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 tra’nsTﬁEFﬁmlfmﬁﬁﬁwr - inadigital wireless comunication

appar at aneously causes a situation that inprovenents in

power eff.iciency in a power anmpliflief; el : {le, the

cont i nuolgtor, ﬂﬁ“@ﬁ?ﬁagﬂn p%{‘;g?é %ﬁcﬁ?&?@?ﬁﬂﬁﬁféﬁgﬂ% one  whi Gh 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 market, the use tine 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 small

si ze anghali@riyved ahtistottionaetttipdnenatiomupparatus abd Ddistarbien cpomynsation” -
charactéristics of a portable termnal, the environnment in which the

term n?'métﬁo&'%gﬂch 9?@91251&&151@ tgreifghyfrdguahcydpswer sinplifiefop erasatmission
necessitates adaptive distortion conpensation which follows the

envi ronngn phofk S has becone a very inportant problem as well as
downsi zﬁ%ﬁ&%&ggg%?g{ért'i on conpensation apparatus of this-kind, a

pre-di Sﬁ?%%i‘@ﬁO%%ﬁ@QﬂW%@@ ovided with a conpensation .neans having a

char act the distortion of a power anplifier has been

known. As pre-djistortion techni I, Sz 4l : report
about a tgc i EQOWLBHCE%’BEaﬁ%&%-@?@%ﬁ?ﬁ %{r??ggce{d(};%{hdﬁ? %ﬁ%ﬁr\/\%ﬁ?%@adopf s >

feed- Oriﬁécdént 3Qgs,tsrt]§cter linearity has been required for a transmission power 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



like. The following will explain exanples of conventional japaphie 2004
distortion conpensation apparatuses using the pre-distortion technique.
first exanple of a conventional structure. is, for exanple, 1992: European
M crowave Conference, .Vol. 22, pp. 1125 - pp. 1.130, ."Power Anplifier
Adaptive Linearization Using Predistortion with Polynomal." FIG 1 shows
a bl ock diagramof the exanple disclosed in this reference. In FIG 1,
where the non-linear input/output characteristic of a power anplifier (PA)
114 whose distortion should be conpensated for is expressed as Vout -= A

(Vin), @fridleddiRs faid@blel teamithaPhOEAVIRGERE 15 WAl th@t@iniadl kesd base
band inputted from an |nput termnal. -111 are subjected to calculation

using a fiyun &é 8 #eﬁtiy Elgt ¢ g;h cbllrl?gna'txéﬁ'si ﬁsWagPs’ a&df)tﬁ‘!eldlgﬁ%?tréﬁa“ on

cormpar a;or B oo bt ai ne res ) are
3
conver t SO TRESHNEN: &%ﬁﬂ?@fﬁﬁ Th?é}h?‘r‘l? i b iy oe2eCRo B et 1 nto

signals .of 2 13 Dgi: elzrl 8 Ereq&uenc band, and are inputied to
the powefREEBE PIO e“if‘&w B’f‘ﬁ‘& 186 0 2 IISOTE HLCQHIRGUIS AU IR AP @K 4 | s
outputted froman output termnpal 115, and_is also supplied to a

denodul dhisddindi ¢ prg- ﬂlSEJIBOH fshngpaaayided sathcs eainpensatien iessas devgld and  Of
signals into which the output signal Vout is converted into signals of a
base banhar&geridheropposiipterthe dstertiaptafaepoyenmpmplifier bas beendewpanse to a
tenperature change, the linearization conparator. circuit | | 2 conpares |
and Q si gnal Aswptdidistoirtiamtecbhirquss @fiahs land] thdjeuat seaembnepant aboutlaided in
the function H for linearization such that the differences anong them

becone zetlniq &Mhichtali@ptgl)fef-@iﬁﬁﬂﬁﬁﬁ abetifesich adoBtsTee L pRvakd ARdtife r epeat ed
so that the constant included in the function H ( Q is finally

det er m ngg. t'Hl@'fOH’@Mdéa{m]Yae!xF!ﬁﬂn Rfanipf é‘salgPlc%nvél'ftlcﬁl'ﬁptalaﬁfytlﬁ@rﬁfﬁﬁf’tidwal
structure is for exanp e, - Transacti on on Vehical ar Technol Ogl es,

Vol . 43, é}?ﬁ)engan&?%;p‘ératly?e)@uﬁﬂ% thaége_dg ﬂn g,’éa "Adaptive Linearization

Usi ng Pr stortio FI'G gram described in this

ref erence. (ff E@%%Bﬁﬁ@ie LPa C&P\}&mﬁ ﬁlu%&lkﬁ%%ﬁekﬂﬂgﬁet ?gﬁ r rogt?aﬁle i ke.

i nput -ter mn COI’]VGI’SI on

whi ch arBaapal CH PR A na ﬁizg°”Veﬁ%@g'Pofweé?‘?‘%ﬁ%ﬁerTﬁégwi\f 2 are
convert meair?zta(t)log [Bismgglye 1sslto qgrll %1£¥o?yno1n131 ¢ lg%ersthows a block diagram 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



125 and are then inputted to -the power anplifier 126. The; pdt Yool
thereof is detected and converted into a signal of a base ggnegwbe)s.a

denodul ation circuit. 128, to obtain signals If and Q Further, to perform
adaptive conpensation, differences. en between the input signals | and Q
and the detection signals If and X are obtained by 3 13 Decenber 2004 a
subtracter 122. An address generation section 123 adjusts addresses in the
conversion table 124 such that the differences en becone zero.

Specifically, the address generation section 123 repeats adjustnent of the
addr esses high fieqidiry behd f@dencepuasd ﬁﬂﬂlé?ﬁwey alplifie] e rThe ditpa, Vagdr ess

val ues for accessing the conversion table 124 are optim zed. Further, Vin,

whi ch i s \#hh@ipBeer nphiFRY ANk iNeuat@d ffom QuUiRIHIAA 5T QKL
conver si on ta?l e 1247 into anal ogﬁg dat a b?aﬁle%D/A conveqsfggﬁllg%,lsoi S

i nputted ; T N RN-18 : ( S, 3 ' gui ded
from an Sh? %IEIJ'[HP 2@‘%&?@3]}% r{tzl e 13%%% |(])a(r21}z§)?]%§£mrlﬁ{g? {Sjg%@qé@giﬁn@ed :
above, t constant included in.a . Linearization.function or. addresses for
ocessi ne PR whihole BitahEsiBea VB s S8Ge0 o Biep B At beidnover

t he out put of _.the power_amplifier is converted into a base band, so a
denodul at or i EurR¢efoRsglonmadaptfecampensationserespRNsE ot et iugrehasgonal
denodul atjon, and therefore, its circuit scale is _huge. SUMVARY OF THE

| NVENTI otherhaegsizatientcopmpaeaien eirruitalheempaengel wd @ sgndds witle Iamad OF -
situation and has an object of providing a distortion conpensation

appar at usigaal$ andafipgtsedonstantriaclodedin the finfctiond] foy liveanpatisasicinthhivthe

di stortion conponents in a device such as a power anplifier. Al so, the

pr esent - idnfentéanahasg ahenhhiesconlej eeo. dintfir hei diffegeraesilsdkconei ggro, this
conpensati on apparatus and nmet hod which are capabl e of constructing a

sinple spetaebticrephel sdaks thotomead itdliedsemuts faidion 4 (L13)DNedamier 2004

According to one aspect of the present invention, there is provided a

di storti detena@¥AeRSBldpPihARPAE At us for conpensating for a distortion
conponent generated in a device conprises first envel ope detection neans

L0 0O DOARDCNEL0BE MBlko Rl Ohy, B ks W 1 e
Transactton on Vehicalar Technologies, Vol. 43, No. 2,1994, May, pp. 323 - pp. 332. - -
"Adaptive Linearization Using Pre&istortion". 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



an envel ope voltage of an output signal of the device, coWpkisi:oBGNS for
conparing the envel ope voltage detected by the first envel ope detection
means with the envel ope voltage detected by the second envel ope detection
means, conparison result correction neans for correcting a relationship
concerning a result of conparison nade by the conparison neans, as to

whi ch of the envel ope voltages is larger/smaller, anplitude control signa
generation nmeans for generating an anplitude control signal for

contr ol lai subteactaani2d.t Adeaddresshgendration ssegtiah , 1 23aadpistsnaddresgesent iien out put
of the conparison result; and anplitude control neans for controlling a
gai n of chAGeriERl fabRIE24 ShcHl fifat KD UHFSEAOR! on BaSSHe 96rd. [SheifRlallyuidiy cont r ol

signal generated by the anplitude control signal generation neans.

