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The present 1n -'eﬁtion relates to high powered linear ampli-

fiers and in__f‘;‘i rﬁicul-ar to a new control system esing spread
5 spectrum and ed forward techniques for the reduction of

distortion introduced by high powered amplifiers.

]
i

Background of the Invention

It is well known in the art that all amplifiers distort an
inputte'd signal '- _“The distortion becomes greater as the power
10 1levels are .i'ne"l'e"a'_-_’,sed. When amplifier compression and 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 si_gnal-sf,_,-_’
These IM prodﬁ-'cte---must be kept low because they interfere with

15 the system or -,'_ ith other users. ‘Hethods have therefore been
developed to reduce these types of distortion.

3 'I‘here_, are twotypes of distortion introduced by an amplifier.

The first typeof 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

istortion, referred to as non-linear distor-

tion, is pro by the non-lmear gain-to-input power in the

25 amplifier. | linear part of the distortion plays a sig-
nificant role in wide band appllcatlons.

tion, is relat
20 response of
abs.oiute pha
‘linear phase
second type

aused by single darrier power amplifiers can
using feedback techm.ques such as cartesian
n.drawback with uslng feedback is the narrow

The .disto:t?" :
be dealt wil
‘feedback. Th
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"methods for deal ingwit

bandwidth within_ which e distortion can be reduced because

of stability constre;i__-p?t

is becoming more attractiva as.a
because of the improved systems
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

The wideband -amplifier
carrier power amp11
flex:.b:.l:.ty 1t offer
power amplifiers us.
at their outputs. £
forward. Pred15tort=_-_
linear part of the dis
is inversely modeled at:
making the total, J.deal'
constant. To reduce
needed; and to reduce
bender" needs to be 'u___e
adapte_'d to' overcone ag
ces. | '

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-

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 -d‘i‘ff?f_?;erencé tween the feed-forward technigque and
the predlstortz.on method is that in the feed-forward technique
the distortion 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
mp___onents. 'The performance of the feed-
endent upon the ability to add rotated
y in anti-'-phase and equal amplitude.

tion causing eleme

suppress d:.stortzo
forward techn “-que_
signal. vectors cor
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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 phas
importance in feed-forward amplifier systems.

are therefore of crucial

Several methods for controlling the extraction of distortion

and/or inj ect:.on of the extracted d:.stort:.on in anti-phase
have been introduced in the past.:: ‘There are two main methods
of how to control a feed-forward 'aj_ir_iplifier system. The first
method uses the actual distortion éeused by the main amplifier
to control the setting of the gain and phase controls. This
is possible since it equals the flrst step in the feed-forward
process. In this case, the error: szgnal content is minimized
at the output. Second method uses_ ‘a known distortion simula-
ting signal which is -injected in the amplifier path and
minimized at the output thereby ai-‘if‘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
for controlling a feed-forward a éiifier system in which the
system correlates the extracted istortion with the distor-
tion present at the output. The relation yields a setting
of the gain and phase of the extra__c_:‘ted distortion, i.e., the
error signal, which is subtracti ly combined with the output.
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 '-cémgonents at the output and
the remaining signal co’mponent dﬁe-tc linear distortion in
the main amplifier, in the extracted error signal. The
correlation score between dlstortz.on components has to be
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 '

' This Sheet Has Been Reﬂlac ed
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U.K. Patent No. 2 167: 2 6A discloses a similar system which

th:.rd 1oop The reduction in signal

zncludes a non-autom'
component'.__ sorrélat core due to the third loop is not
suff:Lc:.ent for a w-_‘ d feed-forward amplifier sys:em due
“ introduced by the main amplifier. To
‘K. ‘Patent Application No. 2 244 881

trols, wh:Lch to a high degree will

overcome this proble

cancel out'the la.near :'rt of the dlstortlon emanating from

the main ampl:.f:.er. i

Wwith a mult:.ple 1nput”h'§'stem with one input loop for every

input channel, -all 11near distortion can theoretically be

removed. The extrac'_' error s:.gnal would then only contain

non-linear d:Lstort:Lo J.ch can be correlated with the output
signal to-y:.:__l.eld_ a not terfered setting of the amplitude and

phase control of the St

The number of requlre' j""";'fhput loops is governed by the linear
d:n.stortzon, : e_xlub:.ted ' -
main amplifier and wi
unwanted s:.gnal co pon nts in the error signal. In a simple
t is de51rab1e for the remaining

