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M SMATCHI NG CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] Thi s application
claims priority to U S Uility Application No. 13/ filed on August
31, 2011, aﬂvd)%/’ﬁé"%’éhefit of U S. Provisional 5 Appli c‘gﬁzlﬁésﬁaifg§o4dél/ 381, 284,
filed on Septenber 9, 2010. The disclosures of the above applications are

i ncorporated herein by reference in their entirety. FlIELD [ 0002] The present

di scl osure relate ji L d A Qaf r anplifiers
and to structur eség?&aﬁé@%m%?i @ﬁpﬁﬁ?’%\@ggm*gﬁ%%ﬁ%ﬁs section

provi des background information related to the present disclosure. This
section is not necessgrUIB-REFERERCE TARAFEDVEPPQOATIONGISt ri es use RF power
anplifiers to anplify signals to drive voltage standing wave ratio (VSWR)

| oads. By way of [QO‘Puﬁn Iﬂ‘r‘ﬁ epPrigatiom fisines PHOMKE tgdher é-ftk'ig/ ABRficlN e mul tipl e
RF power anmphgbbeprss, filee & MRWSY 38Mpbif,i & thebehegfitused. $0 Pebvisigha® | 0ad, such
as a plasma chay r frgmtheRF ower anplifiers drives

mber. The conbi ned po
the plasma chBRE8HOR 5'%@”?%1)??%3‘!%&/%?@8@ gt antide sytes; Hthyr at ed
circuits, sobpévepitaions argiacdrpeiatdtchel6iPDy refdictics @l theieea@biyl € (or vi deo)
discs (DvDs), and the like. [0005] Power anplifiers may have stability
operating requirenents. The stability requirenents may include providing a
fundanment al frequency out put FIELD

[0002] The present disclosure relates to stability of radio frequency
10  (RF) power amplifiers and to structures of a RF power amplifier.

BACKGROUND
[0003] This section provides background information related to the
present disclosure. This section is not necessarily prior art.

15 [0004] Various industries use RF power amplifiers to amplify signals to
drive voltage standing wave ratic (VSWR) loads. By way of a non-limiting
example, a RF generator may include multiple RF power amplifiers. The RF
power amplifiers may be used to drive a load, such as a plasma chamber. The
combined power from the RF power amplifiers drives the plasma chamber to

20 fabricate various components such as integrated circuits, solar panels, compact
disks (CDs), digital versatile (or video) discs (DVDs), and the like.

[0005] Power amplifiers may have stability operating requirements.
The stability requirements may include providing a fundamental frequency output
signal without introducing spurious frequencies. A fundamental frequency may

25 refer to a frequency of an input signal received by a power amplifier and/or an
operating frequency of the power amplifier. The stability requirements may also
include providing the fundamental frequency output signal in the presence of a
load with an open circuit and/or a short circuit.

[0006] Various techniques are used to provide power amplifier stability.

30 The technigues include series, shunt and feedback techniques. These
techniques are ineffective in providing power amplifier stability for certain loads
and input signal phases when operating at a fundamental frequency (e.g., 40
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signal w thout introducing spurious frequencies. A fundanental frequency may
25 refer to a frequency of an input signal received by a power anplifier
and/or an o eratl ng frequency of the power anplifier. The stability

requi r enent ? Bb include providing the fundanent aTCWSé%@?%V out put

signal in the presence of a load with an open circuit and/or a short circuit.
[ 0006] Vari ous techni ques are used to provide power anplifier stability. 30 The

t echni ques |ncIu unt .and feedba i S. h t echni ques are
et et rve MESABGY BIHER SGatiUS (EAfet i SRS, olref I e e R 8 e e ot
si gnal phas egrodueed apiee @Utpmgofathe powanalapiifiet wher thecpoaver an(pdifier. becddes WO

2012/ 033731PCT/tg$§gé.lh¥Qr%§4 nC| z@er%rﬁméMgé%%nggzé%ia%ﬁﬁ%&%eg@ﬂu?&gxalsal,[gnal s ot her

thanthelnpll,f[1 T fier when
the power amabprbxmatéjyemarfmbe ﬂmaabhtal frétyeenicy eqdeliicothsr eignalbat wlisedus f r equency

signal s igcl f ?&m:a frequency
and (ii) (g)t hgg‘égi&%&ng gﬁér% I@i‘% ﬁlﬂ&é%s(#% ir? %qﬁgggﬁ? él’g'é] e. g.m,e%halki | ohertz
(KHz) - 2MHz) éequerdyt he fundanental frequency. SUMVARY [ 0007] A power anplifier
is provided and includes an input nodule. 10 The input nodul e includes a

transfornmer and is configured to receive a radio frequency signal and generate
out put signals. Irrpedance t r ansf or neBUMMARYdul es each of which having an

out put i mpedance. @tz 0Nk igeP drlilid G Sk BRI RRAIdLCa P Pinddife, OUt put

signals fromthe for es each of which conprising a
transi st dP aﬁdjedmmem@@die inslugies cutrpngforgter ang ipfcontigurad to rersikgne ¢adio

transt or ot | GaoBily! ehnall B (SRS AliplagioRRs! "iiholdRedaRRgodiloput pul S an

anplified sign of the  output nces is msnatc ative to a
respective omodyfestaqsh |0ﬁwbt0h|h¢p5@l@ﬁc%@m iroRBRNEe 2pd Kenfigueat terreesiveaa poner

anpl 1 f1er 12 rogRthieshend BEUASEA0TbARKE nERsiffer. Bich ARiIGERALh e | ncl udes

a transforne i's confli recei ve first radio frectuency si gnal .
The transfor @érWth‘ﬁ‘cP%@%S'%Q fai ransisipid and iconaeded dh@nehdputrak one rftthend i s

configurqd t gmEsHdpeb ¢ néfbfﬁétloﬁ%cmﬂﬁeé"ﬂ{é"’ll'angﬁﬁﬁqhagrént ﬁ'ﬁht |rh{;§<§an6é‘@h@ frequency

signal . The second end is configured to output a second ut signal based on

the first ra@uipuls aguasrriVied isignal- . Eﬁchqustf‘ec%ﬁ%%ﬂl inpeeanges i rf“'§6\af‘7@§dvm th the

first end an(ﬂe@%tgaf,bgﬁlct,péugwgfthgpﬁqﬁmdaﬁcegecond capacitance 25 is in
series with the second end and has a second out put edance. A first

transi stor incl ud€908] coRtathar f?%?P’r?Fn%P"W%’n‘H@E'tf'@H'StRFOY gd and BClugeHaRi t ance, has

a first inputnduiPRIRNS e Thanfothtdllis w%llfdeésé traﬁabﬂrﬁer%hdsasmuguﬂéb%flrst i nput
|rrpedance does not match t{1e first. o t[;i_ge t1o edance A se ond@i si stor
t

i ncl udes 28 c6PRES 2 kst FRAINCQUSAREEIP fQHE?friH"'E%??a% ShE 4s a second

second end. The first end is configured to output a first output signal based on
the first radio frequency signal. The second end is configured to output a second
output signal based on the first radio frequency signal. A first capacitance is in
series with the first end and has a first output impedance. A second capacitance

25 is in series with the second end and has a second output impedance. A first
transistor includes a control terminal connected to the first capacitance, has a
first input impedance, and outputs a first amplified signal. The first input
impedance does not match the first output impedance. A second transistor
includes a control terminal connected to the second capacitance, has a second

30 input impedance, and outputs a second amplified signal. The second input
impedance does not match the second output impedance.



