; e3e\ 6T\ N26 AU6 2004 WD. 01/67593 - 1 PCT/1L01/ 00221 | MPROVED METHOD AND
APPARATUS FOR | MPROVI NG THE EFFI Cl ENCY OF POAER AMPLI FI ER% CEW ] NG UNDER
A LARGE PEAK- TO- AVERAGE RATI O Field of the Invention The g hventi on
rel ates wo.dilessi el d of power anplifiers. Mre particul apkyaLéfRziinvention
relates to a nmethod and apparatus for inproving the efficiency of power
anplifiers operating under |arge peak-to-average ratios, while elimnating
the need for clipping signals having 1 &rge peak anpl i t udes. Background of
the I nvention Modern conmunication systens, such as cellular systens enpl oy
power anplifiers in their basestations, in order to communicate with
subscri bHﬂ?R@WBME@HO@ TEOA PP ARWTS TORCTRGY RO WING Figy S that are
r equi red to a I| Radlo I—requency (RE) signal's,” such as srghals used in

; HE D PAAWHR TSRS, Agnal s,
Si rrultaneously IVUIt' l.e_ si I houl d be transmtted for exarrple due to
mul tipl e users. shar+ag—he e IUFS Fadeh TE0ch as cel | ul ar systens
that. are operated in Code D| Vi si on I\/UI t| pI e Access (CDVR) reginmes. Anot her
conmmruni cation method that requires simultaneous transm ssions enploy, for
exanpl erldrmﬁﬂhgl[hegntmﬁmt known as "multi-tone", or Othogonal Frequency
Di vision Miltiplexing (OFDM, in which the si‘gnal- froma single user is
first sUbdiprededt iEsehtisublatai do tle tthéd ofb dokatredrbylifersul Mops i city of
staggere rriers.. The nodul ated subcarriers are then added up, thus
causi ng? @3, %@akt dBVeRGAR. TesRR il Gnaretiodngrif pepsraaguifeed t o

simul t a Hﬁz';%g i a eak-to-av raeratlos |

are cos an rgEPéatl ve C %?%QWéﬁté?g%a%] n%e% %{A:HB‘)T The reason

for. sucpeakretﬁ—hver@&cyam&s t haileaelin2Ba bl F04cWO L/ éﬂﬁﬁﬁlg BzH414 01/ 00221
| havin_g large peak amplitudes. -

~ Backeground of the Invention

. Modern cornmunication systems, such as celtular systems employ power
~amplifiers in their basestations, in order to communicate with subscribers

| ~that are distributed in cells. These power amplifiers that are required to |
_amplify Radio Frequency (RF) signals, such -as signals used in
communication systeﬁzs that are required to ti'ansmit multiple signals,
simultaneously. Multiple signals should be transmittéd, for example, due
to multiple users.sharing the same frequency band, such as cellular

| systerns that are operated in Code Division Muliple Access (CDMA)
regimes. Another communication method that requires simultaneous
transmissions employ, for example, a modulation forﬁ:tat known. as
“multi-tone”, or Orthogonal Frequency Division Multiplexing (OFDM), in _
~ which the signal from a single user is first subdivided. Each subdivision is
then. modulated by a multiplicity of staggered subcarriers. The modulated

- subcarriers are then added up, thus causing large peak excutsions.

Conventional RF amplifiers required to simultaneously amplify RF signals
that have large peak-to-average ratios, are costly and relatively inefficient

(consuming much DC power). The reason for such inefficiency is that a




power anplifier becones efficient only during the occurrence of the peaks,
i.e., when the instantaneous power output is |arge. However, during nost of
the time, the power output is only a small fraction of t8& pUGERlidrain from
the Diragdofitiseent (DC) power supply, resulting in |ow effd.chency, I n order
to reduce the average power | oss, communi cation system designers use
conventional techniques for reducing the peak to average ratio, based on
cli'pping of the signal peaks. "Keeping Horse miti gation for ODFM by

deci si on-aided reconstruction" to Kimet al, IEEE , Comunications Letters,
Vol . 3, No. 1, Jan 1999 and "Design considerations for nulticarrier CDVA
base st gbiven spoykefieabptdhieHficiehp odlySauiRRNEE &atour nal ,
Feb 1999, describe such techniques, V\Bﬁiach treat S%t]zzx%]rMe%ér?denu tii!carr’i er
conmuni &&tiwhen the ihstaateneenpipammeduthet és laage. dowpreay duotisd dersabl y
increase?téhg.md&?i red error ra_terﬁf the system and in sone cases causes
a parti 8F “Cp&LRFaFRe SOFTBWRIPUoE S Er R fragrion of ghe aoret dusini ti gat e

the i I, A ' ile_ i i t h .of clippi .
(he | ncsassnl Dihe GLLOL@@ M LesLaGens ag Lhe pupuRt ol ipping.

W Liu et al, |EEE transactions on circuits and systens, Vol. 46; No. 11,
Nov. 1999, relates to the. classical Envel ope Elimnation and

Reconst Aucréer (IBERpdioe CEOMRvEREe qovarrd losy,C tommappiceainie sybtom -
next - generati on wirel ess co %icﬁﬁi ons" to P. Asbeck et _al, Mcrowave

~ Jour nal JCESECTY 98§, CApER @est fogt trducingRopedk DV avdnagesundry

nodi fi.catiqn [,GaLr| t [:ansim. ssi on.- However .. all. t he. abpove

ref er en?églghgggé% °§Fﬂ@§§?‘?nﬁgﬁi}§ I é;}%\}gng?%%sp erplggp%qlf%émfmcﬁa%toﬁle%é nvel ope
reconst IRDFMON B eldbldeh widdi ccbSstehbfibgul tot oTashi @ve af |@mr =
bandwi dt hs and |'arge peak to average -ratios. Furthernore, EER techniques
are nostGompsudciaons oletiagueNoy. ndduNat i dn. Jan - 28996 2AldG, PD6sidndr e (US

. 6,028, 486). di scl oses -a t hod. an ratus for reducin ower. di ssi pat ed

by an aﬁBP%lﬁeE?tl%?‘? ?‘Eﬁ" P@%“é’&r’&ﬁ ﬂ@%%% §@§b‘_ﬁ%t%’“ﬁ%v\%%?§—'\§%$”i: ds, egch

being capgbkenby 3YRR! VBRI A! FLE18L, LSELEl Sl Els gl pover. A
i rst power supply generates power at’ a Tirst’poner ave n

magni t udehioh tzeai OFRDMshgdahuliScdefs doh@muehicoams. TPidaldy eghginddand a
second power supply generates power at a second power |evel, "greater than

the firdbhepoibat fbping oprsiderablynncrmises thaniderired ey rate ofrthat er t han
the_threshpl d. Agontroller switches the EEO\ger level in gesponse to the
e

magni t ude ot 1 h82F nitt ETGRalcasy « PGS t f@eﬁﬁré i BAEFOWtE-s
reduced,Cdiedsipm el 129Gy ysgoqa%i{igééeﬂfhé NEHOAU B bR0S ywar 2@ AN

i nput signal. Since the supp tagei's fed at two separate discCrete .

| evel s ambildoesrensimgf ild amouie ofrtipbid.ons of an input signal, the
reduction in power dissipation is therefore [imted.

“Considerations on applying OFDM in a highly efficient. power amplifier”
3 to W. Liu et al, IEEE transactions on circﬁi‘fs and systems, Vol. 46, No. 11,
Nov. 1999, relates to the. classical Envelope Elimination and
‘BReconstruction (EER) for OFDM. “Device and circuit approaches for
next-generation wireless communications” fo P. Asbeck et al, Microwave
J ournal, Feb. 1999, discloses similar features EER for OFDM, Wﬁ',h. sundry
modifications for multicarrier trensmission. However, all the above
references depend on continuously varying power supplies for the envelope
reconstruction or emphasis, which is difficult to achieve at large
bandwidths and large peak to average ratios. Purthermore, EER

techniqu_es are mostly used for low-frequency modulation.



26 AUG 2004 WD 01/67593 -3 PCT/|L01/00221 Al the methods ‘d*e‘é“c‘FTBed ﬁﬁ’d\Vé’“‘
have not yet provided satisfactory~-s2Autions to the problem of inproving
the efficiency of power anplifiers operated under | arge peak-to-average
ratios, while elimnating the need for clipping signals.having Eaﬁ:l@eZl’geak

Z@' ;LF?@“ AR Y feé%?ﬁphsl”t oPdp SR AT o&f’ée'r%‘i??g?‘éli ca
o1 gnal s DO SREIDRRE By a8, BRer, MtuR oo I, clttnd o Srsatte o T
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oper ated under Large peak-to-average ra ctral

r e- gr owt!§Vels of meavered Sratepemetssupplyi gerwirhtds SResNEE aQRise pbwef 1dJag present

i nventi on to provi de rrgt hod and apparatus for expandi.ng the dynam c range
P

of powerWafid Magmt eadinpdesighal ipelepeadhancerugualty hahireshol@t her
obj ects (}%%g%cg es of the.invention will becone apparent as the
descri ption "’g W%fgwamﬁv?ﬁm’ﬁmﬁmae speask powienvienel,on i s

directe e efficienc d the dynam c .range of
a power d%ltr%lt?ﬁ‘ f%ﬁg%ee&% t h gwe? ng‘é‘%gﬂfgeél %é@?ﬁ@tﬁéﬁé’? ot signalvsr age

- ratio. Agreeter ¢hed kBYethreshoRt Ab%&%&o gﬁggﬁ Shat Ré%’%ﬂ#&? ]ipor_tl on of
g

the magni tude of an input signal being a no dn nput to

t he pomelresmgse fﬁ%mheomagmas@doaofdtm\@p@&msié%a i BltHS&sh eﬁ?&%fe"i‘te the
gnal . The ni tude of

rTDdLi| at e ‘SJ nal , ﬁ efi.ned as an excess input si
t.he i npu SERRRR }Ssr ﬁn@é%@!lvpbaﬁﬂt@ﬂe does notZ'ﬁllAwGﬂiéOﬁxidul&tmns
- of ax input signal. Since the supply voltage is fed at two separate dlscrete .
levels and does not follow the undulations of an input signal, the reduction

in power dissipation is therefore limited.



detecting an excess input signal. A lower |evel of operating voltage is
supplied to the power anplifier, if no excess input signa%gi Ug?ﬁ cted. The
| ower | evel of operating voltage is sufficient to effecti Ié ol'i fy 1 nput
signal s bayomgss magni tude bel ow the reference |evel. A hpghapheyel of 5
operating voltage is supplied to .the power anplifier, whenever an excess

i nput signal is detected. The higher |eyel of operating voltage is
~sufficient to effectively anplify input3sTgnaIs havi ng a magni t ude above-
the reference level. 10 Preferably, an automatic gain control circuit is
coupled to the input of the power anplifier) in order to control the

magni tude of .the input signal(s) prior to anplification. Wenever an
excess bﬁﬁut signal is detected, the excess input signal is sanpled.
Changes 4ith ttRe mpiRadef desteipdwaboarphiafee notuyetngproeledr eststaetat t he

excess | t _signal are .conpensated.b > controlling the gain of the

aut onat F&%%‘aﬂpﬁ oﬁ?er QF&&GPE Lﬂ? tlm%?é’b?% itéﬁ ?%C%%Ys%fnﬁ@‘@@r GmplHéeTsxcess

i nput si,gpal: I;Pfd ‘ el at i voltage s supplied to the power

Canplifi eggﬁyeg om%reié%?%legagﬁ gt{)%%%e éfaofét%gsgd‘fv@etﬁ'ﬁgb%%@g P IASEHer
whenevefondiming syl vald: Hraaaealksasiplieghes and a hi gher vol tage source

for feeding the power anplifier whenever an excess input signal is

detected. The voltage supply contact of the power anplifier is connected to

the lo .vol tage.s ce through a first variable inpedance, and may be
connec\tlvg{ﬂlst 6nt°ﬁge°ﬁi°gﬁ%? RF 5P gRveatioReta Rryigh 2amekeeshand &pbaBriasi npedance.

