13 Decenber 2004 TI TLE OF THE I NVENTI ON Di stortion Conpensap.dmkppanat us
and Di stortidn Conpensation Method BACKGROUND OF THE | NVENTI ON Fi el d of
the Invention The present invention relates to.a distortion conmpensati on
apparatus and particularly to a distortion conpensation apparatus and a
di storti on conpensation nethod which are applicable to a high-frequency
power anplifier for transm ssion used in a portable phone. Description’ of
Rel ated Art As the comunication has conme to have a hi gher speed and a

| arger capacity in recent years, stricter linearity has been required for

a transm ssi- g?@ Hhiner - in a digital wrel ess comunication

appar at Té?ﬂ:’fwﬂ sp\r}rg?ﬂ;ﬂ?gﬁsl y causes a situation that inprovenents in

power eff.iciency in a power anplifies.are o i INGH | e, the

cont i nuolgtor, ﬂﬁ“@ﬁ?ﬁagﬂn p%{‘;g?é %ﬁcﬁ?&?@?ﬁﬂﬁﬁ%ﬁe "Bhone ~ whi ch has

al ready spread in the I t has been steadily. el ongated.

Ther ef 0 ,CK@RQUmQﬁlgﬁ ngléﬁt digital wireless communication

apparatus into the narket, the use time cannot be neglected, fromthe

vi ewpoi Hieldfof tlenjpeentidion anong products. Today, the novenent of

introducing a distortion conpensation technique to inpprove the efficiency

has become athevgesdnt ihtémionechtéxtea fietestien cOMpENEItiQ, FRPERWS AMds t 0o

huge to realize it in a portable phone whose advantage exists its snall

si ze anq,alﬁ(gjmrhy\@j ghfistohtivniagigiidnentiord apparatus and a distortion compensation: -
‘method which are applicable to a high-frequency power amplifier for transmission

used in a portable phone.
Description o'f Related Art

As the communication has come to have a higher speed and a larger capacity
in recent years, stricter linearity has been required for a transmission powet amplifier -
in a digital wireless communication apparatus. Ithas simultaneously causes a situation -
that improvements in power efficiency in a power amplifier are prevented.

Meanwhile, the continuous communication time of a digital portable phone
which has already spread in the general market- has been steadily. elonga'_[ed.
Therefore, in introduction of a new digital wireless communication apparatus into the
market, the use time cannot be neglected, from the viewpoint of competition among
products. Today, the movement of introducing a distortion compensation technique
to improve the efficiency has become active.

In this technique, however, its circuit scale is too huge to realize it in a portable

phone whose advantage exists its small size and light weight. In addition, due to



13 Decenber 2004 characteristics of a portable term nal, {yp:Sid:00H8Nt in
which the termnal is used changes so greatly that distortion conpensation
necessitates adaptive distortion conpensation which follows the

envi ronment al change. This has becone a very inportant problem as well as
downsi zi ng. For a distortion conpensation apparatus of this-kind, a
pre-distortion technique provided with a conpensation . neans having a
characteristic opposite to the distortion of a power anplifier has been
known. As pre-distortion techniques of this kind, there are several reports
about a clzefdeNistes offal goPtaBRABEGINAl, ehélbSfifinined0 in WhichahBitetueni s @Begdopt s
feed-forward, and the |ike. The follomﬁng w Il explain exanpl es of

convent i&ﬁ?}ge@gg hé(tfy %‘sa%tdz\gtph% c&ﬁgpnﬁégaﬁix%e?s?ﬁ?ésaﬁ eUgikfogidhe

pre-di stortFfon tethni‘que. Irst ex of a conventional structure. is,

1130, sihp i, LR Rl e RN R T XA BlinelBrveon i 1 b

Polynomal ." FI G shows.a hl ock. di agram.of .the exanpl.e disclosed in this
Fef or oncBOFRIERIEbIeLT, AREHIEs ARBINIE FHCHT SRR SR GO GHARREAE 611 ¢ of a
power anplifier (PA) 114 whose distortion should be conpensated for is
expr ess diisdengdoy pre-disporiion fpchniqug nravigaésatisy gerapensating masns hervgaenal
signal Q of an input base band inputted from an input termnal. -111 are
subj ect esharasterateudmposidntoube distertionred i powerlafiplifig) haslbgepHmomimear i zes A
(Min), in a linearization conparator circuit 1.12. |I' and Q signals
obt ai ned as As pesdistorase thpzjues dftthisdigd,t there/ aeadeograb regriseslisouwwn circui t
(DA) 113, and are converted into anal ogue signals. At the sanme tine, they
are convetlirigud whizhadgmapfe-dikto2tion, a technique which adopts feed-forward, and the
like. The fovllowing will explain examples of conventional adaptive distortion
compensation apparatuses using the pre-distortion technique.
A first example of a conventional structure. is, for example, 1992, European
- Microwave Conference, Vol. 22, pp. 1125 - pp. 1130, "Power Amplifier Adaptive
Linearization Using Predistortion with Polynomial." FIG. 1 shows a block diagraln of
the example disclosed in this reference.
In FIG. 1, where the non-linear input/output characteristic of a power amplifier
(PA) 114 whose distortion should be compensated for is expressed as Vout = A (Vin),
an in-phase signal I and an orthogonal signal Q of an input base band inputted from
an input-terminal 111 are subjected to calbulation-using a function H (I, Q) which
linearizes A (Vin), in a linearization comparator circuit 112. I' and Q' signals obtained

as -a result are supplied to digital/analogue conversion circuit {D/A) 113, and are

converted into analogue signals. At the same time, they are converted into signals of



13 Decenber 2004 a high frequency band, and are inputted {ppthe,hevehs
anplifier 114. The output Vout of the power anplifier 114 is outputted
froman output termnal 115, and is also supplied to a denodulation circuit
116. The denodul ation circuit 116 generates If and Q signals into which
t he out put signal Vout is converted into signals of a base band. Further,
to perform adaptive conpensation in response to a tenperature change, the
| i neari zation conparator. circuit | | 2 conpares | and Q signals with -If
and - signals and adjusts a constant included in the function H for

| i neari zathighfisgedncybandtdhd ardinphaednohs patengmplifier bl ol @ape: Vbt i | the
di fferences becone zero, this operation is repeated so that the constant

i ncl uded gfmihé %@w@ﬁ ReTIFRr 114 1s o@cpu’ttﬁd s cﬁﬁ'ah%ut?ﬁ’tt R HIRA 1150 80 19m§0mil
value. Air :exanple -of another conventi onal ructure is, for exanple,-
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323, ptrve Lineari z iI'ng re FIG 2
shoms a ck i.s referenc ec i nput
i gnal 5 (iEnLs R ARATEE PB‘RPgﬂg‘i“ﬂ N R fl@]&ﬂeﬁaﬁaﬁeﬁs@ﬁ ‘tabl o
124 such as a rr]glgo or .the like. is accessed t her&b% perform data
conversion, tBUBHaiaPenors adaptaiGompPenFAton IRTCEP UG ADE Erger atnrrediengé.ng t he
power amplifier 126, The data are converted. into anal ogue S|ﬁgnal s by a
D/ A conVig linearization compagater eiFant | hbaemparasd anche penels veittpl andanlza The
out put Vout thereof is detected and converted into a signal of a base band
by. a demsumalstandadpistsasionstatgciutied ingbe &mtmanneden@ﬁMMhﬁm to
perform adaptive conpensation, differences. en between the input signals I
and Q andifffitrenciat a@bhgﬁh&hglﬁ&bﬁlel gerandirfl seedifferaicee bdoymd zero, this
operation is repeated so that the constant included in the function H (I, Q) 1s finally
deternuned to an optimal value.
An example -of another conventional structure .is, for example, IEEE
Transactton on Vehicalar Technologies, Vol. 43, No. 2,1994, May, pp. 323 - pp. 332. - -
"Adaptive Linearization Using Predistortion". FIG. 2 shows a block diagram described
in this reference. With respect to input signals I and Q inputted from an input-terminal
121, a conversion table 124 such as a memory or the like is accessed thereby to
perform data conversion, to obtain data I' and Q' which are capable of linearizing the
- power amplifier 126. Thedata are converted into analogue signals by a D/A.converter. .-
125 and-are then inputted to-the power amplifier 126. The output Vout thereof is- -
detected and converted into a signal of a base band by a demodulation circuit. 128, to

obtain signals If and Qf. Further, to perform adaptive compensation; differences en -

- between the input signals I and Q and the detection signals If and Qf are obtained by
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adj usts addresses in the conversion table 124 such that the differences en
beconme zero. Specifically, the address generation section 123 repeats

adj ustment of the addresses until the differences en correctly becone
zero. Thus, address values for accessing the conversion table 124 are

optim zed. Further, Vin, which is obtained by converting data |' and Q
outputted fromthe conversion table 124 into anal ogue data by the DA
conver t ar sulitfactérs12hpAnt adtiress phecrptverseatiph i fA3eadjiidfs, adddsdeseinodieput Vout
thereof is guided froman output termnal 127. In the conventional

st ruct UcBRvESRA taBRA1ZDSNG tHalheh€ BT rRAes! AF beiffle iZBr Sldeicﬁﬁfé![liy,z fifd on

function or addresses for accessing a linearization tabl'e are Opti m zed.

0 2 SRR gl Bl 29 bRk SRR R iy o

into a base SO a deno equrr

denodul atgr is of orthogonal denodulation, and therefore, its circuit

scal e | SETGRCCSSERNIRPSER 99enIENIr| ERPSTHIdEFSSBAECS HORAEFEHNEad S een made
in view of the above situation and has an object of providing a distortion
conpens goiESsiep ket Adsara ootinsiged oBurtiieir.ciina méiiaheip abtaineddfy emweitingdatfpensat i ng
for distortion conponents in a device such as a power anplifier. Al so, the

present I'iandQt batputted fevintthe conbirsion tablepl 3 o n@akede siatd by ahe D/A
conpensati on apparatus and nmet hod which are capabl e of constructing a

sinple cshidtelUns, Whnsltcdds shdpéwaeatplifis DFTRAY IR Qltpurvda diererRer 2004

guided from an output terminal 127.

In the conventional structures described above, the constant included in a
linearization function or addresses for accessing a linearization table are optimized.
In any examples, however, the output of the power amplifier is converted into a base
band, so a demodulator is required. In general, this demodulator is of orthogonal
demodulation, and therefore, its circuit scale is huge.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above situation and has an
object of providing a distortion compensation apparatus and method which are capable
of easily compensating for distortion components in a device such as a power amplifier.

Also, the present invention has another object of providing a distortion
compensation apparatus and method which are capable of constructing a simple

structure which does not need the demodulator.



According to one aspect of the present invention, there i$3; PO Ked084
distortion conpensation apparatus for conpensating for a distortion
conponent generated in a device conprises first envel ope detection neans
for detecting an envel ope voltage of an input signal supplied to the

devi ce, second envel ope detection neans for detecting an envel ope voltage
of an output signal of the device, conparison neans for conparing the
envel ope voltage detected by the first envel ope detection neans with the
envel ope  VQ|da@thget @kt Rpedvf tiepesan iveative| there isletovadadondistoatien
conparison result ~correction nmeans for correcting a relationship

concer &gﬁr?sa{igf Hﬂ)}%aéﬁe)ftl% gﬁ{ggﬂ{ | AORingdRAG S¥torfiéh EOAPEHdnS gandrafdSin AS 10

which o € enve ges 1s larger/smaller, anplitude control signal

generatjon neans. fo ener.at i n_anpl it - Eﬂﬁ@' 1694 of

cont r oldEViFE CQRPESH ?‘ffgc?éw%lf’p? ﬁgte?t %ug.‘%ﬁsg%glﬁ?&ggﬁéﬁl 81?1\} ATCorr ection out put
of the conparison result; and anplitude control neans fo ontrolling a
gai n ofantinput signel supgked torthe Névﬁcﬁpiﬁcog‘ikjﬁﬁ‘éq(i?f’%g%tﬁﬁmé‘rfn?ﬂ)é fr&ﬁﬁ?‘ief%% contr ol
signal generated by the anplitude control signal generation neans.

