18 July 2005 MATCH NG APPARATUS BACKGROUND OF THE | NVENTI ON &?ﬁég of the

I nvention: The present invention relates.to a matching aﬂEdH capabl e
of ‘matching input .and output inpedances between a power anplifying Circuit
and an antenna (load) for use in a portable wirel ess tel ephone set.
Description of the Related Art: Heretofore, official gazette of Japanese

| 'ai d- open patent application No. 10-163889 has ' disclosed an automatic

i npedance matchi ng system for automatically matching: i nput and out put

i npedances between a power MAPCEHLING ARBARATIHY such as an antenna of a
portable wrel ess tel ephone set. FIG 8 shows a matchi ng apparatus .capabl e
of ~ matching the power anplifier and the |oad disclosed in the above

official gazette. As shome in FIG 8, a_|oad inﬁedance (including a
mat ching circuit) deteckdFEKERANY oOFaddHet WEEN T OMower anpl i fier 1.and

Z?dg?ég?? ﬂgéﬁggéﬁéth%ﬂglﬁ%ﬁg%hﬁggggng;rgg;EC?OLSZCSQE;glge?hgyinpedance as
an R (resistance) angd, 2.8 P33 ent E3RCCLEY Udes 2o e IR&CLLGN ST onal
apparatus capable of matching input and output
iﬁpedances between a power amplifying circuit and an
antenna (load) for use in a‘ portable wilfeless telephone
set;
Deécription of the Related Art:

Heretofore, officiai gazette of Japanese
laid—dpeh patent application No. 10—163889 has
disclosed an automatic impedaﬁéé matching éystgm for
automatically matching input aﬁd output impedances
between a power amplifier and a load such as an antenna
of a portéble wireless telephone set.

FiG. 8 shows a matching apparatus capable of
matching the power amplifief and the load disclosed in
the above official gazette.

As shown in FIG. 8, a load impedance (including
‘a matching circuit) detector 2 is provided between a
power ampiifiér 1 and an antenna (load) 4, and a
matchingcircuit13iscontrélledbyz&detectionsignal,
The load impedance détectbr 2 detects the impedance as
an R (resistance) and a © (phase); respectively, and

. the detection signal is converted in the.form of

‘analogéto—digital'signal by an A/D converter 5 and




anal og-to-digital signal by an AID converter 5 and 1 18 July 2005 inputted
to a mcroconputer (CPU) 8. The CPU 8 drives a drive Clﬁgﬁih5§0§;Ch'as a
motor..or a relay and controls the matching circuit 3 in ¢ nner that
the values of the R and the O of the detection signal nmay be matched to
t he out put inpedance of the power anplifier 1. The | oad i npedance detector
2 is correctly adjusted in such a manner that a detection signal voltage
of a | oad inpedance becones equal to a central value of a detection
vol t age urhderuthedstat € mimrdeoporutard GRPLL 8i nfeeandds Solstmivesl when t he
out put = i npedance of the power anplifier 1 and the |oad inpedance are
mat ched widt Aré¥Enh Codtmrat hre shoD piup e esr Rarcdrl Fvangsmpiteothe | oad
i npedance _det ector. |s. correqtlé adj ust ed such that a detectian voltage

u

obt ai ned e R hp At CARE UG put B APEdarcBaraed 50t itd s & Y4 DY, when

the resistance Ris larger_than 50n, a positive voltage proportional to

the R val & Fl§ Benrditdts &0 fahhewhehechd e-Signnt a1y ke PR e Rhan ﬁo' a
i | t i j S, ti | to_the. R
neoatve Vo tage ML SRBURLSEY S OPRLLLONgL, LG Rysive my be

det ect ed. has SO IS

e AL Doskibra and DeRgRE L pRER o spceiiiAlcyalue my be
adjusted in such a manner that a detection signal
voltage of alload impedance Becomes equal to a central
value of andefection,voltage under the state that input
and dutput impedances obtained when the output
impedance of the power amplifier 1 and the load
impedance are matched with each other are 50 (pure
:ieéistance). For examnple, the load impedancé'detector
is correctly adjusted such that a detectionlvoltage

- obtained whén'the input and output impédances are 5002
‘is set to CV, when the resistance R is largér than 508,
a positive voltage proportional to the R value may be
detected, and when the resistance R is lower than 50
IL a negative voitage whiéh is inversely proportional
to the R value nay 5e detected. Further, the phase @
also is corréctly adjusted in such a manner that
positive and negative voltages from a central value may
be deteétedjjibroportiontxithejphase'value similarly.

The lbad impedéhée detector 2 thus correctly

" adjusted is used and the resistance R and the phase @l

of the detection signal are inputted to the CPU 8. The

-

CPU 8 variably controls the matching circﬁit 3 by




The | oad i npedance detector 2 thus correctly adjusted is used and the

resi stance R and the phase of the.detection signal are ingufieshoso the CPU
8. The” CPU 8 variably controls.the matching circuit 3 by 2 18 July 2005
driving the notor or relay drive circuit 7 in such a manner that the
resistance R may constantly becone .equal to the corrected value of the

i npedance 5092 by decreasing the resistance Rwith a positive voltage
signal proportional to the resistance R or by increasing the resistance R
Wi th a negativenygolthagaotAecordirrglay dhe veututchirpedanee Nickhhe power
anplifier 1 and the | oad side inpedance can be matched at 50(2. The

mat chi ng' maEnnée phate thal sesdat dxece cBntuao} | @dnsicrntary yoeWbtde t he above
arrangenent, when the output inpedance of the power anplifier 1 is not

- matched t @bl 9Rp shecedirembbdhiviad we refii thel ingp cdahcel 15@d2 shigh t hat ,
matching is conducted at 50(2, the power anplifier 1 and the antenna 4 are
not mat chéf G ¢ASéach tdinheresdsmingel i wadh hereby idiispt aced tRdem each
other. In particular, as the_anplified band of the power anplifier 1 is
i ncr easi nG-H9%2 v BERP el QUEHuUC ithpRIARSE F2RAB Powdi Riplifier 1 is

ndi ng. nfr n har | Sti nd, hen h
changed d%%%é%agln%p%he fgyfs%gﬁ%éiﬁu*fghsg %%&%égvg %%ftébe.