Wheneve Qi i i.gnal. is..detegt f.irst and.the second
vari abl goﬁlmedgﬁ%%s gén%y&%gieéﬁ %ﬁfﬁ%&s%&ﬁ@%ﬁ%sow grc?tF% e&"(rn l%rrge
-appr opr ipatk-thewesragsdrdiigh eshile sliedanee gsiat ©sdd foeeBpgily gloyalienever an,
excess input signal is detected, . the first and the second vari able
i npedances may be sinmultaneously controlled to be in their highest and an
appr opr i-at. ow, 30 hnpeda states, .respectiyvely. |, 26 AUG 2004 - 5.
 Prefer abI]{g‘y1S %%O\gh%\?@ng%f O‘g%g? al?’ieﬁﬁﬂb&’r’lffsﬁg‘mst% &%BYlid@da_t @eﬁ@ 6§=%er
anplifi g i i i aamplifier
V\heneve%pglra]y%ﬂ;%e%g lﬁir?gg?ﬁggl %%aléﬂfﬂgeﬁdcg’?éeﬁﬁ%%ef ‘?‘%@ﬂ% f?%?%%g\éﬁ/dego ntact of
t he powdargnenkiteraveragennaissdwitld heithinstiny obpagels ospeewithr gugh a
variable 5 Ei}ﬁ@gda Cb;g}cgnd_to t he anot her voltage source through a voltage
anmpl i fi 2% Vo O -i npedance can present a |ow resistance to DC and
hi gh i npedance for rapidly varying pul ses. The vari abl e i npedance is
al lowed to reach an appropriate |ow resistance whenever no excess input
signal i3 igletificiestheljddt HfHhaNoricABaE aReEH tIRIE RS WRbvidR £ ﬁéd'a?ﬁ“t si gnal
is 10 detected. The voltage anplifier is allowed to supply a voltage |evel
that . i snpegabs frarpendivg thagyraimichedge st pywkt ageplsftarscperti@da vol t age
suppl y con(%?(‘lt of t%ﬁ (Power anplifier, whenever an excess input signal is
det ect ed™ A PERRPEGHE-BV 1388 1AH9Sabl e i npedances may be an inductor or a
di ode; or a controll abl e inpedance, such as a bipolar transistor or a FET.
15 Preferably, levels of operating voltage, supplied to the power
anpl i fi edthearcbjeus mAL abdritegesf #EPRAGNBD WAL BEES AL RPtavelSuef the
excess input, signal. The |evel of operating voltage supplied to the power
anpl i fi SHESSARPLBPIOGRMSan error signal is generated by conparing between
the 20 sanpled level with the excess input signal. The error signal is used
to operate a negative feedback | oop for accurately controlling the '

oper at i ruMahhagfSWlheenied he power anplifier. Alternatively, levels of
operating voltage, supplTé 0 the power anplifier, 25 are nornalized to-
corres po'l%}m' poegsnddevernomes dixeecidd toh mMetlood fort irsbevahg tharfidiéhed by the

- power anpljfier. The level of RF output signals, anplified by the power
anpl i fi %4 gh% drprwde 5?1%%2? & POV ok pEpRtifieTsopprass A rath 1§ vingy bet ween

the sanpl itk .ce ' t_signal.; The error,signal .is used:
~for oper a?‘% Elé%\égjﬁeega%&&éggge%a%}e}f%%%c? g?%q 15 defermified, abovegW&Ch

at least a portion of the magnitude of an input signal being a modulated

signal that is input to the power amplifier, or a baseband waveform that is

used to generate‘ the modulated signal, is defined as an excess input

signal. The magritude of the input signal is continuously sampled, for
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26 AUG 2004 WD01/ 67593 PCT/1L01/00221 _6_ accurately controlling thé-Y'v~==t =
operating voltage supplied to the pewer anplifier. According to another
aspect of the invention, the level of DC voltage; supplied to the power
anpliifier, is controlled, using the baseband waveform A basebgh8 Ak

source o .S _t he bhaseband vef ipto nmodul at or, that generates 'a
nmodul at e#tigh%‘ﬁg Lt Jrisfss mpgﬁﬂqlgn&;gki ﬁmrﬁ?@eﬁcﬂﬁe@%ﬁiﬁmg VeHaga 1sef er ence
| evel., agqﬁgiﬁj Wi . ti t he_baseband . faor i s defined
as an excess ebase@é%@(}g{%gﬁ%qlﬁ]ﬂggg’ fé%e%ﬁ%@d@“‘ﬁ@%j%@“&& ?'hs baseband
wavef or rioiwerclentl bf Qwerytin gl id QLIS | ' d signal.
A |l ower |evel of .op?rll}gti nggvol t%ih;el%g sup%ﬁ%%&&@ﬁggﬁe@;%ﬁ% er, if
no exces¥gbaksebhanihgs agmaignitudiebelowe dhe Tefereaverlebslvel HbheP deFatdg

voltage is sufficient to effgctively anplify input signal's, nodulated with
a basebd r%ﬁ@@f%ﬁ"lﬁ%ﬁ 1 suppherd Jadhisepomer nmmplifien ovivendvereain ercdssgher

| evel of: radl ng. v inS. S lied t.o the power anplifier,. whenever an
excess b%&%%aﬁl#@iglé’n@#e?%%dé@%% _eriﬁgelhq afidgeyoltageesalficeiitvol t age
i's suffig effecti9ehf tﬂ'ﬁﬁlynﬁgpl'- N .sigpals_ that.are nodulated with
~a baseband wavef o?l;m%#1 a Tmg tudsléléﬂa gvgllét%ﬁ%érgf k:fae%cgguﬁleeva OVeA h?&r ding to
a furtherefasmeetlewdl. t he i nvention, the power anplifier may be the auxiliary
anplifying-circuitry of a Doherty configuration that consists of an
auxiliary anplifier directly connected to the |oad, and a main anplifier
coupl~ed . hd_l gad through a. Doherty .coupl.er. reference level is
det 21 roﬁ‘i n%g?ﬁggbbg%awﬁ%tﬂ%%%r g%t C%Petﬁgﬁl?lr%‘ﬁt% conplegetpnthaimpwiofdhe nput

si gnal oWer arMIaEbAtieds R 15, L : S ower .anpl4 fier, or a
:'-_b‘asebangﬁ wav ef g!rﬂ% t hat1 igﬁﬁ%e %%I{%glng?%ltugg ﬁ%g& %%%gl'tg‘fegﬁlpéﬁtgsﬁ%%l@?)s defined -
‘as an expsss torgmplificgtinh. SNhbnevat athhexdess ShENE eideiiels BstResENMeal |y

equal to the level of the input_signal that causes the nain and the

auxi | i ar B IRPRepissal s sampded Ghangenin thespmin of the powes amplifiorer WO

011 67593 3, il o 2004 /,11 01/00221 i.ntq the |oad, thereby reaching
the maxi %au'flzlgutt%gté%%%ﬁ&ﬁel 8€f§’eu REETSSs pprt reEEi AYOPSRERIGE. lgrrhe -
magrid udeorctollitg {tHWBhirS bPBRL aluSo 'tciéﬂﬂﬂ WRLEE: o doBFai 88 CHeNg an
excess input_ signal. glThe i nputaL s?gngll S t:{%%ﬁosr]iuouslﬁg Eg‘r?p{(lhg%e% t\%et h the
" mai n anpf#mples ofi theuixceys ypstusighyl.ng a constant operating vol tage to said
-main anplifier circuitry. As long as no excess voltage is detected, the

input signal is anplified by the auxiliary anplifier circuitry by

suppl yi N@hetigy. o%lé}' L. ERA - Lhe .sane DC oper.ati vol t age t hat

is suppli od toél{bﬁe rra?{r?hgrr‘%llﬁg%ellrs.é%gﬁg& rtﬁ&?ogf&' P@%@FE’S& F'Fet ect ed)
an enhanvelfagndotrghiur feeddhg the Hovanesadiplfir WheAGr fo SRR fthdio the

- auxiliary anmplifying circuitry. The enhanced |evel of operating voltage is
suf f4ti e 1§t fletacied| andirpl igher ynltagsi goatce favifeedinggtie ysavexbove t he
ref erenc .qghe present invention is also directed to an apparatus for

i nprovi néﬁh?éﬁ%f?’%?sﬁ%ryaaﬁ&cmwm%s gfeda Thaveeltage suppler

Oper at edeyitdst HTODA) oY ! AipfifbR"HRERKEL 1P YRE ARG bifagd g ARPAT AL US
conprises a sanpling circuit for continuously sanpling € %ragn‘ll{ Jde of an
i nput’ si geeoughnai tstreariskleaimpetldmiep dnsd grgl bé kohnkapd! td thé m@%mme r
_arrplif;erb or of a baseband vvavefcfrm,that_is used to generate the-

nodul at ed @F%ﬁé?@%é‘%@g‘l f PECRG varieblrimpedange. Nbessvémpatexsesmal

i ' | evel , ;above .whi ch at | east |
or oo b GeRLPELRELLIE b TS SNCm g TR iR Bhgramara power
supply fbe sindilteédusly WaRitydIal 36 RPSH 4 %gf%?iﬁ% n},fgfar theq Fiﬂ%ﬁﬁt h

S | e

canplifier; and a control circuit that operat n co hat on

pover supBPodancs states, ngesnestivelior Vhemvert ans wpbss anFu\negi’glngyeis of
operatin ient to effectively anplify input signals

VOl t that i fi
of a rragﬁfg%/eﬁg%‘ﬁge ’%"_Flﬁsr%li r:§ BesPernd | vidablee womedatees idegr bef no

excess i Bpghltal [ , . |y, a_higher |evel of, operating
vol t age tha%]1 iggg@ﬁéflﬁ %ﬁ%ﬁ%%gfqegc it%/lgﬁrjﬂ%%ﬁ ﬁ’lﬂ %Bu%p@l’oé’ﬁ]éﬁt@ gy 4

magn3® udempbdaecd Simtegfrespasivdlgvel , to the power anplifier, whenever an
excess input signal is detected. 26 AUG 2004 WO 01/67593 . PCT/1L01/ 00221
8 The apparatus may further conprise: a) an automatic gain control circuit,
coupled to the input of the power anplifier, for controlling the magnitude
of the input signals) prior to anplification; b) circuitry for sanpling the
excess input signal; and




c) a control circuitry, for conpensating changes in thé gain o e pover

anplifier during the presence of thesexcess input signal by controlling the
gai-n of the automatic gain control circuit, according to the sanples of the
excess input signal. The apparatus nmay conprise: a) a | ower v@ s age, 208ource

2o By T o EAESE b o o

eyt A BESHTohOMe8h BhEleh TSP Sy LSy RRlgl rpedance
I 23 i i h
| ver vt asece suaeuighl) s e VPR ke WedRNC eRPeledoh voon (e

and e) amsplifienlis cégrmected oto theufiteneoltsly SACEOthidIGH he Vdriafleand the
second vari abl e i npedances to be in an appropriate |Iow, and hi ghest

i npedland@psdanes, and ipsbe iansther wpksage epurme throvgh 4 wplibgs iagmalifiers

detecte and to.be in their highest, and an appropriate |ow |npedance

 states, %}&H@Eﬁ%@%lﬁpﬁ?%véﬁn aﬁ?eéﬁ%te@s?‘?‘fﬁmﬁsgﬁﬁ?ﬂgﬁ%ltq (g and thigh

- Prefera I ses.. ahga firnst. voltage sourcg for feedin
the povarteshify 2P AT RTRLE $80es™Ind ohiSbne RepBiradtin Slgea ’

PCT/ | LOtbQR331 X EFSfopridisl lo% 88btante APhOGRT ndsx ARG WRiIAgS source

for feeding the power "anplifier whenever an excess I nput sign S

det ect edietedted, \eard atd dighpiarpadenco wisntevdr bet vesist hiepud! tigaal skppl y
contact of th wer anplifier. and the first voltage_source, the variable
i npéBan tﬁ%tieﬁrg&%ﬁp‘ﬁﬁ?%eo 6 slipwed smsvprlysa amkiagedemel that isi gh

I
c

i npedange {: ani &l : ' ; a voltag lifjer connected
bet ween iel%g' ag%%ﬂ%%%% c%gnt?% ﬁféoifvcg% REFCa %g‘gfvéq_ﬁaag?dmf Yanot her
vol t age ouhete of f thie Spapey | diplifidry Gvhag dre ! exb8idnBughaznbias the
voltage of the first voltage source, -to the voltage supply contact of the
power arftetieds Atdpast cnetof dheciartalile imfpedanced noly bagn heluwbt age o
~anplifief, to supply a.voltage Level, heing higher thapn the v ge of the .
first vcﬁth eorsgﬁf’%‘af,‘)“@giﬁt ng%'fne%egéub% B518 bipglarsengisterar a%ﬁ amplifier,
‘when&ver no excess input signal is detected, and if the variabl e inpedance
is acontrollable inpedance: for controlling the variable inpedance to
reach i tBréfegiblyedbnefoyahtimavns e supplied €6 the igoetr Sh@hidler] Sredet ect ed,

and to reach._ an_appropriate_|ove resistance .whenéver no excess i nput
si gnal - permalized dg. coreppendingndredetenained ilavele ofifbearzesssoinpute.

: at i ndyct di ode, trollable i , such
0P A SR B b Ol V%S, st LS NS, iBdRAS S
sanpl i NGs bl ]Ea_ﬁd)raﬁ WY Hehd1eid QelrAedOB§’ Ahpdriy HRGReSHPRIJ €d tO

the power anplifier; .
20 sampled level with the excess input signal. The error signal is used to
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operate a negative feedback loo_p for accurately controlling the operating
'volté.g'e supplied to the power amplifier. .

