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| RVENTI ON invention relates-to a linear anplifier for Illwﬁmml““““mul““IIII
mainly in 5 the high-frequency band and, nore particu

a feedforward 4P ifier with dual |oop, which is provided with a di st ajpiben
detection circuit for detecting distortion produced by a main anplifier,
and a distortion elimnation circuit which anplifies the detected

di stortion conponent FBERFORWARILAMEBEIF &R WITH DAL LPER s t he
anplified conponent into the output fromthe main anplifier to thereby
cancel the distortion conponent and wherein the distortion elimnation

circuit conpri i r{l i i.rcuit which detects a distortion
conponent M@ﬁmdff &g{gmﬂ\ﬁg nd a distortion elimnation
circuit which ca | s the detected distortinon conponent its i.njection
Cht o the 1115t auliF PESLIRYFRISH relafinto & RBPRCRDIOTIE (O 4P St T | o
communi cat i gns a f Qrwar Lifier.in.atr 1t n wer
commun! SRt e SRR S A Ao Bl Y A AR SgREE
cancel |l ati OWifH @ﬁé’l’ i gvr}ﬁ{:ﬁfis rf?bﬁraeﬁswﬁh% &i%%ﬁfoﬁn%é{‘él:ﬁ% lARug fopui t made
up of a signa ransté&r path of a marn anpliftrer and a I'inear signal
transfer pa : [ IS A i f Jpd jon circuit
made up of gg%ﬁﬁgsqlgﬁ)gﬁ bpi{ﬁg}‘g‘?@%&ﬁ]h‘%ﬁ aghg?fs?%%ra ?-IB o%hilsﬁ@fcgtq on path. The
| i near si gngjimdi ' Hfﬁ]ﬁﬁe : : W erter
circuit. Th_gh%{éflﬁﬁéli&gﬁ\ré’?‘ %gt?,g%(g% gr pat ﬁbflhg%lfeg?éégg dﬁ%/ﬂagtlgg%g?] I ne. H?E%

di stortion fpgtenikiRarPapliffer’ AidRGedty the WAipl A & cohipneat dito the\Gitpab! e
phase shifter and an auxiliary anplifier. The input signal to the

f eedf orM@ar dfiempkhé hetiniamplifiet aslthereby Ranes] thievdig@rtioh'componienttdirl si gnal
transfer path and the linear signal transfer path of the main anplifier.
The out put sihgrein theadistort ohedithnratendeiacmik cOimprises a distartiotedeteytian power
conmbi ner which conbines outputs fromthe main signal transfer path and the
di stortion cnpedtwhighpdatacts\w distemtion ecompetént prodiicaddiy theefirstanmplafienear
di stortion conponent produced by the main anplifjer are detected by the

di stortion @adaddiseitionrelimination eimeuis which casgelsi thealateetad shistostient ar e

elimnated by being jnj.ected into th in anplifier oyutput path so that
t he di st ortP%WP@@ﬁBBL?ErﬁS %@Ctﬂ%mﬁitﬁe Het ?‘F}gﬁ}arﬁ@ﬁmlﬂﬁﬁlf eUBBRosite in
phase b equal in anplitude and delay, . .Wth the.recent rapid proliferation
D hobi | B communi At bebh e o R bilg SR P R e B Dover
consunpti on i i f.or tat i The se-st-ation, radi o
caui prent _oGriaip BB AR e s RARSTIE BB et blias 7 O R AR
etc. The re 14 -of . 1Qf :1 109

anplifier i g“@fl ectl?&g}'gﬁo%}%%stlﬁérl@gmg%ggﬂélh%ﬁﬁgy?’gagq@g%&hto BQ‘_?%" reduce
the pover c . ) e e L

i ndi spenfsablwe}ﬁt o | %gﬂsetgisté&_?geewl% e% W{::l?lg%%y o$f)t0§'ey)#lg{e%§gﬁg%{ilp§%ﬁ?i er.
The attai nmafHin @mpliAsr ghd adinekigedl ttiisfeepafioandrticdMher 6f Rhiclewhres to
increase the efficiencies of the main anplifier and the auxiliary

anpl i fiZz0. dhstoftivar elisddatedm icticaitoynade vpnof & nskialsigngll ransfer pathcand &
permts reduction of the power consunption of anplifier. This allows

m ni at uri zatlistortodn ijectiowipatiy bdty lnfeae stdnal Arambés patbrisdorimeddyear esul t,
enabl es reduction of the power consunption and downsizing of the

transmi tti ndelayviene angla phiase. invager tircuitencbhemainhsignal dransfén pathriscan be

i ncreased using a_ high-effici enc%/war_rpl ifier such as a_cl ass-B_push-pull
amplifier. formehbya delapdings sEhe shstoudon injgstipnipathgs ommedbyd t he

amplifier is qperated under ) . . .
w varlgble attenuator, a variable phase shifter and an auxiliary amplifier.

" eBe&F&F6meﬂm@ﬁW RD AMPLI FI ER W TH, DUAL LOOP BACKGROUND OF THE

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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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 conponent resulting fromthe application of the
class-B bias to the -2 main anplifier of the feedforward anplifier can be
elimnated by the conventional feedforward configuration. On the other

hand, to enhance the power efficiency .of the auxiliary 5 10 anpl|fier

i nserted i nP¥yddad Hyor pPosvericanekines Whighsosbings %E@é(ff%@ledﬁﬁlnfi er, it

i S necessary, | eneral , that the sem conductor applifyin | ement of the
auxi | ary. abkgnal Fl%ﬂsgf‘éR%]é@&géhedﬁﬁi@m%énlﬂcgélg@tg})aé{@%‘n& idn. Wth the
above-described feedforward configurati,on, however, it is | sible to

ol nat o alRCIPIEL: SmPLitisr, £ oorigeabHEere i GoRwiesht broduli By Hhe
anplifier. A_sol uti t hi robl em i.s - uUtihlize the feedforward
configurati B}?ﬁﬁgﬁﬁlﬁﬁ%?&%‘?@%ﬁb}ﬁ ecfhlsz)éﬁi%ﬁ ﬂeﬁeﬁﬁpﬂdi”f%u %&)QE&I liary
ampl i i ar . A Lot ._ S f _ :

aml 111t MBE PR bampbenthal ARARRCTAGL SRR o HSuain
the distor tLanimldiBuBhi BRHLLS il the REBHIBASohliforiX hidhk iami [ fier as a
main anplifrer. e nonltnear distortion conponent produce y the
auxiliary N6 &Y ok by il d 4 A+ i r,ti on
det ection 2@? lﬂi:ﬂ[é% Oalgﬁu?ﬁ%@%ﬁgséfée/gf gl?asst%‘glf[lﬂl %(ﬁla){céﬁp%r%l&?ﬁ{esﬁe(f ??rllakét ed by
the auxiliary-anplyiti gie %&h@fﬁpiﬁ%@ﬂi‘f@i’a@% SMmobi U SmmiiHiBatiSih Sthesd &Te,

it is possible to apply to the 'sem conductor anplifying elenment of the

auxi l i ary anpW 4 demandiatsnedll, lovepoyrerganshision fadioakjuiptieht #6r bosdi tion
ot her than the class-A bias condition. Fi g.S tqu:iitl | ust ra?gglP%ebl ocrk formthe
conventlilonastatieadise: wal'kie Pasastdtidn erdidiegaimaent compaizes aseobtairs i
Application Laid Cpen Gazette 2000-286645 (corresponding US patent N

6, 320, 461. traesmitting pawed aigdifien anrantennd,iet¢.er Tihe neddetiop offthe pdivetror t i on
detection circuit 10 for detecting a distortigon conponent produced by a

mai n anpl i f ¢emsumptiag of the sransmisting pomvaramphfier ixeffecthoe imr el i mi nati ng
the detected . djstartion -3 conponent. The distortion detection circuit 10
is formed bipiBlatpgaationofibe sadigpanipmends tliferadiics thepoMereonsHmpiion

l'i near signal . transfer path 10B. The.input .signal tq the input termnal 8
of the feed@ﬁmtran@%ﬁtﬁﬁ ROWEE amp]ifirre ltgs SHdRDEBsAle dDINeEAsa the o t he nai n

TP B B T e B A ©
i t e : ] : i t
sonal U angl et OR e APl A BVt e R aRbBRS e et
then di vi deg) by cFyPetes afi @ agggdr%gt il 17Thd icdh¥idiethiabapglor are

provided to a nal transte n and a distortion injection path
10D whi ch chjividus] aniplefieh &fretits perrlts @w@étﬁ&m@t}ﬁ@gbwe‘é%ﬂbﬁm@rﬁofl gnal
transfer path 10C is formed by a delay |line 51. The distortion injection
path 10D i sa@@lifidrs etk atlohwy sfiniitutizaticy oftié cboBhg 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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‘15_ distortion detection circuit 60 for detecting a distortion conponent
produced by a first auxiliary anplifier 63, and a first auxiliary anplifier
‘distortion elimnation circuit 70 for injecting the detected distortion
conponent into the first auxiliary anplifier output in such a manner as to
be opposite in phase but equal in anplitude and delay to each other as
referred to 20 previously. The first auxiliary anplifier distortion

det ecti on cimainiamplifienopthe bzeddofwant amplifldraran beplinfinatedsbytlad t r ansf er
path 16E including a variable attenuator 61, a variable phase shifter 62
and the firsonuentionalrfpedfmpmwardeond@urationa first auxiliary anplifier

| inear signal transfer path 16F including a 25 delay |line 64 and a phase
inverter circuit ©% therethgrhpndstorenhanaedbe R%erpéﬁ%/%efl‘@@ﬁﬂtﬁ auxiligrg

conbi ned and then divided.by a power conbiner/divider 66. -4 he first
auxiliary a?fmnq¥'%rrmaf:gt@grmitla%déﬂtpﬁi%mjsatlenp@mp tae g‘%ﬁﬁfpﬂé{é a first