30 input inpedance, and outputs a second anplified signal. The second i nput
i npedance does not match the second output inpedance.
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present discloSu Il becone apparent fromthe detai ion, the
clainms and the drawi ngs. The detail ed description and specific exanples are
i ntended for purposes of illustration only and are not intended to limt the

scope of the disc e. I - ], The

drawi ngs descri be@%ﬁg ei 'r:ﬁg*r%g 50?435%?&5 géﬁmgptu?&%ﬂyﬁo%ﬁgﬁ' Iect ed
enbodi nent s &edometapahtenpfrosi thleeddtaisidetasatiplianotiss claims ané thetdrawitgmded t o
limt the sc the t_di u i oGk di agram
of a power ggﬁgr a t%lﬁeﬁs?/%cgﬁtfo:ﬁn%@dr %gérzéeﬁci %gané&g%\%gér.me{%%df fOérp%rr]%O&EF eoqi n

accor dance willustratioe qniyeareharediosinlenslad & lifi0he2cepef the discmsimeock di agr am of
power anpkifier nodule in accordance with the present disclosure; and

15[ 0013]FIG 3 is a schematic view of a front end nodul e of a power anplifier
modul e i n accordance wi t BRIFE QirSSRIRTIQMN S5 D BEAWDEAIR] Cor r espondi ng

reference nuneral gohfli CAHELIERS HROGBHRAS b= for illustrative purposes only
of selected embodiments and not all possible implementations, and are not
intended to limit the scope of the present disclosure.

10 [0011] FIG. 1 is a block diagram of a power generator system
incorporating a power amplifier module in accordance with the present
disclosure;

[0012] FIG. 2 is a block diagram of power amplifier module in
accordance with the present disclosure; and

15 [0013] FIG. 3 is a schematic view of a front end module of a power
amplifier module in accordance with the present disclosure.

[0014] Corresponding reference numerals indicate corresponding parts
throughout the several views of the drawings.

20 DETAILED DESCRIPTION
[0015] Example embodiments will now be described more fully with
reference to the accompanying drawings.
[0016] Example embodiments are provided so that this disclosure will
be thorough, and will fully convey the scope to those who are skilled in the art.
25 Numerous specific details are set forth such as examples of specific
components, devices, and methods, to provide a thorough understanding of
embodiments of the present disclosure. It will be apparent to those skilled in the
art that specific details need not be employed, that example embodiments may
be embodied in many different forms and that neither should be construed to
30 limit the scope of the disclosure. In some example embodiments, well-known
processes, well-known device structures, and well-known technologies are not
described in detail.



t hroughout the several views of the draw ngs. 20DETAI LED DESCRI PTI ON
[ 0015] Exanpl e enbodi nents wi |l now be described nore fully with reference to

t he acconpan 'n drawi ngs. [0016] Exanpl e enbodi nents a so that this
di scl osure \R%F BE¥ Hor ough, and will fully convey the{’gg@%g g(ﬁ?%ose who are

skilled in the art. 25 Nunerous specific details are set forth such as
exanpl es of specific conponents, devices, and nethods, to provide a thorough

under standi ng- of - GRoHT R o s, AE83R0LI 1L 38 ABUEFoodd ohkdorBBgappar ent to

those skilled in spe all's nee t hat
exanpl e enbod:iartienlasemplbenmmnwonlylaMtswodlrﬁérmedm bédinmtmgarm LtSIaat nei t her

shoul d be CoRSldnSfelhailly ibHld -4 N CARP-RL: b ol BEHBSNTS nd s exanpl e

enbodi nent s, rocesses, wel vice ruc ures,
wel | - known t ebhialdbogs es \Aeaileumiess tﬂtemntaxédleanﬂw theticatds. otlmwse The terms
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pur pose of describing par ar exa hent s on and I's not intended
to be limitisgecixsthaquesanee aif rsfatechéeaturaguintegefsosiaps,’ aperatiens, ‘elemants;t he” may be

intended to ipg o}'ggmbﬁ}?en‘?é %%o Rgt' &Ecl@&e %N% edreselr'n% 8% Sadifiéh Eﬂ}k%fg?&la_ear ly

i ndi cates ot herW| se npri si ng, udi ng, " and
"having," ar @thqﬁ&aMeeentﬁqut ﬁep%fooe@tlgm@iefnyerttm@ompe@@ns;eandforgtcmped f eat ures,

| ntegers, st eReoOnRieANLABS sichl BB Ses WY erfRAPABESIsEA rBHin 4 9! P ecl ude

the presence or addition o e or nore oth eatures, Integers, steps,
oper ati old, &9 basansrued agpeaesnasly raﬂwmrwthgrr@@ﬁ@rmameébthe PRIECUFAS 1OFRiSH] st eps,

processes, angk 0Rel Al il §a1€85§ﬁléf=%?%ﬂe@%éﬂyndéﬁﬁed‘8§ an $Qierr9f9é‘r paRLd ued as

necessari | y requlri ng e| r nce articul ar OI’ I scussed or
il lustrated, Itumalss@éo faeladefrﬁt@aﬁ tRat pgdihenal pé@ltea@ataﬁ stapgenaydye ?i@P'Phﬁquance It is

al so to be under qudlth%eﬁgﬂ'eién%iﬁ‘br RYerab tQEmed {0V ﬁé:rﬁf%n”‘%ndb@e&rrm oyed.
[0018] When an el emen ayer is referred to as being v

"connect ed t d0F "@NNeelEd iP.eQr {@UPEAIE hanotagreRRentar 'F)é%FeF mqvtbfhﬁkye@Z g?rtegtl y
15  on, engaged, connected or coupled to the other element or layer, or intervening
elements or layers may be present. In contrast, when an element is referred to
as being "directly on," “directly engaged to,” "directly connected to," or "directly
coupled to" another element or layer, there may be no intervening elements or
layers present. Other words used to describe the relationship between elements
20 should be interpreted in a like fashion (e.g., “between” versus “directly between,”
“adjacent” versus “directly adjacent,” etc.). As used herein, the term "and/or"
includes any and all combinations of one or more of the associated listed items.
[0019] Although the terms first, second, third, etc. may be used herein
to describe various elements, components, regions, layers and/or sections,
25 these elements, components, regions, layers and/or sections should not be
limited by these terms. These terms may be only used to distinguish one
element, component, region, layer or section from another region, layer or
section. Terms such as “first,” “second,” and other numerical terms when used
herein do not imply a sequence or order unless clearly indicated by the context.
30 Thus, a first element, component, region, layer or section discussed below could
be termed a second element, component, region, layer or section without
departing from the teachings of the example embodiments.



15 on, engaged, connected or coupled to the other elenent or |ayer, or
intervening el enents or |ayers may be present. In contrast, when an elenent is

referred to dlrectly on," "directly engaged tIy connect ed
to," or "di r"g@?‘i@hs’gg"ﬁpl ed to" another elenment or Iayeri’&fﬂ%ngmﬁbg be no

intervening elenments or |ayers present. Qther words used to describe the
relationship between el enments 20 should be inter pret ed in a like fashion

.g., "bet " tLV, : tl
(e Geent "% el KRB0 SHEE R BEIRT o ) 36688 o entpect Ly
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conponent,” region, layer or section from anot region, or section.
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Thus, a first onponent er or section discussed bel ow
coul d be t er aments & daefursewewdl thew rsoprante raigiveh the aiher agmedstdron wi t hout

departing frog |
2012/ 033731PC% %ﬁ%goﬁgggfdﬂgﬁarﬁ%g%]ﬁg%%f SRERfpS toh e??rsm"stﬁtc'?ﬁ' Us "inner, "

"out er, " "pembayhand bglawojhe deviggaiay be: %IB@WJSG oriepifselfotated 99 degeeaside, may be
used herei n fer o@aseoRhiiBs9" i2pli 08 (<Roff5C F4RROMRSBIAIRNLAT (BahUT e’ S

rel ati onship to another el enent(s) ure(s) as Illustrated in the
figures. SpatftaiPrgied apeardiogys er ms may 5 be i ntended to enconpass different

orientations of t[pe2gpVimeriGh 1UaHoRer GBS alot gpsté,n AAdi dhb@R. thel Riswepr | ent ati on
depicted in the figures. For exanple, if the device in the flgure5|sturned

over, el errent%”ﬁ@%%rsb'ﬁéﬂ‘ H%'”CHQP%W‘ aHlp"f'Qfé’ﬁ@ﬁt”I‘f’dUJﬁ hera diverdindsleot4.f eat ur es
woul d t he be .s&w&ranﬁsﬁneram\yenodut@ o@tsmemy eeABNA Qlloddefd. UTRS ampliies. the

exanpl e term "bel ow' can enconpass th an orientation of 10 above and bel ow.

