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The present i}ﬁ':'eﬁtion relates to high powered linear ampli-
fiers and in :__'p' rﬁicul-ar to a new control system esing spread
spectrum and ed forward techniques for the reduction of
distortion introduced by high powered amplifiers.

Background of the Invention

It is well khevin in the art that all amplifiers distort an
1nputted signal The distortion becomes greater as the power
levels are 1ncreased. When amplifier compression a_nd group
delay distort: _n'_ is introduced into a single information
or when the amplifier is exposed to multiple
termodulation (IM) products are introduced.

carrying chann
input signals,
These IM products" must be kept low because they interfere with
the system or -,'_ th other users. Methods have therefore been
developed to reduce these types of distortion.

There are twp:tirfi"es of distortion introduced by an amplifier.
The ﬁirst type of distortion, referred to as linear distor-
| "to the fre.quencﬁ dependent gain and phase
amplifier. The phase response is not the
lue, but rather the part differing from the
e, the time delay in the amplifier. The
___;_r_.s'tortion, referred to as non~linear distor-
tion, is pro by the non-linea:'x‘:gain-to—input power in the
amplifier. | linear part of the distortion plays a sig-
nificant role in wide band appllcatlons.

tion, is relat
response of-
absolute pha:

second type

aused by single c;farrier power amplifiers can
using feedback techniques such as cartesian
n.drawback with using feedback is the narrow

The d:.stort"‘ "
be dealt w:_.
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carr:.er power amp11 because of the improved systems
flex:.b:.l:.ty 1t offer
power amplifiers us.

at their outputs .

r ordinary multiple single carrier
ssive filter combination technigques
deband systems, there are two main
istortion: predistortion; and feed-
eans that the non-linear and/or the

I

forward. Pred15tort=_-_
linear part of the dis
is inversely modeled at:
making the total, J.deal'
constant. To reduce th
needed; and to reduce
bender"” needs to be 'u__e
adapted to overcome ag

ion introduced by the main amplifier
'-_?he input of the amplifier, thereby
::, equal to a frequency independent
inear distortion, a simple filter is
e non-linear distortion, a "“curve
However, both methods have to be
5,' tempereture and sample differen-

ces.

ie consists basically of two indepen-
step is to extract the distortion
introduced by the m: mplifier on the signals to be ampli-
fied. This 1s reféi'_. as extracting an error signal. The
second step ".i.s" to 'i:'nj: ct this' error signal in anti-phase and
time aligned at the utput of the feed-forward amplifier to
thereby cancel ‘out the distortion.

The feed-forward techn
dent steps. ‘The f

The main difference tween the feed-forward technique and
the predlstortz.on meth d_'J.s that in the feed-forward technique
the dlsto,._" ion'is extracted rather than modelling the distor-
. king the feed forward technique more
e two steps can be repeated at the
'orward ampl:.fler system to further
mponents. 'The performance of the feed-
endent upon the ability to add rotated
y in anti-phase and equal amplitude.

tion cau"s"if’ﬁg' eleme
sample independen
output of ‘the fe
suppress d:.stortzo
forward techn “-que_
signal. vectors cor




Iiméar‘ phase, i .e,’the ti rre delay in the anplifier. The second type of

distortion, referred to as non-linear distor- tion, is produced by the
nort | i near gain-to- input power.in the 25 anplifier. The linear part of the
di storti orwoleanssg Si 9- "nificant role in wide band appli ccirXE94/00067 -
The distortion caused by single carrier power anplifiers can be dealt
with by using feedback techniques such as- cdrtesian f eedback. The main
drawback with using feedback is the narrow

2

This process determines how well a -f;d_istortion component can be
extracted or suppressed. The 'T':Et_;ility to control these
variables, i.e., gain end phase; are therefore of crucial
importance in feed-forward amplifier systems.

5 Several methods for controlling the extraction of distortion
and/or injection of the extractfe__;;f'fdistortion in anti-phase
have been introduced in the past.i-‘-:_ffj'i'-.t!here are two main methods
of how to control a feed-forward 'aj_ir_iplifier system. The first
method uses the actual distortion ééused by the main amplifier

10 to control the setting of the gai;h?'End phase contreols. This
is possible since it equals the flrst step in the feed-forward
process. In this case, the errcr--‘_{'f’s_'__%ig;'nal content is minimized
at the output. Second method use‘é';"fa known distortion simula-
ting signal which is -injected in the amplifier path and

15 minimized at the output thereby ai‘i’s’o reducing the distortion
introduced by the main amplifier. The term distortion shall’
be understood to mean any s:.gnals' present in the output of a
device which were not present at the input.

U.S. Patent No. 4,389,618 is an-example of the first method

20 for controlling a feed-forward a p_'iif?ier system in which the

system correlates the extracted istortion with the distor-

tion present at the output. The'

of the gain and phase of the extregted distortion, i.e., the

error signal, which is subtracti ly combined with the output.

25 The patent also shows the additi n of a third loop to reduce

the signal components from the ’ output This decreases the

correlation score between signa 'd&mp’one'nts at the output and

. the remaining signal component due to 11near distortion in

: the main amplifier, in the extracted error signal. The

30 correlation score between dlstortz.on components has to be

i higher than the correlation score : "etween signal components

in order to yield the best sett:l.ri" of the gain and phase of the
subtractively combined error s '
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.K. Patent Appllcat:.on No. 2
rols, wh:Lch to a high degree will
part of the distortion emanating from

the main ampl:.f:.er.

10 With a mult:.ple J.nput'- _ystem with one input loop for every
input chapng],_, . all h.néar distortion can theoretically be
e ' act "d rror s:.gnal would then only contain
non-linear -dis‘torﬁig_ ch can be correlated with the output
signal to y:Leld a non terfered setting of the amplitude and
15 phase control of the':-_ ubl_ ractively combined error 51gnal.

removed. The extrac

input loops is governed by the linear
er the used frequency range by the
"'determine' the amount of the remaining

The number of requlred
d:n.stortzon, : e_xlub:.ted

main ampl:.f:.er and wi
unwanted s:.gnal com néents in the error signal. In a simple
it is desu'able for the remaining
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tput of the ampl:.fler. The pilot tone is
using a decreas:.ng step size circuit
1ng the d:.stort:.on introduced by the
awback vq;.,th injected pilot tones is.

main ampl .__1e _




20. | nt r oduced b,y fhe main anplifier on the signals to be anpli- fied.

This is referred to as extracting an error signal. The second step is
to fnject- this error signal in anti-phase and - tine aligned at the

out put of wioesdrsss forward anplifier to- t her eby cancel out 94/00067
distortion. 25 The main differences between the feed-forward technique
-and the predistortion method is that in3t he feed-forward techni que
‘the distortion-is extracted rather than nodelling the distor- tion
causi ng el enent, maki ng the feed forward techni que nore sanpl e

i ndependent . wo can be repeated.at the 30 . output of the

“f eed-forward aﬁgF f@ét‘é‘?ﬂ‘?& glg givep ap Fe%é'ttﬁ fEiegpency, but

‘conponents. Th dspgofremdcby othe Hmputedignalsf th\he chripcifiedicin thiefeedsnt
‘upon the abili by g 30dnp9taied. mnd'Pifle WEHOMISEHE Fldded L Us BATRS

and equal anpli
frequency range as the input 51gnal in order to be helpful.

5 Since the pilot has no special l_a_b.ellng or modulation, the
control scheme is sensitive to other narrowband signals on the
same frequency, such as various siénalsuyj._gt_xj.g_ the transmitter
systemn. ' |
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10 The present system describes a method for cont_:roll-lng'a feed-
forward ampiifying 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 signal or signals"

15 and injects a compesite signal at a s-u-itjable point, with
injection couplers into the feed-forward amplifier systeni.

Summary of the Disclosure _ ”"Il

There ai'e several spread spectrum (SS) techniques available

~ such as direct sequence ‘spread - spectrum (DSSS) ' freqﬁency

hopped spread spectrum (FHSS) and pulsed FM spread spectrum

20 (PFMSS) and any other technique acluev:mg a processing galn in
the remapping process. i

The amount of bandwidth spread is fgove_r'nejd_ ‘b'y the amount of
processing gain _'needed in the remappmg process and the needed
time response of the system. ?_f ' In géﬁéfai, however, the
25 spreading bandwidth should occupjr a maj or part of the frequen-
cy range used by the feed-forward ampl;fler system in order to

' derive the benefits from the processlng gain. A control
signal or s:.gnal_s after remapp;_ng of t‘he___ spread spectrum at
: the output of the system are correlated in a matched filter

30 correlator and the result is us_e_';df".to _c_dti't_:éi, in either polar
or cartesian coordinates, the :Lnject.ton 1n anti-phase of the
extracted distortion into the feed-forward amplifier output.
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rocess determ nes how well a distortion conponent can be

uppr essed. The ability to control these vari ables, i.e.

are therefore of crucial i nportance in feed-forward

5 Several nethods for controlling the ex '
and?or injection of the extracted distortion in antl-phase
oduced in the past. There arebt wo-mai n et hods of how to
forward anplifier system The first nmet hod uses the

i on caused by the main arrpllfler 10 to control the setting

3her nFbhPd <an pandle tq B WBate viNgbere Lt fole “amitn:

signals are precombined before enter;ng_ the s:.ngle input feed-~
forward amplifier system as well as the single input channel

case.

Since the control signals are coﬁéged in the composite signal
and the remapping of the spread spectrum gives a processing

of
t

gain over the non-correlated s:Lgn"' s, amplified by the feed- .

forward amplifier system, the frequency of the control signals
can be completely arbitrary. Th_e_.._.g:;:_ontrol signals can there-
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
pPlacement of the control s:.gnals._ '_I'he power of the control
signals, the integration time efter remapping, and the
spreading bandwidth are interch&ni;eable to increase system
flexibility with regard to the settlz.ng time. Since the
control signals are known to the system, simple matched filter
correlators can be used to keep_.. track of the phase and
amplitude. The control signals are also geared to be modula-
ted arbitrarily to increase the t ';":e;’;}ance against interfering
signals present at their respective carrier frequencies.

sent invention, the input
‘fier system are modulated
and/or in amplitude. The
rtion which when minimized
niatched filter correlator

In another embodiment of the p:_
signals to the feed forward amp.
with a control signal in phase
modulation acts as simulated dis
with- the aid of demodulation and
at the output of the feed forwa
minimize the distortion introduced by the main amplifier. One
of the merits of this embodlment s that it uses already
present input s:.gnals as carrx. ; for the control signal
thereby minimizing the need for expens:we HF-carrier genera-
tion within the feed forward amp: "f.:_.er system. ... . .. ...
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at- the out put. Second rret hod uses a known distortion sinula- ting signal
whigh is injected in the anplifier path and 15 minimzed at the output

t hef eby al so reduci ng the dist-0rti on i ntroduced by the main anplifier.
The term ¢y dfidsgon shal " *pe understood to nean any si gnai,@r,ggf@mh | n
the output of a - devi ce V\/mch wer e not p_IrIesent at theinput.———- Y

Pat ent No. 4,389,618 is an, exarrple of the ffrst nmethod 2 ntyo
feed-forward anplifier system: i A which the system co(r)]r.hE g h C?B lLe p‘%d
extracted distortion with; the distor- tion present at

correl ation y| gds; sett.... th N and phase of

di stortion, €r % T ? % %%‘H %s subt racti veI y conbl ned
with the output 25 The pa
reduce th
correlation score’
remai ni ng si greg X
~anplifier, in¢fe f?ﬁi

distortion components:has*

- bet ween si ghal Wnt_

- gain-and phase of 'the:

aln
e l

M g&@écnqefo&%m% papk:%&o‘fwmbeeﬂ@en

he: hi gher than the cor ati1on score
16h: order to yield the best setting of the

g.: 1 11] a prior art feed-forward amplifier system;
Fig..2 illu rates a generalzzed use of the present J.nventlon.
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20

ampl:.fxer system. In Fig. 1, there is shown
and loop 2. The purpose of the gain and

25
p equal in ampl_:__.tude but opposite in phase,
. g the distortion in the loop 1 and injecting
nto loop 2. The fa'._inplitude and phase control
: laced in the opposite path. The advantage is
30 plifier 12 is expeged to a constant mean input

he disadvantaéeé is that the noise figure for
increase and will be dependent on the gain
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4 U. K. Patent No. cI oses a simlar system which

i icl udes a non- aut omat ﬂ' The reduction in signal conmponent
correl at i w0 819587 due oop: i s not suf fi.ci ent pCoISES4/gd0geband
feed-forward anplifier system due 5to the_linear distortion introduced by
the main anplifier. To overcone this prgbl em U K Patent Application
No. 2 244 881 uses multiple input..controls, which to a high degree wl|

cancel out the linear part of the distortion emanating from ,

| setting in theampl:. 4dé and phase control 11. Also, the
amplitude---'a_n'é,i-;-._élio's'.e'_‘..éfdr'i:

which will be: take

control 11 i:'s"p"os:'iﬁ-z.o

5 taken care of when p

and phase control 16 0

of loop 2. However, i

and phase control 16_

path S8 is a h:.gh lev e

10 the amplitude and .ph

111 will é,-ntroduce some distortion,
of when the amplitude and phase
shown in Fig. 1, but will not be
the opposite path. The amplitude
1so be'f'-_'_p__:_l:aced in the opposite path
ore ob\fiious to place the amplitude
hown in;Fig.'l, since the signal
which makes the implementation of
ontrol 16 virtually impossible.

1nput signal S1 to be duplicated.
al s1, i.e., signal S2, is sent via
trol 11 to the main amplifier 12,

A splitter 10 causes t
One part of the input s
the amplitude and ":'ph'a'_s-._
while the other pa;'-r't'fo-f
15 is directed to a con
splitter 13 dupl:.cates
contains the 11near1

e input s_ignal S1, i.e., signal s3,
15 via a delay element 14. A
amplified input signal which now
distorted: input signal S1 and new

20 i 4. is c mbined in a combiner 15 with a signal S5,

R This signal
he error signal. The error signal S6 is

25
;_-ampl fier 17. With a proper adjustment
' of the error szgnal §6, the error
30 b .substant:.ally reducing the distor-

ut 51gna1 S9. As a result, the
rward ampllfler system is governed
yf the amplltude and phase controls

11 and 16, 'ngs__p___ Fig. 2 illustrates a typical
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the main anplifi e‘r. 'l'li’:gSWe }'fhs Wilwae i nput systemwi th one input |oop
c

for every I nput ear distortion can theoretically be-
r énoved. The extract ed mmﬁ““
distorti -Ccan b th the output si gnalpc9spysfiodls

woul d then only contain non-1i near
non-i nter ereé settlng of the anplitude and 15 phase control of the

subtractively conbined error signal. - Phe nunber of required input

| oops is governed by the linear . ~distortion, exhibited over the used
-frequency range by the  -main anpmﬁfler and will determi ne the anmount of
t he remai ni ng unwant ed_ si.gnal . .conpenents in the error signal. In a

sinple 20 colPePainch feadnfiqwar
si gnal corrponea&%&eﬁaa-ﬂ"e&s dd
in order to achieve easy - f"
speci f i cat i onPBFR Fhep"ﬂ"ﬁ GaF
amplifier, t hsnpﬁaurén@fou.___; ks ) ¢
system vmgh an mcreatud (U &
conponent s Po e IS

second net hodresultor acsrlgneu.l n.ng‘-

narrow the output._ Howeve,
within any of the
Also, a szgnal can

Il T Systeor IRLTRRI TR fFtract
il iFder! i2IBAr the tuosisiigrialn

| d
S 3Fe giped iy Fhaid Bespective
beradjwsm sor ahaﬁl they awa@m;nd

“SlstedobRhee ARG E: e 2
o atf ctmanopwtpmﬂule bes ymalam ata
1y signal ‘injected into or created

hs' w'_ililj' be present at the output.
D eahcelie‘d if it is extracted from
the output. A sampler 20 samples a
S20 'c.r'e_:a'tﬁing two identical signals
2 p'asse's_'j through the delay element
.n path 1 which is mainly caused by

10 anywhere e,'_Ls__e e_:_:cept_

23 which: equals the d |
the delay caused by the
15 of the s:.gnal 1s furth
phase controller 24.
the path 1 gwy

plifier 21. The amplitude and phase

justed by means of an amplitude and

1ly, the adjusted signal is added to
of an injection coupler 22.

Fig. 3 J.llustrates on odiment '_ of the present invention

' wherein the adjustmen

- 20 performed auth_q_atq_.c

n amplitﬁde and phase controller is
n 1nput s:.gnal 830 is combined with
a spread spectrum composite slgnal
ar 34. By minimizing the injected
MOD signal 83;_2 at the output, any other
put wxl]_.-_-_ also be minimized at the

25 The MC §32'is fr'e”i;uency spreaded by a direct
~ sequence (DS)-S3 i 33
is then sampled b

and outputs the am]
30 combined s:.gn l
2. The delayed s
phase controller
of the delayed
combined w1th _
35 produce a second

ignal. The second combined signal



band distortion sinulating pilot tone is injected into the 30 system The"
pilot tone is extracted Tn—a narr-ow-bard pil ot recei ver at the out put

of ¥t he arrpllfler .
decr easi ngW& Wit §4ze '

I ntroduced by the
tones is

tone cannot be given an arbitrary frequency, but

5

is then sampled by a-sa
multiplied with a
signal by a multipl
spreaded MOD signal a
5 non-correlated sig"_'_xjx_ 1s.:
correlated with a de -
$S40 by a matched £
control signals whict
troller 39. The dela
10 for the delay introd
present invention can:

correlator 44,

into t_he path 1.

illustrated in Fig. 1. - o

Referring to 'Fig. 4, the
the present in‘ventiqh
15 trated in Fig. 3, by -
illustrating several
injection coupler. Th
injection coupler 54 g
lower level, but also.
20 the remapping proces
‘introduced by the ma’
the delay elements 6_19.
to include the time de
Using the optional p
25 makes the control of

upon the first loop: roller 59:

As illustrated in F an input
sampler 51 to produ '
(identical when norn

30 SS51 is sent to an amg
adjust the amplitude
adjusted input signha
which 'ampl'ifiés the
signal S54 to a com

ed in ampl itude).

The _fz‘(;giiapped MOD signal S39 is

detected and m ni m zed usi ngw
fi-t hm t her eby reducing t RETHES 7on
The fsawback with injected pilot

that a pilot

pler 40. ‘The sampled signal S38 is

i version of the injected MOD signal
thereby yielding
djust the amplitude and phase con-
leinents 38 42 and 43 each accounts
As a result, the
e used to control any of the loops

e is shown a preferred embodiment of
\ich builds upon the circuit illus-
:ing a sé_cond loop controller and by
optional 'piacement (1)-(3) of the
bt:.onal placements (1) and {(2) of the
_jes the advantage of injection at a
_fes a reduction in processing gain in
?because of the linear distortion
_pllf:.er 53. Also, the time delay in
d 71 will have to be increased so as
'1ntroduced by the main amplifier 53.
ment (3)° of the injection coupler 54
second__.:l:?op controller 70 dependent

t'signal S50 is sampled in a
identiE&i input signals S51 and S52
The input signal
de and phase controller 52 which can
id phase of ‘the input signal S51. The
3 is then applled to the amplifier 53
't“'ut s1gna1 and outputs an amplified
_ner 54. I_n_ a spread spectrum signal
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IS 90\‘/erned by the input signals to be anplified in the feed- forward
anplifier. The pil ot “tone nwust- be'-ptaeed In the sane frequency range as
t he’ i nput si gnal |n195§§fegtga93p h I 5 Since the pilot has no speci al

| abel i ng w0 sanrksl at i HM&J’"”#H scherre IS sensitive teCIy$E4/00067

narrowband signals o requenci/ such as various signals within
‘the transmtter ry of e Disclosure 10 The present
.system describes a met hod for controlling a feed- forward anmplifying
~systemto. reduce distortion.in a power anplifier.. The nmethod can be

oo uses. SeRCSARREC ALY cHRCIEDEN R0 SHIERAr s T WRIREE YeR "o

signals 15 aaﬂmuhpeedsdzastonpmom ”'fgm;ueatcyaspueadbdelqncuhe ;nu\m:npller

stveral Sor el B R O M BT

uch asdire
sequence spr e%élgsﬁbcﬁ?bnlﬁ bbegjeaften;dajepted into the system throx.gh the
5 coupler 54.

' elayed in a delay element 57 for a
e delay introduced in the opposite
$58 is then sampled in a sampler 58
which duplicates the delayed siénal. One output of the
10 sampler 58 is connecté to a first loop controller 59, while
the other output is connected to a combiner 60. A sampler 61
duplicates the output .-s ,gna.l S62 from the coupler 54 and sends
the signal to the coﬁia"i‘ﬁer 60 where it is combined with the
sampled s‘ignél S58. The'cutput 51gnal S59 of the combiner &0
15 is sampled in a sampler 62 and the output signal S59 is sent
to the first loop contr"ller 59, which correlates the sampled
signal S58 and signal® ;___59 to control the amplitude and phase

The input signal S52 1
time period that equal
path. The delayed sig

controller 52.

_ The output signal s59 45 also sent to a second amplitude and
20 Dphase cdx}_@:relle_r 63 'w h can adjﬁst'the amplitude and phase
of the signal S59. Th adjust signal S60 is then sent to an
error ampl:.fler 64 w amp 1l 1e signal and outputs the
amplified signal 86 Y a; combin r 65. The sampled output
signal S62 is also sent "'o a delay _flement 66 which delays the
25 sampled_“s‘ignal s62 £ tJ.me equa to the delay introduced by
the oppos:.te path be output:.n a delayed signal S63 to the
combiner 65. The combiner 65 comb fnes the delayed signal Sé63
with the ampllfled s gnal' 561 to p__oduce the output signal 564
of the amplifier sy_, -

30 At the output of th a'iinpl?'if.ier system 50, a portion of the
signal is sampled Bf ‘The output sampled signal
S64 is mult:.plled a dela d version of the direct
sequence s:Lgnal (DS)'S56 by a mult*i?lier 68, thereby remapping




hopped spread spectrum (FHSS) and pul sed FM spread spectrum 20 (PFMSS) and °

any other techni que achieving a processing gain in t he renmappi ng

précess. anDH spod A spread i s governed by the am)unt of
%M%ﬁge Chik il {0P9RZ

processi ng ded g iprocess and -t he needd-T/SEN

response of the system Lll"lﬂlm howevarz the 25 spreadi ng bandw dth
shoul d occupy a mmj or quen cy range used by the
feed-forward anplifier systemin order to derive the benefits fromthe
processing gain. A-control - signal or signals after remappi ng of the

spread spectrubhet frequercyuspreaded: HORysignridr ansbr atl dthel same rwimehed
filter 30 corggi-ah@lin @Qn#*&rfeers%' "'Zﬁiﬁﬂeﬁcsfcﬁ{htlréﬂ 1‘1‘1‘1%1\1%'6 0e&n ?'S%rs

or cartesian coordi natés, the inje dn anti ract ed
distortion intdStdR1¥ed- Jf’brav\ﬂﬁdag o %Pﬁﬂtthe delayed signal 556 is

sent to a second 1_o'c troller 70. The second loup con-
5 troller 70 correlate‘ elayed s:r.gnal §66 with the remapped
s:l.gnal 865 to control pl:.tude and phase controller 63.