T T
211 ary ansrreneyt e BpiBataniifertinobrald el A Qe bR 7H are
B e T

di stortion (i:tgilsrrgg%dé%? lﬁgrgtct)gt?cg@n%e ?rr]r%?ﬂn‘{glleﬁi:gnﬁg{)ﬁﬁ%?éqﬁ)%ng#&ﬂﬁgﬁ%gﬁf ned 10
utput tor i ierogPREAnE A ARG 18 s B BT ket Ton pat h

10D, for OT?dfé’éde?@Qf&wﬁﬁgu?deiﬂ fdrothe di§ﬁf?ﬁoh%fé%‘ti%?1§5‘atﬁ6}ﬁ@1u2ﬁn%%é | oops;

that is, it is necessary o balance the |oop of” the distortion detection
circuit 10, ahﬁﬂidry(mnéﬁﬁ@f. the first auxiliary anplifier distortion
detection circuit 60, the loop of the first auxiliary anplifier distortion
el imnation circuMorékspecificdity, thedixbrtide ijiestiontpatn fet the awtiliany ci rcui t
50. The four |oops are respectively required to control sets of variable

at t enuat or samplifverr isdormedHns thestistartion detection circgitlandthe distortich, 73) so
that 20 the output signals fromthe anpljfier signal transfer path and the
| i near si gnaliminatienenirquat, regarsling theauxiliary amplifiatas amjaimamplifierand
opposite in_phase to eagh other and so that the oufput signals from.the

mai n si khal Thedmalmess lﬁoa%@lpﬁ@mrgqmrnrpéﬂcedenpw P aHxpiany aapEferdsual in

litud d i I d. i j h h other.. I,
mor ovenent Setechet By Guii R Bisr o aen e atiune B vis, AN 1 o1
d d h i1 bri f th b i f tih i abl
gte P Sﬂugt §?shs%ﬁ$tﬁ'8w{$3ﬁ°§£“fé’lnghg§a* B PRt e SR Smelier e | ?3
i i D=5, Pul:i N . 7= i
Tautomet o Moo RAIARGOR RN DR SCnEEPiS pdSsibl (I AR ©
phase and agl iduiteufiRicha MARRIF I AehldhitATARE muldliair AbHigeg 420 amount of

di stortion conpression over are wthin

respectjyel Higlﬁefﬁ@iféhwlfﬁﬁ}r)liﬁchﬁoﬁ%@ﬁb‘liﬂ@biﬁé eehdRiG:PBdritRAs tRE @]dsgpased
on the degree of bal ante of transm ssion characteristics and conpl et eness
of adj ust meBiasodoridifiogi stortion detection circuit 10 and the distortion
elimnation circuit 50. In practice, it is not easy to conpletely maintain
t he bal ance of thPBig.elsflamttates i bloekt for the ¢drevetitioml feedfodwhedt i on
circuit 10 and the distortion 10 elimnation circuit 50. Further, even if

i ni tializedapmltfeert digclomeglinJapanedealatent AipplicationHaaideOpen Kazztieat i ons i n
anbi ent tenperature, power supply and so forth, making it very difficult to
stably mai n2800-2 %‘E@mmmﬂmgzw&patmm% ®@320e161- balheddasteatedi t i on for
a Iongferiod of tinme. As,a method for maintaining the distortion detection
ci r cui t2andfeeforsar emplifiesrisenade nptafondistertion defectine ciwadf bY der d
anplifier i erfect balapce with high accuracy, an, autonmatic adj ustnent
scheme usi nge chingo disteriign cempenenpprodu BRdRpIncamplifiesd 4 and a

af ore-nenti gned Japanese Patent Pubpli.catj.on Gazette No. 7-77330, and a
devi ce |l SRIATIGHCHANNEHAR Freut Ha 4ok shRMnFnE bt deterisd AiStamionsnoi ohi
Nar ahashi, "Extrenely Low Di stortion

-3-



20 Multi-Carrier Anplifier for Mbile Comnunication Systens---Self

Adj usting Feed-Forward Anplifier (SAFF-A)---," Institute of Electronics,
‘Informati on and Conmuni cati on Engi neers of Japan, Radi o Conmuni cati ons
Systens Techni cal Report, RCS90-4, 1990. A feedforward anplifier with

i nproved stabilization and distortion 25 conpensation capabilities is

di scl osed, for exanple, in Japanese Patent Application Laid-Open Gazette
No. 2000- 3580aorikimé. f eedf orward anplifier is a nodification of the prior
art example of Fig. 1., As shown in -6, 5 10 15 20 25 Fig. 2, the variable
attenuator 61, thdheatisteptiengleteasiaheireeit Iépisdotmeddbyielsagnalithendar patht he

L | B et shshor L o e et 00, et 1 TS e
e e e BB e L PResel 19, b Lt STRLL L B
SLages o S PR Sk e e R G SRR o
RERRIL LR SR G B S T
aLuenuator Gl i 1 ROEGER ShAIRRAFT PSR BF el
oyt 50, BB 19SS e BRI STngRABR IR SE ARl |

anmplifier dijgoshd qogdggee&rh}a{ehﬁaﬂi}i%rﬁ ivide@dy e?%@@e?%o‘iﬁlﬁn&?’ﬂ%ﬁgb?

attenuator 61 and the varia ase shifter 627 the bal ance o

di stor Lign_ a7 mTied Hivided siatidls ARt pRIVIEEA 1S caphireyithal MaSRySFath gz @ 1 2

probl em t hat when the bal ance of the distortion elimnatio rcuit 50 is
achi eved, thadkadigtmeiodfinjé@idn psth PORIwhivhycaigitifd tie diistdrfiohi on det ecti on
circuit 60 cannot be reached. Further, in such a nodified feedforward
anplifier asliddpatipadirouiFbQ. 2, when distortion occurs, the control range
in the controller 97 becones a fraction of the anplification factor of the

first auxiliary afpeirhaiersigdaltransfiee path 48C i foroed by ardedae lineekli.ng i t
i mpossible to stably control the pilot signal with high sensitivity.,
SUMVARY OF Tihe dlmﬁvnquqthrspathe}@i‘) a8 eompregsideet a dirst mexibiasy emplifierent i on
the i skr ¢ BEOTHGIEAEIeSHOBAITFTRBD B AStechde S Etorien aouprmegtpsatuced
? gxit Liea{o?/eggﬁlta{ ﬁirsﬁra'ux-{ 131')}c aGr%%fli?fe\f'%%c,l a%ﬁpa{ h];'étearum.igpy S‘m%‘l'ﬁier'diéﬁ%rﬁ%ﬁor ding
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.



‘invention conprises: 5 a distortion detection circuit which includes a main
anplifier for anplifying an input signal and detects a nonlinear distortion
-produced by said nmain anplifier; and a distortion elimnation circuit which
includes a first auxiliary anplifier for anplifying the distortion
conponent detected by said distortion 10 detection circuit and cancels the
di stortion conponent by injecting the anplified distortion conponent into

t he out put from s&he firsi auxiliary finplifiehdistontiosaglondiatien cironitélQ ni nati on
circuit constitutes said dual loop including a first auxiliary anplifier
di stortion Gempstsesn farst euxiligryramplibier majnigeall transfer patt b7éi duced

&l stortion B eaRaniIGe L & T SWkLY anaifer AR IR ot PR f or
ampl 11 er i SELMET N BRinOR HHRS Gock CRRHBICPRIE HiLebr S &omonent
component | eheria BRI o e by R e panS B aReTei n
et o e b 0 6 e QSRR 4B OSBRI oo
7y e )PPt TR BB SIS LT o
o Second e mboRere ol i GO0 GRS RECH AR ©
Saort) o Al sonptatnlod RAPh M ab LR ines
i nsert ad) i nsighal ineutpubat Aanbutpat digrt ofthefeddfoanir@aRIPIfic to the output
terminal 9.
The auxiliary amplifier in the distortion injection path 10D, formed
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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wherein said first auxiliary anplifier distortion detection circuit
includes fourth electrical variable attenuator neans and fourth el ectri cal
-5 variabl e phase shifter neans inserted in the input path of said first
auxiliary anplifier; and said feedforward anplifier further conprising
control neans which controls said first variable attenuator neans, said
first variable phase shifter neans, said second variabl e attenuator neans,
sai d secondJaparieablRatpitaBeblitatedn Gazettoddos7-79330 ¢rtitied ¥ Antadplaeicat t enuat or
nmeans, said third variable phase shifter means, said fourth variable

att enuat or Ashustnzent @ier'cuitffgu Fekd fervward| Anptidsse.”’s hilor erx amgales phaseedfid c t

bal ance control of said distortion detection circuit, said distortion

el i ni nat i onagipliduie dewatipres (ostdifgxendes) yompraviding agiameinti afrdigtartioni on
circuit and said first auxiliary anplifier distortion 15 elim nation
circuit. Aceompiression ovies 3ordlsdane withiant voand withinet.ediB oraspeatisehy i fi er

ith Il - | bal .of the fi il |ifi
e el clonp Ll Logp bal et of Lie LAY P
th i abl h hifter | ted in the i t th of the first
B T N R TR NI
LU BT e AP o RO PR AR 80750
6 stor i on BELRRAL LRy TR BPIRR MU ARURURRGE ALY,
ampl 11 o1 JfREkyaniAHAO e ifihon PRI A% Holsittiord L he
I stortion corponent generate Yy e maln anplitrer and conmpensatl on for
e 3 oL SRRSO PR S0, FATpA o

conventi Onaéhéﬁéfgr?sfti’@rdhaﬁgé' with8Faridtichs id dribRn® |t%be9&tﬁ9é,ﬁf6v9ér §%liy
principal part of a nodified formof the feedforward anplifi‘er sho n

