor ol B P SRR e e iy
€S Me Mariots adivehtiotd amplifientiiaec bevnepropesedn attahptono achieve

signal E(t) .and the constant envel ope RF.phase .
1%%Fula§t®n%10§‘i“§h alsing tjonsheeapy 6@8@5@8, mP@%?)e@?i {Rgey, | amgplifiers.

% ; LV d
e B R R e Kb ekt ppmiafon an
reqi@atifn CBERY amphfiesnelkofédioiivdaten (AW Mpauphfiers and linear

suppl y.voltage provided to, t r anplifier 130,
amﬂ'? ‘I‘?a"éc?Pp‘TV}tﬁ%B’él”%qﬁ‘é C%Iaﬂ%r{egﬁt&glﬂég?fg@iﬁ%& phase '
nodul ated signal X(t) via the driver 120. Al though the

EER anplifier 100 is hi ghl)f efficient, its linearity
Fig 1 simwseeh BER amplifier 100. The EER amplifier 100 includes an envelope

modulator 110, a driver 120 and a Radio Frequency (RF) power amplifier 130. Both

the envelope modulator 110 and the RF power amplifier have high efficiencies. ..

A linear modulation signal is separated into a variable envelope modulation signal

E(t) and a constant envelope RF phase modulated éignal X(t), where
X(t) = cos(wc(t) + 6(t)).

The variable envelope modulation signal E(t) and the constant envelope RF phase
modulated signal X(t) are processed, respectively, by the envelope modulator 110
and the driver 120 of the EER amplifier 100 and subsequently combined. More
specifically, the envelope modulator 110 modulates supply voltage provided to the
RF power amplifier 130, which amplifies the constant envelope RF phase modulated

signal X(t) via the driver 120.
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bandw dth of the envel ope nodul ator 110, the alignnent
of the grocessed vari abl e envel ope nodul ati on_si gha
the processed constant envel ope RF Bﬁg@%ﬂmwmmum
nodul ated signal X(t). Mreover, the envel ope
nodul ator 110 requires a Iom1pass filter, which is
bul ky and is hence not suitable for integration with
ot her systems. Fig. 2 shows a PWM anplifier 200, which

Alﬁm‘ﬁ@ﬁ‘ Stﬁé pire @m&éﬁﬁ&g 160 haRAMAS st a8 Uit AP dulliation by the
210, "a cl ass-S power anplifier 220 (mhlch IS an

bewé\mdltle Ofﬂtheaelme eynedhﬂat@r dh, thesligpmenirofpdaerocessed variable

egﬂgppef néc% b)nn%g]a n)?@ﬁ apij1 the 5ce§s?’e %&E&ln? \éMvelope RF phase

e @RSt Y sigBhl B(1RONSSrAbNer efh‘é@n@ﬂ@péh@ﬂ&latdl h]altO feQuires a low pass
rovi ded to the bandpass delta-si gnma npdul at or, 210.

THee Waink pdzslogeic ia henogrmet muAbcai0p rnt%_t @Kméfﬁh @Qﬁé PIpteaes-

a PWM signal which is provided to the class-S power
anplifier 220 and anplified. The bandpass filter 230
Higl 2 shewout PWiM harpdifieo 26@swhichnis tcbastnica:slsusﬁth eviendpass delta-

Sy tiaicr a1 i drescpan et rasie: 20Uk Eh & Tgtantble of a Highly
e@ﬁ%&ﬂtﬂdﬁghrgap plwli ﬁﬂ]’.{rﬁ%}’ a&f a Bﬁﬁiﬁgﬁnﬁi}ﬁ@%od etfecp WiVY B plifier

ul ator 210 need re specifically, the
2Penadilatgs diequsew@td}uelnpu}ism é@rsgy,tcaf %@@taﬁé@mellqmwgml that is

DLAIEL o RISl AL HARR 2! T30 el K15 iome

m&mﬁw/’z P(Dm{ehfgeﬁéra’%@g PWM kighiedhick\ss pﬂaeld@am@i ﬂ@esslass S power
del t a- S|gma nodul at or 210 needs to be operated at hi

gh
aopdifier A9 and evwplifiedqlhbn bredpasy hlker 2501 filteat O@rpighang gists from
tEVM% RE&?F&nﬁgﬂﬂE%b constant envel ope signals wthin
i gher

. ency ranges is a problem Furthernore,
at hi gh operating clock frequenm es, power consurrptl on

of the bandpass delta-sig
Thec P @Mesignatnisy @10?@mﬁlﬁea FSW%:?% h:;& éng}t@lr &%@ Flieam,, dherefore the

lréga%@% GodiOfreliSfic) F QH@gh%bsoa‘atam he MbABRBNA10 needs to be

ssilon I's require tionally, the bandpass
High.t @vlo23Epdcifombpnsde spezau@ndloclosftequéncwh@ee@s/\m be a few times

B DSL2 i S, R SEFLOBR EGHAEH: B

B¥hck NBe bandwidth of the PWM amplifier 200 is limited.

As the bandpass delta-sigma modulator 210 needs to be operated at high operating
clock frequencies, the application of the PWM amplifier 200 for constant envelope
signals within higher RF frequency ranges is a problem. Furthermore, at high
operating clock frequencies, power consumption of the bandpass delta-sigma
modulator 210 is increased. Therefore, the PWM amplifier 200 is not suitable for use
in applications where wideband transmission is required. Additionally, the bandpass
filter 230 increases size and cost of the PWM amplifier 200. Moreover, amplified
signals provided by the class-S power amplifier 220 may also be attenuated by the
bandpass filter 230.
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bandpz:s Lilter 230. Fig. 3a-b shows a LINC anplifier

. shown on Fig. 3a, the LINC anplifier 300 has

WO A28 nal generator (LSG 310, a flnfst pO\AB?T/SG2009/000109
anplifier 320, a second power anplifier 330 and a
conmbi ner 340, which is a passive conbiner. The LSG 310
receives input signals S(t) 3and transforns the input
signals S(t) a first signal "conponent Si(t) and a

F?? ?'Edsh%'v\@"éiﬂ@ﬁiﬁﬁf‘ﬁ&t%@z (A9showa®h Faf. iR mCEamplifier 300
onli near constant” envel ope signals. ach of the first

haml Lﬂé@cﬂagnqé @wecrrat@nﬁm@) IG5 ad2e/ IB3CT paplidiar PRhd scapifl power
u he L G onbi ner 340,
[GJ ﬁ%ﬁ?g i A0y Whig 1ss,eé9SS ngﬁa egconponents

Sl (t)/S 2|(t¥ are provided to the first and second
ower a i fiers 320/330, respectiyel and I
fLevCe 3 rerglyss o signals &(ﬁ@l@d%ﬁﬁ%ﬁg §7£omphﬁﬁg§mhs 58) & first
S e
515%91nfO ?1%@01%:419 Séﬁ? %'n&\‘;\la; %ﬁar Thial r?gtﬁlggﬁift 4, gac% SPIWIiuch are
naﬂkiin@%ﬁs)tant reasplept isigahly, Hanhl of m]moﬁrseand lamltiqaop\reo dmpélﬁels

|
3pipaf Fanandebt s simird eprp i o St 36 el ShmbPEn 40
1%9%epc?\/gﬁm ¢he ‘ﬁrétrbnﬂas'eébrﬁnsq% ﬁ‘%&%p@lyen@soﬁ{(gfszﬁ?hﬁ Profided to the

3 respectivel h requirenents are
fﬁxtandmequcﬁpcfvﬁm(anﬂmhﬂem Bﬁéﬁm\mwpwtvet}h and, gmpgified, before being

feedb The .effi enc
pé‘?fﬁn&?cf{ Oethe 568! lger?%end “ bl{l‘?{eﬁg |%1V§Sn%1% '}iﬁ}ﬁ#ﬂé@ Jfrst and
58S 8 %ﬁﬂd c&%@ﬁem{uhi‘chea@ 3B byandnidie @smy med GS,(t),
340. Therefore, the efficiency of t%e combi ner 340 is
regpeetivedy, asd ﬁ@lébm@étheﬂn@tpraweﬁéé@ﬁfoo%@miglﬁ ? Yers
320/ 330 are high efficient nonlinear anplifiers. The
efficiency of the conbiner 340 is dependent on the
Outpes of ceendi therfirvsad), seabidCpowa dnyifead 133/0/330 hwaiequieedi to be

mbi Chi h i
oY £ GRS Y O SOt RuD S Stoviad | tespestivaly® such
%}Jﬂ‘eﬂe%'ﬂscé&e' trefnd] J%gﬁn%l nerlﬂget%lﬁ%t hRnke dfrb?complex feedback

I relx-out as n provides better efficiency
spstemsuf fers fromlinearity issues. The LINC anplifier
3?0 oper ates based on vector sunm ng of the phase a(t)
of the

The efficiency of the LINC amplifier 300 is dependent on the efficiency of first and

second power amplifiers 320/330 and the combiner 340. Therefore, the efficiency of
the combiner 340 is critical since the first and second power amplifiers 320/330 are
high efficient nonlinear amplifiers. The efficiency of the combiner 340 is dependent
on the type of combiner used, which is typically an isolated combiner or a Chireix-
outphasing combiner. The isolated combiner provides a linear output, however its
efficiency is limited. On the other hand, the Chireix-outphasing combiner provides

better efficiency but suffers from linearity issues.