Accor diangnvelopaebhage eismentpusisignakofishe desice, icomparisoprncanh rCorPapidyi ded a
di stortion conpensati on apparatus for conpensating for a distortion

CONPONGAE en@RPRNBIEEL ddleclediBY tHecfirst nvpldRadetedtionsheann vatlothe edeelepe i on neans
for detecting an envel ope voltage of an input signal supplied to the

g?v :a(r:l eé)vl??tgg? ncijetg&&f | @?%}{lﬁ 2§e§8fi& Oéhvem?gn defebliof ahefls] N@n@Ariesy elesple vol tage

. Si gna evi ce; | cul'ation means for obtaining a

et et e Socha B SBHSLRE B P BB, O LB 004
made by the comparison means, as to which of the envelope voltages is larger/smaller,
amplitude control signal generation means for generating an amplitude control signal
for controlling an amplitude of the input signal, based on a correction output of the
comparison result; and amplitude control means for controlling a gain of the amplitude
of the input signal, based on the amplitude control signal generated by the amplitude
control signal generation means.

According to another aspect of the present invention, there is provided a
distortion compensation apparatus for compensating for a distortion component
generated in a device, comprises: first envelope detection means for detecting an
envelope voltage of an input signal supplied to the device; second envelope detection
means for detecting an envelope voltage of an output signal of the device;
calculation means for obtaining a difference between the envelope voltage detected

by the first envelope detection means and the envelope voltage detected by the

5



second envel ope detection neans; co i J
_ ( ; npari son nmeans for c
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_ val ue; conparison result correction nmeans for c [
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0 ‘yet anot her aspect of the present invention, there is prbvided

a distortion conpensati }
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detection neans; phase i
P control neans for controlling the ,ph%rs]gfs@‘f t he i nput
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: ge Na asatrelogipnadl fos contadlling Aegas ef] apamphitu e
si gnal® generation neans; second envel ope detection nZans for detgg?}aglan
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the amplitude control signal generation means.

According to yet another aspect of the present invention, there is provided a
distortion compensation apparatus for compensating for a distortion component
generated in a device, comprises: first envelope detection means for detecting an
envelope voltage of an input signal supplied to the device; phase control signal
generation means for generating a phase control signal for controlling a phase of the
input signal, in correspondence with the envelope voltage detected by the first
envelope detection means; phase control means for controlling the phase of the input
signal, based on the phase control signal generated by the phase control signal
generation means, second envelope detection means for detecting an envelope
voltage of an output signal of the device; phase difference detection means for
detecting a phase difference between the envelope voltage detected by the first

envelope detection means and the envelope voltage detected by the second envelope
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detected by the phase difference detection neans to the ase contro
signal generated by the phase control signal generation neans, and for
supplying an addition result to the phase control nmeans. According to yet
anot her aspect of the present invention, there is provided a distortion
conpensati on nethod for conpensating for a distortion conponent generated
in a device, conprises: a first envel ope detection step of detecting an

envel gpe. ok tAGRs:Ohdadifpubesisorkddinpphé phesediffbreneredetedied 8Y 4Bt ond
envel ope detection step of detecting an envel ope vol tage of an out put

Si gnalp@ggq %i?feﬁ%%gzdrége%cﬁgn &@E{E% SOPhast @Bnebl §pmalchagtddisy Greviiaspe vol t age

det ect envel ope detection step with the envel ope vol tage

detected in the second envel ope i iit;8n GOdHPRYd BRNpHaesUl t
cor r ecoptal &igapl BINCEBIMLEM My aﬁdggft gﬁéﬂg S i%} gtg(}\lgglrlni ng a r g')sul t of

conpari son nade in the conparison step, as to which of the envel ope

vol t ageatriobmleamgyer / smal | er; an anplitude control signal generation step of
generating an anplitude control signal for gontnoll%n .an anﬁlitude of the
i nput  si gnahecdrdingdoamt amother aspett ontheurgient Brvephgn.d ﬁ‘%alﬁ iPEOHY TR & Ul t
correction step; and an anplitude control step of controlling a gain of

t he an@g }tggje ﬁhﬁehﬁtio%p%etﬁé@%f,cdi@mdatm tihe a alipbitiond €OBPAREH| si gnal
genera &d y the "anplitude control signal generation step. According to yet
anot her aspeet. of .the p igvent i @efection BV bfl ddteatingliagt or t i on
corrpen%“é’teffgﬁgﬁ%t%gﬁvﬁ%r&gﬁoﬁ%@gﬁégt@% e?g?og@di storti oer?/corrponent gener at ed

0 device, comprises: g {ITsl PINELARE (SHECUMAR, X Sekohlh dnlease ng an Sb

detection neans; and addition neans for adding the phase g%t%g£ﬁ&§900

detection step of detecting an envelope voltage of an output signal of the device; a
comparison step of comparing the envelope voltage detected in the first envelope
detection step with the envelope voltage detected in the second envelope detection
step; a comparison result correction step of correcting a relationship concerning a
result of comparison made in the comparison step, as to which of the envelope
voltages is larger/smaller; an amplitude control signal generation step of generating
an amplitude control signal for controlling an amplitude of the input signal, based on
a correction output of the comparison result correction step; and an amplitude
control step of controlling a gain of the amplitude of the input signal, based on the
amplitude control signal generated by the amplitude control signal generation step.
According to yet another aspect of the present invention, there is provided a
distortion compensation method for compensating for a distortion component

generated in a device, comprises: a first envelope detection step of detecting an
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envel ope voltage of an input signal supplied to the devi cej pR.&E5829804

envel ope detection step of detecting an envel ope vol tage of an out put
signal of the device; a calculation step of obtaining a difference between
t he envel ope voltage detected in the first envel ope detection step and the
envel ope voltage detected in the second envelope detection step; a
conparison step of conparing the difference obtained in the calculation
step with a predeterm ned reference val ue; a conparison resul correction

step ghyaosd 96lth gl off dreligtuit csigiil psupplicdrini thy devies it seendc AYEAPE%Son made
in the conparison step, as to which of the difference and the reference

o oe defestioR R85 o ivolege ofmhrautpwisigral ofdhedeliFet st ep of
gﬁ%ﬁtéoré ﬁt%ﬁacﬁpsd[aft%%ﬁg anPéhv3liYe g8e

gener control signal for controlling a gain of the

anmplitude of the i t.signal tthe eatdlbpd velgageoditeatd & gnal
gener &ekalatignsiep g 1@Fﬁ@%ag%ﬂ%¥§?églgﬁ§? ggnera%ion step. In the

di stortion conpensation, apparatys, the . Ojn &leU$t2bnd generation
means the dirstoenyelons| {etectioncyep ceti 1Bh e&ﬁ?éggu‘{ogtggg#%%%gdf or out puItlti ng data

for anplitude correction, in correspondence wt eaﬂgaenveuﬁggegqhtage

det ectepdeldye idorectibn s&p; erceuirapeon step @l OMNIEER L, TP Updating data for

anplitude correction, based on the correction output of the conparison
resul ttggo(gaq&ﬁgt';&p stBansih BRIEFBISGRI REfEpErvalNgG BRAVIPRESORI 85 is a
bl ock diagram showing a first exanple of prior art; 5c 13 Decenber 2004

S ek S S s e IO G 3 1
in the comparison step, as to which of the difference and the reference value is
larger/smaller; an amplitude control signal generation step of generating an

amplitude control signal for controlling a gain of the amplitude of the input signal,

based on the amplitude control signal generated in the amplitude control signal

generation step.

Tn the distortion compensation apparatus, the amplitude control signal
generation means includes amplitude correction data output means for outputting data
for amplitude correction, in correspondence with the envelope voltage detected by the
first envelope detection means, and for updating data for amplitude correction, based
on the correction output of the comparison result correction means.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a first example of prior art;
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.apparatus according to the distortion conpensation appar g pg kb6

rret hod thereof as the first enbodiment of the present invention; FIG 4 is
a circuit diagramshowi ng a specific exanple of a logic section -(ADP_.

Logi c) which fors part of the adaptive distortion conpensation apparatus as
the first -enbodinent; FIG 5. is a. spectrumcharacteristic graph of

di stortion generated by a power anplifier; FIG 6 is a spectrum
characteristic graph showing a result of distortion conpensation at a room
tenperature; FIG 7 isa characteristic graph showing a result of adaptive
conpensat i on EiG. 230 a blstdgdiegam dhoGinga sscoad elvamptd e prigriast; gr aph showi ng a
result of adaptive conpensation at -80 degrees; .. . . -. FIG 9is a

structural ViEg. sheyangnidi@ab ey isHewHig Sﬁlﬁ)raﬂh%@t'ﬂvecﬁfmﬁ“ﬂﬁtdo%be]ﬁ%&'i atus-as
t he second errbodl ment; FIG 10 is a structur vi ew showi ng the adaptive

di storti &ﬁ?@]hh?@tl gﬂf&h‘éﬁl n§a'f'1%nta§3g£r‘JtLE%8c{jl’1@E@H}odﬂﬁ‘%f lis a

structur VI ew s aptive | stortion conpensation ‘apparatus as
e ot B P PR 1 12,5 2 et v
embodi ment; FIG. 4 is a circuit diagram showing a specific example of a logic section
{ADP_ Logic) which forms part of the adaptive distortion compensation apparatus as
:the first embodiment;
FIG. 5 1s a spectrum characteristic graph of distortion generated by a power .
amplifier;
F1G. 6 is a spectrum characteristic graph showing a result of distortion
- . compensation at a room temperature;
- FIG. 7 isa characteristic graph shoWing aresult of adaptive compensation at-30.-
degrees;
FIG. 8 is a characteristic graph showing a result of adaptive compensation at 80
. degrees; . .
- FIG. 9 is a structural view showing the adzaptive distortion compensation
apparatus as the second embodiment;
FIG. 10 1s a structural view showing the adaptive distortion compensation
. .apparatus as the third embodiment;

FIG. 11 is a structural view showing the adaptive distortion compensation

apparatus as the fourth embodiment;



FIG. 13 is a structural view show ng the adaptive distoriipp.&umpensation
apparatus as the sixth enbodinent; FIG 14- is a structural view show ng
the adaptive distortion conpensation apparatus as the seventh enbodi nent;
and FIG 15 is a circuit diagramshow ng a specific exanple of a phase
difference .detection section which fornms part of the adaptive distortion
conpensati on apparatus as the seventh enbodi nent. DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS In the -follow ng, an adaptive distortion

conpensati on apparatus as an enbodi nent .of the distortion conpensation

appar at us angiGdiiotigrd HARIGAIMPRIS Aidvilg thoRidhewl 8RR dbinGofpehdifionr esent

invention wll be explained with referénce to the .drawngs. This adaptive
distorti a%?ﬁg)fs%@tﬁif@lnm Lahs serves to conpensate for distortion of a
hi gh-fredquency power anplitier (hereinafter described as a power

anplifier) f transm ssion in.a digital,wreless ication . apparatus.
At first, a ?ﬁ?‘ué?d?é %fﬂcgwa; S ® |ngtgFtad%ng%gg.f)()%gﬁﬁlﬂwgnﬁﬁn ortion
conpensati on appar at us Yﬁ%&il be. explained with reference to FIG .3. This
adapt i veAPPATAYLRY e s ABEAdIRENEn appar at us conprises a first
envel ope-detection section (DET 1)1, a second_envel ope detection section
(DET. 2) 15, FlGoll¢dyae sowpuehview stovepg the adapm‘c‘gﬂ@tqrﬁmlbfewee;at@@cti on 18,
an anplitude control signal generation neans; and a: 7 13 Decenber 2004
gai n- cordppatatseas the sevedith &nbodiinest; apdvel ope det ection section (DET 1)
detects an envel ope voltage in_DET of a high-frequency signal PA__in
havi ng an enRGopLis a circuit diagram showing a specific example of a phase difference
. detection section which forms part of the adaptive distortion compensation apparatus
as the seventh embodiment.
‘DESCRIPTION OF THE PREFERRED EMBODIMENTS -
In the -following, an adaptive distortion compensation apparatus as an
embodiment of the distortion compensation apparatus and distortien compensation.
method according to the present invention will be explained with reference to the
drawings. This adaptive distortion compensation apparatus serves to' compensate for
distortion of a high-frequency power amplifier (hereinafter described as a power - '
amplifier) for transmission in a digital wireless communication apparatus.
At first, a structure which forms main part of theadaptive distortion
. compensation apparatus will be.explained with reference to FIG. 3. This adaptive
distortion compensation apparatus comprises a first envelope-detection section (DET