- Alternatively, levels of operating voltage, supplied to the power anipliﬁer,

25 are normalized to- cerresponding predet—eri:nined levels of RF oﬁ’cput
signals, amplified by the power amplifier. The level of RF output signals,
amplified by the pov%rer é.mplifier is sampled and an error signal is

" generated by comparing between the éampled level with the excess input

signal. The error signal is used for operating a negative feedback loop for



b) a conparator for generating an error signal by conparing between the
sanpl ed | evel of operating voltage supplied to the power anplifj e wth
the |l evel of the excess input signal; and c) a negative 2@eﬂ%§@bp | oop for
accur at ety @gmdosol | i ng t.he operating 26 AUG 2004 WO Ollpéf&?b 00

PCT/1L01/ 00221 - 10 voltage supplied to the power anplifiér, 639 i ng the
error signal. The apparatus nmay further conprise: a) a sanpling circuit for
sanpling the | evel of RF' output signal-sf -anplified by the power anplifier;
b) a conparator for generating an error signal by conparing between the
sanpl ed | evel of RFoutput signals, anplified by the power anplifier, with
the | evebcdifratdle @¥E8SIIANP Sﬁ&% ; -l ye,feedback | oop for
accurately c_ontsrzol i ngﬂﬁ% g%%rg I ngm\%rﬁggaeg%u%&gﬁﬁe%dt Bot ° p%%?r

anpl i fi eempbifiensi ng the error signal. Alternatively, the apparatus may
further conprise: a) a nodul ator for generating a nodul ated signal that is
input to the power anplifier; b) a baseband signal source for generating a

orrourt POEHELEE B AR N honte 0 P iRabhioBadbs: i WaBibamirAzayof o m
for Jet coubrlbatoensespovipulashBRBl sccnrdiiioho SRcedeterained, fef er ence

Level , above which at [east a portion of aseban efi ned
as an exwessioyes ehardesind signal)soarps vertpsisdthe bhoshd v Sty SHRP! Vi ng an

~operating voltage tqQ the power anplifier; and e) a control circult,
8@9@@?@&

operatin Flofenaretes Rempdubatedumput, sioal celkengs tthd iptwer
supply-t r Al evel of .operatin alta bei ng sufficient to

ef fecti vg?iﬂg‘gn%??&é hlcﬂh%u rse:faxf%]cg 1ﬁ‘§$‘r RGOH Wé’d?ﬁl@gg%&ﬁeﬁl aarEereof Bi%er ence
level , tbagdbandovwRbveRphd, f " def 0 CesSS .l J | {s.detected, and
to supplé a hi gher revel ofl oggﬁg??nga%i(/oﬁagex@gée% ngég‘%ﬁsﬁiig 0'® !
ef f ect i vepierampedf Thienmegrstytalo$ fiay bagelfaidonbiaRenahovedthaigfer ence

| evel , to_the power |ifier, whenever an excess input signal is detected.
26 AUG ZWP%?O%LA%GT%@”%M% 180 pegesg ObpodiErd signal. A lower level of - '
: operating voltage is suiaplied to the power amplifier, if no excess baseband
.signal is detected. The lower level of operating voltage is sufficient to
eﬁectively amplify input signals, modulated with a baseband waveform of
a ma_gnitude below the reference level. A higher level of operating voltage
_is supplied to the power amplifier, whenever an excess baseband signal is
detected. The higher level of operating voltage is sufficient to effectively
amplify input signals that are modulated :With a béSeband waveform of a

magnitude above the reference level.

According to a further aspect of the Invention, the power amplifier may be
the auxiliary amplifying circuitry of a Doherty configuration that consists
of an awxdlary amplifier directly comnected to the load, and a main
amplifier coupled to said load through a Doherty coupler. A reference level
is determined, above which at least a portion of the magnitﬁde of an input
signal being a modulated signal that is input to said p_owér amplifier, oi' a
baseband waveform that is used to generate the modulated signal, is
defined as an excess input signal such that the reference level is
essentially equal to the level of the input signal that causes the main and

the auxiliary amplifier circuitries to output essentially the same nower



The -apparatus nmay be connected to a power anplifier being the auxiliary
anplifying circuitry that is used in the Doherty confi gura%iA , opfich t hat
the output of said auxiliary anplifying circuitry is di r e I%Connected to
a | oad al® Y ¥7¥herated.in conbination with a main anplifiRGIEAHEO2S coupl ed
to said | oad through a Doherty coupler. The input of said auxiliary
anplifying circuitry is coupled to the 4nput of said main anplifier through
a phase shifting circuitry that has essentially sinmilar phase shift to the
phase shift that introduced by said Doherty coupler. Brief Description of

t he Draw ng{f1 The_above and ot her characteristics and advantages of the

i nvent i BWoWRE loash theratet raaviiéng the dnatirmaighitpme fostdrdeirelguhdéustidat i ve and
non- | i nbgati ve.detail ed cription of preferred enbodi nents thereof, with
ref er ente’ PR S SpbneRdlBe FmpFpddrimirdieninputryigaal 1 condneensly

schemat j i 6 h f.Qr f, the i si.gha] t.0 the power

anplifi ée%ﬂg%%’!tﬁdgu?ggl rec# v%%/\é\?%&%gog%ﬁﬁte %g_ﬁlf)ﬁf/)%l Iﬂ‘ﬂ@‘é t 5P 1Ejgwer
Lifi e e tainvel j i T=Ya W i f.th

Chvent | on mEARAE IS ed APRR! (e lilin SRl GPOUEIPEY Sl LNe

cont r ol fensgarhepentiply veldhgade said nhenpamelifm plitdiitry,. Acterdingot o a
preferred . emril)odi ment of thg invention; - Fig. 2B is a _block diagramof a
ci rcui t SFEFS &9 WBIW%E‘F%’ hadreed Seppl 5 eanlifird by theeapsiliseyanpl i fi er

by feedi : Rk n o] e._according,to, a ferred
enbodi rr%ﬂ%b of cI"t e |Er¥\3/rggr)1 :;Sgﬁp%ﬂggi g(chhéél%%‘gﬁﬁy% thca @aql?ﬁﬁj@trate.
conput edpsiatitgavedage shkat Sisofu S YppiHeechMal hagai ANt ' ut Excess
Si gnal (ES) feedback,_ accordi nligmt&o a preferred enbodi nethﬁ@g?w\‘\%r}]gﬁi nventi on;
- Fi g. . 8%9€8s yoblageis dieigetamh b enlvinasdiand drigheniewsl Idf AYCt dyeeratippl y vol t age
to the mpl i fhern wh t her.e i s access to baseband signal s, WO

01/ 6759%81\-9&%&%5 76 PR dz%gﬂ%d‘PPﬁéﬁy RIBP ELSO‘FIHF‘Hgﬂf-o%éep@@?%Kﬁéd

enbodi NeRte] of obBesth Yo REPREI = hS i cisrcuit for
control ling tﬁg su%%%ls%ﬂg%?éaesu?%&teﬁg tgoﬁcmﬁnﬁia%@%ﬁﬁtaﬁg%ﬁfput

cont r ol hasggordengute abopeaherefgepebhdichent of the invention; - Fig. 5

graphically illustrates analysis results of the expected inprovenent in
efficiency, by utilizing the VEC in conbination with the Doherty

cont ! Quiski Ryl gk £ RESIBIE Yy LSR5 BB
![}’1 s ?ﬂcgfﬂﬁﬂﬁyﬂmﬁf Y By Afid bh¥ge AFCAr fhREr t P Lkl S5 8l padi ment  of
: signals having a large peak-to-average ratio. The apparatus comprises a
- sampling circuif for continuously sampling the magnitude of an input
signal, which may be a modulated signal that input to the power ampiifier,
or of & baseband waveform that is used to generate the modulated signal.
The sampling circuit detects an excéss input signal according to a
" predetermined reference level, above Whicil at least a portion of the input
signal is defined as an excess input signal; a power suppiy for indirectly
supplying an operating voltage to the power amplifier; and a control circuit
that operates in combination with the power supply, for causing the power
supply to supply a lower 1_'eve1 of operating voltage that is sufficient $o
-' effectively amplify input signals of a magnitade below the reference level,
to the power ampﬁﬁér,'jf no excess input signal is detected, and to supply
a higher level of operating voltage that is sufficient to effectively amplify
Input signals of a magnitude above the reference level, to the | power

amplifier, whenever an excess input signal is detected.



Det ai | ed Description of Preferred Enbodiments Figs. | A and 1B schenatically
illustrate the waveformof the input signal to the power ?gpmé bk and the
desired vaveform of the supply voltage to the power anplitier,

. respect i W& 81/67883cording to a preferr.ed enbodi nent of the powantipen; The
waveformaea(t) in Fig. IAillustrates the positive envel ope of an.input RF
signal, input to the power anplifier. An, Excess Signal (ES) occurs when the
| evel of the Signal Envel ope (SE) exceéds "a predeterni ned Reference Level
(L) defined by the system designer. The present invention provides a
“circuitry called Voltage Enhancenent (VE) Circuitry (VEC), described
further below, that causes the supply voltage to the RF anplifier to have
t he desifed waveform as shown in Fig. 1B: The supply voltage nornally
remai ns TH APREIRTSHRaY Alridier@gpisdie subscript C for "conventional ") and

is-varied (enhapce n dur.i ng t.he anonal ous peyi ods when the | evel of
the input si gir}aigﬁ,Q%l%oqﬁlééﬁegmflhg?@?ﬁ]ecﬁFﬁ%et"@Pﬁfeﬁ{aao iepdleof gbel (L)
(i.e., there pEyan ﬁ%)]}'ﬁ Eiz'ﬁ'l% I . wayv rmis a
cl ose repli cap of t hie ES ev\}/gsoelgg)?%% as |%§!ﬂ&%§%§%‘l\§§% %%%ﬁ% S@ﬁ@n Fi gs.
| A and 1B. oI 2Q0HidAGIcRt/ 67593 - 13 PCT/1L0I/00221 Fig. 2Ais a

bl ock diagram,of the basic circuit for controll ing the supply voltage to
the power a )i R IETY, 8 GRALPIGRE bheepeass énpetisigmpddimEnt of -t he invention.

RE stages 208) 2OTLAH P ARt ok GUBFEF SSRLBGEADERY, TR BRI ORGRSaND | 1] er
Che DG Supply B0 S ISuT, e P Braield 08 Bl BpursiBhal B ot o

the DC supply +Bc is sufficient to the no ¥ at poi nt

25 with the reog@ralbngfitdegainyof thwevesmatibenisignalol 28rdueachesraggk val ues,
~the RF power anplifier 20(3‘ )HAguld be saturated if the voltage +Bc Ts

suppl i ed. Suc#%@éﬁ?én%]@é SRS EXCHIP et BBRa301 that outputs the excess

signal ES at paint 12 resulting fromthese peaks, to the VEC bl ock 202

which, in turn, appropriately enhances the voltage uo"t (t) (that appears

at poi ntTH&ppphedusanbhieoRppewer anplifier 204. This is indeed, the
enhanced voltage_EV, introduced in Fig. 1B. Therefore) the RF power

anplifier 208 ﬂW@hé’OEtalgarﬁoedcsﬁ@pfeﬁdj@ tlag @ofveired N plifas atkeradved When the
i nput RF signal peaks occur, and the applification remains adequate. The
EES 201 det ect&®3 BBy S ihgetasteRE signal at the input 14, and

conparing th '~ 1aput, 11 of EES 1'tq the reference
| evel L that %gzﬁéﬁgérlgega?@l%%%%?&%%o@%é%ﬁg%fhegggezoﬁmB GtE§HHY “Excess
signal (ES) ain priess ihput EismaASs dstddien i nput to the VEC bl ock 202, which
is configured such that it outputs the desired supply voltage Uout (t)
(shown in Fi ¢ aBystavapebie impedence heniRtadrbetdeen tRO4olRlEe Agopr Nal

peri ods when . e, no ES at int 12 he Anal og Power Valve (APV) 203
i s essenti al |1§/1B?‘%°£E$?é’f°?"e§r?dﬂ? 9&/@%@@%%@2@5@ BeFcsiduces a | ow DC

st stance, W sHLPCUOIRORBRa Al BOLALAR, b Ll aaPBhliedt o Lhe BT

anplifier 204. In thi's state,

above. On t hesuipierinpand thaepdfed QpDfoskd 205 HEBY Y68 age hogbed Pedance
to a positive | se, such as a voltage enhancenent pulse that is ' 26 AUG

2004 WO 01/6 - 14 PCT/1L01/00221 supplied by the Anal og Power Valve

(APV)- 203 wh t I.scexcited by an ES. According.to a preferred
embodi ment- ogjt%teasiﬂﬁl\%n |%fﬁ1,'sf?rh§ Y GeR g eb@'ﬁtnﬂ@ﬁ%ﬂt ed using

‘either an RF whokeveelaie hRe@awesd:d 1S1:ARQ t gl tage +Bc,

or a voltage controlled transistor (such as%sz‘éﬁgﬁg?%?ﬁ’c%@%%sgt or :

(FET), or a Uﬁmﬂdﬁlﬂcﬁr@aﬁ¢$tmpectively, whenever no excess input signal is
detected, and to be in their highest, and an appropriate low

impedance states, respectively, whenever an excess input signal is
detected.