The LINC amplifier 300 operates based on vector summing of the phase a(t) of the

first and second signal components S;(t)/S2(t) as shown in Fig. 3b.
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first and second signal conponents Si(t)/S2(t) as

shown in Fig. 3b.It is therefore desirable to provide
w@2®oheasson for addressing at | east one of thePCT/SG2009/000109

foregoi ng probl enms of such conventional anplifiers.

Summary I n accordance with an aspect of the invention,

an anplifier is provided. The anplifier conprises an

i nput nodul e, a switching nodule and an anplifier

1 wlefefortnBedifABIY (dTREMWi® Bahaidni fopuiddessiphed least one of the
receive an input signal, a first output configured to

fonegoing @reblems of sushgaayensieng) ghwlifiersand a second out put
configured to provide a second signal conponent. The
switching nodule has a switch input which is coupl ed
Summeeei ve a switch signal, a first input coupled to

the first output of th t d d
13 i PisBnco " o 43 58P ShtiBUYER et ARUTRDALIRSO Gy The

aﬂgo ﬁ%@%mﬂrlgésnﬁ{ 1119Hﬁﬂlléﬁul‘§0£‘fs{>vﬁéﬁlﬁg n{dliulﬁer a ﬂ?aﬁhphﬁ&sﬁlodule

nposi te si gna e anplifier nbdule has at |east a
Thier sipui mpdnlenhisc in |1sp1¢mmpp1@d tb geediee Birigputotigpalt adfrst output

t chi nod t
Ty e Ve e
Vi8¢ QREcAATEaY BEMpHENST TRALWitdIRY, CF i@ ddlefHas @%ﬁﬁtcblhﬁaﬁﬁ which
relationships” and ich correspond to the inp

1s |cgmltd tGI'h@GfWCr%Sth@hﬁiégalt e figgtgnawt covmseits ébe first output of the
S i, 0

1&? %CI) u& ry?psg Epttlco‘ag%é 6 ) % ﬁgéeonvtd\nh)? dt of tl e??ﬁg%ﬁ&cﬁpg and at

1edst tahrst RwE: i ORfig@Rd &tmirb\hde fa fist Iﬂbm‘pbﬁ&dmgﬂ'ﬁe The amphﬁer

Bl b g o kRS SO G e B b B8 e swiching
1%5%1% Exlér? %t R4 Brst gtﬁu{ i ﬁﬁPQﬁH cBAS si@fall dMonents comprise

O receil ve I nput sig a frrst output
mstﬁntgam@bﬁeoplpn’sewaﬂﬁng Sﬁgnakst hMg dﬁffcgmgnpﬂlase re atlonshlps and

t
SHIRSDST S I Bl Ly Puty OB Q5010 BEY s

Ryl ﬁéd StiohdWitthe GAYRAESHA tiballcbinpb @fusput
t@?&lt e’ %g"uetcrm%u 18 and 21 secondcl npultE %Suﬁ%eﬁ to the

second output of the input nodule. The swi tching

lgo dul < r?c&f]gutr ?ag]r% e, éflg}gq‘f’ %)Bg tlg)ef ﬂlgg?t?ornts t%ﬁt ]%pq{ﬁe& 94 'ino_gcgli&e%. The
%1‘6 npﬁ(% gﬁtﬁig)glsés i Gr§fut 9R3duld aGeARAERIgt BodilgrRaMprising a plurality of
switches and an amphﬁer module. The input module has an input coupled to receive
an input signal, a first output configured to provide a first set of signal components,
and a second output configured to provide a second set of signal components. The
switching module has a first input coupled to the first output of the input module and
a second input coupled to the second output of the input module. The switching
module also has at least a first output configured to provide one from the group of a
first set of composite signals and a first set of composite signal components. The
amplifier module has at least a first input coupled to the first output of the switching
module and a set of outputs. Each signal within the first set of signal components
and each signal within the second set of signal components is a constant envelope

phase varying signal. A given composite signal within the set of composite signals

and a given composite signal component within the set of composite signal
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anplifier nodule has at least a first input coupled to
the first output of the switching nodule and a set of
W@iopae¥se6 Each signal within the first set of BCY»E2009/000109
conmponent.s and each signal within the second set of
si gnal conmponents is a constant envel ope phase varying
signal . A given conposite sisgnal within the set of
conposite signals and a given conposite signal
cORIFBRANRN Eorpilides A fehPoft ke flen€OHPAGHA] R ofipaNalt GABRRASA Within
conpri ses a tenporal sequence of signal conponent
ag letastomei foais the grRnp of thel fralstet aheigtal sampRBey? dththgmeqand set of
finrﬁ(t: Set. otfs signal conmponents and the second set of
Sﬁgﬁ Al I?:éﬁ%ohents. In accordance with yet another
aspect of the invention, an anplification nmethod is
provi ded. The anplification nﬁt hod conprises.recei Vi ng di
TarpeeqipercesVigh APt anpthearaspedl @f dhgh MYeaien \Rnogmpiicaig qnethod 1s
RSl L P Qﬁgﬁﬁﬁg’?fi{)ﬂl ALRG _§<')1Qgﬁsles GOTRARE b $npMisttal, generating
correspond to the input signal and tenporally
as qurelityi g pastant utavelgper phosas noidukitagn aignebd npuweeanests  which
within the plurality of sign conmponent s.t engrate .
chirenonetc Saniripi i SRy ER B ParRAT T of et of signa
oglﬂt-ﬂfoﬁéﬁtg Yovi@ffin Sthe NplurdRFRANGP:S - cohki@naam®! fof kemraterat least one
method al so conprises anplifying the at |east one
coomosits tsigrel geratesp@ding tDether pprales of signel Dpampangsts.  The

ansiealof b PR AR TR TRt IR3E B R S EReL LA

in which: FIG 1 shows a Kahn envel ope elim nation and
restoration anplifier having an envel ope nodul ator, a
Brrigfddescpipéion oRilae Brivwigsency (RF) power anplifier;

F@r‘rb%ul% &Mo@n?gt?%%ﬁﬁe Ws&%%}n%@%%&k%ec?ﬁ@ﬁngft&r whRVEREnce to
a bandpass delta-signma nodul ator, a class-S power
taenpdliowieg dandngs, hewlbliphss filter; FIG 3a shows a

linear anplification with nonlinear conponents (LINC

anplifier having a LINC Signal generator (LSG, a

FId St sRONETa RARL | dnlvElope 21BRRANG RIVBEst@IROM fanflifRN thafing an
conbiner; FI G 3b shows a vector phase diagram of the
aweloat nmdulatort hdrivérNGd aRdid Fisquecy gRE) power amplifier;

FIG. 2 shows a Pulse Width Modulator amplifier having a bandpass delta-sigma

modulator, a class-S power amplifier and a bandpass filter;

FIG. 3a shows a linear amplification with nonlinear components (LINC) amplifier
having a LINC Signal generator (LSG), a first power amplifier, a second power

amplifier and a combiner;

FIG. 3b shows a vector phase diagram of the operation of the LINC amplifier of Fig.
3a;

FIG. 4a shows a first amplifier in accordance with an embodiment of the disclosure,
the first amplifier including an input module, a switching module, an amplifier

module and an output module;
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WORMEMEROhg an i nput nodul e, a switching nodul B