?rer the used frequency range by the
determJ.ne the amount of the remaining

correlaticn’ ‘techn

signal components to be less than the extracted non-linear
on. in. ore “achieve 'eesy control of the second
eciflcatlon of the linear part of the
ampl:.fler, the amount of input 1oops
a w:l.deband system, with an increase in
oops and. ether components to follow.
05 is an example of the second method

_orward ampl ifier system where a narrow

system. . The. :' ) ne is extracted in a narrow band pilot
' ‘of the ampl:.fler. The pilot tone is
s:.ng a decreas:.ng step size circuit

receiver_-_
detected



s,

10

15

20

25

30

WO 94717587 : | - PCT/SE94/00067

that a pilot tone cannot be given an arbitrary frequency, but
is governed by the input 51gnals to be amplified in the feed-
forward amplifier. The pilot tone nust be placed in the same
frequency range as the input s:.gnal in order to be helpful.
Since the pilot has no sp'j'ec-iel labeling 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. ' |

This Sheet Has Been Repl
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The present system describes a method for cont_:roll-xng' 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"
and injects a composite signal at a s-u-itjable point, with
injection couplers into the feed-forward amplifier systeni.

Summary of the Disclosure _ ”"Il

There are several spread spectrum (SS) techniques available

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

hopped spread spectrum (FHSS) and pulsed FM spread spectrum
(PFMSS) and any other technique acluev:mg a processing galn in
the remapping process. -

The amount of bandwidth spread is fgove_fn_e_‘d_ ‘b'y the amount of
processing gain _'needed in the reﬁepping‘ p""rbc'ess and the needed
time response of the system.': In general, however, the
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:.gnals after remapp:.ng of the spread spectrum at
the output of the system are cq__rrelated. in a matched f.;.lter

correlator and the result is us_e_';df".to _c_dti't_réi, 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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The method can handle the case wh;e're' wideband multiple input
signals are precombined before ent;e:ring_ the single input feed-
the single input channel

forward amplifier system as well as
case.

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 5193?'_:_'_ s, amplified by the feed- .

forward amplifier system, the frequency of the control signals
can be completely arbitrary. Th'_e"fifff:{_:_on;trcl signals can there-
fore be placed where they are most-ﬁ‘b'eneficial 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 interchat-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;’r}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
-matched 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 forwart
minimize the distortion introduced y the main amplifier. One
of the merits o:f. this embcdlment s that it uses already
present input s'igr'xals as carrf ; for the control signal
thereby minimizing the need for expens:we HF-carrier genera-

tion within the feed forward amp: "f.:_.er system. ... . .. ...

A
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;’le.fJ.er system will also -
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‘I'hese and other features and advantages of the :anentlon w:.ll

the Drawing

Brief Descrip

;. a prior art feeé-forward amplifier system;
a generalized use of the present invention:;
a generalized use of the present invention;
s a block d:.agram of a preferred embodiment

Fig. 1 illustrate

Fig. 3 illus
Fig. 4 illus
of tﬁe pre_ ni
Flg. 5 :Lllus_
tor:;
Fig. 6 'ill\'f ates a possible configuration of the matched
filter corre ator function;

Fig. 7 i1l és an addition of a third loop to reduce the
lnterferef

‘ention:
'_ a spread spectrum composite 51gna1 genera-

a prior art circu:Lt in block diagram form
1. amplifier system. In Fig. 1, there is shown
1. 1. and loop 2. The purpose of the gain and

be placed in the oppdsite path. 'rhe advantage is

r, :'the disadvantaéei 1s that the noise figure for

the syste dincrease and w:.ll be dependent on the gain

r before the remapping of the spreaded
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the amplitude and pha;
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nd phase control 11. Also, the
1 11 will introduce some distortion,

setting in the ampli .
amplitude---'a_n'é,i-;-._élig's'.e_‘...é.'dr'i:
vhich will be. take:
control 11 i"s"p"os::".:t-z.o
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

of when the amplitude and phase
shown 1n Fig. 1, but will not be
the op_p_os:.te path. The amplitude
1so be'f'-'p__:_lzaced in the opposite path

ore cbvious to place the amplitude
hown in;Fig.'l, since the signal
which makes the implementation of
trol 16 virtually impossible.