Accordingly, the output impedance of the power
.amplifier 1 and the locad side impedance can be matched
at 50L2. The matching of the phase ® also can bé
controlled similarly. o
Wi£h the above arrangement, when the output
impedance of the power amplifier 1 is not mqtched to
SQQ,lsince the matching circ£i£_3 is controlled such
that matching is conducted at 5083, the_power amplifier
1 and the antenna 4 are not maﬁched with each other
éomplétely and thereby displaced from each other. Ini
particular, as the amplified band of the power
amplifier 1 is increasing its width, the ocutput
impedance(ﬁfthepoweramplifier].ischangeddepending_
upon frequency characteristics and hence the
_displapement of the aforesaid matching becomes
remarkable.
In order to solve the above problem, the CPU 8 for
controlling the matching circuit 3 by uéing a matching
 contro; prcgram has the arrangement such that an
impedahce judgment threshold value in the matching

control program can be changed in response to




di spl acenent of the aforesaid matchi ng becones remarkable. In order to

sol ve the above problem the CPU 8-for controlling the ne8dalyB906i rcuit 3
by usi-ng a matching control program has the arrangenent such that an

i npedance judgnent threshold value in the matching control program can be
changed in response to 3 18 July 2005 transm ssion frequencies by a
judgnent threshold value setting device 9. According to the above ‘
arrangenent, since the. inpedance judgnent threshold value of the CPU 8

whi ch coftragisnheshenchiregiusnciits by 4 Hardipteoti ohreshmitd vislwdhanged by
an i npedance changi ng neans in response to the change of the output :

i npedance S&ft §Hed pdeEi ceanplifier 1, when the output inpedance of the power
anplifier | is changed in response to the transm ssion frequency, even

t hough t he out phfCPAREdEhckC ot the2PPBRee ramAIT¢ReRtt iSIRESpERced from t he

adj usted val ue,. by changi ng the i npedance judgnent threshold value with the
transmi SSFEW%#%Q%@@QQ%{%&W nplE e8RS IGLtiRE US| AbebBRcEE U dn el Flabl y be

AR L b A A T SN
such as the |c%%q1§}_@£%93§”£3 Jc.iﬁia%%aq{n’;etgfané/i%g means in response
to the change of-ﬁhe cutput impedance of the power
amplifier 1,-when the‘output impedance of the power
amplifieri_is_chsnged.in resbonse to the transmission,
fregquency, sven Ehough the output impedance of the
power amplifier 1 is displaced from the adjusted value
bychangingtheimpedancejudgmentthresholdvaluewith
thé transmission frequency;lihe input and output
impedances can reliably be matched with each other.

Thereariseszaprqblemthaftheabovéconventional
matching:method needs the cbmpléx detecter and various
ICs such as. the load impedance detector, the A/D
converter, the motor relay drive circuit and the
.judgment threshold value setting device.

Further, in the above matching circuit, the
impedance of the matching circuit is switched and
compensatedsﬁcﬁiﬂuﬂ:theoutputimpedancej}lthepower
amplifier corresponds_to the frequency. Specifically,
although thé ffequency characteristic of the éower
amplifier receives an attention, in recent years, in
a portable wireless telephone set and the like, there

is executed a transmission power control (Transmission




converter, the notor relay drive circuit and the judgnent threshold val ue
setting device. Further, in the abovematching circuit, the inpedance of
the matching circuit is switched and conpensated such that the output

i npedance in the power anplifier corresponds to the frequency.
Specifically, although the frequency characteristic of theggyel -g¢
anplifier receives an attention, in recent years, in a portable mﬁréiess

t el ephone set and the like, there is executed a transm ssion power control
(Transm ssion 4 18 July 2005 Pomer Control: hereinafter referred to as a

TCI» whi ch qgﬂk&ohgntéapﬂ§1 gf%zp@%%egg @_&pblle %EQ} qgch congrols
manner that TecCelvi hg powe e base s ation becones ¥ or der

to .So'é’xean%mQEQ{?%ogoQBQ o%”” Q“E‘;ﬁz{b 1@ E’ggﬁo%”) %:Dl\%c%"d% qﬁ\éln%kont%t

mul ti pl e access vi Si on tlple cCess or °t he

recel ves dllyahy epbhoh: at Nech Ltables W rel &5 ot hephone sat Sladhe,
PR S U o

ternln si de suc i S execute an output efficiency o °the

fi || ff db
power anpliflen Ls_ f‘%c%?g?i(&f (ﬁgsf@a&d i;\geééolregﬂ Fﬁ g &&aeenaxﬁ&oaﬂls e

i nproved at the sacri a sta the stab
gi ven %ﬂ@lgiétxcéggsth@o@@t@wlsqfoﬁﬂ %uqreggué sAé@&srgf'@ﬁ»%) Byencphen; jance -

out put efficiency of the power anplifier is ,inproved and the I npe

natcheqﬂﬁﬁgtgg&égyegmaghaggghﬂfy%d at the ﬁHXIﬁUﬁ]OUtput power of the power
anplifier in which the TPC

In the portable w1reless telephone set of the terminal side in
which such TCP is executed, an output efficiency of the power
amplifier is not so excellent, and this output efficiency should be
improved at the sacrifice of a stability. Accordingly, the stability
is given a priority and the output efficiency is sacrificed.

Even when the output efficiency of the power amplifier is
‘improved and the impedance is matched (matching) with the load at
the maximum output power of the power amplifier in which the TPC,
for example, is carried out, an output efficiency is extremely
lowered at the portion in which the output power of the power

amplifier is lowered as will be described later on.