The devi ce rré@P%é“QS’(“l‘?eFaan%e'Yﬁsi a 89!“{‘?%‘@8& 1o fregue¥eSforsigg ePHer

ori ent ati ons)geagdtd @eommﬂiriealslgyﬁarﬂ athev@npimeﬁhpmtrﬁdsmmgdqa?ermd& fart er preted
accordingly. [0021]1In FIG ower ﬁener at or IS shawn The power

generat or sy<StBWPFo & PErampiber T FsPNeiFned Hong! 2%'&&?'8"‘%%" 1, he P nodul e 14,
15 a power anmdduld e4. (cﬁﬁbutrmdmé erive?rmedui@ h ¥ iPAJceded HNtePA arduBis, The

lifi 1 d d dio . f AF
A e N A T TGy DA
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provi ded o e S . Sk S: dd pAHERL 18art iendidatef, Todul € 14 TS rece ved

[0022] The load 18 may include be any of a number of elements or
devices driven by a RF signal, including, by way of a non-limiting example, a
25 plasma chamber. The load 18 may include broadband mismatched loads (i.e.
cables with mismatched resistor terminations), narrowband mismatched loads

(i.e. a 2-element matching network) and resonator loads.
[0023] Referring now also to FIG. 2, an example of the PA module 16
(identified as 16") is shown. The power amplifier module 16" may include a front
30 end module 50, a combiner module 52, and an output module 54. The front end
module 50 may include an input PA module 56, impedance transformation
modules 58, 60, and switch modules 62, 64. The input PA module 56 receives



20 which may be a high-power RF PA nodule. By way of a non-limting exanple,
the PA nodul e 16 nay provide a power output of greater than or equal to 2.5

kil owatts (k‘?’/[r\é. Qut put of the PA nodule 16 drives the | gad 18. [ 0022]
The | oad 18 W8P"/¥A¥de be any of a nunber of el ement s POV C¥L driven by a
RF signal, including, by way of a non-limting exanple, a 25 plasma chanber.

The | oad 18 may i nclude broadband m smatched | oads (i.e. cables with
m smat ched resi stQr..term nation ar.r and m t.ched | oad Le. a
2- el enent mat h???glaHéﬁ \'@PE%‘QQ% r%g@'ﬁd?@%bﬁ'@%gbi%%wf%ﬁ ?F?@' Sw al so to
FIG 2, an eXexpéercied anddaA vanls| ghak6s.( iThenhpdti A naiuleb5§ providdsotive. The power
anplifier no ' i | ~nd -cONMi ner nodul e
52, and an og"lt‘ﬂpugts %%H%ng?{#ﬂ@pg?%[# q'feaﬂg%ﬂﬁ%&nga g@‘"%ﬂggieﬁclﬁ e i nput PA
nodul e 56, i Mffedexicle %6 aresfdes nmpedancadcmsosmaiin BE@weamansnputdd® obittel es 62, 64.
The tnput sPARABEA mdulCEe kNS the Mipadihed Bardddidibn Hredidd B30494 14d
oscillating input signa %b:.g., N € 1 nput signa ), rch™may be at various
frequenci es amut ifdv@oduleissirndoihadmpedanise tianpiormamnnmaddules 58, ¢ provides t he i nput
signal to ea ' - ; raat. S i nput PA
nodul e 56 prg{ihlgﬁeng's%gdance' rae?ﬁ?{stI O?Jma tﬁgtr{hggﬁjév@gﬁh%ﬁ @ﬁ%ﬁ'ﬁgé{%ﬁ%ﬁat he 5 i nput
PA nodul e 56 dhimer trivduienpre davice upsiaaesih dromatthe i Avodhdukes 168(e.d0theThavarnput  PA
nodul e 56 anqm#b?eu’spedance transformati on nodul es 58, 60 provide input

tc

i npedance ma I'ng relative to output inpedance (e.g., 50 Chns (Q) of a
driver nodul e or ®2iLe Uipstimpedantce omartsfrrmiomooedubesl 68, €6. grovidehibedr i ver
nodul e 14). [ f } 8 rovi de the

i nput si gnal %&g ﬁéglst\;viqﬁechwntggﬁpglge%E?’r}%ﬁ%an@éﬁﬁg&frﬁ@gmalﬁzﬁk?‘pIfrggg%s s. The

t asks i ncl udénclidepyénpedance rteansfoomatan betweet wee inpuhe”A mmdulePB6 ramduthe 56 and t he
swi tch nodul s, e 6B C ' o Ny : ' 0, of the

swi tch nodul :sz\ntg%,mo gesggh§€f?@dgjt@%ﬁ'ylﬁ gﬁtﬁh‘g\%ﬁ} %ﬁ%a?f’ﬁ%hét@?{%%gﬁéc%@r&chi ng of
the PA 15 nooRfAiwes1@?,;64qicoslipulingnig previtiag tirmut popedance gedtokiog of e PAe switch
nodul es , ; ok i mg : i in%eq put put
signal s 19 f%om%déﬁ% ﬁ%’eﬂ%ﬁ%a;[wp?gﬁﬁg or na“t%?6%%}1\%%10@@&@5%8%@5%%&% e
anplified si gl sThe2swiich, mpHeleg Gi7hiGdefecaive Ureptive eriFiuh signalseirempthef i ed
signals 72, T4 i ' t I oS I a2 i$ provided to
the Toad 16 v BORRSIIRPERIARIGh FEBHES, OF Bid ooietie antBict SRS P21

di scl osed i n 78: SThapgrmeing sredger pA | corppines2inesamplfpd laneh 73 Th@Edepor at ed

herein by refRheRes 4 Bohbife®BlipLESiYnal TRewRidh RUprotREY & tfiok§G8IESRet NE
conbi ned oqut put si gnal d provides filteri ng and conditioning to generate
[

S0PA out Ot GHIRYE MeRBle Stk TR CHTIRING! FRGISy 8o SaRRSRI B Y-S ARREOBad- 16
Exanpl e out puerigPHyY! €57764,640]ivfidrO88RcdrPorated herein by reference in its entirety.
The output module 54 receives the combined output signal 76 and provides
filtering and conditioning to generate a PA output signal 78. The PA output
signal 78 is applied to the load 18. Example output modules are disclosed in
25 U.S. Application Serial No. 12/763,640, which is incorporated herein by
reference in its entirety.
[0025] Referring now also to FIG. 3, an example schematic view of the
front end module 50 (identified as 50’) is shown. The front end module 50’
includes an input PA module 56°, impedance transformation modules 58’, 60’,
30 and switch modules 62, 64
[0026] The input PA module 56’ may include an inductance L1, a
capacitance C1, and a transformer T1. The inductance L1 receives an input



25 U S. Application Serial No. 12/763, 640, which is incorporated herein by
reference inits entirety. [0025] Referring now also to FIG 3, an exanple

schemati c V"?uﬁ‘%g%pﬁ front end nodule 50 (identifi Fﬁ{{@%&ﬁ@é&‘?. s shown. The

front end nod i ncl udes an input PA nodul e 56 ansformati on

nodul es 58', 60" , 30 and switch nodul es 62', 64’ [0026] The input PA
nodul e 56' may i nclude an i nductance L1, a capaci tance Cl, and a transformner
Ti. The inducgt 2 50494

signal (e.g. %@%F?e%buqeeﬁﬁwgpn%%d) ki J%@C;en%g%ﬁ{% gé#ﬁagé%ggl tance Cl

form an LC ciferduan Lihaircysrtbat prewdemmee trapsfofroativat toonatch amedutputan out put

| mhedance (& Goea 0N 8 BolStL B UESHIRAR LEAT IRyl BRYGER BBdULe 56 (=0,

the driver rans orne recei ves e i npu
primary 5 wi rik dgvelmﬁbdmiadM)r a‘msftmnafarméreTi maWesti'@naﬂ)uta;cgnaBst aprioarg to a