Accor di on® t e n PHQ V|ded a
di stort |g gﬂ}eg%%e%\%g og&z%%a?ﬁa usg?go)cé %ﬁ& t‘é{ﬁg tor}{n%h%f Og&fé‘g?%% Pﬁtﬂt

conpone enerated in_a device, rlses first. envel ope dete t|on nmeans
for det Beﬂf?lf%a%eneqwcgaebm%&sr% s, 1 4dGERSSSYHSY TonBEressine: B4 he

devi ce; second envel ope detection neans for detecting an envel ope voltage
of an osopversien tabld 124 are loptinhésed cBurther.aV iow widhos obtasnes thyosonwbitiagndaty a

di fference between the envel ope voltage detected by the first envel ope

det ect i framie@hsupatted feorenkekopeerviont table Mt fd edalygutfatdbi IhoBWAnber 2004
second envel ope detection means; conparison neans for conparing the

differ e@@ﬁver&‘:?tl% ”1%‘1'11 tedt§ 1 %&Né@&h@l’i‘ﬁéﬁ% atél e &t?ﬁ@@@ﬁ%@?e@? th

ref erence val ue; ari son sult correcti on neans correcting a

relatio cer conpari son made by the conpari son
means, @H@Waﬁl‘;@&%ﬂ@f@é%me and the reference value is
Iarger/snaller nplitude control sjgnal generation neans for _generating
an anplitude %dh? FBP"@“@H@I strygiures gles Gibed mpoxe.g e coystanh 1agkEasd let of t he
input signal, based on a correction output of the conparison result; and
anmpl it udigearization dhnetisaner dddressemfor gictésagpat thbBnepaization tatle asnpptimized. of the

i nput signal, based on the anplitude control signal generation neans.

Accor di mg ahp eyghplas)dicher e sizeaitpdt§ oft the ppnes amplifitvBdonOéttedt A6 & base provi ded
a distortion conpensation apparatus for conpensating for a distortion

conmponenyg, %ﬂgr&hﬁﬂula?oramd& hﬁ-é‘d 150 ekaae%hls fdeﬁmuﬁmfeisowoﬂ 5%%%1 on nmeans
for detecting an envel ope v l'tage o I nput signal supplied

devi ce; dgﬁgélﬁat(%&nn%@ {he fgre 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.



generation neans for generating a phase control signal fofsgatsslbhhg a
phase of the input signal, in correspondence with the envel ope voltage
detected by the first envel ope detection nmeans; phase control neans for
controlling the phase of the input signal, based on the phase control
signal generated by the phase control signal generation neans; 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 di f f engusRideto@RNshb® ofiiveprepent intehtige tHetds padided 2 fietortionst

envel ope detection neans and the envel ope voltage detected by the second
envel o ﬁ%@gg i Hore B8maseknt iceReramdna 4 or addi ng
t he ph§§%$§F%$%E§ ce %F%S%§3q§§ﬁ§%%RRSﬂggg@g??fergnce etection nmeans to

t he phase, control si.gnal generated b e . i neration
means, %ﬁﬁﬁef%mpﬁﬁ%%l%qr?éwglﬂpﬁélﬁﬁefztil%ln%re érgsu 0? Gtg%&fqﬁgggh%@goﬁc‘g)% %Ig?rreans.
According to yet another aspect of thf gr sené i%ventionhftge{e.is provi ded
a di staonnpussignehyenkied toohe fevissdsscond € ¥F§%RF‘S GEFPIFIBFanY 9T SE'SF %N
conponent generated in a device, conprises: a first envel ope detection
step ofanctevelobe ngltage ofemveitopsignel efihe deiceagomppironsnegRafOrSOBIPANBE to t he
devi ce; a second envel ope detection step of detecting an envel ope voltage

of an qut BilelopeIBRhgectédied B MticCRist envetapenitécion meanp with thorpaelopy t he
envel ope voltage detected in the first envelope detection step with the

envel ORIt ét&q%tg(ftt%f:ttﬁ?i IdRohd CorRR PR ERY¥EHPNRAR! ahipafisost Rpult a

conpari's resu correction step of “correcting a relationship concerning a

result of cqnparison. made in the r.iso C i f.d he

envel of@ITeEBY AYELS infgr C9FGEr DS ﬁa’iefag{ré?&élﬁ %’%ﬁ?‘f‘ﬁjﬁj & 6&%8]%1? roguogbgaglg?ﬁ
generation step of generating an anplitude control signal for controlling
an anpliededey dfe eomparispumesngato Whithef fB%en‘é??QP&r"P E%?Sgﬁ?%%‘fr%maﬁgr t he
conparison result correction step; and an anplitude control step of

cont r ol drglgude @aitrol signalhgenaragion truekas §or géneratmgan anpliie cpalslFigitlt he
anplitude control signal generated by the anplitude control signa

gener at §,pRogir&ifin %ﬁ%ﬁdﬂitﬁ&e bP theeinpansighsll basdent a obrredidnprependf thavent i on,
there is provi deg a istortion conpensation nethod for conpensating for a

glef ;g{ ;[cibo%%at%%g}? ggs%:l}té fa%(g?{ﬂﬁlgﬁgﬁ g%%fbl Fnd8Y FronkSIMAL laSAH oftht hinplit@avel ope
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



13 Decenber 2004 envel ope voltage of an input signal supphsed.tRndPeos
devi ce; a second envel ope detection step of detecting an envel ope voltage
of an output signal of the device; a calculation step of obtaining a

di fference between the envel ope voltage detected in the first envel ope
detection step and the envel ope voltage detected in the second envel ope
detection step; a conparison step of conparing the difference obtained in
the calculation step with a predeterm ned reference yaIHe;.ﬁ.co arison
resul e Gl &ReldpRietéctipnaheas] cempatigprameatsafar FREMABNEJ & HHFS0CY result of
conparison made in the conparison step, as to which of the difference and
t he rz{b?r. e&f)ﬁ wa! #ﬁ?cdlétiorﬂ RESRN IR Ipr&letermin ahpelérenctey abesitaosIPassghal

gener B %p of generating an anplitude control signal for controlling
a gain of the anplitude t i t, sj ipbasgetrpingt heranitl of ude
contrdP“%YdW§W°g§%6W5P§Hq$% %f%”gﬁ%|?tﬁ%gﬁ@§%3ro| signgl generation step.

In the distortion conpensation appar.atus APt HeRr&RBtanal thei gnal
gener atongrarisenmade COMPANSPR nﬁ’o?srteoc%‘)lﬂgcrlll E(;qutg out put neans for

outputting data for anplitude correction, jn coyrespo i t he
envel operudet agiae detlergesdmilier; r%nplftll@%tco@ﬁdels{%'@ @P%@ﬁ?@%ﬁ%}gngo? and for

updating data for anplitude correction, based on the correcti out put of
the cognariisn.d faplifude @bfrel iigml fennentrBRMER mEscRrprmal CDRAW NGS
FIG 1¥1s a

ock diagram showing a first exanple of prior art; 5c 13

December 2004 FhG 2ok S @ricAsK odipi@oithé kompagsan soulbnand rmppiudeof prior
art; PP 3.3 8T Uctural vi ew showi ng an adaptive distortion

compensat an i ahbatal s ac Ogg‘%'; 1S bPkHd RPucaERanbatiam appar at us
and t heoHE ABgANE g‘?%‘ﬂ?mﬁé%gﬁﬁ Ilprggp{%e odi ment of the present invention;
FIG 4 is a circuit diagramshow nlg a specific exanple of a |ogic section
- ( ADP_thel mygplitdevaensrol fsg! generati PR Sadapt i ve distortion conpensation
apparatus as the first -enbodinent; FIG 5. is a. SH]egCt Esuﬁﬁlo%ﬂ?eﬁaacteri stic
graph of di siceoidieptapsiomathed ayech opSwePresapRTI1Er: TETG" 6™1's "a ‘spect rum
characteristic graph showing a result of distortion, ] .

distortion compensation apparatus for compensating for a distortion componen

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

5a



conpensation at a roomtenperature; FIG 7 isa characteri s} .ghighboghow ng
a result of adaptive conpensation at -30. degrees; FIG 8 1s a
characteristic graph showi ng a result of adaptive conpensation at -80
degrees; .. . . -. FIG 9 is a structural view show ng the adaptive

di stortion conpensati on apparatus-as the second enbodinent; FIG 10 is a
structural view show ng the adaptive distortion, conpensation apparatus as
the third enbodinment; FIG | 1 is a structural view showi ng_the adaptive

di st or %;LE\%H £ IR R SR 01t APRasRL oS adding e plasetdifferheriderecied b8 h8 Decenber
2004 Igl 1 I's a structural view show ng the adaptive distortion

conpe Sﬁg%é ﬁigfe : %@@%g%ﬁﬁﬂ Weanbd o tid pihse¥BAGOINE Al dehéiatedlidy the ghase r uct ur al

