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- LINEAR AMPLIFIER CONTROL 

Field of the Inye_ntion 

The present inv.htion relates to hiqh powered linear ampli­

fiers and in·pa~lcular to a new control system using spread 
s spec-trum and. ;:f;~~~- forward techniques for the reduction" of· 

distortion inti!'~duced by high powered amplifiers • 

Backq~ound of::t:ti~ ·Invention 

It is well kri~~n in the art that all amplifiers distort an 
inputted sign~-~. -The distortion becomes greater as the power 

10 levels are in~J.:;':~sed. When amplifier compression and group 
delay distort$~n is introduced into a single information 
car:z:ying chanri~l'~;_' or when the amplifier is exposed to multiple 

. '··:',:.··., ·.···:. 

input signals·, >intermodulation (IM) products are introduced. 
. . ·; ... 

These IM produ(:t~ must be kept low because they interfere with 

1s the sys"tem or wttli other users. ·Jlle:thods have therefore been 
developed to r~d.iJce these types of distortion. 

There are two:typ~s of distortion introduced-by an amplifi~r . 
. . . . ·. . .· :~: 

The first tyPE{-9! distortion, referred to as linear distor­

tion:/ is r~:i.~€~~; to the fr~qµency dependent gain and phase 

20 response ofYtJi~·-"<amplifier. The •. -~hase response is not the 
:.-· ,. ... 

absolute ph~s·e}y~lue, but rather the part differing from the 
. . . . '· ·; .:· .. : 

linear phasE:l·,: j.;.,e, the time delay in the amplifier. The 

second type;6~-(i~'stortion, referred to as non-linear dist~r­
tion, is prod*~~cfby the non-lineaJfqain-to-input power in the 

' .. · .. ·,·· . 

25 amplifier. . T}i~~' \linear part of ~e distortion plays a si9-
nif icant role'.\ih::wide band appli~ations . 

. · .. :· ~ : . :: ~· '.. '. .'. 
·' '." , ... 
:':-: ·, ., 

The c:listortic)~< ¢aused by single ¢arrier power amplifiers can 

be q~alt w.±~iifa~j}uslnq feedback t~chniques such as cartesian 

· fee~aek •. · ~ii~j-Jit~-in_ drawback with :using feedback is the na_rrow 

.:"·.° 
:· ... .·.· .. 
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. . . 

bandwidth within which, ~th~ distortion can be reduced b~cause 
·.· ·: /:.: 

of stability constr~i?,1'1:$:;;: 
.··:.: 

:-.·. ··: 

The widebar>.d amplifiei- is becoming more attractiva as. a 
.'":.· ·. ~.i: . 

carrier pow~r ampl;i_#~.j.;.r\:: because of the improved systems 

5 flexibility· i;. offe~s;,· ::~;J~x- ordinary multiple single carrier 

power amplifiers u~ift.~.'l:>~:ssive filter combination techniques 

at their outputs. Irf:·,~·~deband systems, the;re are two main 

·methods tor de~linq wi.~~: .. ~istortion: predistortion; and feed­
forward. Predistort:d.;:C)Ji·,~~ans that the non-linear and/or the 

10 linearp~rt--of·the di~~o~i.~n introduced by the main amplifier 
. . ,·· . -~·. .. . 

is inversely modeleQ. at::::fhe input of the· amplifier, thereby 

makinq the tot.al, ide~ll~, equal to a frequency independent 
. . : ..... : ........ , 

constant •. To reduce '.tj).•\1inear distortion, a simple filter is 

needed: and to redub~ fhe non-linear distortion, a "curve 
15 bender" needs to be ·- U.$•<{~· Howe~er, both methods have to be 

adapted tc» 9vereom~ ~9'·~~~, temperature and sample dif f eren­

ces. 

20 

The feed-forwa:rd ted,lrt:j;:que consists basically of two indepen­
dent steps.· The ·f·.i.f~.~·:?'step is to extract the distortion 

introduced J:)y the ma~tj:·-~~plifier on the signals to be ampli­

fied. This is refer~~~::'.:~~ as extracting an error signal. The 
second .~tf!p._._is to iJ.':1j-~¢#'-'this errqr signal in anti-phase and 
time alicjn~d at thtl';_;~~tput ~f th.e feed-forward amplifier to 

. • . •• .. • .. . <= ·•• • ·• -:.~::. . 

tjlereby · c~'.n~ei.ou~''.tp!\.4.istortion. 

25 The main diff:~rence:~ :p45ltween the feed-forward technique and 

the pred~st~r;tion m•tjii~~ is that in the f~ed-forward technique 

the dis~o~io~ is e~*~¢ted rather than modelling the distor­
tion caus:ing :elem~?l~~:~;;.;;~king the· feed forward technique more . .·. . .; ..... , ... ·.·. • .. 

sample ipdep~n.den.~·;.;':' ::;;:,~e two st.ps can be repeated at the 

30 output of . 1:.n.e f4!Ei~+.i~'i:ward. amplifier system to further 
.. ' ., :,~·· . 

suppress·Ji~:stp~i~_rl':":~b~ponents. 'The performance of th~ feed-
forward~~cht1i~eT~;~~p~ndent upon the ability to add rotated 
signal. v~~toj;;s: :co:zhf~¢:t"i:y in ~nti-phase and equal amplitude. 

,·::.( 

,....;_ 
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This process determines how well a distortion component can be 
extracted or suppressed. The :·,~bility to control these 

variables, i.e. , qain and phasesf~re the ref ore of crucial 

importance in feed-forward ampli-f¥er systems. 

5 Several methods for controllinq tj{~- extraction of distortion 

and/or injection of the extract(!~'distortion in anti-phase 
·.·· . 

have been introduced in the past. < There are two main methods 
of how to control a feed-forward ·amplifier system. The first 

method uses the actual distortion C:aused by the main amplifier 
10 to cont.rel the setting of the. qain and phase controls. This 

is possible since it equals the fi~st step in the feed-forward 

process. In this case, the error;,S,lqnal content is minimized 

at the output. Second method uses 'a known distortion simula­

ting siqnal which is -injected '4.'h the amplifier path and 
15 minimized at the output thereby a1so reducinq the distprtion 

in~roduced by the main amplifier: The term distortion shall. 
be understood to mean any siqnals•present in the output of a 
device which were not present at: :.#ie input. 

u.s·. Patent No. 4,389,618 is an·'~Xample of the first method 

20 for controlling a feed-forward aiipiif ier system in which the 
systelll correlates the extracted';'ci.±stortion with the· distor­

tion present at the output. The :·p$rrelation yields a settinq 
·. ' .. ~: 

of the gain and phase of the ext~a.C:ted distortion, i.e., the 
error signal, which is· subtractiyely combined with the output. 

,,,• ,.· .. · . 

25 The patent also shows the addi tie'~. of a third loop to reduce 
the siqnal components from the· Lo4tput. This decreases the 

correlation score between siqnali:'d~mponents at the output and 
; ~. . .: . ' .' 

the remaining signal components,>.J:i\ie. to linear distortion in 
::· .. ··.·:,.·· . 

the main a111plifier, in the e~J;'~c;:ted error signal. The 

Jo correlation score between dis~ori:ion components has to be 

higher than the correlation sec>"rJ>b~tween signal components 
in order to yield the best setti~4:_bf the qain and phase of the 
sllbtracti vely combined error sifuial. · 

.•··:.··· 
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U.K. l>atent No. 2 ~ei? .. ~·~6A discloses a similar system which 

inclu~es a.n.C)n-.autoni~,;'4::;third l?op. The reduction in signal 

comp.o~en:t t:'9rl;'elat;4~i.~.·!$~o:re due ti:>: the third loop is not 

sufficient for a, w.i.~~b:~ii~ feed-forward amplifier sys\.em due 

s to thf! lin.~~~:<iistorlfi.~t{{i.ntroduced.by the main amplifier. To 

overcomitil·~s. prqb.le!n\;:}tl,~K. ·Pate~t Application No. 2 244 881 
.. :.- . . _: .. ····-:·:· :" .· 

. uses multip1·1~ ... ~nput,' '.~gpj::rols, which to a high degree will 
...... · . ·... .. .. ,, ' ..... , . 

cancel out."t~e ·1ine~~.~~·rt o·f the distortion emanating from 
·'.·"·.·:,-;; 

the main- ,~p~i-_f.ier. ··.·· · 

10 With a mul;tiple input<~~stem with one input loop for every 

inpu~ chann~l, ·.all ·l.~n~ar distortion can theoretically be 
... ·. . . : . . . . . 

removed. '!'he eXtrac;::'t,~d:; ,,'error signal would then only contain 

~on-linear d~st.ortiori':~tiich can be correlated with the output 
... ·. ·.··.·· .. · ... ···· 

signal to yif!ld a noti4:I~~erfered setting of the amplitude and 

15 phase control of the:·:~'.tibtractively combined error signal. 
. ··· ...... . 