Referring to Fig. 5,there is shown in block diagram of a
spread s.'pectrﬁxh; comp ignal generator. The composite
spread s_pe.ctm s:r.gna re |
10 is injected into_th'e: i
pseudo-noise sequence ge
stream S71 J.s derived v
signal S$72 in a modula
$§73 is then used as the
15 delay, to .ccnt‘-_r-ol t_he s
actual control signal §:
signal is equal to the c:
S73, before being injé
spreaded in the multipli.
20 The spreading sequen
sequence ge_ii_erajtg;- 8
spreading 's}é@ence s7
the remappixjc process
processing:gain in't
25 of the bit stream s
D2, using a unmodulat
yields the ia_rge_st pr

nstance $70, is derived before it

forward amplifier system. With a
rator 80 driven by a clock 81, a bit
ch is used to modulate the carrier
§2. ThJ_.s carrier modulated signal
c}ntrol signal after a proper time

em. This is one way to derive the
. The simplest form of the control
ier signal §72. The contrel signal
d into the system, is frequency
83 with the spreading sequence S74.
is derived from the spreading
ch is er.ven by a clock 85. The

er a proper time delay, is used in
e frequency spreaded spectrum. The
emapp:.ng process is equal to the ratio’
‘I'h:r.s means that for a given speed
arr:l.er as a control signal S73,
ssing ga:u_; in the remapping process.

enerator 84 and the PN-segquence
y of a type yielding maximum auto

The spreadmg se
generator 80 are pr
30 correlat:.on and m1n1m
which is :|.mportant 1
filter correlator,
several types of 'se""
(Maximum Length), ¢

ss corrélation to any other signal,

remapplng process and in the matched
"x,::r.mum processing gain. There are
ces whicih can be used where ML-
nd Kasami- sequences are easily



6. o The nethod can handl e the case where w deband nultiple input.
signal s are preconbi ned beforeentering the single input feed- f orwar d
anplifier systemas well as the single input channel case. 5 Since the

control swi#yedsfrsgy € covered in the conposite signal and ttﬁf@m’gﬂg of
t he spread spectrum gives a processing %al n over the non-correlate

signals, anplified by the feed- forwardidnplifier system the frequency
.of the control signals can be conpletely arbitrary. The control signals
can there- 10 fore be placed where they are nost beneficial to the systens

~ability to SUD'DI& esesmedxlut:Stg rWltH lfrca)craalrn tag%ack sglg%nrre%%.glt\e%s by one of
ordinary skill in the art. The modulator 82 can be of any
suitable type such as MSK ’ OQPSK, preferably hav1ng a constant
envelope and no 1ntroduct10n of mtersy’mbol interfereace.

5 Referring now to Fig. 6, there is shown, in block diagram
form, how the loop controllers which provide signals to set
the amplitude and phase controllers are functionally 1mp1e—
.mented. The function of the circuit is to perform an energy
measurement, in the ca:t_es:.an coordinate plane IQ, on a

10 difference signal with a cartesian coordinate ~p].ane defined
by a I/Q split reference signal. The function of the circuit
can also be.regarded as an I/Q demodulator or a matched filter
correlator. The function is possible since the sensing is
made on the reference signals 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 function
for any single frequency component:

20 reference signal= cos {wt)

difference signal = cos (wt) - A cos(wt + £i)
where A is the gain and fl 'is the phase anomality introduced
by the signal path. | |

I= cos(wt)~2 - A/2 cos(2wt+fi) - A/2 cos (fi)

25 =1/2 - A/2 cos(fi) | e T

= 1/2[1 - A cos(fi)]. o This Sheet Has Been

v | [T

- For small angles (fi), signals 104 and 105 can be i—nt_e_grat'ed

30 by integrators 90 and 91 and used for an I signal £o a control

) of the gain of for instance, amplitude and phase cohtrclle'r 52
illustrated in Fig. 4, and for a Q signal to control the phase

of the amplitude and phase controller. The easy 1ntegratlon

is poss:.ble due to the fact that. when the system is settled
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described in the system illustrated in Fig. 4, to control the
gain and the phase of the loop 2 because the reference signal
S58 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
amplifiéd ‘input signals are suppressed before the remapping
process, thereby reducing the processing gain needed. The
suppression is achieved by subtracting a gain and phase
adjusted sample of the input signal S50 from the sampled
ocutput signal S64. In order to determine the correct setting
of the amplitude and phase controller 100, the difference
signal S78, sampled by the sampler 101, is correlated in the
third loop controller 110 with a delayed sémple_ §73 of the

input signal, thereby controlling the amplitude and phase

25

30

controller 100 and substantially reducing the input signal
content in the difference signal $78. The function of the
third loop controller 110 is ther(efc_";re essentially the same as
the function of the first loop controller. The signal S78 can
also be regarded as a new error éignal which contains the
remaining distortion present i‘h the intermediate output
signal S64. The sampled error 51gnal S§79 is despreaded in a
multiplier 68, with the aid of a t:Lme delayed copy of the
spreading sequence s81. 'rhe 51gna1 ‘$80 will therefore contain
the remapped control s:.gnal wh:.ch is correlated with the
reference control signal: S66 in the ‘second loop controller 70.

This Sheet Has
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erX|b|Iity with regard4to the settling time. Since the

i $6%rig .'qm@r caggcthe response rﬁeﬁ ithe ernon ampiiddement

laced



théreby m nim zing the need for expensive HF-carrier genera- tion
within the feed forward anplifier system

7 Brief Description of the Draw ngs These and ot her features and
advant ageWOo#4/1758% i nvention wil |l be readily apparent to orRCHSE/M06Rr y
skill in the art and the follow ng wi tygn description in conjunction
with the

10

15

20

25

30

‘feed forward amplifier system.

Referring to Fig. 8, there is shown another embodiment of the

' present invention which’ adds a fourth loop controller to the’

h this embodiment, the new

error signal S90 is :mjected 1nto the output signal path S91
by means of an 1nject10n coupler 112 which results in an
increase in suppress:.on of the dlstortlon emanating from the
main amplifier 53 and also a suppress:.on of the distortion
emanating from the erro_r' amplif:'_.iér 64 and also from other
components. . : g _ |

Fig. 8 also shows a second frequency spreaded control signal
S93 which is injected through injection coupler 114. The
injection coupler can be positione§ in several poSitions (1)-
(5) in the circuit. The optional_ﬁ"p_lacement (1) and (2) have
the advantage in that there is no'i'oss in the processing gain
achieved in the remapping process’__-pjerformed in the multiplier
115. These optional placements are , however, at high signal
levels, especially the placement (1). The placements also
require the time delay elements 116 and 117 to be reduced to
only the delay introduced by the: ‘auxiliary error amplifier
118. A new time delay element 109 is introduced in the main
amplifier output path to account f__o_r the time delay caused by
the auxiliary error amplifier 1:3‘.-':8. The reduction in the
processing gain when any of the placements (3)-(5) is used is
dependent on the frequency respon""e of the error amplifier 64.
The placements (4) and (5) will ca se the fourth loop control-
ler 119 to be dependent on the sett:mg of the second loop

‘controller 70.

The purpose of the injection of the second frequency spreaded
control signal is to contr_ol the setting of the amplitude and
phase controller 120, thereby sub __-eo-ting the new error signal
from the time delay_ed intermedl e. output signal S91. The
function of the fourth loop contr iler 119 is therefore essen-
tially equal to the functlon of th'e second loop controller.

i ’"”ﬁﬁ‘iiﬁ‘ti’ii:ﬁﬂi“uﬁu




5 draw ngs, in whi ch: Fig. 1 illustrates a prior art feed-forward
anplifier system Fig. 2 illustrates a generalized use of the present

i nvent i on; 3 illustrates a generalized use of the pre m

i nventi on; wo 9‘@7887 4 illustrates a bl ock diagram of a preferrzg‘i] MR% Nt
10 of the present invention; Fig. Silllstrates a spread spectrum
conposite signal genera- tor; Fig. 6 illustrates a possible
configuration of the matched filter correlator function; 15 Fig. 7

“illustrates an addition of a third loop to reduce the interference
 power before tRFler &vmppEiniediied (ronpaskkfeGlgnalspahould B2 prihegonad rex es

cafurther addi bopRodidd @l With ealchl BEhEeNsbofRat Ohf 88 ot Nnterter

distortion reducgtion; and Fi 9 il:-lustrat,es anot her enbod| nent, of t
present inven- Wah epgh other. Im tYoRtobheeompes ite e-ﬂxgnals
Enbodi ments  can beacHieévedisin abe:emlpways. arftirgit,Cthe tarbiec ke Bqosam
form 5 cies of the control s;!.gnals c___am be made different from each
other. As a result, the spreading sequences can be equal. In
the alternative, the _spre'_!adiing sequences can be orthogonal to

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

Since the sampled inteifme‘diate output signal contains high

10 levels of amplified input Sighal components, there is a high

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 frequency spreaded control signal $93; increasing

. 15 the bandwidth of the sprea'ding sequence. §99; and increasing
the integration 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 this embodiment, the input signals to
20 the feed forward amplifief 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 ihput signals as carriers for the
simulated distortion, the present invention has the advantage
25 that the simulated distoi‘tion, which is minimized at the
output of the system thereby minimizing the distortion caused
by the main amplifier, is situated in the frequency range
vhere it is actually needéd. In other words, the simulated
distortion will m_e'aéure ‘the system response at the best
30 frequency location. Th-e; present embodiment also has the
advaritagé 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 ggnmqu._].._g_:___._u___‘_"_

" This Sheet Has Been R
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§$Ma‘feed-formard anplifier system In Fig. 1, there is shown t wo
paths: loop 1; and |loop 2. The purpose of the gain and 25 phase controls 11

and 16, respectively, is to make the two paths in each | oop equal in
anpl i t udewiQ94/175810si t e i n phase, t hereby extracting the JdPGT/SE94/60067 n
the loop 1 and injecting Sitoin anti-phg_s,e into | oop 2. The anplitude
and phase control 11 can al so be placed’in the opposite path. The
advantage is 30 that the nmain anplifier 12 is exposed to a constant nean
I nput power. However, the disadvantage is that the noise figure for

the system wi b, i fih6@s€; 3Rg1 V6hboPes02R0819S e n' Anldithde by a pseudo
random sequence PR1 and‘-'- in phase by a pseudo random sequence
PR2 through the anipli;ﬁd'e and: ;iha'se controller 201. The
ocutput signal 5203 is sampled and demodulated in an I-Q
§ demodulator 204 with a delayed replica of the input signal '
S200. The resulting demodulated signal is correlated with
replicas of the modulation signals PR1 and PR2 in the second
loop controller or matched filter -correlator 206 to produce an
adjustment signal which yiélds a g‘etting of the amplitude and
10 phase controller 208. An error Signal S210 is then combined
with the cutput signal S202 thereby essentially minimizing the
modulation of the input signal and the distortion introduced
by the main amplifier 210 from the output signal S§202.

The above described arrangement merely illustrates the

15 principles of the present inve_ntibn. 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. .

© This Sheet Has Been Reﬂlaced f
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settl r{ﬂ!"‘”M“ﬁW” e and phase control 11. Also, the anpl i tude and
phase ntroduce sone distortion, which wll be taken
care of when the anplltude and phase control 11 is positioned as shown
in Fig. 1,WOA4IIF87 not be 5 taken care of when placed in t hePEB{5534/60967
path. The anplitude and phase control. 16;gould al so be placed in the

. opposite path of toop 2. However, it is nore obvious to place the

anpl i tude and phase control 16, as shown in Fig. 1, since the signal

- path S8 is a high [evel path which makes the inplenentation of 10 the

anplitude and gpiage rgoeraaMEDSTRi:rtually inpossible. A splitter 10
causes the input signal SI to be duplicated. One part of the input

signal S1, i.e., signal S2, is sent via t he anplitude and phase control

11 to the mai nlarrpl i lénea?, ampl:.i\h'et@:dﬂte:uiﬂlem;fperﬁedﬂcix@ dindirtiiognh

S0 SOl b, B hEBR Pk oo ERND il g 2 0oy o e

J
cont al ns the |inearla/firstosigual m@m@a&s im;wemg an input port for
5 receiving an input signal and fzrst and second output ports; -

an amplifying means coupled tg. said first output port of
said first signal sampling meaxfs'" for amplifying said input
signal recelved from said flrst 51gnal 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 s:.gnal sampling means to
produce a delayed input signal;

first amplitude and phase control means coupled to said

15 first delay means for controllini; the relative amplitude and

phase of said delayed input signal; and

a first combining means for combining said -amplified
signal received from said amplifying means and an adjusted
signal received from said first amplitude and phase control

20 means to produce an output signal:

. 2. A 11near amplifier controller for reducing distortion in
a feed forward amplifier system accerdz.ng to claim 1, wherein
the delay of the first delay me'_:,ns is equal to the delay
1ntroduced by the amplifying meane.

25 3. A linear amplifier controlij for redueing distertion in
a feed forward amplifier eystem;

a spread spectrum SLgnal gen' ating means for frequency

mprising:

spreading a control s:.gnal,
a first combining means for comblnlng an input signal and
30 said frequency spreaded contro _. H
a first sampllng means 1nc1ud1ng an 1nput port for
receiving said combined sn;nal, =;.-frcm said first comblnlng
means and first and second outpu ____;.--;'ports, e —

This Sheet Has Been R
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f.réqﬂency conponents caused by the non-linearity of the main anplifier
12 into two signal _s__SAL_and.-._._SB__..____,__ZQ.___Ihe signal S4 is conbined in a conbiner
15 with a signal S5, Whl ch S the signal S3 that has been del ayed in

del ay el eWkh94/17587 14 Thj dJst mant of the anplitudcPGR/SEIVON0ET =
control 11, thec dg55 Will contain all of the
distortion int roduced I | f| er 92. This si g ,Iaﬂu"m"uﬂ' m
referred to as the error S|gnal The error signal S6 is ’an

error anplifier 17. Wth a proper .adj ust nent of the arrplltu e "and phase

of the error signal ¢ oapdle t
ih a conbiner 19 Wa§§am§i‘ff§ixli§? h&r’]ga ggﬁar%%?hﬁelfs@}::u;é?gé ﬁ\l\gl ch ﬁ

been del ayed i$AE® sk 2§ H?ﬂ%lﬂycPBE&EFﬁgs%Wl
distor- . tré&ew@aeﬁox@fsam ﬁ asipgriaig $@ansAs a result, the

per f or mance of the fe - fo% '-'&Fpﬁﬁgé_fﬁgnmffg? %a§%0\éeég§% %WGFE'S port

proper adj ust ment I
respect ively. of sald:fgrsi si_ _;_; -1

produce a delayed co ed signal;
first amplltude

first delay means fo

10 phase of saJ.d delaye__
a _second_ c_omblg_l

ined signal;
eans for combining said amplified
signal from said amp g means and an adjusted signal from

said ampl:.tude and ph ontrol means to produce an output

signal;

15 a second sampl:.ng ans including a first input port for
receiving said outp"u: ignal and first and second output
ports; |

a remapping mea‘-h_ oupled to said first output port of
said second .s:_fa'mplin__'
20 from said seoond- sam|
has been de__l--aye'd_by

a third delay mea

s for remapping the output signal

means with a spread sequence which

ond delay means;

or receiving said control signals;
and _ '
: a matched filter

25 delayed output signa
said remapped signal
controlling the £i

elator means for correlating said
;ceived from said third delay means and
ce:wed from said remapping means for
plitude and phase control means.

4. A linear ampl:L ontrollér for reducing distortion
 according to claim
30 . a pseudo no:.s
first clock to produ

a modulator th.

first signal to; prod'

a spréading se

35 second clock to'prod

in said s1gna1 generator compr:.ses'
ence generator which is dr:.ven by a
first sxgnal.

odulates a carrier signal with said
carrier modulated signal;.
generator wh:.ch is dr:.ven by a
: spreadlng sequence; and




9 loop in a feed-forward anplifier system In order to extract the -

distortion caused by the anplifier 21, the two signal paths, Path 1 and
Path 2, vWo®da/1assy joined at their respective - .inputs_and omguome-pd to
be adjusted so that they are equal 5 in anplitude, but have an 0_|d'|56"§|"te“"

phase response. As a result, a signal 3 jected at tmmmm
cancel | ed at t he output. However, any signal injecte "m, l m’
within any of the two paths will be present at the output ¢ Also

signal can not be Cance#éfgﬁ%éga%ﬁr""'es“?‘?{%fmérgaléo \Apeerr emoe s&g gept

fromthe output. A%sd
signal with said spreading sequence to produce a composite

signal.

5. A linear amplifier controllei_’l_'r" for reducing distortion

5 according to claim 4, wherein said '-sp-'r-eading- sequence genera-
tor and said pseudo noise sequence :'fg'en'erator are of a maximum
length type. o

6. A linear amplifier controller for reducing distortion
according to claim 4, wherein saidmodulator 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 according to claim 3, wherein the delay introduced by the

first, second and third delay means is eéual to the delay

introduced by the amplifying means. :

9. A linear amplifier controller for reducing distortion in
a feed forward amplifier system, comprls.mg'

20 ' a first sampling means J.nclud:mg an input port for

receiving an input signal and flrsfl; and second output ports;

a first amplitude and phase cciix_itrol means coupled to said
first output port of said first sampling means for controlling
the amplitude and phase of said iniﬁtit signal;

25 a amplifying means coupled to sald first amplitude and
phase control means for ampleyz.ng sa:.d input signal received
from said first amplitude and phase control means;

a spread spectrum signal generat:.nq means for frequency
spreading a control signal; e _

30 a first combining means for combining said amplified
s:.gnal from said ampl:.fy:.ng means and sa1d frequency spreaded

This Sheet Has Been Replaced
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_portion of the input signal S20 creating two identical signals’ S21 and

~ S22. The'signal S22 passes through the del ay el enent 23 whi ch equal s
the delay in path 1 which is mainly caused by t he del ay caused by the

anpl |f|e|w d4/1753¢ arrprr’c ude--and-phase 15 of the signal is fumpchysesadodest ed

by neans o an anpl | hase cont roller 24. Finally, the adjusted
. signal is added to ﬁlﬁﬂ uuu,'j’ gnal nmeans of an injection coupler
- 22. Fig. 3 illus d| ment of the present invention

. wherein the adjustnent of an arrpl i tude and phase controller is 20

- perf
Domposi te of RAY S8Rtrb3dane £rou dhiy rﬁléf?ﬁalci’qr%"*egﬁ. bt bo proluee o,

32 in a couplﬁirsﬁ coﬂplnedl mgna]g.the i nj ect ed frequency spread of a
MOD signal S32 at p

will also be mni mgze(?% 1 N ééi %Eﬁe'rfltc))’;
spr eafJed by areh:eming salde@ﬂmq '-shandrﬁbrsmpndpﬁe@ndagutm‘é POI®SI ned
signa S34g t S.
e f|er a6 a II{&:GS@% et Esab%d%ov&ufm fiasst ‘é%n@»hl@iét mEQhE

e _conbt ned: and sanpl ed signal S34
out puts the aﬁ%ﬁ‘i?%@h’éngn‘-&#l@ﬂé‘ﬁ, i ier 37. The 30 conbi ned si gnal

S34 is also sent tg ehﬂfliaé’aﬁbEﬂﬁ@t hé Nmsidding a first input port for
receiving saJ.d flrst elayed lnput signal from said delay
means and flrst. and seggqq out_put ports;

1] ' ns for combining said delayed input

10 _ ;
signal from said fi"r'_s"__,_ utput port of said third sampling

means and said first comb ned signal from said second sampling

means to produce a second combined signal;

a fourth sampllng-

15 receiving said second comblned signal from said second
combining means and f:.rst ‘and second output ports;

a first 1loop. cont'oller which correlates sald time

in said second output port of said

aid second combined signal from said

jeans including an input port for

delayed input signal
third sampling means a‘:i

20 second output port of ';
the first amplitude an

a second ampl:.t

said first output por
controlling the amp

25 signal: |
a second amplifyi

tude and phase cont
combined signal receiv

fourth sampling means to control

se control means;

d phase control means coupled to
said fourth sampling means for

and phase of said second combined

eans coupled to said second a.x;pli-
eans for amplifying said second
om said second amplitude and phase
control means;
30 a second delay
of said second sampl

coupled to said second output port
ns for delaying said first combined
signal; . .
a third comb:.n

signal received from s
35 fied signal from sai

third combined signal;: - .

ns for c§mbinir;g said first combined
.second delay means and said ampli-
cond amplifying means to produce a.
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2TThe del ayed signal S36 is then sent to an anplitude and phase

~controller 39 which CH ul m‘mu J | itude and phase of the del ayed
signal S3Wwo 4ersgdj us N t hen conbi ned Wi tp$E4/00067
anplified signal S35 in conbiner 37 to 35 produce a second conbi ned

signal. The second conbi ned signal _
<10 - is then sanpled by a sanpler 40. The sanpl ed S|gnal S38 is
j;nultiplied with a del ayed version of the direct sequence

a fifth sampling means including an input port for
receiving said third. c’bﬁgﬁ}éined signal and first and second
output ports: o |

a remapping means __oupled to sald first output port of

5 s for remapplng the ocutput s:.gnal from .
said fifth samph.ng means _ ith a spread1ng sequence which has
been delayed by a third delay means.

a fourth delay mea__n_s ,_for receiving said control signal;
and | IR |
10 a second loop c_o_nti,__'"":"" means for correlating said delayed

control signal received:from said fourth delay means with said
remapped signal from said remapping means to control the

second amplitude and phase control means.