Vi ew Ivé distortion conpensation apparatus as the sixth
enbodinent; FIG 14- js a struc Y SOV ok ResuldapttieVghadé st or ti on
conpereoatph pignalpgeIeEtpD anlfst’némé;ﬁl)grsl I#lglﬁ%o%?rrent? and FIG 15 is a circuit
di agram showi ng a specific exanple of a phase difference .detection

sect i aronwhl oleafisor ns part of the adaptive distortion conpensati on apparat us
as the seventh enbodi nent. DESCRI PTI ON OF THE PREFERRED .ENBODI I\@NTS In the
-f ol | owi ng, Aadbréigansd iyee anbthenaspednofibameessat inyEnBaHAREEUS PR Vided 2enbodi ment
.of the distortion conpensation apparatus and -distortion conpensation.

met hOddi%gt%rp!&ﬂl QsdtiR REEBANtfol Not@msdneating Ifbr be distpitiinnsGMRPRENYr ef er ence
to the ".drawi ngs. This adaptive distortion conpensati on apparatus serves
to conpensate.for ; distortion.of fshicAleibpedeneisn poapent dopctifg en
(hererg@ﬁaé?‘?dlésacfl?‘g%% é;d;rﬁ% Sower Sarﬁr:pl i filser) for transmission in a digital
Wi rel ess comunj cat i

n apparatus, At f] , ct i {&yems mai n
b ¢ ofmiciane valiast PoanaroLh it PRt I8 8 BMUCTA SEeohd, Gyl

explained with reference to FIG .3. This_ adaptiyve. di t QR npensat i on
Gppar atlemctimmicp sésletroring st asolopblaBt BEAT GRUIEhOL Bt Vet

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

5b



1)1, a second envel ope detection section (DET 2) 15, a voli ageQnnpasat or
(CwWP) 17, a logic (ADP_Logic) section 18, an anplitude control signa
generation nmeans; and a: 7 13 Decenber 2004 gain control section 13. The
first envel ope detection section (DET 1) detects an envel ope voltage

i n_DET of a high-frequency signal PA__in having an envel ope change, which
is. supplied to the power anplifier 14. The second envel ope detection
section (DET 2) 15 detects an envel ope vol tage out DET of an utegut si gnal
PA outnv@bpd R8It £ @pipvt i Sgnal AsupPhied vio| thagéevaesipasstd E@\‘/gﬂp 7 conpares
t he envel ope voltage detected by the first envel ogfwdgzheéhi on ?;cti on 1
with the eny i aghlfaye biiansetpridi [ eEEBC | on

secti gﬁte ?n#gﬁ%o&éa?%:cﬁ@ ?ﬁ égﬁk( -Logi c) 18 corrects the relationship in

magni t ude, which i et ect ed,. NRlch A8E e RdIDRe abldgeldetectbkiranpl i t ude
contr GPICE‘IH&HBIS"%H@? NaR): %gdéﬁéreagag?at es an earrpl itude control signal

AM etl| for controlling the anplitude of, the i I3l A ddkondased on
the dlbe fiest evelanst driection TRR PGJPRE eé‘é!%‘r"?%ﬁ""l@?"”?ﬁ?"?% n control section-l3

controls the gain of the anplitude of the inpu ignal PA.L. sed on the
anpl i tgudelopedetention istepak cogwasisen sgryf qoﬁé"“’é‘ﬁgltf‘? abfger%??t c&g}:ﬁgfl g‘ﬁm
generation neans. The anplitude control signal generation, neans fés
const ryict efbuiiYort WRpaiihl & usiedetermiped safdrarcenEmiei 8sCOMBHIEO8 tEETr i bed
later, -a latch-circuit 9, a selector 10, a selector 11, a D/ A converter
12, 8 ciBllof B! cotiborifRG R1biofliiial coneleiaing20resEt pifsiomguirisorexadgi | | be t he

det ai | €T6F tructure of this adaptive distortion conpensation

apparatus. As shown in Fl 3. b hj ALMS SRITRd &Ferende fvalustis envel ope
det ectmoﬁhes%?l?aéﬁoflﬁp’ﬂsqf Wg%&rgﬁél?e\??ﬁg, through. a capacitor 22, a part

of the high-frequency signal PA.in. hayin . en ope. e WRI Ch IS
suppl i ledgerismatler;i gpuempl en&PntT"iﬂn,S‘%‘ﬁg 5%\91%318 e\éﬁ)ng’?t %(gféenve ope vol t age

i n_DET thereof; a voltage 8 13 Decenber 2004 a i fi l.n : for
anpl i f yhpBridbeoatrobsigpal foolcoaigelling mndétﬂé%?’é’@ lbifiret ethgflf‘?’ﬁt{\é? %nna\%fel ope
detection section 1; an AID converter 3 for digiti zi_ngqthe out put. of the
vol t agg, ARPhd fthelandlidh teitrelusipnalt gergraiediigi thal anaplifh copyrol gignaly “ppase
correction nenory (RAMPM 4 which is inputted with the digital signal

AD, as an. adg[:qlgzss, outputted fromthe AID converter 3, and which outputs
ase EGITELH} orfdata DRP

Tn the distortion compensation apparatus, the amplitude control signal

D_
ph

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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corresponding to-the address, fromdata previously stored|fpe.o32004
correction; a first D/ A converter 5 -for perfonning D/A conversion on. the
phase. correction, data DRP outputted fromthe phase correction nmenory 4,
and for-outputting a phase control signal PMctl; a latch circuit (Ad_Lch)
9 for latching the digital signal DAD outputted fromthe Al D converter 3; a
first anplitude conpensation nenory (RAM AM 1) 7 which has an input end
RI'1 and an-out put.end DR1, and which stores. .previously data. for
anplitude correction; a second anplitude conpensation nmenory (RAMAM 2) 8
whi ch has an FlGpatis aiblodRl dlagmamh shiowdnyg peécond@xbmpleasitprydriaty previ ously
stores. data for anplitude correction, too; a first selector

(Sel ectorl -)-Hig;. 3 %hsthﬁztﬁlﬂpb&iéxﬁdllm\dwiﬂg an la@hstve dishiftiof) Ahp&isatibine | atch
we

circuit9 as a first. input as |l as the digital signal D'AD of the AID

converte i : LR sw et di gi tal
i nal | OO RSS pesBRER B byio COmbich ioh AR SR A RIERHAGRBE & Phe

i nput en 1 or the digital signal D AD to the input.end RL2 as.well as
the | at C%S @Sgbﬁ&ellﬂi@eilgoﬁtﬁgpfeﬁ it EHE R 1; a second sel ector (Selector?2)
11 which is iﬂgﬁ)ted Wi th the out put .DR1 of the first %t.ude :
conpensati on & 15 a prguit diggram, shopang a;spect I‘Feeb?]’t"élﬁto B SeFiE%econd
anpl i tude conpensation nenory 9 13 Decenber 2004 8 as a_ second input, and
whi ch sellePsLegia) whicp feaneparhef thg adapitverdigtortiph gosmpessating appaptupap: a
second D/AléD/AZémi:_onverter 12 which is inputted with the data D _DA2

sel ect edthgddstounpediment;by t he second sel ector 11, and which perforns DA
conversion thereon; to output an anplitude control signal AMet); a second
envel ope det ddG. 6nis asspettrom (hBEEte2)stic papthoLdisiostiom peidraidd thyr Dpgen :
capacitor 23 wth apart of the output of the power anplif er.(PA)14 as:a
t arget whapkfieh; stortion shoul d be conpensated for by the adaptive

di stortion conpensati on apparatus, and which detects an.envel ope. out DET

therefore; a pg t@ge adsi¥lcirhire Ehdrasteri P praphbsiing NP rédukder Wtshiglet ects an
envel ope out DET by the second envel ope detection section 15; a voltage

conpar at Qmpers5id at1a7rd8ﬂ£.€eﬁ'&1ljje§at{1fb°Utted with the output of the voltage

anplifier 16 as a first 1np as well as the output. of the voltage

arger  omat 1 6r0 Aot ARH pe B R U Bt e PR Bt o

the volt . Gonpar at or 17 and which outputs a digital +1 bit or digital -1
bit as a: |§hal ADP_D, depending on the latch value;- a data latch circuit