3a; FIG 4a shows a first anplifier in accordance mﬁth
an enbodi nent of the disclosure, the first arrB
Tﬁgf;2009/000109
anplifier nodul e and an out put nodul e; FIG 4b shows a
second anplifier according to an enbodi nent of the
di scl osure, the second anpl ifier including a signa
generator nodule, a nodul ator nodule, a baseband
FEWM 4P HRG IRLUhE® amBifidndRlcbidig tormih e dafentaiT theltitlosure, the
nodul e; FIGs. 5a-f show a set of sinulation results
sefcgndtmplaﬁm| ichugingofa Figgal generaipi rqdale, 62 j @ogulpioppmodule, a

m r ing to
S S e i e R
Vari ous enbodi nents of the present disclosure are
directed toward, structural d f unct.i.onal ects, of a

FiGneart sappia sef e sipgigfiop 56Ul RO S fplE Sk Fiothoie in

whi ch high efficiency anplification is desired, e.qg.,

to reduce or nmanage power consunption. Such _

Fmpld cata dlosy idilztgrmdeofrmbililnealc ifitaioni orpcsssseepdimgdto an
abl e d| 0 |ification systens. For purposes of
Q%ﬂﬁ ﬁ?? aspects of various enbodi nents of

the dlsclosure are described herein in the context of

a linear anplifier. This, however, does not preclude

Delbﬁéleddbﬁcci@bﬁolli ty of various enbodinents to other

@%ﬁgg%&toa ner}r ??})icf: tl‘}in g{e%ntp&&ﬁ&%?eeﬁre"‘@l%c‘?%eHﬁ)vard structural and

vari ous
fergpegdInepécs 6f a Ilh@u d.hfi)@llfeﬁ t]faﬁcanSthtliBedsn a}mﬂrcatwmsnml which high
functional or performance characteristics,

eéfesfrméoammiequaege i AE3TRS: Srfboldi REESObMepRge BPYES spRption.
Sﬁglﬁ eéé% Et%nsr Sl cRidee thduAed @@?ﬁl@h c){uél%' GeBAPLAd | Sdrtabieraudio

one Oor nore proplens oOr 1tations

aa@ﬁcat&treﬂ/smnsh conventi onal anpli f| ers (e.qg.,
i nvol ving one or nore considerations above) are
detail ed hereinafter with reference to Figs. 4 to 6.

For purposes of brevity and clarity, aspects of various embodiments of the disclosure
are described herein in the context of a linear amplifier. This, however, does not
preclude the applicability of various embodiments to other systems, devices, and/or
processes where the fundamental principles prevalent among the various
embodiments of the disclosure, such as operational, functional or performance

characteristics, are desired.

Representative embodiments of the disclosure, hereinafter referred to generally as an
amplifier, for addressing one or more problems or limitations associated with
conventional amplifiers (e.g., involving one or more considerations above) are

detailed hereinafter with reference to Figs. 4 to 6.

An overview of various structural aspects of particular embodiments of the amplifier
is hereinafter provided with respect to Figs 4a/b. Representative operational or

functional details and modes of operation of the amplifier 400 are also discussed.
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An overview of various structural aspects of

particul ar enbodi nents of the anplifier is hereinafter
WEewoneksdo wi t h respect to Figs 4a/b. RepresentBCT/96€2009/000109

operational or functional details and nodes of

operation of the anplifier 400 are al so di scussed. An

enbodi ment 400a of the anplyfier 400 is as shown in

Fig. 4a, and anot her enbodi ment 400b of the anplifier
A$0Bmb&diaRnE BOME of théiaghplidier 400 8 dsi siwtwre irb @dd. mtandt diwther

anplifier 400 includes an input nDduIe 410, a
ewhpdistenh$0Qhoefithe ampbfierA99 iaps %lwm ipitag. 4bodul e 430.

Dependl ng upon errbodl rrent details, the anplifier 400
hhﬁg'm?t 0'1 ¢l Ud %n% &)&mégjlglrl]%r a491P11t %dﬁl@péwo a switching

{0 R 4085 aid §1@ uﬁl@ﬁﬁ@f mb(ﬂlﬂéltBSI gl&pd:ndﬁﬁg Yponl efmbmhment detaﬂs the
embodi ment, the switchi ng nodul e ncl udes

oo Ser Ui dsminalde o AUDSUPPLHe 4360 T e HPUA RO P Shotudes
ar@lgﬁ'&le ﬁé‘lfé@at Qll%g eﬁﬁ@geée%§ PR cref’rgr appit Elgﬁﬁl 4892 In one

I nc € a secon 30 ach
embotineent,i tﬂ1stswawﬁugemoahde a2plintludessa iﬁﬁad%B@lbﬁrZﬁa mdea second

anpl if]j nodul e. 430 l.ification
switch é%bi hade éﬁlﬁﬁlﬁhfnogﬁf? %’E’ ’&ﬁnf‘ﬂﬁﬁ at 1?‘" o@?Ea{nP Hoa and
0511494rﬂﬁ9 L IeR a@se%bﬂd[‘ ahpRRsATRr FAQRF N fifdhend B@d)hd amphﬁels
nodul e 410, the si gnalp generator 410a receives t he

4B Wﬂﬁ Otsmbﬂnal ang(lifjer atmluler‘baﬁ)slﬂ?@ ramsanpiHeficetipiaig fgetar ‘& and has
t
ag &P{% ﬁxé ?rﬁ %‘ﬂ){ﬂ) gﬂalehou%?t rnéc& ugeh 4%1 1{101%89 ?mgﬁﬁocg%bﬂeg Q@ba

secon
conmponents S1(t)/S2(t) are constant envel ope phase

nodul at ed signals, which in various enmbodi nents have(%

Agdhe input gioghlsl 4105 &mﬁéﬁ@y gereraier 4108 neeqly ¢hdthe darudisteggl S(1) and
[

oGEb iy LR.APTS GRS AR By S5 SO B i et e

cORMeRalt (.. The fitst NEd Segumal siguripongoneste A (tABHt) are constant
C|rCU|try). The smntchlng ule 420 i s dispose

epBtlRe Rhissemodpldicdntigiale W léga}ﬁdvat”r?és SRHOdpes Sasw carrier
s%%gl f1@&96nk% SFupLe ﬁlrE(hQ H@t%ﬁéd’ %elfotize fd §cthe BRBo&REART the input

onents S I n one enbodi nent, the
1ﬁ<vd1ﬂe: hit gam’oel uhpledi2Otet alsmg esnwd@lhton spelt ag h&IN {signal generator

h Ssw(t) h
F FobiShaetel ST erl S E R oot e 420

successively and/or selectively couples the first and
second
The switching module 420 is disposed between the input module 410 and the

amplifier module 430, and is coupled to receive the first and second signal
components S;(t)/Sx(t). In one embodiment, the switching module 420 has a switch
input that is coupled to receive a switch signal Sey(t) having a frequency of ws. The
switching module 420 successively and/or selectively couples the first and second
signal components S;(t)/Sy(t) to the amplifier module 430. More specifically, the
switching module 420 switches or temporally selects between the first and second
signal components S;(t)/Sx(t) to generate at least a first composite signal S;(t) and in
some embodiments a second composite signal S4(t). In various embodiments, the
switching module 420 thus temporally sequences or interleaves particular sub-
periods, portions, segments, fragments, or subdivisions of the first and second signal

components S;(t)/Sy(t) to generate the first and second composite signals S3(t)/Sa(t).
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si gnal conponents to the anplifier nodule 430. More
specifically, the switching nodule 420 sw tches or

W@ 209po2¥bé y sel ects between the first and secopdI/SGagdo0109
conmponents Si(t)/S2(t) to generate at |east a first
conposite signal S3(t) and in sone enbodi nents a
second conposite signal S (g. In various enbodi nents,
the switching nodul e 420 thus tenporally sequences or

"[*hﬂ§ & yi9&ay @&nﬁ@s‘iﬁ:'sﬁéﬁaﬁ& OUPShd titme @Ofstdnoe@quelﬁsegjfmt'tmns of
fragnments, or subdivisions of the first and. second

the @ﬁ‘aandcssg@m]@gm@ csn@m)wr@&(y)/snﬁ) gereambadifaent; theswitching
t Th
RRHsoBTRE" L SRBRH S R A S bldalohe T 1 Ot ver

sequence of portlons of the first and second signa
onents S 1Ct)Z I n one enbodi . Ihe
retng @ewé&pep@ee %&‘“f?l%set)p%} SferheR Y thy g gf the first
9 e : segNtngAIRAsSi t
] SR oI e sy e
efﬁbbéim@m;l tlse Cioat dmd rspntdnﬂl aafnphf@@ &Z34)br ewplesc tmmlellnynted using

