15 AUG 2006 FEEDFORWARD AMPLI FI ER W TH DUAL LOOP BACKGROUND OF THE p
I'NVENTI ON The present invention relates to a |linear anplifier for uggﬁ%%¥Wy
in 5 the high-frequency band and, nore particularly, to a feedforward
anplifier wth dual |oop, which is provided with a distortion detection
circuit for detecting distortion produced by a main anplifier, and a
distortion elimnation circuit which anplifies the detected distortion

conponent by a firs HH in i ﬁ?ﬁp. j ified
conponent into the oEF%ﬂ?Fggev%ggﬁﬁhgkggiﬁ '$@¥f§ﬁﬁ{%ﬁfh§ﬂﬁgy cancel the
di stortion conponent and wherein the distortion elimnation circuit
conprises a distortion detection <circuit which detects a distortion

conmponent p  F i and a distortion elimnation
circuit whic cm%mdﬁtgﬁwm l|\Ion conponent by its injection
into the first auxhi bt : | ' f:ar

nobi | e conmuni catﬁ%ﬁéﬁ%ﬁ@gbgtls?ggﬁm?ﬁgﬁrph |lg;18?ﬁﬁ£s:eﬁgﬁgﬂn¥tl I ng
power aml i fjLhiohl r | 4 ' ' t wo
poter anp! ! HehighllisohERey Batershd, 3ok fartcul 415 AGRERRABATARE Rl
circuit madeigpdghl Rop), %i’i'chti%gﬁéfzﬁiedpﬁfith_aoﬁis@orﬂfﬁi BeRPHbhdiffuieRgt a | i near
signal transfer path, "and the other of which is a 20 distortion elimnation

circuit madgetsRtid _cﬁsf@‘ﬁ@n?ﬁi@ﬁﬂceﬂ@%hﬁﬁn%ﬁ liABfl ahd &l d§dteFtidPN i nj ection
path. The linear Signal transfer path is forned by a delay |ine and a phase

i nverter ci gfifiihatidARirgiinwiiehamplifesierdastied dstdrioiesbipoRestebyy | i ne.

The distortion injection path is formed by a variable attenuator, "a

vari abl e phéige ahifiasf amplifeer ankinjesrsthamphplified coddpdivmtiinfithesowpak t o

the feedforward anplifier is divided by a power divider circuit to'the
signal 10 angfoen theniarmnplier ito eherebiyanakel thrndisesrtiont dorapontheandi n

anplifier. The output signhal fromthe feedforward anplifier is -1 15 AUG

2006 provi sdrtrém thepdistortionndlimenatvdn circei wommssezua distertiorodeteetionai n
circuit which detects a distortion component produced by the first amplifier
and a distortion elimination circuit which cancels the detected distortion
component by its injection into the first auxiliary amplifier output.

15 A radio base station for mobile communications employs a
feedforward amplifier in a transmitting power amplifier. The feedforward
amplifier is composed basically of two signal cancellation circuits, one of
which is a distortion detection circuit made up of a signal transfer path of a
main amplifier and a linear signal transfer path, and the other of which is a

20 distortion elimination circuit made up of a main signal transfer path and a
distortion injection path. The linear signal transfer path is formed by a
delay line and a phase inverter circuit. The main signal transfer path is
formed by a delay line. The distortion injection path is formed by a
variable attenuator, a variable phase shifter and an auxiliary amplifier.

25 The input signal to the feedforward amplifier is divided by a power

divider circuit to the signal transfer path and the linear signal transfer path of

the main amplifier. The output signal from the feedforward amplifier is
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signal transfer path and the distortion injecting path. Wth such a
feedf orward anplifier, a nonlinear distortion conponent produced by
main anplifier are detected by the distortion detection circuit and the 5
detected distortion conponent are elimnated by being injected into the main
anplifier output path so that the distortion conponent and the main
anplifier output are opposite in phase but equal in anplitude and del ay.
Wth the re : ' | i s : ' : ' i 0N, is now a
dermnd for - SravacT oY, pduet ELAtine: RbidPRLina B RS AR REHAR 1t 2t on

use. The bass?%ﬁélat&éﬂﬁe{“ gﬁtmaﬁawh@@bﬂﬁﬁ{rﬁ{'béﬁﬁg fa‘ﬁH.de'WitH suchRsm tting

power anplifi®r, an antenna, etc. The reduction the power consunption of

the transm tfbéaﬂ)rn@aa@rmﬁgﬂﬁbhi £hohBn&ir @istdrvidnl ébmgbﬁéﬁit PrIRRENDY fie the
radi o equi pnment. To reduce the power consunption f the transmtting power

anplifier, 'rhah‘ﬁahﬂiﬁé}%%%@t@ctb@rl?g“ﬁi&%ﬁ)ﬁibﬁ déte€fibh etresyart tHehe
feedf orward anplifier. The attai nmént of high efficiency for the
f eedf orwgr d duiedtetl distdrtiati dorapdientire @dizRirdied b BeihgnsjeRtedintbhtie MBI
anplifier and the auxiliary anplifier. The increased eff’iciency of
i ndi vi dual amplifiee bugpuitcpithsopranttisdisesitiin eompbntheand Wee negdasunpt i on of
anplifier. Thi's allows mniaturization of the cooling body of each 20
anpl i fier angmpHfietougpud dre appaisitesnrpitisetineqedl imenplitete eadsdeinyi on and
downsi zing of the transmtting power anplifier. The efficiency of the main
anplifier can be iWithetheadcest rapid prolifgratidhiofimobjleamphinunécatiorg thase &
class-B push-pull anmplifier. In general, when a sem conductor anplifying
el ement of trivewangé¢mbndrfor snmpk lawepower eon@mphiernciaass eGuipment fordbdseon,
the linearity of the circuit is poorer than under the class-A bias
conditi 66. Atatiah eseed The bisevstationwadizy equipmentntompeises dimoderi an
conponent resulting fromthe agpl ication of the class-B bias to the -2 15
AUG 2006 ndransamptingiporwerf ampliftescati onteand, etmpl | Thereductidre oftherposterd by
t he conventional feedforward configuration. . . o

consumption of the transmitting power amplifier is effective in

][ShAeUG 2006

miniaturization of the radio equipment. To reduce the power consumption
of the transmitting power amplifier, it is indispensable to increase the

15 efficiency of the feedforward amplifier. The attainment of high efficiency
for the feedforward amplifier requires to increase the efficiencies of the
main amplifier and the auxiliary amplifier. The increased efficiency of
individual amplifier circuits permits reduction of the power consumption of

( amplifier. This allows miniaturization of the cooling body of each

20 amplifier and, as a result, enables reduction of the power consumption and
downsizing of the transmitting power amplifier.

The efficiency of the main amplifier can be increased using a
high-efficiency amplifier such as a class-B push-pull amplifier. In general,
when a semiconductor amplifying element of the amplifier is operated under

25  the class-B bias condition, the linearity of the circuit is poorer than under the
class-A bias condition. As referred to above, however, the nonlinear

distortion component resulting from the application of the class-B bias to the
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On the other hand, to enhance the power efficiency of the auxiliary
anplifier inserted in the distortion injection path of the f eedf or wal’ &G 2006
anplifier, it is necessary, in general, that the sem conductor anplifying

el enent of the auxiliary anplifier be operated under the class-C bias
condition. Wth the above-described feedforward configuration, however, it
Is inpossible to elimnate a nonlinear distortion conponent produced by the

i fier . , : I e toutili 10

Feedr or var d 1ol PR S B8 RS SpRpBRer Frhder itk et i ng ¢ ne
1 . C o distorti i ect | th

the auxi 11 aropr saeel B EPEEH LGRS, S 5 i1 on et ebti on cifoui t and

the distorti I+ i , . . : o

(e G STOTEion SO I et AT pRVBS AUAKPURTRLL e o @

auxiliary a_’H?hBﬁﬁ%f iﬁs?ﬁéi? edistortiobenfetidd ﬁéﬁfr@m{e feeBForthRiOr L1 on

detection circuit, and the etected distortion conponent 1s elimnated by

the auxi ki armpmbf,fitesrneéiésﬁ%ﬁréﬁhg@n@félmmtth@@eﬁiiégﬂa&cto% 1§ﬂiiﬁgst02g”e,

it is possible to apply to sem conductor anplifying el ement o
auxi liary amémenebf#he Quitlifiyeimhplifiepby-cpmhicd Graddrafe e O6iaki as
condition other than the clas5-A " bias condition. Fig. | illustrates in

bl ock form tdyndigon entWithahefabprleod ek ibe defe dfdrvedrdé it @s@ion) hésranrese
Pat ent Application Laid Open Gazette 2000-296645 (corresSpondi ng US patent

N. 6, 320, 461t isTheposdibRs 10a¢lethindteleedhbng@r distorplon§ d@hipbaefibp dieed by
distortion detection circuit 10 for detecting a distortion conponent

e b e et bl e 1t 50 o
di stort10n deedfdrmardadondigurafibnifer tlee distottjormirgegtiah patlirsdladimatie 10A of
the main anplifier 14 and a linear signal transfer path 10B. The
auxiliary amplifier.
More specifically, the distortion injection path for the auxiliary
amplifier is formed by the distortion detection circuit and the distortion
elimination circuit, regarding the auxiliary amplifier as a main amplifier.
15 The nonlinear distortion component produced by the auxiliary amplifier is
detected by the auxiliary-amplifier distortion detection circuit, and the
detected distortion component is eliminated by the auxiliary-amplifier
distortion elimination circuit. With this scheme, it is possible to apply to
the semiconductor amplifying element of the auxiliary amplifier a
20 high-efficiency-amplification-enabling bias condition other than the class-A
bias condition.
Fig. 1 illustrates in block form the conventional feedforward
amplifier disclosed in Japanese Patent Application Laid Open Gazette
2000-286645 (corresponding US patent N. 6,320,461. The illustrated
25 feedforward amplifier is made up of a distortion detection circuit 10 for

detecting a distortion component produced by a main amplifier 14 and a

distortion elimination circuit 50 for eliminating the detected distortion
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i nput signal to the input termnal 8 of the feedforward anplifier is q‘(%%g
5 by a power divider | | to the main anplifier signal transfer path f
including a variable attenuator 12, a variable phase shifter 13 and the main
anplifier 14, and to the linear signal transfer path 10B nmade up of a del ay
line 15 and a phase inverter circuit 16. The outputs fromthese two paths |
QA and 1 OB are conbined and then divided by a power conbiner/divider 10 17.
The divi ded g &tdre provided to amain signal transfer path 10C and a

di stortion inj |on'path 10D which constitute the distortion elimnation

circuit 50. The ngip gistHifiontdABSiEH cRdulk 10 chdrﬁlécpbﬂ"%d? gnaptaﬁ!sﬁex patie S

1. The distortion injection path 10D is conprised of st auxiliary

anplifier 1PAoFties mAn ARHRAEF 99 aid £ UinkabBiohal tEpkRGt rpaﬂﬁ JOBli st i on
conponent produced by a first auxiliary anplifier 63, and a first auxiliary

amplifier digper sigaal tetheminpit iteiniial @ubf théfebdforvdrdcdmplifiches devideted
distortion conponent into the first auxiliary anplifier output in such a

nmanner a§ t Gybepomradivleri ]l phideemait amgjlﬁﬂen digaapiratisfée patid 10&] ay to each
other as referred to 20 previously. The rst auxiliary anplifier distortion

detection ciincluding@ varigble attenuatdri 5ta vartablegphasarshifiér €8 asidghel maiansf er
path 16E including a variable attenuator 61, a variable phase shifter 62

and the firamplufiet 4y gndopthd liaealﬁﬁgnahndnafe‘rlpash @B imader yp atfjal délapr

| inear signal transfer path 16F including a 25 delay |ine 64 and a phase

i nverter ciling 15 afd arpeassuinyetter Cirouitt Hes e Thecoutpatshfroft thesed wib pathise

conbi ned and then divided by a power conbiner/divider 66. -4 15 AUG 2006
The first aldA andyl Obvpte comrblmdsandtthcm dévidedrist & povedrraunbing/divideri ses a

first auxiliary anplifier main signal transfer path 17G formed by a delay
I'i ne 7110and7a” fThedivided) SI@n@lsmpirw@eddosa orain signaljteansfenpaty HOC17H
netuding 2 13'a distortfon injection path 10D which conStitate the distortion.
elimination circuit 50.
The main signal transfer path 10C is formed by a delay line 51.
The distortion injection path 10D is comprised of a first auxiliary amplifier
15 distortion detection circuit 60 for detecting a distortion component produced
by a first auxiliary amplifier 63, and a first auxiliary amplifier distortion
elimination circuit 70 for injecting the detected distortion component into
the first auxiliary amplifier output in such a manner as to be opposite in
( phase but equal in amplitude and delay to each other as referred to
20  previously.
The first auxiliary amplifier distortion detection circuit 60 comprises
a first auxiliary amplifier signal transfer path 16E including a variable
attenuator 61, a variable phase shifter 62 and the first auxiliary amplifier 63,
and a first auxiliary amplifier linear signal transfer path 16F including a
25  delay line 64 and a phase inverter circuit 65. The outputs from these two
paths 16E and 16F are combined and then divided by a power

combiner/divider 66.