1) 1, a second envelope detection section (DET 2) 15, a voltage comparator (CMP) 17,

a logic (ADP_Logic) section 18, an amplitude control signal generation means; and a:



change, which is. supplied to the power anplifier 14. ThehﬁB@&ﬂﬁnﬁQ?@iODG
detection section (DET 2) 15 detects an envel ope voltage out DET of an

out put signal PA out of the power anplifier 14. The vol tage conparator
(CWP) 17 conpares the envel ope voltage detected by the first envel ope
detection section 1 with the envel ope voltage detected by the second

envel ope detection section 15. The | ogic-section (ADP-Logic) 18 corrects
the relationship in magnitude, which is detected by. the voltage conparator
17. The anplitude control signal generation nmeans generates an anplitude

control gah @oatroNMe@idn 13r Tho fikdtadrivelnge tdeeection! settiste (DET! he deeptitaisi gnal
PA in, based on the correct ed. output of the logic section 18. The gain
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conpens atfitba papparmaplibier s Tdgowraghcqmegrater (¢ ﬁﬁ&’rpeﬁ%“tfst BAYHORSes. a
first envel ope detection section (DET 1) 1 for receiving, through.a

capaci t ovoltage dgtastad byothe firsicerhvielpiperdetagtion sgetinnghwithphe envelape ngltage

envel ope. change, which is supplied to an input termnal Tin, and for

det ect i ndptedied entlelsependamiveiage detectbsechen ¢hf Thaloglseagmn @XDB;I@e}rber 2004
anplifier (In_AMP) 2 for anplifying the envel ope voltage in DET detected by
the firsgcerestd dieecldgtabip @magifuderwlich Bdeciadbgniervdiergedofiparadiigi ti zi ng

t he out put of t he 7
17. The amplitude control signal generation means generates an amplitude control
signal AM _ctl for controlling the amplitude of the input signal PA_in, based on the
corrected.output of the logic section 18. The gain control section 13 controls the gain -
. of the amplitude of the input signal PA_in, based on the amplitude control signal
generated by the amplitude control signal generation means.

The amplitude control signal generation means is constructed by two amplitude
compensation memories 7 and 8 described later, a latch circuit 9, a selector 10, a
selector 11, a D/A converter 12, a latch circuit 19, and a digital adder 20.

Explained next will be the details of the structure of this adaptive distortion

-compensation apparatus. As shown.in FIG. 3, this apparatus comprises: a first
enveloﬁe detection section (DET 1) 1 for receiving, through a capacitor 22, a part of:

the high-frequency signal PA_in having an envelope.change, which is supplied to-an

mput terminal Tin, and for detecting the envelope voltage in_ DET thereof; a voltage -



voltage anplifier 2 and for outputting a digital signal. Dellhbed 2Bhase
correction nenory (RAMPM 4 which is inputted with the g%l'giefg? S|29nal

D AD, as an address, outputted fromthe AID converter 3, and which outputs
phase correction data DRP corresponding to-the address, from data
previously stored for phase correction; a first D/ A converter 5 -for
perfonning D/ A conversion on. the phase. correction, data DRP outputted
fromthe phase correction nenory 4, and for-outputting a phase control
signal PMctl; a latch circuit (Ad_Lch) 9 for latching the digital signal

DAD out paihplflef (1IaNAMI® 2Fd? aepiviideahe 3nvelopé veltagenipl DEIUdetectep &AL i ON
menory ( M_AM(Il)' 7 whi ch hggwgnig?nput eng Rl 1 and an- out put.egd DR1, and
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anplitude conpensation nenory (RAM AM 2) 8 which has an input end RI 2 and
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| at ch out put D .~ the.l.atch cjr,cui,t .a,firste kpput as..well as the
digital SHIRLY f%bq{l\ﬂ) 1 ot it it ths il yeb ¢ AT 24dERS> whi ch
swi tches and connects the digital, signal. D AD to the input end RH as well
2 the- PRPEHEFORhepMAbEORtEricna, ARG i RRELS PgFe HECKI o dar DR Gnal D_AD
to the input.end R12 as.well as the latch output D ADL to the input end
R 1; a sewsesposdingte the addedsadram dyta praviewsly: ptored for phesecprigetipntfdrsbut put
DR1 of the first anplitude conpensation menmory 7 as a first input and the
out put . DR?A @bnvértersie toerfomping Ddé convgrensan tha piresmegrrectiod: dée &RRr 2004 8
as a second input, and which selects and outputs either one of the inputs,
as data owdpufPd? from gecshide Rbkedtin enwonveatdforl@utphitily 4 phasepuehtretl wit h
the data D DA2

signal PM_ctl; a latch circuit (Ad_Lch) 9 for latching the digital signal D _AD

output;[ed from the A/D converter 3; a first amplitude compensation memory

(RAM: AM 1) 7.which has an input end RI1 and an-output end DR1, and which stores.

- .previously data for amplitude correction; a second amplitude compensation memory -

(RAM_AM 2) 8 which has an input end RIZ and an output end DR2 and which

previously stores. data for amplitude correction, too; a first selector (Selecterl) 10

‘which is inputted with a latch output D_ADL of the latch circuit 9 as a first.input as

well as the digital signal D _AD of the A/D converter 3 a-s_ a second input, and which

switches and connects the digital signal D_AD to the input end R11 as well as the latch

output D_ADL to the input end RI2, or the digital signal D_AD to the input.end RI2

as.well as the latch output D_ADL to the input end RI1; a second selector (Selector2) -

.11 which is inputted with the output DR1 of the first amplitude combensation memory

7 as a first input and the output DR2 of the second amplitude compensation memory-



sel ected and outputted by the second selector 11, and whi ghppahiny pBod A
conversion thereon; to output an anplitude control signal AMet); a second
envel ope detection section (DET 2) .15 which is inputted through a :
capacitor 23 with apart of the output of the power anmplif er.(PA)14 as:a
target whose distortion should be conpensated for by the adaptive

di stortion conpensation apparatus, and which detects an.envel ope. out DET
therefore; a voltage anplifier (out-AWP)- 16 for anplitude which detects an
envel ope out DET by the second envel ope detection section 15; a voltage

conpar at gras a €M inpht, WIOKILIS sélbgiy bh@ duutdeitite oputdfuhe dfipitheasvdis age
anplifier 16 as a first input as well as the output. of the voltage

anpl i fi GQH@@ aaseé{?&d)wA ((DM) m%%%uzcmudﬁ% %Mtedwmh]eodata pepApULS s

| arger/s I"er ogi c. (ADPLogi c) section 1.8 which latches the output of

t he vol t age .c Q t ital -1
bit as A& ?t‘é‘ﬁ%fp&%%ﬁ %eci'%y@'é'ge Vgﬁgggﬁgﬁhwﬂ%{i o Iﬂ!ﬂ%é’%n S]Dgi %OIR}:’%S?&(’:I circuit
(Dt; Lch) .19 which | at ches D segond- sel ect or
11 & di Gierean IRigwput ﬂb@}lp&ﬁlﬁwewﬁwgﬁa‘ﬁﬁyctiowcmé cBUSIARE SHRCINR dar o
latch circuit 19 and t he, out put the | ogic section 18 to each

ot her, ‘apretighni(BRFT Loknwhich 1%1133&@4 tlv@n*gbrfé%ana@mr% Witha P H{aheRIED & wr i t e
data bus of the anpl i tude conpensation nenories 7 -and-8; a delay, elenent
(Del ay) efifhappekr sisphifjer (PO 14 apatargstgrhaise Matarien shqyidbecemnpenseted fosect i on
(PM 6 which-is inputted with the output of the delay elenent 21 as an

i nput anby e efaptiverdistestindaengmsatson sppapaes,iang whiab eletncts e ephadepe control
signal PMctl; 10 13 Decenber 2004 a gain control section (AM 13 which is

i nput t edoi DET herefbited bl oldgetaitplifizatent CANMM)AL fosanplitade Ghichndbtadis ah
i ncreases/ decreases its gain by the anplitude control signal .
envelope out DET by the second envelope detection section 15; a voltage comparator
(CMP) 17 which is inputted with the output of the voltage amplifier 16 as a first input
as well as the output.of the voltage amplifier 2 as a second input, and which detects
. which of the inputs 1s lafgér/ smaller; alogic (ADP_Logic) section 18 whichlatches the
output of the voltage comparator 17 and which outputs a digital +1 bit or digital -1 bit
-as a.signal ADP_D, depénding on Vthe Ia_tch value; a data latch circuit (Dt_Lch) 19
. which latches the data D_DA2 selected by the second: selector 11; a digital adder -.
(ADD) 20 which digitally adds the output of the data latch circuit 19 and the output
ADP D:of tﬁe logic section 18 to each other, and which connects an addition result .
ADD: D thereof to a write data bus of the amplitude compensation memories 7 and §;
a delay. element (Delay) 21 which de]lays the input signal PA_in; a phase control’

. section (PM) 6 which is inputted with the output of the delay element 21 as an input’

and which increases/decreases its passing phase by the phase control signal PM_ctl;
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AM ctl, outputted fromthe second DA converter 12; and a;pouei,iiehbsier
(PA) 14 which is inputted with the output of the gain control section 13,
and which-.outputs the signal. PA _out,through an.output term nal Tout.
Expl ai ned next will be the flow of a signal in -the - adaptive distortion
conpensati on apparatus shown in" FIG 3. In this adaptive distortion.
conpensation. apparatus; the first.envel ope detection section 1 detects-
anenvel ope- voltage in_DET froma part of the high-frequency signal PA in
having a change in its envelope. Further, with the envel ope voltage in_DET

i's anpl i higgh ddhulohgecrioh (AN BWhichiehpaite@Wath the b?{g'g&ﬁﬁh_@?g?@réo%%ﬁt i zed by

the A/D converter 3. The nenory is accessed with di gi signal D.:AD

out put t ede &AM Sy flch Jﬁ%Xseersfa%Ere‘?lséésﬁg ﬁﬁ@atﬁg tlﬁgﬁ@ﬁﬁjdeoéolﬁgﬁ nsgé]{%get hi's

correction rnenory4, and phase correctio orrespondi
address i tputted.fr -t he t.a previously.stored for.
hase. cof et SRPURT GondR sesBd T Ta B e A S allg BaBr R abPifRE BAL U 1y
converter 5 to output. phase control .data PMctl. The K phgse contyol
section Bhidhis gitet pad't 904139%0%, &N CORT PSRN Qapnﬁaﬂalal'-mﬁeptsﬁh@e
correction data is l|orevi ously. stored ..in-:.--the first anplitude
conpensafigodl dreytylrpugh an pripus tesaieal diepti t ude conpensati on-. nenory 8. The
output D_ADL obtained by latching the digital signal D -AD of the envel ope
vol tage by theplhimed mext redli be dhorfloweohut pignalDiniBhofadahveV distootimer t er 3
is swtched by-the first selector 10 and used as the address of each
menory. tempeliatioanppatatisahbprtinBRG. 311 fhidedamiverdistoRbnodoripasatign.i t ude .
conpensation menmory 7 and the output DR2 of the anplitude conpensation
nenory BaggRatmvi the fied chidlibpEagbetinRELHY 1 deR chemMidcRpES6ltafe s 1 DHTO
from a part of the high-frequency signal PA_in having a change in its envelope.
Further, with the énve]ope voltagein DET 1s amplified by the voltage amplifier 2, and .
1s thereafter.digitized by the A/D converter 3. The memory is accéssed with the digital
signal D..AD outputted from this ‘A/D C(v)lnrﬁerter 3 used as an address of the phase
correction memory 4, and phase correction data DRP corresponding to this address is
-outputted from the data previously stored for phase correction. : This is subjected to
D/A conversion by the first D/A converter 5, to output phase control data PM_ctl. The
phase control section 6 is controlied by this phase contro! data PM_ctl.
Amplitude correction data is previously stored .im.'the first- amplitude
compensation memory 7 and the second amplitude compensation memory 8. The
output D_ADL obtained by latching the digital signal D_AD of the envelope voltage
. by the latch circuit 9 or the output D_AD of the A/D converter 3 is switched by the-