20 

25 

30 

The numbe·r. Q.f required: i.~nput loops is governed by the linear 
·.. , . . ·'_• .. ···: . 

distortio~, ~i):>ite<i :over the used frequency range by the 
.·.: . .. .··· .... ·.·.:.·.'-· 

main· ampl.if,ier an(i W'i1l(.'.determine the amount of the remaining 

unwanted $~~ai coiJ1p(,fi~rits in th~ error signal. In a simple 

=~=a:~~;:f ~~ i1~!s ~i::l::::ct:e n=~~:e: 
distortio~:.;:/in· op4'e,,]i:.::~9'.: achieve· e,asy control of the second 

loop. 'fq. ~~bid.:oi~:f/~~~cificati~ri of the linear part of the 
... -.:;:. ···;··= • ...-·: .. ····-;·:.·,,_: .• /.:': . . . . 

dist;ortio11:::in:,:'t:iJ.~~(:mairi amplifier~ the amount of input loops 

:: r:t~i~~~i~Jli:a~::i'~::::.;!:n: 1::r::;~~ 
u.s. Pat~~·'·No. ·4~~'.~~C>{i:~s is an e~ample of the second method 

:::.:~:7~4:r:~l~~~::;::i::::::~::: 

~~=~ili~:~~:E:g!~:;;;~~~:~~-
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that a pilot tone cannot be given an arbitrary frequency, but 

is governed by the input signals to be amplified in the feed­

forward amplifier. The pilot ton~ must be placed in the same 
frequency range as the input signal in_ order to be he.lpful. 

5 Since the pilot has no special labeling or modulation, the 

control scheme is sensitive to other narrowband siqnals on the 

same frequency, such as various signals;_~~-~~!"--~~-~~~~~in_!~ter 
system. 

Summary or the Disclosure 1 1ni1i1i111nr 
10 The present system describes a method for controllinq a feed­

forward amplifying system to reduce distortion in a power 

amplifier. The method can be used in ·both narrowband and 

wideband applications. The present control method uses a 

spread-spectrum technique to cover a control siqnal or signals . 

15 and injects a composite .signal at a suitable point, with 

injection couplers into the feed~forward amplifier system. 

There are several spread spect~· (SS) techniques available 
such as direct sequence ·spread·: spectrum (DSSS) , frequency 

hopped spread spectrum (FHSS) and pulsed ··FM spread ·spectrum 
. . 

20 {PFMSS) and any other technique aChievinq a processinq gain in 
the remappinq process. 

. . 
The amount of bandwidth spread is:qoverried by the amount of 

processing gain needed in the r~ppinq ptocess and the needed 
time response of the system. ; : In gerier~i, however, the 

. •. . . 
25 spreading bandwidth should occupy 'a major part of the fre.quen-

cy ranqe used by the feed-forwa~ ~plifi~r ·system in order to 

derive the benefits from the processin9 gain. A control 

signal or siqnals after remappin<,of t:hel!!;pread spectrum at 
the output of the system are c~rrelated·-i~ a matched filter 

30 correlator and the result is used; to cCintrol, in either polar 
or cartesian coordinates, the injection in anti-phase of the 

extracted distortion into the f~~d-forward ·amplifier outp~t. 
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The method can handle the case wh~:re wideband multiple input 

siqnals are precoml:>ined before ent~rinq the sinqle input feed­
forward amplifier system as well .. ~·~ ·the single input channel 

case. 

5 Since the control signals are cov·.~ed in the composite signal 

and the remappinq of the spread s~ectrum gives a processing 

qain over the non-correlated siqti'~.1s, amplified by the feed-. 

forward amplifier system, the freq\if!ncy of the control signals 

can be completely arbitrary. The ::9ontrol signals can there-
10 fore be placed where they are most·beneficial to the systems 

ability to suppress distortion. For instance, one can receive 

information of where to minimizE( :the distortion or receive 

information of the transmitted channels and calculate the best 

pla.cement of the control siqnals ~. The power of the control 

15 signals, the inteqration time after remappinq, and the 

spreading bandwidth are intercha~geable to increase system 
flexibility with regard to the ·s'ettling time. Since the 

control signals are known to the sy~tem1 simple matched filter 
correlators can be used to keep track of the phase and 

. ''·;-·· 

20 amplitude. The control signals a,#~ also qeared to be modula­

ted arbitrarily to increase ·the t~~ei,'ance against interfering 

signals present at· their respectiMe carrier frequencies. 

In another embodiment of the p?f~i~nt invention, the input 
signals to the feed forward am:p~:;~fier system are modulated 

25 with a control signai in phase::,~nd/or in amplitude. The 

modulation acts as simulated distcirtion which when minimized 
with· the aid of demodulation and,i' ll'latched filter correlator 

at the out~ut of the feed forwa:ra~·-~plif ier system will also · 
':''·· ·. ' .. ·: 

minimize the distortion introduc~cfby the main amplifier. one 
30 of ·the merits o:f this embodim~1;i ;,is that it uses already 

present input . s·iqnals as carrler~·i for the control signal 
'-: , .. 

thereby min'im~zing the need for «!~ensive HF-carrier genera-
tion within· the feed forward amp{!£.ier system. _ 

·,_.:·:.- 111ii1J u1iiinr 
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Brie,~, ,De;sc:ri~,~~~;#:?of the Drawings 
. . .. · .··.::·:.··::; ·:=-:.:·.:.·· . 

. · ;:: .:<:.~·-. 
. : ·~: :·: ·. . 

ThesE! arid c>tiief",:tt!,atures and advai'l,~aqes of the invention will 
be readily',,:,~~~~~~#t to one of ordinary skil'l ,in the Jrt and 

the ,i~f~~~~~ci'.:~:itten description .in conjunction with the 

:, ... ·:: \·.·-: 
·····;. ·.'··'.<.· 

.·.·.' · .. 

Fig.!;:i i:L1ust'f~~'¢$' a prior art feed-forward amplifier system; . . . . .. •. , ... · .......... -- .. . . 

, Fig.:2 illu~~J:.2l;f~S,: a generalized u$e of the present invention: 
. ·.·· 

Fig. 3 i1:ius:tr~t'~$. a generalized use of the present invention: 
Fig.';,4 ill~~·ffl~~~s a block diagram of a preferred embodiment 

. . .. -.-. :_.-: : ·:_. .. '· . ' .. ~~ 

10 of ~tie p:r~.~~n¥/.i.~yention: 
Fig.: 5: illli$:t':f~~~~ a spread spectrum composite signal genera-
tor: , , ,_:,,:, : :: : 

Fig. 6 ill#s,~#a:t:~s a' possible configuration of the matched 

filter porf.~,~~~9~', function: , 
15 Fig. 7 'il;lus;:tra-t;::~s an addition of a third loop to reduce the 

interf ~ren¢ilf'~9~~r before the remapping of the spreaded 

spectrtiin-; :F'f~1~::{~:,'iillustrates a further addition Of a fourth 
injectiori :1()()p.'tc' increase the distortion reduction: and 

Fig. _,;~ 'i1J.~~t~~~·s another embodi•ent of the present inven-

20 
. ·. . ~·. ·. ·:~ . 

.. · :.,, 
-~~- . ·.:~.· -.:::: ": . tioih . -:::.·· ~-~> ··- ·.· 

·;.···. 

; -::---:-:·_: ··: .. 