I|f|ed I n varjous e
S o 6tE SO 0BURa Do P i g second
aﬁi%@ieﬁf@'OﬁM@ OE,Ya Pﬁf‘ ln‘nPﬁﬁéd SdRpdsite 8Ighal (b @kd a second amphﬁed
[1fication irst and second arrpllfle

c4BPad®3 @ignala stGt)r slte gapithiiled Fedhpdsiheelist g sesspd yamplified
cglgll%gstaef glér?a ga ﬁ}? o$6(t:) ﬁg p](flor SodS !ﬁ‘b%l grigg%\% 91( F}Qe ﬂfs'? and second

aBRIPeS 43251308 eSpeotitEly ZtoSH Corresposdipg @vpuﬂefﬂ ther ounpuhmodule s
output of the first and second a Ilf*lers 430az4

combst ti0a| s argprgseEEtive §ﬁ§61ﬁalen 829 e §¥st @R Sg.‘@pg afoplifiers

r As a representative exanpl e,
4@%%'3@? éatnlibger[%)+lgg S é&ﬁ ?féeercond anplifiers 430aZ430b can

b eaclass S anpllfler The conbi ner 440a conbi nes

the first and second a fied co ite nals S.. .
ez ool TR b o S GG Raheye signals

d; E%/?g[ i e ﬁ‘&og LOBBinRd otulﬁﬁlt %9%'5@ £). 40 ran eﬂ%b@dlmen’cs the

using a LINC sig |ner To aid
oonﬂmtes #dbaleanghe imgyleressed wang/eLﬂﬁ(a @tgn@hcallmlamr
operati onal aspects of certain enbodi nents of the
di scl osure are consi dered bel ow. Mire specifically, a

Td bRt uh ERIESRERS akhiCerfiBie RincORel ahtl aspeadtidnal ageondf certain
representati ve node of operation_of

embodiments of the disclosure are considered below. More specifically, a first
representative mode of operation and a second representative mode of operation of

the first amplifier embodiment 400a are discussed hereinafter.

In the first representative mode of operation, the input signal Si(t) can be represented

by first equation (1) as follows,
Si() = E(®) cos [oct+¢(t)] (D

The symbol ‘E(t)’ denotes instantaneous amplitude of the input signal Si(t) with

respect to time.
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the first anplifier enbodi nent 400a are discussed
hereinafter. In the first representative node of
WO INBHZIO®N, the input signal Sj(t) can b e reptESEA0&H00109
by first equation (1) as follows, Si(t) = E(t) cos
[wet+f(t)] (1) The synbol E (t)' denotes instantaneous
anplitude of the input signal Sj(t) with respect to
time. The first and second signal components Si(t)/S
et frsfand *%%ccfrﬁpﬁg% n@o%%&inﬁ @%Qfﬂgz(%qé'a@i bONepréden®i by second
third equation ( lows, S, (t) Emax cos
echitOHf(@i 9Hch1(lmﬁ]eq(1%2t)01ﬂél 11% folomfmx cos [wet +f (t)-a(t)]
(3) Synmbols Enmax and a(t) as shown in the second and
third equations (2)/(3) denote, respectively, the
s;‘ﬁ;(hmggg@mp&#(b{@}&a@@ | the @pput signal S,(t) and the
ase of each of the first and second signal
conmponents Si(t)/S 2(t). The phase a(t) of each of the
and se nal c onents S (t)/S 2(t) can be
éz@) Eg@ 3 %Q&?)o%diﬁh eq on (4) below, a(t) =
cos"CEQO Ermx) (4) The rel ationship between the input
signal S, (t) and the first and second si gnal

SyorptnBatsan81¢(t) ZS2Eawn iis thesseohihand fhitd Psrtiogn42V@h denote,

L T T R e e S

o?"tﬁé ¥l agll ts)aco?ﬁ' ﬁ%‘fa@@oﬂﬁ ot §1‘(\ﬁ)189@} n@héTEHé:éleQx(gz& each of the

changes 1 n pol ari he swi tchi ng nodul

fawi atrxdr@sorbmercomp@néms St(Va%ut) sere badempigntad by fourth equation
gb onents Si(t)/S 2(t). Hence, the speed or frequency

(& Wch the swi tching nodul e 420 switches between the
first and second signal conponents Si(t)/S (t) defines

a rate or frequency at which the phase a(t) of each of
Q(tbe=¢qsréE(t)AEn®kx)second si gn@) conponents Si (t)/s2(t)
changes in polarity. Therefore, the change in polarity

of the phase a(t) with respect to the sw tching

The relationship between the input signal Si(t) and the first and second signal

components S;(t)/Sx(t) is as shown in fifth equation (5) below,
Si(ty= [S1(®) + S22 ®)

The phase o(t) of each of the first and second signal components S1(t)/Sa(t) selected
by the switching module 420 changes in polarity as the switching module 420
switches between the first and second signal components Si(t)/Sx(t). Hence, the
speed or frequency at which the switching module 420 switches between the first and
second signal components S1(t)/Sx(t) defines a rate or frequency at which the phase

a(t) of each of the first and second signal components S1(t)/Sx(t) changes in polarity.

Therefore, the change in polarity of the phase o(t) with respect to the switching
module 420 switching between the first and second signal components Si(t)/Sx(t) can
be considered as a square wave signal SGN(t) that can generally be represented by a

equation (6) below,
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nodul e 420 switching between the first and second
signal conponents Si(t)/S 2(t) can be considered as a

waouwanzssemve signal SAG\(t) that can general |y BP&I/SG2009/000109

represented by a equation (6) below SGN(t) = n cos ( )
(6) The square wave signal SGN(t) includes a series of
har noni ¢ conponents, where in the above equation 'An'
and n ' respectively denotelf@in anplitude correspondi ng
to an nth harmoni ¢ of the square wave SG\(t). In

y@hgg nnung;?nt§ thel@guare wave SGN(t) is ei t her

val one (+1) or a negative
nuner i cal val ue one (-1). The synbol '"wsw is the
frequency of the square wave signal SG\(t), and

Pk el U b ST MERA 3BRG hnere i
HebveR e u'élﬁorﬁ FAStardN ‘S@GRBEVEY dBdlte 60 @mescorrespondlng to
Si(f)/S2(t). The first c‘gz'é)osnte si gnal and the

asie@onhlarwnpogf the ssiugieavavs43EN(iain tvp,gp@ff @mbo jments, the square

VB S50 6 ier 2K A or L 5 Bt ) o B itrical

i One(- BMEREOSn{Bat taf,( 1s)thSERiche 6f Jhle sﬁlﬁére Theefsighak SGN(t),

and second anplified conposite signals S

WrfepeseEp e SET ISR ﬁﬂlﬁtfﬂe@&mweéh ay wiic, R e?@ﬁé}H%g module

AT <t29)95 é&%ecf’ssoeft\?%énqgﬁrs%& Qecgﬁ: gg?ﬁ%%fng?nem S1(t)/Sz(t)

a(t)] - sin[ wt+f(t)]si n[ a(t)] Ancos(nowt) } H:I

ﬁ&eojg%%ef%g%%(il%]ogé%ﬁ téqt-){ § tbeg\lg(tr&&cqoil}}%oﬂté g’ighfl ﬁ)c]an therefore

BepREaMed by seventhN®) SRIQENE €8)QUdhREEns Sk RRIwsS0(t) |

bei ng a reconbi nation of the first and second
anplified conposite signals Ss(t)/S 6(t), can be

8D anmrantey BB T) Bermcos et +1 (1)) =

2G5j (1) ( 11)
S4(t) = Emaxcos[act+(t)-SGN(Mat)] ~  (8)

The first and second amplified composite signals Ss(t)/S¢(t) can be represented by

ninth equation (9) and tenth equation (10) as follows,

S5(t)=GEmaxcos[wct+o(H+SGN(tout)] ©)

—GE e {cos[actH4()]cos[o(t)] - sinfodtHH(®)]sin[o®] S Ancostnond

n=l

Se(t) = GEmaxcos[@ct+¢(t)-SGN(t)a(t)] (10)