10. A linear amp_lifier'qontrollef for reducing distortion
15 _aceording toclaim9, whei'e“'in said signal generator comprises:
a pseudo noise sequence generator which is driven by a
first clock to produce a flrst signal;
- a modulator which m__'"_‘: ulates a carrier szgnal with said
first szgnal to produce: a___*‘"earrle: :_nodulated signal;
20 a spreading seque.n"v-: generator which is driven by a
second clock to pro'duce'.' preading sequence; and
a multiplier for. ujjltiplying said carrier modulated
signal with said spread sequence to produce a composite
signal. '

25 11. A linear 'amp_li_f_ij pontroll_e,:f::" for reducing distortion
according to claim 1
generator and sald pse

| maximum length type.

wherein' said spreading sequence
noise séquence generator are of a

ntroll '13: for reducing distortion
herein : sald modulator is a MSK

12. A linear 'anpl‘i#:iée}:
30 according to claim 1
modulator.

lﬁin
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signél by a

si gnal

mul tiplier 41, thereby remapping the frequency spreaded MOD

and at the sane tine spreading any other 5 non-correlated signals.

The remapped MOD signal S39 is correlated with a del ayed version of the
I nj ect ed WoD4EI7887al $40 by a matched filter correl ator 44, PCHSENM08067
yi el di ng
troller 39. The delay elenents 38, 42 and

i ntroduced into the path 1. As a ’result t he eaCBrgggﬁtjmﬁlmlﬂlﬁrlmgmlgﬁ"ry

used to control any of the |oops |IIustrated in Fig. 1. LRe

to Fig. 4,

i nvention mhl

control signals which adjust tgg anpl i tude and phase con-

?ﬁebu. dgfee@aé gﬁgimsﬁ GB’HE?bﬁ! %r rédgfel i%fgtortblon

upon circult us- -

addi ng a secoquqxqim@ntpopﬂénmaﬁ&,uwherexn|%a4¢ampﬁglat§€véﬁmanuﬁq

ereing

pl acenment (1) ovurdede fnjection coupler.: The optional placenents (1)
and (2) of the I nj ection coupler 54 gives the advant age of injection at
a | ower | evel, but al'so gives a reduction in processing gainin 20 the
remappi ng.Proaass bscmuseaﬁf aﬁbEszéeaéodtibmﬂ.eu;OIfor redudirsdy ciistyrt fen

Vr;a : |n ﬁge el lsloe[%:q g eﬁé chlat.dqlsmer devlvhaé/reln sazé hte1r561|: aa/elealu? qn?enatgs 6&@;‘9 &

10

15

20

25

duces a delay which is equal to the delay introduced by the
first amplifying means.

15. A linear amplifier controller_for reducing distortion
according to claim 9, wherein sai&'second third and fourth
delay means introduce a delay which is equal to the delay
introduced by the second ampllfylng'means.

16. A 1linear amplifier controllér for reducing distortion
according to claim 9, wherein said first combining means is

located between the first amplitqﬁe and phase control means .

and the first amplifying means.

17. A linear amplifier controller for reducing distortion
according to claim 9, wherein sai@'first combining means is
located between said first sampiing means and said first
amplitude and phase control means.

18. A linear amplifier-controllér for reducing distortion

according to claim 16, wherein tﬁe delay introduced by the
second, third and fourth delay means is equal to the delay
introduced by the first and second amplifylng means.

19. A linear amplifier controli ¥ for reducing distortion
according to claim 17, wherein th Qdelay introduced by said
second, third and foufthidelay mi:he'is equal to the delay
introduced by the first and se¢on§¥émplifying means.

20. A linear amplifier controller for reduc1ng dlstortlon .

according to claim 9, further comprlslng'

R
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to include the tine delay introduced by the main anplifier 53. Usi ng

t he. optional placenent (3) of the injectiron coupler 54 25 makes the control
of "t he secwmmw controller 70 dependent upon the first PCD/SEI4/00067
controller As illustrated in Fig.,4, an input signal S50 is

sanpled in a produce two “l,dent i cal ‘input signals S51 and
SH2 (i den“mmm I zed in anplitude). The input signal 30 Sb1
is sent to an a&npFi tude"l ar’d phase controller 52 which can adj ust the

anpl i tude and phasea0f; Jtzgﬁ gamﬁtnﬁg aaahsSéaupTQ& betweaem uﬁaeahﬁgwa%gm'

S53 is then applied to fies
si gnal and out Bﬂ-é’daﬁa&RBF'-Pﬂl ggans a§fﬂgﬁ§?— SBR“FO°§ Eéhﬁtﬁ%ﬁm@@l °°1|'1P111'é1m9

spread spectr umgahgnﬁlxc_lud;n_g an input port for receiving said delayed input
signal and first and second output ports;
5 a fifth delay means co:up'l'ed to said second output port of
said sixth sampl:mg means to further delay the delayed input -

signal;

a seventh sampling means including an input port for .

receiving said delayed signal from said fifth delay means and
10 first and second output pofts;

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 .oombining the amplified

15 signal from said third amplitude and phase control means and

said third combined signal from the second cutput 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 meaxis including an input port for
receiving said fourth combined signal from the first output
port of said eighth 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 s:.gnal from said second output port of said seventh
sampl:.ng means and said fourth combined signal from said
second output port of said. eighth sampling means to control
said third ampl_l_i_;___ude and phase control means.

30 21. A linear am:'plifier' cont‘f'.roller'for reducing distortion
according to cla:.m 20, the delay introduced by the second,
third, fourth and fifth delay means is equal to the delay
introduced by the second ampl:.fylng means.
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g

ge-rlefator 55, a control signal (MOD) S55, which at‘! uuntm
di stortion, is frequeﬁ‘cy spreaded—inmthe nultipli Hmim I " u'IJpreadl ng

sequence si gnal ( DSty 1 e ite si gnal S57 i s theré&affer

i nj ect edWQnP‘!il'lSﬁe sy P H 48 e 5 coupl er 54, The | ROTISE94/08087 S52
I's delayed in a del agll!l&ﬂmﬁmgﬂ me period that equals the delay
I ntroduced in the op The dél"ayed signal S58 is then sanpl ed
in a sanpler 58 whi ch dupl i cat es the del ayed signal . One out put of the
10 sanpler 58 is connected to a first Ioop controller 59, while t he

ot her output 35 COMQGifLhyt. ‘an?pﬂf‘éor@@roﬁé’f‘%frr@uc1n€%’ie€ﬁr€fo£he

out put signal S62 fromthe coupleri54: sends t he signa
conbi ner 60 ARGAFIING £ GHAIM PO ENTEHET COBRFAFAATSi gnal S58. The out put

signal S59 of the aloﬁbd:ﬂﬁd E@read spectrum signal generat:.ng means for
control signal;
eans coupled between said second

frequency spreadlng sa

5 a flfth combim.ng ;
. amplitude and phase co"
means for cdmb;i‘-n"’:iing’f'sa
with said secondcomb
and phase control means, 2

10 to said second amplifyin
a sixth dei-ay.niean

said fifth sampl:mg means for delaying said third combined

ol means and said second amplifying
frequency spreaded control signal
signal from said second amplitude

d supplying a fifth combined signal
means;

oupled to said first output port of

signal;
a fourth amplitude and phase control means coupled to
15 said second output ' port of said ninth sampling means for
ad]ust:mg the ampl:.tude and phase of said fourth combined
signal:
' ‘athird amplz.fy:.ng means coupled to said fourth amplitude
and control means for ampl:.fy:.ng said adjusted fourth combined
20 signal recelved from said fourth amplitude and phase control
means; _'
a sixth combining means for comb:.m.ng said delayed third
combined s:Lgnal rece:.ve from said s:.xth delay element and
: saiad ampl;f:.ed s:l.gnal :--from said third amplifying means to
25 produce a sixth ¢

receiving saJ.d s"
means and £ J.rst an"'

a second remapp

30 port of sa:.d tenth
signal from sa1d t____
sequence which has bee

a eighth'delayf n€

ed signal from said sixth combining
output po_réts:

eans coupled to said second output
ng means fcr remapping the output
pling means with a second spreading
elayed by a :ffs'eventh delay means;

- for receivfng said control signal;
and '

a fourth loo ‘con '-ol means for correlating said delayed
rom said eighth delay means with said

35



15 s sanpled in a_sa out put signal S59 is sent -~ to the
first | oop controller l tes the sanpl ed signal S8 and
e arrp |t|u

SF gnal S59y r ol phase controller The
out put si gnalg“ézg&l s also sent to a second anplitude and 20 pha m"“““
controller 63 which can adjust the anplitud& and phase of the si gnal
S59. The adjust signal S60 is then sent to an: error anplifier 64 which
anplifies the signal and out puts the - anplified signal S61 to a conbiner
65. The sanpl ed out put i gnal S62 is.also sent to a delay el enent 66

whi ch del ays t Femapp rﬁa‘lgé'ﬂﬂslfg‘-'r% sadsl seFond: Feparping ReanfectacFeptrol

introduced by said FuefPOsnpl iRade BRGOpKaLe idUHtr) Rcd@lsayed signal S63
to the conbi ner 65. The conbi ner 65 tonbi nes the del ayed signal S63

with the anplified signal S61 to produce the output signal S64 of the
amplifier syst@®.50a l¥hedr tamplifier controllerlids eredayoimgn dis:cortion

B nar " S ace R DIl IR, 22 BB AR £6 dcotRa R Y g SRS
sequence si Gnalcop@is®sEs by a nul ti pI [ er 68, thereby remappi ng
' a pseudo noise sequence generator which is driven by a
first clock to produce a tirst signal;
a modulator whlch modulates a carrier signal with said
first signal to produce a: arr:.er modulated signal;
10 a second spreading sequence generator which is driven by
a second clock to produce }fspreadlng sequence; and
a multiplier for m_u tiplylng said carrier modulated
signal with said spreading sequence to produce a composite
signal. |

15 24. A linear amplifier controller for reducing distortion
according to claim 23, where:Ln said spreading sequence
generator and said pseudo no:Lse sequence generator are of a
maximum length type.

25. A linear amplifier controller for reducing distortion
20 according to claim 23, where:.n sald modulator is a MSK
modulator. :

26. A linear amplrf;er controller for reduc:.ng distortion
according to claim 23, wherem sald modulator is an OQPSK

modulator.:

25 27. A linear amplifier ntroller for reducing distortion
according to claim 22, whe n safd fifth combining means is
located between said output __of sa:Ld third combining means and
the input of said f:.fth sampl:.ng means.

28. A linear amplifier controller for reducing d:.stort:.on
30 according to claim 22, wherein. sa:.d fifth comb:.m.ng means is
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12 the frequency spreaded MOD signal and at t he sarre ,mMJM|mMﬂfﬂlmp
any.- ot her noncorral ated signals. The MJD signal S55 b
del'ay el enent 69 and the del ayed signal S66 is - sent to a second | oop
control | erwD®4/17887 second | oup con- 5 troller 70 correl ates t IPECIVEEI296047

. signal S66 with the remapped si gnal S65 éc} control the anplitude and

. phase controller 63. Referring to Fig. there is shown in block
diagramof a ~ spread spectrum conposite signal generator. The conposite

located between the ocutput of said second ;mplifying means and
the input of said third combining means. '

29. A linear amplifier controller for reducing distortion

according to claim 22, wherein said fifth combining means is
5 located between the output of said fourth sampling means and

the input of said sqcon‘d amplitude and phase control means.

30. A linear amplifier controller for reducing distortion

according to claim 22, wherein said fifth combining means is
_ located between the output of said second combining means and
10 the input of said fourth sampling means.

31. Amethod for controllihg a feed forward combensated power
amplifier system, comprising the steps of:

| generating a spread spectrum composite signal from
control signals using spread spectrum techniques:;

15 injecting the frequenéy spread spectrum composite
signals into the feed forward amplifier system where the
distortion originates;

remapping the spread spectrum composite signal at the
output of the amplifier system;

20 correlating the reniapped signal with said control
signals; - ,

' controlling the cancellatidn ‘of the frequency spread
control signals and the dlstort:l.on introduced by the ampl:.f ier
at the output of the feed forward amplifier system.

25 32. A method for cbnt:_:olling a fe_éd forward compensated power
amplifier system according to claim 31, wherein said frequency
spread control signals are injected into the amplifier systen
at any point along a path from where the distortion origina-
tes..
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spreummu" "I“’LH”*;"HI for instance S70, is derived before it 10 S

injected®into# eed-forward anplifier system Wth a pseudo- noi se
sequence generator 80 driven by a clock 81, a bit stream S71 is
derived, WOi%n7587 used to nodul ate the carrier si gnal S7PCTISES4/00067
nmodul ator 82. This carrier nodul ated si gna%l ~ S73 is then used as the
..control signal after a proper tine 15 del ?/ to control the system This
is one way to derive the -actual control signal S73. The sinplest form
of the control signal is equal to the carri‘er signal S72. The control

si gnal S73,, bef n o‘?‘ﬁ:tr%q i3] ) i
spreaded in t%e rrul??%lt?lgp g%fia hél S %a'l %fégﬁﬁcewq‘ et
- spreadi ng seqisRiel Ser isysten §§§°F¢bmt%°§1@r' ailngwherensreq@@néseg@qwm or

84, which is ¢yg Wi ontdACkighalihes arbi¥£eg] ng sequence S74, after a
proper tinme delay, is used in the remappi ng process of the frequency

spreaded spectrum The processing gain in the remappi ng process is

equal to the rytj o Rhetbod Per kichtyolddmgss edi férhwsw&mspdﬂﬁtef@poaer

gi ven spee Using._a,_unmaduy [ cont.r ol S gnal

yi el ds the% Fd"églzi“p’r%e Fﬁﬁmgﬁcﬁx’%ﬁﬁ a# ng%ﬁiﬂggﬁr'oc‘&?e rec?ﬁ‘éea

spr eadi ng sequmformptiomtan Wenadte mmxaqubheedlstortlon is used to
calculate the best frequency of the control signals in the

system.

35. A method for controlling a feed forward compensated power

10 amplifier system according to clam 33, wherein received
information concerning transmission channels is used to
calculate the best frequency of the control signals in the
systemn. o

36. Amethod for controlling a feed-forward compensated power

15 amplifier system according to cla:.m 31, wherein the power of
the control signals integration tlme after remapping and the
spreaded bandwidth are interchangeable to increase the
systems flexibility regarding settmg time.

37. ‘A method for controllinga feed forward compensated power

20 amplifier system according to cla }1, wherein matched filter
correlators are used to keep trac £ the phase and amplitude
of said amplitude and phase control means.

forward compensated power
' 31, wherein the control
o increase the tolerance

38. A method for controlling a fe
amplifier system according to cl
25 signals canbe arbitrarily modula
against interfering signals prese
control signals. o

t the frequencies of the

39. A method for controlling a feed forward compensated pewer :

ampl:.fler system accord:.ng to clai;

31, wherein the spreading
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ge}\efator 80 are preferably of atyp mauto 30 correlation
angd m nimum cross correlation to anﬂlﬂlﬁumlmumnm whi ch is inportant
i the remapping process and in the tratchdd ™ Sfifter correlator, for

maxi mum pwacrssyssyy gain. There are " several types of sequePCB/SES00067 can
be used where M- (Maxi mum Lengt h), Golg and Kasam - sequences are

easily _ _ - 13 i npl emented with
| i near feedback shift registers by one of ordinary skill in the art. The

nodul at or 82 can be of any
bandwidth is governed by the amount of processing gain needed
in the remapping process. ~

40. A method for reducing distortion in a feed forward
amplifier system, comprising the steps of:

modulating input -sigxi_els of the feed forward amplifier
system with control signals; o '

sampling an output signal of said feed forward amplifier
system; '
demodulating said sampled s:.gnal with delayed input
signals:; o

correlating said demodulated signal with modulating
signals to produce an adjustment s:._gn_al, ,

controlling amplitude and pha_se of an error signal with
said adjustment s‘:i.gnai: and - |

combining said error signal w:Lth said output signal.

41. A method for reducing d-isto-:r_:'tion in a feed forward
amplifier system according to cl_'a'i;m 40, wherein said input
signals act as carriers for said control signals.

42. A method for reducing distortion in a feed forward
amplifier system according to qlai'r__ii -40, wherein said control
signals simulate distortion.

43. A control apparatus for reducmg distortion in a feed
forward amplifier systemn, 'tl;"z'omprisf;":’ﬁgz

means for modulating input signals of the feed forward
amplifier system with a coir}'trol S, gnal.

sampling means for saz_npl_ing an‘output signal of said feed
forward amplifier system; '

demcdulating means for demod
with delayed input signals; |

correlating means for cor; ating said demodulated
signal with modulating signals to produce an adjustment

ting said sampled signal

signal;
This Sheet Has Been Reﬂlac
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suitabl e type such as Nﬁlﬁlwuﬁﬂmm bly having a constant envel ope
and no introduction of iink N erence. 5 Referring nowto Fig. -
6, there i 3{2’3% i n bl ock di agram form how the | oop controllers which - .
provi de si‘Sﬂ 8 set t he anplitude and phase control | er SPGR/SES4/00067
functionally inple- mented. The functiomggf the circuit is to perform an
ener gy nmeasurenent, in the cartesian coordinate plane 1Q on a 10
difference signal with a cartesian coordinate plane defined by a I/Q
split reference signal. The function of the circuit can al so be regarded
as a_nbll / Q denpdul at controa manheﬂoficmmr%nnq afpllitude Ihla ﬁHQ%éicﬁ‘f‘ an®
possi bl e since_i. S i s nagde t.he reference signals and the

di fference betﬁggﬁrtﬁgaégg Y’e’flér%%cg W%ﬁlgﬂéidi?P rence signals. If
it is assuned - t bambihéngi means ifpameonb il ng'sa idherref eignea with@ajgand

£ »

t he di fferﬁﬁ@@ 1B syare correct, with the aid of properly set
tirme del ays, the |§c§lj| %\Al“ performthe foll ow ng function for any
si ngl e frequency conponent: 20 "reference signal = cos(wt) :

difference sigppl =ACEmthHd fof GRuudling' didtortidleiR A | Fell® (93N
fi Is the phase ongl i tg i ntroduced _, gbytheorsﬁl nal igat%.feég £o2vird
amplifier System according to claim 43, wherein said input

signals act as carriers for said géntrol signals.

45. A method for reducing distortion in a feed forward
amplifier system according to_'-@l#_i}:jn 43, wherein said control
signals simulate distortion.
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14 t he angle is identical to O and the anplitude is i dentical to

1. The dynamics on the anplitude and phase controller 52 are governed by
the gain and phase response over frequency and power- of the main
anplifier 53. The sane is true for the 5 anplitude and phase controller 63,
for the sanpled error signal. S59 in this case the response of the error
canplifier. . The use of this sinple technique is particularly useful and
descricbhed in the systemillustrated in Fig.” 4, to control the gain and
t he phase of the |oop 2 because the reference signal 10 S58 is constant in
ampl i t ude. Fig. 7 illustrates in block diagram form anot her

enbodi nent of the present invention which adds a.third | oop controller
to the circuit illustrated in Fig. 4. In this enbodi nent, the
anplified input signals are suppressed before the renmappi ng 15 process,

t hereby reducing the processing gain needed.. The suppression is
achi eved by subtracting a gain and phase :
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adj usted sanple of the input signal S50 fromthe sanpled out put signal
S64. In order to determ ne the correct setting of the anplitude and
phase controller 100, the difference 20 signal S78, sanpled by the sanpler
101, is cwos4arssd in the third | oop controller 110 with BCHSES4/00067
sanpl e S73 of the i nput signal, thereby controlling the anplitude and
. phase controller 100 and substantiq?lg reducing the input signal

content in the difference signal S78. h€ function of the 25 third |oop
controller 110 is therefore essegtially the sanme as the function of the
first loop controller. The sign§5 78 can al so be regarded as a new
error signal which contains thek3 remai ni ng distortion present in the
i nt er medi at e out put si gnal 4.&he sanpl-ed error signal S79 is
despreaded in a 30 multiplier 687 fwith the aid of a tinme del ayed copy of
t he spreadi ng sequence S&. Tm signal S80 wi Il therefore contain
t he remapped control signal whith |[Usscarrelated with the ref erence
control signal S66 in the secondffdop controller 70. '
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3

Referrlng to Fig. 8 there is shown anot her enbodi nent of the pr esent

I nvention which adds a fourth | oop controller to the feed forward
anpllfler system In this enbodinent, the new  error signal S90 is-

i nj ect ed \whteR ?{lﬁ out put signal path S91 5 by means of an i njpEIVSES4/00887p! er
112 which results in an I ncrease in suppression of the distortion
emanating fromthe mai n anplifierdf3 nd al so a suppression of the
di;stortion .emanating fromthe err lifier 64 and al so from ot her
conponent s. 10 Fig. 8 also shows a second frequency spreaded contr ol

si gnal - S93 which is injected throughgén'ection coupler 114. The

NATCHED
A\ FILTER CORR {8
)
44

540

43
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inieétion coupl er can be positioned in several positions (1) - (5) in

the circuit. The optional placenent (1) and. (2) have t he advantage in
that there is no loss in the processing gain 15 achieved in the remapping
process woOdanrssd in the nultiplier 115. These optional RCASESYNSTar e,
however, at high signal | evel s, especially the placenent (1). The

. pliacenents al so require the tine gg}sy el ements 116 and 117 to be
reduced to only the delay introduced~by the auxiliary error anplifier
20. 118. A new tine delay elenent 109 is introduced in the nmain
anplifier output path to account for the tinme d Iay caused by t he

auxiliary error anplifier 118. The reduction in processi ng gain
when any of the placenments (3)-(5) is used is depeffdent on the
frequency response of the errogé-npllfler 64. 25 The g

wi'll cause the fourth | oop con ler 119 to be
setting of the second | oop
injection of the second frequeﬁ%
the setting of the anplltudeaa-

b! pemdent on t he

oA

roller 70. Thelpur pose of the

spreaded

gby

subtracting the new error signa fron1the tlne del- eeb | Nt gr nedi ate
out put signal S91. The funei on of the fourth |oop control ller 119 is
t heref ore essen- A
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tially equal to the function of the second | oop controller.