5 second auxiliary anmplifier 74. The outputs fromthese two paths 176,304
17H are conbi ned by a power conbiner 76. The distortion elimnation circu
50 conbi nes the outputs fromthe main signal transfer path 10C and the
distortion injection path I OD by a power conbiner 53 to elimnate the

di stortion conponent produced by the main anplifier 14, and the conbi ned 10
signal is output as an output signal of the feedforward anplifier to the
output termnal el E1k 4 b i i wal r ;i tzpj ection path
b, formed | as faSilor aary A dmpIEler Uiabnidy SRl SRR TP Four T oops:
that is, it dofnprieses fiastabaliBa) anfstifidtanhivRigehl thastiShaht 1 70 fHahedt i on
circuit 10, the loop 15 of the first auxiliary anplifier distortion
detection cibycaldels0ling Ne, hadp ffsttauiliddyr sphiiver Idistoytianmh]dotion shtht ortion
elimnation circuit 70 and the loop of the distortion elimnation circuit
50. The fourl TEQW@Iudh% aeapRbdle uttbyuateq 7Y, advdrinbdomhagk shéfter B3 andrd abl e
attenuators and vari abl e phase shifters (12, 13), (61, 62) and (72, 73) so
that 205t heeoon¢auxdigyamplifiem7dhe Hpbufpues frorprthbse twogaths 0@Chamdid t he

| i near signal transfer path becone equal in anplitude and in delay and
opposi te i n 17basecombened bytpovendoatbinbr6t hd eidmtortsorgeRhsnétiom t he
mai n signal transfer path and the distortion injection path becone equal in
anpl i t ude amdrcuihS@ebmbinesi thpputpute fiomphaseainsigaghtranster pathn 1§€hamndl |

i mprovenment in 25 the nonlinear distortion of the feedforward anplifier
depends on the distqution injectionfpatihd Olbby<a pyweheondjiner ABrp edimirtage the i abl e
attenuators and _the variable phase shifters. The accuracy of adjustnent is
descri bed i istostion camparems prodpesd by thamaain guplifieatlid enddhetcombined
7-77330_entitled "Automatic Adjustnent Circujt for Feedforward Amplifier."
For exah®l e signalds oxtput asmn puitmd agualef hedeedforavardampliier te she putputdi ng
an anount of distortion conpression over 30 dB are within 2' and within 0.3
dB, respectﬁ@@ﬁ?ﬁ-@-fron1mhich it is seen that precise conditions are

[ d the d f.. . . . C e
' iposed on the e%rh%eau%nhary amplifier in the distortion injection path 10D, formed

6
t

as feedforward amplifier, needs to balance each of four loops; that is, it is
necessary to balance the loop of the distortion detection circuit 10, the loop
15 of'the first auxiliary amplifier distortion detection circuit 60, the loop of the
first auxiliary amplifier distortion elimination circuit 70 and the loop of the
distortion elimination circuit 50.
The four loops are respectively required to control sets of variable
( attenuators and variable phase shifters (12, 13), (61, 62) and (72, 73) so that
20 the output signals from the amplifier signal transfer path and the linear
signal transfer path become equal in amplitude and in delay and opposite in
phase to each other and so that the output signals from the main signal
transfer path and the distortion injection path become equal in amplitude and
in delay and opposite in phase to each other. In general, improvement in
25  the nonlinear distortion of the feedforward amplifier depends on the
equilibrium of the loops by the adjustment of the variable attenuators and

the variable phase shifters. The accuracy of adjustment is described in
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bal ance of transm ssion characteristics and conpl eteness of adj ust nelgtAUQ_f
the distortion detection circuit 10 and the distortion elimnation circul
50. In practice, it is not easy to conpletely naintain the bal ance of the
respective circuits with the distortion detection circuit 10 and the
distortion 10 elimnation circuit 50. Further, even if initialized
perfectly, anplifier characteristics change with variations in anbient

t t : nd,: ' | diff] . 1 t abl

mai ncain ¢ nde B PARR DubHedPR CRE N 7230 ghBUbChatditalict or " ong
iod of i . e i di : ¢ : . it

nd the . 15 /austReR SRRt o e B! PO ot RS R '
fect bal it . : . e

D1 ot i gnar gkl deTufion S Fo AR en s it ORI Gp B Y SLERRL R ERgORINT 7 °

Pat ent Publ i | %@éfl A da,,ﬁ@]' ' Pf%ﬁ%é h

s?hgge i g dgg?rl t%gs OI n o?nhg ﬁé\&ﬁgﬁg%ga%ﬁlm chi Ylka&?é%g{gﬁ , tplrgﬁ’fe?y

Low- Di st 9rt ifpsmAQhMH ftljs S8&h kiedr peiseldoRidifihs Np@iﬂlﬁomﬁhé%{é[g?@e gyst ens

--- Self-Adjusting Feed-Forward ‘Amplifier (SAFF-A)---," Institute of

El ect roni cs ball sy @ﬁirhﬁﬁn@é@@&@ﬁﬁ%t@ﬁétii@arﬁmﬁbﬂﬂﬂéfen‘éfss @)F@ﬂjhstﬁﬁ%it of
Commruni cations Systens Techni cal Report, RCS90-4, 1990. A feedforward

anpl i fier with distpriavedetdorivn ¢izedit 10 antithl disesrtionelimdnsddmeneait 30
capabilities is disclosed, for exanple, in Japanese Patent Application

Lai d- Open Gdnqirhetide, it 2006t 8a39RBcorfptettBedfintun dhe bahlrick ¢fithes a

nodi fication of the prior art exanple of Fig. 1. As shown in -6 15 AUG 2006
Fig. 2, the respecablecciadtiienuatiothebdistdrtionvdeteetibr citvaste] 8 hntltthe doationt he
dpl ay line 64 of the first auxiliary anplifier distortion detection circuit
in Fig. 10 artimeatioangechit 50podiurthwer, esenaf iratikkized perfeatlyr afipleiet t he a
vari abl e phase shifter 56 are provided i nmedi ately preceding the first
anplifier dichnoadtenstiss dearge woth vanations 80 amimenttem peratigieg paversupptiuced
bet ween stages of the main anplifier 14 is extracted by a directignal
coupl er fromndme farthifroalsnglit very difficult to stably maintain the above-mentioned

7t006

circuits on well-balanced condition for a long period of time.
As a method for maintaining the distortion detection circuit and the
15 distortion elimination circuit of the feedforward amplifier in perfect balance
with high accuracy, an automatic adjustment scheme using a pilot signal is
set forth, for example, in the afore-mentioned Japanese Patent Publication
Gazette No. 7-77330, and a device implementing the scheme is described in
( Toshio Nojima and Shoichi Narahashi, “Extremely Low-Distortion
20  Multi-Carrier Amplifier for Mobile Communication
Systems---Self-Adjusting Feed-Forward Amplifier (SAFF-A)---,” Institute
of Electronics, Information and Communication Engineers of Japan, Radio
Communications Systems Technical Report, RCS90-4, 1990.
A feedforward amplifier with improved stabilization and distortion
25 compensation capabilities is disclosed, for example, in Japanese Patent
Application Laid-Open Gazette No. 2000-353923. The feedforward

amplifier is a modification of the prior art example of Fig. 1. As shown in
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a pilot signal detector and controlled by a controller 97 so that it
detected level is mnimzed. 10 In Fig. 1, the variable attenuator 61 and
the variabl e phase shifter 62 on the input side of the first auxiliary
anplifier 63 are shared by the distortion elimnation circuit 50 and the
first auxiliary anplifier distortion detection circuit 60. This presents a
probl em t haig; gv f fe it . Ll L b

G storti on SUEertrEn APIEReRsdlef (R valfaple tfsq SR MR delay o o

and the varjaple BPﬁ%ﬁ%itiJd)éﬁaxgﬁgrgﬂﬁgivé?gﬂi%ﬁoﬁfdét@&i%ﬁbﬁ%ﬁfttihqni . 1 are

elimnation circuit 50 cannot b ed. Moreover, there 1s a r obl em

that when t gechal &t gi)sifﬁfaﬁl_; & wdrpdl] e ARteBLibtr Y hoA thé AGHIriable phase achi eved,
the bal ance of the first auxiliary anplifier distortion detection <circuit

60 cannot _behifegcitdre BRVidEd itimediatdlyehescdethedtitst andilFmdidiRh 1 er

as depicted in Fig. en distortion occurs, the control range in the
control 12r gétreopneiscwt 60t aatliopilof siphel Bnddddetbbétvedosthges of thdmdihr st
auxiliary anplifier 63 for the actual distortion range, making it

i mpossi bl e ampifad 14 ¢oextrattediey pidinictivnghabupldrtthori thie feedfirtwardty. 25
SUWARY OF THE INVENTION It is therefore an object of the present invention
to provide amplifiérSoutpGt Zizboutpae dfom whe poavgrl ddmbinestirarpksnddtectedslyy

bal ance control of the distortion injection path including the

f eedf or war daquidtisigmadetecioriandycatpbliéd by .a caiteolee8? sovthatitadetédtedr with
a dual loop according to the present invention conprises: 5 a distortion
det ecti on cilewaliis mintmzéchcl udes a nmain anplifier for anplifying an input
si gnal and detects a nonlinear distortion produced by said main anplifier;
and 10 In Fig. 1, the variable attenuator 61 and the variable phase shifter 62

anplifier output (the output fromthe power conbiner 53) and is det elgtA%gle%

on the input side of the first auxiliary amplifier 63 are shared by the
distortion elimination circuit 50 and the first auxiliary amplifier distortion
detection circuit 60. This presents a problem that even if the balance of the
first auxiliary amplifier distortion detection circuit 60 is achieved by the

15 variable attenuator 61 and the variable phase shifter 62, the balance of the
distortion elimination circuit 50 cannot be achieved. Moreover, there is a
problem that when the balance of the distortion elimination circuit 50 is
achieved, the balance of the first auxiliary amplifier distortion detection

( circuit 60 cannot be reached.

20 Further, in such a modified feedforward amplifier as depicted in Fig.
2, when distortion occurs, the control range in the controller 97 becomes a
fraction of the amplification factor of the first auxiliary amplifier 63 for the
actual distortion range, making it impossible to stably control the pilot signal
with high sensitivity.