Deta:iie4:~~s~rip'~ion o~ the 'Preferrecl ,Bml:Joclimants 
. . ... :. ···<·"·,. :,-_ ·: .. :,:: >.-··:.·:.:, < .. 

. • · .. :"";"·". :.~~·::,;:; .'..~"!" 

.. ~- ·.·./,·:'.~- :: .. :' .:/. 

Fig:. , '1, ;,iiJ;#st~~tEls a prior art e;frcu~ t in block diagram form 

of ~::f'e~a..:.~ciri:;~ amplifier syst~·~ In Fig. 1, there is shown 
twQ :p,a~${': "lbop: ,~: and loop 2. : The purpose of the gain and 

25 phase con~tcll~: ·1,1 and 16, respectively, is to make the two 

paths i~ '.~~6h::.::'.i.k4.P equal in ampl,i,.tude but opposite in phase, 

thereby,:~~~~~~i~g the distortipn: in the loop 1 and injecting 
. . . . .· . . . . . . . . .. . . : . ~· . . .. 

it in ~ntJ;fpha~~-'into loop 2. Th•::,amplitude and phase control 

11 can,21:1'$6;,b~~{~'i~ced in the oppc)site path. The advantage is 
. . ... ··:_,_. .... , .·:.·····;· .. ·,·. . . .. ··: 

30 th~:t ''thE! il~ii'l:,~P·~ifier 12 is expo$ed to a constant mean input 
·.: .. . .. ···- .. , · .. ·.·."" .. ···. . . 

pov~:r., :,:fiollevei:/~he disadvantage:::is that the noise figure for 

the ~~~f~~'·:~:f:{J. 'iincrease and wil:l be dependent on the gain 
.. :: ... : ·,·:::·:;,:~<. ,::.: .... ; 
.. ,. ·..--:.-'.·-:"' · .. ;.·· 
. ·.-: ·, -~·/./ :·/.:'.:-"·: .... :: 
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setting in tl'>,e .all\pli:fµ~~>:and phase control 11. ~lso, the 

amplitude an~ phcise. ~?:ri~iC>i: 11 will ~ntroduce some distortion, 
which will ·,}?e. t~~f!rf;··P·~~~) of wh~n, the. amplitude and phase 

control 11 is ·po$itic#1e_4'·:.a~ showri: in Fig. 1, but will not be 

5 taken care ·qf,··~~~n'p.¥~~:,J'_;~~ the opposite path. The amplitude 

and phase c;o11~:r.:oi r('~c)tii::?f:·ialso be- placed in the opposite path 

of loop 2 • li~~e~e:r./ i~'..J~Vi~tore ob'1l()Us to place the amplitude 

and phase cc;:>i°it;t"Ol 16/'.,'#.~:: ::~hown in . Fig. · 1, since the signal 

.path SS is a. }1,iqh levE!l.?~~tb which ill~kes the implementation of 

10 the amplitud~ and.ph·~ii'#'l~§htrol 16 virtually·impossible. 

A splitter :to c~U$E!s :"th~ ).nput signal Sl to be duplicated. 

One part of th~ inpµt;_ s'.i.cin~1 Sl., i ~ e. , signal S2, is sent via 

the amplitudE:! and pha~,E!',p~ntrol 11 to the main amplifier 12, 

while the otA~+. part c>·f·:~~ input signal Sl, i.e., signal SJ, 

15 is directed to a c6mJ?~-6E!~ 15 via. a delay element 14. · A 

spl_itter 13 d~pliC::ct.tes;-.1:h~- amplified input signal which now 
. - . .·.··· ... ,, __ ::.· .. , 

20 

25 

30 

contains the. ~1in¢arl;y:>.4~··torted ·_input signal Sl and new 

frequency comp911e,ni!i 6~U..~-~d by the non-linearity of the main 

am~lifier 12 irtto iw9<~~~~~ls S4 an~ sa. 

The signal 84. is CC?I?Pi~~~ <~n a co~iner 15 with a signal SS, 

which is the- s+tmal ;§:~:.;fil;~# has been delayed in delay element 

14. With p~o~et{~dj·u~tment::of the ~-plitude and phase control 

~::r:1::1~~~.t~,~: =n$~:~~i:n::~ :i~~ :~;: 
S6 is refer~~~.::t9 ~-~/.:~he·:_e~?;'or signa.1. The error signal 56 is 

amplified in'#:t:l':~P.:;~#:?am~i?~fier 11> With a proper adjustment 
of the ampli1:u<ie arid>~·phase; of the e;rror signal S6, the error 

:~i3~ti~;!;?Jfi::~:::::::::~~ 
ti on conten~ : of· tlief: outptit signal. S9. As a result, the 

~r==~~~~t,l~~r=F:t~=~~:~:=::=a ::::~ 
-~\::·· ..... · ·.: ::~/:_'..:~ 
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.. .-.~ .. 

=P d~::a!:~~f~~~;~)~l::e:,.;~:::~ ::. o::r:: e~= 

~; f~t~~~!llt~§~i~~:~~~i:~:~:~ 
the outp\it~ ·· ··Howev:er/}<~ny siqnal: injecte.d into or created 

within any .. CJ'f :th~· tW,tj.:'./~iths will. be present at the output. 
. . . .. ·' .. : .·: .... ,'..;.;.. ; . 

Also, a siqr:i~l c:an. *·(;),#?'~~~:.)cancelled if it is eXtracted from 

anywhere •J.;se· exc~pt''~¥:.Siti'.:·tlie outpiit. A sampler 20 samples a 

portion of th~ ·ii)p~t· si~~~l S20 creatinq two identical siqnals 

s21 and s22. The ~iqJ1~:;i?'$22 passes throuqh the delay element 

23 which· egµalll5 the 4~~'4yi:iin path 1 which is mainly caused by 
. . .. · ... ,. · .. ·····. .· 

the delay caµ$ed by·th¢:·~il.plifier 21. The amplitude and phase 

15 of the siqnal is furth~t;'.~·djusted by means of an amplitude and 

phase controi_1er 24. :.·t.~iiii1y, the adjusted siqnal is added to 
. ..·· ........ -.... . 

20 

25 

30 

35 

Fiq. 3 illustr~tes o~~ ·.'.~odiment . of the present invention 

wherein the a;gj~stm~ij~.~,~~f\.~n·ampll,~~de and phase controller is 

:e:::~:~li~~t~!~ :::tt:::= ~:.:::!::11:: 
qenerato.r 32. in a C:~~~~;f 34. ~y · minimizinq the injected 

frequency ~~rt!•d··Q~~;';.~:.~~ob<'s1qnal SJ~ at the output; any other 
' ... : ... · ....... ·,.,_·;.·. ,.,... . ·· .. 

and output~· the. ~Pl.::~~+ed ~iqnal :$·3s to a combiner 37. The 

2. 

::·..:.···.:·· · .. ·:.: ·;·.: (' ,' ;'.; 

.•: .. ; ··. · ... : 

··· .. .-·.:· .. :-·· 
···•:·. 
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is then sampleq bY. a. $~~pler 40. The sampled signal 538 is 

multiplied with· a d.~¥~~~d versi6n of the direct sequence 

signal by a mui ti pl f:~·~)l~:l, theJ:'.!!PY remapping the frequency 

spreaded MOD signal. ~ri-d.f,;~t the·~~~~ .time spreading anx other 

5 non-correlated sig:naii~ .. ::y; The ·teiuapped MOD signal 539 is 

correlated with. a ci~~~~~~ versi6n ;of the injected MOO signal 

S40 by a ~atched f;i£~~*· corre~ator 44, thereby yielding 

control sigpals whicli(':~4)ust tii~ amplitude and phase con­

troller 39. The d~i~y:',:'.i!ie~ents is, 42 and 43 each accounts 

10 for the delay introd~¢~d::j into tb.:e :path 1. As a result, the 
... ··~ -: .··.:- ··: 

present invention can ·• t?~ used t.o control any of the loops 

illustrated in Fig. 1. 