SUMMARY OF THE INVENTION
An example embodiment of the present invention may solve the
above problem and the problem may be solved by the example
embodiment with a matching apparatus in which a matching circult is
switched and controlled in response to output power of a power
amplifier without sacrificing both an output efficiency and a

stability of the power amplifier.




for exanple, is carried out, an output efficiency is extrenmely |owered at
the portion in which the output power of the power anplifier is |owered as
wi |l be described later on. SUMVARY OF THE | NVENTI ON An exanpl e enbodi nent
of the present invention nay solve the above problem and the probl em may
be solved by the exanple enbodiment with a matching apparatus,hp whésh a
matching circuit is switched and controlled in response to output power of
a power anplifier without sacrificing both an output efficiency and a
stability of the power anplifier. 5 18 July 2005 According to a first

aspect of Uhe-QLasent cLyeRtl an g Lher €ol Sun PLAVLIRD RyUBlaNing Agpar al us

conpri sing: power a I fyi ng nean transmtting outpu ased on

a conmynd, fak 4 leﬁ%x‘fvl&%ih%g agg?ré)éﬁso%mp;%%gﬁh%%& Qﬁéfﬁgnin%%cgggﬂigﬂ

detecti'ng a | eve put powe i'ng mean t ween

the power, Ak {yd T‘Qutﬁ@@”éo@é‘? 8a503donand SUWAAGNY NBoBARSE £ QL S t%ﬁ“ ng

i nput and out put " i npedances of the matchi ng neans based on the | evel of

the OUtcm{tputPO%rEFg€E ES&:@P. 8¥: 418 nQUERY L s Deyer d@@g@%{d@% means. 4 e

exanpl e enbodi nen e switching neans 10 is switche in nmultiple stages

in respangRitt BoRe FRORA{ 408 gOeQHE PHLLRAMRY T1e@Mbed NEndP IR raRbl § ¥ means
1. In the e;agglg enbodineﬁ?,emhen ﬁ%xinugloﬁtpu? power ig ou?put%%ﬁ?fron1

an out pHar@Ndn8f a LI DOWRE SAPEAH MHNBeARANSo L) swifRheRl Nthdh® GaAdYGESE Wi th
t he mat chi ng nmeans 2 and when power is
impedances of the matching means based on the level of the output
power detected by the cutput power detecting means.

In the example embodiment, the switching means 10 is switched
in multiple stages in response to a magnitude of output power from
the power amplifying means 1.

In the example embodiment, when maximum output power is
cutputted from an output end of the power amplifying means 1,
matching is conducted with the matching means 2 and when power 1is
decreased from the maximum output power to predetermined output
power, there is outputted a switching signal for switching the input
and output impedances in which the matching means 2 is matched to
the decreased predetermined ocutput power.

In the example embodiment, the input and output impedances of
the. matching circuit are switched based on the output power
instructing command from the base station and the like, whereby the
detector can be constructed with ease. Therefore, there can be
obtained the matching circuit in which the output efficiency and the

stability are both satisfactory at the maximum output power and the

small output power.




decreased from the maxi num out put power to predeterm ned output power,
there is outputted a swtching signal for swtching the input and output
i npedances in which the matching neans 2 is matched to the decreased
predet er mi ned out put power. In the exanple enbodi nent, the input and out put
i npedances of the matching circuit are swtched based on tlréeJ%E{p%O@omer
instructing command fromthe base station and the |ike, whereby the
~detector can be constructed with ease. Therefore, there can be obtained
the matching circuit in which the output efficiency and the stability are
both satisfactory at the maxi num out put power and the small output power.
6 18 July 2005 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a block diagram
of a main portion show i u portable wrel ess
t el ephone set accordi nggg%&t %%E%?ggle% %@gﬁtﬁ%ﬁl@ﬁe 2 is a fundanent al
mat chi ng cirgcu t (di.agra [ chi r . accor di ng: t he
present i nvekﬁ#’:br%; lgl é;ﬁ]j;@!s &éﬁ?f:ra@u?fc %ﬁgagqu}a%%gﬁggmgn%%ogﬁﬁét %hlgn%{g.j&glp&pqgr atus
accor di odi f.t rese i iqQn, FE N cif,cuit
di agr al’fili% ﬁ%\%\ﬂtﬁg g)r%brraa(tjcElg%aégﬁpa‘?%e&se%%a%%lr%%ﬁggt %%gno%%grrééhgoione% © of
the present inyention, .FIG 5 is a diagramof frequency-gain characteristic
curves useg to denonstrate swtching effects of the matchi ng apparat us

accordi ng tQHkheZpH%S%n%uhagﬁ%Hﬂd@nﬁatching circuit diagram for use in a
matching apparatus according to the present invention:;
FIG. 3 1s a circuit diagram showing a matching apparatus
according to an embodiment of the present invention;
FIG, 4 is a circuit diagram showing a matching apparatus
according to another embodiment of the present invention;
FIG, 5 is a diagram of frequency-gain characteristic curves
-used to demonstrate switching effects of the matching apparatus

according to the present invention;




7 18 July 2005 FIG 6 is a waveform di agram useful for explaining a boost
- transm ssion output power used in the present invention; 1BlJa@lyZ00bs a -
di agram of frequency-gain characteristic curves obtained when out put
resistance of a power anplifier is used as a paraneter and to which
reference will be made in explaining the matching apparatus of the present
invention; and FIG 8 is a block diagramto which reference wll be nade
in explaining a matching circuit according to  the prior art. DESCRIPTI ON
OF THE PREFERREDIEVBODIVENT8 VA frat e vl hyg uppanaeds If 6p rugwpwiatim angort abl e
wirel ess tel ephone set according to the present -invention wll be
descri bed & Rofstaiir s B iseideeetrud poag: 1u$@d7lnFFGe PLe&S @bl ock
di agram of, a msu n portion near a matching circuit according.to the present
i nvent i onIPVERRICTP ustrat es a transmission output portion of a portable

W reless tel ephg g in whi,ch TPC is c%rrled out. In FIG 1, elenents
and parts corre 8 ndi nglsto fhoser o BEGI TR mdreéd Mith the sane

referencecﬂy¥§%€£§lstlc curves obtained when output resistance
of a power amplifier is used as a parameter and to which.
reference will be made in eXplaining the matching
apparatus of the present invention; and
'FIG.WBis a block diagram to which reference will
be made in explaining a matching circuit according to

the prior art.

- DESCRIPTION OF THE PRE]‘?E_'RRED EMBODIMENTS

A matching apparatus for use with a portable
wireless telephone set accordlng to the present
invention w1ll be descrlbed in detail with reference
to FIGS. 1 to 7.