secondary w o] t he

t ransf or rresr ?‘9"“'5"29 é%él %]; tg}ég?]éfr@]baei nrala sﬁ‘oégr%%'\% f‘ﬂg g%ﬁgﬁgérﬁng center
tap. The endwvinding he2 gfeth@rtmlsgormpmm ng1 m@usﬁnlbhélmenms;ﬁe)trmormer dle connect ed
to respectiv I S 10[ 0027]
The first i ngseg%é&%?%éryse écgéﬁrb%tgﬁo%&gf&@ t@é%}aﬁ@gj‘a eglulaa ) ﬁ%uc Og’nce L2, a
resi stance RIhe secpani viading T2, ofathe teanfsmrrser bl ssé regngatexliiat rebpéactivacl udi ng a

resi stance Gyance L2 and the capacitance
RonB0e) feVAbtasRe HaHLGRnAn ol fRids

C2 are in series betwe irs thée secondary wi ndi ng 102 and a
gate i npuQ 106 of [092€1i t Eire dirsinigmpedance( fragsformmasionl mostile eS8’ libcludgamiaoonduct or

field-effect .ﬁd@&%émra%@gﬁcpm A ¢ r@euédcfefd(fe%%facfnstfméﬂéﬁh c.ﬁcggmihe

resistance RLis a s unt resi stance a I NC a first nd a second
end 110. The ifqlyding armesistasceoR2 BRd arveiipgs apigee B1. iThedodimsanced-2 andatheout put 112

of the inductaps&tahde @'édaréq’n é&lésrﬁéﬁveér;ﬂ fdt ShBi&y Ogacg%é %@%ﬁaﬁina’bﬁ second end

110 of the resistance IS connect ed round 11 20 the
capaci tance (92 §"Q:o@1r‘9§i§@ elfPito 1P eofgat éWIt glemes. Qthée. gesmgtadxm@eﬁz is

connect ed sbetyeRfddntii@odfdI8-eHBRUansRibraMOI LY of frégf?rslsﬁw&emy% e € Vol tage

source V1 is _connected between the resistance round 116. The
resi stance RINGn@SElRECGdit iga oot easistancgraid ineluges jar Hrst Eﬂﬁsm@d#ftdage to the

gate input 1QBcorkPERP38D. The BREERE 1'06%%@?@&&5@&3h@rﬁ%hﬁébté@@d“aﬁ 60’

i ncl udes an i nductance L3, a resistance R3, capaci tance C3, and a second
bi asi ng ci r c@HPH I Ph@?u’éﬁ%@”ﬁe P@ﬁ”gtt%ﬁeé"mm%ef the\papacigace Gdr d8ev2. The

i nductance L3easHdl drite1 RAGTaRE FeRkEhcER 186 Rohfech& foqfoltRt MRerO@psecansl end 120 of
the secor&%ar ){he capacitance C2 is connected to the gate input 106. The resistance R2 is
connected between the gate input 106 and the voltage source V1. The voltage
source V1 is connected between the resistance R2 and the ground 116. The
resistance R2 and the voltage source V1 provide a first bias voltage to the gate
input 106.
25 [0028] The second impedance transformation module 60’ includes an
inductance L3, a resistance R3, a capacitance C3, and a second biasing circuit
119 including a resistance R4 and a voltage source V2. The inductance L3 and
the capacitance C3 are in series between a second end 120 of the secondary
winding 102 and a gate input 122 of a switch element Q2 (e.g., MOSFET) of the
30 second switch module 64'. The resistance R3 is a shunt resistance and includes
a first end 124 and a second end 126. The first end 124 of the resistance R3 is

connected to an output 128 of the inductance L3 and to an input 130 of the



wi nding 102 and a gate input 122 of a swtch elenment 2 (e.g., MOSFET) of the
30 second switch nodule 64'. The resistance R3 is a shunt resistance and

includes a f 124 and a second end 126. The fir of the

resi stance Iés»ég(éygjé%ﬁect ed to an output 128 of the |nd§%{/§#§“%€é “ind to an

i nput 130 of the WD 2012/033731PCT/US2011/ 050494 capacitance 03. The second
end 126 of the resistance R3 is connected to the ground 116. Qutput 132 of the

capaci tance ol dafiglBact o dahdiBygabe ot fRUbedBRo, FATsSHANANGSREY, 1S

connect ed betwe at e input e source € voltage
source V2 is gnwmde‘dtGedObwum&h of He capscitarendss B mnactddttthmeggataﬁnbmw The

resistance R4zaNdIhSoHOLhANRSRUTHRRIANLIP 1 SERORHLPIE hg! fage 1o the

gate input 12 The age may be equ erent than the
first bias vobliagpesoyr@0¥a] Thevoltanecﬂoamee@ Lsponneqtecleeztvx@apahﬂ tesistamseCl , C2, C3,

resi stances Ry afneiGhurl BNAnKobL GRS U ERESHoiaRg Yach A phapect | ve 10
§ g e B0 ooy Y erag

i nput and out put en term na ect escri bed
herei n and/ orsea@wdshl@moltagq:toahesgater firput ﬁﬁat Hmsenqwnglnlas‘emi@ghavey ber r espondi ng

inputs, inputgy, gpggaaﬁg,%m@,%%ﬁsmgsmggt i npedances. [ 0030] The

capaci t ances I ncrease i nput I npédance and reactance of the gate
i nputs 106, 122 of00R8E sihe dndugtmm 51.Ql2aneB, Qeapaitan@swél. o€2.a Gibn-1im ting

exanpl e, Cap@ééééﬁt?é% kf! H8SRSf REaH Mita PQ%OEI%@@G\H[ ahe 8B fvedtdp péctvgRY be less
t han 1000 pica-Farad (pF). In one exanp | ementation, each

capaci t arfe UEHd] QUIREH R Wﬁt@"@’"@@OWﬂ'Q*ﬂOWFYéﬁdC@H@ﬁt@f ag Heswipdci t ances
C2, C3 has anppactanps ab RGP XhMRIE! ¥, 7. ﬁ{é u%’i}?a&hd ?lg&tveh%g%:ﬂé t he

capaci tances C2, C3 may be varied, for exanple, 20 ba on t frequency of
oper ati on. TW@"@%&%JQI”Q&'?\%&% It PREABRCRSH OWBHISHANG\ALERT HNRASHNCRfat e | npedance

match rel ative tojgokg] i nnuacaﬁamgﬁd&eézcéndt@@ .%é@m%hﬁmcﬁn@aﬁad @, but

rat her provide an i npedance ni snat e capacitances C2,

per f or m di f f 6PRNC¢ ¢'HAR daler '@EFtscmGr 482 of ﬁ@)s‘w&ﬂp‘F'?’HQ”Qa%h@P@é??ce@ A DC
ﬁoupl i n? 1@agﬁ»@ytcﬂ@ﬁorpﬁ>rhftlﬁg @ﬁarﬂpleacéﬂ&fténo%ﬂlaldés{&@abhfﬁf tﬁuh@ébafcrtmséf gnci esI (i.
as negligible'i & Uli%}f C i capaci tance ma ave or exanpl e, a
capaci tance V4 #&9% pke affes lggfg m@eplﬁ) Ferads 49F)- A 19C 6UBY3YIE capaci t ance
does not provinglemkeheitibmcsRasedné opsdaace ks ieaphrixiRately S60pFcapgri t ances C2,
C3 and thus cannot provide apower ggner at or srystem stability as does the
capaci t ances aeg eagh of the capacitances C3 has a reactance of approximately 7.5Q.
Capacitance values of the capacitances C2, C3 may be varied, for example,
20 based on the frequency of operation. The capacitances C2 and C3 do not
provide a conjugate impedance match relative to the input impedances of the
switch elements Q1 and Q2, but rather provide an impedance mismatch.
[0031] The capacitances C2, C3 perform differently than direct current
(DC) coupling capacitances. A DC coupling capacitance performs as a short
25 circuit at high frequencies (i.e. has negligible impedance). A DC coupling
capacitance may have, for example, a capacitance value of 5000pF and
reactance of 0.75Q. A DC coupling capacitance does not provide the increased
impedance and reactance of the capacitances C2, C3 and thus cannot provide
power generator system stability as does the capacitances C2, C3.
30 [0032] Inputimpedance matching of the front end module 50’ is difficult
when the capacitances C2 and C3 are used alone (i.e. without use of the
resistances R1 and R3) due to the high impedances and reactances of the