Ref erring to Fig. 4 , tJ:,l~:f~e ·is shown a preferred embodiment of 

the present inventiort··:,~hich builds upon the circuit illus-

15 trated in Fig. 3, by.~~d...inq a second loop controller and by 

iilustrating severaf:'C~ptional placement fl) -(3) of the 

injection coupler. ~~·:9~tional placements (1) and (2) of the 

injection coupler s4 ':9.~~es the advantage of injection at a 

lower level, but also:~:i~es a red1;lC::tion in processing gain in 

20 the remapping proces·~:r :because of the linear distortion 

introduced by the ma..:;tj:: ~pl if ier :53. Also, the time delay in 

the delay. elements 6:9·: ·~rl~ 71 will have to be increased so as 

to include the time de:J;~y} introduc::•d by the main amplifier ·53. 

Using the optional P,.~~;~·~ment (3): ·of the injection coupler 54 

25 makes the ~ontrol o:f :tji~:; second Joop controller 70 dependent 

upoil the fi]::'st loop,·;~~~~;roller S;g'.~ . 

As illustrated in r::f~3}~-:~ an inp_tit.:_signal 550 is sampled in a 

sampler 51 to prodtid·i···~~b identical input signals S51 and ss2 
.,•'.··'.• .·-· 

(id.entical when noJ:1i\a.~,~~ed in amplitude). The input signal 
. • ... ·.· -~. ;. >:·::.:·.:.; ... 

30 SSl is sent to an mnj;)".titi'lide and pP,ase controller 52 which can 

adjust the amplitu<i~0'.cJ.h4. phase o::tthe input siqnal SSl. The 

adjusted input siqn~)/$:~3 is the~'.'applied to the amplifier 53 

which amplifies th:~:··,:ihput sic;m~¥ and outputs an amplified 

signal S54 to a cp~·ij:ier 54. In a spread spectrum signal 
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gener,ator: .·SS, a contr~t signal [MOD) SSS,· which acts as 
simulated.distortion~· .:~.#,Jfrequency ·spreaded in the multiplier 

56 by~the ·spreading s~~~nef! siqnalf: (DS,) S56. The composite 

signal S57 is thE!reaf#~#':-:injected "±~to the system thro\&gh the 
5 coupler 54 • 

; .. ·. 

The inpu·t signal 552 i~)\delayed in a delay element 57 for a 
. -·-:.·.-:· .· 

time period that equal~;:~.the delay introduced in the opposite 
. . ..... _. .. -... . 

path.. The delayed si.9'#~·~ SSS is th.en sampled in a sampler S8 

which dUJ;>licates the· . ..-~~layed signal. One output of the 

10 sampler SS is connect•cf to a first loop controller 59, while 
. ·~:. ... ~ . 

the other output is coriri.~cted to a combiner 60. A sampler 61 

duplicates the O':!tput: ~·¥.9nal S62 from the coupler 54 and sends 

tile signal to the col1'.lb'i°per 60 where it is combined with the 

sampled #!5iqnal ssa. Th.~' output siqnal S59 of the combiner 60 
. .. -~ 

15 is sampled in a sample~.62 and the output signal ~59 is sent 

to tl)e first loop cont~:QJ.ler 59, which correlates the sampled 

signal ss8 and signal<S~9 to control the amplitude and phase 
! ·; ... 

controller 52. 

The output signal S59 ·t• also sen~: t~ a second amplitude and 
20 phase con.trol1er 63 ·w#'i<=h can adjust the amplitude and phase 

of th~. s,~gn.al S59~ ~~~iadjust sit;lnal S60 is then sent to an 
error ~_lifier 64 ·w~lbh amplifie~.;;the siqnal and outputs the 

',, ·. · ..... ·-·· .. · . .· ·. ':··':; 

ampl:if i•d signal S'6~:.<to a: combi#~·r 65. The sampled output 

signal S62 is also ~~#t,~o ~ delay{~·lement 66 which delays the 
25 sampled.signal 562 fc~}:;i.tj,me equ~i·;-t~ the delay introduced by 

·.···.·,. ·. 

the opposite path be~~;~ .outputin9'.a delayed signal S63 to the 
c~mbiner 65. The co~irier.·65 comi?.i;nes the delayed signal S63 

with the ampl.ifie.d s·l~~l $61 to i>tbduce the output signal S64 
of the amplifier sy~~em: ·so. :.': 

. . ,,::::.~~):: ·. 

30 At the output of tlj;~·'aD.iplifier ·system so, a portion of the 
siqnal :i;:s sampled by;:,~/sampler 67:~\, ·The output sampled siqnal 

, .. : ·,~ .... 

S64 is. ·'mul1:iplied ·. '.,f:i.:t:h a delayed version of the direct 

sequenc~ signal (DSf.i$;s~ by a multiplier 68, thereby remapping 
. ····· .. · . ·,,, 

. . ~. 

·, ' 
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the frequency .~pr;ea(i(;!~ ~OD signal and at the same time 
spreading ·a'1y Other .. :ri~li~·~~~alated signals. The MOD signal SSS 

.•• ' . • . . . ., • , ,.· =.; '·'' -.• ·-·~:· •. 

is Clelayeq i.n a dela~i:j~le?:~nt 69 and the delayed signal 566 ·is 
sent to a s~co~d lo~~;y·cdci~'troller' .70. The second loup con-

5 troller 7Q, corl:'elat~~:hf~~'.~.~l~yed signal 566 with the remapped 

signal 565 ·to ~:ont~~l' :tji~-),mplitude and phase controller 63. 

Referring to Fig. S, 't;h.~r~ is shown in block diagram of a 
·,: ..... : ,;_,. ·: :.~.: 

spread spectrt.un: con,i:PC:;~Ai;f::t<signal generator. The composite 
. .· , ..... · .. , .. · ... : 

spread spect~ sign~1;y·~9~: instance 570, is derived before it 

10 is injected i~to. th'e.>:~~~~f:_.fo~ard amplifier system. With a 
·. . .·:. ··:· ·.. ,., ~- · .. 

pseudo-npise sequen¢e=q~hiefator 80 driven by a clock 81, a bit 
.· '· <,··'. :··- .. .. · •.. :. 

~-:. ": <·" 

stream 571 is derived/ w~!ch is used to modulate the carrier 

signal S72 in a modul.a~~#)~2. This carrier modulated signal 
S73 is then used as the.:-<::9ntrol signal after a proper time 

15 delay, to cont~ol th~ ~ys~~m. This is one way to derive the 

actual CO!ltrol signal s't3·;_·'. The simplest form of the control 
. . .... ' 

signal is equal. ~o th~ q.zi1f.#ier signal 572. The control signal . : . . . ·.:. ·. ··.,·:· . 

573, before being i?tj~9~~d into the system, is frequency 

spreaded in the multipli~r::~3 with the spreading sequence 574. 
' . ·' ·· .. · ·. 

2 o The spreading seqtieri¢~ / '$,7~ is derived from the spreadinq 
. . . .... ' ·: ''· ~ .. ·. ,\. 

sequence g.anerator · 84:, }~li~ch is driven by a clock 85. The 

spreadinq sequence s74',:,',:~~~er a proper time delay, is used in 

the remapp~~q prqce;s~:·¥~.'~}i~ frequency spreaded spectrum. The 
processing: gain in '~~:~.J:."~~pping pr~cess is equal to the ratio· 

25 of the bit ~tr~am-~p~~~s(i'.2'.\This m~ans that for a given.speed 

D2 I using a urnnc?dU.'t~,~~d'm'i~arrier' as. a control signal 573 I 

yields the· largest p~b-~~$'.~-·.i.ng gain in the remapping process . 
. . -:~;· :·:--.:>;:·~--:·:.·;> .. :; . . . 

·::(\" 

The spread;ng seqtt~tj¢:~}.;q~nerator 84 and the PN-sequence 

generator 8,0 are -P~~!'~~~~-l~ of a t)'pe yieldinq maximum auto 
30 correlation.and minl.~tj~'.;#tbss· correlation to any other signal, 

which is iJliPortant i:~:;:¥i~'.:'~e~apping: process and in the matched 
filter correlator, :;·,f'c,i;:;:Cli\ax.imum processing gain. There are 

several. t~.es , of $e~\i~~6~s which can be usea where ML­
(Maximum Length), G~_;1;~;-':;~;hd Kasall\i- sequences are easily 

_:;_ .. · ...... :_,:_ 
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. 
implemented with linear feedback shift reqisters by one of 

ordinary skill in the art. The .modulator ~2 can be ·of any 

suitable type such as MS:K./ OQP$K, t:>#eferably. havinq a constant 
envelope and no introduction of intersymbol interf ere&ice. 