(Bt;lch) 19 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 étructural view showing the adaptive distortion compensation

apparatus as the fourth embodiment;



which |atches the data D DA2 selected. by the second- sel eEhQfendpkr 2804
digital adder (ADD) 20 which digitally adds the output of the data l[atch
circuit 19 and the output ADP D: of the logic section 18 to each ot her,
and which -connects an addition result .. ADD D thereof to a wite data
bus of the anplitude conpensation nenories 7 -and-8; a delay, elenent
(Delay) 21 which delays the input signal PA in; a phase control .section
(PM 6 which-is inputted with the output of the delay elenment 21 as an

i nput and which increases/decreases its passing phase by the phase control

si gnal PM_ctIgG1G2143 Dasrinal vWP4hdwidgi the Gaapti@ disRetib®BoiPMhsalidnnhi ch is
inputted with the output of the phase Control section 6, and which

i ncreaseaz{pgga%sefi(gg ﬁiffhsm i R@{t.t he anplitude control signal AMctl,

out putte rom séecon converter 12; and a power anplifier (PA) 14

i ch- out pot0r ha & & gt S b, oo nBcH SR AR B bR P b Satopr

Expl ai ned next will be th W‘fii_l ow of a signal in -the - adaptive distortion
conpens AAPSHRL 1gspdh & MERLEI G 3. In this adaptive distortion.
conpensation. apparatus; the first.envel ope detection section 1 detects-
anenvel ope- VGt ddds ianstoeturak wiewashsaving ghe tadapiiyey Alstorbom sABpPessalionl PA in
having a change in its envelope. Further, with the envel ope voltage in_DET
i s anpl idppachtinyas the seventlagebadipienf;iasd 2, and . is :thereafter:digitized by
the A/D converter 3. The menory is accessed wth the digital' signal D.:AD

out putted fr @Gt b & Aéidodivgtireshodving edpasfiabxadpleeda phate differghase
correction rnenory4, and phase correction data DRP corresponding to this

addr ess. detectRMtsBstidrodhich 96hms figt Shah@adphive Aiksbiyio tompendadibn apparatus
phase-correction. This is subjected to D/ A conversion by the first DA

convert ef (Re sdvnfiHis P&gﬂ%ﬂge control data PMctl. The phase control
section 6 1s controlle y this phase control data PMctl. Anplitude

correct iﬁﬁgé%?ﬂmWZW@PEWEMB?HIWW first anplitude

conpensation frenory e second anp conpensation-.nenory 8. The

out put D_ADL ;0bt ai by latching t Laital si D, - envel ope
vol tage by tIlPle afogﬁ)wd‘%{g’c iltad@‘p(%\r/e [}ﬁ%tgttg}npggmgiﬂ%ﬁgp ?Wgé%ﬁ% %:Sggi\l}erter 3
is switched -the, first selector 10 and used as ,the .address of. each
menory. “’i‘ﬁb B hthey %O’bfﬁlf‘pﬁﬂnﬂﬁﬂisgfﬂl i@%&%‘i?ls%ﬁn 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:



of the anplitude conpensation nenory 7 and the out put DRzlsobeEJﬁg)e? 4 tude
conpensation nenory 8 are switched fromeach other by the second sel ector
11, to be connected alternately to the second D/ A converter 12. The gain
of the 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 distortion should be conpensated. This- envel ope voltage out DET is
anplified by-the power anplifier 16, to form one: input to the voltage
conpar at@in k6ntrANeedm (NPDie ﬁ?s}ttd‘iﬁrel@ghtcﬁﬁtioﬁmlﬁ(ﬁ)ﬁﬁl’) detestsppl i ed with
t he envel ope voltage in_DET detected by the first envel ope detection

section appikiohi gd fit LichhePAZ2in FReIn¥ Ol agelosoMPar at or
-17: corf%%r%[ebg)ct eltdt ﬁelr?% gg? ]:{/igllt ag seaég’lgurgglher,“%e- Inggilc. se((): ion 18

5 -8??3 YRt WA S ‘@%Zﬁ@fi%%ﬁ@ﬁ%ﬁ%ﬁ%ﬁ %8%’%?@%@%@1563%?%@?:&1?? o
1.or z 4°8P0 ! Gepdn he-Tatched o
21 0 supperisnQETDN Slkcdim edRledatBer St BRretmpledeidtel P S80G < 10

| at ched bfy the latch circuit 19. Further, th@vﬂ)i gi t al addelé. 20 digitally
adds t hetidhgnavenmpplifienld- (e volfpencaupasator {MIRAH commares thaanviloRes t he
addition result ADDW.thereof into the data bus. of the anplitude.
conpensatdlage detastddely thedfirat @veltipe detgstion seefiem | wrthithe paeelepe valtagegh t he

del ay el emment. 21, the phase control section 6, and the gain control

sect i on de3ectedibly the sebamd eavplopt detdctign tehbop bivethe lagplsetiiar (AIDR. Léogicy hi s

whil e, the phase and anplitude of the signal PAin are corrected by the 12

13 Decent@torséiddthphéelatonshiy ih@hagnératié, avhich Biddtethed byahsvatigercompasgdi on 13,
and the signal is then inputted to the power anplifier 14. As a result, an

out put signptle Bﬁfiﬁﬂfd@%ﬁﬁ@l ﬁ?ﬁél%ﬁeﬁ%ﬁﬁoﬁ@ﬁqan@%@ﬁcmﬁa@rﬁﬂe@ﬁﬁlﬁtﬁﬁe icen@Blt ai ned
fromthe output term nal Touf. xt, specific explanation will be made- of

the anpl i fid e 00 BREHS &8 1dMin PR Sl §Ghb HmARLmANPAL i HasQIBERRAL | ON

whi ch are perfornmed by the adaptive distortion conpenSation -apparatus

oo et A G RAEIIREILE S s oMU R ELRD S22
signal Féﬁ* tihg a!ll?pl?f){(lgé %%%ﬁg m"’b%t \slegngaf i’A_;lrnrJ%ased on the amplitude conirol 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 -



envel ope voltage of output of the gain control section- 1 b%cegﬁ‘{%‘i%é@d as
dde

Vpd (t), and the voltage of the gain control signal AM et to the
control termnal of this gain : control-section. 13 is expressed-as Vc
(t). This voltage Vc (t) is stored in the anplitude conpensation nmenories
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 (vc) = 1l+a*Vc (t)
... (1) Since the following equation is given. Vpd (t) =WV (t)*G (vc)
(2) The equation (2) is substituted into the equation (1) to obtain the.

f ol I owi ngmplifiat {(IAaNAMPIfdit amplifying(thy tabelapd/eolfdge) inHDEIedetbdred gl thow ng
equation is obtained. 13 13 Decenber 2004 Ve (t) _ (l/a)*(Vpd (t)/ Vi (t)-_l)

o (3) fihg efM f)@ﬂ’&eé‘tﬁﬂnts%gﬁmy_ﬂ)dan AD c6@VErRe 3GBF MpReAn D RASH dMEe the
i nput/output characteristic with respect to the power anplifier 14 whose

i st or L ORuaoHh NG 2 SR8 BF LRy dIES SRR, e 19588 b ARel DRl h

cal cul at1ng Xpression previ ous%ﬁg/ ‘stored
into the anpli nsat,i .on ri.es.7 and,8 i.th, use of e envel ope
vol tage wateey ARGV 3R £ SRR i ud BP Senllp A BoBo Bt sdfiphace
correction wll be deg/cri bed. Suppose. that the phase characteristic of the
power anpiiPRited fiog the A4 Pmﬂeré@n@ phis oytpys-phase corragtioprgaty ide
correction data-<Dpd becones as follows. (Dp.d :7.gD (V1) ... (9
Thi s dat eerresppnéwp deitienddrass.dtpm daig predopin sOresbior BhasenoTTrshon;a farst Next
explanation will be nade of the anplitude conpensation operation using the
anpl i t udB/Aaopeerserts- for peefoomirasD7A andva@sioftoe thaphaselderrediopedua DR
menories 7 and 8 store anplitude correction data corresponding. to
addr essesutphed fingddrsshdss cansitisiameMofD4pbhdiforesutpyitihipgd phaterg@nanl-

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-



inputted envel ope signal in_DET. The anplitude conpensati pNpaEIY: 88§04 and
8 .output data DRI and-DR2 corresponding to the address-Since there are
two kinds of addresses for accessing the two phase conpensati on. - menori.es
7 and 8. One is-an output D AD of the A/D converter 3 and the other is
data D _ADL obtained by 14 13 Decenber 2004 | atching and hol di ng the out put
of this A/D converter 3 by the latch circuit 9."Both types are swi tched by
the first selector 10, to access alternately the two anplitude
conpensation nenories 7 and 8. Further, the nmenory connected with the
address glayAlechd Hipad-andywlibie s¢1adte Ang ioughitd cithdronepfahaenmity, arddge node,
and the inenory connected with the output D-AD of the A/D converter 3 is

in- a ”Em)mbvdaéz;%as%c&?diﬁm e@?%a{nﬁeﬁmdﬁz FhidRis HpuaRa Wifpmel Hifa 1E int

lie read i's connect e DA converter 12 by the second sel ector
I ],-to far he, . [ I - Sl | . 5- ation will
be. fmde SHedbARLATER A R S RerBE g Son DA SRIPRGY ' 10 01
4. The digital signal D AD,.described .abgve ,is,used as an .address. for the
Aol | & iR bR GHPRb Y ARRLRICE CoMTS RigE AP Eresnd sBUCIO8F HERSMLous! | as
an address for_the phase correction nenory 4, to output -data 'previously
st or ed f sactiopKBE Boky whichaninpatiedHaeeshdtapseiors? w&ﬁamﬁmf the,patpyht a i s
subjected to AAD conversion by the first D/A converter 5 to output a
phase cooafihepowiegmaplifaPA]) 14 asiatargetydrose fistqshar shadhbe edmpensatedfos i s
controll ed. Next explanation wi|l be nmade of adaptive conpensation

oper at i oby thd atlipeive distortion clnaregeation sppapEngtandewhichtdeeedts e endilsporti on of
the power anplifier 14 is conpensated for only. by the operation of reading

anpl i t udguC OREMSAITbAN a daltdye atrpdifict (vt MRMIM 6ffor arapipdnidé wdhechodumgrsieat i on.
However, if a change occurs in tenperature or the like, this conpensation