30[ 0032] I nput i npedance matching of the front end nodule 50" is difficult when
the capacitances C2 and C3 are used alone (i.e. without use of the resistances

R1 and R3) hi gh i npedances and reactances o
2012/ 033731%?%%%?’?/ 050494 capaci tances C2 and C3. T&(évbp%smﬂ}sé\gé‘%ces R1 and R3

are used to provide an input inpedance that can be easily matched at the
outputs 112, 128 of the inductors L2, L3 and/or at the input (e.g., input 66)

f the f t : 0 | h of th
of 11e 1100t ceBskughebd €0 3 of ORI RN A PRl o B IS4 e gzch of the
exanpl e i npl émtimpedance dhathcaf beh@sﬂsemastcrmcetsthesommowzmeélqi tbgqual to
12010 when Oﬁ’rﬁﬂ%{dﬁﬂ eLts Shat Ml nﬁ&ﬂgfg anu éa)mf%% t%ﬁ@%&ﬁ% gt ching val ues

are desired t resi stance v et anot her nom nal
exanpl e i npl enent B0 §h leanee ecxampreempmeswmegaqmof tmrasmmpwiuﬁat ely 47010

when 10 oger & iddg i %P%y'ﬁlfaté SOHENEYandiRH IR CoXURINE TnflbmbRSiH ances R

and R3 may be varied or exa base ncy of operation. The
resi stance v&Rgesf e fepstanees !§t%nﬁ>t@%mﬂ!?')/aﬁﬂ§lam h%@ﬂ wba@,@aer@ﬁng Bhde offs

bet ween two QMBS RedRbn&A it H.gHér .h@b&éﬁbe' rﬁétérgﬁﬂéme B @e%ged thealnigrind PA

stability. S21 is a scatterl ameter an Forward fransnissi on
coefficient ISsiganee SMJQSerﬂ‘ﬁlha @dused-put As yet arpges4pomingl r eximplances Rl and

R3 reduce th%blmﬂﬁaﬂsﬁ Hchlofhd RARIfahcdd A, A3% Qé%rBhﬁma?éPQ?blﬂ@%é 02 and G3.

The resistances Rl and R3 al so dissipate reflecte ower  recelved fromthe

swi t ch nmoQul &pewding aga 60Mby keqyieagenfissisiaace éﬁ'Pé%PEfPSE&%‘?S fFlo#AbBRng recei ved

by a driver nmpgubg {&ied, fol @Qar%?ledrﬂa‘ééﬂ dP Gk QreﬁﬂéncyTB? Jp@Htl@ﬁt egpgover can
negatively affect perfor mance o driver nodul e and per for mance of ot her

PAs oper at i ngefHanss ¥alves ofuhenrasistanees Ridand Rt man der Pw ehiradedifee (e. g

t he PA nmodul @efden o Qiehto@é rbfqmrrf#ult 'F&ufrf %EQB@HPS’A %aﬁh (@1§agngrpAhan 60'\/"'2
where transi st a %9?3?% t he resistances may naot be included
(i) when stal5fd '"538 #%hl?l‘% fiRg grramety Andds Pé‘&fwéfﬁj”%’i'ﬁ")'ssi'?ﬁ cogHinienty t he
struct ur @s0f of BgoBAefmALEE output. [0035] The first switch nodule 62' | ncl udes

the switch Q. Th cond swi tch nodu includes the switch Q2. The
swi tches 01 and QEI?’ ﬂ'@@é@ﬁ"é‘eﬁ’s gf‘ 9333 bR thgIPedRcE & theFHB“tar ai ns

provi de out puti4sigmafk sh@bapétﬁamst ch aeubewntﬁwe@es%mﬁcee R1Tbﬂd M gsoare
COmect o0, L0 gl g L o ey eafog T e SREBRARES &Y £, B8 TS, g
R4 may have rpe@AeatsameeeN@titetBﬁomrefadrﬁIbetnba'@celfleb" bﬁn&mvimoliO@O(ed nhene exanpl e
il emantz%t ' %Ver modulg %Stﬂm reﬁected power can negatively affect performance of the
driver module and/or performance of other PAs operating in parallel with the PA
module of the front end module (e.g., the PA module 16). At certain operating
frequencies (e.g. greater than 60MHz where transistor gain is low), the
resistances R1 and R3 may not be included (i) when stability requirements are
25  satisfied and (ii) to simplify the structure of the PA module.
[0035] The first switch module 62’ includes the switch Q1. The second
switch module 64’ includes the switch Q2. The switches Q1 and Q2 include
respect drains, gates and sources. The drains provide output signals of the
switch elements Q1 and Q2. The gates are connected to the outputs 118, 132 of
30 the capacitances C2 and C3. The sources are connected to the ground 116.
[0036] The resistances R2 and R4 may have resistance values greater
than, for example, 100Q. In one example implementation, the resistances R2



WD 2012/ 033731PCT/ US2011/ 050494 and R4 are greater than 10000. In another
exanpl e i nplenentation, the resistances RL and R4 are each approximately 10
kil o- Chns (KOnmsé{ | ncreased resistance val ues for the_resi stances R2 and R4
provi des inct QAYEE3 ¥ abi1ity. 5[0037] The capacitances VUV ¢ e
transfornmer Ti, the inductances L11 L2, L3, and the resistances Rl, R3 are
used to provide inpedance transformation and to provide input irrpedance

The-ar ver e 5418 o absafhacpRzal Pk reBR: iBIRERAMR I8 o6 of i ne

front end 10 resistaheesS®1 @nd RAeamnidach epproema)Ql0 @Ho-Diynsdbe¢KObimspct i vel y
f dt j k lude th
b Hrpblt RO L YA om0 B (DEDAES FRVRE] L0210

R1- R4 and t hetabgitt.age sources V1-V2. The circuit elenents between outputs 140,
142 of the front ' fc I a out put 144
the PA° 15 nodul e@g-,g‘r)dﬁ%éa %&aenoe &2 ecﬁ%e?&epﬁée% Sﬁ')eragq"t & PA out put
net wor k" . Thénduatapgep !, N vid; karrdayhe mesisidrces| Birem3s aof ush@ tooprovider nodul e 52
and the out pyhuRaieb o dARAUEIE B floet i AR ARE oAb ke 105 the swi tch

el ements QL IS msmatc ate 1 nputs m snma ched due to
the use of t isevize upsieas remdesfrant en@SHOGD@Q@Qcm%dﬂyesmﬂdedﬂbw ded such that

gain of the swi tct}oho‘éh]gmeﬁﬁé cibuit %&%%t%gétwggﬂ%gtl%uto@f oftthtg'gron[ gpyency does

not exceed 15dB apacl t ances uce galn requenci es ot her than
t he funddfentredduipa® aandnhgefmm@m@entsr@é &2pasy bam@&@ctmy reisrrpddmaae | ow

frequency gal-fheih ing gemw"c"’rhtew mﬁptnﬁ&\gw‘kerﬁafﬁc%bQh@hdb&éﬁcésﬁﬂ” or equal

to half 25 o the anent al era reguenc roves stability.

