PONER AMPLI FI ER LI NEARI ZATI ON USI NG RF FEEDBACK The present invention
relates to a power anplifier having an input connected to a nain port of a
guadr at ureOmgtwa28748pl i tter, said quadrature hybrid spli PCEEPRIONPAN

i n-phase port coupled to an output of sai.d power anplifier through a main
anplifier and another quadrature hybrid, said quadrature hybrid splitter
further having a 90 phase shift port al so coupled of said other quadrature
hybrid. Such a power anplifier PA is already known in comunication
systens, such as do Mobi | e conmuni cat nhanced Dat a
rates for GSM N RIGH EINFARIE; ' NG R &FH KDMA2000,
wi de- band code-di vi gi,on nul tipl e-access and Long,.Term Evol uti on LTE,
Where it is required L Pnve iR R ie s RaBTRn A Dar QIR PR |y

st mul taneoushyyg dBRRYGd LG mdifi Fork! G198 AhlaiGtURCRyBHA chRNEY, 38R
linearity with Inprovenent in one conmng at the expehse of another.

CGeneral ly, tquadrature hybeal ispittemn heyving sl en-phasdgoet @upded| g aand
digital correction _techniques. Conventional base station architectures
usual |y eontoxtRubefusaidpewieri applifigs throygh & mainamplifiesand apelless of

| OOW and hi gher,.i L.ngl e.%ransj r el .J0 Al [ .such PAs,
usually Di g%{uaaldrﬁ’?%}ﬁmgy glr‘]tiai’ ()S%l(l%)lﬂgw}dsr%%%ﬁ ?‘gggf%gélﬂ%tgf ﬁrﬁlgegrr ih%g’fﬁ?%r? systens
requi re di gigealpladerhifte ot atescdupde ®ds 88idosthRe Guadrafldeyhyindat ed | ook-up
tabl es and feedback gath to be able to properly react to changes due to the
| oad, process, tenpeputhire powegppampldieragBAvaisi aalready Theownr rigct i on

factors for o i
communication systems, such as Global System for Mobile

10  communications/ Enhanced Data rates for GSM Evolution GSM/EDGE,

code-division multiple-access CDMA2000, wide-band code-division
multiple-access W-CDMA and Long Term Evolution LTE, where it is
required to operate with high efficiency and high linearity
simultaneously.

15 However, there is a tradeoff between efficiency and linearity
with improvement in one coming at the expense of another. Generally,
the basic linearization approaches are based on analog and digital
correction techniques. Conventional base station architectures usually
contain power amplifiers, which generate output power levels of 100W

20 and higher in two single transistor elements.

To linearize such PAs, usually Digital PreDistortion DPD is
applied. Digital linearization systems require digital adaptive
processing based on periodically updated look-up tables and feedback
path to be able to properly react to changes due to the load, process,

25 temperature, or supply voltage variations. The correction factors for
amplitude and phase computed using the adaptation algorithm are
stored in the look-up tables, and are dynamically updated to reduce

errors between the predistorter input and the power amplifier output.



anplitude and phase conputed using the adaptation algorithmare stored in
the | ook-up tables, and are dynam cally updated to reduce errors between

t he prediwWOa@ftoar2814aput and the power anplifier output. HBGEERR09H06069
substantial linearity inprovement comesow thout incurring a bandw dth
limtati on when the power anplifier can be considered nenoryl ess, which is
not the case for w deband tel ecommuni cation standards |ike CDMA200 or

WCDMA. As said, the conplexity of the adaptive digital predistortion system
IS a serious drawback because it is inplenented with considerable conputing
power of a dHgweser,si gulbdtaptiad dswarityFoxpmeapteny eopresdvithont ineurring i s al so

necessa t full del . th lifi t f h terjstic.
DPD i s & very Meenet dimiation mefaghthe (REuen 2ERIAeEeRde copoidped
conputat| 0nallneﬁIa()frrgieetsB,a m.cg? ! (1)1?9 X GNEL Y &GP %’d@ﬂﬁfﬁ@ Nt e®d ol udddRid Y

receiver, the e transceiver chain and the resulting

conpl exi ty aftahfardd Hke>GIDMA20®6r % EDMAa | ow rati o conpared to the
generated RF-power |evels. Usually for high-power-applications in_the order
of severd ten or evA®sabb thet eamplaxity ef 3@%@."95581@% Predistertiathe

nunber of power amplifiers.in a,base station in¢greases, ;as it s _t.he case
in distri but ¥FteNd He \/S(?r%ﬂﬂsgnq{gwm (?ée[clablﬁ%, It 13Ss TERlgMenge szal

prohi bi ti vel 3RIRGBBIY CcdinPuting POwRG! iof€ aahiSRAR ighalBsFdeedate- oAt i On
applications the nunber of transceiver elenments is about eight to ten. To
instal |l an iadaptiveipredbsgirtiah, frisRilso aetesmary tEicerefublyogodehtlid povar e Array