FIG. 1 is a block d.iegram of a main portion near
‘amatching circuit according to the present invention,
and illustrateées a transmission output portion of a
portable wireless telephone set in which TPC is carried
oﬁt.

In FIG. i, elements and parts corresponding to
those of FIG. 8 are marked with the same reference
numerals.

in FIG., 1, reference numeral 11 denotes a base

station, and a TPC instructing signal for instructing




In FIG 1, reference nuneral 11 denotes a base station, and a TPC
~instructing signal-for instructing-8 18 July 2005 a magni ti8delydf00a
“transmi ssion power transnmitted from each portable wireless tel ephone set
is transmtted froma transm ssion antenna 12 to a reception antenna 4 of
a matchi ng apparatus 20 of a portable wireless telephone set conprising a
termnal device. An instruction signal fromthe reception antenna 4 is
suppl i ed through various processing circuits, not shown, to the
m croconput eradhetaidrafdera ref ensed st oASpawERU)t Bandmpewrsd detest i ng
section 14 is adapted to control a transm ssion output power at every 2 dB
as shown igmaclt heorkassles ¢tkhads)s R toléPhoma sabl é s3,tndmshiwitldd be
described | ater on, based on the instructing signal received by the CPU 8
fromthe Wasan st diianspisshen amsepoet iLd 9 ghatedepmiole apdsngeati on 11
IS supplled through the CPU 8 to a converting section 15 as instructing
data. The4cérive? t RAG Jekt ¥ oAPPS redriver28 other seppitiodd 4 st Fadeisfy data
into a power. control DC signal. This signal fromthe converting section is
suppl i ed tHIGRRFCRS PSR %ﬁ?ﬁﬁﬂ%ﬁﬁﬂl%ntﬁéq%Pﬁ%e eVigifsni ssi on power

amlifier1 so that, Lhe 1Pl og] g1, OULRML JOWRr, BL Lhe pausr, ATplifi er

4 is supplied through various processing circuits, not
shown, to the microcomputer (hereinafter referred to
. as a CPU) 8.
A power detecting section 14is.adaptedtx>control
a transmission output power at every 2 dB as shown in
the classes (class) 2 to 19 on a table 3, which will
be described later on, baoed on the'instructing signal
received by the CPU 8 from the base station 11. The
"instructing signal from the base station 11 is supplied
- through the CPU 8 to a converting section 15 as
instructing data. The converting section 15 converts
the supplied instructing data into a power control DC
-signal This signal from the converting section is
- supplied through a power output section 16 to the
transm15511n1power'ampllfler],so that the‘transm1551on
output power of the power amplifier may be controlled.
The power amplifier 1 has at its input side an
input termiﬁal 18.to which a telephone transmitter
'éignal is inputted from a telephone transmitter
proceésing clrcuit and the like of a telephone

transmitter at the preceding stage, not shown.




The power anplifier 1 has at its input side an input termnal 18 to which
a -telephone transmtter signal is-inputted froma telephageutyapesm tter:
processing circuit and the.like of a telephone transmtter at the

precedi ng stage, not shown. 18 July 2005 An out put end of the power
anplifier 1 is connected in series through the matching circuit 3 and a
power detection coupler 17 for detecting present transm ssion power to the
transni ssion antenna (transmnission and reception) 4. The present

transm ssi on pohkerofitpmtt hedcolipiles pclier sngil ehiatel itsocponerctvaiue of a
predeterm ned val ue, supplied to the power detecting section 14 and

out put t ed 4o g%l epUtTr® uGhet Blsy T plut Rpowerr CUinhi ghanids an@eRY ng
transmtted fromthe portable wireless telephone set, is transnmtted to
the base &&ft3ohiel: QWRlas Adpdrdr ddehe Ay dPREISER % he portable

wi rel ess tel ephone set of the systemin which the TPC is executed can

receive. pre LGSt ROWEF H9F ortat FEATGT $i81 BBwe i ffier of. the

portabl e w,reless.tel.ephone . set fromth U8 wthout providing the |oad
i npedancevva:eliae%§18?’s§ﬁéﬁ}1 Fhd IEIeﬁe%tJr%ngar%Ei cular. This present out put

pover Mt oL MU £Re! B PR L ol abHR LD PR 0 P8 BENLBR A LEU L 3,
17 is attenuated to power value of a predetermined value,
sup?lied to the power detecting section 14 and
Qﬁtputted to the CPU 18, whereby output-bower p whichr
is now being transmitted from the portablé wireless

-telephone set, is transmitted to the base station 11
side as report dgta.

' Accordingly, the-portabie wireless telephone set
of the system in which the TPC 1s executed can receive
presentoutputpowerinformationcﬂfthepowéramplifier
of the portable wireless telephone set from the CPU 8
without providing the load inmpedance detector shown in
FIG. 8 in particular.

Thispreéentoufputpowerinformatioﬁ;issupplied
from the CPU 8 to the matching circuit 3, whereby the
éwitchingmeans10providedwithinthenmtchingcircuit
3 is switched based on this output power information.

FIG. 2 shows a fundamental circuit of the above
matching cifcuit 3. In FIG. 2, reference letter Ro
denotes an output resistance of the power amplifier 1,
Codenétes an cutput capacitance of the power amélifier

"1 and R; denctes a load resistance. The matching circuit

10




swi tching means 10 provided within the matching circuit 3 is swtched
based on this output power information. FIG 2 shows a fundamBacabs circuit
of the above matching circuit 3. In FIG 2, reference letter Ro denotes
an out put resistance of the power anplifier 1, Co denotes an out put

capaci tance of the power anplifier 1 and Rl denotes a |oad resistance. The
matching circuit 10 18 July 2005 3 is conprised of a first inductance L1
whose one end is grounded, a series circuit of a first capacitance CI.
and a secchdi s ndompaniced 2 hn Hisetonddaphentcanda wB®aghosee. end end i s
grounded. In this circuit, we have the followng fornmula [Fornula 1] A -2
CO C, CICAEG areugded3 & iegleslelGSC@lIE ok-aD EBrsh FRBacitance) = 2irf
is satisfied and Q 3, RL = '50 and co 5. 65E9 are substituted into the
above forfll 30h FEFORA| %QUCFW%\BLh%dt%eS¢%PPG\AFﬁQa\Fa]}%gcﬁor Rol

Cl, Lz, C3,
Cs whose one end is grounded. In this circuit, we have

the following formula:

[Formula 1]

XL

‘ 1 i
C’ZQ@XC]’G:@@XQ
X1,=XC,. XC,=0° R

= ] }% “
XC,=Re{ g g Xn= XCo+ R c;

XL,

@

15: » z;;

In FIG. 1, if = 2%f is satisfied and Q = 3, Ry = 50
and ® = 5.65E9 are substituted into the above formula
as real values, then we have the following values for

Ro, Ci1y ‘Lz, Cs.