5 Referring now to Fig. 6, there i• shown, in block· diagram 

form, how the loop controllers which provide signals to set 
., 

the amplitude and phase controllers are functionally imple­
. mented. The .function of the circuit is to perform an energy 

measurement, in the cartesian coordinate pl~ne IQ, on a 

10 difference signal with a ca~esian coordinate plane defined 

by a I/Q split reference signal. :'J:'he function of the circuit 

can also be.regarded as an I/Q demo.~ulator or a matched filter 
correlator. The function is possible since the sensinq is 
made on the reference siqnals and the difference between the 

15 reference signals and the difference signals. If it is assumed 

that the time alignment between the reference signals and the 
difference signals are correct, with the aid of properly set 

time delays, the circuit will perform the following fW'iction 

for any single frequency cQmponerit: 

20 reference signal= cos(wt) 

25 

difference signa·1 = cos(wtl - A cos{wt + fi) 
where A is the gain and fi.is· the0 phase anomality introduced 

by the signal path. 

I= cos(wt) "'2 - A/2 cos(2wt+fi) - A/2 cos (fi) 
= 1/2· - A/2 cos ( fi) 

= 1/2[1 - A cos(f.i) l · 
Q= sin (wt) cos (wt) - A sin Cwt)'tt:os ~wt+f i) 

= -A/2 sin(fi) 

-- ---·- ---- ---- -~---

For small angles ( fi) , signals 10.4 and 105 can be integrated 

30 by integrators 90 and 91 arid used' ~or an I .signal to a control 
of the gain of for instance-, ampli1:1ide and phase controller 52 

illustrated in F.j.g. 4, and for a Q': signal to cont~ol the pbase 
of the amplitude and phase contr~ller. The easy int~gration 
is possible due to the fact that when the system is settled 
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the angle is identical to O and the amplitude is identical to 

l. Th~ dynamics on the amplitude and phase controller 52 are 

governed by the gain ·and phase re:?ponse over frequency and 

power of the main amplifier 53 .· · The same is true for the 

5 amplitude and phase controller ~3, for the sampled error 

signal 859 in this case the response of the error amplifier. 

The use of this simple technique is particularly useful and 

described in the system illustrated in Fig. 4, to control the 

qain and the phase of the loop 2 because the reference signal 

10 558 is constant in amplitude. 

Fig. 7 illustrates in block diagram form another embodiment of 

the present invention which adds a third loop controller to 

the circuit illustrated in Fig. 4. In this embodiment, the 

amplified input signals are suppressed before the remapping 

15 process, thereby reducing the processing gain needed. The 

suppression is achieved by subtracting a gain and phase 

adjusted sample of the input signal 550 from the sampled 

output signal S64. · In order to det~rmine the correct setting 

of the amplitude and phase controller 100, the difference 

20 siqnal 578, sampled by the sampler 101, is correlated in the 

third loop controller 110 with a· delayed sample 573 Of the 

input signal, thereby controlling the amplitude and phase 

controller 100 and substantially reducing the input signal 
content in the difference signal: S78. The function of the 

25 third loop controller liO is ther~fqre es~entially the same as 

the function of the first loop controller. The signal 578 can 

also be regarded as a new error signal which contains the 

remaining distortion present i;n the intermediate output 

signal 564. The sampled error s~gnal 579 is despreaded in a 

30 multiplier 68, with the aid of a .~ime delayed copy of the 

spreading sequence 581. · ·T~e signal·:S80 will therefore contain 

.the remapped contrc:>l signal wh~ch is correlated with the 
. . . '; . 

reference control siqnal'S66 in t11¢'second loop controller 70 .. 

-- - - -.... _. 
-------- --· 

; iliiiur; 
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Referring to Fig. 8, there is sho~ another embodiment of the 

present invention which. adds a fourth loop controll.er to the. 

·feed forward amplifier system. ~·h -this embodiment, the new 

error signal S90 is in')ected into'i·the output signal p3.th 591 

5 by means of an injection couple# 112 which results in an 
. . ; . 

increase in suppression o"f the di,tortion emanating from the 

main amplifier SJ and also a suppression of the distortion 

emanating from the error amplif i,~r 64 and alsQ from other 

components. 

10 Fig. 8 also shows a second frequency spreaded control signal 

S93 which is injected through injection coupler li4. The 

injection coupler can be positione~ in several positions (1)­

(5) in the circuit. The optional' p~acement (1) and (2) have 

the advantaqe in that there is no l.oss in the processing gain 

15 achieved in the remapping process :performed in the multiplier 

115. These optional placements are; however, at high signal 

levels, especially the p~acement (1). The placements also 

require the time delay elements 116 and 117 to be reduced to 

only the delay introduced by the au"iliary error amplifier 

20 118. A new time delay element 109' is introduced in the main 

amplifier output path to account tAr the time delay caused by 

the auxiliary error amplifier ifs. The reduction in the 

processing gain when any of the pl: .. cements ( 3) ~ ( s) is used is 

dependent.on-the frequency respon~~'of the error amplifier 64. 

25 The placements (4) and (5). will ca~~e tbe fourth loop control­

ler 119 to be dependent on the ~-tting of the second loop 

controller 7 o. 

The purpose of the injection of th;'· second frequency spreaded 

control signal is to control the ~~t1:ing of the amplitude and 

30 phase controller 120, the~eby sub~*~ctirtg the ~ew error siqnal 

from the time delayed irit.rmedi~~e o~tput signal sg 1 ·. The 

function of the fourth loop contro$!1er 119 is therefore essen­

tially equal to the function of t~~ second loop controller. 
---- -- -~ ---- ···------- --- . ·---- --
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The two injected composite signals should be orthogonal or 

noneorrelated with each other so that they do not int~rfere 
with each other. The orthogo~ality of the composite signals 

can be achieved in several ways. First, the carrier f:-equen-

5 cies of the control·s~qnals can be made different from each 

other. As a result, the sp~eading sequences can be equal. In 

the alternative, the spreading sequences can be orthogonal to 

each other. As a result, the control signals can be equal. 

Since the sampled intermediate output signal contains high 

10 levels of amplified input signal components, there is a hiqh 
demand on the processing gain in the remapping process 

performed in the multiplier 115. This can be achieved by 

either one or a combination of the following: increasing the 

power on the frequ.ency spreaded control siqnal S93: increasing 
. . 

15 ~e bandwidth of the spreading sequence.599; and increasing 

~e ~ntegration time in the fourth loop controller 119. 

Fig. 9 illustrates another method for controlling a feed 

forward amplifier system according to one embodiment of the 

present invention. In thi:_s einbodiment, the input signals to 

20 the feed forward amplifier system are used as "carriers" for 

the injected simulated distortion. This eliminates the need 

for an additional RF-oscillator in the feed-forward amplifier 

system. By_ using the input signals as carriers for the 

simulated distortion, the present invention has the advantage 

25 that the simulat~d distortion, which is minimized at the 

output of the system therel;ly minimizing the distortion caused 

by the main amplifier, is situated in the frequency range 

where . it is actually needed. In other words, the simulated 

distortion will measure the system response at the best 

30 frequency location. The: present embodiment also has the 

advantage that the power relationship between the total input 

signal and the injected simulated distortion is independent 

of the input signal power. Fig. 9 illustrates one implemen-

tation of this method for a second loop contr_ol_l.~+..!. ----· _______ .. ____ _ 

ilriii1i1il1r 
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An input signal 5200 is modulated in amplitude by a pseudo 
random sequence PRl and in phase by a pseudo random sequence 

PR2 through th~ amplitude and phase controller 201. The 

output signal 5203 is s;ampled and demodulated in an I-Q 

5 demodulator 204 with a delayed replica. of the input signal 

5200. The resulting demodulated signal is correlated with 

replicas of the modulation signals PRl and PR2 in the second 

loop controller or matche" filter-correlator 206 to produce an 

adjustment signal which yields a ~etting of the amplitude and 

10 phase controller 208. An error siqnal S210 is then combined 

with the output signal 5202 thereby essentially minimizing the 

modulation of the input signal and the distortion introduced 

by the main amplifier 210 from the output signal 5202. 