25
SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a
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a distortion elimnation circuit which includes a first auxiliary qggbh&b&;
for anplifying the distortion conponent detected by said distortion
detection circuit and cancels the distortion conponent by injecting the
anplified distortion conponent into the output fromsaid main anplifier;
wherein said distortion elimnation circuit constitutes said dual |oop
including a first auxiliary anplifier distortion detection circuit for
detecting k&@g | [ ' ' @Pﬁ{ Iy« anplifier
and a fi rst?e%g?aum@%%%%%?%péﬁﬂggg%??%?@(‘%ﬁ%n@?@on cFL%%ﬁhl% i ch has
a second auxiili l: 4, &1 e BRIt ' | t
ook 0¥ TR ih e She RERIDHY B RS ALk By SRTBRnEr

det ected by Irst auxilTary anplifier ncircuit and

cancel s the di stoppb%edﬁﬁ%}ﬂeaﬂﬁﬁﬁﬁeﬁwiﬂq hidust 1@5@&%&@@11%%8%9 Es

injecting the anplified distortioh conponent I nt he outptt fromsaid first
auxi liary appbddtict borrif?is\é’@?rei n said distortion detection circuit includes
first electrical variable attenuator nmeans and first electrical variable

phase shj fter neagsistorgen idetedtior brchitRuliichahbliffessehthifintpiafiet fdr er ;
wherein said distortion elimnation circuit includes second ‘el ectri cal

variabl e at hmpliaﬁym% ardnpubpignaanddevedts aenlppagelistortibarprodaced byser t ed
25 in the input path of said first auxiliary anplifier; whérein said first

auxi liary aspid miagt agiifeert;iapd el i mnation circuit includes third
electrical variable attenuator neans and third electrical -8 15 AUG 2006
vari abl e phase shafdistortieardimimacionedrduit Wiach ipeltudpaahfinst asailiaryecond
auxiliary anplifier; wherein said first auxiliary anplifier distortion
det ecti on camplifier foradmph$yihguheistoetton icoatporzeritatetectatdtbynsetdatistoetion and
fourth electrical 5 variable phase shifter neans inserted in the input path
of sai dl@i r detestbon ¢izeyit andpdaniceks theaistostiod domepénemtary injeptingithe f urt her
conprising control means_which controls said first variable attenuator
nmeans, sai damplified distapien phaywnent interthe output from said main amplifier;
wherein said distortion elimination circuit constitutes said dual loop
including a first auxiliary amplifier distortion detection circuit for detecting
a nonlinear distortion produced by said first auxiliary amplifier and a first
15 auxiliary amplifier distortion elimination circuit which has a second
auxiliary amplifier for amplifying the distortion component detected by said
first auxiliary amplifier distortion detection circuit and cancels the distortion
component of said first auxiliary amplifier by injecting the amplified
( distortion component into the output from said first auxiliary amplifier;
20 wherein said distortion detection circuit includes first electrical
variable attenuator means and first electrical variable phase shifter means
inserted in the input path of said main amplifier;
wherein said distortion elimination circuit includes second electrical
variable attenuator means and second variable phase shifter means inserted
25  inthe input path of said first auxiliary amplifier;
wherein said first auxiliary amplifier distortion elimination circuit

includes third electrical variable attenuator means and third electrical
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neans, said second variabl e attenuator neans, said second variable H@%ﬁﬁ;ﬁﬁﬁ
shifter neans, said third variable attenuator neans, said third variable
phase shifter means, said fourth variable attenuator neans and said fourth
vari abl e phase shifter neans to effect balance control of said distortion
detection circuit, said distortion elimnation circuit, said first
auxiliary anplifier distortion detection circuit and said first auxiliary
anplifier di ' L 17 | ' It ' : sent

Mvent i on, o fAAe Phagp SEUCF BN Ser futhe PR Sl Sl REcBRET ) ance
of the firstyayKih |i#@p! i fier distortion detection circuit is controlled
by the variabl e attenuator”  and the variable phase shifter inserted in the

i nput path of theyhérgin s’amiﬂiﬂs@!aﬁxﬂ[ﬁi?izfﬂlﬁliﬁ@i*@liétbﬁiéi)db%@icﬁﬁéﬁéﬁﬁ of the
distortion elimnation circuit is confrolted by the variable attenuator and

the vari abl énphriee folirthtdectritat vhgidbldatibguatop wicdmtahdfolie elédtsical
auxiliary anplifier distortion detection circuit. This brings the distortion

el i m nat b on veirfablé phiape shifdraneansiirtseeted iafthe dhpogpitheobedidrtet atixiligyf i r st
auxiliary anplifier distortion detection circuit, permtting conpensation
for 25 the dingplfier;amdonponent generated by the main anplifier and
conpensation for the distortion conponent produced by the first auxiliary
anplifier. -9 15 Abld feadforaridEAMpESER fBTtheNcomprtfinDRevikrdbmeags whitls a
bl ock di agram of a conventional feedforward anmplifier; Fig. 2 is a block
di agr am of tdoatywls seidofitstpartabdé atienmoaliorineearisy saidbfirsttaridhde gplhaseahifter
amplifier shown in Fig. 1; 5 Fig. 3 is a block diagramof a feedforward
anpl i fi er acvneant,sgid second vaablerdstagivabon mansmlgrseeetmd viamabie pbase Fi g. 4
is a block diagramof a feedforward anplifier according to a second
embodi mkAt shiteremsassesaidithirdritariable pitgnuairinseansy saphthisd vaxisble phase a
general charagteristic of, %,variabl%) 10 attenuator; . .
shifter means, said fourth variable attenuator means and said fourth variable
phase shifter means to effect balance control of said distortion detection
circuit, said distortion elimination circuit, said first auxiliary amplifier
distortion detection circuit and said first auxiliary amplifier distortion
15 elimination circuit.
According to the present invention, in the feedforward amplifier with
a dual loop, the loop balance of the first auxiliary amplifier distortion
detection circuit is controlled by the variable attenuator and the variable
phase shifter inserted in the input path of the first auxiliary amplifier and the
20  loop balance of the distortion elimination circuit is controlled by the variable
attenuator and the variable phase shifter inserted in the input path of the first
auxiliary amplifier distortion detection circuit. This brings the distortion
elimination circuit into balance without affecting the balance of the first
auxiliary amplifier distortion detection circuit, permitting compensation for
25  the distortion component generated by the main amplifier and compensation

for the distortion component produced by the first auxiliary amplifier.



Fig. 5B is a graph for explaining a general characteristic of a varilgt}{q&m%
phase shifter; Fig. 6 is a diagramfor explaining balance control by the
vari able attenuator and the variable phase shifter; 15 Fig. 7 is a bl ock

di agram depi cting the principal part of an arrangenent for effecting |oop
bal ance control based on an |1 Q denodul ated output; Fig. 8Ais a graph for
explaining an error signal detection by I1Q denodulation; and 20 Fig. 8B is

a graph for pRpERIMI gg:@pﬂ@ﬁt@m prReAWINGK is generated froman error
signal . DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fig. 3 illustrates

in block forma fipjst | qgRasibaR Wia@lan BF of @flfcitivaiag feddforild hneslifgeor di ng
to the present invention, which uSes three pilot signals and four control

neans. As is the qdge2\ktatblobk & h@b\f@h@lgm' ipdli gart of afhedifled féen of10 15
AUG 2006 feedfor vvargd anplifier %%dlt hi s enbodi n‘%ntﬁﬁgs the distortion

detection cithedfeédflwaird aneliflestloswindn el iy nation circuit 50, and with a
view to canceling the distortion produced by the first auxiliary anmplifier

63 of thg distortikig. 3étiarbloak idagmam ofiiat febdforvrardfamplifismactondingaon i fier
63 is 5 feedforward-configured by providing the first auxiliary anplifier
distortion fistentbehnentafithe @esont inhentionst auxiliary anplifier
distortion elimmpation circuit 70 in the distortion injection path 10D. The
di stortion det ect iFag. 4ds adotk tiagramp of scfeedfdrovardwenpHifier decondingdo a
dividing the anplifier input signal to the main anplifier signal path | OA
and t he |i nesgcond gmbodineenyf ek the(preaent investionhe first variabl e attenuator
12, the variable phase shifter 13 and_ the nmain anplifier 14 inserted in the
main anplifier sidngl Spast garh forexplainiyg pigenersl charaeiesispisazfea vaviableer
cjrcuit 16 form ng the |inear signal
attenuator;
Fig. 5B is a graph for explaining a general characteristic of a variable
phase shifter;
Fig. 6 is a diagram for explaining balance control by the variable
attenuator and the variable phase shifter;
15 Fig. 7 is a block diagram depicting the principal part of an
arrangement for effecting loop balance control based on an IQQ demodulated
output;
Fig. 8A is a graph for explaining an error signal detection by IQ
( demodulation; and
20 Fig. 8B is a graph for explaining a correction signal which is

generated from an error signal.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Fig. 3 illustrates in block form a first embodiment of the feedforward
25 amplifier according to the present invention, which uses three pilot signals
and four control means.

As is the case with the feedforward amplifier of Fig. 1, the

-10-



transfer path 1013; and the power conbi ner/divider 17 which corrbineslstiﬂff:bﬂm6
outputs fromthe two paths I OA and | OB and then divides the conbineé
output to two paths. The signals divided by the power conbiner/divider 17
are input to the delay line 51 formng the main signal transfer path | OC
and the distortion injection path 10D in the distortion elimnation circuit
50. Inthis enbodinent, there are inserted in the distortion injection

circuit | O?%‘?%f%g‘f}’%g‘ﬁs %ﬂsﬂ?f?@e?Fgﬁgleﬁ%&ﬁm%ﬁﬁ%% HAaBh Qe ét%ﬂ‘@fr?ﬁit‘r"r” a

second vari a auxiliary anplitier drstortion

det ecti on cirogéﬂ ]ﬁp o é é’t?’é‘d b ki RIS w5t 4l L [k pat i on
circuit 70 z%n aéfl r%lé%(ls ona éllh?gllljp er.HSrgm/t hé fnldt st a%yﬁ‘?géfggﬁgdﬂg}tge?
di stortion dedBrio®prédiucdd by §Re TREPALGRALY aﬁg)ﬁﬁ'@r &9 uEtheidyétdeion2 for
di viding the output "fromthe second variabl e phase shifter 56 to the first

auxiliary a'éﬁh‘lifniaﬁbn%'i?cﬁﬁ{ 507 eesfiedt al%@éillgaéﬁgn?ﬁ%ér'@ fdrst auxiliary

anplifier linear signal transfer pat F ourth variable -11 15 AUG 2006

att enuat or @éedf@rmydicbm\fggre@ b Preasdinghihiet st Qdx eyt dlﬁpfiﬁlfé? digiBidibh ary

anplifier 63 inserted in the fifst auxillary anplifief signal transfer path

16E; the defetactiomeirdit #0carid therfistauxiert anpliflerwistotBoh@limimtione first
auxiliary anplifier linear signal transfer path 16F, and the power

conbi ner/ di cirdait BHid tHeodistomivminjectidve patht p0Ds fThaodistertive deatdhionl6E and
16F and then dividing the conbined output to two paths. The first auxiliary
anplifier dicstcoitt 1®@ooriprisesathepowier dividey A1 foompviding the benglifiet inpuxi | i ary
anplifier main signal path 17G which is formed by the delay line and
suppl i ed wi sigraido dthe nmntamphtignalgnalipathlé 8 Avgnd the hiaeposignal transfer
conmbi ner/divider 66; the first auxiliary anplifier distortion injection
pat h 17H) whipath il 6B, dherdurstoyarsablierastanivater 12,0hplvaridtde phastishiftervk andl e
attenuator 72 and a third variabl e phases shifter 73 and is suapl led wth
t he ot her dithe mainsingplafier 1 4rinsersehonthe pmibianeplifier sigoel path 44; the
delay line 15 and the phase inverter circuit 16 forming the linear signal
transfer path 10B; and the power combiner/divider 17 which combines the
outputs from the two paths 10A and 10B and then divides the combined
15  output to two paths.
The signals divided by the power combiner/divider 17 are input to
the delay line 51 forming the main signal transfer path 10C and the
distortion injection path 10D in the distortion elimination circuit 50. In this
{ embodiment, there are inserted in the distortion injection circuit 10D a
20  directional coupler 82, a second variable attenuator 55, a second variable
phase shifter 56, the first auxiliary amplifier distortion detection circuit 60,
the first auxiliary amplifier distortion elimination circuit 70 and a directional
coupler 84.
The first auxiliary amplifier distortion detection circuit 60 comprises:
25  the power divider 52 for dividing the output from the second variable phase
shifter 56 to the first auxiliary amplifier signal transfer path 16E and the first

auxiliary amplifier linear signal transfer path 16F; a fourth variable
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power conbiner 76 which conbines the outputs fromthe paths 17G a”dléﬁuEG&m
and provi des the conbi ned output via the directional coupler 84 to the

power conbiner 53. As neans for adjusting the bal ance of the respective

| oops, there are provided: a first pilot signal generator 86 for generating
a first pilot signal; a directional coupler 81 provided on the input side
of the power divider 11 for 20 introducing the first pilot signal into the

i nput t her eta@ﬁenﬁaﬁﬁgﬁ)fr}% Rii@h vaHABA ph fP28/nd e APASKALI

i Qﬂf and
i nt roduci ng "a secon Si gha etween stages 0 nmai‘n anplifier

L4 and a Uhnichift 83 ikeRal iR AN Ondflary SpdG! Abh Aot BhitpdHEL N0 2

third pilot si I nto between stages o rary ér 63.