cach ant ennaBRLER(RESEE GRBRCIrEHG EPHS BIverSHTheeotnd SgitieRha
\IAFIr\gQL z]g{'i gﬂhﬁgaﬁ%ﬁén HeHJEL P hé B mP et ot Ete B &£id @RklyP
consumption of the sampling receiver, the large bandwidth of the
transceiver chain and the resulting complexity of the diplexer filter are
in a low ratio compared to the generated RF-power levels. Usually for
high-power-applications in the order of several ten or even 100 Watts
15 this is the case. But as soon as the number of power amplifiers in a
base station increases, as it is the case in distributed and active
antenna applications, this effort gets prohibitively expensive: e.g. in an
active antenna for macro-base-station applications the number of
transceiver elements is about eight to ten. To install an individual
20 Digital PreDistortion - Field Programmable Gate Array DPD-FPGA, an
individual sampling receiver and a complex duplex filter in each
antenna element is prohibitive in terms of form factor, cost and weight.
In such cases an alternative, cheap, efficient and effective linearization
method has to be applied. The proposed method is of such a kind: it is
25 an analog linearization method with increased efficiency and low
implementation cost.
Existing feedforward power amplifiers which improve

linearity already exist, but those are of inherently low efficiency. Such



met hod has to be applied. The proposed nmethod is of such a kind: it is an
anal og linearization nethod with increased efficiency and | ow

i mpl ement\0I20W/2882. Exi sting feedforward power anplifi @C3/ERRII0G06Dr Ove
linearity already exist, but those are_gf inherently low efficiency. Sucha
basi c analog linearization solution represents a feedforward power
anplifier configuration which block schematic is shown at Fig. 1. The
feedf orward power anplifier systemincludes the main anplifier (MAII),
three couplers (the quadrature hybrid splitter (SPIl), a subtracter (SUI),
and the ot hea hpsiiaanloge limgbrizdtip@Cdlntionarepresentsoabiendforwardopgwes e

shifters (PH I, PH12), .two attenuato. ATLI, AT12), d | ifi
(EAIl). The F—@Fir nggugﬁgopevgg*c &%Fg qc#‘ﬁg%ﬂ't#zh% F%&Q’Bi%etgﬁf&r- ]la's é\slegron

the subtract faarQby 0 SRR aShORAES gsysttgms%%ﬁﬂ}é%ntthsaﬂfﬁu alhpRAeE the

error signal 1n the anplifier output spectrum Its operation principle can
be denonstrafMd1by, theed wouptsre (st @peirhtarathylaid osglifer n{SP L), tdie bl ock
diagram The input signal is split to formthe two ide_rztical parts,

i

al t hough 5 n suliaacker (BA5D: padr the etherequadratyge dphrid (GO dhadsisdes not

need to be equal. Then, a.porti;on of ' £ out mgnral
coupl ed by t%én%&fﬁﬂetfw% "HSS&héﬂeF% (gﬁl@ﬁégwér%%nag%m#%@g%l%ﬁ >and
opposi t e phagq1oPrddPerek alhslifér (ARL).signal to remain an error signal
only. The result of this subtraction is an error signal that ideally

cont ai ns nonl i near dTbe¢ oopératiomniof thendieadfodwiaydt haeasizatianpkirciigr 1s The
error signal is then anplified linearly to the required.l.evel, in order to
cancel the d]i’%st"éirtqlbn&ﬁen subdrartion rtt¥vé’nc?q‘ SEENAlS Bith FURSABEREr . on

the ot hepg i npceRhtion of the error signal in the amplifier output spectrum. Its

operation principle can be demonstrated by the two-tone test spectra at

various points of the block diagram. The input signal is split to form

the two identical parts, although in a common case the ratio used in

the splitting process does not need to be equal. Then, a portion of the

15 main amplifier output signal coupled by the coupler-subtracter is

subtracted from a time-delayed and opposite phase portion of the

original signal to remain an error signal only. The result of this

subtraction is an error signal that ideally contains nonlinear distortion

only generated by the main amplifier. The error signal is then

20 amplified linearly to the required level in order to cancel the distortion

in the main part and fed to the output combiner, on the other input of

which a time-delayed and opposite-phase main-path signal is
forwarded.

The resulting signal at the feedforward linearization system

25 output is an error-free signal and an amplified version of the original

input signal. However, efficiency in this feedforward system is very low

because the power consumption of the error amplifier is significant in

order to obtain the required error signal at the output. In addition, the



whi ch a time-del ayed and opposite-phase main-path signal is forwarded. The
resulting signal at the feedforward |inearization systemoutput is an
error-fre¥o20yiaB74and an anplified version of the origi REI/EPREA0I&6Ynal .
However, efficiency in this feedforwardgsystemis very |ow because the
power consunption of the error anplifier is significant in order to obtain
the required error signal at the output. In addition, thephase shifter and
attenuator at the output path nmake a significant contribution to the
overal | system power |oss. An object of the present invention is to provide
a power anplphaser sbiftethendbattenuatan at yihe putputhpativimake afsignifieany i s