16, The two injected conposite signals should be orthogonal or
nohcorrel ated with each other so that they do not interfere Wi th each
ot her. Thwo®#mts8gonal ity of the conposite signals can be BERISEI®E0A6H
several ways. First, the carrier frequen- 5 cies of the control signals
can be nade different from each ot As a result, the spreading
sequences can be equal. In ~.the alternative, the spreadi ng sequences can
be orthogonal to ' ' '
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each other. As a result, the control signals can be equal. Since the
sappl ed i ntermedi ate output signal contains high 10 levels of anplified
inbut si gnal conponents, there is a high ~demand on the processing gain
in the r AV@P4L7I587 pr ocess performed in the nmultiplier 115PCTISES4/00867 be
‘achi eved by ei ther one or a conbination of the follow ng: increasing -
“the power on the frequency spreadgd ontrol signal S93; increasing 15
the bandwi dth of t he spreading sequenté $99; and increasing t he
integration time in the fourth | oop controller 119. Fig. 9

- ildustrates another method for controlling a feed forward anmplifier
systenlaccordlng t o one enbodi nent of the resent inventio In this
enbodlnent the input signals to 20 the feed %drward anplifie ystem are
used as carriers? for the injected sinulaged distortion. This

el.im nates the need for an additional RF-o%cillator in the Jeed-forward
anplifier system By. using the input sigpals as carriers for the
simul ated distortion, the present invention has the advantage 2 that the
simul ated distortion, which is mininzed at th out put of the system
thereby nlnlnlzlng the di stortion caused
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-

by*the main anplifier, is situated in the frequency range where it is
actual ly needed. In other words, the sinul ated distortion will neasure

t he system response at the:best 30 frequency |ocation. Th B
enbodi nEWO #/Y88Mhas the - advantage that the power relat m’%@%’r@gﬂ\een
the total input ~signal” and the injected sinulated distortion is
i ndependent . of the input signal Ggw8r. Fig. 9 illustrates one
inplemen- . tation of this nethod for a second |oop contraller.
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P Jy‘r_.,
An?rnput si gnal

anpl i tude_and
and dermod¥PH

| nput si gnal

. controller
srgnal whi ch yi el ds a_sett
An. error signal S210 is''t
thereby essentially ninir
the distortion |ntroduced. S
si:gnal S202. : The: abov
princi pl es of the:present:
adapt ati ons t hereof will:
art wi thout departlng fr
|nvent|on :

or

S200 is nodul ated in anplitude by a pseudo
seguence PR1 and in phase by a pseudo random sequence
hase controliler S203 i s_sa

470 an 1-Q 5 denodul ator 204 with a del ayed r EpFIEH gg‘?he
S200. The resulting denodul ated signa
repl'i cas of the npdul ation-signals PR17gh
‘mat ched filter correlator 206 to produce an

§§
S

random
PR2 through the
201. The out put si gnal

IS correlated wth
PR2 in the second | oop

adj ust nment

of the anplitude and 10 phase controller 208.
onbihes with the output signal S202

&J@g odul ati §h of the input signal and
Ry 210 from the out put
werely:rllust;ates the 15
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18., V\hat IS clalmedrs 1. A linear anplifier controller for
regucr ng distortison in a feed forward anplifi-er system conprising: a
spread sp gnal generating means for frequency spreadi a_control
si gnal ; %éﬂﬁsgst conbi ni ng neans for combining an i nput srﬁﬁg W07, d
frequency spreaded control signal; a first sanpling means including an
~input port for -receiving said conbr ne@® ¢i@nals fromsaid first conbining
means and firs nd second out put ports; an anplifying neans coupled to

sald first out yort of
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X,

RERTp-2 TP

sal d first sar_rpl | ng means . for arrpl [ fy| ng said conbl ned Si gnal received from

rst S|»...,gnail sarrpl i ng means fohr{,- Y
Lr Sty $ignal sanpling eang e pi
‘fml | tude and phase taptr rreans- coupi’l ed.
t"r'oH iing the relatjV

i
a second conbi nl'ﬁg weans fory

COAbEMIrng:

VA D
said aerI i'fi.ed. sEghal - from: sai d -anptl fyi nglrreans and an adj usted si gnal

from said anplitude and phase control neans to produce an joutputy S| ;
a second sanpling neans including a first input port for- Teceiving- sai-d~-

‘out put si gnal

and first and sec@uINEAR! PUPLIWIRR CONTROB I emappi Nng neans

coupled to said first output port of said second sanpling neans for

remappi ng the output signal
sequence whi ch has been del ayed by a second del ay neans;
means for receiRield of thedinveritigimnal s; and

10

1s

20

25

fromsaid second sanpling neans with a spread

The present invention relates to high powered linea# ampli-
fiers and in particular to a new control system using spread
spectrum and feed forward techniques for the reduction of
distortion introduced by high powered amplifiers.

Background of the Invention

It is well known in the art that all amplifiers distort an
inputted signal. The distortion becomes greater as the power
levels are increased. When amplifiér compression and group
delay distortion is introduced into a single information
carrying channel, or when the amplifier is exposed to multiple
input signals, intermodulation (IM) products are introduced.
These IM products must be kept low because they interfere with
the system or with other users. Methods have therefore been
developed to reduce these types of distortion.

There are two types of distortion introduced by an amplifier.
The first type of distortion, referred to as linear distor-
tion, is related to the frequency dependent gain and phase
response of the amplifier. The phase response is not the
absolute phase value, but rather the part differing from the
linear phase, i.e, the time delay in the amplifier. The
second type of distortion, referred to as non-linear distor-
tion, is produced by the non-linear gain-to-input power in the
amplifier. The linear part of the distortion plays a sig-
nificant role in wide band applications.

The distortion caused by single carrier power amplifiers can
be dealt with by using feedback techniques such as cartesian
feedback. The main drawback with using r‘lﬂgdmg is the narrow
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amatched filter correlator neans for correl ating said del ayed out put
signal received fromsaid third delay nmeans and said remapped si gnal
received fromsaid remappi ng neans for

19 controlling the first anplitude and phase control neans. 2. A
I'inear amplifier controller for reducing distortion according to claim
1, wherein said signal generator conprises: a pseudo noi se sequence

generator which is driven by a first clock td produce a first signal;

bandwidth within th.ch the dlstortmn can be reduced because
of stability constraints.

The wideband amplifier is hecoming more attractive as a
carrier power amplifier because of the improved systems

5 flexibility it offers over ordipery multiple single carrier
' power amplifiers using passive filter combination techniques
at their outputs. In wideband systems, there are two main

" methods for dealing with distortion: predistortion; and feed-
forward. Predistortion means that the non-linear and/or the

10 1linear part of the distortion introduced by the main amplifier
is inversely modeled at the input of the amplifier, thereby
making the total, ideally, equél to a frequency independent
constant. To reduce the linear distortion, a simple filter'is
needed; and to reduce the non-linear d:.stortion, a "curve

15 Dbender" needs to be used. However, both methods have to be

adapted to overcome aging, température and sample differen-
ces. : '

The feed-forward technigue consists basical]:y of two indepen-~ ‘
~dent steps. The first step is to extract the distortion
20 introduced by the main amplifier on the signals to be ampli-
fied. This is referred to as'e:ét:acting an error signal. The
" second step is to inject this error signal in anti-phase and
time aligned at the output of the feed-fdrward amplifier to
thereby cancel out the distortion.

25 The main differences between the feed-forward technique and
the predistortion method is tha.f.t 4n the feed~forward technique
the distortion is extracted rather than modelling the distor-
tion causing element, making the feed forward technique more
sample independent. The two Steps can be repeated at the

30 output of the feed-forward amplifier system to further
suppress distortion componente-' The performance of the feed-
forward technique is dependent upon the ability to add rotated
signal vectors correctly in ant.i-phase and equal amplitude.
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a> nodul at or whi ch nodul ates a carrier signal wth said first signal to
produce a carrier nodul ated signal; a spreadi ng sequence gener ator
which i's driven by a second clock to produce a spreadi ng sequence; and

a multiplier for multiplying said carrier nodul ated signal wth said
spreadi ng sequence to produce a conposite signal. 3. A linear
anplifier controlklter for reducing distortion according tq cl-aim 2,
wherein said spreading sequence generator and said pseudo noi se sequence

generator are of a maxi num|length type. 4. A linear anplifier
controller for reducing distortion according to claim2, wherein said
nodul ator is a MSK nodul at or. 5 A linear anplifier controller

for reducing dmﬂsmnmsac%tmﬁgmthévarﬁﬁcizq distprt hon siompepgnt magybé s an
extracted. or suppressed. The ability to control these

variables, i.e., gain and phase, are therefore of. crucial
importance in feed-forward amplifier systems.

5 Several methods for controlling the extraction of distortion
and/or injection of the extracted 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 caused by the main amplifier

10 to control the setting of the gain and phase controls. This

' is possible since it equals the first step in the feed-forward
process. In this case, the error signal content is minimized -
at the output. Second method uses a known distortion simula-
ting signal which is injected in the amplifier path and

15 minimized at the output thereby also reducing the distortion
introduced by the main amplifier. The term distortion shall
be understood to mean any signals present in the ocutput of a
device which were not present at the input.

U.S. Patent No. 4,389,618 is an example of the first method

20 for controlling a feed-forward amplifier system in which the
system correlates the extracted distortion with the distor-
tion present at the output. The correlatiop yields a setting
of the gain and phase of the extracted distortion, i.e., the
error signal, which is suhtractiv;e?.'y combined with the output.

25 The patent also shows the addition of a third loop to reduce
the signal components from the output. This decreases the
correlation score between signal components at the output and
the remaining signal components, due to linear distortion in
the main amplifier, in the extracted error signal. The

30 correlation score between distfé?tion components has to be
higher than the correlation scof:f‘:_'fel between signal components
in order to yield the best setting of the gain and phase of the
subtractively combined error sig-iial.
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OQPSK nodul at or . 6. A linear anplifier controller for
reduci ng distortion according to claim1, wherein the delay introduced by
the first, second and third delay neans is equal to the delay introduced by

t he anplifying neans. 7. A linear anplifier controller for
reducing distorti-on in a feed forward anplifier system conprising: a
first sanpling nmeans including an input port for receiving an input signal
and first and second output ports; 20

U.K. Patent No. 2 167 256A discloses a similar system which
includes a non-automated third lo_op. The reduction in signal
component correlation score due to the third loop is not
sufficient for a wideband feed-foﬁard amplifier sysiem due

5 to the linear distortion introduced by the main amplifier. To
overcome this problem, U.K. Patent Application No. 2 244 881
uses multiple input controls, which to a high degree will
cancel out the linear part of the distortion emanating from
the main amplifier.

10 With a multiple input system with one input loop for every
input channel, all linear distortion can theoretically be
removed. The extracted error signal would then only contain
non-linear distortion which can be correlated with the output
signal to yield a non~interfered se'tting of the amplitude and

15 phase control of the subtractively combined error signal.

The number of required input loops is govermed by the linear
distortion, exhibited over the used frequency range by the
main amplifier and will determine the amount of the remaining
unwanted signal components in the error signal. 1In a simple
20 correlation technique, it is desirable for the remaining
signal components to be less than the extracted non-linear
distortion in order to achieve :e'asY control of the second
loop. To avoid over specification of the tinear part of the
distortion in the main amplifier, ‘the amount of input loops
25 can increase rapidly ina wideband system, with an increase in
the number of control loops and other components to follow.
U.S. Patent No. 4,580,105 is an example of the second method
for controlling a feed-forward amplifier system vhere a narrow
band distortion simulating pilot' tone is injected into the
30 system. The pilot tone is extra "ted in a narrow band pilot
receiver at the output of the aﬁplifier. The pilot tone is
detected and minimized using a decreasing step size circuit
algorithm thereby reducing the distortion introduced by the
main amplifier. The drawback with injected pilot tones is




a first anplitude and phase control neans coupled to said first output port
of said first sanpling neans for controlling the anplitude and phase of
sai d input signal; a first anplifying neans coupled to said first
anpl i tude and phase control neans for anplifying said input signal received
fromsaid first anplitude and phase control means; a spread spectrum
signal generating neans for frequency spreading a control signal; a
first conbining nmeans for conbining said agplified signal from said
anplifying nmeans and sai d frequency spreaded control signal from said
signal generator to produce a first conbined signal; a second sanpling
means including an input port for receiving said conblned signal and first
and second out pr.hatpermtlot tonezcannat bed iKemanmrRISHMYdLreaeenay f butt

_Sarrlpl :j_ng maa][ls ivgoderArangy Thiedinputtiisighglslto-be ampl iflied] inatmd ifegareans
including a fi

fromsaid del a;é?@[ﬁr#?gﬁgﬁﬁéfr g&?gﬁé.&%:gtéﬂéqm{sé B gﬂ%gnlwgaﬁégnal
frequency range as the input signal in order to be helpful.

5 Since the pilot has no special laheling or modulation, the
control scheme is sensitive to other narrowband signals on the
same frequency, such as various signals within the transmitter
system. '

Summary of the Disclosure

10 The present systenm describes a me_i;hj_’_bd for controlling a feed-
forward ampiifying 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 signal or signals

15 and inj eets a composite signal at a suitable point, with .
injection couplers into the feed%‘fbrward amplifier systen.

There are several spread spectrum . (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 achiev:.ng a processing gain in
the remapping process. .
The amount of 'b_andwidth spread is governed 'by the amount of
-processing gain needed in the remapping process and the needed
time response of the system. . “In general, however, the
' 25 spreading bandwidth should occupya major part of the freguen-
cy range used by the feed-forward' amplifier systen in order to
derive the benefits from the p ocessing gain. A control
signal or signals after remapping of the spread spectrum at
the output of the system are co r: _elated in a matched filter
30 correlator and the result is used to control, in either polar
or cartesian coordinates, the injection in anti-phase of the
extracted distortion into the fe___ed-forward amplifier output.
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a second conbi ni ng neans for conbi ning said del ayed i nput signal

first output port of said third sanpling neans and said first conbi ned
signal from said second sanpling nmeans to produce a second conbi ned si gnal
ng means including an input port for receiving said second

a fourth sanpli
conbi ned si gnal
out put ports;

del ayed i nput signal

nmeans and said

fromsaid second conbi ning neans and first and second
a first loop controller which correlates said tine

nmeans; a second anplitude and phase control neans coupled to said
first output pofhesrethadicap handle; Hie Fasenwhsservidehand nultinle Hoput
anpl i tude and plsdgnabé araipreembiteaqrdticredertiayink; the singl & 2AHRE feed-

| anpl i fyi ng meangoeQuPs Ghdid siakdsySEads well as the single input channel

 case.
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fromsaid

from said second outpgt port of said third sanpling
second conbi ned signal fromsaid second output port of said
fourth sanpling nmeans to control the first anplitude and phase control -

Since the control signals are covered in the composite signal

and the remapping of the spread spectrum gives a processing
gain over the non-correlated signals, amplified by the feed-

‘forward amplifier systenm, the frequency of the control signals

can be completely arbitrary. The control s'ignals can there-
fore be placed where they are most'be;neficial to the systens
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
placement of the control signals:'. The power of the control
signals, the integration time after rewmapping, and the
spreading bandwidth are interchangeable to increase system
flexibility with regard to the settling time. Since the
control signals are known to the system, simple matched filter
correlators can be used to keep track of the phase and
amplitude. The control signals are also geared to be modula-
ted arbitrarily to increase the tolerance against interfering
signals present at their respective carrier frequencies.

.

In another embodiment of the present invention, the input

signals to the feed forward ampliff‘;i.er system are modulated

with a control signal in phase and/or in amplitude. The
modulation acts as simulated distortion which when minimized
with- the aid of demoduliation and a matched filter correlator
at the output of the feed forward,é?ﬂplifier system will also
minimize the distortion introduced by the main amplifier. One
of the merits of this embodim'exiﬁ : i.s that it uses already
present input signals as carriers for the control signal
thereby minimizing the need for exfpjensive HF-carrier genera-
tion within the feed forward amplifier system.

/-‘--m-—._\




22 anplitude and phase control nmeans for anplifying said second conbi ned
signal received fromsaid second anplitude and phase control means; - a
second del ay neans coupled to said second output port of said second

sanpl i ng neans for delaying said first conbined signal;
conmbi ni ng nmeans for conbining said first conbined signal

athird
recei ved fromsaid

second del ay neans and said anplified signal fromsaid second anplifying

means to produce a third conbined signal; < a fifth sanpling nmeans
including an input port for receiving said third conbined signal and first
and second out put ports; a remappi ng neans coupled to said first

out put port of said fifth sanpling neans fgégremappi ng the out put signal

fromsaid fift h%&ﬁﬁﬂ?ﬂf%%ﬁ?h%ﬂ O5pK
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$ig- sequence which has

These and other features and advani:ages' of the invention will
be readily apparent to one of ordiﬁiiéry skill in the art and
the following written description in conjunction with the
drawings, in which: -

Fig. 1 illustrates a prior art feed~forward amplifier system;
Fig. 2 illustrates a generalized use of the present invention;
Fig. 3 illustrates a generalized use of the present invention;
Fig. 4 illustrates a block (.iiagra_"m.'-? of a preferred embodiment
of the present invention; -

Fig. 5 illustrates a spread spectrum composite signal genera-
tor; .

Fig. 6 illustrates a possible cdnfiguration of the matched
filter correlator function: ' _
Fig. 7 illustrates an addition of a third loop to reduce the -
interference power befbrg the remapping of the spreaded
spectrum; Fig. 8 illustrates a further addition of a fourth
injection loop to increase the distortion reduction: and
Fig. 9 illustrates another embodiment of the present inven-
tion. '

Detailed Description of the Preferred Embodiments

Fig. 1 illustrates a prior art ci.rcuit in block diagram form
of a feed-forward amplifier system. In Fig. 1, there is shown
two paths: loop 1; and loop 2. . The purpose of the gain and

“phase controls 11 and 16, respé&tively, is to make the two

paths in each loop equal in amplitude but cpposite in phase,
thereby extracting the distortion in the loop 1 and injecting
it in anti~phase into loop 2. T,life:flamplitude and phase control
11 can also be placed in the opééé'{ite path. The advantage is
that the main amplifier 12 is exposed to a constant mean input
power. However, the di-sadvantaféé-‘is that the noise figure for
the system will increase and will be dependent on the gain
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been del ayed by a third delay neans; a fourth delay neans for
recei.ving said control signal; and a second | oop control neans for
correlating said del ayed control signal received fromsaid fourth del ay
means with said remapped signal from said renapplng means to control the
second anplitude and phase control means. 8. A linear anplifier
controller for reducing distortion according to claim7, wher ei n sai d

si gnal generator conprises: - a pseudo n®i se sequence generator which is
driven by a first clock to produce a first signal; - a nodul at or which

nmodul ates a carrier signal with said first signal to produce a carrier.
nodul at ed si gnal

second clock to ‘fﬁmeugw ea%mg’qﬁ‘g"gggegﬁg gﬁ{'&é zéo%:r‘@{i' ISA Ebvegné)y -

nul tiplying sai mwaww@ran%mpa@eqmﬁ atl mih iptreduce Eaﬂﬁrﬁ-sﬁﬁﬁéﬂ%e to
produce a conpoghich Swilklbe taken care.of when the amplitude and phase

control 11 is positioned as shown “in Fig. 1, but will not be
5 taken care of when placed in the oppos:.te path. The ampl:.tude
and phase control 16 could also be placed in the opposite path
of loop 2. However, it is more obvxous to place the amplitude
and phase control 16, as shown in Fig. 1, since the signal
-path S8 is a high level path which makes the implementation of
10 the amplitude and phase control lé-vi-rtually impossible.

A splitter 10 causes the input signal S1 to be duplicated.
One part of the input signal s1, i.e., signal S2, is sent via
the amplitude and phase control 11 to the main amplifier 12,
while the other part of the input signal s1, i.e., signal 83,

15 is directed to a combiner 15 via a delay element 14. A
splitter 13 duplicates the ampliﬁi;ed input signal which now
contains the linearly di-_storte_d input signal S1 and new
frequency components cai:_.sed by the non-linearity of the main
amplifier 12 into two signals S4 and S8.

20 The signal S4 is combined in a combiner 15 with a signal S5,
which is the signal S3 that has been delayed in delay element

14. With proper adjustment of the amplitude and phase control

11, the combined si.gnals S84 and ss will contain all of the
distortion introduced by the main amplif:.er 12. This signal

25 86 is referred to as the error signal. The error signal S6 is
amplified in an error amplifier 17. With a proper adjustment

of the amplitude and phese of thé 'error signal S6, the error
signal can be subtractively combined in a combiner 19 with the
output signal S8 from the amplifi"r which has been delayed in

30 delay elenment 18, therehy substan 'ially reducing the distor-
tion content of the output signal S8. As a result, the
performance of the feed-forward anplifier system is. governed

by the proper adjustment of the amplitude and phase controls

11 and 16, respectively. I-‘ig. 2 illustrates a typical
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9.

A linear anplifier controller for reducing distortion

according to claim@8, wherein said spreadi ng sequence generator and said

pseudo ‘noi se sequence generator are of a maxi num | ength type.
| inear anplifier controller for

8, wherein said nodulator is a MSK nodul at or. 11.
contraller for reducing

anplifier

1o

15

20

25

30

3s

A linear

loop in a feed-forward amplifier system. In order to extract
the distortion caﬁsed by the amplifier 21, the two signal
paths, Path 1 and Path 2, which are joined at their respective
inputs and outputs, need to be adjusted so that they are equal
in amplitude, but have an opposite phase response. As a

result, a signal injected at the input will be cancelled at

the output. However, any signa-:_l, injected into or created
within any ‘of the two paths wi.l:l._E be present at the output.
Also, a signal can not be cancelled if it is extracted from
anyvwhere else except from the outiaut.- A sampler 20 samples a
portion of the input signal $20 creating two identical signals
S21 and S22. The signal S22 passés through the delay element
23 which equals the deiay in path 1 which is mainly caused by
the delay caused by the amplifier 21. The amplitude and phase
of the signal is further adjusted by means of an amplitude and
phasé controller 24. Finally, the adjusted signal is added to
the path 1. signal by means of an injection coupler 22.