Fig. 1, 5 Fagd s3 fostha naldels idivagy dhffieliltxof @8 iR abovs-naatiuridng to
a first enbodi mrent of the present invention; Fig. 4 is a block diagramof a
f eedf or war dciropits bneweHdsalanced conditioeforrdlonghpetiod of tohet he present
invention, Fig. SAis a graph for explaining a general characteristic of a
variabl e 10 att enAstoometliod forSmaistainiggahh distorizen|deitedtion airgeitand the
characteristjc of a variable phase shifter; ) .

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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Fig. 6 is a diagramfor 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 arrangenent for effecting | oop bal ance
control based on an I Q denodul ated output; Fig. 8Ais a graph for

expl aining an error signal detection by |IQ denodul ation; and 20 Fig. 8B is
a graph for explaining a correction signal which is generated froman error
si gnal . DETRig.EDthESarlabld ateFatoki | PREFERREN eEhREDI MRESOFiagd the delay
illustrates in block forma first enbodi nent of the feedforward 25

anpl i fi er aboertdi egtheofirst@aupiléaryramphifiendissortiomidetectioascir¢uiten pig.ot are
signals and four control nmeans. As is the case with the feedforward
anplifier oex¢hajged intpesition; a viesiabiortianwatamsbi andtheoa varipblephas® nent has

the distortion detection circuit 10 and the distortion elj.dnation.circuit
50, and wi t PR ST PTONHed irnglqcﬁateﬂw 9?%9314?6& the Saatc@apbrﬁer tortien

auxiliary anplif.er .63.0f . .the.distortion.elinnation circuit 50, the first
S 11 o oiBiectipBrcipmif 05ARd it sl B e e by S SHERS T thRdTAIT o

Z‘éﬁih! O R e Y T Mﬁ?@???hk;my
i er dPSRERIT ¥ ERHEEENFo°F 4P IER S St o
11 for i vi dwt oo bRl R SbhERe ihabued ERBhaT 1o)abilTs PRI Y
Bt onuat or 7R HetBoiBP Bhd CoRREIRE 0 RS R o7 BF didciy vl °

inserted in & i1dBiRifA j fier signal path 10A; the delay line 15 and the
phase i nver!tetedré é%@éu}tigflg'form ng the linear signal transfer path 10B; and

the povgy conbi nerdpirg{i1ge@ne%r%lé:&t&ﬁimbf\6§ ditPtHW 41i4tle 'phase shfftdven pat hs
1 OA and 10B and then di'vides the conbined 15 output to t pat hs. The

si gnal s di vbgeHe ypiithsideofehe fasbameliaty widsifidro3nee shaet Byptide del ay
line 51 form ng the main signal transfer path | OC and the di'stortion

i nj ection pdishoi elimihetioh streniti Shaed ithe fiest auxitiarg aivplHer distdrtion
enbodi nent, there are inserted in the distortion injection circuit 1 OD a
20 direct i odefectionmirouiBB). a Trs presents a girbblean thatueter ifihe bal@seorkithe
vari abl e phase shifter 56, the first auxiliary anplifier distortion

det ection cfirgauxibary amplifierdistouiphideisctiomircug6Missachieveshbyither nat i on
circuit, 70 and directional caoupler 84. The first auxiJiary anplifier

di stor théon vatiablei asteraiatenol a@dtgsﬁwxabé%p ase shifter 62, he Batancerof 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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25 the power divider 52 for dividing the output fromthe second vari abl e
phase shifter 56 to the first auxiliary anplifier signal transfer path 16E
-and the first auxiliary anplifier linear signal transfer path 16F;, a fourth
variable -11 attenuator 61, a fourth variable phase shifter 62 and the
first auxiliary anplifier 63 inserted in the first auxiliary amplifier
signal transfer path 16E;, the delay line 64 and the phase inverter circuit
63 form ng fdedfbiwatd amplifiexrwhimhppériiiey edsynealanse goatrol vdnké distpation 16F;
and the power conbiner/divider 66 5 for conbining the outputs fromthe two
pat hs 16E amgedtfén path invduduig/ihei fiegdfdrevardrdinfeguredt quxiliary amplifearhs. The
first auxiliary anplifier distortion elimnation circuit 70 conprises: the
first auxiliary ahbeif¢¢dforward agipjiaer withte dud leopcacdogding teethetyresenrt del ay
line and supplied with gne of the two signals divided by 10 the power

combi ner / di VIVGBEIOBACOMAHSES:r st auxiliary anplifier distortion injection
path 17H which is formed by a direcgtional ,coupler, 73, a thirg varjable
attenuagor 72 and® S1stprtion JetecHpneipmukehichingledes 8 main amphifissifoed wi t h
the other divided signal fraomthe pqwer conbi ner/divider 66; and the power
conbi ner 7GAMAIEKINGAbiHRY SiEBalAnd deeers s pophiacaReiLoting RifgedBY; And
provi des the.gonbi ned ]g.t ut yia the directional coupler 84 to the power
conbi ner 535.a1§§n?|1é]a%p? ﬁaﬁ?ésti ng the bal ance of the respective | oops,

her e are b ov deg foblhhon AT YERTHsBhage KRS AEORRRLL ", B o
(R Pover oo Yo i P BHEOULE A D ohSh: Bl b Tald kgl

i ntrodyg . i i fi iR it
28 e g Sl IR AR YR L

Lol rd PLI OlampiRid dRicHiohl dSiABoRbAGRo Bhe bl frol GHImAR pmpliler! | e 63

25 There are provided a first pilot signal detector 91 for detecting the

llevel of the firsyhptdiftsaid divortio eladigstion airchit cbrseietfesRald agablodp 82
and a first controller 96 supplied wwth the detected level, for controlling

the first -ihRludingra fbstenndtilianuatoplifie? diswrtibr detéctiorn eircahlfer detestinghi f t er
13 to minimze the detected signal |evel. Further, there are provided a
second pi | 0a nentjnabr destexticr pothicetidry sktetst agxilterylaplifief ahtie Sestond

pil ot signal extracted via the directional 5 coupler 75 and a fourth
cont r ollber @axiliery eomlifpen distortion ¢loninatiomeirgnit evhichdiasaa secad and t he
fourth vari abl.e phase shiffer 62 .ta mnpin.ze the detected signal |evel.
Furt her, ¢ HapeTiare apmlifl raaraahﬁﬂagﬁﬁﬁ Elstgﬁgmpomm%de@qd pyrsai
detecting the level. of th econd pilat signal, extracted via.a directional
Coupt er 5. s Al pmpbitier chnortioy et irirchit pg aneclsbgdisteagtion
variable atte and~t he sacond vari-abl e .phase shifter,.56 ,to mnimze
Uhe. et ect epopohht ReA ts? BuR Aty SriPlinEr by dBURT e Mlrdrihlieg,

control l'ingy; var | r t ] : Lf.ter 56
inserted i gdltggtﬁin\ggl écﬁﬂbﬁg@%}t Q{Egﬁl?ghlﬁlﬁffgc |%§d\g§#ﬁ$§%§9§% Eﬁ%@ﬁé‘f’st ortion
el i m nafy on circuy t L R; St i i Apxi liary
anpl i f??r di stor tL\:V %ﬁégrel\tggic(flagrtl&g@cgi&?%gﬁ%Frtog?ﬁsﬁlgglgds%%ﬁre&tegééépg gfét bal ance
control of yAgablecitcpluatdiendans ahti Mt Sldcicdtvaiatile ohidké sBffteM hbans

affecting the balance of the loop of the first auxiliary anmplifier
di stortion gheerediiAnheifisut patbbf 6@ ntiea.araplifier;t he bal ance control of the

| oop of the first auxiliary anplifier distortion detection circuit 60 is
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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20 perfornmed by the fourth variable attenuator 61 and the fourth variable
phase shifter 62 inserted in the sane signal transfer path as that in which
-the first auxiliary anplifier 63 is inserted, there is no need for such a
w de range of variation as is required for the variable attenuator 61 and
the variabl e phase shifter 62 in the Fig. 2 prior art exanple. 25 The
feedforward anplifier of the Fig. 3 enbodi nent brings the distortion

det ecti on ciadable pligset shefter netanaurséited yn dmplrifhitgratilioftsard sevordket ect i on
circuit 60, the first auxiliary anplifier distortion elimnation circuit
-13 70 anduxti@argiagaplifien el i mi nation circuit 50 into bal ance by use of
three pilot signals. That ,is, the feedforward anplifier establishes the
bal ance of the | ovhestinigged dirst aptiligry ampltigtogistortion; deteetion caigpityi ng t he
first pilot,signal .to the first variable attenuator 1 nd. the first