IS not sgh ie%}?e%@'rm% tthédecoRd BRI defackion sé@ibai 1588l vbRaderoRAsRtbP t he
change. 15\ 13 Decenber y2004 For this purpose, in the presgrent invention, the

envel 0pe@pﬂpggg%}ﬂahighg%p&ﬁdwggh%u% o?{he_td%ﬁag@xA&ﬁwiﬁéﬁpid dd Lfirsithputvhi ch has

been corrtect by t control signa fctl outputted fromthe

anpli tudg, GOfiLEFhd SQplIEIPHE v%ltaﬁ@ﬂnﬁﬁ'ﬁeref?{seé 8R%nd 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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vol tage before the correction are conpared with each ot hefj pLoiele6bs the
relationship -as, to, which -of . the voltages is |larger/smaller. 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 nmenory-is
updat ed by every one set of operation: Therefore, the data is corrected to
a proper value by accessing one sane address sonetines. For exanple, if
t he envel ope of the inputted high-frequency signal PA in changes |ike a
QPSK nodul ati on wave, one sane voltage appears at a certain provability on
the timej gl Gontrbhb&tiopl(AM)NS WHiL esmBatad Rithhd SehEEL R BhARR oY) Ues as
the time goes.. A though reéading fromand witing into the nenories are
per f or e A LSz acdth . i fE one

e @loh€s! %%delu%{rc\im}é?reﬁ@e@%h&%sesau? g%lﬁgﬂ% ftﬁee %%imfd%aé&{?g)l Cs[ Y

nenory Is carried ou ewilting Into nmenor ried out.:

i d”otit " gt er ey | |
ppar at ub o T ORRSuRLaDPRERRFTEAR et i B BB on Apbs (BT TP Cont o6

the anplified output obtained-b l.ifying the vel.ope ,in_DET of the

e e DS S O (B B ShR BN GEP R ge o] bPREMC ORPER the ¢ ho.

anplified output obtained by anplifying the envel ope out DE. T of the power
anpl i f FigpalizAt eptglroygh peet@yt terminal {iosh conpensati on by the vol t age

anplifier -16. -The voltage of the conparison result is |latched by the

| ogi ¢ secti onEx@aimaddchext digli balthelflowrofl@ 3@ndeoertheradapise -distoirtion s

outputted as a signal ADP_D, depending on the latch value. The data D _DA2

sel ect edctuyptiwatisacpparang| shotvarin FIGL 8. lathih edaptive tdigottminCdompepishiion.t 19, -
and this latched output and the output ADP_D of the logic section 18 are

di gi t al I yppeteed, the ﬁ?ﬁ%ﬂv&bﬁ@dﬂet@éﬁdm@cﬂbﬂﬂTd@{cc%%ﬁnvgﬁtpeﬁﬂltﬁgmfnt D@EY-resul t

ADD D. thereof is: connected with and witten into -the wite data bus of

the - anpljd ' j ABTeL 2 4 i8hgWeiond Sspecific
exanpl e of tﬁgﬁﬂogfi\)gﬁ?g%%q{_églg?c) sfgg'?lisga&“ﬁgg?@%g ¢ g&%&? I%i gna‘oP%l\/P out

-of the Feﬁf(gcf}gﬁ'tﬁhle(%?ogév&té &%E’F’?&ﬁ%ﬂiﬁé&@@ Vbﬁﬁ(%@lﬂl{f?eﬂ%mé avw_I ch)

25. The D circult performs [atching at’ the edges 0 ock ck.

IS, SPepbLSREARAS ESPRES9D ol e RO Sy Rl 150 1
ETER T EDCHERICEENES e S RN R
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

11



OR gate,. and any one is outputted to OPO to OP7, dependi f‘QDQ&rPAb%IrQW of Q
and Q as outputs of the DIlatch circuit 25. This data forns the ADP D.

FIGS. 5 and 6 show a result of practicing the adaptive.distortion
conpensation apparatus as the first enbodinent. FIGS_ 5 and 6 shows an
exanpl e of the distortion conpensation:where the tenperature is at 25
degrees. (room:tenperature).:.FIG 5 :shows a spectrum containing
distortion generated by the power. anplifier :14: FIG 6 - shows a spectrum
obt ai ned. by adaptive distortion, conpensation by the. anplitude

.. conpensfithe aniitidd e@npernation nadmoyn® apiake ongputdRR oof thenmnyhivhde F1 GS. 7
and 8 show results of adaptive conpensation. FIG 7-shows an exanple 17 13

Decenber c&ggélﬁftioh%%xﬂégr@ﬁ%-sw‘it’&h&@ grofl Githoothél®) OkeRi®seted®hieBEes t he
di fference between the “envel ope voltages of input and output, md the

a0SCi 52 ERLERREE AR YT He Bord DR oRemBhI £ T bPlcGald Oihyict carri ed

out. | can un t1 nes I cations
cations ingre s, the,djfference. b nst;he enyv e voltages decreases.
fra 5 MR TSR eohPEnE b Bl R ROV DT R el B AR e 6 o
80- degrees. In the hjgh tenpeyature side, result pear,s in that the
gain of the péersec .Iei“’fl?lggg t%’@Pe%‘?&‘Q‘,‘sgS tq??éfi(’tst ﬁlggl%ﬁﬂoa%\i‘f?ﬁt@g&t he

f eedback | oop which constructs all ..-adaptive route: decreases,_ thereby

i ncr easi agt-CHel mifnther owput iOﬁébe.mwmartlplpﬂ%rcMi%l@e dastorfony shopldcbesary to

reduce the distortion power, Furthernmore, FIG 7 shows that an increase of
t he gai ncompeastecthdhiicvelopaveltagsaudn] isrmnplifieddytthe pdwevamplifierdidvel ope
vol tages to, be converged -fromthe negative direction, in-the low .

t enper at wr dosh dene: Hpweverthe i voltap& codparatoe 170 Artotleergmipnt o€ dhetvodtagei n t he
hi gh tenperature side, the difference is converged fromthe positive side

on the conpaRkdr 1PidFhippliédd WidxtheesRbRpatvotagsvinl IDE derdesdoby die ifapti ve
di stortion conpensation apparatus.- as a second enbodinent. FIG 9 shows

the strugtidiSp@ticiebBo8aiohvVieat ShplifibPBy tEOUFIERS HhSITicR PP Ahdtvdtapé t he
present second enbodi nent. The adaptive distortion -conpensation apparatus

of the SEGABEFIDOALERDred!thE #id {riveIBl RRIBEAD YR BE Qbdib AeridiPfPensat i on

apparatus pfreviously shown in _ irst embodinent in that
o o Sl A PR T PR O 05
are. reqy is{g%gl MP__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:
mernories 7 and 8.
The input signal PA_in passes through the delay element 21, the phase confrol ‘

.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 -

12



is 13 Decenber 2004 switching the two nenories in FIG 3 atch
circuit 9 are renoved. That is, the latch circuit 9 and tgﬂf%%ﬁg%e?gg?%ctor
10 are renoved fromthe first enbodi nent descri bed above, and the output
D AD of the AID converter 3 is supplied to the address bus of the
anplitude conpensation nenory 27. Also, the second selector. I | - in the
first enbodi nent is renoved, and the data bus .of the anplitude '

: conpensation nmenory 27 and the second DY A converter 12.are:connected to
each other. The operation of the adaptive distortion conpensation

appar at Ushft chbifoPReans caRRaH FRDEomtd] sedtidl 13 afkMeaigiallis then pettédlapt i ve
di storti'on conpensation apparatus of the. first enbodinent, it appears

that reagding %fwe?%[@%@ﬁ?tlh.oﬂs gals Itgﬁgow% ;i[i A 19A clﬁf?"\&gﬁ% dRkorfleh faf O

adapti ve conpensati on are carrie neously by usingtwo anplitude
conpensation. -nenori.es  and' 8. el 1 econd enbodi nent, ...
readi ng ‘?‘Fd]"W?Wﬁﬁgegr‘%oktg}qgﬁéﬁm%H%\A@ﬁ%tﬁghlglﬁ%r??%%e conpensati on nenory
27, depending on tine. In this ner, t circuit structure ig sinplified
dvant ageous| JeraFRARTAR R AHEUER L PO Srde RE B HLE FOMP R HOR PSR ot csseq
by one timng conpared wth the first enbodiment. Next, a third enbodi nent
will be eomptciioneand laptiva eomprnaation wWhishrreeatnrmed &y thaadepivagisiogtion-

di stortion conpensation apparatus as the third enbodi nent: The adaptive

di st or t-i compensatins apponhapgiesritedsibose.t he present third enbodi nent is
achieved by renoving the delay elenent 21 used in the adaptive distortion
conpensat i on- Regaibet Ulrstly ofill theearhplitate eohvedioreddta reaedsty 8, ampleudel ay
elenent 21 is provided to correct the tinme 19 13 Decenber 2004 | ag between

the contggQhpsi@anshs AM ctl . and PMIctl outputted through digital processing
and the envel ope voltages at the gain control section 13 and the phase

control secti-phe gy V8lage! df thBSnfiut UsdraRPIAO M YeebOriek36d0ss thst).e'm«@! ope is
sl ow conpare WItY1 t'he processing speed of a digital signal, the dine-Ilag

can be NgOleGihitags 39 ohlhAl of (IR sl kA EockiBf 1865 S SRRLLA Y ey APV gt he

del ay el enen a fourt I ment w be expl ai ned. G 1,1 shows

a bl ock lagiam oPhel i AARBE it ANt O AR (6 BHRGAEAN (AR APBARA A% 25
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) = Vl (t)*(1+a Ve (1))