A splitter 10 ceuse's t 2§ nput signal S1 to be duplicated.
One part of the input si
the amplitude and ":'ph'a'_s-._'
while the other pa;'-rtfo-f
is directed to a coi
splitter 13 dupl:.cates
contains the. 11near1
frequency components
amplifier 12 J.nto tw

al s1, i.e., signal S2, is sent via
trol 11 to the main amplifier 12,
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
ed by the non-linearity of the main
ls S4 and S8.

d in a combiner 15 with a signal S5,
t has been delayed in delay element
of the: amplltude and phase control
_ 4 and ss will contain all of the
uced 'by the main ampl:.f:.er 12. This signal
he error signal. The error signal S6 is
;_-ampl fier 17. With a proper adjustment
- of the error szgnal §6, the error

The signal S4 is c_oﬁtﬁ
which is the signa
14. With proj
11, the co'm'}Sl
distortion

_substantlally reducing the distor-
ut 51gna1 S9. As a result, the
rward ampllfler system is governed
Ijustment of the amplltude and phase controls
Fig. 2 illustrates a typical

by the proper
11 and 16, respe
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~ Fig. 3 illustrates

loop in a fet _;d--'ff-é':'-rw'a 3 ifier system. In order to extract

- ) : the ajni'}'Iifier‘ 21, the two signal
_ o:.ned at their respective
;- -TNE o be adjusted so that they are equal
n oppos:.te phase response. As a
at the- 1nput will be cancelled at

slgnal ‘injected into or created

result, a szgnal :m
the output._ Howeve
within any cf the
Also, a szgnal c'__f_' n i

'hs w111 be present at the output.
ve cancelled if it is extracted from

anywhere else except
portion of the 1nput s
S21 and S22. The s1gn
23 which: equals the d
the delay caused by th
of the signal is furth
phase controller 24
the path 1. signal by

e output. A sampler 20 samples a
1 s20 'c.r'e_:a_:tiing two identical signals
22 passes through the delay element
n path 1 which is mainly caused by
plifier 21. The amplitude and phase
usted by means of an amplitude and
1ly, the adjusted signal is added to
s of an 1nject10n coupler 22.

odiment '_ of the present invention
wherein the adjustmen ampl:.tude and phase controller is
performed automat:.c An inputf 'signal $30 is combined with
gnal S31 from a spread spectrum composite slgnal
generator 32 -in a r 34. By minimizing the 1njected
frequency spre ' ignal 832 at the output any other

a compos 1te

sequence (DS-) s: __-J.le.er 33. The coxnb:.ned s:l.gnal S34
p : ch has two output ports.

delay element 38 in path
) sent to an amplitude and
hich-c¢an ad;ju;st the amplitude and phase

The=a__¥:"usted signal S37 is then
ed signal S35 in combiner 37 to

of the dela __:e.q; :
combined with
produce a second:

ignal. ‘The second combined signal
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is then sampled by a-
multiplied with a -

qpler 40. The sampled signal S38 is
d version of the direct sequence
signal by a multipl ) the;;e'}:;y remapping the frequency
spreaded MOD si'gnal\ a _'time spreading any other
non~-correlated sig"_'_xjx_ 1s.: The ffé__iiia—pped MOD signal S39 is
eor_relateé_i_ with a de i version of the injected MOD signal
S40 by a matched f cOrrefleto: 44, thereby yielding
control signals whict éjust the amplitude and phase con-
troller 39. The dela 'le,me_nts"'jﬁ"é, 42 and 43 each accounts
¢ into t_ﬁei-f-path 1. As a result, the
e used to control any of the loops

present invention can-
illustrated in Fig. 1.

e is shown a preferred embodiment of
\ich builds upon the circuit illus-
-ing a second loop controller and by
optlonal placement (1)=-(3) of the
pt:.onal placements (1) and {(2) of the
_jes the advantage of injection at a
_fes a reduction in processing gain in
?because of the 1linear distortion
_:_pl:LfJ.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:gop controller 70 dependent
roller 59

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

an 1np ::'-':iji,s'ignal §50 is sampled in a
identical input signals S51 and §52
ed in emplitude) The input signal
de and phase controller 52 which can
adjust the amplitudé id phase of ‘the input signal S51. The
adjusted input sign 3 is then applled to the amplifier 53
which amplif:.es the J.n tﬂ:’ut s1gna1 and outputs an amplified