vari abl e ph’a&‘éug?ﬁ fowith efeqtrical Wh@l?lélaq%@f%n@eﬁﬂ%aﬁélnggb QPCVH@ | oop of

the second BRTBDISHEAA SHIBer REAnBUREHohit S DIt REn o) SRR HEY our't h
phase shifter pﬁ%tg cgntrol them The balance of the |oop of the distortion
el i m nati on®TRHY @B i s established by applying the second pilot signal
to the second varj ahl tenuat 25 .4 ﬁ é % cond varij abl e phas

i frer 56 to contagiieeRitard aftpRfer Bncy oot iRg on bl ftaRs ASH: ¢

AT Stor 100 (1 61J 8gCh L UligR atfermaeggﬁ{eahgt 8314066 mgpﬁ;imﬁ;gf ‘che
| oop of the Tirst auxiliary anpliTier dis Srt1 R el T Rapr ot & rcul 0 can
b I ed = . . . _ Co bl

at tonuat o PSEIRERY b bIC pRERRMCE ERAS SRid AR TMATRRE 15 |,

this wap) thgjffe@shBAMd, \s8id SRS vatiabCalémiAbl hidanR! s4TNAIidOVarsableyHasand
the first auxiliary anplifier distortion detection circuit are brought into

bal ance. Si gleiftdrtmesns; @akd daureldl vhbiable attémeatbr irsdangtid s oarll vdrighle
distortion elimnation circuit 70 only the delay Iine 71 affects the

anpl i t ude apHaghslsifterimedres @ sffecttbalancaoortrbhbdf emidsdigtationdetbetion

i ntroduced Iinto the power 20 conbiner 53, the third variable attenuator 72
and t he thi citcuty saildl distoirdiea edimintation/Groat, saed ddsusuxdiaay amplifiemge of t he
bal ance adjustment for the other loops. Fig. 4 illustrates in block forma
second enbodisterttorofletegtioharrifuot amd gahfrstraueiliarycamplifigr dastonidonr esent

i nventian, mﬁiqh i.s 25 configured to use four pilot signals and four

cont r ol reafmIpptipn cifguithe Fig. 3 enbodi ment the second pilot signal is

e ST 0 A e SR M G B S
e e L
P e i R e
s. i the PRASTEnTIY i RRle Tt Kl ORGP A BRIt e,

coupl enn@3 |sop Bakhc8Gfithe digoftiSh @lithiAtioR GFdiPT uitFoll&Pb9thé Rariapha!t

side of the first auxiliary anplifier distortion detection c?rcwt 60 and
the fourth pafte@batorandl theaneiadledhhye shiftitrihSerbed &t Giprlt pachef h@firsO i s
provided via the directional coupler 83 to the first auxiliary anplifier

di stortion dekxétiryamplifievdistéBiorrdetebtion ditvmif. ouThis ihgs tisd distdrtion
extracted via the directional coupler 75 of the first auxiliary anplifier

di stortion elimhatonaironit o bakicet Wwethoubeffeeting thé batencecfithe finist ot

signal is detected by a fourth pilot signal detector 94-2, and based on the
det ect ed | egexiliarfanplifiendistoita detactionarait, peramdingheompensatien fimase
shifter_ 62 are controlled by the fourth controller 99. Since this

ar r angedfent thesdistertinmeomponant gengrated by she sepinsmplifier aad comnansatianl | be

repeat ed.
P for the distortion component produced by the first auxiliary amplifier.



"The variable attenuators and the variable phase shifters in the 20 25
enbodi nents of Figs. 3 and 4 usually have characteristics that the
-attenuation and the phase shift anmpunt nonotonously increase as control
voltages VAtt and VPh increase as depicted in Figs. SA and SB. The

rel ati onshi ps anong control voltages VAt, and VPh for the variable
attenuat or and the variabl e phase shifter and the |level VL of the pilot

si gnal det eBtM(EFDPES’@RéPITéQ %IIHEIQMWIN@S expressed by a surface of

revolution (hereipafter referred to as.a parabol oi.d. of .revolutio f or med
by revolving a SUBig.ahts & qukp iaghyn; of 2 gPy¥enieal fgeéfwwgﬂtampﬂ)éeﬁar all el

hown 1 o, 6 FIEvar sk AR eSSy o od Bl o
1 . VP, i .

S?gir?rg_r ytvﬁFegEC%s(gﬂﬁW%‘f# ﬁﬁ#&%&@%&ﬁhgg 'ag_ﬁtti ng ;?le ;)g?abglt 0?3 of

v e e’ LD e s SR e O B <
et ect ed pi Por 2y godi e ar I8P e °2 i "on & par abola forned by

cutting the par abplpiliof bGHOHHGLAR B RelBSaKEhIAMer & dohBingid a 2x1 S

passi ng through t fi1xed val ue the attenuation contro 0 ge VAtt,

the phase SBéédncﬁeﬁfHUdiﬁfémb?khé/gkés’éﬁ?iﬁ&Pé_htioil;Changed inadirectionin
which to decrease in the detected pilot signal level V,,. Such a procedure

is repeated and FF@.@A@@Q%rg)ﬁlﬁ\Téﬁéxplﬁiﬂh pehéYatdhatactédstid BEaWReablde
detected pilot signal |evel goes down bel ow a reference value. In

bal ance]l @ontttehuatorf he | oop by an anal og control circuit, the 15 detected
pilot signal |level at which the distortion conponent in the transm ssion

si gnal becomes | olikgg. IBanagrpplkedet expilaneic gvapereras chatacteristic of anamniable
voltage VR, and a difference voltage VL-VR between the detected pil ot

si gnal | evephase shiftarhe reference voltage VR is applied as the attenuation
control voltage VAit and the phase shift ampunt control voltage 20 VPh from
the control circuFtg.thisadiagiamaiarexplaiming betangecanteohby theyveriphlgs e
shifter to effect their feedback control, and the control voltages are
fixed at voP'Et%\éat\%la@éisthﬁthr’r?gﬁ? Pﬁ?@s@ BRI f er ence vol tage VL-VR i s reduced

to zero . Since a £o n control. al gorithm.can, be used for the first to
fourth tontrol | er lgm?{%ggq%ﬁﬁaﬁé%?’sdf&ﬂlgﬁpgghe@fﬁmp%R/{me are common in
that 25 the 1.0 .eCt i_lot sl I evel
donn to a vArauBEHer? b BrERtiEsoRRal s A oot BB NEFBHABAL RN L s
be i npl em&*nbgﬂJ y a single controller which controls the variable
attenuators -16 ° and the variable phase shifters on a tine-division basis.
This controller 5P?g.'81§i§9f§régﬁ’%ﬁéx ﬁiﬁihg APEHGF S BRI BONEUPL i on.
The control 5 10 algorithmmmay be such a Conventiormal applicati©on algorithm
as a perturdaiicdulagbhoshd®r | east square estimation nethod. The bal ance of
the I oop of the feedforward anplifier changes, in general, with a variation
in the 2®wer suppFig.\8B isgeraph derexplaisimpes abtrection Régredlanigiehsiseed of t he
| oop balance to tine is relatively low. Hence, a control algorithm even if
consumi ng mgehetatec ffomn anogiver gignak t o an opti mum val ue, can sufficiently
deal with control of the feedforward anplifier with a dual |oop according

to the present invention. The pilot signals may be non-nodul ated or

nodul at ed waves set to
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-



15 20 25 different frequencies, or waves set to the sane frequency but
spread by different spreading codes. A pilot signal detector for detected
-t he non-nodul ated pilot signal is forned using a narrow band | evel
detector. For exanple, a band-pass filter for limts the pass band of the
detected signal and a diode or simlar |evel detector are used for the
pilot signal detector. A pilot signal detector for detecting the nodul ated
pi | ot si gnafleedforfveandeimplifiar of ¢lyiseampodionert has thieodistortignetetgcttomeancuitng
the detected pilot signal to a base band signal and a denodul ator for
denodul at i nt0 ahd the digierttgn ebimianatied diersiet ﬁammé mithah view togancebingttbet he
non- nodul ated pil ot signal, since the nodul ated pilot signal is

denmodul at eddistationi predneed bydbesieish guxurargranaphifise 63rmf theshstostiag and so
forth can be ,used, to dea] with various _kinds qf_.inierference, noise and so
on-this ena@iB&nathan wpaﬂc@,éﬁeﬁéﬂﬁwhwa @@té;gllﬁshed with | ess power