= GEmax{cos[mct+d(t)]cos[ot)] + sinfact+p(t)]sin[ou(t)] i Ancos(nowt) }

n=|

The combined output signal So(t), being a recombination of the first and second
amplified composite signals Ss(t)/Se(t), can be represented by eleventh equation (11)

as follows,
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As is apparent fromthe el eventh equation, the
conbi ned output signal SO(t) represents an

w@ppbitiseat i on of the input signal Sj(t). MorePCT/SG2009/000109

particul arly, the conbined output signal SO(t) has a
linear relationship with respect to the input signa
Sj(t). As indicated by the foregoing, the conbined
out put signal SO(t) is linedd with respect to the
input signal Sj(t) as a result of combining the first
and second anplified conposite signals S5(t)/S6(t).

f th
e T e RGP Eepect™ o the i nput

signal S, (t) is al so achi evabl e wi thout conbining the

first and second anp |f ed co 03|te signal s

A8 (1) pRB8YRY  freopm; gie; & e.VFrvtb.s%qvai t semmbimed output signal So(t)
f

FRRsesel sbplpAS ok R AphoRM) NOE AR gglynind

méplérsgmbs(t(tj liahe lmemrhlamrtthtpsmtlhresmcato thasnmﬁ)sigml(s ().
the output of each anplifier branch depicted in Fig.
4a corresponds to the input signal S(t) and the m xed

BOTHRNH By He foFegdhd, WeWombined RRyfe si%ﬁ&lVB" (t‘) F'saﬁr(léag/ with respect

proper selection of the square wave signa
for bguiapel sigael S0 QSh@ resailr ofeporshigingl the rfenquén@wemd ahplified

%&%gg %F%%ergﬁ( F Ig&?esgﬁ: esve\ll%’ic’o\él\llrs X Irrgbo\ﬁomer‘ﬁgﬂ Pnearlty of the

st gn
éd’rﬂquﬁh oytpur 31gMi rS%(t$ p&i(hl iespeal foythe W1 Slg&aBS Kt@ G4 hied atlsievable
such that the square wave si gnal

GN(t)
v@&wgr?aﬂth%n% Sher st ang grsemd %%lqﬁfélrwnmél‘f%\ﬁ@n@a @a&/g&% This
wheerhad 'E?ndrf?)%h&f REnSANar OCY@MP ogérg{‘éﬂ oPE badn ﬁ'ﬁ@r of the

even, the m xed onents of the square wave si

s@d(rlt Yisalodurehas pravude@hersmgfufal are substantially

di spl aced fromthe carrier signal frequency wc. ‘
Because the m xed conponents fornmed are substantially

WigPlets@ttelth a8 hingh ST t%htﬁreqﬁhtﬂﬂ@@)‘/(fl@?l Uk 6th%o§éb"éﬁ amplifier
m xed conponents can be readily or” selectivel

Piapete depictedr budhe-t #re cglér@sp@ﬂdSapprthmnmmtt esigrial t R mgd the mixed
? né eht% ofd(sv 5 g)ﬁ” ggdc/arol el %&Qﬂlt@é{el? Br%%ér ;ee ?ctn}ép dg J@% square

acrreurt *8u A AN S
aava siandSoary frdduesdy eananised daarfierf d1grta$rﬂdal@ency ®c, the mixed -

parti cul ar or essentially all mxed conpo

fRRensnispf frequencies wgy and . can be substantially dlsplaced from the carrier
signal frequency w.. More specifically, where a selection is made such that the
square wave signal SGN(t) frequency wsy and the carrier signal frequency o, are
equal, and where harmonics of the square wave signal SGN(t) are even, the mixed
components of the square wave signal SGN(t) and the carrier signal are substantially

displaced from the carrier signal frequency ;.

Because the mixed components formed are substantially displaced from the carrier
signal frequency ¢, such mixed components can be readily or selectively filtered
through the use of appropriate filtering circuits, devices, and/or techniques. For
example, a tuned circuit such as a tank circuit or a filter such as a band pass filter can
used for filtering particular or essentially all mixed components generated.

Therefore, linearity of the combined output signal Se(t) with respect to the input
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Therefore, linearity of the conbi ned output signa
SO(t) wth respect to the inputsignal S§(t) is

W@l e via either the first anplifier 430BCD8GL002000109

second anplifier 430b. It is therefore not necessary
to conbine the first and second anplified conposite
signals S5(t)/S6(t) to achieve linearity of the output
signal SO(t) with respect to2he input signal Sj(t).

result of the foregoing, in vari enmbodi nent s
&wﬁ SO0 AT IR Vi it the & el 3?5%%%}% gegend amplifier
@ﬁﬁ)‘ 97t G@MmderoRd MBI '11%&&91r¥er to&ﬁ@ﬂéalﬂllé’ firft bW F(f%ﬁﬁ amplified

[ter can be used to fi e carrier sig
¢m1elmpmm oyenats 85t/ 3«13 thaxammve clsneatity ofiéhs @utput signal So(t) with

FrRaLnES id e S BCAS 28R Be Bipds B gutriond finogiments
Phw@GbnsaMiptRAtcah Bere P ARRR am PR aéﬂ?éﬂ ddnast phifiQl.

anplifier nodul e 430. Exanpl es of such Iom1frequency
signal s include audio frequency S|gnals Therefore, in

Xﬁﬁ‘tl%ﬂéﬁ ale g‘fg\g pg?snttiﬁ r. %H Be GH@' t'o fﬂl%r t % caf._rliesr si} yl ltfa?]cgl%ncgf J) and

aethaﬁﬁornewr ds ecntea‘s'uc\heelﬁbmiinaﬁﬂ @y aspdrtlsulgxo ﬁdste@pfuﬁge ng low
to the anplifier 400, where the first and secon
gﬁ%‘einFY efignalsoayck3ep sienalhedispipteds repundog hisce| %ggens (DC)

rgehg l'fe a lﬁiegsl\)kl/ gﬁe 2 Rhﬁé}em%ﬂﬂérﬁo‘{\’ag% ?1:})%%]? such low

reque Cy wWs e carrier sign equency
ﬁleqmney bsighalp ncyidgalaedioz f(eqmer@ﬂz )siguaty. t hd’ }pftﬁ&e aifit Jvarious

hj h. he f t d
T R
phase of the square wave signal SG\(t) frequency wsw

IS zero. resentati ve sinul ated wavefornms of the
Fig: St takig. §Es:h§ma s¢tgriarpressnsoie s l@iqn: es@(qoyregpanding to the
%‘ﬁgﬁf o e F'v&gler Ofhe fi: bt nd%%cgrpioey\%}?l{f%% 3§(§a%ﬁ}é) Jfthe amp%iﬁer 400

wavef or nms o and secon

siegi@s S Saplifidrs (i FigsansghsEite scﬁﬁr&ﬁ%s@ﬁzﬂﬁ"ﬁ@l&ﬁ) BLaUBCY Dsw
simul ated waveforns of the first and second anplifi

ed
aemhibe satrier §1ggﬁ1aﬁr@,qusn<<w¢ arg both) onepgigpherg (L kdim 2ad the phase ot)

fi
E“e%)tr %?1?@&’%@16?%% oeéglfgfltgln g?rf]%tlap@g% o;tjwésllr%lal}:&gn ' rei?tts 6(/\)5/87&) is /4.
fT(hE) irtSaphadd ofehd segreRsy SERCEGHMN) @feqtlé}fb}’%ﬁ&? Qﬂiho

anplified conposite signal S6(t). Fig. 5f shows the
conmbi ned out put signal SO(t) where the even harnonics

RleplebhtitlVeStlimulated waveforms of the first and second signal components
S1(t)/Sa(t) are shown in Fig. 5a. Fig. 5b shows representative simulated waveforms
of the first and second composite signals S3(t)/S(t), and Fig. 5¢ shows representative
simulated waveforms of the first and second amplified composite signals Ss(t)/ Se(t).
Fig. 5d shows a representative frequency spectrum of the first amplified composite
signal Ss(t) and Fig. 5e shows a representative frequency spectrum of the second

amplified composite signal S¢(t).