At half the f@nﬂ‘@n@rﬁﬁ@!lﬁf’éﬁ‘éﬁéﬁ%@hq H@r@ﬁmﬁ@y Tt h@esrﬂﬁlﬁ'@hc%ﬂ Bhﬁ‘ﬂt@@he Q@ may
each have a rvarsag@sedregs ) %ardaueeuérﬁeﬁ@%emereﬁta lﬁé ﬁﬁ@”ifzé\{‘rtﬂ

confi gurat| on of circuit el enent t net wor

capaci t ances fiept qu ”[!ﬁd(b‘{ﬁ de @uswiteh éﬁf“%‘isa@ﬂl 929/ aﬁﬁr%i putsic 44 Het PAhe power
gener at ory 55y &l fs btnfé ekl M&t@@ly?@feﬁ@&'kﬂ £s 4Re Pﬁ\ obfbut ABEVOHPE T‘ﬂ%' ver nodul e

14 remai n stabl e when driving various voltage standing wave ratio (VSWR) | oads
and oper ati ngaPulphy n%tu@rljoﬁﬁxe%cludev@emm@/ o3Be FopbnanIPels 6804 0040] I n
addi tion to pu@ fHoddielsaw frequency gain roll off, the

[0039] Each of the gate inputs 106, 122 of the switch elements Q1, Q2
is mismatched. The gate inputs 106, 122 are mismatched due to the use of the

20 capacitances C2, C3. The capacitances are provided such that gain of the
switch elements Q1, Q2 at a fundamental operating frequency does not exceed
15dB. The capacitances C2, C3 reduce gain at frequencies other than the
fundamental operating frequency. The capacitances C2, C3 provide low
frequency gain roll off, which further reduces PA gain at less than or equal to half

25 of the fundamental operating frequency, which improves stability. At half the
fundamental operating frequency the switch elements Q1, Q2 may each have a
maximum (or peak) gain due to the circuit elements and configuration of the
circuit elements in the PA output network. The capacitances C2, C3 provide
sufficient stability margin such that the power generator system 10 including the

30 PA module 16 or 16’ and the driver module 14 remain stable when driving
various voltage standing wave ratio (VSWR) loads and operating at various
phases.

10



capaci tances C2, C3 when operating at the fundanental operating frequency
provide inproved stability. The capacitances C2, C3 raise inpedance seen by

the gate in 122 of the switch elenents QL, Q@ ,ﬁg ucesS

suscepti bi | B%%%%%Sﬁé swtch elenents 01, 02 from becoFF éﬁ%ﬂé‘) Ve duri ng
reception of high reflected RF power from high VSWR | oads. [0041] Providi ng
m smat ched gate inputs (or reduced transistor input inpedance matchi ng) is

gare inouts can rBR4AE"gar ASARTIE" AGER dbut iR TR BOSE B8 nel ude
conj ugate i nwadmﬁaeceaaﬂéhmgwhdzmbperatlmgaat feofuindementiab operatiegl frgqthmqynput
[ 0042} M amat CR AEARE SRS TR GpR0RAERE LT RS TaRE IBEPRE 3P, mpedance

[ 0042] M snat gat'e | npu erei n-can
transformto tke mawemmxtsn 1r®6d 1I2ﬁpefdd'l&:6W(td'] ®lem&09)Q1,FO2, twihish I8duaesason, shunt

resistorsgar ); C | ows i nput
i npedance (S%f% ?Blﬁﬁ Pﬁgmé)@ltj eEIJe. ﬁtrs iézaﬂgﬁqspuned’ﬁ? m?tﬁgép&rhé@ét erm ned

i npedance. SIgcepyorokluah refiected Riapewastrom kigls YEWR bddai th a 2- port

(i nput/output) de an I ¢ r 500

term nat ed out put. w Q?L fr o:v!t'al@ mhﬂ%egqut@%# g&%@%&d@ Irsged?l"r]g)hédance 20
m smat ched, tlmeedaﬁpatmewh@g) tlme:onmrmn@up@nv_eetlmal 1ampr¢a9hesrﬁem©e A&t ched to,

for exa Ie t pu lHi)r?gd h ri ul 043] The
resi stazges Igfggnﬁg TDdVow rgﬁiﬁ)@gggga ﬁat‘é \Arﬁﬁlisfi%?'n e{g?ndc;érrg Tl-h (e.g., the
| oad of HOG inplemgAtagipn ga&Lasd ﬁﬁe%nglhmt:lh@e PANHERIA iBPedANse m@chlbg btéver se

| sol ati on S12,{BCHBUEITishACKS Y8 R T RbbaaRbds. " S Tifbrd ol [ABodARL o7 [ NO

paraneter and IS a reverse transi ssion coefficient erm nated input.
The refl ect e@nﬁcﬁmaﬂ@ ofthesgai@ingsitst hr ough the resistances R1, R3 to ground

i nstead of being paspd ffriditheldd Mbhuses WREsed Hordir did BE iR GY e

stability. By dissip (T; this reverse power into resi stances Rl, R3, |ess
reverse pomeﬂmaﬁ?é‘&?str%& URe U@ Peadetardined 'H@edﬁn‘ﬁeclﬁe Inpres FaFithier 30

stabi | i t ys DirégdoRakhit rbSistoFLHRY HBorBBRIEY (24, tﬂberés&mﬁce@mesmf whidg Swi tch
elements 01, 02 rather than on_t he output sides of the swtch el enents 01, 02

M ni m zes povdlPws FEUIT FPPeRECRAS bR t@eﬂf‘ grodele 16,06/16r tobe dyneddle er nodul e

14, predetermined impedance. S11 is a scattering parameter associated with a 2-
port (input/output) device and is an input reflection coefficient for a 50Q
terminated output. Thus, although the gate inputs 106, 122 are impedance

20 mismatched, the input 66 of the PA module 16 or 16’ is impedance matched to,
for example, the output impedance of the driver module 14.

[0043] The resistances R1 and R3 allow reflected RF power from a

mismatch load (e.g., the load of FIG. 1), which passes through the PA module 16

or 16’ by reverse isolation S12 mechanisms, to be dissipated. S12 refers to a

25 scattering parameter and is a reverse transmission coefficient of a 50Q

terminated input. The reflected power is dissipated through the resistances R1,

R3 to ground instead of being passed to the PA input network. This further

improves stability. By dissipating this reverse power into the resistances R1, R3,

less reverse power appears at the driver module 14, which improves driver

30 stability. Dissipating the reverse energy on the input sides of the switch

elements Q1, Q2 rather than on the output sides of the switch elements Q1, Q2

minimizes power loss of the PA module 16 or 16’ and/or of the driver module 14,

11



WO 2012/ 033731PCT/ US2011/ 050494 whi ch prevents negatively affecting RF deck
efficiency. Incorporating shunt resistances on the output side dissipates 4
forward and reverse_ energy, which results in wasted power | ost power) an
reduced effi‘gfe’é?f5/§}337110044] | ncorporation of the capaci tsﬁE/Eéz“Eﬁ’S‘“&a and the
resistances 5 R1, R3 as described above, allows PA transistors in a push-pull
t opol ogy (e.g. svm'tch elements QL, @) to be stable into VSWR | oads of

é?‘éb?ﬁidpaﬁiﬁ%%%‘?%@ﬁ%”a oy s Br 2o S BRe T oh AR Pl st or g
i ncreases (agesistageasnoy td oofpet atdeodissipates dareardyand refersdensngyt ehical enent s
| ncr eases). T*}S 'uVWagr@EﬁB\%} @Pfoef’b r?ér?&’re%&é‘d E’ff.é}{aﬁ w nul tiple push-pull PAs

to be stable When usa I'ncreased ou t power. Stability
requi renents can [94dbr elnsonpprayentof ﬂhﬁ cagadtmst(hatcz)pedah@ redistameseased

otabi |1 by 5 edtf 88 0LpLTROSE Hahe PAYARIAE W S tish BT RIREY G8TT v 1y
descri bed wi tswiteh elemsrpiec,@u @223 tcpd@hstpblel infaryS¥vie noads oh vafi@st phasesof f t he
front end ”th'éfpeégln% ,e bP etré}loﬁ' @%@ltﬁ@%ﬁ@{@%ﬂé&gﬁé@%@&@ﬁ of a power

anplifier. For or por at'ion of and the
resi stances Haw frrguergieshef omﬁr@mqsowae@dtranslmrr@ure inonekses i (ap Ifremeencytafon to

provi de PA stogeranbﬁy deeﬁegs%/s%p’aho S i g@ﬁdnouaemﬂéesmbﬂéé ect iy,

frequency of eration inc requenci es of ion V\Eere gai n of
the PA tr1;9ns|'@P@ﬂ?”l@oﬂﬁélﬁéa@%ﬂherem allow npl(bm%pusmeullfﬁ"%to wamdmee 50' may be

used in the QisbyGf Fé?ﬁﬂ’él'f& |ﬂré’rea§33)eodtﬂﬁt%)%+ SRIb Iﬁﬂ%ﬁﬁérﬂ%@s%&nrbg%&@ ver modul e