S MR I,
basepband s‘%l%ﬁgﬁlfm SH ugaé@nﬁ’%ge ?Eﬁﬂ%%a&f af’}fﬁlﬁgrﬁﬁm%ﬂnnealmﬁréﬁb%q sgr ead
Scord: ng 1arein 9 HBR GrdRh Rl TREh AR o TH Bsl B Ustiod h 5
Uhe Teedror et 03 oSS RE ot Bidlr £ By IREET B fch ftes 1 ©
have’ been qugel RAER b atpdfiftrinal Bih (R SoBTREHITE SRRl trader 7, 20
the foyp | o0as 108; ﬂ'h%l fitst Q/aﬁ%k% Qﬁ@nﬁé%of’flﬁ,eﬁlie Vh8abR e SHOREF OB apidt hout

using the | ot signals. The bal ance of the |oop of ch of the distortion

el i m nati onthel thaif ﬁﬁx})ﬂﬁ‘[éralfmfrfslértlt-é@)in themaimsiraplifier Gégha1§atldlj10%¢ ;aflew t hout

usi ng the second and/or third pilot signal. Fig. 7 depicts the principal

part of an @élayrlmmnmhheg)}ﬁsesnvmmewiecuihe6sf©mﬂdgmhd: dinear gigmali n t he
enbodi nents of Figs. 3 and 4. As shown in Fig. 7, the second signal
gener at or 8ifansfeFpgth 18Baadd4he povedr gomobimbedisidert ewdeclondmbiihes the gnal
detector 92-2 replaced with an error si ?nal detection circuit |00, and

based on t heutputefrosy the twe pathmaNA artde I §Beanditheondivade¢sstheoorpbinadl s t he

second variabl e attenuator 55 and the second vari abl e phase shifter 56. The
error deét ecPWHHt e fWEiRath®o in this exanple conprises a 20 denodul ator 1 O

| fil A . ich i | S.. dul i
Sl gnal | the denbiPEnal dpide b g RS BBITAIVAR TORSHPE0S, and
[ d 106. T N S$i ' iy [ di [
comonents | PUTIREA frhine %[lééf‘ri‘%a%%ftr%ﬁsfeéﬂv”a@%,ﬁ’??éﬁéi&h%‘gh s
et ect st nedehasion EETRAAA OBl iy o e PFTR SR Rab R M ahEca Rl

E lh)e nonl i neghb5RfhaAL thérl 4t AkeftBE iTRhd dRIBHId fljedtfon RILuRUEOIYLS | n-phase
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

-11-



-18 and quadrature (Q signals. The |l ow pass filters 102 and 103

el'i mi nate hi gh-frequency conponents frominput signal conponents to the
-anal og-digital converters 104 and 105. The anal og-digital converters 104
and 105 convert the band-limted | and Q signals to digital form This 5
enbodi mnent has been described to use the anal og-digital converters |04 and
| 05 since it perforns the error signal detection by digital signal

processi ng, atteuator e adasethofarishle phase aheftergd 2 agdahe ffost ateilaryor si gnal
detection, the anal og-digital converters 104 and 105 are unnecessary. The
error si gnahmpdifeertGd insedteddani theSinsheux il mnyg mingsli fiar siggahkraheferqrathilibib)g
nonl i near conponents. For exanpl e, when the transm ssion signal is_a

QPSK- modul athaddelayine 64 hadghephagetinveder qioeuit &3ckorsingshanirst awxilisrgnal
Es indicating the distortion conponent in the transmtting signal, the

di fference adphdiar lineassignal transienpath bot sanththe power cogbingr/dividgnlal at ed
signal point PR as,depi¢cted in Flg. 8A, then_generates 15 correct.i,ng

si gnal & oforcas trypgéﬁwutpwsafas@m Deawmbat Ik #B s epd dhen Brdyignal
Es in a direction,o site thereto as shown in Fig. 8B, and provides the
correcting f‘gﬁ%mbéép Qqu'“‘éﬁﬁetlwocﬂﬁgénents | (Cs) and Q(Cs) to the

o L O A 0
signal for ?ﬁ@%&@%aﬁﬂ%ﬁiﬁ%ﬁﬁg‘gﬂiﬁ& %BB ng%? rﬁ%nt%gn%]g?\%ﬁoi ?(ng]%‘F e

(1 (o) 2+0( OB 53 B el e eyl Wi th o ERERFe sPitials civided bvane
R s e e e N s s A T R SO

QCs) provi @cﬁéﬂ?afﬁ‘ﬁ?l %ﬁcﬁﬁﬁﬂ%néi?b?%tdﬁ?%%alzli%gﬁﬂlé‘f 73, a #fird ndi cat ed

by the referénce nunerals in parentheses”in - 7, the first

auxi liary agptinblecattetigitor 72 anded third @htiablecpligsdstshiflet M3 Fndsis sapptidd4 can
al so be configured to control the third variable attenuator 72 and the
third vari abfith tieesthes divided signali fronutheusowegr tomUbiher/divideob6samhehe That
is, a distortion cancellation signal, produced by the distortion injection
path 5 1 ODpeweplcombinet A6twhidi sombinestheaytputsnfrenytiveepathsd My antde fi r st
auxi | i ar arrgl ifier 63, is extracted by the directional coupler 84, and the
extractled dil éHoand provides dhe sombrined guiput washejditacsionad cauptsy fdato B by
the error signal detectign circuit 100 to generate correcting signals I (Cs)
and Q(Cs), RﬁW@ﬁCé’F%blﬁ%gf’ded to the controller 98, which, in turn,

Shiftor 73 based 91 et b asbifigf 6 helewte e ategtils 008k, i afeor
oot o on' BFOVRRICHSRACARAEEAL Bl 0T pbb At T R
enbodi nent sabr?Eﬁ?g@. g(g'ﬁ:ﬁéf gm)ré,g?q/ﬁie&fégﬁ? ;@Lﬁessggg)gttﬁ%ﬁggvega%ﬁ&%&m rif) t he
o o 2 oGP NipkanE SR EoRb! St oY il SO RNE G I
conponent ; %En&fa@&t 87 Sor géﬁé}aﬁ?lgta{rﬁi ixﬁfocﬁf&iﬂ%%%%c@nﬁé@ﬁ%sﬁ%ﬁ&ﬁ%@o reference

| evel and the detected prlot signal level, and controls the variable

attenuator Bgtvaéh Sﬁageyéfitﬁ@hﬁaiﬁfﬁﬁ?liﬁbf fl 4 @indo® tidind Pikite 'zﬁ?elh%?étér ggt i |

the pilot signal |evel goes down below the referencé |evel. Such a control
al gorithm céer @ﬁldraﬁhﬁmdtiﬁdrdducﬁ achirdesilotmighalpigitd bebatenstapes loddhe | east
square estimation nethod or the |ike.

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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"The controllers 96 to 99 nmay each be formed by a digital processing 25 unit
using a mcroprocessor or an analog calculation circuit. In either case, it
-is preferable fromthe viewpoint of efficient bal ance control that the

bal ance control of the loop of the distortion elimnation circuit 50 be -20
preceded by the bal ance control of the loop of the first auxiliary
anplifier distortion detection circuit 60, but balance control of the other
| oops (the vaogbkledttarmtoi $2 antlithe first weriable phasewhifteo 13rtd mirnfize she
auxiliary anplifier distortion elimnation circuit 70) rmay be at any
desired st adetectsd pigpebbsiehg. 5 This sonewhat inpairs the efficiency of

bal ance control, but allows each of the controllers 96 to 99 to effect the

bal ance control i ndéherdheneyargfpronidest aseeondpdot sigmabdetacionptl foter of

the first e odi,rre_n ?f t he. present inventior] descri bed a%g eis a

f eedf or war dOgesHPStEE mlrefat%eﬁponéwl%%ma RXUASte ¥ia teddipetional

R S e R

t he detected, dist.orti t b first il ] Lif i dth

i nt roduces. SHENSAIRT 61 Al Biarort wir eblarian diite: 628 e thmice s om sai
. o e o gl . P e

(et x| VEestERuRaf] VAL (vl RgEt BB pEiGHY b REOHE PR B, S
g 4 . . n- el CHl U 2

G st ort; on Sreafdr R NSk URAIcel bE Phe Sd % BBl bifthol GRS

BESaRe hm e . & . ! b

eI nat | ondReERURAL CRIAb: BSPAA Scdriectizt et 3P ToF ORAORITIG Y SRk bY

i ntrodyges ¢orihbR AfBuatbLYS dnditheiseesnd qAPRBRSbhadY $hiffe SeHoPMinimio® sai d

first auxiliary anplifier to cancel the distortton conponent generated by

said first giexdétested dignal fevel., said feedforward anplifier conprising:

first pilot signal injéecting nmeans inserted in an input path to said

di stortion detectAooonrlingubtthe boesemjiseéntion,thecentrdolirg fHe sarighleot si gnal ;
25 first electrical variable attenuator nmeans and first electrical variable
phase shi ft attemertos Sorerat thedvamald e pdiase ahpfitérf 5 @ insemmat inpserfesah thei d
distortion detection circuit; -21 first pilot signal detecting neans

i nserted i ndistontigauinjeetion paths 0D of thet diatortionaaliminasiors ciseuid iSOt whidhois

o 0, Y bk il B BRSBTS o e g 30, O
PR R RN U S
t f i d i | i fi . f Lnpecti t i . pi |l ot

SHERRC LRI ER N SR B T

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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“variabl e phase shifter nmeans inserted in an input path to said first
auxiliary 10 anplifier distortion detection circuit; second pilot signal
-detecting neans for second controller use inserted in an output path from
said distortion elimnation circuit; a second controller supplied with an
out put signal fromsaid second pilot signal detecting neans, for
controlling said second electrical variable 15 attenuator and said second
el ectrical Vdendihe distaston relinieationtdiraiipb0antes bglhaakceiyj est ofithree gkot

i nserted between stages of said first auxiliary anplifier, for injecting

t herei nt o asighalsd pTﬁ%itlSstngr@e,df@Irward @h?bflrelr@atabmmabh@bakar@ﬂwi]ttbc nmeans
and third el ectrjcal variable phase shifter neans jnserted in an,input path
to a secondop@l therdistersions detectron sircyii 0 by applying uheafgsstml&tiﬁgr@l to

o P S e SRS R o=
B o O el Batithe ottt e loB AR e i st i B O 2 ©
!Iﬁ‘? ter err;;ﬁ%?é’ oty dRclBR e R o B annluir hriRrbnR hior e B A BETE d
First auei | JEIYEPaSaBRERTRML B1 oBAIN3 fGBPE! dssl difte b200IcchRel et S,
fourth CO”t?HE *b%(ﬁjaﬂ eo{ﬂ%%?oﬁ%fﬂﬁead}sqo?ﬁah e‘?ﬁ%lﬁétfbr?&%&i%%ﬂ@%s?ﬂié}feﬁry. _
anplifier of "sal TSt auxi Firary anplifrer distortion elirmnation circuit;
5 ¢ h ) : " o |

i gnal det ot PRETY g thE ABELE Bikd sibial o fé BELord OFiiaABILaMESAEL BS Aid,

fourth 1§ ecfie eRbndardridBie rgﬁab@ SHF Q'S 6RABENEOH t1dh AffeR Uhé IIb(‘i}B BFthé ERbt
vari abl e phase shifter neans; and

auxiliary amplifier distortion detection circuit 60 is brought into balance.