first selector 10 and used as the address of each memory. In addition, the output DR1
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be connected alternately to the second D/ A converter 12. i@ge@%rQbM he
gain control section 13 is controlled by the output AMctl of the second
D) A converter 12.. The second envel ope detection section 15 detects the
envel ope voltage. out_ DET of the -output. of the power anplifier 14 whose
di stortion should be conpensated. This- envel ope voltage out DET is
anplified by-the power anplifier 16, to form one: input to the voltage
conparator 17: Another input of the voltage conparator 17 is supplied with
t he envel ope voltage in_DET detected by the first envel ope detection

section &f alng aamhithde e@ﬁbmxstaﬁ@a vodrhage7 amil thé icetpiz. DRBeofviblet mgplitudenpar at or
-17: conpares the two envel ope voltages. Further, the- logic. section 18

| at ches bhapYaiddSneAdy® HeERRche® FrofP&ddhtothétesyedk sabshdsslau:s] B tdi gi t al
+l.or z 1 bit as a sighal ADP-D, depending on the | atched val ue. This

si gnal -Ap ﬁ@g@le\fbf{ﬁﬂ&%a@gﬂﬁpletssgﬁom 19}(14 E&ﬁ\%ﬁgﬂﬁ.z’?l'ne %zm; 5f Hjegﬂah?éoﬁg)ngr 20 is

al so sup an outp ecte y the secon el ector 1
| atched by the Jatch circuit 19. Fu eh, ot:he digi adder . .,20 digitally
adds ¢ e tigar® AspraSIEGHY e Rup LBl of WiGsoChi AR B %8l 127 £l e
addition result ADDWD, t her eof d’nt 0. t he dat abﬁg‘s. of the anpl it\ﬁﬂe.
conpensati on WP@LA. PORFAPE . AetRL o niEH 10, ctasfs ithe sryeiore t¥lg8gh t he
del ay el emnent. 21, the phase control section 6, and the gain control
section o8t DiHH fsthenewipatmelithe cepvisy amplifienndd -Whoss| distastion shouldnbe hi s
while, the phase and anplitude of the signal PA in are corrected by the 12
13 DecenbenpatiMedFhsenyciope vdltageoui IAED isavaplifiesd yethe pewer aropliBedio, on 13,
and the signal is then inputted to the power anplifier 14. As a result, an
out put sigfietm Rfenitipunhosthe dicdtage tdompakater 17 Another input of .the voltage
comparator 17 is supplied with the envelope voltage in_DET detected by the first
envelope detection section 1 and amplified by the voltage amplifier 2. The voltage
comparator-17:compares the two envelope voltages. Further, the logic.section 18
latches the voltage as a comparison result thereof and outputs a digital +1 .or <1.bit as
a signal ADP_D, depending on the latched value. This signal ADP_D is supplied to
the digital adder 20. This digital adder 20 is also supplied with an output selected by -
the second selector 11 and latched by the latch circuit 19. Further, the digital adder. x
+ 20 digitally adds the signal ADP_D and the latch output to each other, and writes the
addition result ADD_D thereof into the data bus of the amplitude. compensation:
memories 7 and- 8.
The input signal PA_in passes through the delay element 21, the phase control -

.section 6, and the gain control section 13, and 1s then amplified by the poweramplifier

14. In this while, the phase and amplitude of the signal PA_in are corrected by the -
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been .conpensated is obtained fromthe output term nal TOE?De&ﬁ%&xZé@?Cific
explanation will be nade-of the anplitude conpensati on, se
correction.and adaptive conpensati on which are performnmed by the adaptive
distortion conpensation -apparatus -described above. ,.Described firstly
.wWi |l be anmplitude correction data necessary for anplitude . conpensation
The envel ope voltage of the input signal PAin is expressed as Vi (t). The
envel ope voltage of output of the gain control section- 13 is expressed as
Vpd (t), and the voltage of the gain control signal AMetl added to the

control bRiEichAl: opéechbhg AHAHE gain EOREAIQbctiRCH3, Bnd thb3igal Rhaehpededs Ve
(t). This voltage Vc (t) is stored in the arrplltude conpensati on nenori es

7 and 8., th%tb%g«%?%mbj; for t%eAQQE&uE’ by Glpll silha I’J@'dﬁt%@éﬂlstc?ﬁﬁﬁ'hgy 13 is

expresse conver si on coe Icient a l+a*Vc (t)

he f = Vi G ...
(2) The Eﬁednﬁfqlﬁﬁgl(s Odl%%‘iﬁﬂ’?ﬁ%j g ?drﬁ%tquﬁﬁ%glqr&éﬂ/@dogt%l) to (()E)% ai n(;/ﬁZa
foll t
Loumtlon gqgtﬁ@%?%@&ﬁy B oiistapian S bt st 4T (oF mHtadf RS PR (1) - 1)

3 U e
(%) correction; and adaptive compensation which are performed by the adaptive distortion-

- compensation apparatus described above,
-Described firstly will be amplitude correction data necessary for amplitude .
- compensation. . -
The ehvelope voltage of the input signal PA_in is expressed as Vi (t). The
envelope voltage of output of the gain control section 13 is expressed as Vpd (t), and
- . the voltage of the gain control signal AM_ctl added to the control terminal of this gain :
control section 13 is expressed-as Vc (t). This voItage Ve (t) is stored in the amplitude -
compensation memories 7 and 8.
‘Suppose that the gain G (vc) of the gain control section 13 is expressed as
. follows with a conversion coefficient a.
G (ve) = 1+a*Vc (1) .. (1)
Since the following equation is given.
Vpd (1) = Vi (#)*G (v¢) ..(2)
- The equation (2) is substituted into the equation (1) to obtain the following equation.
- Vpd (1) = V1 (t)*(1+a Ve (1))

- Hence, the following equation is obtained.
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The envel ope voltage Vpd. (t) can be obtained by neasuri ngy pB&iyaPYsdL Ut put
characteristic with respect to the power anplifier 14 whose distortion
should be corrected. Therefore, the result obtained by cal cul ating

t he- expression (3) described above may. be- previously stored into the
anpl i tude conpensation nenories 7 and 8 w th use of the envel ope voltage
Vpd (t). Next, phase correction data necessary to perform phase correction
will be described. Suppose that the phase characteristic of the power
anplifier is as foll ows. (D (V1 (t)) (4) The phase correction

dat a- <Dpd bchnﬁS%(ﬁ/ﬁ)d(Vpﬂn&t)/Vl(ﬂ))d)d =P3XD (V1 (t)) ... (5) This data is

previously stored into the phase correction nenory 4. Next explanation wll

be made of th@h@ﬁi@&d}@p&ﬁamgwqa)taatnﬂ)@@mﬁiedcby H&asfing theinpupbifpute
conpensati on nenories 7 8. The anplitude conpensation nenories 7 and 8

store a”'@he?r%b‘t‘éﬁsﬁ@%ﬁﬂés@@ctdt%ttﬁe HfoRVelr SHRSFHr NOt \ﬂ]@S@GQE&ﬁ%ﬁ%hogﬂC@e addr ess

is a signal D _AD obtal ne by digi'tizing an inputted envel ope signal

| PET, Lhi5eaER it CRPRRTRLHOM IR Gy A Bpresih P4 Gél@ggeaDR'

and- DR2 CoOf Fesp ress i nce

addresses for accessin he nsati on. - menor . One
Tsoan’ oab ‘(th@’ bpbe'f‘fl@rflv Ko R A T R e P 7 A B,

obt ai ned b D(st Dece 004 Ig (jhl ng and hol di ng the output of this A/D
convert et e ene ed*i tagh ¥P9 ()Bot h

. Next, phase correction data necessary to perform phase correction will be -
. described.
Suppose that the phase characteristic of the power amplifier is as follows.
O=d(V1{®). ..(4)
The phase correction data ®pd becomes as follows:
. Ppd=-@ (‘;/1 ) ... (5)
This data 1s previously stored nto the phase correction memory 4.

Next explanation will be made of the amplitude compensation operation using
the amplitude compensation memories 7 and 8.

The amplitude compensation memories 7 and 8 store amplitude correction data
'cclorresponding.to addresses. Each address is a signal D .AD obtained by digitizing an -
inputted envelope signal in DET. The amplitude compensation memories 7 and 8
-output data DR1 and DR2 corresponding to the address..Since there are two kinds of
addresses for accessing the two phase compensation memories 7 and 8. One is-an

output D_AD of the A/D converter 3 and the other is data D_ADL obtained by
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types are switched by the first selector 10, to access al {fnpadaley e two
anplitude conpensation nenories 7 and 8. Further, the nmenory connected
with the address D-ADL | atched- by the latch circuit 9 is in a nenory
wite node, and the inenory connected with the output D-AD of the A/D
converter 3 is in- a nenory read node. The output data DRI or DR2 fromthe
menory int lie read node is connected. w4b the [/ A converter 12 by the
second selector | ],-to formthe .anplitude control -signal - AMctl. Next
explanation will be nmade of a phase correction operation using the phase

correct i datcinegany héldidh ehedhgpiitadf thisghvd) corvbRerld derthbedckhavaitis Bsikd as an
address for the anplitude conpensation nenories 7 and 8 and is al so -used

si mul t ane@ieslaye Switcldl Byl et fséléct'bl"QOWngfe@ﬁétElﬁﬂhwré{nﬁlimH9 out put
-data 'previously stored for phase correction, as phase correction data

DRP. Thi gofkiatisn SBh&GLCH ah @ 8 R th GO YL e d Wit GRpverter
5, to out Bu? aaplﬁrzlase contsr ol"l Si gngl ]%F\)/# t ttj[l, ]%E)(’:IE&PH}ECJ vaﬁltg tB%?%‘.eg nt r ol
section. i trold.ed. t .explqanation w |l made of, adapti ve
compensat-a SRR b the PRA R £07b'CBrlikbeore FEABLPi BRahbicine 11 ke,
distortion of the pgwer anmplifier. 14 i1s conpensated for only by the
oper ati oﬁo%qecFeéla‘H’iﬂgawa‘ﬂ‘BP‘i‘tt ﬁﬁ%‘é%t‘i%ﬁ%&aﬁ IR A SReIReRY Seadarades or
anplit udgl\, conpensation. Howeyer, if a change occurs in tenperature or the
li ke, t hilleenwybdallononldRy omsthe inamery or thegead mate isgopmedtedhivitinths |
required_to respond to the change. 15 13 Decenber 2004 For this purpose, in
t he pres&Md qomyerter oA bytthe sesnnd| seirstarol t,dgdonn thdramplitysiet control -signal -
AM_ctl.
Next explanation will be made of a phase correction operation using the phase
correction memory 4. The digital signall D_AD described above is used as an address
- for the amplitude compensation memories 7 and 8 and is also-used simultaneously as
an address for the phase correction memory 4, to output data previously stored for
phase correction, as phase correction data DRP. This data is subjected to A/D
. conversion by the first D/A converter 5,.to output a phase control signal PM_ctl, and
thus, the phase.control section 6 is controlled.
Next explanation will be made of adaptive compensation operation.
.. Ifthere is no-change in temperature or the like, distortion of the power amplifier
14 is compensated for only by the operation of reading amplitude compensation data
~from the ‘memory for. amplitude compensation. However, if a change occurs in

temperature or the like, this compensation is not satisfactory so that-a mechanism is

required to respond to the change.
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PA out of the power anplifier 14, which has been correctegs by.dh-app4 i t ude
control signal AMctl outputted fromthe anplitude correction nenory 4,
and the envel ope voltage before the correction are conpared with each
other, to detect- the relationship -as, to, which -of . the voltages is

| arger/smal ler. Further, data in .the. anplitude conpensation nenory is
updated so as to correct the relationship. At-this tinme; one bit of the
data in the nenory-is updated by every one set of operation: Therefore, the
data is corrected to a proper value by accessing one sane address