_ner 54. I_n_ a spread spectrum signal

As illustrated in F
sampler 51 to produ
(identical when norn
S51 is sent to an amg

signal S54 to a com
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ge‘nerator 55, a control s:.gnal (MOD) §55, which acts as
s:.mulated distortion,: frequency spreaded in the multiplier
56 by the spreadlng s nce s:.gnal (DS) S56. The composite
signal 557 is thereaf___ in)ected 1nto the system through the
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
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 gnal 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 51gna1 S59 of the combiner &0
is sampled in a sample_f'?_;sz and the output signal S59 is sent
to the f.l--_;:st loop contr"__]_.ler 59, which correlates the sampled
signal S58 and signa.‘].'.'i”?;___sé 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
phase cdnf;:reller 63 W _h can adjﬁet' the amplitude and phase
of thes:.gnal S59. Th adjust sifg'nal S60 is then sent to an
error ampl:.fler64 ‘which enpl_ifie”";ﬁ:he signal and outputs the
| Y a; combin r 65. The sampled output
to a delay element 66 which delays the
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 ;nes the delayed signal Sé63
with the ampllfled s gnall 561 to p__oduce the output signal 564
of the amplifier sy_,

amplified signal §6
signal s62 is also s

At tne output of th a'iinpl?'if.ier system 50, a portion of the
signal is sampled b ‘The output sampled signal
S64 is ";nu'ltipli_ed" a delayed version of the direct
sequ‘ence -sighal (DS) "8 26 by a mult:.pller 68, thereby remapping
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the frequency sprea_‘ 'd MOD signal and at the same time
alated signals. The MOD signal 555
nt 69 and the delayed signal S66 1s
-roller 70. The second 10up con-
deiayed s:l.gnal §66 with the remapped
mpl:.tude and phase controller 63.

spread:mg -any’ othe- :
is delayed J.n a dela
sent to a- _se_c_end :!.go
signal §65 to control th
Referring to Fig. 5,th e is shown in block diagram of a
spread s.'pect_rﬁxh; com -
spread spectm Sigjfia-'
is injected into th
pseudo-no:,se sequence
stream S71 J.s derived
signal S72 in a modulat
§73 is then used as the
delay, to control the £
actual control signal ¢
signal is equal te the c
§73, bef_ore being J.nj
spreaded in the -mult;ié]: Y83 with the spreading sequence S74.
' 4 is derived from the spreading
ch is driven by a clock 85. The

signal generator. The composite
for instance S70, is derived before it
forward amplifier system. With a
ator 80 driven by a clock 81, a bit
h is ueed to modulate the carrier
2. This carrier modulated signal
ntrol signal after a proper time
m. This is one way to derive the
The simplest form of the control
er signal §72. The contrel signal
d into the system, is frequency

The spreading sequen
sequence ge_h_e;‘:'ajth__: "84
spreading 's'}é@ence S7:
the remappixjé pi'qceé- frequency spreaded spectrum. The
p:ocessinq:_gain. .i_;'lfﬁhé remapping pi_:';dcess is equal to the ratio’
of the bit etream-ép This me'a__ns that for a given speed
D2, using a unmod arrier : as a control signal S73,
yields the 1argest p ng gaiﬁ in the remapping process.

er a pfoper time delay, is used in

neratozr 84 and the PN-segquence
ly of a type yielding maximum auto
oss corréiation to any other signal,

The spreading sequ_""
generator 80 are p
correlation and mln;_._
which is impbrtant i emapplng process and in the matched
filter correlator, _
several. types of 'sequ nces which can be used where ML-

(Maximum L_eng_tl';) ' nd Kasaml- sequences are easily

ximum process:.ng gain. There are
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implement=d 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 hav1ng a constant
envelope and no 1ntroduct;_on of intersymbol 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 ~plane 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

o e x s

= -A/z sin(fi)

- For small angles (fi), signals 104 and 105 can be i—nt_e_grated
30 by integrators 90 and 91 and used for an I signal £o a control
of the gain of for instance, amplitude and phase coh—trﬁlle’r 52
illustrated in Fig. 4, and for a Q_gfs:i.gnal to control 'th'e"p"hase

of the amplitude and phase contréille'r. The easy 1ntegratz.on

is poss:.ble due to the fact that. when the system is settled
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the angle is identical to 0 and the amplitude is identical to
1. The dynamics on the amplitude and phase controller 52 are
governed by the gain -and phase rgéponse over frequency and
power of the main am_plifi’ér $3. The same is true for the
amplitude and phase controller 63, for the sampled error
signal §59 in this case the response of the error amplifier.
The use of this simple t'echnique 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
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