The balance of the loop 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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“control neans for controlling said first electrical variable attenuator 10
means and said first electrical variable phase shifter nmeans by said first
.controller on a stepwi se basis to mninmze the |evel of said first pilot
signal detected by said first pilot signal detecting nmeans, for controlling
said fourth electrical variable attenuator neans and said fourth electrical
vari abl e phase shifter neans by said fourth controller on a stepw se basis
to m ni m zephése dtifleevé arad theaadjustmentdo piheofolstlymatiablevattemeter 6&dndy sai d
second pilot signal detecting neans for fourth controller use, for

cont r ol | i ngthsafadirthivariablesphasecshiftenp atheelig. tleembodiment genernatesai d t hi r d
el ectrical yariable phase shifter neans by said third controller on a

stepwi se batourth pilet signal dedieated fe the adpistmenhpf the fowth ypgiable det ect ed by
cectrical SHPRPE Slanchine DT HRGBpIes NBEORA, SIAERFOURRES eI abl o
i i i 20 ¢ hPYDy BNOb TR ANSSBEAPHE FElE & G b iaT raD kA sai o
second pil Oﬁgﬁ%ﬁ?&: g?ee%ﬁ%lﬁgl%yérrﬁéﬁs for fourth controller use. 25 The

f eedf or war d d enbodi nent of the present invention
descri bed above i fe r | 1 ekt - d I ichis
provided with a d?ggto]rst Frgﬁ?é(’jﬁét%g??ﬁg%dc%‘h@?ﬁﬁ@rfogrtﬁ&?e%@bpfiﬁﬁgg ’nonl i near -23
distortion i i 53 iat:Qrt | i At |

cireuit whi SHEEHSHA, el Js BRred B wsfrtlon Hidchth Syt 10D ditfhe
auxiliary a j1 Tk ot : : shhy t j onents
aUKi V1 ar TS oRSKk R bAARTHGBY UAERDA Rk dioH OFELATPAION
circui tygoei i foufrfl Eﬁ@t bbrgn%l gbﬁéﬁat@d%'[yla fourtiR iRk ki algeﬁbpc{tbt 8D idet ection
circuit for detecting a nonlinear distortion produced by sard first

auxi liary appivite@vi@thedidcdbaalocdupler 8Bitaithatiirgnagkiliawy andsléfier fir st
auxiliary anplifier distortion elimnation circuit which anplifies the
distortion distmeivendetdetiontodetudy68ai Fuiriltest theufoulritapilovsighal isextdacedr ti on
detection circuit and then introduces 10 the anplified distortion conponent
into the ouviathefdioectsarial doupber Awf Ithe fiystaarptilibine ampdi foardistortiba

di stortion conponent generated by said first auxiliary anplifier, said

f eedf or war delampnatior Citsoipf0,shag the lewal ofi thetfosrtyrpiloti sigeat isrdpetecieddy
inserted. in [ sai d di ion detection circuit, for

h ,
injectilmy t# SB}tHPRﬁC&psgém%ﬁ‘?%Wt@F%é;gﬂrl b@%e ppd eéieé‘?ﬁt?d yelythe abl e
T o o Rl R b1 G A B BRSS! S8 BRI R L
ilot si tecti i d i.n. i t th,t idfi t
Pt 1 ar o ahte FEbBRoMR e et Site i€ frabBitheBp i ineatRe e i 5§ | or
supplied w F&.@neﬁl’}o%ﬁleﬁh%ﬁf‘hegc{r 5} (ﬁ?b&qllfgefﬁ%?e%écgt signal detecting

means, for cotitrol'lTing sal I'rs ectrica arlrapl e attenuator neans and

sai d Tirst el oot gglayablabhenphareatlihé ShriRR Dhas HRRkPH G o1 ona

i njecting neans inserte et ween stages of sard ler, for

i nj ectiogg t EgibRdiinents SEFRRd 3%@&_@5&1@113'hax%ﬁz}fa%@t@ﬁsﬁbwsdtitﬁe' vari abl e

attenuat or nmeans and second el ectrical Variable phase shitter nmeans

inserted i ng@@midtiot aRdthe pRas@sliff AinPunwidhd@hbvusiPinckése 4 &drafdll on
detection circuit; -24 second pilot signal detecting neans inserted in an

out put pat hvhtages¥i,g addsV gy incesasel dsdepticdninck iggUb A ared SBcoriDheont rol | er
supplied with an output signal from said second
relationships among control voltages V 4, and Vp, 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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pil ot signal detecting neans, for controlling said second el ectrical
variable S attenuator and said second el ectrical variable phase shifter;
‘third pilot signal injecting nmeans inserted between stages of said first
auxiliary anplifier, for injecting thereinto a third pilot signal; third
el ectrical variable attenuator nmeans and third electrical variable phase
shifter neans inserted in an input path to a second auxiliary anplifier 10
of said firetthagonhl eogrdinptes fV g Vo, eindr Vi @s skbiwn maFigr6.circuit; fourth
pilot signal injecting neans inserted in the input path to said first
auxi liary anpl i fibr balasicercontrol déithe doom byi a digital processoreforctainyzle, the
vari abl e attenuator neans and fourth el ectrical variable phase shifter
nmeans i nser pbase shifhameuntgontrphveltage Minds fixesk atimn athitraravgluensndiarer ;
third pilot signal detecting neans inserted . in an output path from said
first auxil pdayabods formed By svding the E@ﬁaL’PﬂEdi Feypreien by planegertical

LS BRI b B S AT e s o
e ) SEAREY o AR R A B O
oo o o B L B L B v
ARHANAY - I R M R P S T T T
fourth pilogertfehl to the Vaq-axis passing through the fixed value of the attenuation
10  control voltage V a4, the phase shift amount control voltage Vp, is changed in
a direction in which to decrease in the detected pilot signal level Vi. Such
a procedure 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 V| —Vy between the detected
pilot signal level V| and the reference voltage Vy is applied as the
attenuation control voltage V 4, 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 —Vr 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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‘signal detecting neans, for controlling said fourth electrical attenuator
nmeans and said fourth electrical variable phase shifter neans; and control
-means for controlling said first electrical variable attenuator nmeans 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
signal detected by said first pilot signal detecting neans, for controlling
sai d secondard ¢h¢ vadablephasetdlafiars en aatime-dpasiondadis ai Thiecentdobérect r i cal
vari abl e phase shifter nmeans by said second controller on a stepw se basis
t o mini m zeshdring eontribvites 4 the eeduwiqe dbpowieyransumptiordet The evnbplsai d
second 10 pilot signal detecting neans, for controlllng said third
electrical elgaribmemay baguele crawentighal eaplication al glretm agal variable

hase shifter neans by ird controller on a isto

i ni i e t hBCTERANG ngeaﬁfag toﬁﬁ%ﬁtéﬂpéfe §$%&Floaé¥1§ ?ﬁg %aiarm ofithsi 1 ot
si gnal tectin and f lin saldfo rth electrical ri abl e
2t Lenuatr RSt T eedfanyersh embidies chanebet Seierih uth RO Ao i Mieheans

mze the, |l of said

Py ehl ol ¥ opbliel SbbRLyltagl of cBuirA) Z@%?brﬁ?i%uh ”%%%g%ﬁwd? ﬁteempng

. EFF 0]
2l i1 er wPtltge i YERIAENERAAN,  ERHCE R 0Bl Badiihrh gt |
Pt Loladh @hﬁ{bﬁeﬁlﬁl&nﬁoﬁ%‘)&%ﬁce o0 Bbriblindlathed 4“?%@%@. ary

anplifier d I i

T enuat or BER ot HEFeENkGdsd KA SLPn B9 005 akBEIBRE o, |
the inpyj pﬁ{é‘l teRehhmvdniiin, auxiliary anplifier distortion detection
circuit 1n the distortion injection path 10D of the distortion elimnation

circuit 50. FurtHEhmpﬁR)t sboiHl§ mdiebb doanar didatedr mbdubdied Wikked fepoof the
first auxiliary anplifier distortion detection circuit 60 is effected by