| mproved whil e I nt ai ni at | east a sane od linearity. According to the
i nventi on, t?ﬂ”st%t@é’tpﬂ Q%a?: r@@e%‘f"&‘t}& H‘B’V?lﬂ]g’_sﬁact that said power
anplifier further compy ighRisetBoftREedtRt MHPEhtlos GQLIProtiALi AIpswlRI N pOTt
connected to the in-phase’ port of said quadrature hybrid splitter and a 90
phase shift mpaplifieonofcthed abovanknoput tgpe shutl whereafnphe f efficiersny asit put  of

said main anplifier being connected to an in-phase port of said other
quadr at urfe hyBpFayediwhile mpaingaining ad leastia spmergqod langarituadr at ure hybri d

splitter s connect ededamd 1 tho bAMIg AusuBidRaL stnBlvlieh apuout put

Is coupled to an isoO sai at'ure hybri I 'her via a

first phase ffatfthat ,sai(ilgbvﬁa&‘i Amplifiel fuvtliraédthPriR¥dr guhdrithes Masid 90
phase shift port coupled to a second input of said subtracter via a second

phase shi f t ecombinert havingaa dneimerortjcannaciedetofheiia-phasehporhaf saidmi n
por . conmect e 10 R RS Rl S3L ) ROURY ATBL LELEord T DLACHW o "
10 input of said main amplifier, an output of said main amplifier being
connected to an in-phase port of said other quadrature hybrid, that the
90° phase shift port of said quadrature hybrid splitter is connected to a
first input of a subtracter of which an output is coupled to an isolated
port of said quadrature hybrid combiner via a first phase shifter, that
15  said other quadrature hybrid further has a 90° phase shift port coupled
to a second input of said subtracter via a second phase shifter, and that
said other quadrature hybrid further has a main port connected to the
output of said power amplifier.
In this way, the amplifier is inherently linearized and does
20 not require feedback loops and transmitter chains of excessively large
bandwidths like e.g. in amplifiers with DPD. As a consequence,
significantly higher efficiency is provided for the same linearity as
common feedforward methods. In other words, the amplifier
simultaneously provides high efficiency and high linearity for RF
25 signals.
Another characterizing embodiment of the present invention
1s that said each of said quadrature hybrids has a main port adapted to

receive an input signal, an in-phase port adapted to provide a first



not require feedback |oops and transmtter chains of excessively |large
bandwidths like e.g. in anplifiers with DPD. As a consequence,

si gni fi caMORYIM2EHEr efficiency is provided for the samBCIERPI00606Hs
common feedforward nmethods. In other wosds, the anmplifier sinultaneously
provi des high efficiency and high linearity for RF signals. Another
characterizing enbodi nent of the present invention is that said each of
said quadrature hybrids has a main port adapted to receive an input signal,
an in-phase port adapted to provide a firstoutput signal substantially in
phase with seitgutspnralsubstantiallyen phase vathrpidginnutgigpaba 96° phass de a

second out pulid) 4R RN L {eBul! 3 LEordl SIGRE SERLE AlkfSpRect tO

t he phase of 'sai sirghal ,” and an 1solate@ por e

i sol at ed porfelativé @op!sithsei i€ whth trBSpait denthd phaswf 3aid HeEdgFut N case
of a quadrature hybrid splitter or to the output of an error anplifier in

case of the sjgnal, andran hstated partbTherlattendsalatatt poxtrie chypladdeither taich ar e

for instance.known fromthe, docunent " Quadrature brids, 90 Power Djvi ders/
Corbi ner 2 1 GG rand, S Rep R o RS  HRDG AR, e 8b A ISHALEABIS YO er net

at < wwv. mer TR 80t ord bhipuoOsE %reqxwgﬁ%iﬁér% ﬁpa%%togrt'ﬁteh t Alfe hybrid

has an i nportant advantage conpar to | ase sp at equal

val ues of r ehyladdicombinef.ficients from | oads connected to the in-phase port
and 90 phase shift port or respective, or respective output termnals 2 and
3, the reflection wavke a¥adgauradivhiridnas such asefor mstangg knpwindram 1 and,

consequent | Yine! B8cdMBHE RldAIEuRE 30PhAGs 5 PolleroDRidR g L ieSs NYPri d
10 10 KHz To 40 GHz General Information" available on the Internet at
< www.merrimacind.com/rfmw/05intro_quadhybrids.pdf >

A quadrature hybrid has an important advantage compared
to in-phase splitter that at equal values of reflection coefficients from
loads connected to the in-phase port and 90° phase shift port or

15 respective, or respective output terminals 2 and 3, the reflection wave
1s lacking at the main port or input terminal 1 and, consequently, the
mput voltage standing wave ratio of a quadrature hybrid does not
depend on the equal load mismatch level.

Further characterizing embodiments of the present power

20 amplifier are mentioned in the appended claims.

It is to be noticed that the term ‘comprising’, used in the
claims, should not be interpreted as being restricted to the means listed
thereafter. Thus, the scope of the expression ‘a device comprising means
A and B’ should not be limited to devices consisting only of components A

25 and B. It means that with respect to the present invention, the only
relevant components of the device are A and B.