{Table 1]
Ro () C1 (pF) L, {(nH) Cs (pF)
2 29.4 2.78 : 17.3
5 ir1.8 5.3 10.6
10 5.89 ' 8.84 7.1
20 ' 2.95 ' 14.9 | 4,3

‘As is understood from this table 1, the value of

the output resistance Ro of the power amplifigr 1.

11




[Table 1] Ro (QCL (pF)L2 (nH) C3 (pF) 229.42.7917.3 511.85.310.6
-105.898.847.1 202.9514.94.3 As is understood fromthis taliBeluly,2006e val ue
of the output resistance Ro of the power anplifier 1. 11 18 July 2005

consi derably changes from about 292 to about 20C2 depending on the

transm ssion output power. It is also wunderstood that the values of the

| npedances (G, L2, C3) obtained when inpedances are properly nmatched
within the matching circuit 2 in a range of fromthe | ow output resistance
Ro = 20 t edrwl deghbdut p@mange§i stmemeaRout 202 doe athanged 0ddnsi derably. A
table 2 shows an output power (W, an, output power (dBm_and an_ out put
current (APRARAIREIORNERS hEF D dteS 8EPHaPIF SRR\ at Lt heS @bb¥® | oad

resi stance 50D and the out resi ce Ro = 292 to [ Tabl e 2]
erf@ %b‘f P %ﬁggp?dgwpeé%nces %81, Lz,

measur ed

~C3) obtained when impedances are properly matched
within the matching circuit.Z in a range of from the
low output resistance R¢ = 20 to the high output
resistance Ro =-209 are changed cbnsiderably,

A ﬁable 2 shows an output power (W), an output
power(dBm)andenloutputcurient(A)obtainedwhenthey
are actually measured at the.above load resistance Ry

= 50£) and the output resistance Ry = 2{ to 200.

[Table 2]
measured Power [W] Power ls [A] Rg [Ohm]
order [dBm]

0 2.6800 34.700 1.2500 2.3900
1 2.4200 33.500 1.1500 3.4200
2 1.5200 31.6890 0.85000 4.8000
3 1.4500 29.200 0.70000 6.6000
4 0.89000 25,080 0.45000 10.500
5 '0}37700 17.540 0.35000 21.000

As is clear from the above table 2, at 2.3%8{0 which
is approximately equal to Ry = 20, the output power of
the power amplifier 1 shows 2.68W. At 4.80 which is

approximately equal to Ro = 5{2, the output power of the
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02.680034. 7001. 25002. 3900 12.420033. 5001. 15003. 4200
21.920031. 6800. 950004. 8000 31.450029. 2000. 700006. 6000 - 18 July 2005 " .
40. 8900025. 0800. 4500010. 500 50. 3770017. 5400. 3500021. 000 As is clear from

t he above table 2, at 2.390 which is approximately. equal to R4 = 20, the
out put . power of the power anplifier 1 shows 2. 68W At 4.8D which is
approxi mately equal to Ro = 5, the output power of the 12 18 July. 2005
power anplifier 1 shows 1.9W At 10.52 which is approximtely equal to Ro
= 1092, thsrweltpehploveieof 1 e wower sanpladf i eo.bBhonsch. 8W At 210,
which is approximately equal to R o = 200, the output power of the power
anplifier dpshondm@alx/MW egpedi ficdtd y5 10£),s tthoe beutpddr stoooer t hat

i npedances cannot be properly matched to the load 4 if .the inpedances

Wi t hi n t h&hatebiveg anelifi’rarle slewscWartjed Rh 2d<povbé ctho out put power
as shown on the table 1 when the output power of the power anplifier 1 is
| arge at aFREoRdmat Oy apduaterra He oﬂt%&ﬁ:pdﬂ%@ oBEPUie RFOIRF @fplifier 1
is small gt about Ro = 2092. However, since e practical portable wreless
tel ephoneafgb‘? REHAS a&"r%%bélfeﬁe i npRdYAc s'?(/j‘”?hi n the

Specifically, it is to be understood that

impedances cannot be properly matched to the load 4 if

 the impedanceé within the matching circuit 3 are not
changed in response to outputlpower as shown on the
table 1 when the output power of the power amplifier
1 is large at about Rg = 20 and when thé output power
of the power amplifier 1 is small at about Ro = 208,
) However, since the praétical portable wireless
teiephone set cannot change the impedances within the
matching circuit 3 obtainearwhen impedances ére
properly matched in response to output power, in actual
practice;, the values of the impedances (Cy, Lz, Cs)
within the matching circuit 3 are determined in such
a.maﬁner that impedances may be properly matched at the
ﬁaxiﬁum output power (Rq = 20},

FIG. 7 shows fregquency versus gain characteristic
curves obtained when impedances are matched at the
maximumoutpﬁtpower(Ro=2§M andthecmﬁputresistancé
Ry is progressively increased in Such a way as in Rg
=20, Rog = 5L, Ro = 100 andfh,=_209, i.e., output power
is progressively decreased.‘When the output power is