Fig. 5f shows the combined output signal Sy(t) where the even harmonics of the first
amplified composite signal Ss(t) are compensated for by the even harmonics of the

second amplified composite signal Se(t). Therefore, the frequency spectrum of the
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anplified conposite signal S5(t) are conpensated for
by the even harnonics of the second anplified

weewposiste signal S6(t). Therefore, the frequePClSG2009/000109

spectrum of theconbi ned output signal SO(t) conprises
only odd harnonics. Wth such even harnonic
conpensation, design of output filters for the
anplifier 400 is si rrpllfled13ln addition or as an

al ter tive to t ore Oln vari aSpeCtS
Dt bRt kbl Kot OB ol b oGt o e i i cagh even
RemaRRlcoBPersAtish, ddgikh 8N Sut {‘tvﬁlke\fé 1 1 tk@&ﬁ@m 49hd ﬁﬁlbﬁﬁed

As a representative exanple, another enbodi ment of
anplifier according to the present drsclosure IS

ere 4b,. shows a sec
BoRRLASL ACRE R & 1f RO SRS iects, of martioutar
quitesitnéntsli GT HES prent THB DGO NEhNC BB Ogd atind9Bkhtions involving
i ncl udes a srgnal gener at or nodul e 0, a nodul ator
Irré%mrlé SWEPhing. had & e iePreskitalNe rixampliu| 20880, craprdliment of an

%I[mo [ nc or egggnﬁgég%ﬁ%tﬂr?r% lﬁ{ée‘%ggaﬁs?%??d {;@%ﬁ ? gOEi ;en

4a, |ike reference nunbers can indicate |like or
I I f I
DR LRl 3Rl ek 0oL TR Storing 1o te

1%@§eﬁa€§ﬁ@l@.%r& OTHe 5&BRI @ﬁlbb&lﬁi&ht mlﬁhgluﬁélsoa s%ﬁ‘al%@ erator module
enbodi nent, the signal generator nodule 510 includes a

Ylds ebaﬁ@ulater arodnleed e raebathﬁtnd 5wdiehiagdnedila$8Bamd an amplifier

i I ator 51 b. eba ence
aB8a8°15: 3 ng il OF 408 SAE R IRASISAT Surgptpadute 440
Rélgtnad togﬁgeﬂatlﬁde tefferiob Qﬂﬂfb’eﬁ%aﬁﬁﬁﬁbﬁe dike or analogous structural
I n- Phase/Cpadrature Phase (1 Q signals. The baseband

%Idéqr ngional deraents 1 Oyeralintbe @rerlhlegenrerr@qrua@dtae § L epnerogiespond
zg‘?’i{,ﬁ?{,g‘%d lg4ﬁpupl ed to receive an input baseband
sig

the 1 Q signals, and which generates a
set of sw tching baseband srgnals More particularly,

nd aIs rOVId by the haseban
‘?@r%ﬁ%‘ g%‘ﬂeﬁ’ﬁt 56%“ ﬂ Iyigr {Dﬁg asslé)b‘&H]dB%% @%ﬁ?e%and reference
&%@%‘i&t 91022 3:1%) a BikGdhdt Eignaf é@’n@ﬁtcﬁr sTqdulggee ﬁas%ﬂ'ﬁrdl reference
d Qsignals in accordance Wwth the 1 nput baseband
eqngraérIr B0u xap mebude; fos texaplebanuadsatyreadigwad gpoaratot $or Pooducing

R RN G TR T p—
510b can further include a quadrature modulator that is coupled to receive an input
baseband signal S(t) and the IQ signals, and which generates a set of switching
baseband signals. More particularly, the I and Q signals are provided by the
baseband reference generator 510a to the baseband signal generator 510b, which
transforms or modulates the I and Q signals in accordance with the input baseband
signal S(t) into first baseband signal components Sp; and second baseband signal

components S that are received by the baseband switching module 530.

The baseband switching module 530 can include a first baseband switch 530a, a
second baseband switch 530b, a third baseband switch 530c and a fourth baseband
switch 530d. The first and second baseband switches 530a/530b form a first ganged
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The baseband swi tching nodul e 530 can include a first
baseband switch 530a, a second baseband switch 530b, a

wa baopd23566eband switch 530c and a fourth basebkeESG2009/000109

switch 530d. The first and second baseband sw tches
530a/530b forma first gangedswitch pair. The third
and fourth baseband sw tcheg$4530c/530d forma second

ganged switch pair. The baseband sw tchi ng nodul e 530
gfhswrt cHBe thiek ard fourthebasehasd swifghes e330#/d30h &stap decond

S¢AP& svarApARent s Sbi/ Sb2> formng first conposite
baseband si gnal conponents Sbm and second conposite

baseband si gnal conponents Sbn2- The nodul at or nodul e
[ : Gt o
o far e Sy fingridah A8 E AT AR £ 308 Second
512’@@1&5@ Otignak ceinpenentse S§ii Srbst foamubgs 60 rmbmpos’rpo baseband signal
£.S.S / Sh

r ec | @%‘#sa%g%}g‘l 38050%% 819 Slt? Raét%% mzl ngo%en 5541 *Hhal
frequency wc. I n various enbodi rrents the carrier ;

n a (RF The first an
Sl S R S S et e ™) 20
sihgiuddtor S20aC CﬁfeCf&EtCz&ldVﬂebcfhdtlh@iuﬂatcﬁrS526@2%2%%?9”% the first and

site ba S S >

ABA ST ETl Dot o S bpOR LSt Seta 4 BEIRGI riye » camier
a@ﬂd | tiandasaa sgﬁlanﬂgmndﬂéhﬁnleﬂ w% lng &?réoﬂgmbdz dilie@itsf keSdarrier
and sec . ul at nal s i/ Srod2 are
SHiebi aaldio ROV e P 88d B50TEHBo BiAghT F20H/520
rmetilee 460 cdried signdlYinddccbRasde WhE thé rdt AadsRESSE IcBhbdkite
t.he se(i/:ond anpl i fners 430a/ 430b, respectively

Fasebend; sigpa] OBRRNGH Sictil/Nent SPISEVEAYP| Hrpdge fo %@t mgdelated

SReansh, adyh 8dcetd sbanakesighdk ssupsequent Iy conbi ned at
t he rs%g(ﬂg conbi ner 44Oa81§ﬁi g. lé% is a flow di agram of

a process 600 for linear anplification according to an

eFFROElL BT se@fmdt xjﬂgdﬂét&i: El%ﬁé’ig Q. /8 ONge %Hﬁ’s%ﬂﬁeﬁ(ﬁgtlr ce & and
process 600 1 ncl udes a rst process portiron 6

iamplifigd by e @nnhfmg mepdulerd3gt (e @F byrat iesethafistsing rmtssﬂﬁ(yt the
i Bl 30 TR, B S oGRS e
gerpéified firstaral sotandahaduiatadfsignals ateaaubseqm&ﬂb/mpmbmb@ste:he signal

R BLRE £4ba.

Fig. 6 is a flow diagram of a process 600 for linear amplification according to an
embodiment of the disclosure. In one embodiment, the process 600 includes a first
process portion 610 that includes receiving an input RF or baseband signal S(t) (e.g.,
at the input module 410 or the signal generator module 510). A second process
portion 620 includes generating a plurality of constant envelope phase modulated
signal components corresponding to S(t). The second process portion 620 can
involve high frequency or baseband modulation, depending upon embodiment
details. A third process portion 630 includes switching, temporally interleaving, or
sequentially selecting particular sub-periods or portions of the signal components to

generate a plurality of composite signals or composite signal components.
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signal components corresponding to S(t). The second
process portion 620 can invol ve high frequency or

wha®ehzasée nodul ati on, dependi ng upon enbodi menkCT/SG2009/000109

details. Athird process portion 630 includes
switching, tenporally interleaving, or sequentially
sel ecting particul ar sub-periods or portions of the

si gnal conponents to generatlé a plurality of conposite

B2y TR R SRRRRCENS: bl SREE s o

SHPRGH §@nl ARGloReRS SR 'Uég?érfo?mﬁﬁ GRAhe EHPANGY SokB process
onte of af :

be performed im the c ourth process . _
meotien od). 638h SoudHatirndiahanvave a@aRFimedilatenaf bRfeband signals, in

nodul at { o f baseban ignals, jn a manner identical
el tdsfie o BRRARS Sl PEutoedle A Titth pr ocoos
portion 650 includes anplifying at | east one set of

conposite signals, conposite signal conponents, or
Ao oesss @eﬁw@sﬁS@eH@E&wmmtﬁwg akleps. ong et ¢f doppposite signals,

ce DO . .
ST R SHORSoR, SE L ooyl e o
procdst eationD 69& rcaarnplvdili ¢, efos iddtided A0amplificatien module 430 that

enpqadi nent, a sixth process portion 660 includes
@aﬁg?%ﬁ%@rﬂcgﬁapélqeﬁwowra@ f54308@3P% associ ation

with the fifth process portion 640 to generate an

out put signal having a linear relationship with the

Inrgme tersiod madnt S( sixth prbeess porttion 600 eadwlep opmbongs6 Mnalmihat were
be rfornmed .in the,eyen for exanpl e, t a signal
SRR FooppiubArn R i s A ® athelydffroumu
R0 GHGing04 Uinesr RelfionBigh UIRE B RERP sidhe ISy f | THee Bixfid process
one or nore signals that were anplified in association
pertipn OAG M3y b perfermedsngbe event, BaGxempigethet atségtgh combiner is

t si.g [ S: ) Lnear | at [ N .
QULAE! S OTRb Rl BUbLACEE) GRS PP oL A il
aerdmiatetd filtariid enesranbretfgial xhat Waalamplifibd edssbdation with the
ﬁgsent. In view of the precedi ng descrjpti ?,n, (l)ne or

b Profesh Peien 0| tp mengRicoHs OB b e dhatyis tipearly related to the
. I L fier coC .
B Al Ph g P e el PP O 1R b B¥ormed in the event
it aisipual eosiboter &sabsdg. above swit chi ng nodul e 420 or
baseband swi tching nmodul e 530 into an anplifier
designed in accordance with the present disclosure,