Fig. 3 illustrates one embodiment of the present invention
wherein the adjustment of an amplitude and phase controller is
performed automatically. An input _signal 830 is combined with
a composite signal S31 from a spread spectrum composite signal
generator 32 in a coupler 34. By ninimizing the injected
frequency spread of a MOD signal S32 at the ocutput, any other

-signal present at the input wiq;l also be minimized at the

output. The MOD signal 832 is f’:;‘équency spreaded by a direct
sequence (DS) 533 in a multiplier 33. The combined signal §34
is then sampled by a sampier 35 ‘which has two output ports.
An amplifier 36 amplifies the coﬁh;_lned and sampled signal S34
and outputs the amplified signal $35 to a combiner 37. The

10.
reducing distortion according to claim

combined signal 834 is also Sentiii'ﬁ:o a delay element 38 in path

2. The delayed signal S36 is then sent to an amplitude and
phase controller 39 which can a@iust the amplitude and phase
of the delayed signal S36. The adjusted signal 8§37 is then
combined with the amplified signal S35 in combiner 37 to
produce a second combined signal. The second combined signal
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‘distortion according to claim8, wherein said nodulator is an OQPSK
nodul at or . 12. A linear anplifier controller for reducing
distortion according to claim7, wherein said first. del ay neans introduces
a delay which is equal to the delay introduced by the first anplifying
means. + 13. A linear anplifier controller for reducing.  _.
distortion according to claim?7, wherein sq%d second, third and fourth
del ay nmeans introduce a delay which is equal” to the delay introduced by the
second anplifying neans. 14. A linear anplifier controller for
reducing distortion in a feed forward anplifier system conprising: a
first sanpling nesrtshemskopled by 3 geaplpor40{ ofhecsanpled) signalpass signal
and first and segoidi HldautwiRY &) delayed® VersibnaBe! ithddai2Rdte Phagtesgdt 1 Of
means coupled to said first oiggui.gori of_.said first S@ l.ing neans for
control Iing signal by a multiplier 41, theXeby remapp nrg) the” frequency
' spreaded MOD signal and at the san_ie time spreading any other
5 non-correlated signals. The remapped MOD signal S39 is
correlated with a delayed version of the injected MOD signal
S40 by a matched filter correlator 44, thereby yielding
control signals which adjust the amplitude and phase con-
troller 39. The delay elements 38, 42 and 43 each accounts
10 for the delay introduced into the path 1. As a result, the
present invention can be used to control any of the loops

illustrated in Fig. 1.

Referring to Fig. 4, there is shown a preferred embodiment of
the present invention which builds upon the circuit illus-

15 trated in Fig. 3, by adding a second loop controller and by
illustrating several optioné-l piacement (1)=-(3) of the
injection coupler. 'rhé_ optional placements (i) and (2) of the
injection coupler 54 gives the advantage of injection at a
lower level, but also gives a redﬁétion in processing gain in

20. the remapping process because of the 1linear distortion
introduced by the main amplifier 53. Also, the time delay in
the delay elements 69 and 71 will have to be increased so as
to include the time delay introduced by the main amplifier 53.
Using the optional placement (3) of the injection coupler 54

25 makes the control of the second 1_¢6p controller 70 dependent
upon the first loop controller 59.

As illustrated in Fig. 4, an input signal $50 is sampled in a
sampler 51 to produce two identicé;l input signals 51 and S52
(identical when normalized in aﬁﬁlitude) . The input signal
30 S51 is sent to an amplitude and phase controller 52 which can
adjust the amplitude and phase of the input signal §51. The
adjusted input signal S53 is theﬁ:ffapplied to the amplifier 53
which amplifies the input signé_j:'l and outputs an amplified
signal 854 to a combiner 54. In a spread spectrum signal.




the anplitude and phase of said input signal; a first anplifying neans
coupled to said first anplitude and phase control neans for anplifying said
i nput - signal received fromsaid first anplitude and phase control neans;

a spread spectrum signal generating neans for  frequency spreading a control
si gnal ; a first conbining means for conbining said anplified 23

signal fromsaid anplifying neans and said frequency spreaded contro

signal from said signal generator to prodyge a first conbi ned signal

a second sanpling nmeans including an input port for receiving said conbined

signal and first and second out put
generator 55, a control signal (MOD) S55, which acts as
simulated distortion, is frequency spreaded in the multiplier
56 by the spreading sequence signal (DS) S$56. The composite

signal S57 is thereafter injected into the systen thrbugh the
5 -~coupler 54,

The input signal §52 is delayed in a delay element 57 for a
- time period that equals the delay introduced in the opposite
path. The delayed signal S$58 is then sampled in a sampler 58
which duplicates the delayed signal. One output of the '
10 sampler 58 is connected to a first loop controller 59, while
the other output is connected to a combiner 60. A sampler 61
duplicates the output Signal S62 from the couplér 54 and sends
the signal to the combiner 60 where it is combined with the
sampled signal 858. The ocutput signal §59 of the combiner 690
15 is sampled in a sampler 62 and the output signal S59 is sent
to the first loop controller 59, which correlates the sampled

signal S58 and signal 859 to control the amplitude and phase
controller S52.

_ The output signal 8§59 is also sent to a second amplitude and

20 phase controller 63 which can adjust the amplitude and 'phase
of the signal S59. The adjust signal S60 is then sent to an
error amplifier 64 which amplifies the signal and outputs the
amplified signal S61 to a combiner 65. The sampled output
signal S62 is also sent to a delay:element 66 which delays the

25 sampled signal S62 for a time equai= to the delay introduced by
the opposite path before outputing a delayed signal S63 to the
combiner 65. The combiner 65 combines the delayed signal §63
with the amplified signal s861 to p__i:oduce the output signal S64
of the amplifier system 50.

30 At the output of the amplifier system 50,. a portion of the
signal is sampled by a sampler 67. The output sampled signal
864 is multiplied with a delayed version of the direct
sequence signal (DS) §56 by a multiplier 68, thereby remapping
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ports; a first delay neans coupled to said first sanpling nmeans for

del ayi ng said input signal; a third sanpling neans including a.first
i nput port for receiving said first delayed input signal fromsaid delay"
means and first and second output ports; a second conbi ni ng neans for

combi ning said del ayed i nput signal fromsaid first output port of said
third sanpling means and said first conbined signal fromsaid second

sanpling means to produce a second conbine&zsignal; a fourth sanpling
means including an input port for receiving said second conbi ned signal
fromsaid second conbi ning neans and first and second out put ports; a

first | oop contrend efrubaency ospeéadas NMob dsignel dehayad iu)ﬂJtséidegnﬁimé rom

sai d second outp, #%rélﬂifn Phny Mg&-m&ﬁ:ﬁﬁ&g@?qgﬁgg our%ﬁb n%

conbi ned si gnal om.sar'd second, out

to control the 1% &elaysd; indcde}ry ﬁﬁ&g‘ﬁ t 5 pRd tﬁéa‘?%layed shg’%@c§ﬁ
anpl i tude and phsere dunta clecondnlocopupbretkdldexal?d. f | Tis¢ smdgndt 1poptcor- sai d

fourth sanpligg gafie. 9b &ATe1akblUhe Jo1 AR bl 380 AtESEnbenBblea

second conbi ned sj gn
.{ggn a}l S65 to control the amplitude and phase controller 63.

g ITE&I’IS

Referring to Fig. 5, there is shown in block diagram of a
spread spectrum composite signal generator. The composiﬁe
spread spectrum signal, for -instan;ée §70, is derived before it -
10 is injected into the feed~forward amplifier system. With a
pseudo—-noise sequence generator 80 driven by a clock 81, a bit
stream S71 is derived, which is used to modulate the carrier
signal S72 in a modulator 82. ‘l‘h:".-_é carrier modulated signal
§73 is then used as the control signal after a proper time
15 delay, to control the system. This is one way to derive the
actual control signal S73. The siinplest form of the control
signal is equal to the carrier signal S72. The control signal
S73, before being injected into the system, is frequency
spreaded in the multiplier 83 with the spreading sequence §74.
20 The spreading sequence S74 is derived from the spreading
sequence generator 84, which is driven by a clock 85. The
spreading sequence S74, after a proper time delay, is used in
the remapping process of the frequéhc‘y spreaded spectrum. The
processing gain in the remapping process is’equal to the ratio’
25 of the bit stream speeds. This means that for a given'speed
D2, using a unmodulated carrier ‘as a control signal s73,
yields the largest processing gain in the remapping process.

The spreading sequence generator 84 and the PN-sequence
generator 80 are preferably of a type yielding maximum auto
30 correlation and minimum cross correlation to any other signal,
which is important in the remapping process and in the matched
filter correlator, for maximum processing gain. There are
several types of sequences . which can be used where ML-
(Maximum Length), Gold- and Kasami- sequences are easily
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a-second anplifying means coupled to said second anplitude and phase
control neans for anplifying said second conbi ned signal received fromsaid

second anplitude and phase control neans; a second del ay neans coupl ed
to said second output port of said second sanpling nmeans for del aying said
first conbined signal; a third conbi ning means for conbining said first

conbi ned signal received fromsaid second delay neans and said

anplified signal fromsaid second anplifyinag neans to produce
24 a third conbi ned signal;

" implementad with linear feedback shift registers by one of
ordinary skill in the art. The modulator 82 can be of any
suitable type such as MSK, OQPSK, preferably having a constant
envelope and no introduction of ihtérsymbol interfereace.

5 Referring now to Fig. 6, there is 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 plane IQ, on a

10 difference signal with a cartesian coordinate plane defined
by a I/Q split reference signal. _‘_I'he function of the circuit
can also be regérded as an I/Q demodulator or a matched filter
correlator. The function is pos__sible since the sensing is
made on the reference signals and the difference between the

15 refererice 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 pe_rfo::m the following function
for any single frequency component:

20 - reference signal= cos(wt)

difference signal = cos(wt) -~ A cos(wt + £i)
where A is the gain and fi is the phase anomality introduced
by the signal path. -
I= cos(wt)+2 ~ A/2 cos(zwt-l—fi) - A/Z cos (f£i)
25 = 1/2 - A/2 cos(£fi)
= 1/2[1 - A cos(fi)]
Q= sin(wt)cos(wt)- A sin(wt) cos (wt+£i)
= ~A/2 sin(£i)

For small angles (£i), signals 1_()‘4 and 105 can be integrated
30 by integrators 90 and 91 and uséd'":"for an I signal to a control
of the gain of for instance, ampl'itude and phase controller 52
illustrated in Fig. 4, and for a Q signal to control the phase
of the amplitude and phase controller. The easy integration

is possible due to the fact that when the system is settled
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a fifth sanpling nmeans including an input port for receiving said third
conbkned signal and first and second output ports; a remappi ng neans
coupled to said first output port of said fifth sanpling nmeans for '
remappi ng the output signal fromsaid fifth sanpling neans with a spreadi ng
sequence whi ch has been del ayed by a third del ay neans; a fourth del ay
nmeans for receiving said control signal; 14 a second | oop control neans
for correlating said delayed control signal received fromsaid fourth del ay
nmeans with said remapped signal fron1said remappi ng neans to control the
second anplitude and phase, contr ol nea a sixth sanp Ilng means

coupl ed bet weekherRngha 3§t identdaad £ ¢ G“ga‘f’ﬁﬁ F‘H‘Qlﬂrﬁ'éﬂg ishddentisalpte of
sai d second coabi rhegdynanscs el the n:gnp;.litndpLanqophasémonmamerr@ aaed

del ayed i nput gb@@@h ”Hyftb{ét A a%ﬁcﬁﬂﬂ'sé’% ¥ ber treclg@eﬂ(d%etanddel ay

means coupl ed to sal second gl?t or t %3 sajrg Sixth ans to
further delay PR¥eHePRyERe| AR %]rfgqxer . BVERPH %%1 $dredhe
i ncludi ng ars | applipude and phaseveaptselkenidlay ofPs|thenl sdnplads @iratofi f t h
del ay neans a“@ﬂ;h&itss”élcinse—.ﬁﬁzg%ﬁé Rk P&dPconse 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
gain and the phase of the loop 2 because the reference signal
10 8§58 is constant in amplitude.

Fig. 7 illustrates in block diagram form another embodiment of
the preéent 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 S50 from the sampled
output signal S64. In order to determine the correct setting
of the amplitude and phase controller 100, the difference
20 signal §78, sampled by the sa_mplef 101, is correlated in the
third loop controller 110 with a delayed sample S73 of the
input signal, thereby controlling the amplitude and phase
controller 100 and substantially reducing the input signal
content in the difference signal §78. The function of the
25 third loop controller 110 is therefore essentially the same as
the function of the first loop controller. The signal S78 can
also be regarded as a new error ‘éignal which contains the
remaining distortion present iri__ “the intermediate output
signal S64. The sampled error siqr;al 879 is despreaded in a
30 multiplier 68, with the aid of a ‘time delayed copy of the
spreading sequence §81. The signalziéao will therefore contain
the remapped control signal whifcflfi is correlated with the
reference control signal S66 in thfe'isecond loop controller 70.
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a.third anplitude and. phase control neans coupled to said first output of
sai d seventh sanpling neans for controlling the anplitude and phase of said
del ayed i nput signal; a fourth conbining neans for conbining the
signal fromsaid third anplitude and phase control nmeans and said third
conbi ned signal fromthe first output port of said fifth sanpling nmeans to

produce a fourth conbi ned signal; an ei ghth sanpling neans including -
an input port for receiving said fourth combi ned signal fromsaid fourth
conmbi ni ng neans and first and second output ports; a ninth sanpling

means including an i nput port for receiving said fourth conbi ned signal
fromthe first Qutput,port of sajd_ei h'f){]ﬁs lin ans an(gfirst and

second out put pgf%g?rﬁﬁ%rt& ."?h?'f Fﬁ??e EE‘P”BBO?'?CW ToSHPRdingpt gEsthey
present invention which adds a fourth loop controller to the

feed forward amplifier system. In this embodiment, the new

error signal 90 is injected into the output signal path s91

5 by means of an injection coupler' 112 which results in an

increase in suppression of the distortion emanating from the

main amplifier $3 and also a suppression of the distortion

-emanating from the error amplifier 64 and also from other
components.

10 Fig. 8 also shows a second frequency spreaded control signal
§93 which is injected through injection coupler 114. The
injection coupler can be positioned in several positions (1)~
(5) in the circuit. The optional placement (1) and. (2) have
the advantage in that there is no loss 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 placement (1). The placements also
require the time delay elements 116 and 117 to be reduced to
only the delay introduced by the auxiliary error amplifier

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

’ amplifier output path to account for the time delay caused by
the auxiliary error amplifier 118. The reduction in the
processing gain when any of the placements (3)=(5) is used is
dependent ‘on the frequency response of the e;:ror amplifier 64.

25 The placements (4) and (5) will cause the fourth loop control~

ler 119 to be dependent on the setting of the second loop
controller 70.

The purpose of the injection of the second frequency spreaded -
control signal is to control the setting of the amplitude and
30 phase controller 120, thereby subt};acti.ng the new erxror signal
from the time delayed intermediafii’e output signal S$91. The
function of the fourth loop controller 119 is therefore essen-
tiaily equal to the function of the second loop controller.




25 remappi ng nmeans; and a third |l oop control neans for correl ating
sai d del ayed input signal fromsaid second output port of said seventh
sanpl i ng neans and said fourth combi ned signal from said second output port
of said eighth sanpling nmeans to control said third anplitude and phase

control neans. 15. A linear anmplifier controller --for reducing
distortion according to claim 14, the del ay. ntroduced by the second,

third, fourth and fifth delay neans is equal to the delay introduced by the
second anplifying neans. 16. A linear anplifier control I er for
reducing distortion in a feed forward anplifier system conprisin

first sanpling rMemstWadni¢ctgdagonperiteGignpds shewtd hgy %ﬁhpﬁml sﬂlgnal
and first and segemsbialRtiedPRits each otheki £6ithatpkhéyddo awt phesetaant rol

means coupl ed to f& %ach other. The orthogonality of the composite signals
can be achieved in several ways. First, the carrier frequen-
5 cies of the control signals can be made different from each
other. As a result, the spreading 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 high .
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 frequency spreaded control signal $93; increasing
15 the bandwidth of the spreading sequence. §99; and inoreasing
tixe integration 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. 1In this embodiment, 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 simulated distortion, v:mich is minimized at the
output of the system thereby 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 controller.
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first output port of said first sanpling neans for controlling'the

anpl i tude and phase of said input signal; a first anplifying neans
coupled to said first anplitude and phase control nmeans for anplifying said
i nput signal received fromsaid first anplitude and phase control neans;

a spread spectrum signal generating nmeans for frequency spreading a control

si gnal ; a first conbining neans for conbining said anplified-signal
from said anplifying neans and said frequenay spreaded control signal from
said signal generator to produce a first conbined signal; a second

sanpl i ng means including an input port for receiving said conbined signal

first sanpling MEanoeis, Sarad: 5200 4% 1olstatER AR SelTéme B3R Beande g
means i ncl uding @n&%sempme R aﬂérilil dhwse hy & piseudor vandien @pguennput
signal from sai cerbel irotRi Tht) tanfp Vitudendnde phiadeO toRtoPPét S201. The
second conbi ni ng, IFEARS J1UnaG0T8YdY "fks SBhilpfiEh YRS sORYGulated in an 1I-g
- 5 demodulator 204 with a delayed replica of the input signal
S200. The resulting demodulated signal is correlated with
replicas of the modulation signals PRl and PR2 in the second
loop controller or matched filter correlator 206 to produce an
adjustment signal which yields a setting of the amplitude and
10 phase controller 208. An error signal S210 is then combined
with the output signal s202 thereby essentially mihimizing the
modulation of the input signal and the distortion introduced
by the main amplifier 210 from the output signal S202.

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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26 signal fromsaid first output port of said third sa'rrpl I ng means and
said first conbined signal fromsaid second sanpling neans to produce a

second conbined-sigmal—""a fourth sanpling nmeans including an input

port for r nd conbi ned signal from said second conbi ni ng ,
means and. f Im’!ﬁﬂﬂ m utput ports; a first loop controller which”
correl ates d input signal fromsaid second output port of

said third sarrpl i ng neans and said second d8nbi ned si gnal from sai'd second
output port of said fourth sanpling means to control the first anplitude
-and phase control neans; a second anplitude and phase control neans
coupl ed to said dramstsootpmMEp@s: of said fourth sanpling means for

1. A linear amplifier controller for reducing distortion in
a feed forward amplifier system, comprising:
a first signal sampling means including an input port for
S receiving an input signal and first and second output ports; -
an amplifying means coupled to said first output port of
said first. signal sampling means for amplifying said input
signal received from said first_:" signal sampling means to
'produce an amplified signal; |
10 a first delay means coupled to said second output pdrt 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 controll:l.ng_ the relative amplitude and
phase of said delayed input signal; and
a first combining means for combining said amplified
signal received from said amplifiring means and an adjusted
signal received from said first amplitude and phase control
20 nmeans to pfoduce 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 means is equal to the delay
introduced by the amplifying means.

25 3. A linear amplifier controller for reducing distortion in
a feed forward amplifier system, comprising:
a spread spectrum signal generating means for frequency
spreading a control signal; B
a first combining means foré;_c;:__'é_ambining an input signé.l and
30 said fregquency spreadgd controlfféfzi.gnal;
a first sampling means irﬂéluding an input port for
receiving said combined sig—naléisf from said first combining
_means and first and second output ports:
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~controlling the anplitude and phase of said second conbi ned signal; a
second anplifying nmeans coupled to said second anplitude phase control
means for anplifying said second conbi ned .si gnal received fromsaid
second anplitude and phase control neans; a second del ay neans coupl ed
to said SECOﬂﬁ“ﬁUpr{‘pOFfWOf“SaId second sanpling nmeans for delaying said

first conbine third conbining means for conbi‘ning said
first conbine !m§ ﬂ ILU%UE from sai djesecond delay neans and said
anplified sig ond anplifying nmeans to produce a third

conbi ned si gnal ; fifth sanpllng means i ncluding an input port for

rece|V|ng sai d th|rd conb nal and fi.rst, and second output ports;
a remappi ng neans co@} i'] %"ﬁ?f‘gtc‘?ﬁﬁ]ﬁ?{ th"rall%fg'g§§F(?“ltg‘PFH? i ng

means for remappsaig tfhesbmqmnli@ggmans fom anp i fifinghsatdngomhined smignallt h a
spreadi ng sequenggsaivied ehen é@ﬁ‘f@ﬁEQYQ&h@’ixﬁ; h@hhg del ay nmeans; a

fourth delay neans f.or _rec |d contro cond | oop
control neans for co® EPJF?-%“?% 8o ex&g,g&up&ea £6'3a1a secorlt &8 outrut port

5 of said first signal sampling mearis for delaying said combined
signal received from said first signal sampling means to
produce a- delayed combined s:.gnal.

first amplitude and phase control means coupled to said
first delay means for controlling the relative amplitude and

10 phase of said delayed combined signal;

’ a second combining means for combining said amplified
signal from said amplifying means and an adjusted signal from
said amplitude and phase control means’ to produce an output
signal; | _

15 a second sampling means including a first input port for
receiving said output signal and first and second output
ports;

a remapping means coupled to said first output port of
said second sampling means for remapping the output signal

20 from said second sampling means with a spread sequence which
has been delayed by a second delay means;

a third delay means for receiving said control signals;
and ,
a matched filter correlator means for correlating said

25 delayed output signal received from said third delay means and
said remapped signal received from said remapping means for
controlling the first amplitude and phase control means.

4. A linear amplifier contrdl:,ier for reducing distortion
according to claim 3, wherein saicj. signal generator comprises:
30 a pseudo noise sequence generator which is driven by a
first clock to produce a first signal;
a modu].éi:dr which modulatée ‘a carrier signal with said
first signal: to produce a carrier modulated signal;

a spreading sequence generator which is driven by a
35 second clock to produce a spreading sequence; and
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control signal received fromsaid fourth delay neans with said remappi ng
signal® fromsaid remappi ng neans to control the

27 second anplitude and phase control neans; a~5| xth sanpling nmeans
coupl ed between the output of said third sarrpl i ng means and thé" mput--of-

sai d second conbi hi ng means i-ncludi ng an i nput port fioH, .
del ayed input signal said first and seconcgoout put port ,Imﬂmn"ﬂ@jb el ay
nmeans coupled to said second output port of said sixth Sanplitngs

further del ay. t he del ayed i nput S|gnal : a seventh sanpling neans

i ncluding an i nput port it:.pl:.er for multiplying said carrier modulated

signal with said spreading sequence to produce a composite
signal.