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

mmzum;mmﬂm/
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WO 94/17587 . PCT/SE94/00067

10

15

20

25

30

‘feed forward amplifier system.
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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 dn.stort:.on 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 optionalﬁ"placement (1) and (2) have
the advantage in that there is no'i'oss in the processing gain
achieved in the remapping process’__-ﬁjerformed 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 118 The reduction in the
processing gain when any of the p]’:é’cements (3)-(5) is used is
dependent on the frequency response ‘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 '?ler 119 is therefore essen-
tially equal to the functlon of th'e second loop controller.

i ’"”ﬁﬁ‘iiﬁ‘ti’ii:ﬁﬂi“mu




WO 94/17587 PCT/SE94/00067
16

The two injected composite signals should be orthog.onai or
noncorrelated with each other sc that they do not interfere
with each other. The orthggonal_:it__:y of the composite signals
can be achieved in several ".ways. First-, the carrier frequen-
5 cies of the control 's;i.grial's" can be made different from each
other. As a result, the sp_i;'feadingf_sequences can be equal. 1In
the alternative, the _spré'_édiing 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___‘_"_
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An input signal S200 is modulated in amplitude by a pseudo
random sequence PRJ. and in phase by a pseudo random sequence
PR2 through the amplltude and: phase controller 201. The
output 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
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
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. .
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1. A linear amplifier controll

i8 -

WHAT IS CLAIMED IS:

for reducing distortion in
a feed forward amplifier system, _.__i"mprising _

a first signal sampling means includ:mg an input port for
receiving an input signal and fzrst and second output ports; -

an amplifying means coupled to said first output port of
said f:.rst signal sampling means for amplifying said input
signal recelved from said fJ.rst 51gnal sampling means to
produce an amplified signal; ' :

a first delay means coupledto 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
first delay means for controlling 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
means to produce an output signal:

2. A 11near amplifier controller for reducing distortion in

a feed forward amplifier system accordz.ng to claim 1, wherein
the delay of the first delay means is equal to the delay
1ntroduced by the amplifying mea "s.

3. Alinear amplifier co-ntrolljj'_: “for reducing distortion in
a feed forward amplifier -Syste

a spread spectrum SLgnal generat:.ng means for frequency

omprising:

spreading a control s:.gnal,
a first combining means for,
said frequency spreaded contro
a first sampling means in ;ludlng an input port for
receiving said combined sn;nals“;-from said first comblxung
means and first and second outpu _____,._'ports, I

_mblm.ng an input signal and
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an amplifying mea

said first ‘samplingme
received from said

a first delay

5 of said f irst s 1gna1
signal rece:.ved £fr
produce a'dﬁe_;:l'.a._.Yefsi- c
first 'ampiitud

first delay means £

10 phase of saJ.d delayed mbined signal;

a _secgnd_ combining means for combining said amplified

laced _PCTISE4/00067

ts H!l!llj I AERF ARV

boupled to said first output port of |
or ampl:.fy:.ng said comb.med signal

ampl:.ng means.

t coupled to said second output port
nq means for delaying said combined
1d first s:.gnal sampllng means to

signal fron_i said _:ampi
said amplitude and pha

ng means and an adjusted signal from
ontrol means to produce an output
signal;
15 a second sampl:.ng
receiving said outzﬁut signal and first and second output

ans including a first input port for

ports;

a remapping means

said second sampl:.ng

20 'from said second samp
has been de__layed_by

| a third delay me

:__upled to said first output port of
ans for remapping the output signal
- means with a spread sequence which
ond delay means;

for receiving said control signals:
and '
rrelator means for correlating said
"ived from said third delay means and
. ved from said remapping means for
ampl:.tude and phase control means.

25 delayed output s:l.gna
controlling the- fir

4. A linear amplif
according to claim 3
30 a pseudo noise sequence generator which is dr:Lven by a
first clock to prod fJ.rst sxgnal.
' wh ydulates a carrier signal with said
arrier :modulated signal;.
e generator which is driven by a
; spreadiné sequence; and = -

e:Ln sa:.d s1gna1 generator compr:.ses'

a spréading sequ
35 second clock to: I?radg
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a multiplier for multiplying said carrier modulated
signal with said spreading sequence to produce a composite

signal.