- progressively decreased from a properly-matched

13




mat chi ng-circuit 3 obtai ned when i npedances are properly matched in
.response to output power, in actual  practice, the val ues 1gfjulfz@osnpedances
(d, L2, C3) wthin the matching circuit 3 are determned in such .a
manner that inpedances nmay be properly matched at the naxi num out put

power' (Ro = 292) FIG 7 shows frequency versus gain characteristic curves
obt ai ned when i npedances are - matched at the nmaxi num out put power (Ro =
292) and the output resistance Ro is progressively increased in such a way
as in Ro BRIREtL NI RFEr Y9922 ang TRoSRaGGNIRG O0GCULS JHFEWBower i s
progressivyel y decreased. Wien the output power i progressjvely decreased
[t om a pr GUBIINA FRELRAG SiB1 G ECULF G 52605 teharatisn She TaRTbt Jha

' t chi "sh . b h teristi 23 to 25 with th
fesul t 1 hateTRGE pif fart1 O BAGPeE B € CORLIBEAIIY Wt BF PG R RS shown on
a table 35}&5&&8oﬂ“2¥1%99§e[gqb|e 3] GSM Power No. 1 CLASSPower Power
Efficiency - -

14




Current [mA] [dBm[mMA [99 O - 2397943. 28 3375011. 87 4353162. 2850247. 05
5331995. 2650155. 88 6311258. 9336136..60' 729794. 3328110. 82 83 ff)l20b82385. 12
925316. 231965. 01 1023199. 531551. 96 1121.125.891240. 98 1219. 79. 43934. 48
131750. 12727. 97 141531. 82524. 71 151319. 95419. 48 161112.59316.39
1797.94215. 51 1875. 011.513. 05 1953.16112. 35 The above table 3 shows out put
power [Power (dBm) , - Power (mMWN ] and output efficiency [Efficiency (s ) ]
and output current value [Current (mA) ] measured by a TPC 15 1 8 July
2005 systehf®Plg frlequency band of 900 MHz deci ded by

GSM Power : ‘ No. 1
CLASS : P_ower Power {Efficiency {Current [mA]
[dBm] [mW] (%]

0 -2 39 7943,28
3 37 | s5011.87
4 '35 3162.28 50 247.05
5 33 1995.26 50 155.88
6 31 '1258.93 36 1 - 136.60°
7 29 794,33 28 110.82
8 27 501.19 23 85.12
9 25 | 316.23 19 . 65.01
10 23 199.53 15 : 51.96
11 21 . 125.89 12 _ 40.98
12 19. 79.43 9 - 34.48
13 17 | s0.12 7 - 27.97
14 15 31.82 5 24.71
15 13 19.95 4 ' 19.48
16 11 12.59 3 | 16.39
17 - 9 7.94 2 15.51
18 7 5.01 1.5 13.05
19 5 3.16 1 12.35

The above table 3 shows output power [Power (dBm),
Power (mW)] and output efficiency [Efficiency (%)] and

output current value [Current (mA)] measured by a TPC
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Eur opean Standards of GSM (d obal System for Mbile Conmunication) digital
nobi l.e communication. In the classes 1 to.19., output powgryiypoewi tched at
every 2 dB by an instruction data code fromthe base station’ 11 side.
Since the output current values of the power anplifier 1 shown by No. 1 on
t he above table 3 indicate a burst transm ssion value (BT) of 1/8 of one

- slot (577 mns) as shown in FIG 6, in actual practice, an output current
val ue 155.88 mA at 33 dBm (about 2W of class 5, for exanple, is
calculate@ﬂﬁﬁ%me@ﬁna:ﬁﬁmﬂﬂe@qynba@ﬁnﬁi #&00 Mge deaidedrbginal electric
power. Fromthe table 3, for exanple, it is clear that _the out put

efflC|encFQﬁOBé@@a§QQRﬁ¢%ﬂérQ§3Qﬁﬁ1|§lQQW%r%HSF6WrﬁpﬁuMBGﬂ%ﬁflC|ency

of 7% at the Power  13dBm _Acg in in the-present, i nventi t he
match(i) ng %‘F?l§at§°crb)ns??‘8&&@gl afg éﬁ&\ﬁm SRk ’G"Sca§l%?hd an %t}i’et

h 2.sh H d 4 | e d
o s oena Gt asCao 10" d 2 BBy B er ei g r e e SR ey Bces. |

Lhi o CTOOGITSN o nenelda, of s aneg%ao% aLesLatanse. R, and e ou put

capaC|tance ar 6 Dot h ‘connécte é ground,
the other déhereof are connected in parallel, and an output current
lo is supplle to the matching circuit 3.

Slnce.the output current values of the power
amplifier 1 shown by No. 1 on the above table 3 indicate
a burst transmission value (BT) of i/8 of one slot (577
ms) as shown in FIG. 6, in actual practice, an output
current value 155.88 mA at 33 dBm {about 2W) of class_
5, for example, is calculated by electric power eight
times as large aé the original electric powér.

From the table 3, for example, it is clear that
the output efficiehCy of 50% at the Power 33 dBm is
loweréd to the output efficiency of 7% at the Power
13dBm. |

Accordingly, in the‘preseﬁt invention, the

" matching circuit 3 is constructed as shown in FIGS. 3 -
and 4. In the matching circﬁit 2 shown in FIGS. 3 and
4, elements and parts corresponding to those of FIG.

" 2 .are marked with the same references.

| In this_embodiment, one ends of the output
;esistanceRgandiﬂuaoutputcapacitanceCocﬁfthepower
émplifiez'l are both connected to the ground, the other
.ends thereof are connected in parallel, and an output

current Ig is supplied to the matching circuit 3.
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16 18 July 2005 In the matching circuit 3, the other end of the first

i nductance L1 whose one end is connected.to the ground isggeRpeosed to the
other end of the output capacitance Co, of the power anplifier 1 and the
first capacitance Cl. Athird capacitance C1', a third inductance L2' and
the second inductance L2 are connected in series to the first capacitance
Cl, and the other end of the second inductance L2 is connected in series
to a.load resistance RL of the antenna 4_and whose one end i s A connected
to the ground. TRelbenhd@raeRisy (Her @eébnd i AdirctaReerLeRSs o onhected to
the other end of, K the second capacitance C3 connected in rallel to the
first indfctahce BIUSRE D Ghoke UHRS Bndlifs S@hniett SR EE Al droumd® The

ot her end __of the.induct anCﬁ 2ti S tckté)nne ijed to af urthh .Cﬁga%i tance C3'
connect ed %@ H et Sn& St che82 i tier PE&e L heengef:’ nd swi TehP5.2 bei ng

Connect ed TR TREE BRI Ge R 17t PubPohigt 1 ied Sfal 88 LD 001,

circuit of. y}ﬁ:fﬁ'éﬁg cgpaci-tance C1' and the third inductance L2'. The
first and s? cond swietcles Si and S2 may operate in unison with each other

and constitute @ gwitChidgoABaREle 35 WhGHd9inductance L.’
aﬁd the second inductance Ls are connected in seiies
tb the first capacitance C;, andrthe other end of the
secohd inductance L; ‘is connected in series to a load
resistance Ry of the antenna 4 and whose one end is
connected to the ground.