S. A linear amplifier controller for reducing distortion

5 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 clainm 4, wherein said modulator 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 according to c¢laim 3, wherein the delay introduced by the
first, 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 including an input port for

receiving an input signal and first and second output ports;

a £first amplitude and phase eéﬁtrol means coupled to said
first output port of said first sampling means for controlling
the amplitude and phase of said ihput signal;

25 a amplifying means coupled- to said first amplitude and
phase control means for amplifying;g said input signal received
from said first amplitude and pha e control means:

a spread spectrum signal gén rating means for frequency
spreading a control signal; -

30 a first combining means for combining said amplified
signal from said amplifying means and said frequency spreaded
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recei ving said del ayed signal fromsaid fifth delay neans and first and

second out put ports; a third anplitude and phase control neans coupled
to said first output of said seventh sanpling nmeans for controlling the
anplitude_and phase of said delayed input signal; a fourth conbi ni ng

means for conbi ni ng thesignal fromsaid third arrpl I tude and phase control
“means an ned signal fromthe first output port of said
fifth samﬂu m !ﬂamoﬁduce a fourth cgmbi ned signal; an eighth
sanpl i ng nearts itnc n input port for receiving said fourth conbi ned
signal fromsaid fourth conbining means and first and second out put ports;
a ninth sanpling means including an input port for receiving said fourth
conbi ned si gnal and orentrel isignadufpor pdid whonadi geseghtaAr stapProdpaeeans
and first and segpsel cotbinedpoigrral Mherein the first out put port is

ComeraTng s e M g vl 00 SRR
seventh sanpl i ngeelHngFRL %P-‘N%‘rsi P FEPRIPILRUL Baknid
out put port gf said aelfgjttslt éelgy megnsEsouplied torﬁaﬂd £506t datipldngidarisude
and phase cont r?&r%’@lng said input signal;

a third sampling means including a first input port for
receiving said first delayed input signal from said delay
means and first and second output ports;

1o a second combining means for combining said delayed input
signal from said first output poi:t of said third sampling
means and said first combined signal from said second sampling
means to produce a second combined signal:;

a fourth sampling means including an input . port for

15 receiving said second combined signal from said second
combining means and first and second output-, ports; |

a first loop controller which ‘correlates said time
delayed input signal from said second output port of saia
third sampling means and said second combined signal from said

20 second output port of said fourth sampling means to control
the first amplitude and phase control means;

a second amplitude and phase control means coupled to
said first output port of said fourth sampling means for
controlling the amplitude and pha‘se of said second combined

25 signal:; .

a second amplifying means coupled to said second ampl:.-
tude and phase control means for amplifying said second
combined signal received from said second amplitude and phase
control means; S

30 a second delay means coupled to said second output port
of said second sampling means for delaying said first combined
signal; N

a third combining means for combining said first combined
signal received from said secondf“:';delay means and said ampli-

35 fied signal from said second amplifying means to produce a
third combined signal.
S REPLACEMENT SHEET
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a- second spread spectrum signal generating neans for frequency spreading
said control signal; a fifth conbi ning neans coupl ed between said
second anplitude and phase control means and said second anplifyihg means—-
for conbining said frequency spreaded control signal mnth’ﬂwllﬂﬂﬂ

conbi ned signal fromsaid second anplitude jmm,!uﬂw
28 and phase control neans and suppl ying,a fifth conbi ned skgna .
second anplifyi ng neans; a sixth delay neans coupled to said first

out put port of said fifth sanpling nmeans for delaying said third conbi ned
si gnal ;

a fifth sampling means including an in'pnt port for‘
rece:.v:.ng said third combined s:.gnal and first and second
output ports; :

a remapping means coupled to said first output port of

5 said fifth sampling means for remapping the output signal from
said fifth sampling means with a spreading sequence which has
been delayed by a third delay means;

a fourth delay means. for receiving said control signal;
and

10 a second loop control means for correlating said delayed -
control signal received from said féurth delay means with said
remapped signal from said remapping means to control the

second amplitude and phase control means.

10. A linear amplifier controller for reducing distortion
15 .ac'cording to claim 9, wherein said signal generator comprises:
a pseudo noise sequence generat.or which is driven by a
first clock to produce a first signal;
a modulator which modulates a carrier signal with said
first signal to produce a carrier modulated signal;
20 a spreading sequence generator which is driven by a
second clock to produce a spreading sequence; and
a multiplier for multiplying said carrier modulated

signal with said spreading sequence to produce a composite
signal. -

25 11. A linear amplifier controller for reducing distortion
according to claim 10, wherein said spreading sequence
generator and.said pseudo noise sequence generator are of a
maximum length type. o

12. A linear amplifier controller for reducing distortion

30 according to claim 10, wherein said modulator is a MSK
modulator.
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a.fourth anplitude and phase control neans coupled to said second out put
port of said ninth sanpling neans for adjusting the anplitude and phase of
said fourth conbi ned signal; " athird anplifying neans coupled to said
fourt hanpti+tude-and.control neans for anplifying said adjusted fourth

conbi neq signal received fromsaid fourth anplitude and phase control
means; "E‘, ﬁﬂ“ﬂ“ﬂﬂfﬂﬂl ning neans for conbining said delayed third
conbi ned’y ’ fromsaid sixth delsay el ement and said anplified

signal fromsaid " hifr d*anmplifying nmeans to produce a sixth conbined signal;
a tenth sanpling nmeans including an input port for receiving said sixth
conbi ned signal fromsaid sixth conpining neans and first and second out put
ports; a sédond & SiReAFn R LRle T AANEPLAsTsEPY TefBRing Hiskontden of
sai d tenth sanplacopmiEakys tfoorcladmappi nghebeinusaid sodulkdtdr dm sm OQPSKL h
sanpl i ng means widduiaagcond spreadi ng sequence which has been del ayed by a
sevent h del ay neans; a eighth delay neans for receiving said control
signal; and a fourth I oop control means for correlating said del ayed

" 14. A linear amplifier controller for reducing distortion

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

duces a delay which is equal to the delay introduced by the
first amplifying means. '

1s. A linear amplifier controller for reducing distortion
according to claim 9, wherein said second, third and fourth

« 10 deldy means introduce a delay which is equal to the delay
introduced by the second amplifying means.

16. A 1linear amplifier controller for reducing distortion

according to claim 9, wherein said first combining means is

located between the first amplitude and phase control means
' 15 and the first amplifying means.

17. A linear amplifier controller for reducing distortion
according to claim 9, wherein said first combining means is
located between said first sampling means and said first
amplitude and phase control means.

20 18. A linear amplifier controller for r;ducing distortion
according .to claim 16, wherein the delay introduced by the
second, third and fourth delay means is equal to the delay
introduced by the first and second amplifying means.

19. A linear amplifier controller for reducing distortion
25 according to claim 17, wherein the delay introduced by said

second, third and fourth delay means is equal to the delay

introduced by the first and second amplifying means.

20. A linear amplifier contro]{ier for reducing distortion
according to claim 9, further cox_npris‘ing: :

. This Sheet Has.Been Repla
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i nput signal received fromsaid eighth delay neans with said remapped
signall fromsaid second remappi ng neans to control said fourth anplitude
and phase control neans. 17: A linear anplifier controller _f_(_)_r
reduci ng distortion according to claim 16, wherein said second Si gnal

generating means conpri ses: a pseudo noi se sequenc |s
driven by a first clock to produce a first2gignal; mnmm,
nodul ates a carrier signal with said

a sixth sampling means coupled between the output of said
third sampling means and the input of said second combining
means including an input port for re’oeiving said delayed input
signal and first and second output ports.

] a £ifth delay means coupled to ‘'said second output port of
said sixth sax_npling means to furth___er delay the delayed input
signal; "

a seventh sampling means including an input port for
receiving s}-.tj.d delayed signal tro’nlrlsaid fifth-delay means and

lo first and second output ports;

a third amplitude and phase control means coupled to said
£irst output of said seventh sampling means for controlling
the amplitude and phase of said uelayed input signal;

a fourth combining means for ‘combining the amplified

15 signal from said third amplitude and phase control means and
said third combined 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 means including an input port for
receiving said fourth combined slfgnal from the first output
port of said eighth sampling mea'n_"s, wherein the first output
port is connected to said remapping means; and

25 a third loop control means -;f.‘or correlating said delayed
input signal from said second output port of said seventh
sampling means and said fourth ‘combined signal from said
second output port of said eighth sampling means to control
said third amplitude and phase oo_n_tr:ol means.

30 21. A linear amplifier oontroller ‘for reducing distortion

according to claim 20, the delay introduced by the second,

third, fourth and fifth delay: means is equal to the delay
introduced by the second amplif_yiug means.
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i rst Si inal to roduce a carrier nodul ated signal; a second spreadi ng

seque::lml Hillﬂrl“"&ﬂl'lmh is driven by a second cl ock to produce a spreadi ng
seque Itiplier for nultiplying said carrier nodul ated
si gnal Wi t°h Sai § spreadl ng sequence to produce a conposite signal.

18. A linear amplifier controller for reducing distortion according
to claim17, wherein said spreading sequence generator and -said pseudo

noi se sequence generator are of a maxi mumebength type. 19. A
linear anplifier controller for reducing distortion according to claim
17, wherein said nodul ator is a MSK nodul at or. 20. A linear

DL o om0 Lk far WERMTEME AN EBEOLERAP LI,
according to claim 20, further comprising:

a second spread spectrum signal generating means for
frequency spreading said control _s_’ignal:

5 a fifth combining means coupled between said second
amplitude and phase control means and said second amplifying

- means for combining said fre‘quency spreaded control signal
with said second combined signal from said second amplitude
and phase control means and supplying a £ifth combined signal

10 to said second amplifying means;

a sixth delay means coupled to said first output port of
‘said fifth sampling means for delaying said third combined
signal.

a fourth amplitude and phase control means coupled to

15 said second output port of said ninth sampling means for
adjusting the amplitude and phase of said fourth combined
signal;

‘a third amplifying means coupled to said fourth amplitude
and control means for amplifying said adjusted fourth combined

20 sign‘al received from said fourth amplitude and phase control -
means;

’ a sixth combining means for combining said delayed third
combined signal received from said sixth delay element and
said amplified signal from said third: amglifying means to

25 produce a sixth combined signal;

a tenth sampling wmeans inc_il;uding an input port for
receiving said sixth combined signai from said sixth combining
means and first and second output :;po:ts:

a second remapping means coupled to said second output

30 port of said tenth sampling means for remapping the output
signal from said tenth sampling means with a second spreading
sequence which has lae‘_en delayed by a seventh delay means;

a eighth delay means for receiving said control signal:;
and " S '

35 a fourth loop control means for correlating said delayed
input signal received from said eighth delay means with said

rv———
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21. A nmethod for control i ng a feed forward conpensated pd\/\éf arrpl ifier

system conprising the steps of:

generating a spread
conposite signal . fromcontrol signals using spread spectr

by llll

i njecting the frequency spread spectrum conposite signals intd the feed *

forward anplifier systemwhere the distortion originates;

r emappl ng

the spread spectrum conposite signal at the output of the anplifier system’

correlating the remapped signal with said céftrol signals;

controlling

the cancellation of the frequency spread control signals and the distortion
~intreoduced by the anplifier at the output of the feed forward anplifier

system 2 remafp gl tBQensprffwtsaehlsé&zﬂ Eeﬁdp{,ﬂaw&xeo%%q

pover a1 er Sy F hoAgeR’d Lo hal Bt SRS e
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23. A linear amplifier control-fl.er for reducing distortion
according to claim 22, wherein said second signal generator
comprises: ' '

a pseudo noise sequence generator which is driven by a
first clock to produce a first signal;

a modulator which modulates a carrier signal with said
first signal to produce a carrier modulated signal;

a second spreading sequence generator which is driven by
a second clock to produce a spreading sequence; and

a multiplier for multiplying said carrier modulated
signal with said spreading sequence to produce a composite
signal.

24. A linear amplifier controller for reducing distortion

according to claim 23, wherein said spreading sequence

generator and said pseudo noise sequence generator are of a
maximum length type. '

25. A linear amplifier controller for reducing distortion
according to claim 23, wherein said modulator is a MSK
modulator.

26. A linear amplifier controller for reducing distortion

according to claim 23, wherein said modulator is an OQPSK
modulator.

27. A linear ampl’ifier controller for reducing distortion
according to claim 22, wherein said £ifth combining means is
located between said output of __:said third combining means and

the input of said fifth sampling means.

28. A linear amplifier contr:__é_lfler for reducing distortion
according to claim 22, wherein said fifth combining means is




*C L MS AL

30 step of

injecting furt her corrprl ses injecting said frequency spread control

signal s m,m”"m syst em at any poi nt al ong a path from where
the dist ﬂﬂﬂﬂum 23. A nethod for controlling a feed

forward corrpe‘nsét e s = power anplifier systemaccording to claim 21,
step of generating the spread spectrum conposite signal

wherein in aid

a frequency
met hod for contr
system accor di ng

10

15

20

25

of said control signals isgarbitrary. 24,
olling a feed forward conpensat ed power anplifier
to claim 23, further conprising the step of:

located between the output of said_Second amplifying means and
the input of said third combining means.

29. A linear amplifier controller for reducing distortion
according to ci;aim 22, wherein said fifth combining means is
located between the output of said:fourth sampling means and
the input of said second amplitudé'and phase control means.

30. A linear amplifier controller for reducing distortion
according to claim 22, wherein said fifth combining means .is
located between the output of said second combining means and
the input of said fourth sampling means.

31. Amethod for controlling a feed forward compensated power
amplifier system, comprising the steps of:

generat:.ng a spread spectrum composite signal from
control signals using spread spectrum techniques;

injecting the frequency spread spectrum composite
signals into the feed forward amplifier system where the
distortion originates:

remapping the spread spectrum composite signal at the
output of the amplifier system;

correlating the remapped s:Lgnal w;th sa:.d control
signals; :
controlling the cancellation of the frequency spread

A

control signals and the distortion introduced by the amplifier -

at the output of the feed forward amplifier system.

32. A method for controllinga feed forward compensated power
amplifier system according to claim 31, wherein said frequency
spread control signals are injected into the amplifier system

at any point along a path from ﬁhere the distortion origina-
tes.

T e
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cal cul ati ng best frequency of the control signals |rr—
recei ved information concerning transm ssion

--~m~»systen1us4ng

A method for controlling a feed forward conpensat ed “!"mmlﬂ"&mulmer .
system according to claim 21, further conpri si ng

cal cul ati ng best frequency of the control signals i'n the
recei ved i nfrormati on on where to minimze the di sto
26. A nmethod for controlling a feed forwar@gconpensat ed
anplifier systemaccording to claim 21, further
step of: I nt erchangi ng a power of the control
time after remappi ng and t he spread sglitrunlto I ncr ease

systen1u5|ng
rti-en:
power
conprising the
signals integration
t he ~ _systens

flexibility rega$¥i ngd Bethed foriganptro

ng a feed foyward cepReRsaked pover

controlling a fessplifier dystapacsatrding to claim 31, wherein the frequency

I‘hls Sheet Has B
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of said control signals is arbitrary.

34. Amethod for controlling a feed forward compensated power
amplifier system according to claim 33, wherein received
information on where to 'minimize_the‘ distortion is used to

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

35. A method for controlling a feed forward conipensated power’
amplifier system according to clain 33, wherein received
iﬁfor;gation concerning transmission channels is used to

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

36. A method for controllinga feed forward compensated power
amplifier system according to claim 31, wherein the power of
the control signals integration time after remapping and the
spreaded bandwidth are interchangeable to increase the
systens flexibility regarding settling time.

37. -Amethod for controlling a feed forward cémpensa-tj.ed'power
amplifier system according to claim 31, wherein matched filter
correlators are used to keep track of the phase and amplitude
of said amplitude and phase control means.

38. A method for controlling a feed forward compensated power
anplifier system according to ciaim 31, wherein the control
signals can be arbitrarily modulated to increase the tolerance

against interfering signals present at the frequenc:.es of the
control signals. -

39. A method for controlling a feed forward compensated power
amplifier system according to claim 31, wherein the spreading

30 SEP 199¢ ; g
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pO\/\@_r_.___pa_r_er_J_t_j_.er.__.s.y.si..e.n} according to claim2l, further conprising the
step -of: arbltrarl |y nodul ating the control signals to increase

E)Pet Hﬂlﬂlﬁmﬂ“ﬂ“ | nterfering signals present at the frequenci es

1 31 28. A
met hod* f dr ¢ont'ro I|ng a feed forward conpensat ed power arrpl I fier system

according to claim21, wherein in said step of generating & spread spectrum

conposi te signal governing the spread specig um by the anount of processing
gain needed in the renmappi ng process.

bandwidth is governed by the amount of processing gain needed
in the remapping process.

40. A method for reducing distortion in a feed forward
amplifier system, comprising the steps of:

modulating input signals of the feed forward amplifier
system with control signals;

. sampling an output signal of said feed forward amplifier

system;

demodulating sai.d sampled signal with delayed input
signals:

correlating said demodulated signal with modulating
signals to produce an ad:;mstment signal;

controlling amplitude and phase of an error signal with
said adjustment signal:; and

combining said error signal with said output signal.

41. A method for reducing distortion in a feed forward
amplifier system according to claim 40, wherein said input
signals act as carriers for said control signals.

42. A method for reducing distortion in a feed forward
amplifier system according to claim 40, wherein said control
signals simulate distortion..

43. A control apparatus for reducing distortion in a feed
forward amplifier systen, ‘comprising:

means for modulating input signals of the feed forward
amplifier system with a control signal;

sampling means for sampling an output signal of said feed
forward amplifier system;

demcdulating means for demodulating said sampled signal
with delayed input signals: ' :

correlating means for 'cozfrelatj.ng salid demodulated

signal with modulating signals to produce an adjustment
signal; .

This Sheet Has Been Rep REPLACEMENT SHEET

lIIIIIIHIIIIHHIIIIIII! 30 seP 995




29. A linear anplifier controller for reducing distortion ina feed
forward anplifier system conprising: a first sanplji i |.ng
an input port for receiving an input signal and first arl(l"glﬂmmm“um I

ports; a first anplitude and phase control neans coupl €d to 8ai¥ f4rst
out put port of said first sanpling means for controlling the:amplitude and
phase of said i.nput signal; a spread s,tbectrum si gnal generating neans
for frequency spreading a control signal; a first conbining nmeans for
conbi ning an output signal fromsaid first anplitude and phase control

means and said frequency spreaded control signal fromsaid signal

generating nmeans to prathmd means storr cahtrelligigyamplitude aadfplizde of an

anpl i fyi ng meansegpew!signad GoEN Jdic hagestidlitdigRAS an@r anpl i fying said
first conbined signal; a secong sa%p _ng?rreana i_ncl udi ng _an, input port
for receiving.said arfTyERgReaRs ERFORRANENY fALd STFOF S ign ﬁéﬂ-@b@%ﬁﬁj

out put- ports; output jsigmadel ay neans coupled to said first sanpling means
for delaying said input signal; a third sanpling nmeans including a
first input port4£9 " A method for reducing distortion in a feed forward -
amplifier system according to claim 43, wherein said input

signals act as carriers for said control signals.