- Preferably, the apparatus comprises:

a) a first voltage source for féeding the power amplifier whenever no



Field-Effect Transistor (FET) or a bipolar transistor, angébsl@dWeniently
bi ased tgo be nornmally in the cut-off state, except when excited by the

out put of VPRYSEREess Signal Anplifier (ESA) 206. The APV BEHEWIB0Z1may be
powered froma separate DC vol tage source, B.,. The optional Excess Si gnal
Shaper (ESS) 207 that translates the ES.tgp.the input of ESA 20& 1is a
menory-| ess, nonotonic non-linearity. The purpose of ESA 206 is to output,
at point 23, an altered shape of the Excess Signal that appears at point
12, in order tQ.counter.act %ce)ssie[l%l e Hon-l inearities incurred in the APV

bl ock 203 and TH PhERNATEREelS @Pd€dof the RF anplifier 204. According to
a preferred enfogh j i . Si I S) out put at
point 12 may glg so %%&Es@gtﬁtgjgesgy? %ésetmljt %%d%ﬁ\éfre%‘f?é%g%i%na%gﬁﬁﬁ%g’ieéﬁvﬁai n
during effect uat emcesafinbhe sigelal dgdepbancenent (VE), for inproved fidelity.
Such option is shown by the dotted lines in Fig. 2A. The ES is
appropriately @oﬁdﬁ’ﬁﬂﬂ%@ﬁ IpypadeacaGDISimped (A@ESn bheckol2idfh sapely hen

applied to contrql th ain of the j.nstantaneous automatic gain control

(1 AGO) stage Z%%a%@?A%SPBWSE@@Bhﬁ%e@@gr@@hﬁrﬂ@@tﬁ& ERgro@7theés al so a
menory-1 ess nopos MiC; | LY. C t._behind the t shapers ESS
207, and AGCS 208&?“5 ?#eé %ﬁf&%g‘{ﬁﬂﬁézc"ﬂ‘égg%ec%ﬁ%%efl g\/%ﬁ?‘ggr@s?\ﬁ%%% ‘ﬁent of
the RF anplifiBEC 20 high impedded foo reptdigaseyidspdypan ¢ range. However,

such VE w I I, éo a certain extent, also increase the gain of the RF
anplifier 204. &oLteee arpplEep oonected dgtweer dhpantage suivelygesmachanges by

decreasing its in. accordi ngly.. The - 15 26 AUG 2004 transfer
functions of t%t(e)eﬁ%s%a Plorde it %@gﬂ&% pRefher Jo8 g sopEca dpT sweplvies ’
linearity of ogRivpltasi & ; Gy I ey uri.ng. ffe vol tage
enhancenent peri odr.él%I Fi Sl’hlgeéﬂlég% %focagd?%e;rvgﬁgggdogdtch%r rgﬁﬁ%]ct V#%’gge '

control ling thwubatcide wilideysurplly agetact of the ppareetriglifidd i er by feeding
back part of the enhanced voltage) according to a preferred enbodi nent of

the invention. /By CABFIRY ClusHEE dpxt pofroling theyyeknge empliftint wi sumelyt '
fidelity than i he E ss, Si gnal Shaper, (ESS | ogk 207 al one, as
shown in Fig. ‘g%t%%ér glg%%[bg)\?eg g %‘l %Berc%ﬁf}ﬁlr gﬁ%rvoé‘f%eﬁﬁrﬁg‘ree’gﬁtth@o%ﬁﬁ‘ﬁut

- vol tage uo"c (g$quricbatioapheaysitade PAL - contht W tRet he : ears at
point 12. The difference vol tagge-tha%ﬂ%ppe%r stat poien?) ‘évglsi %Hﬁ%g i'nto the
VEC 202. Thi s ¥BRBEVELMesexrcassdinbué dsiEral iBaktedtEC, GER- ¥EQ)e ivadiabas ed by

the reference nuneral 211 in Fig. .2B. pending on the plurality of said
di fference vol%%@@%ésﬁ?ﬁﬁ‘é?@eé’ﬁ*@ga@%ti on of the VEC 202 will either

be i ncreased Leased il il |l track,the.ES. .Figs. 2C to 2E
schemat i cal | yogorﬁ?glt rateg t%:%ﬁ%é&%}ﬁl_g ?f%dgtng troelgeﬁc{lslt%lblél waﬁp%nal

anpl i fier and wdlushehEReXrCanfextig. in2Bit RECAr Wi AdebRda 220 1 RhEhH! £4

enbodi mrent ‘of the invention. The upper graph (Fig. 2B) shows the waveform
of the envel op@PRYCPTHEE] Hptit resigfaate t whehevarr ranekidssein@ @y difmdl iis
conposed of ni egg%{mel s of a CDVA signal (scaled by 3.6) The ot her graphs
(Figs. 2D and @% show t he envel ope of the output fromthe RF anplifier

204. The m ddl e graph (Fig. 2D) shows a conventional 25 situation, when the
VEC i.s disabled and only the voltage +Bc is supplied. Severe distortion of
out puts abbveasgo ovsl pé ‘a{“»s natinbleabhped sl ofvthegsppdraths gmaz2Ehe ShoWs t he
situation \%}gg the FB-VEC 211 (shown in Fig. 2B) is operated. lii the |ower
graph, tHEPEYT tqra@kidﬁﬁff%f of e Ordrnable reedanss) ophamsl iat bteolabove

val ues of x80-Mobt §r hSFRP!L SUQT, ‘ 2 2004 WD 01/ 67593 ,
PCT/ | LO1/ 00221 16 FEP! PHRELratd maf fufthE: 00N

a) a sampling circuit for sampling the level of operating voltage
_ 'si.lpp.lied to the power amp]iﬁer;‘ ' | '

b) a comparator for generating an error signal by comparing

between the sampled level of operating voltage' supplied to the

power amplifier, with the level of the excess input. signal; and

¢) a negative feedback loop for accurately controlling the operating



Fig. 3is a block diagramof a circuit for controlling the supply voltage
to the power anplifier when there is access to baseband signals, .according
to a preferred enbodi ment of the invention. The circuit 200A8RHYys a VEC
bl ock 30WO w784 nmay be either the basic VEC 202 w t hout pegghaelzqshown in
Fig. 2B), or the FB-VEC (shown in Fig. 2B). The circuit 300 is inplenented
W th access to the anplitude value of t Base Band Signal Source (BBSS)
302, at point 31. The P~F power anplifi 204 should anplify RF signals

wi th | arge peaks above its average val ue, as obtained fromthe Base Band
Si gnal Source 302. The BBSS 302 outputs conplex signals at point 34, which
are input tovefegpprrpiddatcetheopviet ammifser batudingahs ertedsibyann RF

si newave froman RF oscillator 304. The BBSS 302 ?eeds t he anplitude
irnformation that appears at point 31 into the Voltage Slicer 305. The

Vol tageyﬁéiag@%%g%é ﬂg?f%rtcgéﬁarre operation on a Base Band Signal, as

the EES blo perforns on Hput RF si gnal : It extracts an excess
si gnal. ES atayai$dm Wlﬂ‘%@gﬁiﬂﬁliﬂ?tﬁé LN eds.the reference
| evel L. The oper atlﬁ%ﬁs that follow are exaclteﬁglz/1 QE%%&%S =52 A above.

Fig. 4 is a dphobitedisytenpofenanmiplifisst for controlling the enhanced supply
voltage to t ea'lE)ovver a Iiffj er by feeding back part of the RF anplifier

out put - si gnat). & SCHRATARGH 198 geRATalNE AR wroshaignal nbfi gompRrinEhe ci rcui t
400 is a refifienrat VE 211, sho in Fi 2B. npar at or
401 conpar es]bt he %u%LgJuF g%ﬁpl&ﬁge‘ﬁgéjbé%%kﬂl%ﬁﬁ@ ﬁ@%@pﬁ@ﬁ%&i%ﬁbﬁd&o‘ﬂti onal EES
402, ‘that i spewepheglifier! et | : p r anmplifier.
204, by a coIl)JpI er 2%2. As s_ho%do}iéﬁe{:?fg)m%% %83%‘?&?%5%(%%%?%% vol t age at
poi nt 32, theilta Asgebive faedhduk woppitr afeutbiele opardliap Y opdsitfgd into the
VEC bl ock 20‘;. The fact that in this inplenentation the feedback 1oop '
i ncl udes al sEOFRE ﬂf—pé]%ﬁi#io Y ¢epmrdifiers bydisane shesuror sgnak circuit 400
can potentially correct non-linearities of the RF power anplifier 204, as
wel | . 26 AUG 2004 WD 01/67593 - 11 PCT/1LOI /00221 According to anot her
enbodi nbhermitivély, tiny appieitus they ¥EEhis cotdgriged to inprove the efficiency
of a power anplifier, in which the Doherty configuration is utilized
(Doherty condh duratilator foxigenerating o moddabel ejgrial fhaS. isPatpentto2, 210, 028,
and in "RF Pgwer Ar;plif'. s for Wreless Communi cations”, Artech House
1999,  pp. 2 -Iﬁ%@ecﬁﬁ@@r& to Steve C. Cripps). The Doherty

-configuratiom i t fh Gl r lifier (hereinafter
Che' | NAL N angl [T o ey care poikgl 3 Bonlr e’ BRehre KoRarSarm | 11 ng
circuitry (hidredithat teingutetoAXIhbMtarp! i fying circuitry), where the

-out puts of s%i d anplifiers are coupled via a coupling circuitry (so called
Doherty couphih§fLpiiEe) araseiommontmmsivsty sagding the magretwodned fhous| v

operative, t Y. anpld fyipg,circuitry i s actiyated whenever the
val ue of the%r?@%h&@g%f&@a for é&gﬁqﬁtﬁ%%ﬁ? ROILBPEh et dadecerdi®gl | ed t he

Dolierty thrieshehedetefmiid réRedi @MevlY S0LLIPEIR 4 RBEE SCQMRINGE DOt Ve

the outputs of the anplifying circuitries, the opera & Fmi N

anpl i fying cibecdsebpndsvaedfotmiiaeldfinedans ix el Bisebbnanggaii:on (i. e.
operating W th a constant ouytput voltage). Efficiency is substantially

i nproved by ¥ FRAAY EhEPWHoN aapreptigSerplsing apn operdenatveltageitos maxunal

out put vol t age fd7dr § . Lhput signals having nagnitude above the
threshold. At t (l%grpo?l tlﬁg%’%%gration, .the MAIN anplifier's efficiency is

maxi mal , ande)tdicsnirs] ot AbHAd e &ﬁh&%%ﬁm%ﬂ&@ok&%@-s@gg way,
t he

whenever the,. input signal exceeds a predefined val ue, T, TAR y
anplifying cﬁoi"c‘iﬁuﬁ-@'g ithe amrwerasepiplyata shppht st tdveepbaved cfupgirhtiig to a

ciroul try. - HETVET PoinGe FEreR0 40 AHiegay Sl Bl SRBGY BERHL8 ayong Rour 4l | on
VAl Ue of the tEresel Aot e campces MYST LS o Y, Ao £ 80 © 1 °
: excess mput signal is detected, and to supply a higher level of
bperating voltage being sufficient to effectively amplify input signals
baving a magnitude above the reference level, to the power

amplifier, whenever an excess input signal is detected.




anplifying circuitry. It is, in fact, limted to approximately tw ce
(factor of 2) the value of said threshold. Mre particul abysy@e@prding to
the prior_art, the Doherty configuration is utilized up to the point where
the curr &R &G he MAIN anplifying circuitry and the AUXPCTBRYOBRDI i fying
circuitry nmeet (i.e. the point at which each of the currents is equal to a
value of Im-.t), and thus it is not a_fuyhly satisfactory solution in
systens having a | arge peak-to-average ratio (crest factor). To overcone
this limtation (factor of 2), the VECis utilized, according to a
preferred enbodi nent of the invention, in conbination with the Doherty
configuration, as schematically illustrated in Fig. 6. The systemin Fig. 6

i st gf b f ' : AU0irt 255, for ..detecti f
xCoss aroinatl iedy B8 iihboealde & ForRI MRt Heifiine BERLT ., O
- utili zedmdifyrdmoireuithe thawds weaphy t8E DéVeerdyRbhfikurg: bR éu@?naﬂ"’henever
n e

an excess envelop signal is detected, as will be described i tails

herei n BB SWEPut ghealErsrsliony punplifyidg icimst triyeis\dirt ctfje conhenedent
Circuitr VEQ). 202, i.ch enhances the power supplied io the anplifying
circuit 9%342%%& IMBﬁW\gE %Coé&nﬁ@é&%%ﬁbﬁ@% aarplilien thatogwesalash its

i nput 13 r n I.f i oOWer. sSu y £0 the amplifying

ci rcui tf%?/ %éf}g Q)%ﬁle%%]ﬁ%uu@s?g%}gﬂgﬂggcg@legn%(ec&gﬁjgi ngﬁlilc?ﬂl%iﬁﬁ t udes
that ar engpleyimy cirbainry becpisidatietienegduRef aaan etaikevabliEl) th:}&uﬁom d be

noted that the predeterm ned Reference Level (L) that activates e vol tage
enhancefeRbast skiEngrerogsry shei baseessehtiellyhsintibde physe fehef ol the The

anplifyi irelitry. 256, conpri ses, -anplifiers, a MAIN anplifying :
- circui tlp&%fgﬁhffgﬁ%a%’a ZE’A%&“L% S%ﬁpﬁf”\gﬂf/i’%(ja{fpk@i try 204. Those anplifiers
.are connected in a Doherty configuration, wherein the MAIN 26 AUG 2004 WO
01/67593 . PCT/B,01/00221 - 19 anplifying circuitry 253 is continuously
oper at i dpiefiildseriis oAlIXf thARYrawbhizkyi ng Circuitry 204 is activated oniy
when power enhancepent is received fromthe VEC 202, on 15. The Doherty
conf i gurats BROY2RE iothor gharmatapirgoe apreadtanicizensy thenidvastimasvidkpl ai ned

her ei nb LS ' | .i th t put f 1.h pl i fi ,
204" and S5, pRe Bl PP R e PR S BB R B o ey
coupl er RbZiled destptieludepidlerePEARREAN Ot MiterledR 0y 135 roRfgite By the MAIN-

~anplifying circuitry 253, as the value of the input signa I ncreases. .
Thi s wayherppepder Arawipgs, wiereicr eased whi |l e keepi ng the output vol tage of

the MAIN anmpl.fyi: [ it . t. A Dohert fi ti 256 |

i 1 zed (o BIBIS B bt SHoFR R B b teRGo bt MeGIB O 4R SUPBRIL Vol t age
Vma~, ofg I Ly SLLCcuUiir h herty confdguration is

typi cal Is;élg%s?@rﬁg uc%_lf %Qhrgg h‘%ﬁ%%ltﬁﬁ%ﬁﬁ%maﬁﬁ%& c‘?flr %%Jﬁ ISP‘IPPBTSI

acti vat eabltagei bertdasgotvee QmipdiflerP@eEHethRNRY Qlcd Bk NRYta Hrfaked 8.