25 Th | f4 | | ' .
ere ar %h? ﬁ@}/d[)ﬁjlgﬁF &4 S thPphade ﬁiv%?%lr cﬁil‘?:hﬁﬁ(g?r o%lﬁ?fh@ﬁ?%%dﬁiﬁ 83 and

| evel of the firs ot signal extracted via 't I rectT ona

a first conbiolifigF liﬁéarséigﬁbl fdn¥fdrpdihg cFetangithed J:icﬁveﬂ ¢omPin&Pdividy 6619 t he
first -12 15 AUG 2006 variable attenuator 12 and the first variable phase

shifter 43 tgr Bbﬁibihfi% tecodipiues fiefin $h@Bab paelell 6Eaid h6F. arldieied dv&ding

provi ded a second pi signal detector 94-1 for detecting the level of the

second pi |l oth&icgntdined o eﬂ)m@ptaﬁ@_di rectional 5 coupler 75 and a fourth
controller 99 for controlling the fourth variable attenuator 61 and the

fourth variabl e pMizefishialikéliaarmplifienidistoetibhelintielacionedraiigfal | evel .
Further, there are provided a second pilot signal detector 92-1 for

det ecti ng t kemmysds: dhie first aedbady piplifiai maat sexial patled 7¢G svacldis ect i onal
coupler 85 and a second controller 97 for controlling the second 10

vari abl e at fermed dvy tife deldytlhee srd supplied vath enpreftheshid signalssditveded biyni ze
the detected signal level. According to the present invention, by

cont r ol 10 ng thépoweari casheineatdivrdesnttdr; the fasdawhdiave ampli Geptstertsin ft er 56
inserted in series in the distortion injection path 1 OD of the distortion
el i mi nati onigjectiontpah W ovhick is formed by a directional coupler 73, a third

variable attenuator 72 and a third variable phases shifter 73 and is supplied
with the other divided signal from the power combiner/divider 66; and the
power combiner 76 which combines the outputs from the paths 17G and
15 17H and provides the combined output via the directional coupler 84 to the
power combiner 53.
As means for adjusting the balance of the respective loops, there are
provided: a first pilot signal generator 86 for generating a first pilot signal; a
.; directional coupler 81 provided on the input side of the power divider 11 for
20  introducing the first pilot signal into the input thereto; a second pilot signal
generator 87 for generating and introducing a second pilot signal into
between stages of the main amplifier 14;and a third pilot signal generator 88
for generating and introducing a third pilot signal into between stages of the
first auxiliary amplifier 63.
25 There are provided a first pilot signal detector 91 for detecting the
level of the first pilot signal extracted via the directional coupler 82 and a

first controller 96 supplied with the detected level, for controlling the first
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15 the input path to the first auxiliary anplifier distortion dEtecﬁggﬁczmm
circuit 60, it 1is possible to effect bal ance control of the | oop of e
distortion elimnation circuit 50 without affecting the balance of the | oop
of the first auxiliary anplifier distortion detection circuit 60. Besides,
since the bal ance control of the loop of the first auxiliary anplifier
distortion detection circuit 60 is 20 perforned by the fourth variable

att enuat or : f t i | : i : [ e sane
si gnal tran? E@Bgea% ggg%ﬁal? é’rﬁfﬁféﬁs‘n%ﬁeﬁﬁl? ?15 hg%%?(ﬁfﬁ%alrj;ﬁgﬁrr%ﬁﬁﬂiebr 31is
inserted, thef&tbdsihaleegelfor such a wide range of variation as is
required for the variable attenuator 61 and the vari abl e phase shifter 62

in the Fig. 2 prioFyaiHerShef@hfe prividbe afs%@dﬁa:pﬁwt%igﬁml ddteefor@4-1erFig. 3
embodi ment brings the distortioh detection circuit 10, the first auxiliary

anplifier ddetevtiigothe eEE6T tisdddmlipiloBlenhhexiractetl vk the idifectivmal i fier
distortion elimnation circuit -13 15 AUG Z006 70 and the distortion

el i m nat$ oncoupldti 15 bfid anfoarliat amesl 1oy 99 $er obntrbilae thd fdurth gagiaple That is,
the feedforward anplifier establishes the balance of the |oop of the

di stortion deeauhiorr6lcand thée fafrthwasaply phasd e feir 68X topiinimieghel to the
first variable attenuator 12 and the first variable phase shifter 13 to 5
control thedeteuded begrizdllevele dfurther, thwp avé proeideidrssecond pilet yigmapl i fier
distortion detection circuit 60 by applying the second pilot signal to the
fourth vari detectat P2nlifoodetéttingdhe hevdl @mfrthh sphaseé psloit fsignal 6Xtracted via al
them The bal ance of the | oop of the distortion elimnation circuit 50 is
est abl i shedditegtiappl goupler®S ant asdcpnd contiodlen 07t fordoatsdbngdhe aecaid e
attenuator 55 and 10 the second variable phase shifter 56 to control them
after tHe | wapiabie attengatos®55 andihe saopndnydriahle phase sbift¢o?6 te meintingze
circuit 60 is brought into balance. The balance of the |loop of the first
auxiliary ahlm detestedipignal i¢vsl. el inination circuit 70 can be acqui red by
applying the third pilot signal to the third  variablge atienuator 72 and th
third variabl e phds€osming to thepreserigrventioppacongolling the vaseblg he

respective  eRuator 35 and the Vatiable phast shifter 56 Gnicrted if Seriés i the

distortion injection path 10D of the distortion elimination circuit 50 which is

15  the input path to the first auxiliary amplifier distortion detection circuit 60, it
is possible to effect balance control of the loop of the distortion elimination
circuit 50 without affecting the balance of the loop of the first auxiliary
amplifier distortion detection circuit 60. Besides, since the balance control

( of the loop of the first auxiliary amplifier distortion detection circuit 60 is

20 performed by the fourth variable attenuator 61 and the fourth variable phase
shifter 62 inserted in the same signal transfer path as that in which the first
auxiliary amplifier 63 is inserted, there is no need for such a wide range of
variation as is required for the variable attenuator 61 and the variable phase
shifter 62 in the Fig. 2 prior art example.

25 The feedforward amplifier of the Fig. 3 embodiment brings the
distortion detection circuit 10, the first auxiliary amplifier distortion

detection circuit 60, the first auxiliary amplifier distortion elimination circuit
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first auxiliary anplifier distortion detection circuit are brought 004006
balance. Since it is considered that in the first auxiliary anplifier
distortion elimnation circuit 70 only the delay line 71 affects the
anplitude and phase of the distortion cancellation signal which is

I ntroduced into the power 20 conbiner 53, the third variable attenuator 72
and the third vari able phase shifter 73 can be adjusted at any stage of the

bal ance adj g@tﬁ@’ﬁ{'ﬂg{ H{SEQHF‘OPGQIE@‘?ﬁaﬂi&?Bﬁcuﬁ:ﬁ irfto! BallHﬁ%c{ %g‘?{%gic{fhﬁe)&%éjéiﬁ)?r ma

second enbodi orward anp er accor sent

| nventi on, ‘gfgrﬁ*}sﬁ S That ¢91the %r%cgfg)ir%r&' 1PHEr Eéthglsll%sgﬂt%! §alﬁﬁ9¢ bP'¢he cONt rol

means. Wil nthe Fig. 3 e ment the secon ot signal 1s used in

common to tisop adiths dipiieh dbt&tmmﬂw@bb@ggﬁh RHamRst Floasignhh &
second variabl'e -14 15 AUG 2006 phase shifter and the adj ustnent of the

fourth vari g Giraf variatslecitténliabhrd] 2 Badftherinst varabBll shakadnfishilBier 62, the

Fig. 4 enbodi nent generates a fourth pilot signal dedicated to the

adj ust nefit  @bntroé themrdrnd ey balahee ofthetweh of thd fasdaititiabpuniplifiér i abl e
phase shifter 62, and introduces the 5 fourth pilot signal into the input

si de_ of t he distostiomdetddtiorycizomit 60 tey appl)eiirlrgrthé@acd@d eilot siprealtouhe 60. That
Is, in the feedforward anplifier of this enbodinent, a directional coupler
83 is inser fedrthrvariabldiasteauniorro i ane ché dounthiphake Ghifoer 6heo conrol tlsérde of
the first auxiliary anplifier distortion detection circuit 60 and 10 the
fourth pil offhwi pplahcgef¢halecp by the dmtottiorpelintinatignalircyen®d as estabished
provided via the directional coupler 83 to the first auxiliary anplifier

di stortion bytapplying the sedondgpilotrsignaktg thehsedomdr varighle attesiugter 55 and
extracted via the directional cougl er 75 of the first auxiliary anplifier

di stort1®n tla¢ sedonad varable phase stofter Rériotdontratbenvaftenthe nop of fhiel Hrst

signal is detected by 15 a fourth pilot, signal, detector 94-2, and based on
the det ect eguxdissy amphifier sistortion detastionsgirenis &0ois lyoughtintadalangeabl e

hase shifter 62 are cqontrolled - . . . T
P The balance of the ?oop of the first auxiliary amplifier distortion elimination

circuit 70 can be acquired by applying the third pilot signal to the third
variable attenuator 72 and th third variable phase shifter 73 to control them.

15 In this way, the respective loops of the distortion elimination circuit and the
first auxiliary amplifier distortion detection circuit are brought into balance.
Since it is considered that in the first auxiliary amplifier distortion
elimination circuit 70 only the delay line 71 affects the amplitude and phase
of the distortion cancellation signal which is introduced into the power

20  combiner 53, the third variable attenuator 72 and the third variable phase
shifter 73 can be adjusted at any stage of the balance adjustment for the
other loops.

Fig. 4 illustrates in block form a second embodiment of the

feedforward amplifier according to the present invention, which is

25 configured to use four pilot signals and four control means. While in the
Fig. 3 embodiment the second pilot signal is used in common to the

adjustment of the second variable attenuator 55 and the second variable
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by the fourth controller 99. Since thls arrangerrent Is the sane as in the
Fig. 3 enmbodinent, no description will be repeated. The variable att!&hb&i¥Pe
and the variabl e phase shifters in the 20 enbodinments of Figs. 3 and 4
usual Iy have characteristics that the attenuation and the phase shift
anount nonotonously increase as control voltages VAtt and VPh increase as
depicted in Figs. 5A and 5B. The rel ati onshi ps anong control vol t ages VA, ,

050 e B g S e S b PSR R
par abol §?dbﬁ}1@#§vgﬁ?ﬁfﬁb¥ﬂleﬁ)§aﬁéﬁhb@& areIE 4% Béﬁgﬁ%ﬁﬁﬁﬁff%ﬁ%aﬁegr%bm c
L e Rl et
control vol tag n%\?ghlgéiﬁsabd g?sﬁﬁfainvagli%ﬂF?hr gg \IE/;I; fltj(%am nagﬂflﬁﬁrcg‘ﬂé)éaetrsa g}); t

formed by rougﬂéﬁﬁ%%gngﬁ 'o‘f&h?’ﬁx@%’ &xﬁia?ﬂ"afrf{ SifieFal 5 to the

Vph- axi s paSS| ng ue of Rase rmunt control

vol tage VPh,4 E%ﬁl%t&@ﬁ&ié}g&f&ﬁﬁcﬁoﬂ voI tage VAtt I's changed in a direction

in which to ecrease t he tec pilot signal level VL and is fixed, and
bol a f I

vor i cal ot he vATTtay EbE it e AR AL P iy AUt R %t enuat i on

10 control \em%;@ﬂﬁm%bh 1483 Eﬁ‘ﬁﬁ;@rt% lﬁtthewahlgﬁ%gehoﬁ% RADIYDBA the

changed in rection in wh ecrease I n etect'ed pilot signal

| evel VL. S r h§ a
di scont i nueéliﬁigltJt tgiﬁig %lﬁl\%enx{lﬁg?c glcllﬁgg d}o#lglg?ﬁ&s?gfneglt@?\}gﬁh\tf@gaggs down

bel ow ajgef qheToaRrthapitst mgﬁalbg”érfé}ﬁﬁédcl@ﬁhrf@hr@ﬁ Eﬂ@@s@ﬁﬁp %@Meﬁibla%ﬁ@g control

circuit, the 15 detected pilot signal” |evel whi Ch e distortion

Cormon_ent | probided vRNgE disé@ioril] Porplaeg D@ the AvstrauxiHarpamipddirer m ned
value is set as a reference voltage VR and a difference voltage VL-VR

bet ween t he digioetibadletection circuit 60. Further, the fourth pilot signal is extracted

via the directional coupler 75 of the first auxiliary amplifier distortion
elimination circuit 70, then the level of the fourth pilot signal is detected by

15 a fourth pilot signal detector 94-2, and based on the detected level, the
fourth variable attenuator 61 and the variable phase shifter 62 are controlled
by the fourth controller 99. Since this arrangement is the same as in the
Fig. 3 embodiment, no description will be repeated.