The above described arrangement merely illustrates the 

15 principles of the present invention. Numerous modifications 

and adaptations thereof will be·readily apparent to those 

skilled in the art without departing from the scope and spirit 

of the present invention. 

· .. : .: .... 
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WHAT IS CLAIMED IS: 

· 1. A linear amplifier controll~;':-";for reducin~ disto.rtion in 
a feed forward amplifier system,· 'C:omprising: 

a first signal sampling mean~<including. an input port for 

5 receiving an input signal and fi°l:-~t and second ou1;1>ut ports; 
... ,· 

an amplifying means coupled to said first output port of 

said first signal sampling means for amplifying said input 
signal received from said firs:t signal sampling means to 

produce an amplified signal: 

10 a first delay means coupled to said second output port of 

said first signal sampling means· for delaying said input 

signal received from said first signal sampling means to 

produce a delayed input signal; 

first amplitude and phase control means coupled to said 

15 first delay means for controlling the relative amplitude and 

phase of said delayed input signa~: and 

a first combining means for· combining said·amplified 

signal received from said amplifying means and an adjusted 

signal received from said first ~mplitude and phase control 
20 means to produce an output signal.· 

2. A linear amplifier controller for reducing distortion in 

a feed forward amplifier system according to claim 1, wherein 

the delay of the first delay m~;~ns is equal to the delay 

introduced by the amplifying me~n..$:. 

·25 3. A linear amplifier controlle:P'·for reducing distortion in 
a feed forward amplifier system,· ;~bmprising: 

a spre?ld spectriim signal g~ri·~;rating means for frequency 
spreading a control sign~l; ·: . / 

a first combining me~ns for':_dbinbininq an input signal and 
. ~. . . . . . . 

3 o said frequency sprea~ed con~ro( ~lgnal; . 

a first sampling ~eans ~~.<::.luding an input port for 
receiving said combined signal;~ ... from said first collibining 

means and first and second outpµt;;:ports; ----- --- --·----------·-------··- ---

i1Hii11nr. 
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an amplifyil)g .m~~ri.~\:
0

'1::oupled to said first output port of 
said fir~t samplin~:'.~~i:~~}for amplifying said combined signal 

received. fro~ said f'l.i-.~~-;:;s~mpl incl ineans: 

a firs;t delay e~~lll'~~ coupled to said second outI=ut port 
5 of sai(i :fi~!;t s~cmai•~,'.$.~~~l:ing means for delaying said combined 

:~~ir~~:~~::i~t:~~~::::~~:::~:::a:: 
first delay ni~ans for:.~.Qn:trolling the relative amplitude and 

10 phase of sald delay~d·<.~~~ined signal; 

a second combip.itjg7_0m.eans for combining said amplified 
. .···.:·.··: :.,.•.·:·.: 

signal from said a]llpllty'ing means and an adjusted siqnal from 
.... ··, ... ··'·<·· 

said ampl.i tuqe -and pha,$:~ ;:control means to produce an output 
··:.' .·. ··.···· 

siqnal; 

15 a second samplihq~-~~ns including a first input port for 

receiving said outpuf~>--~:iqnal and first and second output 

20 

25 

ports; 

a rema,pping· meari~'-~oupled to said first output port of 
said second ~ampling--,~~~ris for remapping the output siqnal 

.from sai.d sec1;>nd· s~~.i':i~~' means with a spread sequence which 

has been delayed by ;.?$"¢~nd delay means; 

· a thi~d delay m~~ij~(.Jor rec~i~ing said control signals; 

and 
. . .. ' ·:~· ;·.: ·:.~ ::: ~ 

a ~tched :~ilt~~·::<?9i;relator Jileans for correlating said 
delayed ou1;.pUt s;iqnaf;~~~~ived froJli· said third delay means and 

said remapped ~iqna~d:f~C:f.e·ived fro~ said remapping means for 

controlling the :fir~~?~plitude a~d phase control means. 
·;:>'''::_.;/ ,_: __ ·;· . 

• . :.~:·.3:·::·:·:: ::-:~;:.··,;;;;; . . . 
4. A linear ampli~1e~ ):ontroller for reducing distortion 
according to cl~im 3:,.\-~~~t~in said ~,ignal generator comprises: 

30 a pse:µdo.noiseJ~~~~nce generator which is dri~en by a 

first clocl¢ t9 J?~Od~-~~}{~>first siq~al: 
a modulator wli:i.Cii.' m6aulates :~ carrier signal with s~id 

first · siqn~£ to:.:prod4·~~·;,,.· carr~er ··adulated siqnal;. 

a sprf!a4i1i9' · sec:JUenC::e gener~tor which is dri v~n by a 
. . . . ... ..: . . . -- ... ~---' :•. . . . 

35 second clock t'.9:prod~p~: ·a.::spreadinq sequence; and 
.:·.: .·· .. · 
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a multiplier for multiplyin,g said carrier .modulated 

signal with said spreading sequence to produce a composite 

sig-nal. 

5. A linear amplifier controller for reducing distortion 

S according to claim 4, wherein _said -spreading- sequence genera­

tor and said pseudo noise sequence generator are of a maximum 

length type. 

6. A linear amplifier controller for reducing distortion 

according to claim 4, wherein said ·•adulator is a MSK modula-
10 tor. 

7. A linear amplifier controller for reducing distortion 

according to claim 4, wherein said modulator is an OQPSK 

modulator. 

8. A linear amplifier controller for reducing distortion 

15 ac~ordinq to claim 3, wherein the delay _introduced by the 
fi~st, second and third delay means is equal to the delay 

introduced by the amplifying means. 

9. A linear amplifier controller for reducing distortion in 

a feed forward amplifier system, comprising: 

20 a first sampling means incl:uding an input port for 

receiving an input signal and fir~t and second output ports; 
a first amplitude and phase co~trol means coupled to said 

first output port of said first sampling means for control_ling 

the ~plitude and phase of said iri~ut siqnal: 

25 a amplifying means coupled t~ said f ir~t amplitude and 

phase control means for amplifying(said input siqnal received 

from said first amplitude and pha~e: control means: 
' ~ ~ 

a spread spectrum signal gen~r;ating means for frequency 
spreading a control signal: --· · 

30 a first conib~ning means for· combining said amplified 

siqn~l from said amplifying means .~nd said frequency spreaded 
-- ··--· ···-----··--·-----·-. - ---~··'·--·...:._ .. ____ -~·-· ·- , ......... . 
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and control siqnal frolt.li::<~aid signal generator to produce a 

first combined signal; > 
a second sainpltri'<i:Y'ineans ;n,cluding an input port for 

receiving said c()mbi,ied ~-~91ial and first and second outpu~ ports: 
• • . • . • .. . . : ..• ,•::~ .. , :. . . Ill. 

5 a fir-st delay m~a~~).ppupled ·to said first sampling means 

for delaying said i~pti~/:;'.~gnal: . 

a third sa~plin~- :~~'ps including a first input,J>Ort for 

receiving said first . a~~'~yed input signal from said delay 
. . . :- ~: .·• . . . 

means and first and se6Q.h.~ output ports: 

10 a second ~ombinin~:·~~~ns for combining said delayed· input 

signal from said firs~··.-g~tput. port of s~id third sampling 

means and said first cQ~i;ped signal from said second sampling 
. . ._ ·. . ~:~ . 

means to produce a secc;>.~<tcombined signal ~ 

a fourth sampling ··~eans including an input port for 

15 receiving said second ··~:Ombined signal from said second 

conibining means and fir~t:and second output ports: 

a first lo(:)p. cqrit:r9ller which correlates said time 

delayed· input signal ~~9~ said second output port.of said 

third sampling means arl(i~-~~~id seeond combined signal from said 
.. . : : . :.~ .'.: ' 

20 second output port of :$a~~ fourth sampling means to control 

the first ~mpiitude al)~)~~ase control means: 

25 

30 

35 

· a second amplit~~~-·:.,nd pha$e control means coupled to 

said first output po~~,··,;~f said fourth sampling means for 

controlling the amP:t.j:tuci'9': and phase· of said second combined 
: ;_ . :.~··;">>"; _,:.,;:··.-' • 

signal: ···· ·. :· 

a second a:nlpl±ty_iij~f-~eans coupled to said second ampli­

tude and phase cont~~~-.::_;,)neans for amplifying· said second 

combined ~ignal recei~~4,_:}~~o~ said. second amplitude and phase 
.. : ~ . 

control means 1 . . . . . . 
, . ~-

a second delay li1~a.#~~icoupled to said second output port 

of said second sa:nlpl:Lh~'.~:~ns for delaying said first co~ined 
. .· . ." .· ··;-: ... · .,,.. :;~;· ··.'.." . 