exceeds an, average i nput val ue. The voltage of the I N anmpl i fying
circuitr&® T} ioééhwn?@%i%%s its maxinmal output voltage - (Vm,) when

the AUXILI AR\@&%”@JA' fy ianglo%iir &%‘g&-% bf ¢hs t}ja\é?é %gr'cml.tn cgreggxiltggl]ing the
| supply_ voltage to the power amplifier, according to a preferred -
embodimept of the Invention; o

Fig. 2B is a block diagram of a circuit for controlling the enhanced
supply‘voltage to the power amplifier by feeding back part of the enhanced’
voltage, according to a preferred embodiment of the invention;

Figs. 2C to 2B schematically illustrate computed simulated results
of the supplied voltage with and without Excess Signal (ES) feedback,
according to a preferred embodiment of the invention;

HFig. 3 is a block diagram of a circuit for controlling the supply

voltage to the power amplifier when there is access to baseband signals,



the input signal above the average input value will result in increasing

t he output voltage of the AUXI LI ARY anplifying circuitryaﬁggg q@&p of the
currents of both, the MAIN and AUXI LI ARY anplifiers. The Pt coupling
ci rcui t 'Y02497M3s a phase constant (i.e., a delay), typi cIWNoL#0221 . Thus,
t he out put voltages of the anplifying circuitries, 204 and 253, may have a
phase difference, unless a conpensat{pggcircuitry.254 is introduced at the
i nput of one (or both of) the anplifying circuitries, 204 and 253. These
conpensating circuitry 254 affects the inputs of the anplifying
circuitries, 204 and 253, to elim nate the phase difference caused by the
coupl i #rgoedinguior 2 profezredhmbodpment bf $laé thoartpensati ng 26 AUG 2004 WD
01/67593 ' RCT/1L0OI /QQ221 -20 circuitry 254 is coupled fromthe input "

si gnal “on t88hy* &t id iXP%y Hagsum Phe cireutli foxy controlénevide, sutm@yout put

vol tage an f the. |i.liers are limted in the Doherty
. confi gur at ?gé]ltegg&%g]?%g?m%r atlﬂghﬁg? B‘G{h 2ol Q@B@t(’}f’gﬁ’? O ERBRY 8anpl i fyi ng
circuitry nppefberddeinBagifedPof tho/thvantRRd the currents of the MAIN ~ and
AUXI LI ARY anplifying circuitries may ge ihcreased up to |~ each. According

to the-invdhgi o, grawhicallputilusirhbee ofalybie AbBls ARY tepldxhyitea circuitry,
and the currents of both N and ATTXTT, TAR.‘V; anplifying cucuitries, in
t he Dohert y"EBHYEGLFRE o AHES oW ek ebaia s e VEuus conbinatiameitny,

respectivel i1z the VEC.to enhance the. voltage supply to the
AUXI LI ARY agrhﬁﬁl ??#&’ égﬁf%‘.rpﬁy%ﬁ@ Fig. 5illustrates the expected

effici ency-mgvessgahéﬂgmnmlﬂmqmqgg put mokLage -%ﬁn}ea : s anal yzed
for various vol tage enhancenent. val ues, accordﬁgct(ﬁ prthec?'fei?brheag enbodi nment
of the invefrmbniseThe YNV efB02nHanuity dhes DE heupplyeanliakti 6f ency achi eved

by a conventional Cass,.B anplifier. As jllustrated by curve 603, the
efficiency 7 t%%@%@%cﬁ%ﬂgﬁ@ Dpkelersed smbogiment on i s
conventi O-nabfﬂldé‘%ﬂei:ﬁ _The efficiency is further inproved when the VEC
202 is utilized for enhancing the voltage supplied to the AUXI LI ARY
anplifying circuitry of the Doherty configuration such that the voltage
across the | oad increases beyond Vmax, dependi ng on the enhancenent factor
Z .(the enhancenent factor Z is defined as the ratio between the |evel of

DC vol Qilte i s supplied.to.a poyer lLifier for the maxi mal val ue of
t he ex@sg—r\M = O—M Loigr —EMLEH age that is supplied to
sai d ppyey 1@aahifi®rsl g%sgﬂgﬁ f I nput si gnal.) . rves 6083,
604. and 605 il 1l ust rsglt'lgn%dﬁgcao era |o%eot%%tﬁé%§%%gjr 9@%%%%@%?% for

enhanctmein: posetroxmm plifieZ=in d nhe edfysarae @Rt rm ZF 11tk EdoltdRSReCti vely.

If Vm-_-represents the nmaxi mumvoltage across the |oad “for a conventional
Doher t Y% BATEE ATAPHBAT, respectyel73eeording to 22 peefartedGeatodiRey bf 01/ 00221

in Fi : 03 s normalized to0.0.53Vm-, ,curve 604 is norpalized to -
0. 66V9-¥1}ese{%gg%ﬁ(r)§'e3%% V@V%F%M”z@duﬁ m-14, ﬂj%'i}%”%@saé@? RoSIHTE C

repr eseftSobBOINOL MBbI \gq)gfyﬁ i UXI LI ARY .
amFJ)I i féi‘ ngoiéi rcuit ryb{blﬁg?ﬂr;s oﬂggnggﬁ ?@Zhhﬁoﬁ%gﬁiﬁ%ﬁ%ﬂgeﬂ%%&t he _
nor mal Bigswlv@d)aeneuas rwken tthe levall of the Bigahl theohpd (SBRYx@makid i yi ng

circuitry,is full ;?ctive and contributes its nmaxi.num power to the |oad,

wi t hou®P* ﬁ%@%@g eiprengs Hevak 62) dpfineddm) the iyshemi designer. (Bye that can
be obt gj :bh .S VMl n,_gur; Vv 04 int bre ents the
nor nal i'ggée%gl\?gﬁfgggogc? %évgag%g F]Otggi% _rca%]ﬁldcﬁoﬁﬁgé A@%HW% %yi ng

ci r cui Cineulieyi (VECH deecaibbil vertiaidhddohNihk é@ﬁé@%ﬁets%p&awvﬁﬁégékd zed

vol tage across the load for which the AMY anplifying Circuitry is fully
acti vetb &It smplitn tshave thexderiradwarefdro, tdeshord, inFid aB: Bhancenent .

At thi int .d the maxi,mum vol tage that can be obtained across the load is
- R e GeRAL PR GRS gh reop b i (s, (oS GREFBt hey 1o

I NnCcr eagRs« hatr B - f ing.e_ In this case, the
maxi rruﬁ?ioﬁogl 282&? &ﬁg’! )gaé%]@blg 0 Itlg(?rgggﬁ%%e(@s&@ﬁea%g ﬂiﬁ azam -O‘i% 1.33V. In
curve feSpdpoiwiterd tlepr dowit oft henangBt i 2841011k a38-86F OFiSard hend 0oad for

whi ch the AUXI LI ARY. anplifying circuitry begins to be active, and point c

r epr esBFRCtEREIRRG Rgiprerrs, dlevahdLhdh-os Shebe ikomd ES). ThecaesttingAUXI LI ARY

anpl i fyj i 1 =s~fully.,active and contrihutes_its Xi mum power to

t he |o§%3%8%%§ﬁt5é%ﬁ§?9e%‘ﬁ forig 15 c0Sp gFRECR O?ﬁée@i%‘%‘?@i e that can
be obt aidiegteCH P eSmipaeid KB SerY gs_\ﬁfhle&@qggnhancerrent factor of Z=2 is
applired, the efficiency T~ increases frompoint f along the curve to point
e. In this case, the maxi num voltage that can be obtai ned across the |oad

for Z=2 is 2V~. Therefore, the enhancenent of the voltage that is supplied
to the AUXILI ARY amplifying circuitry of the '




WD-01/ 67593 - 22 26 AUG 2004 PCT/1LQO /00221 Doherty configuration allows
obt ai ni ng out put voltage | evels, across the | oad, which a%g &%?@ t han
Vm-> (whi ch of course, resulting in higher output power) dep é) on the
val ue of Whev@attancenent factor Z. fine above exanpl es arkCu@svdipt i on have
of course been provided only for the purpose of illustration, and are not
intended to limt the invention in any rgy. As will be appreciated by the
skilled person, the invention can be carfied out in a great variety of
ways, enploying nore than one techni que fromthose descri bed above, all
wi t hout exceedi ng- the scope of the , invention. . - 23 26 AUG 2004
NEW CLAIMS 1. A nethod for inproving the efficiency and the dynam c range
of a power anplifier (204)) conprising: a) determning a reference |evel
(L), abgg% gﬁiléhaéﬁocﬂ% SR 9 thhenbafic Chisus: frrgnn f thensupplot  si gnal

Ven(t- ' dul at ed_si | that is i t {d., lifier,

& basehirlta et M Sret i b P 4 B oAt SRR | 1o
def i ned ool XTRS ScikdRY (200 @Blor{des) an MxLABUEANANSL s AATP! (upggsal d

- magni tude of said input signal, for detecting an eXcCeSs 1 nput si &nal; 10

charact @0lzedVi@ 20BtRF tstéged Pey, 2mphd sesinm) Gupiyingoiatgangtant | evel
of . ope ing voltage, (+B~) to_said--power .------ . anplifier, if no
excess i[ﬁ)w“@rgﬁap rdéee df edpsigned suelhsthatit whendthege isper #rcers vol tage

ox T e ooy o T O SLTBIEETT S Jrg
magntt ade e B bt AR B SR ootk Bteoe | nput
si gnal ( ERdilatsteRactiadal 6ORBHI BNHith SUPRIGIIRG AIYEE. %Féﬁ#&}’?dhe EV) of -

e

operating voltage to said power anplifier,” said vari evel of operating
vol t age seswdnd ardaches auddln gralhes, ndgniRlidevwdr saiplifierc89d iwopld k& gnal , -
t hereby s | yiing .a variabl e increased | evel of operating voltage being
suf fici @ﬁ?‘gﬁ%g@f“? Ehs volkege ﬁﬁﬁllﬁﬁyppﬁﬁgié%qkbﬁﬁﬂﬂés 219 PRAECAPRIE RSt ude above
sai d refgpe h i . | aj . furthey conprising:
2 couplhgia b the ’gé%?%%%ﬁ?%fﬁ’%9?%%9(@08%@éﬁ?h%°fﬂn§%?5%f sai d

power  amelikk| es theOVECOBIoCR! 2ONneyHibR, MRGRIt U8 RbrEabl, bARMS aRal S) 25
(V=(t))prior to anplification; b) whenever an excess input signal (ES) is
det ect edolig@pranff) Sahat eppesss shpointsignded tarfhecRFcpopensatplifierchanges in

o it ! TS B S0 s

Therefore, the RF power amplifier 204 with the enhanced supply voltage

remains unsaturated when the input RF signal peaks occur, and the

amplification remains adequate.

The EES 201 detects an ES by sampling the RF signal at the input 14, and
comparing the sample that appears at imput 11 of BES 201 to the
reference level L that appears a;s input 13 of BES 201: EES 201 outputs
the excess signal (ES) at poi'nt 12. The ES is then input to the VEC block
202, which is configured such that it outputs the desired supply voltage
Vout (£) (shown in Fig. 1B) at pbint 15, to the RF amplifier 204. During
normal periods when there is no ES at.point 12, the Analog Power Valve
(APV) 203 is essentially in cut-off and the VE LOAD block 205 introduces
a low DC resistance. Thus, the DC letage +Bc at point 16 1s fully applied
to the RF amplifier 204. In this state, vouw = +Bg, as indicated also in Fig,
1B above. On the other hand, the VE LOAD block 205 provides a high

impedance to a positive pulse, such as a voltage enhancement pulse that is




30 automatic gain control circuit, according to the sanples of said excess
i nput signal. -24 26 AUG 2004 3. A nethod according %%%@ fﬁbl}l’ wher ei n
the |l evel of operating voltage is supplied to the power I'i'tfier (204) by
per f or mi W %44&9% o0l | owi ng steps: a) providing a first vol tEgensowee (+B~)
for feeding said power anplifier; 5 b) providing a second voltage source
(+Bv) for additionally feeding said p_()\éﬁ{ anplifier whenever an excess

i nput signal (ES) is detected; c) connecting the. voltage supply contact of
said power anplifier to said second voltage source (+B~) through a variable
i npedance (203); d) Wenever no excess input signal is detected) _
contr olaumél byl thadirsibe Priver Vaped@d®e) 203 behen theslabiahesdxcitagedance
state; ,and enever an excess_input._signal is detected, controlling

sai d vary 2By @g)% g &0t Prelervedembndimpal of ddesinventicmithel 8% i npedance

t at t i l h | ue. i t.o.,l id d
vort agesORD) BRRENAS A I ok Bak il pEia G BN BE e chdottrtan
excess dvﬁhuﬁtsliﬁdﬁn%mnécte&\'B@tﬁ'%l%%ééérwdﬂ@,g 72 aC'xﬁJ‘chEB : tc‘é’ﬂ%ﬁeﬁ a common

power supply provides both the first ~) and seco age sources -
(+Bv), trhoswoin @yeh bsinfiddipffecd taynsidtor SEEMNdow a i pglar3esisistdrnvi ng an
essentially identical 20 value, or a |ower value, as that of the first

- vol tage source, depending on the additional feeding which is needed. 5. A

hod { iim1l, wh i he | | of. i i
suppl | eaf oot FatsbR 208 b b dPHSERRIEY A5ch rBPREIROL DT BABRING St eps: 25
a) provFEfect Tohskebt AUETS QW £ 8idstBr ):r:{ﬁgggsif%‘il? Egﬂo:ﬂglchﬁvéﬁggg@gbsa' d-

power anplifier whenever no eXcess i nput -signa et ect )

provi diigsedidohee nainale isothe eut-oBY}tadter ckeest Rehaaickciedeby amel i fier ,

A S BB S SShAEL o p ST e 0 Lo
sourcoiP b ieaualn. @ el oD EHANES, 208\, M0 o8 maBifer vo o0
Signal Shaper (ESS) 207 that translates the ES to the input of ESA 208, is '
' a memory-iess, monotonic non-ﬁﬂearity. The purpose of BSA 206 is to
output, at point 23, an altered shape of the Excess Signal that appears ét
point 12, in order to counteract possible non-linearities incurred in the

APV block 203 and in the éharacteristics of the RF amplifier 204.