5. A linear amplifier controllei_’l_'r: for reducing distortion
according to claim 4, wherein said '-sp-'r-eading- sequence genera-

tor and said pseudo noise sequence :'fg'én'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-
tor.

7. A linear amplifier controller for reducing distortion
according to claim 4, wherein sald modulator is an OQPSK
modulator.

8. A linear amplifier controller for reducing distortion
according to claim 3, wherein thé 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'

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 cé}itrol means coupled to said
first output port of said first sampling means for controlling
the amplitude and phase of said iniﬁtit signal;

a amplifying means coupled to sa:.d 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 _

a first combining means for combining said amplified
signal from said amplifying means and said frequency spreaded
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- receiving said combine

Hll!lll M!Iﬂ lll" Ul !lll -

:_aid signal generator to produce a

and co_n.trol signal fro
first combined signal
a second samplin:

eans including an input port for
$ al andflrst and seoond outpu* ports;
( upled to said first sampling means

a f:.rst delay me
for delay1ng said 1np

means and flrst and s outp'u‘t ports:

a second comb:.m.n": ans for combining said delayed input
signal from said first utput port of said third sampling
means and said first comb __:ed signal from said second sampling

means to produce a se 'f:combxne_d signal;
a fourth samplir’-'{'
receiving said second -;-.comblned signal from said second
combining means and f:.rst "and second output ports:;
a first 1loop. con ; oller which correlates said time
delayed input signal £ in said second output port of said

id second combined signal from said

eans including an input port for

third sampling means a:if _
second output port of g4 d fourth sampling means to control
the first amplitude a pﬁase control means;

a second ampl:.tu
said first output po

controlling the amplitud

nd phase control means coupled to
ff said fourth sampling means for
' and phase of said second combined
means coupled to said second ax;pl:.-
means for amplifying 'said second
"ro_m said second amplitude and phase

oupled to said second output port
ans for delaying said first combined

ans for combinir;g said first combined
.second delay means and said ampli-

signal received fror _
ond amplifying means to produoe a.

fied signal from sai

ird combined signal;: -
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a fifth sampling ---f;x@éans including an input port for
receiving said third. comblned signal and first and second
output ports; o '

a remapping means :-coupled to sald first output port of
said fifth sampling mea s for remappmg 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

a second loop contr 1 means for correlating said delayed
control sign‘al -receivec‘i_.-"-e m said fourth delay means with said
remapped signal from s d remapping means to control the
second amplitude and phase control means.

10. A linear ampllf:l.er controller for reducing distortion

_accord:.ng toclaim9, whereln 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___*‘"oarrle: :_nodulated signal;

a spreading seque.n"v-: generator which is driven by a
second clock to pro’duce'.' preading sequence; and

a multiplier for. u‘jltiplying said carrier modulated
signal with said spread sequence to produce a composite
signal. '

g:ontroll_e,:fr' for reducing distortion
wherein' said spreading sequence
noise séquence generator are of a

11. A linear 'amp_li_f_ij
according to claim 1
generator and sald pse

ntroll '13: for reducing distortion

12. A linear 'ampl‘i#i’i' 3
hereln sald modulator is a MSK

according to claim 1
modulator.
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13. A linear amplifier controllér for reduc1ng distortion
according to clalm 10, whereln sa1d modulator is an OQPSK
modulator. .

14. A linear amplifier contrqllég for reducing distortion
according to claim 9, wherein éé%& first delay means intro-
duces a delay which is equal to ﬁﬁe delay introduced by the

first amplifying means.

15. A linear amplifier controllor_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 amplifying means.

19. A linear amplifier controllh; for reducing distortion
according to claim 17, whereln 'Héfdelay introduced by said
second, third and fourth delay means is equal to the delay
introduced by the first and second ampllfylng'means.

20. A linear amplifier controller for reduc1ng dlstortlon .

according to claim 9, further comprlslng'
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a sixth sampling means coupled between the output of said
third sampling means and the input of said second combining
means inoluding-ari_ input po:rt-: for receiving said delayed input
signal and first and second'outpot ports;

a fifth delay means coupled to said second output port of
said sixth sampllng 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 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
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
combining means and first and second output ports:;

a ninth sampling meahs 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'meane; and .

a third 1oop'control“means for correlating said delayed
input sxgnal from said second output port of said seventh
sampllng means and said fourth combined signal from said
second output port of said. eighth sampling means to control
said third ampllggde and phase control means.