Similarly, it is to be noticed that the term ‘coupled’, also used
in the claims, should not be interpreted as being restricted to direct



depend on the equal | oad m smatch | evel. Further characterizing enbodi nents
of the present power anplifier are nentioned in the appended clains. It is
to be notWoad138142t he term ' conprising', used in the cP&IFP2008/06Y not be
interpreted as being restricted to the_geans listed thereafter. Thus, the
scope of the expression 'a device conprising neans A and B' shoul d not be
limted to devices consisting only of conponents A and B. It neans that
with respect to the present invention, the only rel evant conponents of the
device are Aand B. Simlarly, it is to be noticed that the term' coupled,
al so used i ncdrimectibas only. Shows, the etofeeofi thiecaxpression fsdéaced ecamtled toed to

di rect connecti ons ly. Thus,. t ) f. th ' a devi A
coupled to a? é@fﬂ_c@gB}rl‘?ﬁﬁﬂﬁ&db%g?mg‘%fﬁ?eﬂg‘fl@% $5§¥)%g.é§%§3|§ﬁ€ﬁ91§9§f0\é#§8&her ein
an output of ofGNiEe A Sirdlile chheGRANECAR nb: BF dbORE'BOT: HRUhENEy !
means that there exists & pat h between an out put of A and an 1 nput of B

whi ch may betlerpaiists achatili gwethein datputas A andeanmpathef Blndieh anay ot her
objects and features of the invention will becone nore apparent and the
i nventi ord i t kepfpaghinclydingatheydeyices @65aeANSTeferring to the fol | owi ng

deser oL Ton of a0 erpgd gk, LGHShbD SERLHTFHL S8 SR SFPEIY 2

draw ngs wherei n® Fig. povera I eras known
fromthe prigAlapécontd Imote PP HTAR! and PRYCInRMRIoN ifelRGHA HeNbekp t he

invention, and Fig. 3 is a block schematic of a quadrature hybrid used in
t he present podersteopbyfieferring to the following description of an embodiment
taken in conjunction with the accompanying drawings wherein:
10 Fig. 1 represents a feedforward power amplifier as known from
the prior art,
Fig. 2 represents a power amplifier according to the invention;
and
Fig. 3 is a block schematic of a quadrature hybrid used in the
15 present power amplifier.

The feedforward power amplifier shown at Fig. 1 is known
from the prior art and includes a main amplifier MA11, a quadrature
hybrid splitter SP11, a quadrature hybrid subtracter SU11, quadrature
hybrid combiner CO11, two phase shifters PH11 and PH12, two

20 attenuators AT11 and AT12, and error amplifier EA11.

The operation of this feedforward linearization circuit is
based on the subtraction of two equal signals with subsequent
cancellation of the error signal in the amplifier output spectrum. Its
operation principle can be demonstrated by the two-tone test spectra at

25 various points of the block diagram. The input signal D11 is split to
form the two identical parts D12 and D13, although in a common case -
the ratio used in the splitting process SP11 does not need to be equal.

Then, a portion S11 of the main amplifier output signal coupled by the



The feedforward power anplifier shown at Fig. 1 is known fromthe prior art
and includes a main anplifier MAIl, a quadrature hybrid splitter SPIIl, a
guadr at ursORYWa2874gubt ract er SU I, quadrature hybrid coRETA200STIG069 t wo
phase shifters PH | and PHl12, two attengators ATI| and AT12, and error
anplifier EAIl. The operation of this feedforward |inearization circuit is
based on the subtraction of two equal signals with subsequent cancellation
of the error signal in the anplifier output spectrum Its operation

principle can be denpnstrate the two-tone jest spectr t vario

points of th@lm?%ﬁu'aﬁrag%méjqﬂ ﬂ%pa’eb%ragm:% fom 2 §w?f odor#d he two
| denti cal 2 I al}.o din
the splitti ng}; I%Or %egﬁggﬁ?}gﬂﬁgggségﬁw rﬁteedoﬁgﬁ e egﬁgﬁig#ﬁgﬁ a}lhagiﬁoer#lﬁgn Sl
of the main gpnhl §18r oyt MHe sédiitlof abipkabtiictioneroapl @ios ghinAcses SU |

I's subtracted froma tine-del ayed and opposite phase portion S14 of the
original sigihat idealgmentains senlipeay glmtprtam Mﬁenvn@tqdebmthednam s

subtraction is er al S13 t.hat,i.de nonl i near

i storti on HRPTEERGVEALE 52, Aok fiRnakyr: e o IaedibeRTs oo a1 s
then anplifigdditdedvel ¢P1 tlﬁeoxfd%ﬂ%br%de?‘tﬁb &;Efoftfbnohg%hetlﬁaﬁ?@)‘é% the
distortion in the main part and fed to the output conbiner COl, "on the

ot her input afdfbddbo 1Ehet putputet@ubthean@Oddpasi the phhee impnhop atlnckignal C12

is forwarded. Th resylting signal, Cl3 at the feedfo rd_linearization
syst em out putioes delave L epRasiterphnge Wadn pathaienal ey Gl2 b farrrdet c he

ori ginal input ol gnapnDlleeu N SEnaP U1 L0, BedBiSale SR dFYS! om

is very | ow because e power I'on “of e error anp
signi fi cant gystemdentput gbaﬁleir@ﬂﬁ&eéaﬁgnabdnar &@ramplified version of the

original input signal D11. However, efficiency in this feedforward
system 1is very low because the power consumption of the error
amplifier EA11 is significant in order to obtain the required error
signal C11 at the output. In addition, the phase shifter PH11 and