The other end of the second inductance L; is
connected to the;other_end of the.second'caéacitance
Cs connected in parallel to the first inductance L; and
whose one end is cénnected1x)the ground. The other end
of the inductance L; is connected to a fourth
_capacitance C3” connected to a second switch S5; in
series,theseéondswitchSgbeingconnectedinp@rallel
to the first inductance L; and whose one end Being

 -connected to the ground“ A first. switch $:1 is adapted
to shunt a series circuit of the third capacitance C;’
and the third inductance 1,7 . The first and second
switches Sll and Sz may .operate in unison with each other
and constitute a switching meané 10. This switching
means 10 is changed in position in response to output
power information from the CPU 8.

In the above arrangement, the impedances (Ci, Lz,
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means 10 is changed in position in response to output power information
fromthe CPU 8. In the above arrangenent, the inpedances (glyylshos1l7 18 .
July 2005 C3) obtained when they are properly matched at the “nmaxi num

out put power (Ro = 2D) and inpedances (Cl1' , L2' , C3') obtai ned when
they are properly matched at small power (Ro = 100). take the follow ng

- values based on the formula 1. Cl1 =29.4(PF)d" =7.3(PH) L2 =6.05(nH) L2
=2.79(nH C3 =7.1(PF)C3" =10.2(PH) Since the CPU 8-se|lects the val ues of
the thirdCsdapdtizaned @lemnihele 2 rRrpREGAtvarieet cheda®d tHee fourth
capaci tance C3' as described above and outputs output power information to
" the swit cHiaig meBMBULDUtHRASEA YohRY e 25F bard imredenpewerd Cof s the’ power
anplifier . When the first and second switches S1 and S2.are c]psed, the
Third caplel ) aft Tan et Ehe WY (1 RABEORICA L 22 SPE S RiCRE by ¢ he

first swtch S1 and the fouyrth  capacitance C3' also is grounded through
the" seconC s t (1P 52105 1AK% et ratht NHLPS EoAIcE SiF S 101 H s s
out put powey, (Ro.=;,2n) shown in FIG 2. if the first and second switches S
and S2 of "'the "sw fching nmeans 10 are cl osed, then matching is

C; = 29.4 (PF) Ci’ = 7.3 (PH)
L, = 6.05 (nH) L,” = 2.79 (nH)
Cs = 7.1 {(PF) Cs? = 10.2 (PH)

Since the CPU 8 selects the values of the third
capacitaﬁce oP aﬁd the third inductance L’ and the
fourth capacitance C3” as described above and outputs
output power inforﬁation to the switching means 10
basedcnzthepreséntoutputpoﬁercﬂfthepowerém?lifier-
-1,whenthefirstandsecondswitchesS;andszareclosed,
the third capaéitance'cl’ and the third inductancg Lo7
are shunted by the first switch S; and the fourth
capacitance C3’ also is grounded through the second
switch S; so that the matching is conducted with the
maximum output_power (R§ = 2{)) shown in‘FIG. 2,

If the first and second switches S, and S; of the
switching means 10 are clesed, then matching is
conducted with the small output power (R, = 108).

_ While-thé mechanical first and second switches 5,
‘and S; are prévided as the switching means 10 shown in
 FIG. 3, as shown in FIG. 4, the switches S; and S; may
be replaced with pin diodes CDQammlCDzand “ON” signal

- and “OFF” signal may be outputted from the CPU 8 through
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conducted with the small output power (Ro = 10)) While the nechanical’
first and second switches Si and S2 are provided as the svwgtghizpasnmeans 10
shown in FIG 3., as shown in FIG 4, the switches Si and S2 may be
replaced with pin diodes CD1 and CD2 and "ON' signal and "OFF" signal may
be outputted fromthe CPU 8 through 18 18 July 2005 bias resistances Ri
and R2 as output information so that when "ON' signal is outputted,
mat ching nay be conducted with the maxi num out put power and that when
'OFF" si gl Sesit phened s Ratahd dty AdyCBEPILohAGOIER EHPPRSE TR @blet er mi ned
m ddl e or |.ow power,. FI G shows freguency-gain characteristics obtained
when Ro ="I60! a Rd ¥'% nlﬁr@%ﬁlﬁ’?gﬁgg’bfgﬁ%‘ghl?\%Mn’&erreans 10 at the
const ants of res t, i mpe s of, t tchin iLhCuit i n which
it is  pr ggoe%éggﬁg?cﬁgg%;ﬁ}%e@%%?%ﬁ& %e{:op]% ;5:@583_ ai%ﬁicttﬁlea% avfl?%llrllgerrents
shown in R 3 s i,SiicC Lp_H i ndi cate
characteri sct;ﬁ%(‘:s %gggiaéedlg;ﬁggbﬁ%t:%d’ng%ﬁéﬁﬁa%ggwl%ézkgﬁz%ﬁb%%%
swi t ched. \As: i S5 chealy o i Rese othad 8et g StdiFSpopiyl € the maxi mum gain
was -1.7 dB as shown by. a characteristic curve 23 when Ro = 1092 data is
not switched, thegnedg nuR@ai lfr@%]@éﬂegﬁ@fatﬁ{ dheradbuei datashad been
swtched is +0.8 dB as shown by the

obtained when Ro = 1082 and Re = 2082 are switched by the

switching means 10 at the constants of the respective
impedances of'the matching circuit 3 in which it is
prbpérly matched'by the output load Ro-: 200) in the
arrangements shown in FIGS. 3 and 4.