14 and the PA nodule 16 nma he sa | ncor por at1l on ont end nodul e
50" into the SHioeBY f%ébeﬁt%"ﬁzth%tl PWBteaabJ!ﬂﬁe%ﬁﬂl oty Bpwest layelst o The st abl e

when the PA ﬁ?ﬂ?!léh%nﬂa@ioh§cék beY LSk tgéamfﬁFhe¥§¥\'§bﬂlfyaf@§w?éiﬁer{t§’ads or out of band

energy di ssi pa | oads_when operating at various phases. |ncorporation of
t he capacitances B945k3 Alnpughdhe é@ﬂ%?%é‘@uﬁlw RS H”ﬁ‘aé")‘f deseribech@ithodul e of

the driven m?ééﬂe@tt%“a?bﬁﬁpulﬂnfpﬁﬁ%ﬁtét%n' feahABd bi th floht éﬁt?nféﬁbl\é% FRgul e 14,

whi ch increases stabi ower generator system 10 for various phases
30[ 0047] The qerﬁﬂpé?ﬁem%{?gﬁﬁng?d W‘F@m%ntﬁ?%\ﬁQﬁ@soqm%@ﬁmﬂﬁeraf@ﬁc‘?W'%n si deband

stability folindtasdratith Bﬁhb%ﬁhcntﬁﬁbé@@@s c3Pihd @RdesisRRaseR10R30R8) ki on, and
frequencies (l)r];co(r) oerét%llr? r;.lngle ended |Irn%Péemne;[n?attllo(r)1QO %Ircl)v?de P:‘\nsrggtglllt)l/ rlrr‘ﬁg q;aS%Fe{ of a
loads of various phases irrespective of frequency of operation including low
20 frequencies of operation where gain of the PA transistors is increased.
[0046] The front end module 50’ may be used in the driver module 14.
The internal configurations of the driver module 14 and the PA module 16 may
be the same. Incorporation of the front end module 50’ into the driver module 14
allows a push-pull driver stage to be stable when the PA module 16 is driving
25 high VSWR ftransient loads or out of band energy dissipating loads when
operating at various phases. Incorporation of the capacitances C2, C3 and the
resistances R1, R3 in a front end module of the driver module 14 aids in
removing instability in the driver module 14, which increases stability of the
power generator system 10 for various phases.
30 [0047] The implementation of FIG. 3 provides wideband and close in
sideband stability for various PA input voltages, PA loads, phases of operation,
and frequencies of operation. The implementation allows input impedance of a
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PA to be accurately matched to a predeterm ned i npedance (e.g., 500).
Furthernore, stability is provided in the presence of normal variations in PA
switch ele istor) characteristics (e.g., variatl i ransi st or
gai n, inpu{m‘géﬁé%@%zsﬁce, etc.). W0 20121033751 cT Uan BT SRTusob AlVE Wit
is clained is: 1. A power anplifier conprising: 5a first input nodule
conprising a transfornmer and configured to receive a first radi o frequency

signal and g r.at i : i 3 o) ti nodul es
caan of ani o g 00, MeBistel? FAPHL o o predeiBTHAR BrbldRBs e, 50D 3
respective orfairipermare, siabjlityt issprgwided in tharprdsenca ah sbonarevgriaions (hOBM t ch

nodul es each gf: i S | stor. . a : ut put of
one of t he. | rbghoee PR thaacd ey L iR RRRLE0 L Ol O an

i nput i npedarf@paciiggcod fiplt s an anplified signal, and wherei n each of the
out put inpedances is msmatched relative to a respective one of the input

i npedances. 15 2. The power anplifier of claiml1l, wherein the input power
anplifier conprises: an i nductance having an input and an output,
wherein the input of the inductance is configured to receive the first radio
frequency signal; and 20a capacitance having a fist term nal connected to the
out put of the
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i nductance and to an input of the transforner. 3. The power anplifier of
claim1, wherein the inpedance transformati on nodul es are each configured to
di ssipate reflected pover received fromthe 25 switch nodules. 4. The power
anplifier of VRPUMRPE! wherein: each of the i nped htESPHAR¥Por nat i on
nodul es conprises a capacitance, the capacitance is in series with a
respective output of the transfornmer 30 and is connected to a control input of
a respective one of the transistors. WD 2012/033731PCT/US2011/050494 5. The
power anplifier of claimd4, wherein the output inpedances are out put

i mpedances of the capacitances. 6. TheABBwer anplifier of claim4, wherein
each of the iWwpadansends ity ansformati on nodul es further conprises an inductance
in series with a respective one of the capacitances between the transfornmner
and an input of the respective one of the capacitances. 7. The power
anplifier of icl ai MpbwenbRbRich chbMgrisidpaci t ances of the 10 inpedance
transformati on nodul es i ncrease Iﬂggilé;[rlgi edances and reactances at control

term nal s %of the BrENLIRYE Frogule co é rmerANd cPRRIUER 10 18P%iYEI2 wher ei n

the capaci t aniegsadib frefiericiBRAANGR Johord entpatdigiaigyodul es reduce gain at
frequencies other than a 15 fundanmental oper atl\%ﬂ frequency of the power

anplifier. 9. ThERFERBEE diRgsiormaionomaduigsneach Rha¥ith Nexkl 87 YRt npedance

transformati %P&Eﬁléb%ﬁdfcdﬁﬁdwéd ROBBEIVS @ FespebRB GicadiGRe 6QPUESRIL B&hvween an
i nput of one o thg%r%flég_am tances of the inpedance transformati on nodul es and a
T

20 vol tage r&fRF #al. 10. The power anplifier of claim9, wherein
the resi sfipances r e@itthembtpesi@acest ahich pkipsisiog d hiensapagid anarsteand di ssi pate
reflected power recei ¥ed by.the switch m)dulfes. 25 11 The power anplifier of
claim9 wherdd Quiput of “one "of the impedance transformation modules, wherein the
transistor has an input impedance and outputs an amplified signal, and
wherein each of the output impedances is mismatched relative to a

respective one of the input impedances.

15
2. The power amplifier of claim 1, wherein the input power amplifier
comprises:
an inductance having an input and an output, wherein the input of the
inductance is configured to receive the first radio frequency signal; and
20 a capacitance having a fist terminal connected to the output of the

inductance and to an input of the transformer.

3. The power amplifier of claim 1, wherein the impedance transformation
modules are each configured to dissipate reflected power received from the
25 switch modules.

4, The power amplifier of claim 1, wherein:
each of the impedance transformation modules comprises a capacitance,
the capacitance is in series with a respective output of the transformer
30 and is connected to a control input of a respective one of the transistors.

14



each of the inpedance transformati on nodul es further conprises an inductance;
and the resistances conpensate for inpedance m snatching of the
transi stors e capacitances to i npedance match of the

i nduct ances.‘ggi‘g%sfkag power anplifier of claim4, mhergeﬁ&&%v%m‘m

2012/ 033731PCT/ US2011/ 050494 each of the inpedance transformation _
nodul es further conprises a biasing circuit; and the biasing circuit is

genorate a bitas vine apud afiBery ddif £ AFREA FRRARA osdarBRr YU RY, o

conpri si ng: impedarges ohtbecepaaitededse confi gured to conbi ne out puts of the

transistors to generate a conbi ned out put signal; and an out put
nodul e configured to filter the conbined output signal to 10generate a power
anplifier outut 3$henrdwerlampiigsovk rclaypndr awlareipy saem afother iimpedance a

second 1 nBut ol e drdfhef GofiplSed SRR A LERAUGRRYaST gnal and
generate a con |t|_oned signal; 1b5a driver nodul e contigure _to receive t he
condi ti oned $eepesliveadnt gicihe capacitaneesf hatween tgi teansiosnarcanyasinpuhbf thehe power

anplifier of relalfMeldie &Mk capacitances.

7. The power amplifier of claim 4, wherein the capacitances of the
10 impedance transformation modules increase input impedances and reactances
at control terminals of the transistors.