According to a preferred embodiment of the invenﬁon, the excess signal
(ES) output at point 12 may also be used to adjust the oveI_'é]lréaiﬁdf the .
RF chain during effectuation of the voltage enhancement (VE),- for
improved fidelity. Such optién is shown by the dotted lines in Fig. 2A. The
ES .is appropriately conditioned by the AGC Shaper (AGCS) block 208, and
then applied to control the gain of the instantaneous automatic gain
control (TAGC) stage 209, The AGCS block 208, very much like the ESS
207, is also a memory-less monotonic nonlinearity. The concept behind the
two shapers ESS 207, and AGCS 208 is the following: Basically, the
voltage enhancement of the RF amplifier 204 is intended to increase its
dynanﬁic range. However, such VE will, to a certain extent, also increase
the gain of the RF amplifier 204. The IAGC stage 209 is used to

compensate the gain changes by decreasing its own gain accordingly. The



26 AUG 2004 vari abl e i npedance being capabl e of presentin

S oo 8 Ao d N

g a

LRSAS LN |

"ow T ési'st ance

to DC and hi gh inpedance for rapidlyl§aryi ng pul ses; d) whenever no excess
I nput signal is detected, allow ng said variable inpedance to reach its
| owest resistance; -and 5 e) whenever an excess input signal ixsg

all owin

Sai o vorEageter hrPes of FRCHR ok sr By G blockiie bem Pareshustedr

vol tage ®Rf BAL

i o pout SRt of o3, P B Simakf Bty B, HRER M RGEE SR a1 ) cast

one of

thstags bitherdmmadsanses. | S--a. . contiol I abl e inpedance.

ped,
al | ow ng

t he

7. A

nmet hod according to claim 3, -wherein the variable inpedance is an inductor

or a di ode.

15 8. A nmethod according to claim®6, wherein the controllable

| npedancg, i .bipolar transistor or a FET. 9. A nmethod according to claim
‘ ?@ﬁtﬁ f ﬁ?@i diagram g6 eneirewit for tevebBing thepenhtinogd wapplge,

1, furt
supplie
| evel s

(L5 onte ™ e e, o Cpadipe "By atvat 9l lobconlowatocor

ned

oper at i l§.€ ' h-anpl i fier:. c enerating a voltage

GPTT o encoltd, BaRHER o8 HbieRd ARMBIMAMRL ot LES soPbalEiomEhodhe ' 12

pr edet erthinegtiony ¢ & pissibie wxatasn bapi: ﬁi&ﬁ?'thaﬁrlgy ﬁkldg]ﬂﬂ@ Ld vol tage
r ac y

di fference for_operating a negative feedback

oop f rate

“cont r ol | Piead ihanser FESN Pplock 2Jealonpphi athotvm B Fik. (@A eraimboecA. 30 | 0.

K tAhgelfadx]
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o e BRI 2 ein et e st
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—-hredet er pk nggt ane! Booty S l.s:oamplified by said power
Bl fier (308 05) Essaﬁ%ﬁfﬁ"%i”t%ﬁie’é i, B 1%2F‘T§ﬁté%§fer§?'%é1°g€“%ﬁ%§%ff i ed by
sal d poweppeays| aff peint 3 ¢9 fednatathe 7 RCVEUZ, e s diochkeiatsEEa By oGRGRAT i Ng the
| evel . of _RF %U;P@Im Si (qjg&l s wth the | evels of the excess iInput signal; and
YEGe

d) usi ngFﬁ%‘ﬂ

furt herﬁgorrpri Si 8:?1—1,33% normal i zing | evel s of

YEBEAndicabed bydhet refereace nagatiale2f ead gk | oop

anpl 111 o2 TodndRihE R | % NGcais Bt 'Sl chibrnee WhBaeen thnevaltags of DC
vol tFme, afififldaéibnl 6F NE VISOSOATRN ibiedr 62 UdrenlsSq CRNILALLEGY WShNO the

baseband waveform (Vea(t)), by p

.‘20

25

30

or m ng oW ng st'eps:

the EV will track the ES.

Figs. 2C to 2E schematically illustrates computer-simulated results of a
conventional amplifier and of the FB-VEC of Fig. 2B, according to a
preferred embodiment of the in\}ention. The upper graph (Fig. 2B) shows
the waveform of the envelope of the input signai to the RF amplifier 204

. that is composed of nine channels of a CDMA signal (scaled by 3.6). The

other graphs (Figs. 2D and 2E) showr the envelope of the output from the
RF amplifier 204. The middle graph (Fig. 2D) shows a conventional
situation, when the VEC is disabled and only the voltage +Bc is supplied.

- Severe distortion of cutputs above 80 Volts is noticeable. The lower graph

(Fig. 2E) shows the situation when the FB-VEC 211 (shown in Fig. 2B) is
operated. Th the lower graph, the fast tracking of the change in the
envelope amplitude above values of 80 Volis is noteworthy.



a) providing a nodul ator (303), fed by a baseband signal source (302) that
15 out puts said baseband waveform for generating a nodulggéj (iijﬁi #wut si gnal
to said power anplifier; b) providing a voltage slicer ( ?‘ o "extracti ng
an exced¥0di/gras (ES) fromthe baseband waveform when t hegragunistace of the
baseband wavef orm exceeds a reference level (L); 20 c) supplying a constant
| evel of operating voltage (+B~) to said power anplifier, if no excess
baseband signal is detected, said constdht | evel of operating vol tage .
being sufficient to effectively anplify input signals, nodulated with a
baseband wavef orm havi ng a magni tude bel ow said reference | evel; and 25 d)

suppl yiFig. 8 iar bidlediseaenspd disvak 1o c@ﬂﬁrom@qw%h&a%gf voliBge toE-t 0 said

power applifier) whenever an excess baseband signal 15 detecté&d, said

i ncr eadbd Hoses| aoplibise rveném ghors seapeebe tnhaseidnd samals, aebidakitgel v
nmodul.ated with a seband wavef orm ha

lify | t s | 5, | | i
ﬁarrgn: t E/?dlg}p%ﬁ?g g&%&%ﬁ@ gk taeipyepriiong The cirgphBA0uemplyys m@?ng t he

ffici - the; ' f 26 4 -.27 lifi
(20u) | Rt AP, RIS ARY ol PR en besiE 080 AR o BRRRBampl  ng
the nadshéwdanoPianBYR# thel BBAVELE (dMhwi #RABLALEY shgnalalibahgis 1 nput to

said power anplifier, or of a baseband waveformthat Is used to generate
sai d 5 imademnansel siighalcresoto det ectpligndnvekeeshtinBate B BidED)

accordi to determ ned .reference | evel (L), above which at |east a-
porti.orsgg]frc§a®$$§)pgio i ghdoint Het LredRAs ppﬁf(@r)ewaﬂ@ﬁarnaati ghayddl ;. and b)
a power. r il R i .voltage to.said r lifier;
10" char ey BB, B Seraip N, 1 Al pRRES 30000 L ab BB BR: P PRRReRT (20).
oper at iffgmi thec Busk MBEHANSWNED Stiirte ORI EBYS S0 oﬁegsﬁﬂsm?m%ﬁﬂesi power

supply to supply a constant |evel of operating voltage (+$ beil ng
suf fi cise#nals Atadqiak 34y aviichraye mpuitfpuin sbyreaaievengi)gton03ntha magni t ude

e o, SRy FLESOISE AR S 0 B AL S, A T
e e AL

i nput  SSlgreal 3G dies Volfddectteyr 305 gbifetdsvidleysaap! ddevalipRWn Simnal s having
a nagnll%%gf bove said reference | evel. 20 13._Apparatus according to claim
12, fur grpki a5 fge BiESahloglit d0htnarfoamis ocontr mipusi REusigneRol) , coupl ed

to the j of . saiLd pawer lifier 04), for controlling the magnitude
of sai déljl%ﬁépju %1 ghars) 51593%1?{%))& Aot %ﬁowgﬁﬁl%ﬁ %Elﬂi’ﬁ%ﬁfle 26 p0ERdcuitry
(201) (ecos@hbNG{oAMLCRGERY, TRUopREINGhe (ERL 1A Glo 260
circuitry (202), for conpensating changes 1 n the garn of sal ower

anpl i f ishowduin kgg.the ghoesence of said excess input signal by controlling
the gain of said automatic gain control circuit, according to the sanples
of "said excess input signal.

Fig. 4 is a block diagram of a circuit for controlling the enhanced supply
_voltage to the power amplifier by feeding back part of the RF amplifier
output signal, rather than part of the EV, as shown in Fig. 2B. The circuit
400 is a refinement of the FB-VEC block 211, shown in Fig. 2B.
Comparator 401 compares the output of the EES 201 with the output of an
additional EES 402, that is coupled to the output (point 48) of the RF
power ampliﬁer 204, by a coupler 212. As shown in Flg 2B above, the
difference voltage at point 32, that appears at the outpuf of the
comparator 401, is fed into the VEC block 202. The fact that in this
implementation the feedback loop includes also the RF power amplifier
204 is advantageous, since circuit 400 can potentially correct

non-linearities of the RF power amplifier 204, as well.



30 14. Apparatus according to claim 12, conpri sing; - 28 26 AUG 2004 a)
a first voltage source (+B~) for feeding said power anpliZBesiig 208} a second
vol t age +B~.) for feeding said power anplifier whenever an excess

i nput | S|§%gﬁ%?ﬁé is detected; c) a variable inpedance (Z5ULYMRECt ed

bet ween the voltage supply input 5 of said power anplifier and said second
vol t age source; and d) a control circuit7(202) for controlling said

vari abl e i npedance to be in its highest inpedance state whenever no excess
i nput signal is detected, and to .be in a | ow inpedance state whenever an
excess input signal is detected, said | ow inpedance state being
.essentially equal to the val ue required to 10 increase said second voltage

source A@c&ldjﬁ%’% 258850 @m%dinﬁ@ﬁ%(bf‘@h hEs ”%F ??‘ngl?s%ﬁ’% Sxtj%ess

i nput - si gna Appar at us accordi ng a first

vol t ageimprovee theBeffidioncy egtiangpopdd a@;ﬁpﬁﬁeﬁ”ﬁh' fretch( 484) Do;t;{ér;{;) a second
vol tage source (+B~) for additionally feeding said power anplifiér whenever

an exceé@lﬂ&’iﬁ@ﬂfw@ai igriatilived dBodertgocongigraationt mgéesurbad, ifer ek2fi3)e,connect ed

" bet ween, t t o] ct o ai.d po lifier and sald second
vol tagel% a?%ﬁ §% é?grgaé‘ @t%{%@ b@W@FmﬁWalg’g@Fﬁ deerWinelasst he

vol t age 4 ied ont act of

said pomcg%ﬁ%# ;tioh§ ’ mgkg%ﬁ%éjorﬁi?rgg’l bgl %2%?‘?39( %%ter rtc’g%%ﬁo(fl ing said

vol t ageCaiggsh)fier to supply a voltage |evel, being higher: than the vol tage
~of said first voltage source, to said voltage supply contact of said pomer
anplifier, whenever no excess input signal is detected.

" . The Doherty conﬁgura.twn improves the efficiency of a- power amplifier
(hereinafter the MAIN amplifying circuitry), by introducing an additional
amplifying circuitry (hereinafter the AUXILIARY ampﬁﬁing circuitry),
where the outputs of said amplifiers are coupled via'a coupling circuiiry (so
called Doherty coupling). While the MAIN amplifying circuitry is
continuously operative, the AUXILIARY amplifying circuitry is activated
whenever the value of the input exceeds a pfedeﬁned threshold
(hereinafter called the Doherty threshold). In this fashion, by setiing a
proper coupling between the outputs of the amplifying éircuitries, the
operation of the MAIN amplifying circuitry is maintained in a fixed point

- of operation (i.e. operating with a constant output voltage).

Efficiency is substantially improved by allowing tile MAIN amplifying
circuitry to operate at its max:mal output veoltage (Vmax) for all input
signals having magnitude above the threshold. At this point of operation, -
,Vthe MAIN amplifier’s efficiency is maximal, and this is maintained due to

- the Doherty coupling. This way, whenever the input signal exceeds a
predefined value, the AUXILIARY amplifying circuitry is activated, and
boosts the power output up to a factor of 2, without effecting the output
veltage of the MAIN amplifying circuitry.