15 attenuator AT11 at the output path make a significant contribution to
the overall system power loss.

Instead of using an inefficient feedforward, the power
amplifier of the present invention uses a RF feedback path to create an
input predistortion signal. This power amplifier that is a linearized RF

20 feedback system is shown at Fig. 2. It mainly includes a main amplifier
MA21, two splitters SP21 and SP31, one combiner CO21, one
subtracter SU21, two phase shifters PH21 and PH31, one attenuator
AT21, and one error amplifier EA21.

In more detail, the present power amplifier has an input

25 connected to a main port D21 of a first quadrature hybrid splitter
SP21; more details about quadrature hybrids will be given later.

The quadrature hybrid splitter SP21 has an in-phase port

D22 connected to a main port C21 of the quadrature hybrid combiner



signal Gl at the output. In addition, the phase shifter PHI| and
attenuator ATIl at the output path nake a significant contribution to the
overal | sWyotemg3s8ier | oss. I nstead of using an ineffici @T/EHPeed0oG00nr d, t he
power anplifier of the present inventieB-uses a RF feedback path to create
an input predistortion signal. This power anplifier that is a |inearized RF
f eedback systemis shown at Fig. 2. It mainly includes a main anplifier
MA21, two splitters SP21 and SP31, one conbi ner CQ21, one subtracter SU21,

two phase shj rs P nd PH31, o attenuat or AI21, and .one error

oy PRoer EREDRT) Rormled foan puthyi ol BAT Cp P LR thFp el e SBAS nput
connected to | fi f d I #ﬁg:ea ' i1t t.egnoSP21;
nore detail Sa%g%e?qlﬁ%(ﬁla?ﬁéeé)ﬁggorrli%gﬁsa\ﬁd? e %%gﬁ%{tg% g‘ﬂ?el ’ t(?uggr ature
hybri d spli tpleaseSEidift pert BR3iconpbeied o4 throR ZnpothofthedubtragaterabU2iort C21

of the quadrature hybrid comhi nerCO21, coupled to an output of the power
anplifier trRdign iselatedpartaRghiconaectodrte groynd wWademedamsaZdlur e hybri d

litt P31, a 90 ' . i i nput., of th
sbtract @ U1 andtha aralPhilrs iy R eiabERReEA has 000 Rhabd B, e tance
Z21. The quaskdtO28 dBvibeteddCmanNRpUEBE thesn A A 1ase ML, RAAta23

connected to an input of the main anplifier MA21, and an isolated port C24
connect ed t oispladed popuC2dfconnectedr tor thenpitiplit of tEaRtror/amplifientEA21.t he nmain

amplifier MA21 is copnected.to. an i n-phase rt of the secpnd
qtrjrgdlralture hybri d s;f&‘?t?‘étip“é!:%f_l?heoﬁn éﬁmalﬁﬁ"eﬁ théhlsDé)f’qejgt"égﬁﬂe%‘% ed to
the output ofy-bhesPuel TRITPLE ftherscBladqud Bl atehydid PhfdrSspeANgeted to

ground vi a
10 which a main port D31 is connected to the output of the power

amplifier and an isolated port D34 is connected to ground via
impedance Z41. The second quadrature hybrid splitter SP31 further
has a 90° phase shift port D33 connected to a second input of the
subtracter SU21 through the series connection of a phase shifter PH21

15 and the attenuator AT21.

The subtracter SU21 has an output connected to an isolated
port C24 of the quadrature hybrid combiner CO21 through the series
connection of another phase shifter PH31 and the error amplifier
EA21. In this case, an in-phase port D22 and an isolated port C24 are

20 isolated from each other, so neither input signal flows to the output of
an error amplifier, nor error signal flows to the input. As a result, the
properly phased error signal amplified by the error amplifier EA21
flows to the input of the main amplifier MA21 and to the load
impedance Z31 only.