45. A method for reducing distortion in a feed forward
amplifier system according to claim 43, wherein said control
signals simulate distortion. :
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receiving said first delayed input signal fromsaid delay neans and first
and second out put ports; a second conbi ni ng neans for conbining said
del ayed input signal fromsaid first output port of said third sanpling
means and said first conbined signal fro ﬁald second sanpling nmeans to
produce a second conbi ned signal; urth sanpling neans including an
I nput port for receiving said second conblned signal from said second
conmbi ni ng neans and first and second output ports; a first |oop
controller which correl ates said ti neABSTRACTI32 del ayed input signal from
. said second output port of said third sanpling neans and said second

conbi ned signal from said

LINEAR AMPLIFIER CONTROL

A method and apparatus for controlling a feed-forward compensated power
amplifier system is disclosed which uses a spread spectrum technique to cover a
control signal or signals and injects a composite signal at a suitable point into the
feed-forward amplifier system to reduce distortion. The amount of bandwidth
spread is governed by the amount of processing gain needed in the remapping
process and the needed time to response of the system. Control signals after
remapping of the spread spectrum at the output of the system are correlated in a
match filter correlator and the result is used to control, in either polar or cartesian
coordinates, the injection, in anti-phase, of the extracted distortion into the feed-
forward amplifier output.
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second out put port of said fourth sanpling means to control the first

anplltude and phase control neans; a second anplitude and phase control
means coupl ed to'said first output port .of sai'd fourth sanpling means for
controlling the anplitude and phase of said second conbi ned signal; a

second anplifying neans coupled to %A@ second anplitude and phase
control neans for anplifying said second conbi ned signal received fromsaid

second anplitude and phase contr ans; a second del ay means coupl ed
to said second output port of sa second sanpling means for delaying said
first conbined signal; a thi @ rbi ni ng neans for conbining said first
.conbi ned si gnal recelved from saN |second del ay neans and said anplified
signal from said second anplifgsi n ans to produce a third conbined

si gnal ; a fifth sanpling e ludi ng_an input port for receiving
said third conbined signal and fi and second out put ports; a

remappi ng means coupled to said fimst output port of said fiffh sanpling
means for remappi ng the output sigral fronRe—
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said fifth sanpling nmeans with a spreadi ng sequence whi ch has been del ayed
by a third del ay neans; a fourth delay means for receiving said control
signal; and - “-a--second | oop control neans for correlating sai'd-del ayed
control signal received-fromsaid fourth delay neans with said renmapped

signal from said remapping neans to copy/i®l the second anplitude and phase

control neans. 30. A linear anplifier controller for reducing
di stortion according to claim?29, mhereigasaid si gnal generating neans
conpri ses: a pseudo noi se sequence ¢ which is driven by a
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33 first clock to produce a first signal; a nodul ator which
nodul ates a carrier signal with said first signal to produce a carrier.

nodul at ed signal ;- a spreadi ng sequence generator which is driven by a
second clock to produce a spreadi ng sequence; and a multiplier for

nul tiplying said carrier modul ated si gB4I8 wi th said spreadi ng sequence to
produce a conposite signal. 31. Alinear anplifier controller for
reduci ng distortion according to claim29, wherein said spreadi ng sequence
generator and sai d pseudo. noi se sequence generai of a maxi mum | ength
type. 32. A linear anplifier controller fo reduci ng
distortion according to claim2,, wherein said nodul at Is a MSK

modul at or . DM - =
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33. A linear anplifier <controller for reducing distortion according
to claim?29, wherein said nodulator is an OQPSK nodul at or. 34. . A
linear anplifier controller for reducing distortion according to claim
29, wherein the delay introduced by the second, third and fourth del ay
means is equal to the delay introduced by the first and second..anplifying
nmeans.. 35. A linear anplifier controller for reducing
distortion in a feed forward anplifier system conprising: a first
sanpl i ng means including an input port bdr receiving an input signal and
first and second out put ports; a spread spectrum signal generating
nmeans for frequency spreading a control signal; a first conbining
means for conbining a signal fromsaid first sanpling neans and said
frequency spreaded contr ol signiB\ngglsaid sﬁbna§<generating nmeans to
S,

produce a first
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conbi ned si gnal ; 34 a first

“anpl i tude and phase control neans coupled to said first conbining neans for

controlling the anplitude and phase of said first conbined signal; a

first anplifying neans coupled to said first anplitude and phase control

means for anpljfyi.ng said conbined signal received fromsaid first

anpl i tude and phase control neans; a second sanpling neans including

an input port for receiving said anplgydgd conbi ned signal and first and
y

second out put -ports; a first del means coupled to said first
sanpl i ng neans
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for delaying said input signal; a third sanpling neans including a
“first input port for receiving said first del.ayed i nput signal fromsaid
del ay means and first and second output ports; a second combi ni ng

means for conbi ning said delayed input signal fromsaid first output port
of said third sanpling neans and said first conbined signal

fromsaid
second sanpling neans to produce a sgﬂpgﬂ conbi ned si gnal ; a fourth
sanpl i ng means including an input po recei ving said second conbi ned
signal from said second conbi ni ng neans anessitrst—amd—Second out put ports;
a first loop controller which correlates said tine de

;; i put signaL
conbi ned si gna

to control the first anplitude and phase contro
anpl i tude and phase confr

I means coupléa-%e—sah¢;u' of said
fourth sanpling neans fiﬁ controlling the anplitude and d ’
second conbi ned signal; a second anplifying nmeans jcoup pi d
second anplitude and phﬁs control neans for anpllfvlno l.econd
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conbi ned signal received fromsaid second anplitude and phase contro

nmeans; a second del ay neans coupled to said second output port of said
second sanpling neans for delaying said first conbined signal;

35 a third conbi ning neans for conbining said first conbined signal
recei ved from3aid second del ay nmeans and said anplified signal fromsaid
second anplifying neans to produce a third conbi ned signal; a fifth

sanpl i ng neans including an input port7Zfd@ receiving said third conbined

signal and first and secondh\
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out put ports; a remappi ng neans coupled to said first output port of
said fifth sanpling neans for remapping the output signal fromsaid fifth
sanpling nmeans with a spreadi ng sequence whi ch has been delayed by a third
del ay neans; a fourth delay nmeans for receiving said control signal;
. and a second | oop control neans for correlating.said del ayed control

signal recei-ved fromsaid fourth delay neans with said remapped signal from
sai d remappi hg nmeans to control Qp second anplitude and phase contr ol
means.. 36. A linear a Iipier controller for reducing

di stortion according to claim35, wherein said signal generating neans
conpri ses: a pseudo noi se sequence generator which is driven by a

first clock to pr ce a first signal; a nodul at or whi ch nodul ates a
carrier signal wi Blesai d first signal to produce a carrier nodul ated

si gnal ; . a spEE | Nng sequence generator which is driven by a second
cl ock to produce éb;preading sequence; and ‘
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1. A linear ampl:.f:.er controller for mreduc:.ng.
distortion in a feed forward amplifier system, comprising:

a spread spectrum signal generating means for frequency
spreading a control signal;

' a first combining means fof: combining an input signal and
said frequency spreaded control signal;

a first sampling means including an input port for
receiving said combined signals from said first combining
means and first and second output ports:; '

an amplifying means coupled to said first output port of
said first sampling means for amplifying said combined signal
received from said first sampling means;

a first delay element coupled to said second output port
of said first signal sampling means for delaying said combined
signal received from said first signal sampling means to
produce a delayed combined signal;

firgst amplitude and phase control means coupled to said
first deiay means for controlling the relative amplitude and
phase of said delayed combined signal;

a second combining means for combining said amplified
signal from said amplifying means and an adjusted signal from
said amplitude and phase control means to produce an output
signal; |

a second gampling means including a first input port for
receiving said output signal and first and second output
ports;

a remapping means coupled to said first output port of
said second sampling means for remapping the output signal
from said second sampling means with a spread sequence which
has been delayed by a second delay means;

a third delay means for receiving said control signals;
and

a matched filter correlator means for correlating said
delayed output signal received from said third delay means and
said remapped signal received from said remapping means for

* T C L n S *
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distortion according to claim 35, mhereig t he del ay
second, third and fourth delay nmeans is “€q

ual to thge del ay 1 ntroduced by

the first and second anplifyi ng neans. llnpar anpl ifigr
controller %gggl Jyt i f r ystem
conpri si ngc nq{rollf é}%"a%b 1 ng d#hh d’rj‘lecl ﬁ%@l np ‘+ee% ng>
receiving an input signal and first and second out put ports a first
anpl i tude and phase gpnt §@heHRANSAmOLIDE f&tocaawo&u@i»t OfibP UL rahicilg Sal d

phase of said I nput

first sanplln ns for co trol the anpl i tyde ap
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‘comprisesg:

a pseudo noise sequence generator which is driven by a
first clock to produce a first sigmal; |

a modulator which modulates a carrier signal with said
first signal to produce a carrier modulatéd signal;

a spreading sequence generator which is driven by a
second clock to produce a spreading sequence; and

a multiplier for multiplying said carrier modulated
signal with said spreading sequence to produce a composite
signal.

3. A linear amplifier controller for reducing
distortion according to c¢laim 2, wherein said spreading
sequence generator and said pseudo noise sequence generator

are of a maximum length type.

4., A linear amplifier controller for reducing
distortion a.ccording' to claim 2, wherein said modulator is a
MSK modulator.

5. A linear amplifier controller for reducing
distortion according to claim 2, wherein said modulator is an
OQPSK modulator.

6. A linear amplifier controller for reducing
distortion according to claim 1, wherein the delay introduced
by the first, second and third delay means is equal to the
delay introduced by the amplifying means.

7. A linear amplifier controller for reducing
distortion in a feed forward amplifier system, comprising:

a first sampling means including an input port for
receiving an input signal and first and second output ports;
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first anplitud

generating meaps|for frequencyjspreading a control sfgral * _s a first
conbi ni ng nmean aj d anpl i%bed signal fromsaid anplifying
means and sai djfrequency spreadefd controf~signal fromsaid signal generator

to produce a first conblned’5|gnal a second sanpling nmeans including

first ond,
out Lﬂf orts. o fff?‘?!“*%"% S S e L HHEro L MedAd PorBledb ER R M ans
for del ayi n§i§ﬁFd°‘FF®‘aF PR Qf said firsysarpling 'm&g.n#eﬁn: ¢omtrol hing

first input tRer mpoK tuAECRKANGNEBEIoE! Baladehpuedsigai,Si gnal from said

ds out put ports
del ay means and fl:Eg}:'sgnamp (8 yfng means Fgzmup.'!.ed to said first amplitude

and phase control means for amplifying said input signal

received from said first amplitude and phase control means;

a spread spectrum signal generating means for frequency
spreading a control signal;

a first combining means for combining said amplified
signal from said amplifying means and said frequency spreaded
control signal from said signal generator to produce a first
combined signal;

a second sampling means including an input port for
receiving said combined signal and first and second output
ports;

a first delay means coupled to said first sampling means
for delaying said input signal;

a third sampling means including a first input port for
receiving said first delayed input signal from said delay
means and first and second output ports;

a second combining means for combining said delayed input
signal from said first output port of said third sampling
means and said first combined signal from said second sampling
means to produce a second combined signal;

a fourth sampling means including an input port for
receiving said second combined signal from said second
combining means and first and second output ports;

a first loop controller which correlates said time
delayed input signal from said second output port of said
third sampling means and said second combined signal from said .
second output port of said fourth sampling means to control
the first amplitude and phase control means;

a second amplitude and phase control means coupled to
said first output port of said fourth sampling means for
controlling the amplitude and phase of said second combined
signal;

a second amplifying means coupled to said second
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a s-econﬂl mnﬁumﬂm for. conbining said del ayed j nput signar~—frgmisai d
first o mmm d third sanpling neans and sjaid ngrﬁgﬁbcpﬁgl neg
signal ffonisdid"sedond sanpling neans to produce a [sgcond ¢ fed [sijgnal ;
a fourth sanpling neans including an inpyi port for \ be¢ond
conbi ned signal from said second conbining means and first and slec_ond
out put ports; a first loop controller which correlates sard—tt+nr
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means and sai d, secqnd, conbpi ned sigpnal from sai por Sai d
fourth sanpFPRE-ABENRIFRALFrFRAVEd Fqam saidigerondeanndipudecandphase
nmeans; centeobnseanpki t ude and phase control neans coup: ed tohsal d
first output porg Ld.fourth sanplin s for.controlling the

anpl i t ude and ph%s%gggﬂga‘liaf@éc%ﬁﬂn%o?r%‘i’ﬁb%gs QYrfigid second on port
anmpl i fyi ng efarid ®gdond sempiingsweand for delaying said first combined

signal;

-

a third c.ombining means for combining said first combined
signal received from said second delay means and said
amplified signal from said second amplifying means to produce
a third combined signal;

a fifth sampling means including an input port for
receiving said third combined signal and first and second
output ports;

a remapping means coupled to said first output port of
said fifth sampling means for remapping the output signal from
said fifth sampling means with a spreading sequence which has
been delayed by a third delay means;

a fourth delay means for receiving said control signal;
and

a second loop control means for correlating said delayed
control signal received from said fourth delay means with said
remapped signal from said remapping means to control the
second amplitude and phase control means.

8. A linear amplifier controller for reducing
distortion according to claim 7, wherein said signal generator
comprises:

a pseudo noise sequence generator which is driven by a
first clock to produce a first sigmnal;

a modulator which modulates a carrier signal with said
first signal to produce a carrier modulated signal;

a spreading sequence generator which is driven by a
second clock to produce a spreading sequence; and

.a multiplier for multiplying said carrier modulated
signal with said spreading sequence to produce a composite
signal.
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distortion according to claim 8, wherein said modulator is a
MSK modulator.

11. A linear amplifier controller for reducing
distortion according to claim 8, wherein said modulator is an
OQPSK modulator.

12. A linear amplifier controller for reducing
distortion according to claim 7, wherein said first delay
means introduces a delay which is equal to the delay
introduced by the first amplifying means.

13. A linear amplifier controller for reducing
distortion according to claim 7, wherein said second, third
and fourth delay means introduce a delay which is equal to the
delay introduced by the second amplifying means.

14. A linear amplifier controller for reducing
distortion in a feed forward amplifier system, comprising:

a first sampling means including an input port for
receiving an input signal and first and second output ports:;

a first amplitude and phase control means coupled to said
first output port of said first sampling means for controlling
the amplitude and phase of said input signal;

a first amplifying means coupled to said first amplitude
and phase control means for amplifying said input signal
received from said first amplitude and phase control means;

a spread spectrum signal generating means for frequency
spreading a control signal;

a first combining means for combining said amplified
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means couplhbihédigignal;

a second sampling means inclt_:.d-ing an input port for

|y

receiving said combined signal and first and second output
ports; '

a first delay means coupled to said first sampling means
for delaying said input signal;

a third sémpling means including a first input port for
receiving said first delayed input signal from said delay
means and first and second output ports;

a second combining means for combining said delayed input
signal from said first output port- of said third sampling
means and said first combined signal from said second sampling
means to produce a second combined signal;

a fourth sampling means including an input port for
receiving said second combined signal from gsaid second
combining means and first and second output ports;

a first loop controller which correlates said time
delayed input signal from said second output port of said
third sampling means and said second combined signal from said
second output port of said fourth sampling means to control
the first amplitude and phase control means;

a second amplitude and phase control means coupled to
said first output port of said fourth sampling means for
controlling the amplitude and phase of said second combined
signal;

a second amplifying means coupled to said second
amplitude and phase control means for amplifying said second
combined signal received from said second amplitude and phase
control meéms;

a second delay means coupled to said second output port
of said second sampling means for delaying said £irst combined
signal;

a third combining means for combining said £irst combined
signal received from said second delay means and said
amplified signal from said second amplifying means to produce

Y
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a fourth delay means for receiving said control signal;

a second loop control means for correlating said delayed
control signal received from said fourth delay means with
said remapped signal from said remapping means to control the
second amplitude and phase control means;

a sixth sampling means coupled between the output of said
third sampling means and the input of said second combining
means including an input port for receiving said delayed input
signal and first and second output ports;

a fifth delay means coupled to said second output port
of said sixth sampling means to further delay the delayed
input signal;

a seventh sampling means including an input port for
receiving said delayed signal from said fifth delay means and
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 signal from
said third amplitude and phase control means and said third
combined signal from the first 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
combining means and first and second output ports;

a ninth sampling means including an input port for

" receiving said fourth combined signal from the first output

port of said eighth sampling means and first and second output
ports, wherein the first output port is connected to said
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said fifth cpnbi ned signal a fourth anplitude and phase control neans

coupled to aQit.p port of said ninth sanpling nmeans for
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adj usting aid phase of said fourth conbi ned signa
third loop control means for correlating said delayed

input signal from said second output port of said seventh
sampling means and said fou—:ét:h combined sgignal from said
second output port of said eighth sampling means to control
said third amplitude and phase control means.

15. A lipear amplifier controller for reducing
distortion according to claim 14, the delay introduced by the
second, third, fourth and fifth delay means is equal to the
delay introduced by the second amplifying means.

16. A linear amplifier controller for reducing
distortion in a feed forward amplifier system, comprising:

a first sampling means including an input port for
receiving an input signal and first and second output ports;

a first amplitude and phase control means coupled to said
first output port of said first sampling means for controlling
the amplitude and phase of said input signal;

a first amplifying means coupled to said first amplitude
and phase control means for amplifying said input signal
received from said first amplitude and phase control means;

a spread spectrum signal generating means for frequency
spreading a control signal;

a first combining means for combining said amplified
signal from said amplifying means and said frequency spreaded
control signal from said signal generator to produce a first
combined signal;

a second sémpling means including an input port for
receiving said combined signal and first and second output
ports;

a first delay means coupled to said first sampling means
for delaying said input signal;

a third sampling means including a first input port for
receiving said first delayed input signal from said delay
means and first and second output ports;

a second combining means for combining said delayed input
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a first loop controller which correlates said time

)

delayed input signal from said second output port of said
third sampling means and said second combined signal from said
second output port of said fourth éahpling means to control
the first amplitude and phase con-t-r.i’bl means;

a second amplitude and phase control means coupled to
said first output port of said fourth sampling means for
controlling the amplitude and phasé of said second combined -
signal;

a second amplifying means coupled to said second
amplitude phase control means for amplifying said second

combined signal received from éa__id second amplitude and
phase control means;

a second delay means coupled to said second output port
of said second sampling means for delaying said first combined
signal;

a third combining means for combining said first combined
signal received from said second delay means and sgaid
amplified signal from said second amplifying means to produce
a third combined signal; -

fifth sampling means including an input port for
receiving said third combined signal and first and second
output ports;

a remapping means coupled to said first output port of
said fifth sampling means for remapping the output signal from
said fifth sampling means with a spreading sequence which has
been delayed by a third delay means;

a fourth delay means for receiving said control signal;

a second loop control means for correlating said delayed
control signal received from said fourth delay means with said
remapping signal from said remapping means to control the
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ports; a rst anplitud nd phase g?ntrol means coupled to said first
out put port of said first sanpli ng nmeans“for controlling

40 the anpli sai d input signal; a first anplifying

ampl 1 1yi ng £5eaRa-BhE11hah S bhHBG PORROT ReRRRL: arpl | tude and phase

control neans; a sixth sampling means coupled between the output of said
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third sampling means and the input of said second combining
means including an input port for receiving said delayed input
signal said first and second output:' ports;

a fifth delay means coupled to said second output port
of said sixth sampling means to further delay the delayed
input signal;

a seventh sampling means including an input port for
receiving said delayed signal from said fifth delay means and
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 signal from
said third amplitude and phase control means and said third
combined signal from the £first 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
combining means and first and second output ports;

a ninth sampling means including an input port for
receiving said fourth combined signal from the first output
port of said eighth sampling means and first and second output
ports, wherein the £first output port is connected to said
remapping means;

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 port of said eighth sampling means to control
said third amplitude and phase control means;

a second spread spectrum signal generating means for
frequency spreading said control signal;

a fifth combining means coupled between said second
amplitude and phase control means and said second amplifying
means for combining said frequency spreaded control signal
with said second combined signal from said second amplitude




gnal generating nmeans for frequengy apleaUI Ty gon
SI ﬂ“ﬂ I(! ’mj‘ ‘conbi ni ng means for conbining sad QdTe%aﬁ gnd
Lanp ,o

from sai

| REPLACEMENT SHEET

yi*ng means and sai d frequency spr eadefd f

said signal generatof to produce a firstgqeconmbi ned sigha a.secdnd
sanpling means including an input port Tor receiving bai d conblned S|gn

and first

first sanphhagpﬁaaascaﬁersﬁlﬁaam &l Guigp oy Qnih.fg.h comﬁlhgar Ei%ﬂﬁﬁ' t
| npu

means i ncl

first jin ort for receiving said first del aye
si gnal frokﬁ]‘P g&%déle&?nﬁe&ﬁ?&&%éflf‘gr??a&ﬁd second out put ports;

and second out put ports; a first del ay-rearrs—cotptet—t-o

trol
I
rom

al
sai d
i ng

fsecond conbi ni ng sRRBR aglajﬁaﬁbéaﬂs rkgTLWéHdﬁ:l asaﬁmdlfﬂwh: s'ugp&lt ﬁbﬁm éﬁl d
i st outpyt, por sai i rd_sanpl i.ng neans..and sai
signal frof §‘§ &tﬁ@om %ngngogoﬁ'éigg&gg fas"égoﬂb{’ﬁ% § gnal ;

a fourth sadghadg neans i ncl ud| ng an input port for receiving sal d second

cutput port e, ® Al GuafAtiad Wi TN REAFN, dstle WSSEET o

said second output port of said ninth sampling means for
adjusting the amplitude and phase of said fourth combined
signal; |

a third amplifying means coupled to said fourth amplitude
and control means for amplifying said adjusted fourth combined
signal received from said fourth amplitude and phase control
means;

a sixth combining means for combining said delayed third
combined signal received from said sixth delay element and
said amplified signal from said third amplifying means to
produce a sixth combined signmal;

a tenth sampling means including an input port for
receiving said sixth combined signal from said sixth combining
means and first and second output ports;.

a second remapping means coupled to said second output
port of said tenth sampling means for remapping the output
signal from said tenth sampling means with a second spreading
sequence which has been delayed by a seventh delay means;

a eighth delay means for receiving said control signal:;
and

a fourth loop control means for correlating said delayed
input signal received from said eighth delay means with said
remapped signal from said second remapping means to control
said fourth amplitude and phase control means.

17. A 1linear amplifier controller for reducing
distortion according to claim 16, wherein said second signal
generating means comprises:

a pseudo noise sequence generator which is driven by a
first clock to produce a first signal;

a modulator which modulates a carrier signal with said
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means; a second anplii fude and phaseg control neans coupled to said
first outjput—port of said ffourth sanpli ﬁa means for control ling the
anpl i tudd_and phase of..sai-d second conbi ned signal; second

anpl i fying S 53394 led .to.said secand anpl it and ase control
means for gr’fﬁ%%f y| gag'al%(? PEESHNT T ShiSiATed S ’1‘%83 fm sai d second
-anpl i tude and plhasecond spreading seddence generator which is driven by
a second clock to produce a spre_:adinj_g sequence; and
a multiplier for multiplying said carrier modulated
signal with said spreading sequence to produce a composite
gignal.

18. A linear amplifier controller for reducing
distortion according to claim 17, wherein said spreading
sequence generator and said pseudo noise sequence generator
are of a maximum length type.

19, A linear amplifier controller for reducing
distortion according to claim 17, wherein said modulator is
a MSK modulator. '

20. A linear amplifier controller £for reducing
distortion according to claim 17, wherein said modulator is
an OQPSK modulator.

21. 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;

injecting the frequency spread spectrum composite signals
into the feed forward amplifier system where the distortion
originates;

remapping the spread spectrum composite signal at the
output of the amplifier system;

correlating the remapped signal with said control
signals;

controlling the cancellation of the frequency spread
control signals and the distortion introduced by the amplifier
at the output of the feed forward amplifier system.

22. A method for cogtrolling a feed forward compensated
power amplifier system according to claim 21, wherein said
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step of generating the spread spectrum composite signal a
frequency of said control signals is arbitrary.

24. A method for controlling a feed fofward compensated
poﬁer amplifier system according to claim 23, further
comprising the step of: ,

calculating best frequency of the control signals in the
system using received information concerning transmission
channels.

25. A method for controlling a feed forward compensated
power amplifier system according to c¢laim 21, £further
comprising the step of:

calculating best frequency of the control signals.in the
system using received information on where to minimize the
distortion.

26. A method for controlling a feed forward compensated
power amplifier system according to claim 21, further
compriging the step of:

interchanging a power of the control signals integration
time after remapping and the spread spectrum to increase the
systems flexibility regarding settling time.