- Hence, the following equation is obtained.
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fourth enbodi nent. is achieved by changing the- order in #phelhmddbeomhase-
control section and the gain control section 13 are connected 1n the third
enbodinment. It is ideal that the passing phase of the gain control section
13 does not change with respect to the control voltage-AMctl. However,
there is a problemthat-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.
predi cted, and by making a correction by the foll owi ng phase control
section 6: Ne¥t(t)e (l/d)t+tvVedddi (1) w.(3) be expl ained. FIG_ 12

shows- a- bl ock' diagram of the adaptive distortion conpensation apparatus
as the fifth ehbeshdld vollage Wpd. (tockarbd yetatiedtarheduriagiRenpat/oomut
apparatus.of this fifth enbodinment, the outputs of the voltage anplifiers
2, and 1¢ j . j . n ; ol At SUB) ,
and T he. r e e R i lib SRRt ™ (20

of a. di ) - r Jhird
erbodi mespiTecie ellorgpe bty SRRl daid U IRBIERETL ) doBbRl o
sone extent to r%rr_ai_n.at 1the %Utﬁofﬁ; 2018% ecenber t2004 PA Jout7 ofo%he power
anpl i f i eF°9YE IRY, DG RRRRQYSY PIREFIIP 9P ! TRFSRIOILPCENRER 7 945h1 em as
long as it is limted to a cons agt | evel . Therefore, renmaining distortion
can be Paihapsfthe envelpnps voliageNpd (Bence, by limting the control range,
the operation time of the digital circuit can be |imted so that the
current ' cons UNpt phaseapcnectioadiste tecessaty datpayEunsphase qessection gvii be h

enbodi mrent will be explained. FIG .13 shows a block diagraii-i-of the
adapt i vedelicsibedt i on. conpensation apparatus as the-sixth enbodi nent . Jri
contrast to .the adaptive distortion conpensation apparatus of the fifth.
ermbodi nent  sh®wpposé that Bléphat chdrbettristibagf the @odies tiaplifianis @e figéneat i on
apparatus of the sixth enbodinent prepares two conparators 31 and 33 which
construct a whrdowvagqEparator@)That is, the fifth enbodi ment includes a
first voltage conparator (CMP 1) 3 1, a second voltage conparator (CMP2)
33, and Eh!a?ﬁhéé do¥RribR Anf)dRbechhRsfak FSllowO! t age conparator 31 is
inputted with the subtraction output of the subtraction section 28 as a
first input. Ve he ref erence voltage Vrefl (30) of a direct
current as'aa%%?:on -ﬁ‘ﬁlsg@; d t?jects whl cb of both --inputs is

| arger/s I - | I o irst latch, (CWMP_Lcl-d)
35 1 o ths Fbyis bR Rt Bra Ml pliPeriohifem e |

0gic sec escr e second vol tage

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

14



conparator 33 is inputted with the subtraction output of i3 pecember 2004

t he: subt Taction.section 28 as a first. input as well as the ré?erence

vol tage WR (32) as a -second input, detects which -of both -inputs -is

| arger/smaller, and inputs- the result to the second latch (CWP. - Lch2)
352 of the logic section 34 described later. The logic 34 switches a
digital - + 1- bit by the output of the first voltage conparator 31 and -a
digital ~ 1 bit-by the output 21 13 Decenber 2004 of the second voltage
conparator 33 fromeach other by a digital selector 36, and outputs it as
dat a ADPldichitpendbelditg tdre afpaddphisve/Troomensas ibgrthé $atchrciicait OWothf t he
difference between the voltage anplifier 2 and the voltage anplifier 16

cones t o tfifes GE& SWRENSBY thdfirst WelBgew190ld z?eﬂ_@s@élteﬁﬂﬁclp! M AWCRAPRLAL OF by

t he wi ndow conparator.” That- .is, correction-operafion on the

conpensaig, e,(?g%fian _ &H@?}i‘?&s‘f ¥nd |t8.° FadndD tﬁehﬁleg'{% b e CORGRS %E:lhfegs g‘; nory

is perfornmed only it the actual distoftion onent 1 ncreases

- |t t eyt W vol tage.  As. |t: the

oper a1 o-P TN P el AR A BRG: aB EpleRard s Bemenny
ti be reduced. Further, if .distqrtion is small, digital -

i gnal | SOMSEERON T B bGP sAADahine 4YD bl s it AvpemoRgred arcle. Gl gi t a

- noi se %ﬁn be reduced advantageously.: ,'.:Next,.a seventh enbodi nent wl|
be expl ailHeQutppf data DRLoidR2 fon) he meamaiyimthe reast modeisseapedtedwithsbor t i on
conpensati on apparatus as the seventh enbodinent. In contrast. to the.
adapt i veDdfszonveiten | 2 dypba sasdndnsedgsperr bi,ue fofm theamphisideerndmil simal - shown
in FIG 3, the adaptive distortion conpensation apparatus of the :seventh
enbodi mreAModhpri ses a phase difference detection section (PH det) 37. A
phase -difference. between'the input signal PA_in and the output.signal

PA-out is. deteqterplanafi6ioWilpld inadé oPopliassiconattton iR pRekSt |
proportional to this-phase difference is outputted. Further, the voltage

PH ct| oubmpebtiondndhoRp 4. McRiaRe sidh b BT ANGR sABAGbbOOis 1584 hi B8R addreaNd -
t he- phase control signal PMctl are subjected anal ogue addition by the

adder 38forqma1{£g§tfgg%gﬂg§%%8ﬁ lnediiids S et iRSs hRE ugwéifrﬂltaﬁ&ﬁ}% %%/v 0[) et he

phase control 2004 section 6. The operation w

expl ai negh ahfkeSCRE AL phidd&oRRUESn Bl 4eho &ﬁpﬁla&ata 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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-phase distortion which serves as a factor causing the di $3 eptd Q8 2bb4 s
considered-that, as the operation tenperature of the power anplifier
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; adaptive conpensation is perforned on the phase transition. FIG
15 shows a spEor tlicparpasy e thefpredent piraseiod] fifeeneclope deltagd oDMesrghiton 37.
A resistor 93 and a capacitor 94 connected in series and a capacitor-95.

and a redistou of 6 p oaleﬁ@mgﬂﬁﬁem Qiicli Iiks beefi cege@EEbE HBRBIRAdE Pontrol
parallel--to construct a bridge. Two opposite tenninals 9 1 and 92 of the

bri dge_arpmdsasl1 451 dutpitted SEmREkRpAALcYs ?rebﬁ&%lteﬁgyw‘ﬁ‘ L B L}@)cn%ég als (S

. and-530) "whi ch Should be subjected- to et ection ase |fference

betveer. | SRRl e Paee oL L BN ﬁlsf%ﬁé e*%c‘ﬁgﬁ Lpntipe” "
ot act 1 ol 2IS Reervalabet haprasermler ﬁﬁ@ S.Léﬁééﬁ’a% ¢ plityde

resistors 98 and 101, and ca@aﬁétors 99 and - The- out puts, of the
circuits CSPé’e’é%i’élﬁn ‘%ﬁ?‘ﬁ’éﬁ“? ted §QiB% Fueqreget ﬂﬁﬂ atiqnshipa & dlis Gisees oge
cal culation . nmplifier .107 and receives the output of the first square