somet i mes. FoFor énapipese, i thehresmv ehapion] titehmvelopatvoltdgdwbibefougsitency
signal PA_in changes like a @QPSK nodul ati on wave, one sane vol tage appears

at a cer tRA nupbdilowet ¥mplifiehe!, bibiteh hatesn cdfteded BY thetdigpladds esRpsy are
corrected to proper values as the tine goes..Although reading from and

writing isphar hRe ESRphES B8 tﬁ%ﬁlgrifm.c%hfe@ﬁ@@mﬁbéyM“Qn&'ﬁis%kf@@pgar e used

so that reading Tromone nenory 1s carried o wEiting 1 nt he ot her .
menory is, gl - i e operation pf. the adaptive
i stor 1 SRR Seb s BRI B BRI ool e, BRRIS e fiohdnexe - The
conparator 17 ..conpaktes the anplified output abtained-by anplifying the
envel ope aF‘nthEqmg’f %h ® H‘HE’E‘;F%SP H?’&?g‘r”énﬁgnﬁ'ﬁ‘%ﬁr’gﬁéra By “heepplidge -
amplifier 2,-,with. the anpli féed out put -obt ai ned by, anplifying the
envel ope CEPeRRATPN dReRERY 1p ghdated 50 aftn porrest tharalaiopshipy it dais snediose or t i on
conpensation by the voltage anplifier -16. -The voltage of the conparison
resul t i $fcithhdatayythenpemernyiigupdated bnevay oanesetof dpeiatiah: Fherefore, 1Be 13
Decenmber 2004 -1 bit i's outputted as a signal ADP_D, depending on the latch
val ue. data is corrected to a proper value by accessing one same address sometimes. For
example, if the envelope of the inputted high-frequency signal PA_in changes like a
- QPSK modulation wave, one same voltage appears at a certain provability on the time
~.axis. Thus, all the addresses are corrected to proper values as the time goes. Although -
reading from and writing into the memories are performed alternately, two memories-
are used so that reading from one memory is carried out while writing into the other
mernory is carried out.
A specific example of the operation of the adaptive distortion compensation
apparatus will be specifically explained next.
. The comparator 17 compares the amplified output obtained by amplifying the
envelope in_DET ofthe inputted high-frequency signal by the voltage amplifier 2. with .
the amplified output obtained by amplifying the envelope out DET of the power

~-amplifier 14 to be subjected distortion compensatibn by the voltage amplifier 16. - The

voltage of the comparison result is latched by the logic section 18, and a digital +1 or
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The data D DA2 sel ected by the second selector 11 is |atchegheymtdneobsitch
-circuit 19, and this | atched output and the output ADP_D of the l|logic
section 18 are digitally added to each other by the digital adder 20. An
addition result ADD D. thereof is: connected with and witten into -the
wite data bus of the - anplitude conpensation nenories 7 and 8. .. FIG 4
shows. a specific exanple of the logic (ADP Logic) section :18. The output
signal CWP out -of the conparator (CW) 1.7 is latched by 'the D -latch
circuit (CMP_lIch) 25. The D Ilatch circuit 25 perforns |latching at the
edges of-]tiieis @ugnittedias a sihiad ApedD fdependiapphehslapgoedse 8- bit data. By the
digital +1, only MSBis set to H, as shown in the figure,-and the other

is set to LoThByddih® 942 kelectkd 18 fhe Rbémd sdlectsel 1 ioldtthed Bheselatelnt a are
inputted to the digital selector 26 constructed by an AND gate. and an - OR

, - 155 1.4 ' Wi Mgl f d
?ft e, . aad,ans a0 i 1%&1{@;@: Fet 4 EEGuiRt AP mepardiobl RBYRNBER O FlQng

as outputs’o ) circurt 25. This data forns the
5 and 6 gh a result. of acticing:t. { V [ ti C ation
appar at vBEa; AR o et DA B ThS iR EAC, B gk IRCRBPEREE! | T
distortion canpensation:where the tenperature is af 25 rees.
(room : ttgﬁ‘ﬁ‘@?é‘ffﬁpéﬁ“?‘?t‘?‘gl"@ Bng VIS 1 Osglgc‘t"Pmedét@n{“éﬁ Hfﬁﬁg&‘@‘é‘r“?‘? on
generated by the power. anplifier :14: FIG 6 - shows a spectrum obt ai ned.
by adaptqoy@e@ﬁ%ﬂmmem@ﬂe&aﬁﬁér%ati on by the. anplitude :.conpensation
menories 7 and 8 and the phase correction nenory-4. FIGS. 7 and 8 show
resul ts of adapt dvshavorpepesifid orample@f the R_brgispsection 18 Theenber
2004 at -30 degrees. In the figure, the ordinate expresses the difference
bet ween dutput signal CMP -out of the comparator (CMP) 17 is latched by the D_latch circuit
(CMP_lch) 25. TheD_latch circuit 25 performs latching at the edges of the clock ck.
This specific example supposes 8-bit data. By the digital +1, only MSB 1s set to Hi, as
. -shown in the figure,and the other is set to Lo. By the digital -1, all bits-are set to-Hi.
These. data are inputted to the digital selector 26 constructed by an- AND gate and an -
OR gate, and any one is outputted to OPO to OP7, depending on values of Q and Q_
as outputs of the D_latch circuit 25. This data forms the ADP_D.
FIGS. 5 and 6 show a result of practicing the adaptive distortion compensation
apparatus as the first embodiment. FIGS. 5 and 6 shows an example of the distortion
- compensation-where the temperature is at 25 degrees.(room. temperature).-FIG. 5 .
. shows a spectrum-containing distortion generated by the power amplifier 14 FIG. 6 -
shows a spectrum obtained. by adaptive distortion:compensation by the: amplitude -

.compensation memories 7 and 8 and the phase correction memory 4.

FIGS. 7 and 8 showresults of adaptive compensation. FIG. 7shows an example
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envel ope voltages of input and output, md the abscissa ewbgée}@gergh@%
nunber of tinmes at~which ,nultiplicationis carried out. It "can be found

that, as the nunber of times of nultiplications cations increases, the

di fference between the envel ope vol tages decreases. FIG ..8 shows -a state
of adaptive conpensation where the tenperature is at 80- degrees. In the
hi gh tenperature side, a result appears in that the gain of the power )
anplifier,14 decreases,so that the | oop gain of the feedback | oop which
constructs all ..-adaptive route decreases, thereby increasing the nunber
of tinesat 030 niepidep) licahé digare, whe ohdinate oguessatlye ddferenke betwreendhst orti on
power, Furthernore, FIG 7 shows that an increase of the gain causes the

di f f er enggyeclBpt WSIBIxeh BRinput HAWutRR dindaké Sikciseavgirenes telivmdes of mebe
converged -fromthe negative direction, in-the | ow tenperature side.

S“f"g’gj’e[ hg{.{;}p@&auﬁ@lia%tﬁl i %an‘feﬁ%élg.ait%ﬁ Bﬁ ¥SihidaRat, hEtHenRinkicg B igrReFat ur e

erence Is converged fromthe positive side on the contrary
to FIG 7. t explanation, Wit b f i i rLion
conpensat THHP ‘Efﬁ'z?f“gl“l%?qse%rs%h%dlgéeé%ﬁg ri%ﬁg%e |thn§%{l€g§$%bgl a@ hg\%\g c%gneg' structure
of the adaptiyve. djstortion onpensati on appar at us pf .the present,second
enbodi nent . TﬁﬁG-a@me%staﬁcﬁ(%a PIBIT CO—"?R?I’?‘B%&EI%\WF?}R R R %yreol]s aE & second
enbodi nent differs fromthe adaptjve-distortion ﬁorrt}?ensatifon appar at us
pr evi ousKdggrerevia the hrshdempersture side. ¢ rest appsagilndhat the gamne! the MOWSEnor i es
used for anplitude conpensation are replaced with only one anplitude
conpensatinphifice i dgcreZses;intbat thtbopgainsefi the fasdbackd ogp avhich egmsehctase.
required for is 13 Decenber 2004 switching the two nenories in FIG 3 and
t he one -hadssivecioneuddcréasas,eherebpineckasing the number of times.of multiplications
which are necessary to reduce the distortion power.:
Furthermore, FIG. 7 shows that an increase of the gain causes the difference
‘between the-input and:output envelope voltages tobe Q()_llvcrge'd from the negative
direction, in-the low temperature side. However, in FIG. 8, due to the gain reduction
in the high temperature side, the difference is converged from the positive side on the
contrary to FIG. 7.
‘Next explanation will be made of an adaptive distortion compensation apparatus -
as a second embodiment. FIG. 9 shows the structure of the adaptive distortion
.compensation apparatus of the present second embodiment: The adaptive distortion
.compensation apparatus of the second embodiment differs from the adaptive distortion
- compensation apparatus previously shown in FIG. 3 of the first embodiment in that .

two memories used for amplitude compensation are replaced with only one amplitude

© compensation memory 27. Thus, the two selectors 10 and 11 which are required for
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That is, the latch circuit 9 and the first selector 10 ar 65%?6% m t he
first enbodi nent descri bed above, and the output D AD ofﬁ”'%g flc%(?]"g\?erter
3 is supplied to the address bus of the anplitude conpensation nmenory 27.
Al so, the second selector. I | - in the first enbodinment is renoved, and
the data bus .of the anplitude :conpensation nenory 27 and the second DA
converter 12.are:connected to each other. The operation of the adaptive

di stortion conpensati on apparatus. of the second enbodi nent will now be

expl ained. In the adaptive distortion conpensati on apparatus of the. first
enbodi memtitchirtg thppeamserhbrids indddi hgndthecoredetchaticoit Sckae aeanvedar i ti ng of
correction data for adaptive conpensation are carried out sinultaneously by
usi ngtwo anmihiat isdehedeteRensaik Oamd therfira selestor 1armte Bemdimdefvenn, the firsthe

.second embodi nent,... reading and witing are carried out by one
a”D' it U%m@m&&%bd%%?é ¥%nd the ORRINAM G R A/DBdnvéieriI Vs suppipder. the
circuit structure is sinplified advantageously although the output of the

Eﬁb”ﬁg.”z%%ﬁﬂ%%@%e%s Y it e e%ﬁ@%#ﬁ%ﬁ AfehiTpRtnEaBRAI LAl (e fifon d'o&Ztha
Chird erbosdren o auaBerdient iR f-ag ”%S%Pv%ﬂf‘ﬁﬁﬁéﬁé 6%t the
present third embodi ment Chl eved g[ﬁ/ renovij ngzt he del a¥ qeI erTEliIt 21 used
e, AapRsRaR SEGRTY 34 108 (HerRRn i A bRATRE L2 T opoRted jgach

enbodinment. In FIG 3, the deI ay elenment 21 is provided to correct the tine
19 13 Détthtrrber 2004 | ag between the control signals AMctl and PMrctl
outputted through digital

. The operation of'the adaptive distortion compensation apparatus.of the second

embodiment will now be explained. In the adaptive distortion compensation apparatus
of the first embodiment; it appears that reading of compensation data and writing of
correction data for adaptive compensation are carried out simultaneously by usingtwo.
amplitude compensation memories 7 and'8. However, in the second embodiment, .
reading and writing are carried out by one amplitude compensation memory 27,
depending on time. In this manner, the circuit structure is simplified advantageously
although the output of the compensation data is suppressed by one timing compared
with the first embodiment.
- Next, a third embodiment will be explained. FIG. 10 shows a block diagram of .

- the adaptive distortion compensation apparatus as the third embodiment: The adaptive

. distortion compensation apparatus of the present third embodiment is achieved by

- removing the delay element 21 used in the adaptive distortion compensation apparatﬁs.