{ The variable attenuators and the variable phase shifters in the

20 embodiments of Figs. 3 and 4 usually have characteristics that the
attenuation and the i)hase shift amount monotonously increase as control
voltages V,, and Vpy, increase as depicted in Figs. SA and 5B. The
relationships among control voltages Va, and Vpy, for the variable attenuator
and the variable phase shifter and the level V|, of the pilot signal detected by

25 the pilot signal detector is expressed by a surface of revolution (hereinafter
referred to as a paraboloid of revolution) formed by revolving a substantially

parabolic curve about a straight line parallel to the V-axis on three
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pilot signal level VL and the reference voltage VR is applied as the15 UG 2006
attenuation control voltage VAt and the phase shift anount control Vork age
20 VPh fromthe control circuit to the variable attenuator and the variable
phase shifter to effect their feedback control, and the control voltages
are fixed at voltage values at the tinme the difference voltage VL-VR is
reduced to zero. Since a conmmon control algorithmcan be used for the first

in that 25 degSeRdishorlinals Seretenn Yiots SONRINIEERD (or reduce the
can al so be i mpl enBrigagy atiphaf thet S B RLRERA) B0 ASHor dOT KRB HEbi e
i e i vi s; epas e et o Ny Ubfeg B RoiReRer 2B AR TAE%, Bodon on o
SBB?E{ g Q?PEE%@PJ% ?18%@82“05’84?%1@#%% PR IRl B R BY S a8 Brica on
generai o (HCAELCFe e RO MG RE Nt B o gt 1
e
Fedr of var d AesttyP Rl WRHER Y8 diereaSPRnE Wil PO sigh e Yol Yy 0RE e, 11e
i nvention. They g kobardbeRAtmEYbPu m@ghﬁ%ﬂoﬁroﬂml ﬁ@ﬁbgw?dmg@t to
different frequenci'es, or waves set to the Sane frequency but spre y

different sprgadhng ﬂi@?ﬁr—a{}i?frﬁé%‘in%itﬁﬁﬁi eftkéd vhRle SEHRCAREN O

non- nodul ated pil ot signa ormed using a narrow band | evel detector. 15

For_exanpl e conthSiNVbIRARS VL, herpHiae shiffdmotiee sl RARSOf Iechiedt B

signal and a diode or simlar level detector are used for the pilot signal
detector. A gpiirettichdnavhi¢httecdeeredserinddleatdtectadipiotssnladeed] M| otSirdlgnal

is formed by a frequency converter for frequency converting the detected
pil ot signala pmcedure is repeated and the balance control is discontinued at the time
when the detected pilot signal level Vi goes down below a reference value.
In balance control of the loop by an analog control circuit, the
15 detected pilot signal level at which the distortion component in the
transmission signal becomes lower than a predetermined value is set as a
reference voltage Vg, and a difference voltage Vi —~Vy between the detected
pilot signal level V|, and the reference voltage Vg is applied as the
{ attenuation control voltage V 5, and the phase shift amount control voltage
20  Vp, from the control circuit to the variable attenuator and the variable phase
shifter to effect their feedback control, and the control voltages are fixed at
voltage values at the time the difference voltage V—Vy is reduced to zero.
Since a common control algorithm can be used for the first to fourth
controllers in the embodiments of Figs. 3 and 4 which are common in that
25  they minimize the detected pilot signal level (or reduce the level down to a

value smaller than the reference value), the controllers can also be

implemented by a single controller which controls the variable attenuators
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base band signal and a denodul at or for denDduIatlng t he 20
frequency-converted base band signal. In contrast to the non-nodul atlé¢UG 2006
pilot signal, since the nodul ated pilot signal is denodul ated, equalization
processing, error correcting processing and so forth can be used to deal
with various kinds of interference, noise and so on-this enables the

bal ance of each Ioop to be established with | ess pomer necessary for the

L S R AR
si gnal and S g‘ T o R@ét%()%hfheor&%bl&ﬁB rPEYPT SQWBBQPPng %ngr ead
SLamal TR & EPh BN o BN BEokRY & %I?Ir ot a1 gnal 5.
Uhe foedtor %ﬁfﬁlfg%ﬁf’flﬂqgﬁ’%ﬁf fﬂ?ﬁﬁ%@'&ﬁ? ﬁ%@@ﬁm‘%ﬁ@ G‘Z*b%@%%ﬁ' otife ' °
fﬁgi‘zp :bg’gﬁ'sQé@?%@{’ﬁ@tfsgﬁfoé“%iﬁ%?%ﬁ?@?f et h‘?f?“?%qaﬁﬁﬁ{iaﬁhaﬁo%& fgam
the pilot i g‘}n"%ﬁ"ss‘?dfﬁg BRI d Aeg TomBRraior TR ARl A bR bbg ' "
el imnation Hﬁlérg&' d}lﬁ@&s%%&ﬁ?el%qg)w f quepb@%%:@(@ﬁﬁgl é%gmrﬁ ’%’Jh filjgd wit hout

usi ng ]'Ehe secon $i gna € pr| nci pal
Embodi ment s (O SROAE 1gulf fitf ‘f**?\lié R ehEe an @%ﬂﬂfﬁsew%h%m“'iéﬁﬂ?“e
gener at or 87d2éa'['\»ﬁ g0 ﬁoPB tHe fée&%?wﬁf&é&rﬁﬂg’ i@@ithneddal R)%E)Oz{%fgg rfﬁatos' gnal

detector 92 replace Wlt an error signa tection circ

based opgt he 8&R9nGEh®bn Si gnal , the second controller 97 controls the
second vari agﬁgﬁ-attenuator 55 and the second vari abl e phase shifter 56. The

error detection ciupiloffignhly falHen8ARSdSRABA bS 8Sodulated waves set to

different frequencies, or waves set to the same frequency but spread by
different spreading codes. A pilot signal detector for detected the
non-modulated pilot signal is formed using a narrow-band level detector.

15 For example, a band-pass filter for limits the pass band of the detected signal
and a diode or similar level detector are used for the pilot signal detector.
A pilot signal detector for detecting the modulated pilot signal is formed by
a frequency converter for frequency converting the detected pilot signal to a

( base band signal and a demodulator for demodulating the

20 frequency-converted base band signal. In contrast to the non-modulated
pilot signal, since the modulated pilot signal is demodulated, equalization
processing, error correcting processing and so forth can be used to deal with
various kinds of interference, noise and so on—this enables the balance of
each loop to be established with less power necessary for the pilot signal.

25  Apilot signal detector for detecting the spread pilot signal is made up of a
frequency converter for down-converting the pilot signal to a base band

signal, a de-spreader for de-spreading the base band signal, and a
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20 denodul ator 101, lowpass filters 102 and 103 to which I Q signal S5a0E 2006
denodul ated i nput signal in the denodulator 10 1, anal og-digital converters
104 and 105, and an error signal detector 106. The transm ssion signal
containing distortion conponents is extracted by the directional coupler
85, fromwhich it is provided to the 25 denodulator 10 1. The denvodul at or
10 1 sinmultaneously detects the transm ssion signal and distortion

ConP e . A e O s SRS G BB e (o
iLﬂBZ‘L%m o AdRE: c&%@%ifo%ﬁ%fsﬁ@ﬁ{ré’%?%Wﬁéﬁ?%‘%@@%%c?@?eeﬁﬁ%hwt ers
104 105.; The,: - di.gi . 104
pand- 11 m ¢ od™ ol & EfgHLetlely BRIHR T CriRis, Vet BB Sl dlas been
g i bed g il , >
pgf?; ™ E%ﬂ&%ﬁ%‘fﬁ’% ?fé,‘ﬁZ)ﬂ%ﬁes?%%l??ﬁe%@’%?%é?%@léﬁé _&E?Gfs?%@ég@#ﬁéwéfﬁ?r in
anal og- di gi (e orERRIRYein IE uehBibdd Tof LB FPUS PAEEL M. ona
detector 10§ dggird@s the transm ssion signal 10 containing nonlinear

6812005 ghal \ .
conponents. For exanple, when the transm ssion signal is a QPSK-nodul ated

signal, the error wWgiigGhele iﬂ%xﬁgto‘szig§. ?Qndefﬁ?{re B%ﬁxg%lglsﬁﬁbé&'% ﬁ@%i ng

the distortion conponent in the transmtting signal, erence between

' 'gﬁal§if6flahlaeleleraon%l@fqh@foﬁﬁﬁt§w§% ﬁdell@ascg@)@éibm@wt PR as

a correct tnBASHIS
depicted in Fi Sm 8A,“then generates a 15 correct i gna of a vector

equal in ab%‘ﬁ“étttQhé’%%cfe%ddiﬁ)ldﬁitg%?dsaiﬁgrtgé giﬁj HighalsS ITheb&lan@edfon

it
(C)gposite thereto as shown in Fig. rovides™ the correcting signal

as | 16nd (B-q66p@ARALR Ifle Kiswstich GRininatibhcir@ gy (30 hed/o? 70)Thst

controller 97 anplitude/ phase converts the correcting signal tO generate an

anpl i tude cdnttagbestgnbé Wajusasd aviclhnitn@ing tignsécdrad ahbraBindapil eddignal.
attenuat or 55 and a phase control signal VPhas a control signal for

Fig. 7 depicts the principal part of an arrangement which does not use the

Q)

second pilot signal in the embodiments of Figs. 3 and 4. As shown in Fig.
7, the second signal generator 87 in Figs. 3 and 4 is not provided and the

15 second pilot signal detector 92-2 replaced with an error signal detection
circuit 100, and based on the detected error signal, the second controller 97
controls the second variable attenuator 55 and the second variable phase
shifter 56.

( The error detection circuit 100 in this example comprises a

20 demodulator 101, low-pass filters 102 and 103 to which IQ signals are
demodulated input signal in the demodulator 101, analog-digital converters
104 and 105, and an error signal detector 106.

The transmission signal containing distortion components is

extracted by the directional coupler 85, from which it is provided to the

25 demodulator 101. The demodulator 101 simultaneously detects the
transmission signal and distortion components produced due to the

nonlinear characteristic of the main amplifier 14, and outputs in-phase (I)
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t he vari abl e phase shifter 56. In the controller 97 the anplitude control
signal VAt, is calculated by a square root, (,(CS)2+Q CS)2)112, of tiRAUGARPS
of squares of the signals I(Cs) signal and QCs) provided fromthe error
signal detector 106. The phase control signal Vph is calculated by 25
tari-'(QCs)/1(Cs)) fromthe signals 1 (Cs) and (Cs) provided fromthe error
signal detector 106. Simlarly, as indicated by the reference nunerals in

ot oe b AR | e G bict SRR AR e 1o

control the third variable atten aﬁor 72 and _the third v rigb!e phase

shifter 73 \Mlghotg?q‘ﬁ%qqygc?mopﬁpfsd B JIPW,sigg! Comppnents todhg; s ort i on

cancel | ati on_si n%fa . oduceﬁ_g by, 4he (fla or t40n_i nj ect i op pat h ﬁ 10R)

Suppl ¢ wt oS gl oo e ééen??mla&%—m ARPB Py
L 63§ . . _ .84

i St Llr L d AU AR L R T TR T

whi'ch ar ﬁf orSOBAEh R s bt oL @%ﬁseﬁﬁﬁ%?ﬁlb%gfé%?%?%ﬁx%&%ﬁ%?Q"E%ngxm !

10 . _ . : .

e s P RSP i LR e,

el i nat fon Wéfﬁé‘h?fﬁ%%?%ﬁ*%%{é a@%‘%ﬁﬁl&t?%%t@o%uéiéﬁﬁlgié‘%%&éfﬂhmudaiﬁ.l%n |

F oo 3 a AR chrd ITGRRE 103 gt Imntcedary s e T ospect ve pai r

of variabl e attenqq{eoen%fgig%gid@bé&opmaé%ie%ttiésttﬁ% thshsolisBidH gignbne det ect ed

pj | ot signal l|evel or | ullated distortion conponent; in-practice, each
control i gr %mﬁhﬁs%ﬁoaﬁﬁ@sf ébﬁ?\?g?iénis‘%f eF 816 Lam @ef,alvtzlgﬂ@hé handsfiegbgd pil ot

signal level, and controls the abl e attenuator and the variabl e

e, S’ Sfgh 62 OEmesd eyt e 31 ksoslamabtes oss cow

error signal Es indicating the distortion component in the transmitting signal,
the difference between a correct transmission signal point Ps and a
demodulated signal point Pg as depicted in Fig. 8 A, then generates a

15 correcting signal Cs of a vector equal in absolute value to the detected error
signal Eg in a direction opposite thereto as shown in Fig. 8B, and provides
the correcting signal Cs as I and Q components I(Cs) and Q(Cs) to the
controller 97. The controller 97 amplitude/phase converts the correcting
signal to generate an amplitude control signal V44 as a control signal for the

20 variable attenuator 55 and a phase control signal Vp, as a control signal for
the variable phase shifter 56. In the controller 97 the amplitude control

signal V oy is calculated by a square root, (I(Cs)*+Q(Cs)H)'?

, of the sum of
squares of the signals I(Cs) signal and Q(Cs) provided from the error signal
detector 106. The phase control signal Vypy, is calculated by

25  tan (Q(Cs)/I(Cs)) from the signals I(Cs) and Q(Cs) provided from the error
signal detector 106.