25 The operation of this system is based on the subtraction of
two equal signals with subsequent adding of the error signal with
opposite phase to the amplifier input spectrum. First, the input signal
D21, all signals being like-labeled as the ports where there are



| npedance Z41. The second quadrature hybrid splitter SP31 further has a 90
phase shift port D33 connected to a second input of the subtracter SU21

t hrough tWe 28wva2882connecti on of a phase shifter PH21 aR@T{ER2008100@nat or
AT21. The subtracter SU21 has an out put 9connected to an isol ated port C24
of the quadrature hybrid conmbi ner CO21 through the series connection of
anot her phase shifter PH31 and the error anplifier EA21. In this case, an

i n-phase port D22 and an isolated port C24 are isolated fromeach other, so

nei ther input signal flo to the output of .an error a Lfier, [ error
signal fl O\ArsaY%‘i‘%ﬂ% ilﬁpﬁﬁvﬁt A gorlnésﬂﬁ?,t“f%édﬁ?@%]r |gﬁrﬁﬁngééé %Piiof)%'gﬂrgnal
anplified by LQr | 1 e.Eﬁgpl . t | '
anplifier I\/A%I}HQ% tlg e;[ e oJe{%jeiiSnpe aﬁ%%Q%ngHI 631% W@&gi)gﬁagﬁ ﬁglf) Qt hi s
systemis based weed h® shibtéq@edli oAt otthé weas@uaime| gaaltimeidelhayadoseadient

addi ng of the error signal with ogposite phase to the anplifier_ input
spectrum Fi PRROSiterRhaseppertiony9h thepmain amplifieraputimyi signal keupledebed as

h wh here . idabl e i i f ' i cal
bt 200 nEhColEE S ALCNE R Btk SRUL b bRBERA B ol o
splitting prgeessigheasSsizahl 169¢m AndEnesest sidlall HElyS AR védHt oF tHis®

-del ayed and opposite-phase portion of the main anplifier output signal
coupl ed by téubtgpétion eis ant errolnesiBRal etdcibaessepdially sontdins acteadlyf then a

b thi s subt PERETSHT Ftaadl pob o Db SeuB wmariyr 8L ns i deal Iy
the nonl i near di st or}or..agtyBrayi dehdy ARBLERINLANEHY b5 cHehrolhe
error signal is then arrp?l pl ed Fll nearPlng%y I?Ee error
10 amplifier EA21 to the required level and properly phased to
compensate for the power amplifier nonlinear distortion when it is
added to its input.
The combiner usually represents a 90-degree hybrid coupler
which means that the error signal is delivered to the input of the main
15 amplifier only, and no error signal flows to the system input. The
resulting signal at the output of the linearized system with RF
feedback is an error free signal in an ideal case or essentially an
amplified version of the original input signal in real practice.
In this system, the consumption of the error amplifier is
20 lower than in the above known feedforward case, since the required
power level of the error signal is lower by a factor which equals the
main amplifier power gain. In addition, there is no need to use lossy
attenuators and phase shifters at the main amplifier output.
The splitters, subtracters and combiners mentioned above
25 can be designed in the form of 90-degree hybrid couplers as shown at
Fig. 3. A 90-degree hybrid coupler or quadrature hybrid is for instance

known from the document "Quadrature Hybrids 90° Power Dividers/



anplifier EA21 to the required | evel and properly phased to conpensate for
the power anplifier nonlinear distortion when it is added to its input. The
conbi ner WORAIWA28H2pr esents a 90-degree hybrid coupl er RETER2M8QHHQ hat t he
error signal is delivered to the input.-oep-.the main anplifier only, and no
error signal flows to the systeminput. The resulting signal at the output
of the linearized systemwith RF feedback is an error free signal in an

i deal case or essentially an anplified version of the original input signal

in real practjce. In thi yste he consupption of the error anplifier is
| ower than i FoEHUNEFHYE Mof@e@f \%ﬁ'@rég&&forQWtﬁW%‘d@iq%&hﬁomr
level of thergrtkt g{ gnal is lower by a factor which equals the main
anplifier power gain. In addition, there is no need to use |ossy

attenuators and phese . sRirfib@idndlcohISfniRi0BiatR) quh&hybrHBYWIf >The splitters,
subtracters and conbi ners nenti oned above can be designed in the form of

90- degree hybrid couphereinds ménfipned tk&lfgthGBSO%ngedQ;ivhierhﬁnmhimapl er or
uadrature hybrid is for  instance .kno fromthe nt " ature

fbri ds 00 POt B Gt BEkA P e 28 SR atibe Mrand B ap 40 Bibormas i on
avai | abl e ong{gaplet 8§ Nelwile Variety of pack%%e po&)tions These devices can

www. rer ri maci nd. coni r f mv/ 051 ntro_quadhybri f > Therein I's nentioned
that the 90 penfermDiwd clenpleGoedtiarg fanatiené:our port networ ks capabl e of

opti ons. These. dbPeRer iNlss: DaerRRb0B0AIP SRR VidmER iBRS! SETPORGr
Di vi der: OneirItUnﬁ{f& %Qltf)ﬁt ts?grﬁa%'axjvhﬂediilﬂf)greﬁr?g t!) n(H'lLét of itﬁg a(;utputs a 90°
10 phase shift with respect to the phase of the other output. Thus, the
outputs exhibit a quadrature relationship meaning their respective
phases differ by one "quadrant" or simply 90°; and
b) Combiner: The complementary function is to combine two equal
amplitude, quadrature-phased input signals into a single output
15 signal.
As an example, when all ports are matched for a hybrid
branch-line combiner shown in Fig. 3, the power entering input port 1,
referred above as main port or merely Input, is divided between the
output port 2, referred above as in-phase port or In-Phase Output, and
20 port 3, referred above as 90° phase shift port or Out-of-Phase Output,
with a 90° phase shift between these outputs, and no power is
delivered to the Isolated port 4.
The quadrature hybrid can generally be implemented with
any lumped or quarter-wavelength A/4 transmission;line elements. A