8. The power amplifier of claim 4, wherein the capacitances of the
impedance transformation modules reduce gain at frequencies other than a
15  fundamental operating frequency of the power ampilifier.

9. The power amplifier of claim 4, wherein each of the impedance

transformation modules further comprises a resistance connected between an

input of one of the capacitances of the impedance transformation modules and a
20 voltage reference terminal.

10. The power amplifier of claim 9, wherein the resistances reduce
impedances at inputs of the capacitances and dissipate reflected power received
by the switch modules.
25
11.  The power amplifier of claim 9, wherein:
each of the impedance transformation modules further comprises an
inductance; and
the resistances compensate for impedance mismatching of the transistors
30 and the capacitances to impedance match outputs of the inductances.

12.  The power amplifier of claim 4, wherein:

15



a |l oad configured to receive the power anplifier output signal. 2015. A power

anplifier conprising: an i nput nodul e conprising a transformer and
configured to receive a first radio frequency signal, wherein the transforner
conpri ses Wo'iiitshii a first end configured to output PS"PPPEY put si gnal

based on the first radio frequency signal, and 25a second end configured to
out put a second output signal based on the first radio frequency signal;

a first capacitan i i.es w first end and ving a first output

i npedance; & %éstgéc'g}?ﬁg%i%aiﬁgﬁ%{ﬂ@éﬁoﬂ @89@@ @ﬁt’?‘f g?\'@p@%eéoﬁd end and
havi ng a secdmsirglcicuit;pnd i npedance; a first transistor conprising a
control term nal n . ] j C i I fLrst input

i npedance, and ou %u@?%h%gg&ﬁtl |trsg~t%néénc%§c|5 1“? gg%ﬁ%ﬁl%%ﬂigg%%ﬁﬂwall/ 050494
si gnal , wher eind is eenfigiresitto gaperatei afpeslavitagedoes not match the first out put

i npedance;; and a second transistor conprising a control term nal

connected to the second capacitance, having a second input inpedance, and
out putting a 1Secohbie poweramplifiedofsiaimadl, furtheeeemnprisinge second i nput i npedance

does not match thg SeGa0M rﬂéﬁﬁé’}coéf@a?é%afbcgomﬂiﬁe-Bﬂ?plfsoﬂﬂhea@rgigt&grto()f claim

15, wherein the input power anplifi’er conprises:
generate a combined output signal; and

an output module configured to filter the combined output signal to
10  generate a power amplifier output signal.

14. A power generator system comprising:
a second input module configured to receive a second radio frequency
signal and generate a conditioned signal;
15 a driver module configured to receive the conditioned signal and generate
the first radio frequency signal;
the power ampilifier of claim 13; and
a load configured to receive the power amplifier output signal.

20 15. A power amplifier comprising:
an input module comprising a transformer and configured to receive a first
radio frequency signal, wherein the transformer comprises
a first end configured to output a first output signal based on the
first radio frequency signal, and
25 a second end configured to output a second output signal based on
the first radio frequency signal;
a first capacitance in series with the first end and having a first output
impedance;
a second capacitance in series with the second end and having a second
30 output impedance;
a first transistor comprising a control terminal connected to the first
capacitance, having a first input impedance, and outputting a first amplified
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10an i nductance having an input and an output, wherein the input of the

i nductance is configured to receive the first radio frequency signal; Snd

a capacitanc i a fist term nal connected to the he inductance
and to an in%ﬁpgl\é%‘ogs?ﬂe transforner. 1517. The power anplq’#w]g;r‘mz‘%““tgf aim 15,
further conprising: a first inductance in series between the first end and the
first capacitance; a first resistance having a first termnal and a
second term J Lo - ' t ' i St is
connected to n@"%é’?@rﬁ ugkr%atn@zhgmbégﬁgé %Supaoﬁ#ﬁt t'ﬁele?ig% %ﬁ@‘oi tance,
and wherei n timpedanpendnd er i nal of the first 20 resistance receives a
reference vol tage; &3;3 Jo: t Lh.sard second end
and the second ca'gésgf:?%dnté%ﬁszn ﬂ]dﬂ@ﬂﬂ% %@gglntlaﬁ?@%dgﬁg%cg% ﬁgﬁgﬁé&gdﬂ rst

term nal and e@pgewnag heving nal secandriepui inpedenesst andravitmalingofa sheorsiecond
resistance; i Gy t 00 HRb QA a(?gtﬁ)tag, JdAPHe of the
second ca?ac?atrgﬂ@(afcézi%’ g%%ﬁn%ﬁgegoe%ghguggﬁ% naFeo tsheoseggndH%em stance
recei ves the $56Peq epiput igreanse: 18. The power anplifier of claim 17, wherein:
the first resistance 30reduces an inpedance at an input of the first

capaci tance and dissipates a first reflected power signal received by the
first transistér, TRAdPOWAD 20pifien3d7daiPCTSUSE®Ian Otbe4igaut power amplifier

comprises:

10 an inductance having an input and an output, wherein the input of the
inductance is configured to receive the first radio frequency signal; and
a capacitance having a fist terminal connected to the output of the
inductance and to an input of the transformer.

15 17.  The power amplifier of claim 15, further comprising:
a first inductance in series between the first end and the first capacitance;
a first resistance having a first terminal and a second terminal, wherein
the first terminal of the first resistance is connected to the first inductance and to
an input of the first capacitance, and wherein the second terminal of the first
20 resistance receives a reference voltage;
a second inductance in series between the second end and the second
capacitance; and
a second resistance having a first terminal and a second terminal,
wherein the first terminal of the second resistance is connected to the second
25 inductance and to an input of the second capacitance, and wherein the second
terminal of the second resistance receives the reference voltage.

18.  The power amplifier of claim 17, wherein:
the first resistance
30 reduces an impedance at an input of the first capacitance and
dissipates a first reflected power signal received by the first transistor, and
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conpensates for inpedance m smatching of an input of the first transistor and
an output of the first capacitance to inpedance match an output of the first
i nduct ance; 2 t he _second resistance 5reduces an inpedance at an input of the
second capacﬁp ?11&@335’??}d di ssipates a second refl ected p(gﬁ@’tns@?‘é%%%repei ved by
t he second transistor, and conpensates for inpedance m smatchi ng
of an input of the second transistor and an output of the second capacitance

to i npedance match an 0 . cond i.nduct ance. 19, The power
anplifier of claim 15&?"&%%%%@&&{1@4&??%6 %SmétCﬁj'Hg Og 9 'rey ?)fi Qgifﬁ circuit
confi gured t drapeistar @nd aa duipus bf the disst vapaditgece inhimpedancarmaictt pobuipbit ofhe i r st

capaci t ance . ol__termnal of the first transistor 15receive the
first bias Vgﬁ?g{{f@?‘dgﬁg“e’ an a second biasing circuit configured to generate
a second bi as vol theggeconheasisitancan out put of the second capacitance and the

control teymnal of t ongd: | Y ' ' | tage. 20
20. The po%r;er anplifi e:}%g?&%l %?ﬁdfggﬁﬁél?%q ﬁsﬁﬁg t@%tégg?'{da‘?}a@’tégﬁé@ ahd i ncrease
i nput i npedarfi¥sipaieriarseaenciiestegt pawes signal resleivedrin thel secohd ttiaesisior.st
transi stor anghe second transistor; and reduce gain at frequencies

ot her than a fundanental operating frequency of the power anplifier. 25
compensates for impedance mismatching of an input of the second

transistor and an output of the second capacitance to impedance match an
10  output of the second inductance.

19.  The power amplifier of claim 15, further comprising:
a first biasing circuit configured to generate a first bias voltage, wherein
an output of the first capacitance and the control terminal of the first transistor
15  receive the first bias voltage; and
a second biasing circuit configured to generate a second bias voltage,
wherein an output of the second capacitance and the control terminal of the
second transistor receive the first bias voltage.

20 20. The power amplifier of claim 15, wherein the capacitances:
increase input impedances and reactances at the control terminals of the
first transistor and the second transistor; and
reduce gain at frequencies other than a fundamental operating frequency
of the power amplifier.
25
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