Similarly, as indicated by the reference numerals in parentheses in
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be i mpl emented by the conventional perturbation nethod, |east squar

estimation nethod or the like. The controllers 96 to 99 may each be

by a digital processing 25 unit using a mcroprocessor or an anal og

calculation circuit. In either case, it is preferable fromthe viewpoint of

efficient balance control that the balance control of the |oop of the

distortion elimnation circuit 50 be -20 15 AUG 2006 preceded by the

bal ance conty:gl t I : e L Sit I . | f:1.er dinst.of:t. 0

det ect  on otgurtthgoFy eERBRY ABIittel Hioi@ition clinfdliBh bl FOREFESERS of

the distorti | ' | e i d B 7l

di stortion gﬁ?n%p g%?%?)éﬁp @? r%cl?&lﬁgu E}%(%Q%geﬂrbrébgr%é gﬁl;& ggg??!aéd&g%%geskg? dtld

processi ng. 1B Tiird vROTRIE BhabdBRfiet 73R iloh GisRIE hOfhi GRNN T Qpagbut

al | ows each o? l’ﬁ{rﬁe c{)aﬁ)trg}lflers 5% to 95 to efsﬁgt ét)ﬁlelﬁggﬁgﬁgl cont flthat

i ndependent liy Ofisth@iorPEdectlatibitsibREN RoNaES BYRhE distor@bn iR cH h

enbodi ment pf’ thle present inventi %n dzjgcri bed ggoyeli S a.?ée%‘cplro\?\gé%t .

anpl i fies WiOD sugphéd hadR tNddistortidh EsmpodehtiesevérateBbithé irki Anxididi-ect i on

circuit for detecting a nonlinear distortion produced by a main anplifier

and a di st ophhsIRfier 63] Rabitearted byuihe divdvtidhad@@ubldredd (iRl Or! @eradted

di stortion conponent by a first auxiliary anplifier and then introduces the

anplified didstertibneanesbaiensiialiosibiected icddémodartie Bytheerasol i fier,

said distortion elimnation circuit being 15 formed by a first auxiliary

anpl i fier disiiraltdepectitet ercuiinl 00 togétierbty coigbethg Ripnas IO b Q(diyt orti on

produced by said first auxiliary anplifier of said distortion elimnation

circuit andwvehichrast providedatoythengritteléer 98, swhidh, an tusl, iconitails dne chird ui t

whi ch anplifies the distortion conponent detected by said first auxiliary

anplifib® divatiabié atteneatect72omd thethitd wadablegphaset shafter 83 12Bedhe vl i fi ed

di stortion conmponent into the output fromsaid first auxiliary anplifier to

cancel the dbstestingaignalsg¢@ehand&NEat e rstherabdtlf of the distorticar y

anplifier, said feedforward anplifier conprising: . ) L
elimination circuit 50 and the first auxiliary amplifier distortion elimination

Tponsaes

circuit 70 can also be configured to use the demodulation scheme described
above with reference to Fig. 7.

15 In the embodiments of Figs. 3, 4 and 7, the controllers 96 to 99 each
control the respective pair of variable attenuator and variable phase shifter to
minimize the detected pilot signal level or IQ-demodulated distortion
component; in practice, each controller compares a predetermined reference
level and the detected pilot signal level, and controls the variable attenuator

20 and the variable phase shifter 56 on a stepwise basis until the pilot signal
level goes down below the reference level. Such a control algorithm can
be implemented by the conventional perturbation method, least square
estimation method or the like.

The controllers 96 to 99 may each be formed by a digital processing

25  unit using a microprocessor or an analog calculation circuit. In either case,
it is preferable from the viewpoint of efficient balance control that the

balance control of the loop of the distortion elimination circuit 50 be
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first pilot signal injecting neans inserted in an input path to sai d] 006
distortion detection circuit, for injecting thereinto a first pil ot |Ad‘}1(;a ;
25 first electrical variable attenuator nmeans and first electrical variable
phase shifter neans inserted in a main anplifier input path of said
distortion detection circuit; -21 15 AUG 2006 first pilot signal detecting
nmeans inserted in an input path to said first auxiliary anplifier distortion

et et on, Ihtbhog by eVl A SLoPURPAF oGP RS Al O

el ectrioal VASIARich AbkERYAHauCoaaRT AR Bhiyhl RPN bRRTbERS (R | 20 e

phase shifter neans; secon nj ec neans I nser ween

stages of SqlhnsH thet oHibﬁFdetnf&{oﬂ Eir@ﬁftiI’Waﬂcﬂ‘%@h?étgaﬁiﬁﬁﬁ%ﬂ}pﬂhﬁg
signal ; second electrical variable attenuator neans and second el'ectri cal
vari abl e ph Heft | t | | ' | ;

auxi liar yp i%ggﬁrrg]llolhf @g‘?’“g“?s[?’%???gﬁ E@trgg%]iq%nétm cg??}é]js%@g%gbglﬂlrg? é§ssiuglj%'al

detecting MepRx sfcﬁﬁe%%t)Bﬁﬁﬁﬁﬁtthé'e"fﬁéieﬁggcoof"nb;gfl&ﬁ&@éo'ﬁ@o?}rblﬂ‘é‘l His BAEH ofr om

said distortion elimnationh circuit; a controll'er supplied wth an

out put - si gnahefdgiirSiterd FREP9Y to RiffeRt 11 Elﬁﬁhcﬁ@o‘?ﬁdl Hd&FaitenthyP6f the

controlling said second electrical variable 15 attenuator and - sald second
el ectrical vaghepbl e phase shifter; third pilot signal injecting neans
i nserted between stages of said first auxiliary anmplifier, for injecting

thereinto a third Dhé GedfopRatd ahlpiifiered Lo fisplenvsdiakin GFitheprasat means
and third electrical variable phase shifter neans inserted in"an input path

to a second iawshtioardesenpetfdtrive 8@ fedfatward amplifiexivritiayd@iibbpivwhich
distortion elimnation circuit; third pilot signal detecting neans inserted
in an odOputispabiidedwitisaidistbrtiet datectionaciycwanbdr erctidpd nonlinear
elimnation circuit; a third controller supplied with the output fromsaid
third pil ot distpréion produced by a main amplifier and a distortion elimination circuit
which amplifies the detected distortion component by a first auxiliary
amplifier and then introduces the amplified distortion components into the
output from said main amplifier, said distortion elimination circuit being
15 formed by a first auxiliary amplifier distortion detection circuit for detecting
a nonlinear distortion produced by said first auxiliary amplifier of said
distortion elimination circuit and a first auxiliary amplifier distortion
elimination circuit which amplifies the distortion component detected by
said first auxiliary amplifier distortion detection circuit and then introduces
20  the amplified distortion component into the output from said first auxiliary
amplifier to cancel the distortion component generated by said first auxiliary
amplifier, said feedforward amplifier comprising:
first pilot signal injecting means inserted in an input path to said
distortion detection circuit, for injecting thereinto a first pilot signal;
25 first electrical variable attenuator means and first electrical variable

phase shifter means inserted in a main amplifier input path of said distortion

detection circuit;
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detecting neans, for controlling said third electrical variable atteﬁ%ﬁh?ﬂmﬁ
25 means and said third electrical variable phase shifter neans; fourt

el ectrical variable attenuator nmeans and fourth electrical variable phase
shifter neans inserted in an input path to said first auxiliary -22 15 AUG
2006 anplifier; second pilot signal detecting neans for fourth controller
use inserted in an input path to said second auxiliary anplifier of said

cont ol ler supp | SohPUREPielad Bl P skl A B AR Pt Prfigh3id Bt s ng
means for fOﬂlﬂ,ﬁ‘f‘;g?@?%?iﬁ&rdig&s;}Péﬂ%%‘?‘ﬁ{{ g}rjg{éﬁg said fourth electrical

variable atte ans an tical variable phase shifter

means; and control, m@“@’ﬁlhﬁ??%@ﬁ%him{l% tb{‘}g?f%r%]ll erd i &2 f\f§1; t,l;}{r}{ e

attenuator 10 neans a el ectrica € phase" shi means

by sai d 111 ShenAOEOhhEmath< 151 EOMroRIRAS K8 BIOALAEy AR e losa! d

first pilot s pil ot sign ng neans, for

control | 5ng gksk AAYIShIY fiR4iRALEA) VUARbRPpEa! SRR Rans and sai d

fourth electri e phase shifter ans by saloFl ourth controller on

a stepw se basis ts@cﬁhﬂmol%%iéﬂ‘aﬁ i n%c'ti?lggztmgﬁﬁs ﬁi’ée?te'ﬂeﬁé’t@pee?i'f %tgétteibggﬁild | evel

detected by said second pilotT~sig cting neans for controller

use, for conhaR hinpdificdi Pqﬁi%ﬁédiirﬁéﬂféréhﬁ@'aséé@hﬁgﬁl& sighgnuator means and
said third electrical variable phase shifter neans by said third controller

on a stepw se basiggcbad BldttficaEvitisbleaitinptor Shds bRl ®cBhilesiritapl
detected by said third pilot signal detecting neans, and 20 for controlling

sai d second eirRile iphake ¥hIft@heans irseuridan dieaifutgnah $8isdid Seaantkilhaet ri cal
vari abl e phase shifter nmeans by said second controller on a stepw sé basis

to mni r],ri)ze g&ﬁpﬁﬁeydﬁstoﬁi@gdéte@eimrwirmit;ot signal level detected by said
second pilot signal detecting neans for fourth controller Use.
second pilot signal detecting means for second controller use
inserted in an output path from said distortion elimination circuit;
a second controller supplied with an output signal from said second
pilot signal detecting means, for controlling said second electrical variable
15 attenuator and said second electrical variable phase shifter;
third pilot signal injecting means inserted between stages of said first
auxiliary amplifier, for injecting thereinto a third pilot signal;
third electrical variable attenuator means and third electrical variable
{ phase shifter means inserted in an input path to a second auxiliary amplifier
20  of said first auxiliary amplifier distortion elimination circuit;
third pilot signal detecting means inserted in an output path from
said first auxiliary amplifier distortion elimination circuit;
a third controller supplied with the output from said third pilot signal
detecting means, for controlling said third electrical variable attenuator
25 means and said third electrical variable phase shifter means;

fourth electrical variable attenuator means and fourth electrical

variable phase shifter means inserted in an input path to said first auxiliary
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25 The feedforward anplifier of the second enbodi nent of the Present s , uc 2006
I nvention descri bed above is a feedforward anplifier wth a dual |oop wﬁic%
is provided with a distortion detection circuit for detecting a nonlinear
-23 15 AUG 2006 distortion produced by a main anplifier and a distortion
elimnation circuit which anplifies the detected distortion conmponent by a
first auxiliary anplifier and then introduces the anplified distortion
conmponent s iﬁ%ﬁﬁﬁgf output fromsaid main anplifier, said distortion
elimnation citcuit’ being 5 formed by a first auxiliary anplifier distortion

detection circuit sE@ch%uiPEH%?Eig?ﬁl éﬁtélﬁﬁig' ffeahs %f F&rith RQBnBroT A GRE iHXerZ@% d

first auxiliary anplifier of said distortion elimnation circuit and ¢
First auxiliigran ﬁ‘x@"c ;ﬁ)fatmfo ﬁléiﬂté%bhﬁfhu)ﬁlim? Ql?l?)'li%rfdﬂs(é&kﬂ firdhaekilapp! i fies
the distortion conponent detected by said first auxilirary amplifier

di stortion cﬁeﬁﬁpﬁépais%ﬁmﬁ élidatiBe Rircnitf oduces 10 the anplified distortion
conponent into the output fromsaid first auxiliary anplifier to cancel the

di stortign conponenoustnesrateideyussiiet! (ittstheavitiput &om satdbéddred pileai d
feedforward anplifier conprising: first pilot signal injecting neans

inserted in signalrdutectied mdansSer dougthsdoentidlter et €6t comrellimuisdid fovith
I njecting thereinto a first pilot signal; 15 first electrical variable