25 first quarter-wavelength A/4 transmission line having a characteristic

impedance Zo /+/2 is connected between the ports 1 and 2. A second

quarter-wavelength A/4 transmission line also having a characteristic

impedance Zo /+/2 is connected between the ports 4 and 3. A third



into two output signals while inparting to one of the outputs a 90 phase
shift with respect to the phase of the other output. Thus, the outputs

exhi bit awvQuawvEs42e rel ati onshi p neani ng their respect PCEEPR96860d? f f er by
one "quadrant” or sinply 90; and b) Conpjner The conplenentary function is
to conbi ne two equal anplitude, quadrature-phased input signals into a
single output signal. As an exanple, when all ports are matched for a
hybrid branch-1ine conmbiner shown in Fig. 3, the power entering input port
1, referred above as main port or nmerely Input, is divided between the

out put port Quartetaravede eMds transmaissiqpor liner havimigasehaacpenistiand por t

et e BRGS0, SRR AR o o CLTE AL el °
| sol at ed poréuérte?%%‘l‘@ﬁ’éﬂlt £ tQXHéfn‘i’ss‘i@ﬁ‘ ]Qﬁé‘ee[@&'li(axﬁﬁg' apé%wlgﬁcw th

any lunped or quarter-wavelength I/4 transmssion-line €l ements. A first
quart er - waveirepeddnde/ Zo is cmrectsl batwearetheaportyg 22and@r act eri stic i npedance
Zo | | is connected between the ports 1 and 2. A second_ quarter-wavel ength

| /4 transhission |inkh dhecabeue pyampltantcreflacted povwateifadissipatedain |
Cranam ssi onoh rodaldst AgSlSar JBS: Ao e o BRI 4 s ween
the ports 1 giltrdetef chad Fb;ﬁ‘é@éﬁt%"d HypH Al iarsh dsel ¢o4dégx@@ﬁ61 gat-afphhge al so
havi ng characterlstlc i npedance Zo i s connected between the porFs 2 and 3
In the above]éﬁhhﬂﬁee anhbnEﬂlected pomer is dissipated in 50 Wball ast
resistor Ro Zo ConPe (()jl;[eo ntotc](g,adI a1:the n %ﬁerzlof -Is-tages in the power
10 amplifier may differ, depending on the required output power and
power gain.
A final remark is that embodiments of the present invention
are described above in terms of functional blocks. From the functional
description of these blocks, given above, it will be apparent for a person
15 skilled in the art of designing electronic devices how embodiments of
these blocks can be manufactured with well-known -electronic
components. A detailed architecture of the contents of the functional
blocks hence is not given.
While the principles of the invention have been described
20 above in connection with specific apparatus, it is to be clearly
understood that this description is merely made by way of example and

not as a limitation on the scope of the invention, as defined in the

appended claims.



subtracter can be represented by an in-phase (0 degree) or out-of-phase
(180 degree) conbiner. It is to be noted that the nunber of stages in the
power anpWp20uyo28@ di ffer, depending on the required oBCHEP2(SRLG6AN
power gain. A final remark is that enbogpoents of the present invention are
descri bed above in terns of functional blocks. Fromthe functional
description of these bl ocks, given above, it will be apparent for a person
skilled in the art of designing el ectronic devices how enbodi nents of these
bl ocks can be manufactured with well-known el ectronic conponents. A
detailed architecture of the content £leAIMSe functional bl ocks hence is not

given. Wiile the pripcihples of the~inuention have been desgribed above in
connection with spec?‘f ‘ﬁcpgvﬁﬁgraeé B@f,ief }tila\vén? oalbén%ﬁltgﬁ???eﬁﬁgeﬁos?01831’? hat

this descri ppo@n(Ma1erel Yyumatie Wbrif prdta Srop, ry&ida?uadfdtmé ation
on the scope of the invention, as defined in the appended clains. CLAIM5 1.
A power anpl hybed spitteryhaminghputincphase pert {322 emipleddiot aif DREpubofa