-of the first embodiment. In FIG. 3, the delay element 21 is provided to correct the time
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* processing and the envel ope voltages at the gain control ??E)tebé?ﬁbe]-%@@d t he
phase control section 6. However, if the fluctuation velocity of

envel ope is slow conpared with t he processi ng speed of a digital SI gnal,
the dine-lag can be neglected, -so that the structure can be sinplified by
renoving the delay elenent. Next, a fourth enbodinment will be expl ai ned.
FIG 1,1 shows a block diagram of the adaptive distortion conpensation
apparatus as the-fourth enbodinment. This fourth enbodinent. is achieved by
changi ng tlag-baween the oobiroh signals Ahbsel asdriMobtl asdputiesh 1bﬂ¢@lghh@g(jah n
control section 13 are connected in the third enbodinent. It is ideal that

the passi ngropésatig &id tlieeergelopecoltigal atshe tgaimcdidroi sestionol 3 ahdrthye phiadeh
respect to the control voltage-AMctl. However, there is a problem

that-the; QA% NGROREE H&k@weﬁ aft Hablutiod Wefochy Ol @) GaRIdR Rvebded by
connecting the gain control section 13 is connected priorly so that the

phase tr an(,sdntlﬁaqu %thﬁﬁ@]{)%%b%orfgl%@%c%f ascﬁigftél%ﬂ%llaﬁ thfdll]‘l@tlﬁg gél?.%@ﬂﬁ%]é&gd by

maki ng a correcti W ng se cont’r sect a fifth
enmbodi nent | ai ne m_ of the
adapt i ve di® %BWW& & "E?%Wﬁgﬁég‘wé?‘ vy ?tﬁ‘%gaﬁ'g ]ﬁbodl ment. In the
adaptive di sto |on ensat .on a ratu ifth e n t he
out puts of &@'é HnE’Fts Tﬁec};\:@b bLflé%‘Y%ﬁgFO&ﬂéﬁ%??@ct i on
by an anal o e cal cul ator . (SUB) and the result is co

certain re‘? rdlaptive disigréioycempenyapion appatatus ah 1%@9“‘61& T’%ﬁguﬁ?ﬁ &h@

conpar at or in contrast to the third enbodinent.: This is effectlve for
-the case fmnlrféxl ¢obpdignegit- 3¢ achieved o ckangingtheerrder W@@hl the phas¢ieommelsut 20

13 Decenber 2004 PA out of the power anplifier 14. In general, the
di st orti orseptieernddbs gamt contrebeection 13 are connected in the third embodiment. It is

ideal that the passing phase of the gain control section 13 does not change with respect . -
~to the control voltage: AM_ctl. However, there is a problem that-the:passing phase
- changes actually. This problem can be avoided By connecting the gain control section
13 is connected priorly so that the phase transition of the gain control section 13 is.
- predicted, and by making a correction by the following phase control sectien 6:-
Next, a fifth embodiment will be explained. FIG. 12 showsa-block diagram: of
the adaptive distortion compensation apparatus as the fifth embodiment. In the
* adaptive distortion-compensation apparatus of this fifth embodiment, the outputs of
the voltage amplifiers 2-and 16 are subjected to subtraction by an analogue calculator
(SUB),~ and the result is compared with a certain reference voltage Vrefl (29) of a
direct current by the comiaarator 17, in contrast to the third embodiment.: This is

effective for the case of allowing distortion to some extent to remain at the output
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problemas long as it is limted to a constant |evel. The{ehet&nhd: 8584 Ni NQ
distortion can be tolerable to sone' extent. Hence, by limting the
control range, the operation time of the digital circuit can be limted so
that the current consunption can be reduced. advantageously.. Next., a

si xth enmbodi nent will be explained. FIG .13 shows a bl ock diagraii-i-of
the adaptive distortion. conpensation apparatus as the-sixth enbodi nent

Jri contrast to .the adaptive distortion conpensation apparatus of the
fifth. enbodiment shown. in FIG 12, the' adaptive distortion conpensation
appar at uPlofout o€ the powveeamplifiereht. In;geeptai ¢he distortionpamer doss 80t emge33 whi ch
construct a wi ndow conparator- That is, the fifth enbodi nent includes a
first vobicigenaeiqnayatios it cahisiant kevek dwarkfyrel teagening digiartiah@an ( CVP2)
33, and a logic (ADP-Logic) 34.-The first voltage conparator 31 is

i nput t edpRkSIBrANE ISIORd S&dit O Meabd, tliditinkBe sothtd] agigeOthesRkdth #8eas a
first input as Well as the r'ef erence vo tage Vrefl (30) of a direct

current 3s t]?eealeg(fl%p 1r&ﬁlpb'zﬁfbéjﬁhﬁ83 0 tl ltﬁ@c@[frelg%hs?mkmyliél bﬁ redu&&ﬂ/P Lel - d)

| ar ger/ smal I nputs resu
35.1 of t?\g Ig& C &ectl on 34 described later. The second vol t age
conpar at 8P VHHAEO putted with the subtraction output of

t he: subt Tact i n sectioon 28,.as i rst n t ref erence
voltage ver (95t 5Shueubedint filhe Spndt ?Kﬁﬁﬁmﬁowwglﬁpﬁlaﬁl% S -is
| arger/smal | er, and inputs- the result to the second | atch CWP. - Lch2)
352 of tHe qdé‘@llh‘e dBtarHeRCcanNPeRsaton prraratyg ay theprdhe émﬁmsﬁl FemEast o
digital - + 1- bit by the output of the first voltage conparator 31 and -a
di gi t al - to.thewidaptiye distortion pempensaticn ferpsatbe of feolfte pmbhdineed shawodh t age
conparator 33 fromeach other by a digital selector 36, and

FIG. 12, the adaptive distortion compensation apparatus of the sixth embodiment

prepares two comparators 31 and 33 which construct.a window comparator. That is,
the fifth embodiment includes a first voltage comparator (CMP1) 31, a second voltage -
- comparator (CMP2) 33, and alogic (ADP_Logic) 34. The first voltage comparator 31 -
is inputted with the subtraction output of the subtraction section 28 as a first input as
. .well as the reference voltage Vrefl (30) of a direct current as a second input; detects
~ahich of both -inputs is larger/51nal]§r, and inputs the result’ to -the: first latch
(CMP_Lchl) 35, of the logic section 34 described later. The second voltage
. comparator 33 is inputted with the subtraction output of the subtraction section 28 as
- a first input as well as the reference voitage Vref2 (32) as a second input, detects.
~which. of both-inputs-is larger/smaller, and inputs the resﬁlt to the second latch
(CMP.- Lch2) 35, of the logic section 34 described later. The logic 34 switches a digital -

- +1-bit by the output of the first voltage comparator. 31 and a digital -1 bii'by the output
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outputs it as data ADP_D. The operation of adaptive corrpeggsggéé;ﬁbe?.%@@rri ed
out if the difference between the voltage anplifier 2 and the voltage
anplifier 16 comes to be greater than the w ndow voltage of the w ndow
conparator by the wi ndow conparator. That- .is, correction-operation on
t he conpensation data previously stored in the anplitude conpensation
menory is performed only if the actual distortion conponent increases to
be -equal to or greater than the w ndow voltage. As a result; the
operation-tine of the digital circuit is |limted so that the current
consunpt iobithe apcinel valthge semprtatedd from eacluptien byicofigital sehaster, 3handi gi tal
signal is applied to the gain. control sectlon 13, and therefore,. digital
- noi se oatputeitrasdiatedDdDant ageousl y. . Next,.a sevent h enbodi ment wil |
be explained. FIG 14 shows a bl ock di agram of the adaptive distortion

conpensat i on FBRBpétatisn dafadapaveemppétiatopadairistiont ifithe diffatenas betvient he.
adaptive distortion conpensation apparatus of the.first enbodi ment shown

in FIG 3 Q/Qﬁ’aged Eha A aﬁﬂqg{; :C\I?Haé'é)é‘iﬂﬁﬁﬁé‘lt 1 QRoARREG %Tebg%eﬂfer i ts]ﬁevent h

enmbodi nent co ase erence det ect i on section 37. A
h P, I
e RSSO ST SR ST S o

I hi s-.oh i ff I
PHGL1 oOPRBPESOPPRHBEAD. W LoW AT EPcTtia MBLOUTY S0 ed b e il 2o

t he- phase contro| signal PM e ecte nal ogue addi ti.on the
adder 38CORPENEARONIBINPYY IPRFT ?’m%ﬂﬂ Léibt"s géia 13t R &H’canBIlelétll’dﬂﬁﬁgeﬁor t he
phase control 22 13 Decermber 2004 section 6.

" to be-equal to or greater than the window voltage. As a result, the operationtime of the: -

digital circuit is limited so that the current consumption can be reduced. Further, if
- distortion is small, no digital signal is applied to the gain.control section 13, and
. “therefore, digital.-noise can be reduced advantageously.:

- :.Next, a seventh embodiment \;vill be explained. FIG. 14 shows a block diagram .

of the adaptive distortion compensation apparatus as the seventh embodiment. In

- contrast. to the adaptive distortion compensation app‘aratus of the first embodiment

shown.'in FIG. 3, the adaptive distortion compensation apparatus of the :seventh
embodiment comprises a phase difference detection section (PH_det) 37. A phase .
-difference. between 'the input signal PA_in and the output signal PA_out is. detected..
- from part of both signals, and a voltage PH_ctl proportional to this-phase difference -

. is outputted. Further, the voltage PH_ctl outputted fromthe phase difference detection
-section 37 and the phase control signal PM_ctl are subjected analogue addition by the -

‘adder 38, and the result PM_ctl add is used as the control signal for the phase control
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The operation will now be explained. In general, the pomeq3ggg&m&kgbo44 has
-phase distortion which serves as a factor causing the distortion.
considered-that, as the operation tenperature of the power anpllfler .14
changes, - the phase transition also changes. Therefore, the phase

di fference between hi gh-frequency conponents of the input and out put )
signals is detected, in order to perform adaptive. conpensation on the
phase transition. The voltage as a result thereof is added to- the signal
PMctl-.read and obtained fromthe nenory 4, to nmake correction. In this
manner; satgjohibve conpensation is perforned on the phase transition. FlIG
15 shows a specific exanple of the phase difference detection section 37.

A resistor 93TROdp@atiaRadil neiy l%eﬁ[ﬂﬁhﬂe@tlﬁcgdn@laietﬂlb%\@ﬂdnﬁ)lﬁ%ﬁdﬂlﬂagr‘95
and a resistor % al so connect in- series are connected in

paral | el 5r1Q H9BRIUshich s@r‘\)cg-g§a oG caﬁﬁﬁg%é Gisi RO, flﬁlssco%sﬂde?é&#h%? of the

bri dge a?e used as I nput term na s and Inputted wth two signdls (Si

. and- 530%3 %I Chﬁéﬁl 11 ?Wg?l%t&%tyf fag ertaﬁ)njﬂﬁfe?qg C(?]glléé%r lﬁéﬂ{%%gﬁ' llSIHdI fference

betmeen ea a. Vol e correspon P¥ference
appears anot her se ite t naI Ther these 0 p05|te
F m nal S38 P haheReqees LB RGF Eiih GLTertivg Baiew Dd B widhey gompbRents
detection ircuits which are-copstructed. i odes 97 and 1Q0,
resi st or §f B8 inpwy améfutpahﬁalge%lwérea%t%dc JooTR o, Pf@ﬁmrrﬂﬁlgpem BRINRENS3HOR he
circuits are each inputted to a subtracter. This subtracter.uses a.
cal cul at Pothe phasaiiansitien. Thewolage asacerwlbtherens inaddnditoshe sigealiiNsetlsquar e
-wave circuit conprised of the diode, 97, resistor 98, and capacitor 99,
t hr ough madesidsiboaindd fomatheanemonyet, tethakecoiraetior? IniBisDeamrtocadaptiod (-) of
t he cal cul ation anplifier 107 as well as the.output of the second square
wave compensation is performed on the phase transition.
FIG. 15 shows a specific example of the phase difference detection section 37.
--A resistor 93 and a capacitor 94 connected in series and a capacitor 95. and a resistor
96 .also connected.in- series are connected in paraliel to construct a bridge. Two
opposite terminals 91 and 92 of the bridge are used as input terminals and are inputted
with two signals (SI and S30) which should be subjected to detection for a phase
- difference between each other. Then, a voltage corresponding to the phase difference
appears another set of opposite terminals. Therefore, these opposite terminals are.
- respectively connected with two square wave detection'circuits which are.constructed::
by diodes 97 and 100, resistors 98 and 101, and capacitors 99 and 102. The outputs
of the circuits are each inputted to a subtracter. This subtracter uses a calculation .