-wave ci bt 1?:62#9#3 dheanenonhieupditediby ey opesetef opesgonaberefipadhe or 99,
through a resistor 103, at an inverted term nal 23 13 Decenber 2004 (-) of
t he -cal cdrtatis cmnamthtfs |ae1uropz€r7vzﬂ1se hﬁlabc%sslrtghmeoMmmaddxésst fenaanesndFosquar e
wave detection circuit conprised of the diode 100, resistor 101, and

capaci t oexdifigle, iflthougielop dfabé iipatted Bigh-feqeerpgSignalVBAL Betiangats likd a Of t he
calculation anplifier 107.. Aresistor 104 is connected between the

i nver t ed QRSKrinddlilation wake tdme ek Gultadd @Ee@mat 4 Edrefin pROKaBINdy oRheQithout
terminal. -A resistor 106 is connected between the positive termnal (+) of

the cal cykRl TR, af R ddfdke%ﬁes]fﬁ)g c&@é’cté@ﬁ) Iﬁbgmmes -as ﬁfb tnﬁb‘%@ﬁ] Aﬁh%g& Wm ch

appears at the output termnal 10 ere _

respeot (el el LMty W@% RGN eﬁf%;‘elﬁf iRt %E S o
}QZe ngS' gjﬁ] gﬁ%ﬂ SB g@%dggﬁ?%%g%ﬁ&q%e %Q%Rg;(%ﬁg@?ﬁ%}m’e \%J‘é mg 5 RliG e 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 qbtained-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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Were Rk = R2 = R3 = R4 is given, the above equation (6) ¢haRagshdrnbe t he
next equation (7).. VO = Vi2-Vi-1 .... (7) That Is, the signal. S 100 is
proportional to the phase difference between two input signal voltages Sl
and S30. As. has been expl ai ned above, the adaptive distortion conpensation
apparatus in each of the above enbodi nents enabl es data for adaptive
conpensati on necessary for-pre-distortion. with no use of orthogonal
denodul ation, with use of a nmethod. of. envelope detection for-distortion
conponent of the power anplifier 14. In addition, the distortion conponent
i s det ect &g ioyurpiittddnlsiachgriab D2, dtipkfidingonshdktdeesué.nput and 24 13
Decenber 2004 output, to performdistortion conpensation. Therefore, even a
slight distortyeQiha CPMPANQEkcedbyReCRIPRNSAE@Or 101is ldtohallby thomtclsi nce
only codes are determned 'to perform adaptive conpensation, a slight

vol tage ,c?;icggfibaaﬁggﬁ@%d% aﬁﬁ!.ttan\g: b ougﬂt‘im bE AREBRR] sctiah 1 kR

converter ge- nunber of ts 1s not needed. In any cases, great.

S BT RN e

conpens or ‘a distor nponent

ted in.a device, i sing; -fi el t ect ] f
et cct | RCtEA o PoTBEacY AUIERS OV FHBLe Wi gRe DG BEIhEdmAteEs devi ce:

second envel ope detection_neans for detecting an envel ope voltage of an
out put .cm@e@ﬁ@norbmem@ea&ﬁné&- conpari son nmeans for conparing the envel ope
vol tage detected by the first envelope detection nmeans with the envel ope

vol t age detedlEd dbshavisea spestficdexample opghe trgietAPBnLagighsectiombhrilton resul t
correction nmeans for correcting a-relationship concerning a result of
conpar i sapuedenad NP eowtoff ter dcswparatea (SMPAd 7 ivtatdhied oy dhe Dhatenuetwope
voltages is larger/smaller;
(CMP_lch) 25. The D_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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anplitude control signal generation neans for generating enpaghhidYe64

control. signal for controlling an anplitude of the input signal, based on
a correction output of the conparison result; and anplitude control neans
for controlling -a gain of the anplitude: of the input . signal, based on

the anplitude control signal generatedby the ainplitude.control signa
generation neans. 26 13 Decenber 2004 2. ..A distortion conpensation
apparatus for conpensating. for a.: distortion conponent generated in a
device, conprising: first envel ope detection neans for detecting an
envel ope avo3Q aggrest. an thofigure, shgnadinsteppipresies ohe deffetende betveen dhel
envel ope detection neans for detecting an envel ope vol tage of an out put

si gnal oknihigpdleNtiRs ofﬁ?hﬁdﬂd&fuhﬁﬂ, Aang s iss @bt e sich heanmiicr ef gmes bet ween
t he envel ope voltage detected by the first envel ope detecti on neans and

the envelppfiahbAghcARLPE:aichout Ras BEAMAMNCLORR AR F iheTRANS.

conpari son neans conparing the erence obtained by the calcul ation

ith det er mi ned f | ue; ' . ecti
reans 1ol BPREERR G RE 4he RLRTEE Rt G AL B e BBs oo mcte
by th ' , tqQ which of the diff th f
y the conpar {éfé)n rneans, as ich o e |L\£3ﬁ€§$ an ehé@ erence

val ue is |ar gBFrshehavera statgnfiaferiey e SOmBagratigmwhe TR GH TS f or
generating an anplitude control - signal for contrfllﬁng a gﬁin of an
anpl i t uddegrees.Ha the bigh tsmpaesture sigdecd resylt-appgrisds thafihg Hapuel e power
conparison result; and .anplitude control neans for controlling the gain of
t he anpl ampdifieod4 dhereasepito thatithe kiop gaisefihe feedhackdapp Mhidhecansimestaan si gnal
generated by.the anplitude control-signal generation neans. 27 13 Decenber
2004 3. Rsptappausd dscreasegthiraby inorasaignthe nufnbet bftimeswpmudiiplicadiosecond
conpari son ’
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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means, the two conpari son neans bei ng operable for conparypge&gﬁmgb¢@prence
cal cul ated by the cal cul ation neans with predeterm ned retference val ues,
respectively, to obtain two conparison results. 4. The apparatus according
to claim3, wherein the conparison result correction neans corrects
rel ati onship concerning the two conparison results, as to which of the
difference and the reference values are larger/smaller: 5. The apparatus
according to any one of the preceding clains, further conprising: phase
control signal generation neans for generating a phase control signal for
cont r ol Isiwi@héngahamomﬁemdsréesiin;ﬂ]iﬁ.Eiagcgdie, orierlatchrairesp Srate mewovgd.ht he envel ope
voltage detected by the first envel ope detection neans; and . phase
control meanghhofs, theatchldiicoy otdnd théfiss sefectdnd Oianp dmevegniadin thafest on t he
phase control signal generated by the phase control signal generation
means.  GmifdihhQlebiPBE CRBPE R i ARTRIAD BFthel QD GAVBRESHL kiygpIfr - a
di stortion conponent generated in-a device, conprising: first envel ope
det ect i i fonr de [ A0l an1dn j.gnal
ggttgg%ﬁéreég\p‘ugeoffe@% M@ﬁﬂd@ Y SpeR& %A ﬁlglgﬁlé}r)ﬁl RN se élrQl

suppl i e has® control signal ation heans

generatin phase . cogsitrol - si.gnal . for controlli hase of {.he, i nput

si gnal ,“Sn%@&ﬂé%‘é}ﬁ&ﬁﬁk%‘%"{‘lﬁ’%g te&wsa»o?}b‘fb]& 4133%@“88@@ cc?lgaflﬁ'vjet he first
envel ope detectjon neans;_29 13 Dece 2004 hal e control -neans for
cont r ol [SOFPENFEIGPHASEOBY 27 ﬁéﬂﬁ%f@cogmé CORVELLEY grﬁ‘f?-ﬁ@me;?%@ f ol
signal generated by the phase control signal generation nmeans; . second
envel opethien ecti on means for detecting an envel ope vol tage of an out put
signal of the device; phase difference detection neans for_ detecting a
phase di f f er dheepbetioeef therdapdvndbtopeoneinpaneatiest anpatduhyf thheecdnidr st

envel ope detection neans and the envel ope voltage detected by the second
envel opensigtdanthonlineaniss expluined. hotie bdapiveestertion conpdisagon hppplhtse

di fference detected by the phase difference detection nmeans to the phase
control dfithodtstganpdahed, Ryphéas Haasedad i @msingaidn dgeard atriting afeans, and

for supplying an addition result to the phase control neans. 7.
The- appaloalckfioR @48 T Aadphi & Dnfdeibatfon drélEdriied oGOMRLItE sly 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 apparatus.