an huphash pYPA PPYD) ABBAEH E0uEH GLTpEin G (VD AR i 43P hr ough
I
(D23) al so chunphes haVimspad@ prasashift glowt €DRBPrlsh ¢GRI, ofcdrddagheri zed in
that said pogﬁgdgrgrl)l;é%i}’le);i({ Sr};?)hl,r conpri ses
characterized in that said power amplifier further comprises
10 a quadrature hybrid combiner (CO21) having a main port (C21)
connected to the in-phase port (D22) of said quadrature hybrid splitter
(SP21) and a 90° phase shift port (C23) connected to an input of said
main amplifier (MA21), an output of said main amplifier being
connected to an in-phase port (D32) of said other quadrature hybrid
15 (SP31),
in that the 90° phase shift port (D23) of said quadrature
hybrid splitter (SP21) is connected to a first input of a subtracter
(SU21) of which an output is coupled to an isolated port (C24) of said
quadrature hybrid combiner (CO21) via a first phase shifter (PH31),
20 in that said other quadrature hybrid (SP31) further has a
90° phase shift port (D33) coupled to a second input of said subtracter
(SU21) via a second phase shifter (PH21),
and in that said other quadrature hybrid (SP31) further has
a main port (D31) connected to the output of said power amplifier.
25
2. The power amplifier according to claim 1, characterized in
that the output of said subtracter (SU21) is coupled to the isolated port
(C24) of said quadrature hybrid combiner (CO21) through the series



a quadrature hybrid conbiner (CO21) having a main port (C2l) connected to
the i n-phase port (D22) of said quadrature hybrid splitter (SP21) and a 90
phase shiW0 2868¥@28T4€23) connected to an i nput of said maPRTARRIOOP@E (MA21) ,
an output of said main anplifier being-¢gnnected to an in-phase port (D32)
of said other quadrature hybrid (SP31), in that the 90 phase shift port
(D23) of said quadrature hybrid splitter (SP21) is connected to a first

i nput of a subtracter (SU21) of which an output is coupled to an isol ated

port (C24) of said. quagrature hyhrid conbi ner 1). via a first_phase
shifter (PH399RRECHOMNG Sgéf dirgt ﬂg}asaumrufﬂigﬁnd asperrpriafpphéernas a
90 phase shifgappyt (D33) coupled to a second input of said subtracter
(SU21) via a second phase shifter (PH21), and in that said other quadrature
hybrid (SP31) further has a main port (D3l) connected to the output of said
power anplifier. 2. The power anplifier according to claim1, characterized
in that the output o8- $hedostatamplifier(agcpndinggochuiph dd charadterizediint ed

ort (C2 of, sai.d adrat ure bri i ner . 1) through the . .

geri egco ecf#%tghb‘? %lsbai I@iﬁ?ster §}3{}EH5’§§ ths?’g&%&aﬂﬂa‘g’f?%é‘?? (r)byt%fﬂrﬁl ifier
EA21). 3. T, I | {4 i L I L0 that
Lhe 90" phase S Pro soR PR {d e S4EAN DR 0F Sl PLEb fracttRISRADIHERALR | ¢
coupl ed to ttle seciesdcompdtionf ofasadds wetaml tpdrase SkRifjert (PH2IN ahd seri es

connection of said seé%qlgii phase shifter (PH21) and an attenuator (AT21). 4.
The power anpitERrpaory Wi ng to claim1, characterizedin

10 4. The power amplifier according to claim 1, characterized in
that said other quadrature hybrid (SP31) is a second quadrature
hybrid splitter.

5. The power amplifier according to claim 1, characterized in

15  that each of said quadrature hybrids (SP21; SP31; CO21) has a main

port (D21; D31; C21) adapted to receive an input signal, an in-phase

port (D22; D32; C22) adapted to provide a first output signal

substantially in phase with said input signal, a 90° phase shift port

(D23; D33; C23) adapted to provide a second output signal exhibiting a

20 relative 90° phase shift with respect to the phase of said first output
signal, and an isolated port (D24; D34; C24).

6. The power amplifier according to claim 5, characterized

in that the isolated port (D24; D34) of each quadrature hybrid splitter

25 (SP21; SP31) is coupled to the ground through an impedance (Z21;
Z41).



that said other quadrature hybrid (SP31) is a second quadrature hybrid
splitter. 5. The power anplifier according to claim1l, characterizedin that
each of SWPQIW/BEMAt ure hybrids (SP21; SP31J CO21) has ECK&IPR0086PG6Y D21 ;
D31; C2l) adapted to receive an input signal, an in-phase port (D22; D32;
C22) adapted to provide a first output signal substantially in phase with
said input signal, a 90 phase shift port (D23; D33; C23) adapted to provide
a second output signal exhibiting a relative 90 phase shift with respect to
t he phase of said first _output signal, and an isolated port (D24; D34,

C24). 6. The power afpl th’i%’rW%rc%%‘vpéﬁ%ﬁﬁ aesordingtoslaoy &'g'ﬁé‘?‘i'tfé’é'edﬁnt hat

the isol at ed : 0 C r r i I:hter «.SP21:
SP31) is coug{?%é{}%%%%tegla? éﬁ‘ﬁd@%?o@é%@g slgﬁr%g&&r@%@“@%ﬁﬁéﬁl@%&%ﬁe power
anplifier act@O@ini éoupléditnthe oahiittes £ bERR dplifist (EA21).s0l at ed port
(D24; D34) of said quadrature hybrid conmbiner (CO21) is coupled to the

output of an error anplifier (EA21).