-amplifier 107 and receives the output of the first square wave circuit comprised of the

-diode. 97, resistor 98, and capacitor 99, through a resistor 103, at an inverted terminal-
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detection circuit conprised of the diode 100, resistor lopgD@%q.lbggF@@tor
102, through a resistor 105, at a positive tenninal (+) of the calcul ation
anplifier 107.. Aresistor 104 is connected between the inverted term nal

(-) of the calculation-anplifier 107 and an output termnal. -A resistor
106 is connected between the positive termnal (+) of the calculation
anplifier 107 and the ground. .. An- output S 100 which appears at the
output termnal 108. will be. as follows, where _ the, outputs of the.

first and second square wave detection. circuits - are.. respectively
expr essdd) afsth¥icalculbation \Anghlifeend 07 e wedll asabe ontpuhef thet qmosd sfjudteevawesi st or s
| 03, 104, 105, and 106 are respectively expressed as. R, R2, R3, and R4.

5100 = (dRdédRdh cirduid coiptiRdd ofithe diode 106)reVibrird OR and c@aﬁtoRiiO? ﬂ?ﬂougﬁl gi ven,

t he above equation (6) changes into the next equation (7).. VO = Vi2-Vi-1
(7)a %@f'ﬁol'ms H\ae égxﬂv@{cnnﬁai@ﬂ) éfsmercamratﬁoﬁrmpﬂmrt1b¢ @b?e%%t&‘ fference
bet vveen two 1 npuf lgjjna vol tages 'S1 and has been expl ai ned

above, tmlgg&ﬂti&e’cgbg{-\féeﬁrtﬁéﬂ@ 99 BnRalL Lgafaeeae%ﬂanaﬁ@ ifigcloRfngt he above

enbodi nENt'S éna ve conmpensati on neces

for-pre-distortion. f ort | dul- at f
ot hoa. BrovbrisaRal Adrbtel I A Oﬁ%fi‘%e{f%”%nr{“aﬂf‘lp o
i fi ddi di st t is detected by -

¢ pl | e EHsHIPT ARG} Ehie) BETRRHL| nput and 24 15 December o,

output, to perform di stortion conpensation. Therefore, ?ven a slight
di stortion - An-output SI00 which appears at the output terminal 108 will be as follows

where - the outputs of the first and second square wave detection . circuits "are-.
respectively expressed as Vil and Vi2, and the values of the outputs of the resistors
103, 104, 105, and 106 are respectively expressed as R1, R2, R3, and R4.
5100 = (R4/R3) Vi2-(R2/R1) Vil ... (6) -
- Where R1 = R2 = R3 = R4 is given, the above equation (6) changes into the
next equation (7).
- Vo=Vvi2-vil . L. (T)
- That 1s, tile signal S100 is proportionai to the phase difference between two
input signal voltages S1 and S30.
-As has been explained abovc, the adaptive distortion compensation apparatus
- in each of the above embodiments enables data for adaptive compensation necessary
for -pre-distortion. with no use of orthogonal demodulation, with use of a method.of -
envelope detection for-distortion component of the power amplifier 14. In addition, the

distortion component is detected by multiplication of a difference between input and
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conponent can be conpensated for. In addition, since Onlylfﬁgﬁﬁmﬂ§§00
determned 'to perform adaptive conpensation, a slight voltage signal need
not be dealt with, and sinultaneously, an AID converter for a |arge-
nunber of bits is not needed. In any cases, great. advantages, can be
obt ai ni ed. 25 13 Decenber 2004 CLAIMS |. A distortion conpensation
apparatus for conpensating for a distortion conponent generated in a
device, conprising: -first envel ope detection nmeans for detecting an
envel ope voltage of an-input . signal supplied to the device; second
envel ope cdimecté gerfoeandisfootiond eompeisagioan THrvebrpeven! 4 ahghoidisiortiont put
signal of the device; conparison neans for conparing the envel ope voltage
det ect ed chmpohentfdahdtie cotpeabnpd fateleaddigon, Faesonly toddshge deremaRg] 140l t age
detected by the second envel ope detection nmeans; conparison result

correcti @gy fﬁﬁﬁrh%!afaﬁw!?e EHhPpARhIHAE Bslight %]t&ﬁ&sé?{,rxpal 91@9& %f‘bé‘ﬂe@lt wifis Wnly Of
conpari son nmade by the conparison means of the envél ope

| t I f
boney ot 1 Sumulldedel SARA S o %‘Pér%“g%ia%“?mer%fﬁ?%l s IRRSERNE TN of
t he |nput Si gna rrecélon out put of the conparison result;

and anpl|Fﬁﬁegggﬁ?gngﬁﬁﬁﬁgﬁ?oqﬁ@BH Tolling -a gain of the anplitude: of

t he i nput
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signal, based on the anplitude control signal generatedby;{B&cember 2004

ai nplitude.control signal generation neans. 26 13 Decenber 2004 2. .. A

di stortion conpensati on apparatus for conpensating. for a.: distortion
conponent generated in a device, conprising: first envel ope detection neans
for detecting an envel ope voltage of an input signal supplied to the -
devi ce; second envel ope detection Qﬁgﬁ§4 or detecting an envel ope voltage
of an output signal of the device;. calculation neans for obtaining a

di fference between the envel ope voltage detected by the first envel ope
detection neans and the envel ope voltage detected by the second envel ope

det ecti on nmeans;;.copparison ns for._ mfgri LT Eeren i ned by
t he cal Clr}r ati oEn dlsrctr%nglﬁls} ﬁ?lpﬂenggg?%c?gg %lra(r%r‘l?ne rcggl %E%gﬁelhvg ug; &%@%Q?i son
result correction neans, for. correctin rel ati onship concerning a result

a
of conpaPEBRIRRIEeNERAtadE adsVifsy F%‘BPr‘jgﬂ%ans, as to which of the difference
and the reference value is_larger/smaller;, anpli tl:éde cont r% si gnal
gener ati on me8Fg-envelppe deieetien mpans ARSI SANESVEIOBE Vo pgmal a giput .
controlling a gain of an anplitude of the input signal, based on a
correct i signalisypplicdto theedeymepari son result; and .anplitude control means
for controlling the gain of the anplitude of the input
second envelope detection means for detecting an envelope voltagé of an output .
signal of the device;
comparison means for comparing the envelope voltage detected by the first
envelope detection means with the envelope voltage detected by the second cnyelope
detection means;
comparison result correction means for correcting atelationship concerning a
result of comparison made by the comparison means, as to ‘which of the envelope- -
voltages is larger/smaller;
“amplitude control signal generation means for generating an amplitude contrel .
signal for controlling an amplitude of the input signal, based on a correction output of
the comparison result; and
amplitude control means for controlling a gain of the amplitude: of the input .

signal, based on the amplitude control signal generated by the amplitude control signal

generation means,
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signal, based-on the anplitude control signal generated by;phgngpbbidside
control -signal generation neans. 27 13 Decenber 2004 3. The apparatus
according to claim?2, further conprising a second conparison neans, the
two conparison neans being operable for conparing the difference

cal cul ated by the cal cul ati on means with predeterm ned reference val ues,
respectively, to obtain two conparison results. 4. The apparatus accordi ng
to claim3, wherein the conparison result correction neans corrects

rel ati onshi p chndistontiiory coinpensasiono apparatue rfor eserhpensatisg.tfor whidsstogiont he
difference and the reference values are larger/smaller: 5. The apparatus
accor di ngcdmip@ityit gereerated ihe dpviee,asinpgisalgai ns, further conprising: phase
control signal generation nmeans for generating a phase control signal for

control | ing.a fbp&aseRipetdeedtidh dhedmb FotdlstedtihgCal Esdopdeslegewitahtiipuenvel ope

voltage detected by the first envel ope detection neans; and . phase

control nBaRg <hpRl&ORIthOULYBg -t he phase of the input signal, based on the
phase contfol signal generated by the phase control signal generation

means. 6. A*disérza{&én%loge@e%e& ﬁleﬁls%gp&&@&fﬁg-anfegﬁelsgéryg{ﬁ&gebmﬂmft@f& gpe

di stortion conponent generated 1n-a device, conpris Irst en
det ection_. ns.{ 0 get,ecti ng an envel ope voltage of an input signal
suppl i ed ?gﬁ%ﬁﬁzﬂéﬂe@?‘/ %c;" -phase control signal generation nmeans for

et a1 10 2 Ak ol Reh P A 38Rhe

detected by the first envelope detection means and the envelope voltage detected by
the second envelope detection means,

comparison means for comparing the difference obtained by the calculation
means with a predetermined reference value;,

comparison result correction means for correcting a relationship concerning a
result of comparison made by the comparison means, as to which of the difference and
.the reference value is larger/smaller;

amplitude control signal generation means for generating an amplitude control
signal for controlling a gain of an amplitude Qf the input signal, based on a correction
output of the comparison result; and

.amplitude control means for controlling the gain of the amplitude of the nput
signal, based-on the amplitude control signal generated by the amplitude control signal

generation means.
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detected by the first envel ope detection nmeans; 29 13 Decenpeiendiif4ophase
control -neans for controlling the phase of theinput- signal, based on the
phase control signal generated by the phase control signal generation
means; . second envel ope detection neans for detecting an envel ope voltage
of an output signal of the device; phase difference detection neans for
detecting a phase difference between-the envel ope voltage detected by the
-first envel ope detection nmeans and t he envel ope voltage detected by the
second envel ope detection neans; and . addition neans for addi ng the phase
difference detected by the phase difference detection neans to the phase

control sidgnal Thenppakad deyordig tohdsien 2oAIrtHet cﬁﬂngﬂﬁh% ageRefdto@pari@ans, and
for supplying an addition result to the phase control neans. 7.

The- appar aldifs afeOfHd %n%%i%&ﬁ%%@ abeeér'gc E)E%Iaggoﬁgkﬁ]%%ngc fHEP afﬁé%e means

for conparing the envel ope envel ope.

d [ - pth th I I d db h d I
det ect i on Eann e shiolaRtY Bealy iR 8B frbiesRienpt vitlEs siENGIE O

relationshigbconcernin .a result of conparison made by the conparison
means, as '@ ORI B0 OMPRHEONIRYESope voltages is larger/snaller; anplitude
control signal generation neans for generating an anplitude control signal

for contralli Pﬂleaa@ sldoliiireo t O1Gink @,p\HBel%IrgtIﬂ@Imeﬁ’?s%gI O ofRLHES T On
output. of the c Rparlson:-r sult; and |
means corrects relationship concerning the two comparison results, as to which of the
difference and the reference values are larger/smaller:
5. The apparatus according to any one of the preceding claims, further comprising:
phase control signal generation means for generating a phase control signal for
controlling a phase of the input signal, in correspondence with.the envelope voltage
- detected by the first envelope detection means; and

. phase control means for controlling the phase of the input signal, based on the

- phase control signal generated by the phase control signal generation means.