In view of the preceding description, one or more problems or limitations associated
with conventional amplifiers can be mitigated. By incorporating an appropriate type
of switching structure such as the above switching module 420 or baseband switching
module 530 into an amplifier designed in accordance with the present disclosure,
power consumption can be reduced in comparison with conventional amplifiers (e.g.,
the conventional EER, PWM, and LINC amplifiers 100/200/300 previously
described). Such reduced power consumption can prolong battery lifespan or
recharging interval in battery operated devices or systems. Moreover, the inclusion
of an appropriate type of switching structure into an amplifier in accordance with the
present disclosure can result in design simplification, simplified integration with

other systems, and cost reduction.
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power consunption can be reduced in conparison with
conventional anplifiers (e.g., the conventional EER

WEp/128566 LI NC anplifiers 100/ 200/ 300 previ ousPgr/SG2009/000109

descri bed). Such reduced power consunption can prol ong
battery lifespan or recharging interval in battery
oper ated devices or systens. Mreover, the inclusion
of an appropriate type of swiétching structure into an

amplifier in accordance with the gresent di scl osure i
Wairle r fesivres,  fnetéansgrdganigaens podtalsmativpymspiociaged with certain
b %%%Qﬁtk 8@@1\@ cfi!l‘,‘l@shpﬁgavg %géned@%ri@éa%e‘feq tWith%m the context CPf those
reduction. Wiile features, functions, advantages, an

ahb@limaits,V ethensahotmiant way ralseekiabn wwhadivarages, afid not all

t he di scl osure have, been .described herein within the
wpbrdeRents peg %%Césséﬁb’o@i%%h%%g adyHizecs i 5 wkindhsseppe of the

&G hi RidinSHe b gﬁxﬁ&ﬁa@ﬁﬁ seRifl SothcallovBiRRMERAhE other
need;necessarlly g hi bit such advantages to tal
stiuchires, féaturss apbfimttioise odilterativas therdof, may be Besirably combined

BRPAREL el Pae PRl & GO B bR e B8 ot
fhiuedsnaliMeSichhere@binafivy thaesiesd waldhy vaiRiph@entlyiForeseen
other different devices, systens, or applications. The
abovatidpaiel ebematyssuarodiisslionse saniatioss.an dmpryemeatighergin that
1%'&% BL Ql%sle%ﬂl?e%ﬂg' Iilx%fdg% thédR si@@%él Fr?ﬁqe\é?tr LYt RERSS %E le}{compassed
unt or eseen or- unantrci pated alternatives,
bptheffolé@tingriimyari ati ons, or inprovenents therein

that nmay be subsequently made by those skilled in the
art, are intended to be enconpassed by the follow ng
clainms. CLAIM5S 1. An anplifier conprising: an input

nodul e having an i nput coupled to receive an input

signal, a first output configured to provide a first
signal component, and a second output configured to
provi de a second signal conmponent; a sw tching nodul e
having a switch input coupled to receive a switch

signal, a first input coupled to the first output of

the input nodule, a second input coupled to the second
out put of the input nodule, and at |east a first

out put configured to provide a first conposite signal;
and
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an anplifier nodule having at least a first input
coupled to the first output of the sw tching nodul e

wa@pwarisheast a first output, wherein the firsPCESG2009/000109

second signal conmponents conprise constant envel ope
phase varying signals having different phase

rel ati onshi ps and which correspond to the input

signal, and wherein the fird¥ conposite signa
conprises tenporally sequenced portions of the first
and second si gnal corrponenir;.zII The amplifier of
claim1, wherein the swi t &hi dul e conprises: a
first switch having an i nput coupled to the first

out put of the input nodul e and an output coupled to
t.he fAd shplsféricehippigingpdul e out put; and a second switch
having an i nput coupled to the second output of the

i nputanigp] ‘BOAwE hamnguatp ibut eenpledtor ipceine ahjipgyt signal, a first

m&tcmn fRdyl eprﬁyiiﬂgug'f } $ #x%l PRohL ! 2f §! ?Acgﬁdl’output
rein the sw ti I'ng nodul e “has a decony out pu

aafipigd testol e prsevémdiesignad eqapsheanposi t e si gnal t hat
conprises tenporally sequenced portions of the first .
and SetHHiNg lgﬁéﬁe é@ﬁ%‘éﬁeﬁ‘f‘%"%dﬁﬂ“\ﬁﬁ}l@ﬁg S regr e ptich signal,

ot . . St
| ﬁﬁmnﬁagf?cd\‘}\lkl’eﬁ to BRRS by ut??ﬂﬁ@l%gﬁlogﬁlﬁ, A0Rbhd irﬁﬁl‘(tj &']‘upled to

claim erein the anpl ier as a secon
thepatondouppeidof thet frpus eawhute, cutlpatlet a fiest switpwt hdomgjgured to

wo%gleﬁagd a sefond 'utaut.S. The anplifier of claim

OVIER P EHhe FOIEISR?}%%WE}% si gnal conbi ner having a first

| NputanddiEblefics eEARTE hRk at @SR @ FrktMBhYt coaplel @l tHeofisheutput of
first output and the second output of the anplifier

e awitehingymgduls apd @pleestedisi QiPEd to provi de an out put

si gn . (BT | aj i

out pothesfip A B T bty Send Bl BGREHLE LRt pavelope
plpel vargingragnal e heding diffrerit hasengeilttionsldpd endrahéchacorrespond to
| inear relationship. 7. The anplifier of claiml,

s &t $ebetdnput modul e conprises a nodul ator t hat

ggner@ﬁ&@inathg Hrbtl &ImpSds@8 dgnIPV iR EdhbdiElly 5EROHEADbrtions

of the first and second signal components.

2. The amplifier of claim 1, wherein the switching module comprises:

a first switch having an input coupled to the first output of the input module
and an output coupled to the first switching module output; and

a second switch having an input coupled to the second output of the input

module and an output coupled to the first switching module output.

3. The amplifier of claim 1, wherein the switching module has a second output
configured to provide a second composite signal that comprises temporally
sequenced portions of the first and second signal components and which is distinct

from the first composite signal.

4. The amplifier of claim 3, wherein the amplifier module has a second input

coupled to the second output of the switching module and a second output.



8. The anplifier of claim7 wherein the input nodule
conprises a LINC signal generator. 9. The anplifier of

- Waeb@pe3bee f urt her conprising a bandpass filterPE¢EYG2099/000109
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15
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an input coupled to the first output of the anplifier
nodul e and an output configured to provide an out put
signal having a linear relationship with the input
signal received by the inputl8nmodul e. 10. The anplifier

of clgiml, further conprising a.low pass fiJter . )
havi éleﬁﬁlﬁ%ap E@E}Bﬁe rther cp@prsipg @ signehcembinet paying a first

iApm! ddai £ rseé'ﬂ?lquﬂn?uta['@p@dﬂi\'@fﬂ't B3Hp1R0f 19 URH oh@PuP BRY e second
ah out put signa th the

having a’l inear relationship w

dutypy of egurgilifiee pwidviedarsian dwgput epufigureditol providd an Thiput signal.
anplifier of claim210, wherein the input signal is an
audi o signal. 12. The anplifier of claiml1, wherein a

&1 NglBhePBhpIOELraSf dikig B KibbreGP IROSIH® G %'roﬁ@é@gy $RSsignal
one half period of the first signal conponent and one

q@mmnqmeamcgdh@fmphfe stgpgbrraceivagndly Bwnpurénmodulg, hawge a linear

]gﬁggiﬁﬁer of claim1 wherein the switch signal and the
1St §%gnal conmponent have an identical frequency. 14.