the fourth difféereht ﬁ‘&%ﬁiﬂeﬁomt or wavesrsdt tdehey saralftey ebithspread b§2
inserted in the signal transfer path 16E in V\/mch the first auxi I|ary

anpl i fier 6differeat spreadsieg cedes.t hérpilotssignahdetctarfos detecedite range of 5
variation as required for each of the variable attenuator 61 and the

vari abl e phasa-mshintased plot sigrad 1Fif‘glde pising a aarrosx-dapkddeveh éetpctme nt

i nvention pr ovides the foll own dv ges over the r| or art

aut omatix alpuskampl e,s%Lréﬂé Haéﬁ%cl f?)éiumssm aaéﬁm p@ﬁhqdewcmd alg@@b|

'sg ab 2‘:&?& BRd Alioggi ef{ar@%a\?@a%%%r%\fyé@?ﬁaﬁer&%Bpﬁg&ﬁfgégf dtsciorte f
e feedr or tepiuighe P ERAk A T blell e sl PR AR & ©
Coonom ool ARy bR ToP SR8 By Pid AeEy At bBY Sl AT, L1

er on eln auxiTrary=anpll ier

enabl es thepyary, §i atl%ﬁﬁactaém%ﬂﬁlétpff%ﬁﬂéﬁ%'d fheshifter to be

controll ed contro e to be contro accor |ng o the range of
di stortjmen gleq h@ﬁcy%‘ve%ﬁt&{sé'&%d%lgﬁﬁi Hf@dﬁt%éigo'tﬁé&%sﬁfi)d%%téﬂacy and

stability in the automatic bal ance control 20 of the | oop.
pilot signal, since the modulated pilot signal is demodulated, equahzat1on
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 A pilot 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

-17-



'WHAT IS CLAIMED |IS: 1. A feedforward anplifier conprising: a distortion
detection circuit which includes a main anplifier for anplifying an input
-signal and detects a nonlinear distortion produced by 5 said main
anplifier; and a distortion elimnation circuit which includes a first
auxiliary anplifier for anplifying the distortion conponent detected by
said distortion detection circuit and cancels the distortion conponent by
i nj ecting tdemodhlaforddr destorhulating cloerdesspintad pigmal he Touisptlie dutomads d mai n
anplifier; 10 wherein said distortion elimnation circuit constitutes a
dual | oop i adjustinegt scliémetfontixé feeafyrwan amipdifiedi stcordingrtodbt quesant
circuit for detecting a nonlinear distortion produced by said first

auxi | i ary ammvertias issanpplicable so vatious ipaloy signails.f i Mariustpitatissgnal i ni nati on
circuit which has a second auxiliary anmplifier for a Ii}ying the .

di stortion E6npAtersantbpdet signegy dgmc@prﬁ@mlmgbl@mhqn%eﬁ avpands amplifier
distortion detection circuit and cancgls the distortiqn_conponent of said
first aukil PAthe Rresent imyersion ?ﬁ%@%ﬁ%@edh ra%ﬂmpf%dnd-ijgtPcﬁt@Iilt()Noconponent
into the outgﬁggébgnlsaid first auxiliary anplifier; wherein said

di stortion & n circuit includes first electrical variable attenuator

B L e
nput pat | et | :

var 1 abl o phatenlal FESRR RunEl S olfo) ﬁﬂh%ﬁéxﬁ&ﬁﬁéz? af“éfs%igc?s%l.%ﬁé?”

el nat | onCEiest e bafEE EoRyDE ol Usi BB G bAPY SIRLY) o Fhe HeRREOL Neoans

and thiyg e dk?ilecf:défgfeé(&{ bP & dRIGR ForS 8kl fdti ST 2 NRut 850 L/ de 7)) Gt NPUt

pat h of sai
instance, can be adjusted without using the second and/or third pilot signal.

\®:

Fig. 7 depicts the principal part of an arrangement which does not use the
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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‘auxiliary anplifier; -28 wherein said first auxiliary anplifier
distortion detection circuit includes fourth electrical variable attenuator
means and fourth electrical variable phase shifter neans inserted in the

i nput path of said first auxiliary anplifier; and 5 said feedforward
anplifier further conprising control nmeans which controls said first

vari abl e attenuator neans, said first variabl e phase shifter neans, said
second var i ahd quadratova({Q) sigmls., Jhiedosepassifilters 402 andhb2elhiihawr neans,
said third variable attenuator means, said third vari abl e phase shifter
means, sai dhighsftequeacy @binependrds dedrorinpetsignahdosrichehtsitd thevar i abl e 10
phase shifter neans to effect bal ance control of said distortion detection
circuit, sakaaldgsdigital senweiternh®4 andciG%ui The amatpg-digitalacotiverrtery 104
anplifier distortion detectjion cjircuit and said first auxiliary anplifier
di stortion andri0Ragomverttheband-lomitedd anddQrsignals dogigitpk fasm.of Thisi m 1,

| nput pat n Bratesltieat bed et slesetibeditaoeithe ani og GIEA RAVERGTE RO#eRd o a
| nput pat - oP> U HHRFOrRES e BrGT sigst APUACtORS ISR SBRUTICGRSaNEcL 1
o Sxtract g e 5Bk o ShA0E o PR S0 S Gl TSt o
Chat the | oyghllofaldchiabefd A IR o ARG 2 41t oot
valle, 5 The | eofferthdohl kst Y0 bPSREnd HRDSRINGALTY, o,
10 containing nonlinear components. For example, when the transmission
signal is a QPSK-modulated signal, the error detector 106 detects, as an
error signal Eg indicating the distortion component in the transmitting signal,
the difference between a correct transmission signal point Ps and a
demodulated signal point Py as depicted in Fig. 8A, 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 Cg 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 Vy as a control signal for the
20  wvariable 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 a4 is calculated by a square root, (I(Cs)*+Q(Cs)*)"?

, of the sum of
squares of the signals I(Cg) signal and Q(Cs) provided from the error signal
detector 106. The phase control signal Vp, 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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‘25 anplifier, for injecting thereinto a second pilot signal; and second
pil ot signal extracting neans inserted in the output path of said
-distortion elimnation circuit, for extracting said second pilot signal;
-29 wherein said control neans controls said second vari abl e attenuat or
means and said second variabl e phase shifter nmeans so that the | evel of
sai d second pilot signal extracted by said second pilot signal extracting
means goes HiguV,lthe dwshapxidrhey amplier dstammbir elimireatosn caui. 7GhirdFighé
feedforward anplifier of claim3, further conﬁyising: athird pilot signal
i nj ecting namathd dansalspdu: benfigeredstoamedralfthedahrdf varsablaatienuator Ahphdf i er,
for injecting thereinto a third.gilot signal; and third pilot signal
extracti ng theaidrd viadabledphaset she @uﬂéuvngeuhu@ngéhedhﬂﬁqyknaugnahafphat
anplifier distortion elimnation circuit, for extracting said third pilot
signal ; 10 Wnerdisteransansatipon signa, purduceddy theidistertion injeetion pa

ST TR R RN S M
exiracting reass soee down bElew d.pnederste ned Lhind relerence ol e, s
S onal ot B TERNS LSS Sl 5 A4 AR BBASheSR S BB o
21 o oL TR SR AP0 kPR AR D) BRATIGR o7
o onal oxt 1 g8t a8 Y RS BCASA AT NI GRS Ees o

of claipp 2, véﬁéﬁl@edtté}ﬁ%{)%?% Bd tﬁgftgﬁat%rpiﬂletph%w Eﬁifte%rf‘i?Bhé&PoH%ﬁé‘?

inserted in the input sal Irst auxifrary anplifier or 1njecting

thereinto ac&%éﬁﬁg @iéﬂ%{ls i(@%}adrid_ ?(‘@sf.0UFhf’thE:f,'lﬁth%f&Hé'diﬁb}ﬁéﬁti ng neans
inserted in the input” path ot said second auxiliary 25 anplifier , for

extracting ekindnitdon chropit $0 afii ghe lfirstinexidiapy aaiplitandisertivbosismeatiom! s
said fourth variable attenuator neans and said fourth variabl e phase

shi fter meaciscsit Ahedn blze bevehfighresaiodusedthe démodtlation stheme dascribéd act ed
by said fourth pilot signal extracting nmeans goes down bel ow a

pr edet er m nabovowithrefefencertodigal/lue. 7. The feedforward anplifier of claim
1 or 2, further conprising:, third signal extracting nmeans inserted in the

out put lPat h of sakndthe embediments off Figisnas # smdc] rthgicontradlers Y6rt949 aach

therefroma signal; and denodu] atjng. . .
control the respective pair of vatiable 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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‘means for generating a correcting signal through denodul ati on of said
signal extracted by said third signal extracting neans; wherein said
-control neans controls said second variabl e attenuator nmeans and said
second vari abl e phase shifter nmeans based on said correcting 10 signal. 8.
The feedforward anplifier of claim7, further conprising: third signal
extracting neans inserted in the output path of said first auxiliary

di stortion ptéceidedtbyothechalante cohtrol eftheabiomgf thefiestraamihai gmeplifiend
denodul at i ng means for generati ng a correcting signal thr ouah 15

denpdul at i odistértai dewcgnalmmmt 01 lbat balanee gontriol of thgyatherdeopadthang
nmeans; wherein said control neans controls said third varj.abl e attenuator
nmeans and skrapstofi the distartionedgiectien §H‘Pﬂtte]r ARd ke BastcrdHasaprmpliieiect i ng
signal . 9. The feedforward anplifi ny one ims 1 to 8 wherein
20 said condk%‘l’rtkﬁihﬁ]s!ml%ﬁlgﬂl@émug ’fé)r %tr%mr BPSIF StegRE 05 INTPRESSIAE
first varia eatten t or sald t vari apl shifter
second cont 151 s pha smpaats tflﬁge'%ﬂawawy angs Cantel a0 eatEREs and
sai d second var i t a thi r ont,r ol |

control ling hs,ea? ﬁ?&r@é&? égl egchgﬁﬁ%?’é anrﬁ?acr%l 'éfﬂd QSP%n‘ff‘rﬂtIydO\%‘?‘? abl e

phase shlfteB' and a 25 fourth controller for controlling said fourth
variabl e at? At or means and said fourth variable phase shifter neans. -31