27. A method for controlling a feed forward compensated
power amplifier system according to claim 21, further
comprising the step of:

arbitrarily modulating the control signals to increase
the tolerance against interfering signals present at the
frequencies of the control signals.
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29, A linear amplifier controller for reducing
distortion in a feed forward amplifief system, comprising:

a first sampling means including an input port €£or
receiving an input signal and first and second output ports;

a first aﬁtplii:ude and phase control means coupled to said
first output port of said first sampling means for controlling
the amplitude and phase of said input signai; '

a spread spectrum signal generating means for frequency
spreading a control signal;

a first combining means for combining an output signal
from said first amplitude and phase control means and said
frequency spreaded control signal from said signal generating
.means to produce a first combined signal;

a first amplifying means coupled to said first combining
means for amplifying said first combined signal;

a second sampling means including an input port for
receiving said amplified first combined signal and first and
second output ports; |

a first delay means coupled to said first sampling means
for delaying said input signal;

a third sampling means including a first input port for
receiving said first delayed input signal from said delay
means and first and second output ports;

a second combining means for combining said delayed input
signal from said first output port of said third sampling
means and said first combined signal from said second sampling
means to produce a second combined signal;

a fourth sampling means including an input port for
receiving said second combined signal from said second
combining means and first and second output ports;

a first loop controller which correlates said time
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signal generati nmeans for n readi ng said control signal;
said fifth 13? Wfiﬁj@qﬁﬁ%q}é RIFR? of said second
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sai d frequ%r;&)é sgiggge%u%%r&ttr O;Lort of sa_tid fourth sampling means for
controlling the amplitude and phase of said second combined

signal; '

a second amplifying means coupled to said second
amplitude and phase control means for amplifying said second
combined signal received from said second amplitude and phase
control means:;

a second delay means coupled to said second output port
of said second sampling means for delaying said first combined
signal; ‘

a third combining means for combining said first combined
signal received from said second delay means and said
amplified signal from said second amplifying means to produce
a third combined signal;

a fifth sampling means including an input port for
receiving said third combined signal and first and second
output ports;

a remapping means coupled to said first output port of
said fifth sampling means for remapping the output signal from
said fifth sampling means with a spreading sequence which has
been delayed by a third delay means;

a fourth delay means for receiving said control signal;
and

a second loop control means for correlating said delayed
control signal received from said fourth delay means with said
remapped signal from said remapping means to control the
second amplitude and phase control. means.

30. A linear amplifier controller for reducing
distortion according to claim 29, wherein said signal
generating means comprises: '

a pseudo noise sequence generator which is driven by a
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i nput port Bekond clock to produce a spreading sequence; and

a multiplier for multiplying said carrier modulated
signal with said spreading sequence to produce a composite
signal. '

31. A linear amplifier controller for reducing
distortion according to claim 29, wherein said spreading
sequence generator and said pseudo noise sequence generator
are of a maximum length type.

32. A linear amplifier controller for reducing
distortion according to claim 29, wherein said modulator is
a MSK modulator.

33. A linear amplifier controller for reducing
distortion according to claim 29, wherein said modulator is
an OQPSK modulator.

34. A linear amplifier controller for reducing
distortion according to claim 29, wherein the delay introduced
by the second, third and fourth delay means is equal to the
delay introduced by the first and second amplifying means.

35. A linear amplifier controller £for reducing
distortion in a feed forward amplifier system, comprising:

a first sampling means including an input port for
receiving an input signal and first and second output ports;

a spread spectrum signal generating means for frequency
spreading a control signal; _

a first combining means for combining a signal from said
first sampling means and said frequency spreaded control
signal from said signal generating means to produce a first
combined signal;
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of gaid first :comb:med signal;

a first ai_nplifying meansg coupled to said first amplitude
and phase control means for amplifying said combined sigmal
received fromiﬁaid first amplitude and phase control means;

a second sampling means including an input port for
receiving saidﬁamplified combined signal and first and second
output ports; o

a first delay means coupled to said first sampling means
for delaying sa:l.d input signal;

a third sampling means including a first input port for
receiving said__. first delayed input s:l.gna.l from said delay

. means and first and second output ports;

a second combining means for combining said delayed input
signal from said first output port of said third sampling
means and said first combined signal from said second sampling
means to produce a second combined signal;

a fourth sampling means including an input port for
receiving said second combined signal from said .second
combining meané and first and second output ports;

a first loop controller which correlates said time
delayed input signal from said second output port of said
third sampling means and said second combined signal from said
second output port of said fourth sampling means to control
the first ampli;tude and phase control means;

a second _émplitude and phase control means coupled to
said first output port of said fourth sampling means for
controlling the amplitude and phase of said second combined
signal; |

a second amplifying means coupled to said second
amplitude and ﬁhase control means for amplifying said second
combined signal received from said second amplitude and phase
control means;

a second delay means coupled to said second output port
of said second sampling means for delaying said first combined
signal;
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a remapping means coupled to said first output port of

said f£ifth sampling means for remapping the output signal from
said fifth sampling means with a spreading sequence which has
been delayed by a third delay means;

a fourth delay means for receiving said control signal;
and

a second loop control means for correlating said delayed
control signal received from said fourth delay means with said
remapped signal from said remapping means to control the
second amplitude and phase control means.

36. A linear amplifier controller for reducing
distortion according to c¢laim 35, wherein said -signal
generating means comprises:

a pseudo noise sequence generator which is driven by a
first clock to produce a first signal;

a modulator which modulates a carrier signal with said
first signal to produce a carrier modulated signal;

a spreading sequence generator which is driven by a
second clock to produce a spreading sequence; and

a multiplier for multiplying said carrier modulated
signal with said spreading sequence to produce a composite
signal.

37. A linear amplifier controller for reducing
distortion according to claim 35, wherein said spreading
sequence generator and said pseudo noise sequence generator
are of a maximum length type.
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a MSK modulator.

39. A 1linear amplifier controller for reducing
distortion according to claim 35, wherein said modulator is
an OQPSK modulator.

40. A linear amplifier <controller for reducing
distortion according to claim 35, wherein the delay introduced
by said second, third and fourth delay means is equal to the
delay introduced by the first and second amplifying means.

41. A linear amplifier controller for reducing
distortion in a feed forward amplifier system, comprising:

a first sampling means including an input port for
receiving an input signal and first and second output ports;

a first amplitude and phase control means coupled td said
first output port of said first sampling means for controlling
the amplitude and phase of said input signal;

a first amplifying means coupled to said first amplitude
and phase control means for amplifying said input signal
received from said first amplitude and phase control means;

a spread spectrum signal generating means for frequency
spreading a control signal;

a first. combining means for combining said amplified
signal from said amplifying means and said frequency spreaded
control signal from said signal generator to produce a first
combined signal:;

a second sampling means including an input port for
receiving said combined signal and first and second output
ports;

a first delay means coupled to said first sampling means
for delaying said input signal;

a third sampling means including a first input port for
receiving said first delayed input signal from said delay
means and first and second output ports;
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from combining means and first and second output ports;

a first loop controller which correlates said time
delayed input signal from gaid second output port of said
third sampling means and said second combined signal from said
second output port of said fourth sampling means to control
the first amplitude and phase control means;

a second amplitude and phase control means coupled to
said first output port of said fourth sampling means for
controlling the amplitude and phase of said second combined
signal;

a second ampiifying means coupled to said second
amplitude and phase control means for amplifying said second
combined signal received from said second amplitude and phaée
control means;

a second delay means coupled to said second output port
of said second sampling means for delaying said £irst combined
signal;

a third combining means for combining said first combined
signal received from said second delay means and said

. amplified signal from said second amplifying means to produce
a third combined signal;

a fifth sampling means including an input port for
receiving a fifth combined signal and first and second output
ports;

a remapping means coupled to said first output port of
said fifth sampling means for remapping the output signal £rom
said fifth sampling means with a spreading sequence which has
been delayed by a third delay means;

a fourth delay means for receiving said control signal;

a second loop control means for correlating said delayed
control signal received from said fourth delay means with said
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third sampling means and the input of said second combining
meansg including an input port for rec___e:.v:l.ng said delayed input
signal and first and second output ports; '

a fifth delay means coupled to- said second output port
of said sixth sainpling means to further delay the delayed
input signal;

a seventh sampling means inc¢luding an input port for
receiving said delayed signal from said fifth delay means and
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 signal from
said third amplitude and phase control means and said fifth

~ combined signal from the first 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
combining means and first and second output ports;

a ninth sampling means including an input port for
receiving said fourth combined signal from the first output
port of said eighth sampling means and first and second output
ports, wherein the first output poﬁt is connected to said
remapping means;

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 port of said eighth sa.mpling means to control
said third amplitude and phase control means;

a second spread spectrum sig'.na.i generating means for
frequency spreading said control signal;

a fifth combining means coupled between said output of
gsaid third combining means and the input of said fifth
sampling means for combining said frequency spreaded control
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adjustizig the amplitude and phase of said fourth combined
signal;

a third amplifying means coupled to said fourth amplitude
and control meahs for amplifying said adjusted fourth combined
signal received from said fourth amplitude and phase control
means;

a sixth combining means for combining said delayed f£ifth
combined signal received from said sixth delay element and
said amplified signal from said third amplifying means to
produce a sixth combined signal;

a tenth sampling means  including an input port for
receiving said sixth combined signal from said sixth combining
means and first and second output ports;

a second remapping means coupled to said second output
port of said tenth sampling means for remapping the output
signal from said tenth sampling means with a second spreading
sequence which has been delayed by a seventh delay means;

a eighth delay means for receiving said control signal;
and

a fourth loop control means for correlating said delayed
input signal received from said eighth delay means with said
remapped signal from said second remapping means to control
said fourth amplitude and phase control means.

42. A linear amplifier controller for reducing
distortion in a feed forward amplifier system, comprising:

a first sampling means including an input port for
receiving an input signal and first and second output ports;

a first amplitude and phase control means coupled to said
first output port of said first sampling means for controllipg
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second anpl i t uda fiasthamplifpting meenascoupled to said first amplitude
and phase control means for amplifying said input signal

received from said first amplitude and phase control means;

a spread spectrum signal generating means for frequency
spreading a control signal:;

a first combining means for combining said amplified
signal from said amplifying means and said frequency spreaded
control signal from said signal generator to produce a first
combined signal;

a second sampling means including an input port for
receiving said combined signal and first and second output
ports;

a first delay means coupled to said first sampling means
for delaying said input signal; '

a third sampling means including a first input port for
receiving said first delayed input signal from said delay
means and first and second output ports;

a second combining means for combining said delayed input
gignal from said first output port of said third sampling
means and said first combined signal from said second sampling
means to produce a second combined signal;

a fourth sampling means including an input port for
receiving said second combined signal from said second
combining means and first and second output ports:;

a first loop controller which. correlates said time
delayed input signal from said second output port of said
third sampling means and said second combined signal from said
second output port of said fourth sampling means to control
the first amplitude and phase control means;

a second amplitude and phase control means coupled to
said first output port of said fourth sampling means for
controlling the amplitude and phase of said second combined
signal; '

a second amplifying means coupled to said second
amplitude and phase control means for amplifying said second
combined signal received from said second amplitude and phase
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a fifth sampling means including an input port for
receiving said third combined sighal and first and second
output ports;

a remapping means coupled to said first output port of
said fifth sampling means for remapping the output signal from
said fifth sampling means with a spreading sequence which has
been delayed by a third delay means;

a fourth delay means for receiving said control signal;

a second loop control means for correlating said delayed
control signal received from said fourth delay means with said
remapped signal from said remapping means to control the
second amplitude and phase control means;

a sixth sampling means coupled between the output of said
third 'sa.mpling means and the input of said second combining
means including an input port for receiving said delayed input
signal and first and second output ports; _

a fifth delay means coupled to said second output port
of said sixth sampling means to further delay the delayed
input signal;

a seventh sampling means including an input port €for
receiving said delayed signal from said fifth delay means and
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 signal from
said third amplitude and phase control means and said third
combined signal from the £irst output port of said £ifth
sampling means to produce a fourth combined signal;
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combining means and first and second output ports;

a ninth sampling means including an input port for
receiving said fourth combined signal from the first output
port of said eighth sampling means and first and second output
ports, wherein the first output port is connected to said
remapping means;

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 port of said eighth sampling means to control
said third amplitude and phase control means;

a second spread spectrum signal generating means for
frequency spreading said control signal;

said fifth combining means coupled between said output
of said second amplifying means and said input of said third
combining means for combining said frequency spreaded control
gignal with said amplified esecond combined signal and
supplying said fifth combined signal to said third combining
means;

| a sixth delay means coupled to said first output port of
said fifth sampling means. for delaying said third combined
signal;

a fourth amplitude and phase control means coupled to
said second output port of said ninth sampling means for
adjusting the amplitude and phase of said fourth combined
sgignal;

a third amplifying means coupled to said fourth amplitude
and control means for amplifying said adjusted fourth combined
signal received from said fourth amplitude and phase control
means;

a sixth combining means for combining said delayed third
combined signal received from said sixth delay element and
said amplified signal from said third amplifying means to
produce a sixth combined signal;

a tenth sampling means including an input port for
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sequence which has been delayed by a seventh delay means;

a eighth delay means for receiving said control signal;
and

a fourth loop control means for correlating said delayed
input signal received from said eiglth delay means with said
remapped signal from said secoiid remapping means to control
said fourth amplitude and phase control means.

43. A linear amplifier controller for reducing
distortion in a feed forward amplifier system, comprising:

a first sampling means including an input port for
receiving an input signal and first and second output ports;

a first amplitude and phase control means coupled to said
first output port of said first sampling means for controlling
the amplitude and phase of said input signal;

a first amplifying means coupled to said first amplitude
and phase control means for amplifying said input signal
received from said first amplitude and phase control means;

a spread spectrum signal generating means for frequency
spreading a control sigmal;

a first combining means for combining said amplified
signal from said amplifying means and said frequency spreaded
control signal from said signal genérator to produce a first
combined signal;

a second sampling means including an input port Ffor
receiving said combined signal and first and second output
ports;

a first delay means coupled to said first sampling means
for delaying said input signal;

a thifd sampling means including a first input port for
receiving said first de'layed input signal from said delay
means and first and second output ports;
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receiving said second combined signal from said second
combining means and first and second output ports;

a first loop controller which correlates said time
delayed input signal from said second output port of said
third sampling means and said second combined signal from said
second output port of said fourth sampling - means to control
the first amplitude and phase control means;

a second amplitude and phase control means coupled to a
fifth combining means for controlling the amplitude and phase
of a fifth combined signal;

a second amplifying means coupled to said second
amplitude and phase control means for amplifying said fifth
combined signal received from said second amplitude and phase
control means; _ |

a second delay means coupled to said second output port
of said second sampling means for delaying said first combined
signal;

a third combining means for combining said first combined
signal received from said second delay means and said
amplified signal from said second amplifying means to produce
a third combined signal; )

a fifth sampling means including an input port for
receiving said third combined signal and first and second
output ports;

a remapping means coupled to said first output port of
said fifth sampling means for remapping the output signal from
said fifth sampling means with a spreading sequence which has
been delayed by a third delay means;

a fourth delay means for receiving said control signal;

a second loop control means for correlating said delayed
control signal received from said fourth delay means with said
remapped signal from said remapping means to control the
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signal and first and second output ports;

a fifth delay means coupled to said second output port
of said sixth sampling means to further delay the delayed
input signal;

a seventh sampling means including an input port for
receiving said delayed signal from said fifth delay means and
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 signal from
said third amplitude and phase control means and said third
combined signal from the first output port of said f£ifth
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
combining means and first and second output ports; |

a ninth sampling means including an input port  for
receiving said fourth combined signal from the first output
port of said eighth sampling means and first and second outpﬁt
ports, wherein the first output port is connected to s=aid
remapping means; _

-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 port of said eighth sampling means to control
said third amplitude and phase control means;

a second spread spectrum signal generating means for
frequency spreading said control sigmal;

said fifth combining means coupled between said first
output port of said fourth sampling means and the input of
said second amplitude and phase control means for combining
said frequency spreaded contrql signal with a signal from said
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produce a fsaidhsemdn@@tmanrt of said ninth sampling means for
adjusting the amplitude and phase of said fourth combined

signal;

a third amplifying means coupled to said fourth amplitude
and control means for amplifying said adjusted fourth combined
signal received from said fourth amplitude and phase control
means;

a sixth combining means for combining said delayed third
combined signal received from said sixth delay element and
said amplified signal from said third amplifying means to
produce a sixth combined signal;

a tenth sampling means including an input port for
receiving said sixth combined signal from said sixth combining

“means and first and second output ports;

a second remapping means coupled to said second output
port of said tenth sampling means for remapping the output
signal from said tenth sampling means with a second spreading
sequence which has been delayed by a seventh delay means;

a eighth delay means for receiving said control signal;
and

a fourth loop control means for correlating said delayed
input signal received from said eighth delay means with said
remapped signal from said second remapping means to control
said fourth amplitude and phase control means.

44. A linear amplifier controller for reducing
distortion in a feed forward amplifier system, comprising:

a first sampling means including an input port for
receiving an input signal and first and second output ports;

a first amplitude and phase control means coupled to said
first output port of said first sampling means for controlling



REPtﬁ&té REFRTE I

49 . an @i uxn sarmpt1 1y ans i ncludi ng an input port for receivin

said fourth do ffom said fourth conbinj rcm!mw !"" ih

and second oyt gut nggét%@é ninth sanpling means in “m f

port for recqiVing.said fou#hjconbi ned ilgnal fromthe first output port
n

of said elghth sanpllng means and first d second out put ports, wherein
the first outptt—port—rs—Tonmected to said remappi ng neans; athird

| oop contr am{&%s] ﬂﬁﬂ: S.I gnal fromsaid
second out g.'lut port oﬂ%ﬁ%fﬁ&{nﬁ%i@% ans ?Hc? sai d fourth combined
signal from sai @ fdamtdapplidyiper meamsfawpb@grﬁm sadid [fimp tmampd itpde
control saighd hhhdsaMiddtid aReaRPaFdrC OMpPL £PPRGS said input signal

received from said first amplitude and phase control means;

a spread spectrum signal generating means for frequency
spreading a control signal;- '

"a first combining means for combining said amplified
signal from said amplifying means and said frequency spreaded
control signal from said signal generdtor to produce a first
combined signal;

a second sampling means including an input port £for
receiving said combined signal and first and second output
ports;

a first delay means coupled to said first sampling means
for delaying said input signal;

a third sampling means including a first input port for
receiving said first delayed input signai from said delay
means and first and second output ports;

a second combining means for combining said delayed input
signal from said first output port of said third sampling
means and said first combined signal from said second sampling
means to produce a second combined signal;

a fourth sampling means including an input port for
receiving a £ifth combined signal from a £fifth combining means
and first and second output ports;

a first loop controller which correlates said time
delayed input signal from said second output port of said
third sampling means and said fifth combined signal from said
second output port of said fourth sampling meé._ns to control
the first amplitude and phase control means;

a second amplitude and phase control means coupled to
said first output port of said fourth sampling means for
controlling the amplitude and phase of said f£ifth combined
gignal;

a second amplifying means coupled to said second
amplitude and phase control means for amplifying said second
combined signal received from said second amplitude and phase
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amplified signal from said second amplifying means to produce
a third combined signal;

a fifth sampling mealis including an input port for
receiving said third combined signal and first and second
output ports; '

a remapping means coupled to said first output port of
said fifth sampling means for remapping the output signal from
said fifth sampling means with a spreading sequence which has
been delayed by a third delay means;

a fourth delay means for receiving said control signal;

a second loop control means for correlating said delayed
control signal received from said fourth delay means with said
remapped signal from said remapping means to control the
second amplitude and phase control nieans; ' '

a sixth sampling means coupled between the output of said
third sampling means and the input of said second combining
means including an input port for receiving said delayed input
‘signal and first and second output ports;

a fifth delay means coupled to said second output port
of said sixth sampling means to further delay the délayed
input signal; '

a seventh sampling means including an input port for
receiving said delayed signal from said fifth delay means and
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 signal from
said third amplitude and phase control means and said third
combined signal from the first output port of said fifth
sampling means to produce a fourth combined signal;
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a ninth sampling means including an input port for

receiving said fourth combined signal from the first output
port of said eighth sampling means and first and second output
ports, wherein the first output port is connected to said
remapping means; ' ,

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 port of said eighth sampling means to control _
said third amplitude and phase control means;

a second spread spectrum signal generating means for
frequency spreading said control signal;

said fifth conibining means coupled between said output
of said second combining means and said input of said fourth
sampling means for combining said frequency spreaded control
signal with said second combined signal and supplying said
fifth combined signal to said input of said fourth sampling
means; |

a sixth delay means coupled to said first output port of
said fifth sampling means for delaying said third combined
signal;

a fourth amplitude and phase control means coupled to
said second output port of said ninth sampling means for
adjusting the amplitude and phase of said fourth combined
signal; _

a third amplifying means coupled to said fourth amplitude
and control means for amplifying said adjusted fourth combined
signal received from said fourth amplitude and phase control
means;

a sixth combining means for combining said delayed third
combined signal received from said sixth delay element and
said amplified signal from said third amplifying means to
produce a sixth combined signal;

a tenth sampling means including an input port for
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receiving said s:.xth '_:cgombined gignal from said sixth éombining
means and first and second output ports;

a second remapplng means coupled to said second output
port of said tenth sampling méan_s for remapping the output
signal from said i:_e__nth sampling means with a second spreading
gequence which has been delayed by a seventh delay means;

‘a eighth delay means for recéiving said control signal;
and . ’ - '

a fourth loop control means for correlating said delayed
input signal rece‘iv_ed- from gaid eii.ghth delay means with said
remapped signal from said second remapping means to control
said fourth amplitude and phase control means. |
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ABSTRACT

LINEAR AMPLIFIER CONTROL

A method and apparatus for controlling a feed-forward compensated powér. '
amplifier system is disclosed which uses a spread spectrum technique to cover a
control signal or signals and injects a composite signal at a suitable point into the
feed-forward amplifier system to reduce distortion. The amount of bandwidth
spread is governed by the amount of processing gain needed in the remapping
process and the needed time to response of the system. Confrol signals after
remaﬁping of the spread spectrum at the output of the system are correlated in a
match filter correlator and the result is used to control, in either polar or cartesian
‘ coordinates, the injection, in anti-phase, of the extracted distortion into the feed-

forward amplifier output.

Figure 3