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 a_mpl:.fy_lng means.
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22. A l.mear ampl ':"_fcontroller for reducing distortion

accord:.ng to clalm 20,

rther comprising:

a second s.pr.e__a_d_ spectrum signal generating means for
frequency spreading sa ' '

a flfth oombin:.ng )
amplitude and phase coi
means for co‘n_l_bjiﬁ:iing'_”sa
with said second combi:
and phase control means

to said second ampl:.fy:.

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
said fifth sampl:l.ng means for delaying said third combined
signal; '

a fourth amplltude and phase control means coupled to
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
signal recelved from sa:l.d fourth amplitude and phase control
means:; _

a sixth combining ans for comb:.n:.ng said delayed third
combined s:Lgnal rece:.ve from said s:.xth delay element and
saiad ampl;f:.ed s:.gnal :--from said third amplifying means to

n;eans' including an input port for
ed signal from said sixth combining
output ports.

eans coupled to said second output
ng means for remapping the output
pling means with a second spreading
elayed by a seventh delay means;

- for recelving said control signal;

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

a second remapp
pert of sa:.d tenth
signal from sa1d t____
sequence which has bee
a eighth delay. ne:
and ' L

a fourth lgoo‘h ' '-ol means for correlating said delayed
input s:.gnal rece ved £ ,o"m said elghth delay means with said
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remapped signal from .s_aid-,.'f:second'__;remapping means to control
said fourth amplitude"andi:_éhase control means.

23, A linear ampllfler controller for reducing dls..ortlon
according to claim 22, whereln said second signal generator
comprises: o '

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

a modulator whlch modulates a carrier signal with said
first signal to produce a: '___._arr:.er modulated signal;

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

a multiplier for mu tiplying said carrier modulated
signal with said spreadlng sequence to produce a composite

signal.

24. A linear ampllfler controller for reducing dlstortlon
according to claim 2_3 ,‘ where:Ln said spreading sequence
generator and said pseucl'o _noz.se sequence generator are of a
maximum length type. | '

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

26. A linear ampllfzer controll > for reduc:.ng distortion
according to claim 23, wherem sald modulator is an OQPSK

modulator.:

27. A linear amplif;.er controller for reduc:.ng distortion
according to claim 22, whe in sa:Ld £ifth combining means is
located between said outp it 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
according to claim 22, wherein. sa:.d fifth comb:.m.ng means is

This Sheet Has Been Re ﬂl

LU




| H!Illlj N RO

WO 94/17587 | .  PCT/SE94/00067
27

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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33. A method for controlling a feed forward compensated power
amplifier system according to cla m 31, wherein the frequency
of said control signals is arbitrary.

34. Anmnethod for _controlii,ng a feed forward compensated power
amplifier system according to _' ‘aim 33, wherein received
information on where toc minimiz’e:-f'the distortion is used to
calculate the best frequency of the control signals in the

system.

35. A method for controlling a feed forward compensated power
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
amplifier system according to cla:.m 31, wherein the power of
the control signals integration tiin’e after remapping and the
spreaded bandwidth are 1nterch" ""geable to increase the
systems flexibility regarding sett-_ .ing time.

37. ‘A method for controllinga feed forward compensated power
1
f the phase and amplitude

, wherein matched filter

amplifier system according to cla%.
correlators are used to keep trac.
of said amplitude and phase contr

38. A method for controlling a fei forward compensated power
amplifier system according to claim 31, wherein the control
signals canbe arbitrarily modulated to increase the tolerance
against interfering signals present at the frequencies of the
control signals. o '

forward compensated power .
31, wherein the spreading

39. A method for controlling a fe
ampl:.fler system accord:.ng to cla
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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, comprisiifx‘g the steps of:

modulating input -sigxi_als 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 si_gnals‘é‘:."—_

correlating means for cor; )
signal with modulating signals to produce an adjustment

ting said sampled signal

ating said demodulated

signal;
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control means for contrplling amplitude and phase of an
error signal with said adjustment’r'_si'gna_l; and

combining means for comblm.n aid error signal with said
output signal. o

44. A method for reducing. dlstortlon in a feed forward -
amplifier system according to c1a1m 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_'-@l#_i}:jn 43, wherein said control
signals simulate distortion.

Thls Sheet Has Been Re(ill