. . ~--~~:':-> 
SJ.• rm.al,· •.· ... ·.'.·.·· .. •.:. .. 

-:r•• -:./···:::,.;; .. · 

a third combini#q:~~21;ns for combining said first combined 

signal received from Si~id:second delay ~eans and said ampli­

fie<;i signal from s~.tci:"";:~:•:¢ond amplify_~~9---~~~.?~--~o---~~c:>t!~e a 

third combined signal}; 

1fi1W1i1i1Mi 
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a fifth sampling m~ans including an input port for 

receiving said third ·Co~ined signal and first ~nd second 

output ports; . 
a r~mapping meansf;6#~pled to<said first output ~ort of 

5 said fifth sampling mea~~ .. ~¥or re]llapping .the output signal from. 
said fifth sampling meari$ ~i th a spreading sequence. which has 

been delayed by a thir~ 4~iay inean~; 
a fourth delay mean~ :;for rece~ving said control signal; 

and 
10 a second loop cont~O,~'. '1eans for correlating said delayed 

control signal receivea·.':fl;~m said fourth delay means with said 

remapped signal from sa'id remapping means to control· the 

second amplitude and pha~~ control means. 

10. A linear amplifier·c:.ontroller for reducing.distortion 

15 .according to claim 9, wher~ln said signal generator comprises: 

a pseudo noise sequ~nce generator which is driven by a 
first clock to produce a first signal; 

. ,. ~ 

a modulator whi.ch Jll~dulates a carrier signal with said ·.·. .. 

first signal to produce·'.~·earrier ]lloduiated signal; 

20 a spreading seque11C:~ generator which is driven by a 

second clock to produc~ '.~:·:.spreading sequence: and 

a multiplier for i'~1J:1 tiplying said carrier modulated 

signal with said spread.¥ij9 sequence to produce a composite 

signal. 
..... :· 

.··:: 

25 11. A linear amplifiti!t<:~ontroll~.r for reducing distortion 
according to claim 'i:()~·,;;, ··iwherein'. :said spreading sequence 

·-:· ... + 

30 

qenerato'r and said·p~e,#~~noise s~quence generator are of a 
maximum length type. }::'. . ,::: 

12. A linear 

according to 

modulator. 

:i!:!~:~£1~!~:;::!~t~:r :=::a~r d~:toart~; 
·_.:·:-~:·=:.··~.;_":.:~· . ·., -- --------- -- ----- -- -·- - ---

.. . : ·: .•. -~ ~· 
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13. A linear amplifier controller for reducing distortion 

according to claim 10, wherein ~~id modulator is an OQPSK 

modulator. 

14. A linear amplifier contrqJ.l~)t" for reducing distortion 

5 according to claim 9, wherein said first delay means intro­

duces a delay which· is equal to ~e delay introduced by the 

first amplifying means. 

15. A linear amplifier controller for reducing distortion 

according to claim 9, wherein. sa±,4 second, third and fourth 

10 delay means introduce a delay wh.;ch is equal to the delay 

introduced by the seco~d amplifyi~q means. 

16. A linear amplifier controll•:r for reducing ~istortion 

according to claim 9, wherein sa~c:l first combining means is 

located between the first amplit~de and phase control means 

15 and the first amplifying means. 

17. A linear amplifier controll~~ for reducing distortion 

according to claim 9, wherein saj;(i first combining means is 

located between said first samp~:ing means and said first 
-~ ' 

amplitude and phase control means. 

20 18. A linear amplifier controll~r for reducing distortion 

according ,to claim 16, wherein·ttj.e delay introduced by the 

second, third and fourth delay m!,ns is equal to the delay 

introduced by the first ·and seconc:l. amplifying means. 

. ..'·. 

19. A linear amplifier controlJiir: for reducing distortion 
:.1: ;'·. 

2 5 according to claim 17, wherein ~~: :delay introduced by said 

second, third and fourth delay m~~ns is equal to the delay 

introduced by the first and secon~:.:amplifying means. 

20. A linear amplifier controller for reducing distortion . 

according to claim 9, ·further. comp.rising: 
.. ----···-------... ··--~-----·------ ~--··- ------. ··-· ---- --. -- -
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a sixth sampling means coupled between the output of said 

third salllplinq means and the input of said.second combining 

means including an input po.rt for receiving said delayed input 

signal and first and second output ports; 

5 a fifth aelay means coupled to said second output port of 

said sixth saJ,llpling means to further delay the delayed input 

signal: 

a seven'\:h sampling means including an input port for 
receiving said delayed signal .from said fifth delay means and 

10 first and second output ports; 

a third amplitude and ·phase control means coupled to said 

first output of said seventh sampling means for controlling 

the amplitude and phase of said delayed input signal; 

a fourth combining means for combining the amplified 

15 signal from said third amp.litude and phase control means and 

s~id third comb.lned signal from the second output port of said 

fifth sampling means to produce a fourth combined signal; 

an eighth sampling means including an input port. for 

receiving said fourth combined signal from said fourth 

20 combining means and first and second output ports; 

a ninth sampling m~ans including ·an input port for 

receiving said fourth combined signal from the first output 

port of said ~ighth sampling means, wherein the first output 

port is connected to said remapping means; and 
25 a third loop control means for correlating said delayed 

input signal from said second output port of said seventh 

sampling means and said· fourth combined signal from . said 

second output poJ:t of said eigh·th sampling means to control 
said third amplitude and p:tiase control means. 

. . . ,. .... ~ ' 

. . 

30 21. A linear amplifier cc;mtroller ·for reducing distortion 

according to cla . .j.m 2 o, ~e: delay introduced by the second, 
third, fourth. arid fifth 4~lay -eans is equal to the delay 
introduced by the second amplifying means. 
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22. A linea~ · ampt'if$el;-- controller for reducing distortion 
according to c:J.aim 20/ f#rther comprising: 

--.··; 

a second spread· ,f!;p~ctrum signal generating means for 
frequency spreading. s~"i,cf;~:control signal: .. .· . . . . 

5 a fifth coiJ:lbi:ninq":"~eans coupled between said second 
amplitude ~nd ph•s-e · c9tj~,~'.ol means and said second amplifying 
means for c0Dlbirtin9·s~i~; frequency spreaded control siqnal 
with said sec9n:cI co.~~#~~ signal from said second amplitude 
and phase c:onttoi m~a11~, •hd supplyin9 a fifth combined signal 

10 to said second -.~mpii~y·;~~ means; _ 
· a sixth delay.mearts>,~oup~ed to said first output port of 

said fifth S"aJDplinq m~aJ\15 for delaying said third combined 
siqnal; 

a fourth amplituc1e and phase control means coupled to 
. - -

15 said second output port~ of said ninth sampling means for ' . . . 
adjustinq the amplitude and phase of said fourth combined 
siqnal: 

_a third ampl,tfyinq me,ans coupled to said fourth amplitude 
and control means for ampl~fyinq said adjusted fourth combined 

20 siqnal received fro111 said fourth amplitude and phase control 
means: 

25 

a sixth cqml:>in~nq ~4!~ns for combininq said delayed third 
. . . . - ~ :,!-:-' _; 

combined signal receivecf_ from said sixth delay element and 
said amplified sigrlal -.-tk<JJD said th~rd amplifyinq means to ' . -· · .... ·· .. ·. 

produ:e :..:r~~t~~cludinq an input port for 

recei vinq saip- s;~li'~d~fned siqnal from said sixth combining 
. . . . . . . . ···. ~-. ·: ···;:~ ~; ...... ·;· . 

means and f i~;;t_ ~?14(~~i:=:6hd output ports: 
' ·. . ··.· .-;.:·· ...... ,, ..... ,. . . 

a second re*1~PP~·~g{ ·_JD,eans coupled to said second output 
3 o port ~f said- te~:th '-~~*~~inq means for remapping the output 

siqnal from s~id ten~-:·~~lllplinq means.with a second spreading 
sequence whi~h ~a:s· s;~~:·:~~layed by a .~eventh delay means: 

a eighth delay ~~~j.;ij;;tor receivfnq said control siqnal: 
and 

35 a fourth loo];>::¢on,tr6i means for correlatinq said delayed . ·.· ·. ;-:":·; .. , . · . .. ··.:· ' 

input siqnal :r~~E!.;:v~c(f.rqJl'l said eiqhtji c;lelay means with said 
.·.~ 
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remapped signal from said,~econd;remapping means to control 
sa_id fourth amplitude·a~d:phase control means. 