-of the first embodiment. In FIG. 3, the delay element 21 is provided to correct the time
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* conparison neans for conparing the envel ope voltage detec]§gmg%mk990@;rst
envel ope. detection -neans with the envel ope vol tage detected by the,

second envel ope detection neans; conparison result correction neans for
correcting a relationship concerning a result of conparison made by the
conmpari son neans, as to which of the envelope voltages is |arger/smaller;
anplitude control signal generation neans for generating an anplitude
control signal for controlling an anplitude of the input signal, based on
a correctilap mwpen .thofcontrok signatsaAM arit ané stV ctl aowdipuiies] ithuotigh cdigitalol
means for controlling a gain of the anplitude of the input signal, based
on the anppriotedthgcant thel eisiepalvoliessr atthed gajn tderdnpttidnud® andrthe phasi gnal
generation nmeans. 29 13 Decenber 2004 8. The apparatus according to any one
of the pregsfiglGeslidi T8 Howhrk eifHehfudiiBlibs WeRCAPNIN Bk &iviNie fieasnati on
means includes anplitude correction data output nmeans for outputting data
for anplit LON, LI - W ;i e
ébql[ﬁhag‘gtﬁ ?v?t%ﬁ@é’@ ock n%é&ﬁ%@é&ﬁ’d"&%gﬁﬁ%x ai,'@h% Jri}gae?gg %5:99@113@156%% 2 for

detected by irs nvel o etecti nmeans, updat |
l'itud tion, based . recti he i sO
Fosul tcorteeet B SROLHE 381 bRy P S K E R EHEY HsPsrhi o & her oi n t he
litud ti d .put i S . ' t di whi ch
D 6vi oUsI y. St onUaKt i o BRBIRFR D DeBiity GiC. Th Shove & O e s

according to claim4 -, wherein two of the .witable storage. nedja,....-
each bei neofithe asantive d15terEon PRIMPENEAEOB APPBEYSHH @atfau%law@@gﬁ’é%ms ffﬁ&r e

provided. 11. The apparatus according to claim 10, wherein the two witable
st or age nefuctisembodiineat nnadiigveddrt ohanghigatieneydemtn whithtthaphese cortralit a f or
anplitude correction. 12. The apparatus according to any one of the
pr ecedi ng skdomandhe geinncanbrel sectiopdBiase nomestedtindhe ¢robodmens It &t ches
t he conparison result of the conparison, nmeans, and corrects and outputs
di gi tal +lidesl thdt thé passiahdscodt the dait contvalseetidnhiérdees notkhange with remptcton.
conpensati on nethod for cornpensating for a distortion conponent
~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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generated in a device, conprising: a first envel ope detecii pR.shisR 2004
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

rel ationship concerning a result of conparison nade in the conparison
step, .adA ouniif che pbwehamphfie! bhdn geoerahdbe dissortian pomes deks vot cause
anplitude control signal generation step of generating an anplitude control
si gnal - f proldemtas ddilg 23dt iahimateto 4 cdstank lavek Thegedbresregreahing daseadioaran
correction output of the conparison result correction step; and an

anpl i t udge ¢QIBEALH 1oSIoRR: Sitert OPeh6d, Iy TEnAingahé c&trdl RengdHe dpesdiaf tihBe 1 nput
signal, based on the anplitude confrol signal generated-.by the anplitude

control 8kafiakiciAPBRLE! LaMbe BhABD sd thathélbah Ol AR GRIREBRbE pEhEELNOd | Or
conpensati ng Gt a-distortion conponent - -generated n a device, conprising
a first egvelﬁge tection step of detecting an envel ope voltage of

an. i nput‘a \éziné T pplied to the device; . -a second envel ope detection
step of detecfing an envel apevol e- of .an, o si gn f..the device; a
cal cul ati on s&@ﬁgéﬁlx%?ﬁg?@ﬁﬁnﬁwﬁﬂ?efeéﬁp E@-&@Fﬁééﬁ@?ﬁ%%ﬁ@@f%@n@ | t age
-detected in the first envel ope detection step,agd %ﬁg_envelope: vol t age
det ect edtherdaptive distaytipn cRRPRISADODAPRAERYRAS BIGPRItB smbadinacnt; dmceniEgst o
conpari son step of conparing the difference agbtained in the calcul ation
step wi ththg qgﬁptim dishartieicorapensetiee appdaragias of the fifth embodiment shown in

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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a conparison result correction step of correcting a relatipﬁeﬂﬁﬁﬁgg?@@rning
a result of conparison nmade in the conparison step, as to. Ich of the

difference and the reference value is larger/snaller; .an anplitude
control signal generation step ofgenerating.an anplitude control signa
for controlling a gain of an anplitude of the input; signal, based on a .
correction output of the conparison result correction step; and . an
anplitude, control step of controlling the gain of the anplitude.of the
i nput signal, based on the anplitude control signal generated-in the
- anpl i t ugé the seeamsl valtagagiompgeates 33 ffiom eaelepthen by ardigitaletcirstoratG oindi ng to
claim13 or 14, further conprising: a phase control signal generation step
of gener auipuys # apllageADPNDx ol signal for controlling a phase of the input
signal, in correspondence with the envel ope voltage detected in the-.first
envel ope det eThi@peratien of afdgtide fhasesetni Isehrriddent dfthedifferalck begvdehe phase
of the input signal, based on the phase control signal generated in the
phase coptd %lt&%&?&%liﬁ%‘eﬁ'%étﬂu@R‘roﬁﬁ ampfifieAl §icohREth Ve SEALEASAL ¢nen net hod |
ensatin ofa nt .

for conp i stortion cofpon generated i'h a device,

conpri si ng: finst envgl t Lon, st f y er Qpe .
vol t age Bﬁngﬁwfﬂ%u eéquﬁqﬁgggﬁ%§$£gﬁgﬁégﬁgHgﬁ“@ﬁ%ﬁf%gﬁgﬁ%ﬂthﬂﬁgggce; a
phase control .siqgnal .generation step. of .generating ase_cont r.ol. signal
For conepbprian SRoHES arfe Rprhemicned R ar P Ig sfr Bl B Mhschgelifiden The
envel ope vol tage, detected,iE t he fir%I envel ope detection step; a phase
control §PWPeBFatBARFHYY 15 geriprangsalw it she peiual;difiprtiogcgmpeneadsass t he-
phase control signal generated in the phase control_ signal generation step;
-, a setoheeapaldd opereatst dentvindep voftage e eyt sbe arpvationgangef thage
of . an. output- signal -of the: device; a phase difference detection step of
det ect i ngigtablearseit ds fifngted 5o shdsshovoementionsenptpogen borediged dewdwred in t he
first envel ope detection step and the envel ope voltage detected in the
second. - dinvedtiopeisdmtAL tricodigittlegignand applied to the gain.control section 13, and
. “therefore, digital.-noise can be reduced advantageously.:
- :.Next, a seventh embodiment will 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 apparatus 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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an addition step of adding the phase difference detected-ipLhs,mhas6s
difference. . detection step to the phase control signal generated in the
phase control signal generation .step, and of supplying an addition result
to the phase; control step. 17. The method according to claim 16, further
conprising:. a conparison step of. conparing the envel ope voltage detected
inthe 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 relationship concerning a result of conparison nade
in the cesgui@nitson step, as to which of the envel ope voltages is

| arger/smaller; - 33 13 Decenber 2004 an anplitude control signal ‘
gener ati on stERe 8perdoe fdll noer Bheiipinbd Udezeperl bk posied agdplifier 1¢dakr ol | i ng
an anplitude of the input signal, based on a correction output of the

conpar i 5.%5‘&%&{5%&1‘\?1’1?&%-&%8- §5?éct@}%uﬁﬁg%@aiisfdﬂﬂ@n;QPﬁtdo‘ilkid%fj Xhaf,

controlling a gain o e anplitude of the Input signal, based on’the
anplitud trol.- si.gnal ed j . Qlyi cant.rol _sj :
qenet at 1 orog sy @BLrARBREM ol MBI et B fiRe fiaf3for o,
Compensat,i on, Met hod., ABSTRA! T DI S URE | n,the present invention,
St ort | 880 CherRHeOTIoN dis Phas® CHTEeaRe CF paoie bERSAEe RER FORRATTES cncl |y
conpensat for, and a sinple.structure can be achieved w thout .requiring
a demdupfgtﬁjléﬁnpu& ape Uy SIEBAS Ay deteste amr%wd&rﬁywaeﬂw@ﬁ@en%w age of -
an .output PA-out of a power anplifier (14), which has been corrected by
an AM ct bn giephase sanpitiored he voltegeresamsrult thgecaf os addeditotheraignal\PNI4stl with an
envel ope voltage before the correction, to detect which of the envel ope
vol t agesreag andarhgainéd frehd the:mdéronylfe tq make ogirectsm tindhis(i&)neadataptmel/ or
subtracts data in an anplitude conpensation.nmenory, so as to correct the
rel at i onsdihperaatibn isyherédmedid dohde phyweltegpeitionol t ages is |arger/smaller. At
this time, data in the nenory is updated by one bit for every one tine of
operation. ThenEflarsBowt Aepeifidekfinglebf detphdsd difRrare dewttivakitRion)s7.
--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-

23



accessing one sane address sonetines. In an inputted highfpg cyo®i gnal
PA-in, one sane voltage appears at a certain provability on the tine axis,
if the envel ope changes |ike a QPSK nodul ati on wave, for exanple. Thus,
all addresses are corrected to proper values as the tinme goes. 35

() of the calculation amplifier 107 as well as the output of the second square wave
detection circuit comprised of the diode 100, resistor 101, and capacitor 102, through
a resistor 105, at a positive tenminal (+) of the calculation amplifier 107.. A resistor
104 is connected between the inverted terminal (-) of the calculation amplifier 107 and
an output terminal. A resistor 106 is connected between the positive terminal (+) of
the calculation amplifier 107.and the ground.

. An‘output 8100 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 . (D)

- That 1s, the 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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