attenuat or retectsicahdafiabletatedramitor aadans anidedalié fonithsdesthical enriabdnphagser t ed
in a min anplifier input path of said distortion detection circuit; first
pi | ot si gnalshifttenteang; arehns i nserted in an input path to said first
auxiliary anmplifier distortion detection circuit; 20 a first controller
supplied wth an contifrol nssagsaor foomtredng shid firstpelectricad ivgriablelettexnatog
means, for controlling said first electrical variable attenuator neans and
sai d fit@t eheans amdbandafivshislectrcakvadablet phasesimier pransdypsdidtfisst gnal
injecting neans inserted between stages of said main amplifier, for
i nj ecting t kengiolley an 3 stepvaspibasts i murimizeshe deweldofdasd tfinst pilov signabl e
attenuat or neans and second e ectri cal . . .
detected by said first pilot signal detecting means, for controlling said fourth
electrical variable attenuator means and said fourth electrical variable phase
shifter means by said fourth controiler on a stepwise basis to minimize the
15 level of said second pilot signal level detected by said second pilot signal
detecting means for fourth controller use, for controlling said third electrical
variable attenuator means and said third electrical variable phase shifter
means by said third controller on a stepwise basis to minimize the level of
{ said third pilot signal detected by said third pilot signal detecting means, and
20  for controlling said second electrical variable attenuator means and said
second electrical variable phase shifter means by said second controller on a
stepwise basis to minimize the level of said second pilot signal level
detected by said second pilot signal detecting means for fourth controller
use.
25 The feedforward amplifier of the second embodiment of the present
invention described above is a feedforward amplifier with a dual loop which

is provided with a distortion detection circuit for detecting a nonlinear

23-



vari abl e phase shifter neans inserted in an input path to said first
auxiliary anplifier distortion detection circuit; 24 15 AUG 2006 154816+4306
pil ot signal detecting neans inserted in an output path fromsaid distortion
elimnation circuit; a second controller supplied with an output signal from
said second pilot signal detecting neans, for controlling said second
electrical variable 5 attenuator and said second el ectrical variable phase

i R R
phase shi 1t VAR RSB SRR YislRA0 PRt hule TN LAt
I e L L T T
glh?ﬁ re |r cal av@#?gtr%rlétsﬁ @@& Ilér% i éﬁéeghidf gﬁ%ﬁ%@i@t’%ﬂé@# cﬁr&gst?lg%hg .phase
e S T R

f i LRI prt Ot sl g ecting means rted i an outputpath
C(r)g'[n r of?lar sdu%%#%lggﬁwa%sﬁé%wgr@lﬂ&ggg Hftg)O%élggli fgptgﬁiﬁﬂrlﬁmﬁgﬁg hgﬁw&det th i 'né

, f i - ¢ d: : ; 20
and sl d ¢ bl oL R B B Ryt "o gna
det ect i ng. meAfinidRARY bReuit Witiehl IR e UidAish cBRARHLnt dElddial by

anplifier of sai rst auxiliary anplifier mnation-circuit;

fourth el ectdyig&rsvaAlikitiake apip eI REoriRAGetefGoh Qifdult ME e ittodRes
vari abl e phase shifter neans inserted in an input path to saird first

auxiliang apeldrhpkfied distortion component into the output from said first auxiliary

amplifier to cancel the distortion component generated by said first auxiliary
amplifier, said feedforward amplifier comprising:

first pilot signal injecting means inserted in an input path to said
distortion detection circuit, for injecting thereinto a first pilot signal,

15 first electrical variable attenuator means and first electrical variable
phase shifter means inserted in a main amplifier input path of said distortion
detection circuit;

first pilot signal detecting means inserted in an input path to said first
( auxiliary amplifier distortion detection circuit;

20 a first controller supplied with an output signal from said first pilot
signal detecting means, for controlling said first electrical variable attenuator
means and said first electrical variable phase shifter means;

second pilot signal injecting means inserted between stages of said
main amplifier, for injecting thereinto a second pilot signal;

25 second electrical variable attenuator means and second electrical
variable phase shifter means inserted in an input path to said first auxiliary

amplifier distortion detection circuit;
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a fourth controller supplied wth the output fromsaid fourth pil ot &3%2](%
AUG 2006 signal detecting neans, for controlling said fourth el ect i 6
attenuat or means and said fourth electrical variable phase shifter neans;
and control neans for controlling said first electrical variable attenuator
means and said first electrical variable phase shifter neans by said first 5
controller on a stepwi se basis to mnimze the |level of said first pilot

Sard secon el ectrPal 9’“&5 %S%tﬂ?ds?%éﬁ*éﬁ%%nﬁééﬁ&%ﬁﬂ S eul B AbLY | cal

vari abl e ph%?ﬁdealyééltetfd Xn%?llcgltsecond controller on a stepw se basis

to mnimze sal second pilot signal |evel detected by said

second 10 pilot s%ahd%trﬁgané}gs %awtﬁralfegwgkge &n%qﬁﬁ's%gon

el ectrical variable attenu s and sai d rlca variabl e

h hi f d
phase shi tzﬁ eve 1Qi’ete§§h§ﬁﬁé’ﬁ <G f gc%ﬂt%fl g %d%e%ﬁﬁ"@lé&rf&ﬁ?'vﬁﬁ??lcf pi 1 ot

mnimze th sign etected by saird t

signal dst egifeRtafBiaiivd sfdkecohd eq@@chcal kf!a.ﬂﬁbﬁ?‘eﬂaieoéﬁlfﬂérm ectrical variable
attenuator means and said fourth 15 el ectrical Vari abl e phase shifter means

by said fourth Co'fﬁﬁé iRt %ﬂﬂ 1n§é&ﬂi§ feafdshsertad Bkﬂ?lfé@lf—?ta B?o'f‘%}iﬁi fip§t said
fourth pilot signal vel tected y said fourth pilot signhal detecting

means. EFFE@&% NYENTISNIngét tiNg depéintd acthaioyidet $igfal;eedf or var d

anplifier with |'oop’ according to the present invention permts _
i mpl ement ati on of tibiad @Me@ricaPohriablecittdiititbofivadl dndlethitdeReidi@d] wiridBleat i on

circuit 50 without affecting the balance of the |oop of the first auxiliary

anpl i fier dighagé shifferdeleans inserte ican ini@ puthaent seddnidnatitiary afipifier
attenuator 55 and the variable phase 25 shifter 56 inserted in series in the

i nput pabh tdfshi&ffrstreajxmuxy birgplifiandisidrtion eldhitatidn oircdij ection circuit in
the distortion injection path I OD of the distortion elimnation circuit
50. Furthernore, $owtk pilet sighainageotmp melansfinsé€ed in the input path to said
first auxiliary amplifier distortion detection circuit;
fourth electrical variable attenuator means and fourth electrical
variable phase shifter means inserted in in an input path to said first
15 auxiliary amplifier;
third pilot signal detecting means inserted in an output path from
said first auxiliary amplifier distortion elimination circuit;
a third controller supplied with the output from said third pilot signal
( detecting means, for controlling said third electrical variable attenuator
20 means and said third electrical variable phase shifter means;
fourth pilot signal detecting means inserted in an input path to said
second auxiliary amplifier of said first auxiliary amplifier distortion
elimination circuit;
fourth electrical variable attenuator means and fourth electrical
25  variable phase shifter means inserted in an input path to said first auxiliary
amplifier;

a fourth controller supplied with the output from said fourth pilot
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15 AUG 2006 the loop of the first auxiliary anplifier distortion dqggﬁhl %P‘i
circuit 60 is effected by the fourth variable attenuator 61 and the Vvaria 2
phase shifter 62 inserted in the signal transfer path 16E in which the
first auxiliary amplifier 63 is also inserted, there is no need for such a
wi de range of 5 variation as required for each of the variable attenuator 61
and the variable phase shifter 62 in the Fig. 2 prior art exanple. The

E\Leiﬁ?én;?.ve”éeaé%%#ﬁ@tﬁé@ ol PEFOMLTRLHATGIAE Rl dRerbldl 75 b
<l o ai st OERsh g SEl B R Cg%g@%gmg}gmgg shifraRefsdi  5) ‘The"anove
features (1) and (2hepahlas fdsiAnDlsaldiecBONREN RO SUERbIORRRUbLS

feedf orward anplifier, per mt | ng 1 nple econom cal

system 15 Gﬂéa@&nﬁ%&iﬁ ﬁfﬁ%l@%gk@fvﬁﬂéb%bé%@a%@I[\P?h?éan%% %#ﬁ fjf ! able

phase shifter on the I nput lary a I'er enabl es

the varigbl %on%fdlgerittﬁf 8ist sYefd %%ﬁnﬁ'éetﬁ% 180ef éﬁéalgqiﬁtapﬁ%@% ngieh ed

control range to cont according to the range o orti of the
| nput  di st ordekSiteditgNalid ﬁﬂatgﬂb%@au et ﬁgrﬁ%cﬁa@m'ﬁhg@ahdty in the
automati ¢ bal ance cdntrol t | oop. L5 AUG 2006° What is

clained is LechnfepstiteicupysriabRl étftérﬁfat&oﬁ%"aw 'a?ﬂ sa@d@béérﬂi Elé?:@né'&lt ection
circuit (10) which includes a main anplifier (14) for anplifying an input

signal and defRMié Pﬁa@@@!tﬁﬁmﬁedmb?rs bl BecPEbsRd]18Y oA Al HepRise BASILitSI er ;
I'mnati on C

and a distortion e ircuit (50) which includes a first auxiliary
minimize the level of said second pilot signal level detected by said second

| 10  pilot signal detecting means, for controlling said third electrical variable
attenuator means and said third electrical variable phase shifter means by
said third controller on a stepwise basis to minimize the level of said third
pilot signal detected by said third pilot signal detecting means, and for
controlling said fourth electrical variable attenuator means and said fourth

15 electrical variable phase shifter means by said fourth controller on a
stepwise basis to minimize the level of said fourth pilot signal level detected

by said fourth pilot signal detecting means.

( EFFECT OF THE INVENTION

20 As described above, the feedforward amplifier with a dual loop
according to the present invention permits implementation of balance
control of the loop of the distortion elimination circuit 50 without affecting
the balance of the loop of the first auxiliary amplifier distortion detection
circuit 60 by controlling the variable attenuator 55 and the variable phase

25  shifter 56 inserted in series in the input path to the first auxiliary amplifier
distortion detection circuit in the distortion injection path 10D of the

distortion elimination circuit 50. Furthermore, since the balance control of
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anplifier (63) for anplifying the distortion conponent detected by §gig 2006
distortion detection circuit (10) and cancels the distorti on conpone ¢ Ey
injecting the anplified distortion conmponent into the output fromsaid nain
anplifier (14); wherein said distortion elimnation circuit (50) constitutes
a dual loop including a first auxiliary anplifier distortion detection
circuit (60) for detecting a nonlinear distortion produced by said first

o' nat § on Ty 100 bf i fkerfifkiflaly oI A1ES iR oATRLCHGH SRRSO 19D 1 or
anpl i fying b%ctﬂécfbgrthé FBurth VEPRIME brd LS eA Byd Tk @afihBﬁaL gﬂ%@leséﬂiﬁ'é)‘

anplifier distortionh detection circuit (60) and cancels t tortion

conponent o%zﬁﬁgwéaﬁﬁ&hagi%iﬂ aFansf@path| 16E id GRichxhe Tr8chntgidhe anplified
di stortion conponent into the output fromsaid first auxiliary anplifier;

wher ei n sai dnfplshier 63 a9 aliotiastied, tet€ ¥ ho ke forsLuHesSwide fingwdbf of
vari abl e attenuator neans (12) and vari abl e phase shifter neans (13)

i nsert eds i nvhhationpas regalifedofor wacH oftthe vairblé aeten(athr;6 Wagd ¢he vasble

distortion elimnation circuit (50) includes second pair of variable

attenuat or phase shiffr 6ihih ey Fabl2epribeaet otirhpky, neans (56) inserted in the
input path of said first auxiliary anplifier distortion detection <circuit

(60); wherein sai Theiprebersuxivention propidds the follotwingi atvasitagesaréraheci rcui t
(70) includes third pair of variable attenuator neans (72) and variable
phase shif beforrartins (73) inserted in the input path of said second
auxiliary anplifier (74); wherein said first auxiliary anplifier distortion
detection circuit (1A automatidesdhstmemt ghiemefovthei febdéoravardmrmptifiemeans
(61) and variable phase shifter neans (6]2}) ,, and sai d feedforward. anplifier
f ur t herl@onwitls ardpalileoap whichtpesingtsahigh-effexeneyy amplicqtdin cas beioffereded in
the input path of said distortion -28 . . .
(2) A stable distortion compensation capability can be implemented.
(3) The above features (1) and (2) enables reduction of the power
consumption of the feedforward amplifier, permitting implementation of a
small and economical system.
15 (4) The provision of the variable attenuator and the variable phase
shifter on the input side of the first auxiliary amplifier enables the variable
attenuator and the variable phase shifter to be controlled control range to be
controlled according to the range of distortion of the input distortion signal,
( providing increased accuracy and stability in the automatic balance control

20 of the loop.