23. A linear amplifif:!r c:dntroll:e::r;' for reducing dis;:ortion 

accordinq to claim 22; wn~#ein &;i\id second signal generator 
5 comprises: . , 

a pseudo noise s~quelic:e ge~~rator which is driven by a 
first clock to produce :a f~~st · _sigpal; 

.; . ' . . . . . ~· . ' 

a modulator which JD~~~lates·a carrier signal with said 
first signal to produce _Cl,_ C:,.arrier modulated siqnal; 

.. . 

10 a second spreading ~equence ,generator which is driven by 

a second clock to produc~ :~i:j sprea4lng sequence; and 
a multiplier for JDU,lj:iplying said carrier modulated 

signal with said spre~dln~;; sequ-~ce to produce a composite 

siqnal .. 

15 24. A linear amplifier, c;c>ntroller for reducinq distortion 
according to claim 23, · $h.erein said spreading sequence 
qenerator and said pseudo ':~oise s;equence generator are of a 
maximum lenqth type. 

25. A linear amplifier controller for reducinq distortion .. :. ·: . •. 

20 according to claim 23, ·w6;erein said modulator is a MSK 

modulator. 

26. A linear amplifier _cohtro1i~r for reducing distortion 
accordinq to claim 23,,wh~rein s~td modulator is an OQPSK 

.·:.<;. 
modulator.· 

25 27. A linear amplif~er·•~~ntroli~r for reducing distortion 

accordinq to claim 22,·.• whet."~in sa;t~_fifth combining means is 

located between said otj:t:pµ~~;~f sa4¥ third combining means and 
the input of said f iftP scµiip).ing means. 

" 
28. A linear amplifier controllei- for reducing distortion 

30 according to c.laim. __ 2_2-!1---whei:ein __ saf~ fifth combining means is 
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located between the output of said second amplifying means and 

the input of said third coinbining,means·. 

29. A linear amplifier con.troll er for reducing dis.tortion 

accordinq to claim 22, wherein said fifth coinbining means is 

5 located between the output of said fourth samplinq means and 

the input of said s~cond amplitude and phase control means. 

30. A linear amplifier controller for reducing distortion 

accordinq to claim 22, wherein said fifth coinbining means is 

located between the ·output of said second combining means and 

10 the input of said fourth samplinq means. . 

31. A method for controlling a feed forward compensated power 

amplifier system, comprising the steps of: 

generating a spread spectrum composite signal from 

control signals using spread spectrum techniques: 

15 injecting the frequency spread spectrum compos~te 

signals into the feed forward amplifier system where the 

distortion originates: 
remapping the spread spectrum composite signal at the 

output of the amplifier s~stem: 

20 correlating the remapped signal with said control 

signals: 
. controlli~g the cancellation of.the frequency spread 

control signals and the dist<.?rtion introduced by the amplifier 
at the output of the feed forward.amplifier system. 

25 32. A method for controllinq a feed forward compensated power 
- . 

amplifier system according to cl·aim 31, wherein said frequency 

spread control signals are injected into the amplifier system 

at any point along a path from where the distortion origina­

tes •. 

iliiiii1~r · 
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JJ. A method for controllinq a fe.~c:i forward compensated power 
-·· 

uplif ier system accordinq· to ClCl:d;m. 31, wherein the frequency 
of said control siqnals is arbi tt~fy. . 

34. A method for controli~n9 a fee'~ forward compensated power 
5 amplifier system according to c~~im 33·, wherein received 

information on where to minimize(14ie distortion i-s used to 
calculate the best frequency of-~e control signals in the 

system. 

JS. A method for controllinq a feed forward compensated power 

10 amplifier system according to cl~im 33, wherein received 
information concerning transmisSlion channels is used to . ··:.:· 

calculate the best frequency of the control signals in the 
· ... 

system. 

36. A method for controlling a feec:l-forward compensated power 
15 amplifier system according to c1~;JJ1 31, wherein the power of 

the control signals integration time after remapping and the 
. ;·:· ... : 

spreaded bandwidth are intercb~geable to· increase the 

systems :flexibility reqarding set¥ling time. 

37. ·A method for controlling a fe•~~forward compensated power 
20 amplifier system according to claili\.;~1, wherein matched filter 

correlators are ua1ed to keep trac~·~f the_pha~e and amplitude 
of said amplitude· anci phase contr~i.:means. 

38. A method :for controlling a fe~J·,forward compensated power 

amplifier system according to cl~~# 31, wherein 'the control 
25 signals can be arbitrarily modulat~d;;to increase the 'tolerance 

against interfering signals prese~~[l;:at the frequencies of the 
}_ '..\': 

control signals. -'.\':'': 

. : . ::'.:' ·, ~ ; 

39. A method for controlling a fe45t~4orward compensated power 
amplifier system accordin.g to clai~/~1, wherein the spreading -- ~ ---- -- - . ,· 

----------··--·-·--~- -- ... , ... ... ·.· 

iiTiiUr. 
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bandwidth is governed by the amount .Qf processing gain needed 

in the remapping process. 

40. A method for reducing distortion in a feed .forward 

amplifier syste~, comprisi!)g the .~t;.aps of: 

modulating input sigrials of ;i:}le feed forward amplifier 

system with control signals; 

sampling an output signal of sa,id feed forward amplifier 

system; 
demodulating said sajnpled signal with delayed input 

signals; 

correlating said dempduiatt:!cl signal with modulating 

signals to produce an adjustment signal: 

controlling amplitude and pha~e of an error signal with 

said adjustment signal; and · 

combining said error signal with said output signal. 

41. A method for reducing disto+tion in a feed forward 

amplifier system according to claf.m 40, wherein said input 

signals act as carriers for said control signals. 

42. A method for reducing dist:ortion in a feed forward 

amplifier system according to ~laim -40, wherein said control 

signals simulate distortion. 

43. A control apparatus for redp#i11g distortion in a feed 

forward amplifier system, ·aompris'inq: 

means for modulating . input s'.i<inals of the feed forward 

amplifier system with a coP,trol s~~Cil: 
sampling means for sa1llpling ~~;'.~utput signal of said feed 

.: . . ,{,··::·' . 

forward amplifier system; · · ··· 
··.,··: 

demodulatinq means for demod'.41.i:i.t::ing said sampled signal 

with delayed input· siqnal.s·i­ . : .'.· 
·. . : .,~ 

correlating means for cor;"elating said demodulated 

signal with modulating si.gnals · 't;o produce an adjustment 

signal; 

. j 
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control means for contr~lling amplitude and phase of an. 
error siqnal with said adjustlllent ·sdqnal; and 

··::·!. 

combining means for comt>,in4-J'.l~·:.~~id error signal with said 
output siqnal. 

44. A method for reducing · distbrtion in a feed forward . . . . .: .. _._,. 

amplifier system according t;o cla'im 43, wherein said input 
siqnals act as carriers for said 99ntrol signals. 

45. A method for reducing distgrtion in a feed forward 
amplifier system according to claj,Jll 43, wherein said control 
signals simulate distortion . 

.::'' .·. 

:,.~: ... 

.. ': . 
. . " 

. ' 

,.: 

.... : .. ·.·· 