' 2}!{3 HAQf Z/OSAyXyAXf ’ﬁge%{?éﬁfgré%rd ’g\ln}pl’h\ffie r of gg, %rst Egab%\dmh?%cof the present

Af U AL A
9} 8vy| wr mcﬁ%ﬁﬁa@ %r d a OV eldfoi'waﬁ f%:eg vgletcha L(l:%% l((:)g (}1]] cajc
a] ca] cq] F@éﬁﬁhﬂ@dl LS ﬁﬁ@ﬂo?ﬁ])ﬁ '&&&cﬁﬁin bll’&ﬁ‘N for ﬁé?ettmg a nonlmééd1

445555, 6w666 sni d_Z]]ca] cal ca] ca]ca] ca]ca] ca] ca]ca] ca]Ca]ca]ca]ca]ca]ca]ca

I ca] ca] ca] Cdls@@ﬂti‘(ﬂig ddedhe a]rﬁ@]rpﬁh tilfier]agd £ distortichSSgdaAIo B circuit

; <S<<<=! =?@ B4D; D EE}xsnl d Z]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca

] ca] ca] ca] caltdah @ﬁiplaﬂieﬁimdi@&]:mﬂ distartiomadampontnthy alfiat aakitiary
FIFFFFGPGGGEEBHXHHH! | 91 vI ~1 JqLMOPPQSMUVr Xz XY} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca]

calcalc a] c ahgl fadread ¢ tevainteddiaces dhe ajnpl i fied distort]are¢ ampoakoty vdd ¢he cal cal

calY"wr -

cdf gggqi | i | bgmmfmmd\mmmph@mzs}até mhstoqu@n@}mpaapnazpmltb?m calcalc

.ca] ca] ca] cal.ca] ca] calcalc ca!dzgz

b v] K oRROTBe 829 el Dapt AmEMEI SO apD ARbaRTIS CaTei TR e iR o] Ca
ania. 71] gg}r@g@%ﬁ ot A B OB el tand) ca o ca
Lga] isg?igaﬁoé ILS?%HP%@?% 11951]1 cgljifgéf 8‘&1‘%%%}‘@3}] ‘éigf%%ﬁo({h] cal ca] ca]
SESESERL R e L RSk o R

?(L(Z:gl\lg?igﬁ} g&gﬁlca] c haﬁycarflg I 1&5 d(I:Sa rti n ete t10 01r ult ]agg tggﬂl 1n1jrod cesj ca] ca
] ca] ca]ggl c?l ?ﬂdgﬁiﬁkﬁ: f_&@ﬁi&ﬁ& 6ﬁkﬁ@irﬁslthé ’c’fﬁ%&ﬁ ﬁbﬁe} 3iaifires ALdilfdryca] cal

caJ ca] ca cal ca] ca] ta] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cahagllfRertioEahck) tie ﬂistéﬁﬂ(ﬁf/@oﬁlbon%nﬂ@&/ﬁe@ed 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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" #f $$a SR Gtndlder 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;

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;

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
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
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
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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5 a fourth controller supplied with the output from said second pilot
signal detecting means for fourth controller use, for controlling said fourth
electrical variable attenuator means and said fourth electrical variable phase
shifter means; and

control means for controlling said first electrical variable attenuator
10 means and said first electrical variable phase shifter means by said first
controller on a stepwise basis to minimize the level of said first pilot signal
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 controller 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
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amplifier and then introduces the amplified distortion components into the
output from said main amplifier, said distortion elimination circuit being
5 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

10  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;

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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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
10  of said first auxiliary amplifier distortion elimination circuit;
fourth pilot signal injecting means inserted 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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0-"1 }§ J contrg?ier on a( gtepw?se 8asis to minimize the level of said first pilot signal
detected by said first pilot signal detecting means, 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
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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y#10% 1 & () ampllﬁer 63 is also inserted, there is no need for such a wide 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 example.
The present invention provides the following advantages over the
prior art.
(1) An automatic adjustment scheme for the feedforward amplifier

10 with a dual loop which permits high-efficiency amplification can be offered.

(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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TR E()- ) 10% &a %%étortion detection circuit which includes a main amplifier for
amplifying an input signal and detects a nonlinear distortion produced by
5 said main amplifier; and
a distortion elimination circuit which includes a first auxiliary
amplifier for amplifying the distortion component detected by said distortion
detection circuit and cancels the distortion component by injecting the
amplified distortion component into the output from said main amplifier;
10 wherein said distortion elimination circuit constitutes a dual loop
including a first auxiliary amplifier distortion detection circuit for detecting
a nonlinear distortion produced by said first auxiliary amplifier and a first
auxiliary amplifier distortion elimination circuit which has a second
auxiliary amplifier for amplifying the distortion component detected by said
15 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;
wherein said distortion detection circuit includes first electrical
variable attenuator means and first electrical variable phase shifter means
20 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
in the input path of said first auxiliary amplifier;
wherein said first auxiliary amplifier distortion elimination circuit
25 includes third electrical variable attenuator means and third electrical
variable phase shifter means inserted in the input path of said second

auxiliary amplifier;
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variable phase shifter means inserted in the input path of said first auxiliary
amplifier; and
5 said feedforward amplifier further comprising control means which
controls said first variable attenuator means, said first variable phase shifter
means, said second variable attenuator means, said second variable phase
shifter means, said third variable attenuator means, said third variable phase
shifter means, said fourth variable attenuator means and said fourth variable
10  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
elimination circuit.
2. The feedforward amplifier of claim 1, further comprising: first
15 pilot signal injecting means inserted in the input path of said distortion
detection circuit, for injecting thereinto a first pilot signal; and first pilot
signal extracting means inserted in the input path of said first auxiliary
amplifier distortion detection circuit, for extracting said first pilot signal;
wherein said control means controls said first variable attenuator and
20 said first variable phase shifter so that the level of said first pilot signal
extracted by said first pilot signal extracting means goes down below a
predetermined first reference value.
3. The feedforward amplifier of claim 2, further comprising: a
second pilot signal injecting means inserted between stages of said main
25 amplifier, for injecting thereinto a second pilot signal; and second pilot
signal extracting means inserted in the output path of said distortion

elimination circuit, for extracting said second pilot signal,
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means and said second variable phase shifter means so that the level of said
second pilot signal extracted by said second pilot signal extracting means
goes down below a predetermined second reference value.

5 4. The feedforward amplifier of claim 3, fuﬁher comprising: a third
pilot signal injecting means inserted between stages of said first auxiliary
amplifier, for injecting thereinto a third pilot signal; and third pilot signal
extracting means inserted in the output path of said first auxiliary amplifier
distortion elimination circuit, for extracting said third pilot signal;

10 wherein said control means controls said third variable attenuator
means and said third variable phase shifter means so that the level of said
third pilot signal extracted by said third pilot signal extracting means goes
down below a predetermined third reference value.

5. The feedforward amplifier of claim 2, further comprising second pilot

15  signal extracting means inserted in the input path of said second auxiliary
amplifier, for extracting said second pilot signal pilot signal;

wherein said control means controls said fourth variable attenuator
means and said fourth variable phase shifter means so that the level of said
second pilot signal extracted by said second pilot signal extracting means

20 goes down below a predetermined second reference value.

6. The feedforward amplifier of claim 2, further comprising: a fourth
pilot signal injecting means inserted in the input path of said first auxiliary
amplifier, for injecting thereinto a fourth pilot signal; and fourth pilot signal
extracting means inserted in the input path of said second auxiliary

25 amplifier , for extracting said fourth pilot signal;

wherein said control means controls said fourth variable attenuator

means and said fourth variable phase shifter means so that the level of said
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means for generating a correcting signal through demodulation of said signal
extracted by said third signal extracting means;

wherein said control means controls said second variable attenuator
means and said second variable phase shifter means based on said correcting

10  signal.

8. The feedforward amplifier of claim 7, further comprising: third
signal extracting means inserted in the output path of said first auxiliary
distortion elimination circuit, for extracting therefrom a signal; and
demodulating means for generating a correcting signal through

15 demodulation of said signal extracted by said third signal extracting means;
wherein said control means controls said third variable attenuator
means and said third variable phase shifter means based on said correcting
signal.

9. The feedforward amplifier of any one of claims 1 to 8, wherein

20 said control means includes: a first controller for controlling said first
variable attenuator means and said first variable phase shifter; a second
controller for controlling said second variable attenuator means and said
second variable phase shifter means; a third controller for controlling said
third variable attenuator means and said third variable phase shifter; and a

25  fourth controller for controlling said fourth variable attenuator means and

said fourth variable phase shifter means.
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