However, the voltage range, in which the Dohkerty configuration gperates,



25 16. Apparatus according to claim 14 or 15, wherein a conmon power supply
provi des both the first (+B~) and second vol tage sources H?YJQ’U he vol t age
bei ng supplied by the second voltage source having an esgesn ' I%Q} i denti cal
val ue, ovoavs®d®r value; as that.,of the first voltage souxgarsg@pandi ng on
the additional feeding which is needed. 30 -2926 AUG 2004 17. Apparatus
according to claim14, in which the var,i abI e inpedance is a controllable

i npedance. 18. Apparatus according to 81 aim 14, in which the variable

| npedance is 5 an inductor or a diode. 19. Apparatus according to claim17,
in which the controll able inpedance is a bipolar transistor or a FET. 10

20. Appabativel hy chedidige 06 the ahreshdld twilizea o cobivshs the AWK ARP! | ng
circuit faor, sanpli ng@t he | evel of operating voltage supplied to said power .
anpl i f &P Clrl§)1-'L ye¥nsaiatieet, (2ndpdfterargensimeialy twise(faage ofi f f er ence

b f lied t d

pover DRF eSS of FER e RBR Mer et et ddetitind o Whbnbr o) - “ana o)
: t | t

S meSathYDIRARRTHT RO, SEAALE, Yo SRV WIDLIGLORBIAL D Jolto0e

accor dithg MaJIN aimplifying witdidtrycenprihei AUXI2ZAARY %ﬁ}@lﬁf@*ﬁ@%ﬂ%ﬁi‘c@}ﬂ t (402)
for sanpli (g the level of RF output signals, anplified by said power
anpl i f eest Gp. e pesHrat Ghigueach ehitheqaireents ingpoatal &b aaiqduellof Ixﬁ&)ence by

poner SHR1 ERIDEE (2647, GTh SAHECHGUBT B HHb LS Getr MARDS POIEES (). and.
25 C) RRIAAMS S ?ﬁ%%%rés‘%%c{o‘% accurately controlling the operating ‘
voltage supplied fo said power anplifier, by using said error si gnal

To overcome this limitation (factor of 2), the VEC is utilized, accdrdj.ng toa
preferred embodiment of the invention, in combinatibp with the Doherty

| configuration, as schematically illustrated in Fig. 6. The system in Fig. 6
consists of an amplifying unit 256, and another unit 255, for cietection of

- excess envelope signals, and for Voltage Enhancement (VE). The latter is
utilized to enhance the power supply of the amplifying unit 256, whenever

an excess envelop signal is detected, as will be described in details herein

below: !

The BEES’s output 12 drives the Voltage Enhancernent Cn‘cmtry (VEC) 202,

| which enhances the power supplied to the amplifying circuitry 256,
whenever an excess envelope signal is introduced on its input 12, and
_operates as an additional powei' supply to‘ the amplifying circuitry 256. The
input signal becomes an excess signal for magnitudes that are greater than
the pre&etermined Reference Level (Z). It should be noted that the-
predetgrmined Reference Level (L) that activates the voltage enhancement

of the VEC 202 is greater that the Doherty threshold.

The amplifying circuitry 256 comprises two amplifiers, 2 MAIN amplifying
circuitry 2853, and an AUXILIARY amplifying circwitry 204. Those

amplifiers are connected in a Doherty configuration, wherein the MAIN



© 22. Apparatus according to claim 12, conprising: a) a nodul ator (303) for
generating a nodul ated signal that is input to the 30 povweg anphigk i er

(204); b) a baseband signal source (302) for generating a baseband waveform
t hat W@0/6738 AUG 2004.that is input to said nodul at orgceyLosoestel t age
slicer (305) for extracting an excess signal (ES) fromthe baseband

wavef orm when the nmagni tude of the baseband wavef orm exceeds a reference

| evel (L); 5 d) a power supply for sup'pl19i'ng an operating voltage to said
power anplifier; and e) a control circuit (300), operating in conbination
with said power supply, for causing said power supply to supply a constant

I evel (aBplifyingpirraitiy@seoktaaeirheidily subfdehenihile tatfeokiveAgyampl i fy
i nput signals having a 10 magni.tude bel ow said reference level, to said
pover aRPIREyERg GucUHEYeR0esE acipratesi gnbyl wiendebvwer eshhamdntemtsisppl y a

vari abl e increased_|e +B~ + EV) of operating voltage being sufficient
“to effe(t,?‘?e\}‘é?cg%é’%rl?? ﬁqgga%‘?éﬁal s having a magni tude above said
reference level, to said power anplifier, whenever an excess input signal
is detected. 15 23. A nethod according to claim 1, wherein the power

anpl i fi @hel Bobbey aunfiklpaon il Gothd vt the (286:n8f, fhdab ey
configuration. 20 24. A nethod according to claim 23, conprising: a)

... pr oviedbigned teavsinheformfihdariat advicveh siys coumling tha euboults afyttempl i fier
204) direct) t | 251), and ' |ifier(253 | ed
o sni ASPISHATR, QUBRTL Fohamt ablrey ooaby 253 b SmRFARing f Wl er ance.
| evel - i 4] f i tude »aof i nput
S onal COR BRI SR ofts iiRTuct PRl 68 0T IO S By o1 F e

‘or a baskbavidiMavedmifyinhaircusyisesis,t 9s gbaerdte sfaik sl slged] siggnal , s
defined as an excess input signal (ES) such that said reference |evel is
essent i drpasetiallhiv W the dowsr putduinputingtegaed whie keaping #wi n (255)

pover 1 RGP ATy SF ke BOAPSL BRI GRbe Tl CUTREL. SoniTlel under
sai d DCcopggaraign @6l RO€tilized to produce output voltage which exceeds the
‘typical output voltage Vs, of the MATN amplifying circuitry. The Dokerty
configuration is typically designed such that the AUXILIARY amp]ifyﬁig
circuitry is activated to increase the output power whenever the input
signal 18 exceeds an average input value. The voliage of the MAIN
amplifying circuitry 253 typically reaches its maximal output voltage
- (Vaax) Whep the AUXILIARY amplifying circuitry is activated. Increasing
- the input signal above the average input value will result m increasing the
ouiput voltage of the AUXILIARY amplifying circuitry, and also 7of the
-currents of both, the MAIN and AU}QLIARY'ampliﬁers.

The Doherty coupling cireuitry 252 has a phase constant (i.e., a delay),
typically of % Thus, the output voltages of the amplifying circuitries, 204

and 253, may have a phase difference, m:less a compensating circuitry 254
is introduced at the input of one (or hoth of) the amplifying circuitries, 204
and 253. These compensating circuitry 254 affects the inputs of the
amplifying circuitries, 204 and 253, to eliminate the phase difference

caused by the coupling circuttry 252. The input of said compensating



- 31 26 AUG 20Q4 c) continuously sanpling said nmagnitude of said input
signal, for detecting an excess input signal; d) continuously a difying
the input signal with said main anplifier by supplying a 3éhgpﬁgﬁkoperating
vol t age WBgustssaid main anplifier S circuitry;.e) as l%ﬂ%ﬁﬁﬁyﬂ ,gXCess
i-nput signal is detected, anplifying the input signal by the auxiliary
anplifier circuitry by supplying, to said auxiliary anplifier, the same DC
operating voltage supplied to said mat Rlanmplifier; and 10 f) whenever an
excess input signal is detected, concurrently supplying a variable

i ncrease. |level of DC operating voltage(B~ -+ EV)to said auxiliary

anmpl i f ysir@G ey D34 14 ¥, o, 3 0 i .vol t age ;bei ng
suf ficient _?Igr ef f ect?li/pg?(g/ a&n%{t;ﬁfg?i%ﬁgss E&g?lgél%ﬁ?e%gwﬁ%lg%iadc % ude above
sai d reftemeinyeld.evel . 15 25. Apparatus according to claim12) in which the -

power anplifier is an auxiliary anplifying circuitry (256) used in a
Doherty configuration, the output of said auxiliary anplifying circuitry

" bei i ted I 251 d,bei ted i nbi nat i
w th e aiEve RMERNE SekiRed rifithd Fanibatppbioe SRt ions Enisgh &

Doher t ync I I t i, aux] i |5 fyi ng.cjreuitr

bei ng %gu%%gdq?%}{egﬁg) ?Onﬁﬁﬁc#%éi‘ gtyﬁzlgér@énpﬁ%f :Oerwltlﬁpg?}laﬁé% B%a glhl f%/i ng

ci r cui tAYXI2BAR Yhaviplifyass eitdudiryy niyTbb afcpherd 8B fd 0.1 agaphase shift

t hat i nt roducedﬁ\l%)}/y(\esal d Doherty coupler, 25 .A.A A" . AYy.Ael. A . :

. Au. A\ TUETeRS| ofA the\ MATRN pand, AU IARY AMihph@isgAc@uiirids ASRy AlE. A() . AE. A
A(. A ' :

: N~ MX1 ' ; )
/ zupkf a\ ?\%égaaﬁ% g éﬁpcﬁﬁ %%?‘@é%@aﬁ@‘éﬁréé?% 49 the dayeniieny the eafedl vdiesg ef] ca] cal ca
]zﬁpja]eg[ ca ca| ca] cal] c';Ea] c5 alé:cg%]ggitgg] %%Q/]rﬂégfcélarf%r”‘tas] %fa %%J] W]a&gj ca]calca]”

 ca] ca] cAV&d] EaRYahallifpiptieatdeiebr il YAS TIHd®) 2SS Aidr Hay hbk22n5>: J: V:
X g:i:z<l >?&§¥Ljee [.V] ca].ca] ca] cai;a] caU] ca]ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca

] ca] ca]C4EF afaHee Hf chhoaded aespedteedizabrantii@ngati® VEC to
- @FFFG, | N \ A :
o L A R B P AL T ol et o

PPP
RRS‘?“?TTU_r VWV WAKX[ [\ \\ $\ " ~zuoj e’ [ VI ga\ W ca] ca] ca] ca] cal] ca] caV] ca] ca] c”
a] ca] c e tajlbwitatelcal expadpd slffiafenay caleadualbalealsalisal calgad c aV] ca

MR \éoﬁga?gce(.japg (gl!lg qgg ,f a? iaiuialfjlr(zlgd-kggr various voltage enhancement values,
according to a preferred embodiment of the invention. The curve 602

‘ﬁlustrates: the linear efficiency achieved by a - conventional Class B

amplifier. As illustrated by curve 603, the efficiency is substantially

Improved when the Doheﬂy configuration is conszenﬁianally utilized. The

_ efficiency is further improved when the VEC 202 is utilized for enhancing

the Voltagg supplied to the AUXILIARY émpﬁfying -circuitry of the Doherty
configuration such that the voltage across the load increases beyond Vaax,

depending on the enhancement factor Z (the enhancement factor Z is -
7 deﬁ_nec} as the _rgtio between the level of DC voltage that is supplied to a
power e_tmph'ﬁer for the maximal value of the excess input signal, and the
level of DC voltage that is supplied to said. power amplifier in the absence
of an excess input signal). Curves 603, 604 and 605 Ulustrate the operation
of the Doherty configuration for enhancement factors of Z=1 (no
enhancement), Z=1.5 and 7=2, respectively. If Vgax represents the

maximum voltage across the load for a conventional Doherty configuration,
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10% & (yeprbQbhi (thes aBirHl0M Jorfld@albss YO8 dd ~ 1oko~which the
AUXTLIARY amplifying circultry is fully active and contributes its

maximum power to the load, without enhancement. At this point & the

maximum voltage that can be obtajiled across the load is Vmax. When an
enhancement factor of Z=1.5 is applied, the efﬁ01ency n mcreases from

point g, along the curve to point e. In this case the maximum voltage that

“can be obtained across the load for Z=1.51s 1.33V max.

In curve 605, point @ represents the normabzed voltage across the load for
which the AUXITIARY amplifying circuitry begms to be active, and point ¢
represents the normalized voltage across the load for which the
_ AWGMARY amplifying circuitry is fully active and contributes its
maximum power to the load, Wi._ﬁhout enhancement. At this point ¢ the

maximum voltage that can be obtained across the load is Vapax. When an

enhancement factor of Z=2 is applied, the efficiency 7 increases from point

/> along the curve to point e. In this case, the maximum voltage that can be
obtained across the load for 7=2 is 2Vmax. Therefore, the enhancement of

the voltage that is supplied to the AUXILIARY amplifying circuitry of the
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carried out in a great varietﬁr of ways, employing more than one technique
~ from those described above, all without exceediﬂg'; the scope of the P

invention.
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magnitude’ of an mput signal (Ven(t)) being a modulated signal that is

input to said power amplifier, or a baseband waveform that is used to

generate said modulated signal, is defined as an excess input signal (ES);
b) continuously sampling said magnitude of ‘said input signal, for detecting
an excess input signal;

10 characterized in that it further comprises:

e C) SUpplying a constant level of .operating voltage (+B.) to s‘aidr-lpovver
amplifier, if no excess input signal is detected, said cdnsfént level of
operating voitage being sufficient to effectively amplify input signals
(Ven(t)) -haﬁng a magnitude below said reference level(1); and

15 d) whenever an excess input signal(ES) is detected, concurrently supplying
a variable level (EV) of oper'ating voltage to said power amplifier, said
variable level of operating voltage essentially tracking the magnitude of
said excess input signal, thereby supplying a variable increased level of
operating voltage being sufficient to effectively amplify input signals

.20 having a magnitude above said reference level.

.~ . 2. A method according to claim 1, furthe_r comprising:
‘a) coupling an automatic gain control cireuit (2()9) to the input of said
power amplifier, for controlling the magnitude of said input signal(s)
.25 {Vea(t))prior to ampliﬁcaﬁon;
b) whenever an excess .input signal (ES) is detected, sampling said excess
input signal; and ,
¢) compensating changes in the gain of said power amplifier (204) during
the presence of said excess input signal by controlling the gain of said

30  automatic gain control cireuit, according to the samples of said excess

input signal.
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3. A method according to claim 1, wherein the level of operating voltage is

supplied to the power amplifier (204) by performing the following steps:
a) providing a first voltage source (+B.) for feeding said power amplifier;
b) providing a second voltage source (+B,) for additionally feeding said

-power amplifier whenever an excess input signal (ES)1is detected;

¢) connecting the voltage supply contact of said power amplifier to said

second voltage source (+By) through a variable impedance (203);

~d) whenever no excess input signal is detected, controlling said variable
. impedance to be in its highest impedance state; and

- .e) whenever an excess input signal is detected, controlling said variable
‘impedance tobein a low impedance state, said low impedance state being

"essenti_ally equal to the value required to increase said second voltage

sdur_ce to a level capable of tracking the magnitude of said excess input
signal.