6. A distortion compensation apparatus. for compensating for a distortion
componenf generated in-a device, comprising:-
first envelope detection means for detecting an envelope voltage of an input
signal supplied to the device;
- .phase control signal generation means for generating a lease control:signal for
controlling a phase of the input signal, in correspondence with the envelope voltage

detected by the first envelope detection means;
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anplitude control neans for controlling a gain of the anpijbugeyet 20de

i nput signal, based on the anplitude control signal generated by the
anplitude control signal generation neans. 29 13 Decenber 2004 8. The
apparatus according to any one of the preceding clains, wherein the
anplitude control signal generation neans includes anplitude correction
data out put neans for outputting data for anplitude correction, in

correspondence with the envel ope voltage detected by the Li rst envel ope
det ecti on neamphasenhtiobmeansifér cogirelling agmpf theinmut signalebasedPn thgsed  on
the correction output of the conparison result correction nmeans. 9. The
appar at usplase oontrolgigml gémirared by Wrepleiser conteol sigial EUEatiarne#ts on dat a
output nmeans is a witable storage nmedi um which previously stores data for

anpl i tude corseesid eavelopd Qeteditivn mema fatdetectiog an envelppeoolthgd ohiad citputher ei n
two of the .witable storage nedia,....- each being the sane as the

anpl i tud%i?@[l’o@qﬁd"ml'gﬁta out put neans,-are provided. 11. The apparatus
according to claim10, wherein the two witable storage nediuns .

al ternately pehbar Mef-faRk Qbteafich Mesiatfondeteétidiepltat diff@encetptwieidbe -
correction. 12. The apparatus according to any one of the preceding clains,

wher ein téq% 1@@%%’;;' %eterc&%;ggt ROfsP u‘ce@agjer@&e@i&n%emsaﬁmec&m kson

resul t of "t he conpafi son, ans, orrects and outputs digital +1 or -1

o e Bk o A b sy bl copensat on methoc

for

addition means for adding the phase difference detected by the phase difference

detection means to the phase control signal generated by the phase control signal
generation means, and for supplying an addition result to the phase control means.
7 The apparatus according to claim' 6, further comprising:-
comparison means for comparing the envelope voltage detected by the first.
~ envelope detection means with the envelope voltage detected by the second envelope
- detection means;

.comparison result correction means for correcting a_relationéliip concerning a
result of comparison made by the comparison means, as to which of the envelope
voltages is large;'/smaller;

amplitude control signal generation means for generating an amplitude control
signal for controlling an amplitude of the input signal, based on a cotrection output-of
the comparison result; and

amplitude control means for controlling a gain of the amplitude of the mput
:signal, based on the amplitude control signal generated by the amplitude control signal
generation means.
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generated in a device, conprising: a first envel ope deteciipR.stisR 2064
detecting an envel ope voltage of an input signal supplied to the device;
30 13 Decenber 2004 a second envel ope detection step of detecting an

envel ope vol tage of an-output signal of the device;. a conparison. step of
conparing the envel ope voltage: :detected- in. the first. envel ope
detection step with the envel ope voltage detected in the second envel ope
detection. step; a conparison result. correction step of correcting a
relationsgip concerning a result of conparison nmade in the conparison
step, .as %o whi ad’fpagﬁ@seﬁ%‘l)@dég @ tryean¢ sof aihge precedingr claims,
anplitude control signal generation step of generating an anplitude control
si gnal - f oPvheggitn olthe ngneplitrdsl i comteobf sigreli nparteratignal mebasednoMmdes
correction output of the conparison result correction step; and an

anpl i t ude aogplitude sdrepciibn clamd bakp e eansFon dﬁ&p&hﬁl%ﬁﬁakd tude of the input
signal, based on the anplitude control signal generated-.by the anplitude

control <bgaa Iituﬂ@@&fré’étﬂloﬂni_n‘c%ﬁ%@:on?iéncep\wﬂlﬁ ﬁlte%gl%lgg%{@gyg%%%g%ife@)ﬂ? hod f or

conpensating for a-distortion conponent- -gener at Brpri si ng
8 TSt YRR UALRELARCRCR Pl UBHEGL 1a B} SRS b3 5e2
on the correction output of the comparison result correction means.
9. The apparatus according to claim 8, wherein the amplitude correction data
output means is a writable storage medium which previously stores data for amplitude
- correctien..

10.  The apparatus according to claim 9-, wherein two of the . writable storage
medig,. .. each being the same as the amplitucie correction data output means, are
provided.

11.  The apparatus according to claim I8, wherein the two writable storage mediums .
alternately perform reading and updating of the data for amplitude correction. .

12. The apparatus according to any one of the preceding claims, wherein the

comparison result correction means latches the comparison result of the comparison:

means, and corrects and outputs digital +1 or —1 bit, based on a latch value thereof .

13. .. Adistortion compensation method for compensating for a distortion component
generated in a device, comprising:
a first envelope detection step of detecting an envelope voltage of an input

-signal supplied.to the device;
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-a second envel ope detection step of detecting an envelgpggg%hﬁgg ¢ an
out put signal of the device; a calculation step of obtaining a di ?erence
bet ween .the envel ope voltage -detected in the first envel ope detection
step and the envel ope: voltage detected in the 31 13 Decenber 2004 second
envel ope detection step; a conparison step of conparing the difference
obtained in the calculation step wth a predeterm ned reference value; a
conparison result correction step of correcting a relationship concerning a
result of conpasctemtenvetipeidatectien stopphidétsciingsanepivelape voltageifan onfputhe
difference and the reference value is larger/smaller; .an anplitude
control siigmalof gendavate; on st ep of generating. an anplitude control signa

for controlling a gain of an anplitude of the input; signal, based on a

correction out@ihparisohher offpainpadi s Bhiclefd veltdgecdetedt@Pin aitdfirstan
anplitude, control step of controlling the gain of the anplitude.of the

i nput  sigRelopebii@dioanstd@itATRE bALIGHLAldpe deflc@iadh tHEBEIAGvEIRpE e
-anplitude -control signal generation. step. 15. The nmethod according to
claim 13 phiectihn didyy:t her conprising: a phase control signal generation step
of generating a phase control signal for controlling a phase of the input

ignal, in c i 1 | : in the-.fi
anvel ope det o8B Ly anrealtyol b SR G ERB M s BT Rebd RE phase

of the i nx%éﬁlt of %%%{;jariggg ?Igad%qnt trfnee comparison step, .as to which of the envelope

voltages is larger/smaller;

an amplitude control signal generation step of generating an amplitude control
signal for controlling an amplitude of the input signal, based on a correction output of
the comparison result correction step; and

an amplitude control step of controlling a gain of the amplitude of the input

- signal, based on the amplitude control signal generated by the amplitude control signal

generation step.

14. - Adistortion compensation method for compensating for é-distortion component:-
generated in a device, comprising: | |
a first envelope detection step of detecfing an envelope voltage of an input
.- signal supplied to the device; |
.-a second envelope detection step of detecting an envelope voltage of an output.
signal .of the device;
a calculation step of obtaining a difference between.the envelope voltage

detected in the first envelope detection step and the envelope voltage detected in the
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phase control signal generated in the phase control signajspg&hsisabhen
step. 16. A distortion conpensation nethod for conpensating fora distortion
conponent . generated in a device, conprising: a first envel ope detection
step of detecting an envel ope voltage of an input 32 13 Decenber 2004
signal supplied to the device; a phase control signal generation step of
generating a phase control signal for controlling a phase of the

i nput . si grednd énveloperdetptionletepe Wit h the envel ope voltage detected in the
first envel ope detection step; a phase control step of controlling the

phase of the arpipasi@nadp oftvdngshring thddiffeptias ebrawdinthsddndhtigeaes ated in
t he phase control signal generation step;--, a second envel ope detection

step of dgilegbidBteamiavelepfeRlleage of . an.output- signal -of the: device;
a phase difference detection step of detecting a phase difference between

Lre Sl oPe B AR IR ol e LELSE. SIUS) R RN BP0 (e

1
envel ope vol t age env ion and an

addi tion st f addi ng the.phase difference detect.edzjn hase

i 1 1 or endenPof pnsPEmaf IR opinarishh SE s Io PO P E b G EreBraeed | n « he
phase cpngrol si gnal gﬂﬁneratioH .step, and of supplying an addition result
to the pHhgrefereyps yalpe Blarger/smallefie ot hod according to claim 16, further

conprising:. a cor‘rP_ari son step of. conparing the envel ope vol tage detected
in the first -anamplitude control signal generation step of generating an amplitude control

signal for controﬂing a gain of an amplitude of the input:signal, based on a correction
output of the comparison result correction step; and

.an amplitude control step of controlling the gain of the amplitide of the input
signal, based on the amplitude control signal generated in the amplitude control signal

generation step.

15.  The method according to claim 13 or 14, further comprising:
a phase control signal generation step of generating a phase control signal for
. controlling a phase of the input signal, in correspondence with the envelope voltage
- detected in the first envelope detection step; and
a phase control step of controlling the phase of the input signal, based on the

phase control signal generated in the phase control signal generation step.

16. . Adistortion compensation method for compensating for.a distortion component:.
-generated-in a device, comprising:

a first envelope detection step of detecting an envelope voltage of an input
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envel ope detection. step.with the envel ope voltage detect eflpehmideogecond
envel ope detection. step; . a conparison result -correction step of
correcting a relationship concerning a result of conparison made in the
conparison step, as to which of the envelope voltages is |arger/smaller;
33 13 Decenber 2004 an anplitude control signal generation step of ‘
generating an anplitude control signal for controlling an anplitude of the
i nput signal, based on a correction output of the conparison result

correcti : .tude control step of controlling a gain of the
Ceéfggg‘i tﬁlﬁaepl%%%b &t p gag

anpl i tudd I nput  signal, based on the anplitude control signal
generated in the a ' rolk: si i pstortion
Compensat i on ApaPaRtt AR B R R el BRRhE L M AP o i
DI SCLOSURE | n..t he esent. invent.ion,. distortion co en f vice such
as a powePntraling & e&gﬁl‘fb’é‘l’ﬂﬁgﬁ ’ 186’958?%%‘@8% ggﬁ?genﬁg‘ée?%}?eﬁbqqgag& ructure
can be achieved, wthout requiring a denodul ator. A voltage conparator (17)
conpar es detecsery b hpdirsiaavelage defleclion steRit put PA-out of a power anplifier
(14), which has been corrected by an AMctl signal outputted from an

anpl i t ude cor reaiesoaomtedtsisp ¢irpntrailing thephasaoé tepwpybsighgebired eindbene

correction, to detect which of the envel ope voltages is
phase control signal generated in the phase control signal generation step; -

- a second envelope detection step of detectiné an envelope voltage of an.output-
-signal -of the:device; - |
a phase difference detection step of detecting a phase difference between the
envelope voltage detected in the first envelope detection step and the envelope voltage
detected in the second envelope detection step; and
| an addition step of adding the phase difference detected in the phase difference. .
detection step to the i)hase clontrol signal generated in Vthe phase control signal
generation step, and of supplying an addition result o the phase:control step.
17.  The method according to claim 16, further comprising:.
a comparison step of comparing the envelope voltage detected m the first
envelope detection step with the envelope voltage detected in-the second envelope
- detection step; -
- a comparison Tesult correction step of correcting a relationship concerning'a
result of comparison made in the comparison step, as to which of the envelope

voltages is larger/smaller; -
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| arger/smaller. Further, a logic section (18) adds and/ or|spbiddsetsogata in
an anplitude conpensation nenory, so as to correct the relationship as to
whi ch of the envelope voltages is larger/smaller. At this tinme, data in
the nenory is updated by one bit for every one tine of operation.
Therefore, the data is corrected to a correct value by accessing one sane
address sonetines. In an inputted high-frequency signal PA-in, one sane

vol tage appears at a certain provability on the tine axis, if the envel ope

changes |i ke | at4d on v r.ex I : -1 ddresses are
corrected t o%ﬁ) %g@lﬁggﬁlﬁé‘ 3 1a¥\geé1%i[‘altf;9§ sée e@f},}%ng@uﬁﬂ‘dﬁ alrﬁ)hku& Untid
signal for controlling an amplitude of the input signal, based on a correction output of

the comparison result correction step; and
an amplitude control step of controlling a gain of the amplitude of the input
‘signal, based on the amplitude control signal generated in the amplitude control signal

generation step.
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13 December 2004

Distortion Compensation Apparatus and Distortion Compensation Method

ABSTRACT OF THE DISCLOSURE

In the present invention, distortion component of a device such as a power
amplifier can be easily compensated for, and a simple structure caﬁ be achieved
without requiring a demodulator. A voltage comparator (17) lcompares an envelope
voltage of an output PA- out of'a power amplifier (14), which has been corrected by
an AM_ctl signal outputted from an amplitude correction memory .(;t), with an
envelope voltage before the correction, to detect which of the envelope voltages is
larger/smaller. Further, a logic sectioﬁ (18) adds and/or subtracts data in an amplitude
compensation memory, so as to correct the relationship as to which of the cnveiopc
voltages is larger/smaller. At this time, data _in the memory is updated by one bit for
every one time of operation. Therefore, the data is corrected to a correct value by
accessing one same address sometimes. In an inputted high-frequency signal PA-in,
one same voltage appears at a certain provability on the time axis, if the envelope
changes Ii_ke a QPSK modulation wave, for example. Thus, all addresses are corrected

to proper values as the time goes.

Figure 3
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