25
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15 AUG 2006 detection circuit (10), for injecting thereinto a firs{sRii&9bos
signal; and first pilot signal extracting neans (82, 91) inserted in the

i nput path of said first auxiliary anplifier distortion detection circuit,
for extracti ng said first pilot signal and control neans (96, 97, 98, 99)
whi ch cont fr:gt. pair of variable attenuator neans (12) and
variable p Eg iﬁ]ﬂflpgﬂ 1Sr\eans (13), said second pair of variable attenuator
means (55) and vari abl e phase shifter mneans (56), said third pair of

vari abl e attenugtgr { hase shifter neans (73), and
said fourth pai %fﬁﬁﬁh&g&é@ﬂ%}f@%@ (61) and vari abl e phase
shifter neans (@2Jistartafif detedtadmomeudo(it(lowhath sachidedi stroain amplefiect i on
circuit ( ai ' [ |im iLon cireuit. (50 ' ' .

u 11 ary U i SpHF AL 28 il SRR fd cbtebise ) rgmilely ol ion

auxiliary mjhtédb sdii & toaini amphifienj aed i on circuit (70); wherein said

| 9 | i ab.
2t tenuat Sfaﬁéaﬁg f%ftmjeb %aﬁﬁﬁ‘éﬁqﬁﬁih?w@pﬁ rafudes g 6 Al e
level of sgmslifier 5(63p)lﬂo@ta ngexhe adisesttion saitbdriarst dejecesd S’aygrsaid

extract n nmeans s.. d below a predetgrmped first re ence
oxues e haidioraon idertion Grclis 0 ard rheteR B BSOH0E Combonatb Dy mans
(61) and \iﬁjdcﬁhgeth@mphfﬁall disesrtigprpempoALna irgtol me@ﬁ@@tlffomhmdrmuin path
of said first rtjdﬁmry anplifier (63); wherein said control neans (96, 97,

98, 99) pé‘lnﬂﬁ)lll rol on the first, fourth, third and second pairs of
variable att enuwmrélrm@ld/adlsﬁﬁh@npeﬁﬁﬁnaﬁbnfé@éﬁltI BHhtengitdess a2dudhe

feedforvvard anpljfier of claim.l, furth IS second t signal
i nj ecting %HAEC]Q@T% RS 8’{)\’/\/@8?131!!6 %rgé@%l%agtecwnrplawﬁ .(Bbi or( 14),
for inj ecrde@@:tii?%ehﬂhﬁné‘aﬁ‘éﬁﬂﬁﬁtl@h r*ﬁbdﬁb@@%ny safdl fﬁ%@cﬁﬂgﬂhtﬂw QimS 'lﬂ@lal

extracti n% nean t he, out put , pat

di storti ok03) |am:lmﬁr@ha@m Larytarpsbﬁe§ ?cfwwéswn Eatmmpten @HgattoWd))pwfnﬁh
has a second auxiliary amplifier (74) for amplifying the distortion
component detected by said first auxiliary amplifier distortion detection
circuit (60) and cancels the distortion component of said first auxiliary
amplifier (63) by injecting the amplified distortion component into the
output from said first auxiliary amplifier;

wherein said distortion detection circuit (10) includes first pair of
variable attenuator means (12) and variable phase shifter means (13)
inserted in the input path of said main amplifier (14);

wherein said distortion elimination circuit (50) includes second pair
of variable attenuator means (55) and variable phase shifter means (56)
inserted in the input path of said first auxiliary amplifier distortion detection
circuit (60);

wherein said first auxiliary amplifier distortion elimination circuit
(70) includes third pair of variable attenuator means (72) and variable phase
shifter means (73) inserted in the input path of said second auxiliary
amplifier (74);

wherein said first auxiliary amplifier distortion detection circuit (60)
includes fourth pair of variable attenuator means (61) and variable phase
shifter means (62); and

said feedforward amplifier further comprising first pilot signal
injecting means (81, 86) inserted in the input path of said distortion
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signal; -29 15 AUG 2006 wherein said control neans (96, 97, 98, 9915A G 2006

controls said second pair of variable attenuator neans (55) and variabre
phase shifter neans (56) so that the |l evel of said second pilot signal
extracted by said second pilot signal extracting neans (85, 92-1, 92-2)
goes down bel ow a predeterm ned second reference value. 3. The feedforward
anplifier of claim2, further conprising: a third pilot signal injecting
nmeans (88) inserted between stages of said first auxiliary anplifier (63),
for injecting thereinto a third pilot signal; and third pilot signal
extracting nmeans (84, 93) inserted in the output path of said first

auxi | i ary detgitidn etronits(b9),i for #jectimatthereinio aufirst( piipt sigrnalexandhadirshhg sai d

sai d thi r $iigTiPERY BRI oRA GEAD inERER if e sRAur Zhm SR TR °

E hi fS ; ;a(r]I [rﬁflgtgli@?a?pg_ﬁdrgiﬁstdergenl %@rtjegtioﬁ (Sa%swlt,ts fajrreg;tpadtgiegs saghmgkitgxigo‘a;t ed
p?/edet er ms?ﬁwlfarﬂ(fﬁopbgirr@ﬁ%%s t(éil gz’ gﬁ?‘ag%aewﬁbci{jf:f}?%ﬁ& Sﬁiﬁﬂﬁrfq B"Furo‘\# claim
1, furthewaeibbs iasichgasacordns Qil29tarsl gadhbkxphass ishifterearsns7@.3)94ail) )

i ted in the input.path of said d il i fi 7 f
extract | ngecond raba ArABE aFEhietcl Fisans i narRc yaiabls bhhee Shifer
nmeans (96 méahs B56), %21d chitdr phis sRiveribbly hitepaitor wkanar(i7ahlamdvueabii or
nmeans (61) .and | abl e ph shifter fms S 3624 so. that the |level of said
Second. pi IRBSSSHRAFT BIEAMRCL/a> BPOSAIG) TOURTRRIE 4T YA pliap PR P neans
(75, 94- 1)copanddgmintilel shise shifidetRedNN@B)sreeffdct balficeneentydl ofsakl The
feedf orward amplifjer of claim

o aer me'dissaron deteasiyn Fireur ) MidisIdaon Shmwiaion st (i, said °' 9
first auxiliary amplifier distortion detection circuit (60) and said first
auxiliary amplifier distortion elimination circuit (70);

wherein said control means (96, 97, 98, 99) controls said first pair of
variable attenuator means (12) and variable phase shifter means (13) so that
the level of said first pilot signal extracted by said first pilot signal
extracting means (82, 91) goes down below a predetermined first reference
value;
characterized in that

said fourth pair of variable attenuator means (61) and variable phase
shifter means (62) are inserted in the input path of said first auxiliary
amplifier (63);

wherein said control means (96, 97, 98, 99) performs control on the
first, fourth, third and second pairs of variable attenuators and variable phase
shifters in this order.

2. The feedforward amplifier of claim [, further comprising: a
second pilot signal injecting means (87) inserted between stages of said
main amplifier (14), for injecting thereinto a second pilot signal; and second
pilot signal extracting means (85, 92-1, 92-2) inserted in the output path of
said distortion elimination circuit (50), for extracting said second pilot
signal;
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auxiliary anplifier distortion detection circuit (60), for injectings.uca2006
thereinto a fourth pilot signal; and fourth pilot signal extracting neans
(76, 94-2) inserted in the input path of said second auxiliary anplifier

(74), for extracting said fourth pilot signal; wherein said control neans

fourth vart abl o "HRASE Shtt S oL BitahS 0870719 rodt LEMBI AT RRBRR A D oy
si gnal extafacareablbyatsariuhtoouneansp(I 9t ared graalable phass shiffer addnsefd)asn i ng
T SoeSuCH RFREN SR ARSI OCH A PR RER YA s i
extract i n@xteening(@eans (88) H24dl i 92-2Necestdown heibwod psedeterinned second
elimnatiqnecircuit,(50), for extracting therefroma first signal; and

denodul at ifﬁgefﬁ’é‘%é’al 0) for generating a first correcting signal through
denodul ati on of said first signal extracted by said first signal extracting

means (85); whereify sai d,contr ol S 6, .97 controls said secpnd
pair of vari abl3e ﬂ?q iﬁﬁﬁwaﬁiéﬁﬁﬁ?ﬁ% E’gﬁ!)al%zi’ ﬁh@eﬁﬁgﬂp@ﬂﬂg‘r@r ns
(56) basedilmnsgmial frijestingonteaati (@8 xiigsated betWeent sesifesr \wdr dai@ndirsf i er of
cl aim 6, urtlher conprd si@g fecond .Signal .extracti gﬂlqueansﬂg%?@ni ns(frted
in the outHIIF #MpFILEL (§3); F nigcting thereintpag giird glol §ignakangd thifd ¢ i ¢
(70), for mdtraghilne ki@ heans (84c 939 issatal in tlendugrirmasithasfl sagd faens
(100) for generati nn%ga secpnd correct |.£%i3| gnal . tﬁgﬁugh denodul ati on, of
sai d secor¥X&ilgyaRrnilifigh %F%?%a?h"‘t‘ QN GIEGHHT + QB (GXERGHNEh SaldB4) -
wherei n sahitdgslét fkngBans (96, 98, 99) controls said third pair of
vari abl e attenuator eans, (72 nd variapl e phase shifter neaps .(73) .based
on sai d second 0RGTEH SAL SP@&TQ meansr :f%éd‘?gsr §ontEols ﬁagfﬂmgawr one of
?: ?'S[T‘chni(goxrellrgm?g%éi}uoa?@f hOATY (72) R Rariabio p?lﬁse 3Bi P mé sl PFB%SSO a
that the level of said third pilot signal extracted by said third pilot signal
extracting means (84, 93) goes down below a predetermined third reference

value.

4, The feedforward amplifier of claim 1, further comprising second
pilot signal extracting means (75, 94-1)) inserted in the input path of said
second auxiliary amplifier (74), for extracting said second pilot signal pilot
signal;

wherein said control means (96, 97, 98, 99) controls said fourth pair
of variable attenuator means (61) and variable phase shifter means (62) so
that the level of said second pilot signal extracted by said second pilot signal
extracting means (75, 94-1) goes down below a predetermined second
reference value.

5. The feedforward amplifier of claim 1, further comprising: a fourth
pilot signal injecting means (83, 89) inserted in the input path of said first
auxiliary amplifier distortion detection circuit (60), for injecting thereinto a
fourth pilot signal; and fourth pilot signal extracting means (75, 94-2)
inserted in the input path of said second auxiliary amplifier (74), for
extracting said fourth pilot signal,

wherein said control means (96, 97, 98, 99) controls said fourth
variable attenuator means and said fourth variable phase shifter means so
that the level of said fourth pilot signal extracted by said fourth pilot signal
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controlling said first pair of variable allenuator neans(12) and valri 3@%&06
phase shifter (13); a second controller (97) for controlling said S8

pair of variable attenuator neans (55) and vari abl e phase shifter neans
(56); a third controller (98) for controlling said third pair of variable

o b NG 5l O AL B RABRES B GLRG G5 AR Bk A
nmeans (61) and variable phase shifter nmeans (62). 9. The feedforward
arpl 111 er o arx 995 ol Gl Wb HBE Bt 4, SRSl RS0 2
phase shi §igan] waastialpt ateanise{86 Jomsertetieipwtire oulpst path 3 said distortion
elimination circuit (50), for extracting therefrom a first signal; and
demodulating means (100) for generating a first correcting signal through
demodulation of said first signal extracted by said first signal extracting
means (85);
wherein said control means (96, 97, 99) controls said second pair of
variable attenuator means (55) and variable phase shifter means (56) based
on said first correcting signal.

7. The feedforward ampiifier of claim 6, further comprising: second
signal extracting means (84) inserted in the output path of said first auxiliary
distortion elimination circuit (70), for extracting therefrom a second signal,
and demodulating means (100) for generating a second correcting signal
through demodulation of said second signal extracted by said third signal
extracting means (84);

wherein said control means (96, 98, 99) controls said third pair of
variable attenuator means (72) and variable phase shifter means (73) based
on said second correcting signal.

8. The feedforward amplifier of any one of claims 1 to 7, wherein
said control means (96, 97, 98, 99) includes: a first controller (96) for
controlling said first pair of variable attenuator means(12) and variable
phase shifter (13); a second controller (97) for controlling said second pair
of variable attenuator means (55) and variable phase shifter means (56); a
third controller (98) for controlling said third pair of variable attenuator
means (72) and variable phase shifter (73); and a fourth controller {(99) for
controlling said fourth pair of variable attenuator means (61) and variable
phase shifter means (62).

9. The feedforward amplifier of any one of claims 1-7, wherein said
control means 96, 97, 98, 99) performs control on each pair of variable
attenuator means and variable phase shifter means alternately on a stepwize
basis.
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