An anplifier conprising: an input nodul e having an

I nput _coupl ed to receive an_input signal, a first

‘but puthecopplifigirefocleisn pr vhpgin thefinpeit medule $pmprigeFad modulator

, 0 gured to provide

RLRARER ep Al RIS BB o g rodul o
conprising a plurality of switches, the swtching

nmodul e having a first_input coupled to the first )

Hut puﬂleownﬁlﬁgeriqfﬁ&almn%dﬁ}e&ln sheslapuimgodylp GempHsRs N o signal

%&@mﬁﬁpond out put of the input nodule, and at |east a
Irst output configured to provide one fromthe group

of a first set of conposite signhals and a first set of
onposj te signal. conponents; and .an i fi dule .
avi ng*atmp %tOféifafﬂinrlst UGEhES GPIPHTIRE ég’gg atsﬁgft?’ﬁ'nl?aé’fng an Input

StipRidt tcOfhe first output of the amplifier module and an output configured to

provide an output signal having a linear relationship with the input signal received by

the input module.

10.  The amplifier of claim 1, further comprising a low pass filter having an input
coupled to the first output of the amplifier module and an output configured to
provide an output signal having a linear relationship with the input signal received by

the input module.
11.  The amplifier of claim 10, wherein the input signal is an audio signal.

12.  The amplifier of claim 1, wherein a single period of the first composite signal
comprises one half period of the first signal component and one half period of the

second signal component.

13.  The amplifier of claim 1, wherein the switch signal and the first signal

component have an identical frequency.
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the switching nodule and a set of outputs, wherein
each signal within the first set of signal conponents

w@peazshe si gnal within the second set of si gnedT/SG2009/000109

conponents is a constant envel ope phase varying

signal, and wherein a given conposite signal within
the set of conposite signals and a given conposite
signal conponent within the 19et of conposite signa

onpopents conprises a tenporal sequence of signal
ﬁ%n’pd&’éﬁ’lﬂpgﬁﬁl PERITHYE wi t hin at | east one fromthe

grou S t :
0L oUmPlgl DB hsl syl e ATROIB0LE A U e

eltpitmobfigureti o airovititie ol se¢ lnif sgnabcuhporcatspand esseeond output

first. tch. S switch. 16, The anplifier of
an&fgmeéﬁg pWé(feal Wc?lﬁcgseg\ﬂf TEPA! AOTROMHS has a second
out pug sﬁ@élﬁh%} Hoadlet dbnﬁfrﬁiﬂgcbeplﬁﬁ@’it}f bOMikdMRs, AhO b'@xtélfm@module
second set n@ésne signals and a second set of

up

léayﬁ%@ e lgplgtr&q rtpdh@ ﬁr% ounpnt of ifee Bppt modale, efsecond input

4 n uI e
AL v G RGP GBS, pEPRY RO o GRTRG REDe o fry g
dehfigufedrie pfbvﬁdteom‘evﬁrdlﬁ lﬁlhel’\goﬁ@dﬂ.d frse ST 8@ Bosie siggaBland a first
one_ganged swi tch pair.19. The anplifier of clalm 14,

?%Pf?f@ilp%gﬁﬁlrgpéh Cﬁ’&ll’&nﬁ%ﬂlf‘lnﬁt or nodul e having a carrier
si gnaj, élﬁﬁl&‘ﬁer 1ﬁ5‘d&llf) RAin %gﬁgé&% S 1tnE§t Sl ﬁ'ﬂ 0 %@Hltsf Qlfgput of

the swtching no east one o0 tput cou
the swiiching utodgle arde atmtf@u‘tptes nmodul e. 20 The arpl i fier

of clajmJl19 ere ri ses
R mobiapoel Sensh bt B aft s R Pupeate i crer Sl
WiBinS@E seborRMRdti df ﬁgndm%iiﬂp@n&iﬂi UE confehieigRlgpel pHasd varying
out put and a second out put, and
signal, and

wherein a given composite signal within the set of composite signals and a
given composite signal component within the set of composite signal components
comprises a temporal sequence of signal component sub-periods within at least one

from the group of the first set of signal components and the second set of signal

compounents.

15.  The amplifier of claim 14, wherein the switching module comprises a first

switch and a second switch.

16.  The amplifier of claim 14, wherein the switching module has a second output
configured to provide one from the group of a second set of composite signals and a

second set of composite signal components.

17. The amplifier of claim 14, wherein the input module comprises a baseband

signal generator.

18.  The amplifier of claim 14, wherein the switching module comprises at least

one ganged switch pair.
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the anplifier further conprises a signal conbiner
having a first input coupled to the first output of

W@ b@argshé fi er nodul e, a second input coupl ed POI/8GZH09/000109
second output of the anplifier nodule, and an out put
configured to provide an output signal. 22. The
anplifier of claim?2l, wherein the output signa
provi ded by the signal conbi B8r and the input signa

recei ved by .the i.nput nmodul.e have .a |i near .
131 ot RS ot Shuth TS dPMgriSop & pdulor apachlsybaving 2
CRftlef sighfldhp@, 8@ Inpaf chigldEiloSthd &ydt REtpANof MR Wit AR S ule, and
to the'set of anplifier nodul e outputs and an output

b rstpae edtpube taananprs of fetampligisamodwlaer ei n t he
out put signal provided by the set of filters and the
i nput signal have a linear relationship. 24. An

@tpl i fTihe ainiphifieRE REIMCORIlesdiNdhe iRAEIaG: Modle EoMPises an RF
sigpal; generating a plurality of constant envel ope

gh {¥fodul at ed si gnal conponents corresponding to the

i nput signal; tenporally sequencing particul ar

portions of signal conponents within the plurality of
dignalThe amplifientScliim YEReeadie at | east one conposite
signal, corresponding to the plurality of signa

co ?rp orfn£E: Ofg ARIPERS proglulsgowthets dncludéss e fivste ouoip 684 taesecond
Suf@langS. The nmethod of claim24, wherein the

plurality of signal conmponents has a first frequency,

and t dwpanplifier fegbprenoipnigespasithd wombineohhviaga foft input coupled

?% ﬁg% lfqlésﬁ ?Ogl? 3 ng trtﬁe \é\ffﬁﬁ{f‘h‘gr H] K el’ f%; %lﬁ{)lt@% @?PTU'C ?@%1%%1] do the second

R0 of Bt aflpfkie} Aédulehid@inbutRIRSE urdd REAMERE b Butput signal.
particul ar portions of signal conponents wthin thg

plurality of signal conponents conprises generating a
phur all*hteyang)gliflce?%?% alilgleZIS, Iv%l%?elir? ‘the output signal provided by the signal
combiner and the input signal received by the input module have a linear

relationship.

23. The amplifier of claim 14, further comprising:
a set of filters having an input coupled to the set of amplifier module outputs
and an output configured to provide an output signal,

wherein the output signal provided by the set of filters and the input signal

have a linear relationship.

24.  Anamplification method comprising:

receiving an input signal;

generating a plurality of constant envelope phase 'modulated signal
components corresponding to the input signal;

temporally sequencing particular portions of signal components within the
plurality of signal components to generate at least one composite signal
corresponding to the plurality of signal components; and

amplifying the at least one composite signal,
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27. The nethod of claim 24, further conprising:

anplifying the plurality of conposite signals; and
w@ooobitzdseg the anplified plurality of conpositeCESGHa/B00109

to produce an output signal, wherein the output signa

and the input signal have a linear relationship. 28.

The nmethod of claim24, further conprising filtering

t he anplified conposite sign%ﬁ to produce an out put

gnai he .qut put . signal and the input signa

he FHGi0 Ol A eRein
the plurality of s1gnal components has a first frequency, and ‘
temporally sequencing particular portions of signal components within the

plurality of signal components occurs at the first frequency.

26.  The method of claim 24, wherein temporally sequencing particular portions of
signal components within the plurality of signal components comprises generating a

plurality of composite signals.

27.  The method of claim 24, further comprising:

amplifying the plurality of composite signals; and

combining the amplified plurality of composite signals to produce an output
signal,

wherein the output signal and the input signal have a linear relationship.

28.  The method of claim 24, further comprising filtering the amplified composite
signal to produce an output signal, wherein the output signal and the input signal

have a linear relationship.