4. A method according to claim 3, wherein a common power supply
provides both the first (+B;) and second voltage sources (+Bv_), the voltage
being supplied by the second voltage source having an es'sentially identical

value, or a lower value, as that of the first voltage source, dependlng on
the additional feeding which is needed

5. A method according to claim 1, wherein the level of operating voltage is
supplied to the power amplifier (204) by performing the following steps:

a) providing a first voltage source (+B,) for additionally feecﬁng said power
amplifier whenever no excess input signal (ES) is detected; |

b) providing another voltage source (+By) for 'feeding said power amplifier

whenever an excess input signal is detected;

- ©) connecting the voltage supply contact of said power amplifier, to said

first voltage source(+Bc) through a variable impedance (205), and to said
another voltage source (+By) through 2 voltage amplifier (203), said

Lo e
R& ()-= 10% R& ()-# 10% R& () - PPQaQ BRSIELC! ! 0#/ 10% R& () - 0*0! 10% R& () - c%
10% R& ()-c! 10% R& ()-! 10% & ()- 10% R& () -

10.R 10 R 10 R*910% R& () - VOP4 1086/R% .fibs OP4



R& () TU7UUV] WY [ <bCl, | 01'10% & ()-W \, '10%=& ()-:!j, ""'10'07&5‘6'8?'(5'-":"?.15',“'”“‘"“.

'10%=& ()-:, '10% - =25 - , ,
& (y-:! 182/«&' O-@N[[[\\\$\bC1)10% & ()-10% & ()-)10% & ()-! 10%_%5()A-U61,L%m10
10, 10! 109& ()-w$\ "~ R r acch<.C

W\ .o
Y7 & ()31 #($10% + & {)-0v% 10% & ()-# 1Q% & ()-|

igoz/f!&c (F ) - %8@%0%%’?%“@%%8%&&8%?@ ofgBea EPE%O b ki }F‘)zsglsfance th ligél_xlxg

nNome! 0 - oP& {1).~ 1 109P&" (.- 44 P epeert
baot ol JEEE AP %%%%%g“%-v&jf%%’gsﬁiﬁow& () - <1 1008 (- =1 109 ()-
; hi kkkkképlwitdneer" £ %kdeks GHpOYE&iENal i ddhted STwiN10MHY batidptyL
10yLyL!) S, %O%ILytL&' ()-8/%5&100 & ()-6l1 +m|alr;l\’g1000’\<r 1

oRe pgarho gt AeSEa i ge;

iIO:Ve\&d?tll %"?L%tg c;; c" 10%1&0')?‘({3 --onpq336(')§e7s8393bsxk"Q’ ] ) )
1 01 100 R} ZFRSRSEES| 8B 0Fxcess inppt 9gne) i qotecied) milowtiogs¢id watiabie
Ya0%& ()itgbgféngéio% rgélaf:ﬂ--lqbss?ﬁéﬁ{%x%tégéé{{ ;ig) allowing said voltage

amplifier to supply a voltage level, being higher than .the voltage of said

first voltage source, to said voltage supply contact of said power amplifier.

10 6. A method according to claim 3, wherein at least one of the variable

impedances is.a.controllable impedance.

7. A method according to claim 3, wherein the variable impedance is an
inductor or a diode.
15

8. A method according to claim 6, wherein the controllable impedance is a
bipolar transistor or a FET.

9. A method according to claim 1, further comprising:

20 a) normalizing levels of operaﬁng voltége, supplied to said power amplifle_r
(204), to corresponding pfedetermined levels (L) of the excess input signal
ES); | -

'b) sampling f.he level of operating voltage supplied to said power amplifier;
¢} generating a voltage difference by comparing the level of operating

25  voltage with said predetermined levels of the excess input signal; and
d) using said voltage difference for operating a negative feedback loop for

accurately conirolling the operating voltage supplied to said power
 amplifier.

30 10. A method according to claim 1, further comprising:

a) normalizing levels of the excess input signal (ES) to corresponding
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\/V\ng/ NCc) generating a voltage difference by comparing the level of RF output

signals with the levels of the excess input signal; and
d) using said voltage difference for operating a negative feedback loop for

accurately controlling the operating iroltage supplied to said power
amplifier.

10

~11. A method according. to claim 1, wherein the level of DC voltage,
suppiied to the power amplifier (204), is controlled, using the baseband
waveform (Vea(t)), by performing the following steps:
a) providing a modulator (303), fed. by a baseband signal source (302). that

15  outputs said baseband waveform,r'for generating a modulated input signal |
to said power amplifier; | )
b) providing a voltage slicer (305) for extracting an excess signal (ES)
from the baseband waveform when the magnitude of the baseband
waveform exceeds a reference level (L);

20 c) supplying a constant level of operating voltage (+B.) to said power
amplifier, if no excess baseband signal is detected, said constant Jevel of
operéﬁng voltage  being sufficient to effectively amplify input signals,
modulated with a baseband waveform having a magnitude below said
reference level; and

25 d) sﬁpplying a variable increased level of operating voltage (+B. + EW)to

' said power amplifier, whenever an excess baseband signal is detected, said

increased level of operating voltage being sufficient to: effectively amplify

input signals, modulated with a baseband waveform having a magnitude

above said reference level.
30

12, Apparatus for improving the efficiency and the dynamic range of a
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780@)XYa7)bg sampling circuit (201) for continuously sampling the magnitude of an
input signal being a modulated signal that is input to said power
amplifier, or of a baseband waveform thatf is used to generate said
5 modulated signal, for detecting an excess input signal (ES) according to a
predetermined reference level (L), aBove which at least a portion of said
input signal is defined as the excess input signal; and
.b) a power supply for supplying an operating voltage to said power
amplifier;
10  characterized in that it further comprises:
c) a control circuit (202), bpéra“iri:ug'in combination with said power supply,
for causing said power sﬁpply to supply a coﬁstant level of operating
voltage (+B.) being sufficient to effectivelj amplify input signals (Veo(t))
having a magnitude below said reference level, to said power amplifier, if
15 no excess input signal is detected, and to concux-'rently' supply- to said
'power' amplifier, whenever an excess signal is detected, a variable
increased leveli of operating voltage (EV)that essentially tracks the
magnitude of said excess input signal and is sufﬁcient- to effectively
amplify input signals having a magm'tudé above said reference level.
20 '
| 13..Apparatus according fo claim 12, further comprising:
a} an automatic gain control circnit (209), coupled to the input of said
power amplifier (204), for controlling the magnitude of said input signal(s)-
(Ven(t)) prior to amplification; '
25 ) circuitry (201) for sampling said excess input signal (ES); and
c¢) a control circuitry (202), for compensating changes in the gain of said
power anip]iﬁer during the presence of said excess input signal by
controlling 'i:,he gain of said automatic gain control circuit, according to the

samples of said excess input signal.
30

14. Apparatus according to claim 12, comprising:



28-02ﬁqtg) &VGJ/M “55':#0) 109’ () # CULIILULVVLALL LU 1UUZZ T

Cc) 109&' () -#!c) 10%&' ()-#! c) 10%<& ( hp#i BVS1096$& () - Y7m } yWsbC !

| N).A7#109% $* $& () - 0! ¢) Z90%R$?$& ()-TO) Z9d0%$& ()- c) ZU0w?& ()-

c) 10%& () -#! Xc) 10%#4&' () -#hijklr~{\: ! . 25 AUG 2004
I | FP$109& ()-S% 10% & ()-! H=. 10%&' ()- 10$ 10$ 10$c

le"/&S&aXa &) ualtageasime (HBDforHpdding said power amplifier; -

. SH10%& () -! S#10% , & () _<I@(85§v0% & ()-M @s$10%~$~&. ()-M , FP$10%~& () -
S FP$10 (epeang yydage spurce (+By) for feeding said power amplifier Whenever

llk+S#1géQ?‘?eS%l%&&k+S#lo c%s% &%qgeéﬁs#m% O & ()-1\i!S#109%@ @& ()-!'Ni!'S

#1092, 2 1090, O, ! *) #* (10%p&' () -

2) #* (10 1;; %
2) 1 SRR Hekiabid nnnct (00 shfhoprdPbetnthn ﬁ%%é%ﬁ%ﬂﬁx% Tosue: ()-
#) #*9 10ed8aid)poWdrvamplifier and said second voltage source;
1'1) v7SH10% & gm & $&109778 ()- P @N$&109$S$S& () - PI $&1o<y<zz& ()-P
$&10%y &) )corirol gizcariy 202) fo5 amsaollingnsaid wariable impedance to be in its
0 0
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to be in a low impedance state whenever an excess input signal is detected,
said low impedance state being essentially equal to the value required to
1‘0 Increase said second veltage source to a level capable of tracking the

magnitude of said excess input-signal:

15. Apparatus according to claim 12, con'iprising:
a) a first voltage source (+Bc) for feeding said power amplifier (204);
15 b) a second voltage source (+By) foi' additionally feeding said power
' amplifier whenever an excess input signal is detected;
c) a voltage amplifier (203) connected between the voltage supply contact
of said power amplifier and said second voltage source, for supplying a
voltage level, being higher than the voltage of said first voltage source, to
.20 said voltage supply contact of said power amplifier; and
d) a control circuit (202), for controlling said voltage amplifier to supply a
~voltage level, being- hxgher than the voltage of said- ﬁrst voltage source, to
‘said voltage supply contact of said power amphﬁer, whenever no excess
input signal is detected. ‘

25 16. Apparatus according to claim 14 or 15, wherein a common power
supply provides both the first (+B:) and second voltage sources (+Bv), the
voltage being supplied by the second voltage source having an essentially
identical vaiue, or a lower valne, as that of the first voltage source,

depending on the additional feeding which is needed.
30
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10  20. Apparatus according to claim 12, further compriéing:
a) a sampling circuit for sampling the level of operdating voltage supplied to
said power amplifier (204);
b) a comparator (210) for generatmg a voltage difference by comparing the

level of operating voltage (vou(t))_supplied to said power amplifier, with
15 the level of the excess input signal (ES); and |

) a negative feedback loop for accurately controlling the operating voltage

supplied to said power amplifier, by using said error signal.

21. Apparatus according to claim 12, _furt]ier comprising:
20 &) a sampling circuit (402) for 's;ampling' the level of RF output signals,
amplified by said powér amplifier;
b) a comparator (401) for generating a voltage difference by comparing
_ between the sampled level of RF output signals, amplified by said power
amplifier (204), with the level of the excess input signal (ES); and

25 c) a negative feedback loop for accurately controlling the operating voltage
supplied to said power amplifier, by using said error signal.

22. Apparatus according to claim 12, comprising:

a) a modulator (303) for generating a modulated signal that is input to the
30 power amplifier (204);

b) a baseband signal source (302) for generating a baseband waveform that
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for causing said power supply to supply a constant level (+B.) of operating
voltage being sufficient to effectively amplify input signals having a
IQ magnitude below said reference level, to said power amplifier, if no excess
input signal is detected, and to supply a variable increased-level (+B. +
EV) of operating voltage being sufficient to effectively amplify input
signals having a magnitude above said reference level, to said power

. amphifier, whenever an excess input signal is detected.
15

23.- A method according to claim 1, wherein the power amplifier is the
auxiliary amplifying circuitry (256) of a Dokerty configuration.

20  24. A method according to claim .23, comprising:

VS providing a Doherty configuration consisting of an auxiliary
amplifier (204) directly connected to aload (251), and a main amplifier
(253) coupled to said load through a Doherty coupler (252);

b) determining a reference level (L), above which at least a portion of
25 the magnitudé of an input signal (18) being a modulated signﬂ that is
input to said power amplifier, or a baseband waveform that is used to
generate said modulated signal, is defined as an excess input signal (ES)
such that said reference level is essentially equal to the level of the input
-signal thatlcauses main (255) and auxiliary amplifier (256) circuitries to
30 output essentially the same power into the load, thereby reaching the

maximal output power level under said DC operating voltage;
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c) continuously samphng said magnitude of said mput 51gna1 for
detecting an excess input signal;

- d) continuously amplifying the input signal with said main amplifier

by supplying a constant operating voltage (Bc) to said main amplifier
circuitry; |

e) as long as no excess input signal is detected, amplifying the input
signal by the aﬁxiliary émpliﬁer circuitry by supplying, to said auxiliary
amplifier, the same DC operating voltage supplied to said main amplifier;
and 7 |
f) whenever an excess input signal is detected, concurrently supplying
a variable increased level of DC operating #Oltage(Bc---i- EV)-to—said
auxiliary amplifying circuitry, ‘said enhanced level of operating voltage
being sufficient to effectively amplify input signals having said magnitude

above said reference level.

25. Apparatus according to claim 12, in which the power amplifier is an
auxiliary amplifying circuitry (256) used in a Doherty configuration, the

output of said auxiliary amplifying circuitry being directly connected to a

load (251) and being operated in combination with a main amplifier (253)

that is coupled to said load through a Doherty coupler (252), the input of

: 'sa'i_d auxiliary amﬁh’fying circuitry being coupled to the input of said main
-amplifier through a phase shifting circuitry (254) having essentially

similar- phase shift to the phase shift that introduced by said Doherty
coupler, |