CharacteriéticCurves:26and27 in FIG. 5 indicate
characteristibs'ébtained after Ro =‘2OQ-antho = 10802
had been switched. As is.clear from these
characteristics, while the maximum gain was -1.7 dB as
shown by a characteristic curve 23 when Re = 10{2 data
is not switched, the maximum gain obtained after the
above data had been switched is +0.8 dB as shown by the
characteristic curve 27. |

Similarly, when the maximum gain was -6.94 dB as
shown by a curve 25 when Ro = ZOQ-is not éwitched, the
maximum gain obtained after data had been switched
becqmes —2;7,dB as shown by the characteristic curve
26. Thus, it can be understood that the maXimum gains
wWere both increased.

While the impedance is switched in two stages of

the maximum output and the predetermined small level
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characteristic curve 27. Simlarly, when the maxi rumgain was -6.94 dB as
shown by a curve 25 when Ro =20D i.s not switched, the magispoagi N
obt ai ned after data had been switched becones -2.7 dB as shown by the
characteristic curve 26. Thus, it can be understood that the maxi num gains
wer.e both increased. Wiile the inpedance. is swtched in two stages of the
HBX|nun10utput and the predetermned snall level 19 18 July 2005, output in
t he above e ment

I h h d wh h
| rpedoneeS e bnf fohBS a#&iv%efaépé&?%a}%fiweﬁtf”tﬁ‘f‘”’er HAREES more by
the pr P&y ttol?]\ﬁpoéj?ﬁgm \%é.llred SS' bc & t%ée&hﬁce@g%an%%ﬁtc%gdbe

swi tched at p05|t|on MA heSt 5 requency i n which

the power s, used.LDallie PG ASSoRd: 90 1,0, the, gCB&n%o%oa{f% of the

present invention, upon predetermned output power, since i rpedance

i's switch @@ﬁ@r%ﬁﬁﬁk'ﬁgwb'} Syeh; 8 ymogen 1 et it be ouhpElddmegance of

t he power anpllfler and - t he i npedance of the ['oad such as an antenna are

mat ched  wiatyh reacdy 0t Baked tdte Honedu 8pdki bikle £3b berdonvent &t thde maxi mum
efficiency regardl ess of the magnitude of the output power such as the

maxi num ohtl@me@@vremqhbelcm@hdhﬁlarmdta@apbwle&veb ostpuinpavercpEur t her,
the Accordlng1thhematch1ngapparatus(nfthepresent
invention, upon predetermined output power, since the
Vimpedance.is switched and controlled in such a manner
that the output impedance of the power amplifier and
the impedance of-the load such as an antenna are matched
with each other, the power amplifier can be d:iven at
the maximum effiéiency regardless df the magﬁitude of
the output power such as fhe maximum output power, the
middle and small 1evei cutput power. Further, the
impedance can be switched and controlled by the output
from the CPU and the like. Since the detector for
detecting thepresent transmission power also is housed
within the portablé‘wireless telephoné set, when this
detector is in usé, the impedance matching can be:
carried out only by software, and the matching
apparatus can be constructed inexpensively.
Furthermore, in the predetermined output power which
uses much out?ut power upon TPC, since the impedénces
are switched, controlled and properly matched, it

becomes possible to obtain a transmission section in

- wWwhich the maximum output efficiency and the stability
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i npedance can be switched and controlled by the output fromthe CPU and
_the like. Since the detector for detecting the present trgngR®R®s50n pover
also is housed wthin the portable wireless tel ephone set, wien this
detector is in use, the inpedance matching can be- carried out only by
software, and the matching apparatus can be constructed inexpensively.
Furthernore, in the predeterm ned out put power which uses nmuch out put

power upon TPC, since the inmpedances are swtched, caontrolled and properly
mat ched, i‘iangé‘céﬁélslep‘b%‘gi%?é"— DPobtEY he ¥t FEASHS SRR PGt Fn  which

th i tput .effici ) th tabil.it 0.18 Jul 2Q05, b
b oad ae hoRgltle | Bestai 800 IR AL BREd (dmBO it 4 B DEE" P

Beconpany e s o fur ngs 108 RIS Y ¢ A ERERO T 1te | HEERRAR by

e understoo e prese nvent.i on

s not 11 5.5 4t hey bave- FBNt onedhg c LEDAAITERY 3 cand, & Mt i puS

' changes and nodifications can be effected therein by one ed in the
art W thayydepabhi NG sfromt he Spitbl OkosCeRR Ofaddee-peessndgvention
as-defined in the appended clains. 21 18 July 2005 What is clainmed is:
embodiments and that various changes and modifications
can be effected therein by one skilied in the art

without departing from the spirit or scope of the

present invention as.defined in the appended claims.
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1. A matching apparatus conprising: power anplifying neans for transmtting
out put power based on a command for instructing an output; output power
detecting nmeans for detecting a | evel of said output power; natching nmeans
connected between said power anplifying neans and a |oad; gnd, v 3&Y ng
means for switching input and output inpedances of said matching neans
based on the | evel of said output power detected by the output power
detecting neans. 2. A matching apparatus according to claim1, wherein

said switching neans is yMtﬁﬁgg &%lgﬂéiﬁgg jtages --in response to a
i'd power )
2

magni t ude of out put power from Sa anpli'fying neans. 3. A matching
apparatus according to claiml1l or 2, wherein when maxi num out put power is
outputted froman output end of said power anplifying nmeans, matching is
conduct ed \ﬁtkﬁs@aﬂcgéﬂghﬁﬂpaﬁﬁﬁESaﬂ@mmﬁéﬁHQW%r is decreased from said
maxi mum out put power g@%fredeternined utp%t power,,. . there is‘gut utted a
swi tching sﬂﬁﬁﬁ Tt G %h?%gEEﬂQF i t gﬁ&%ﬂh%ﬁﬁn$nﬁﬁﬁéﬁ%es|QW%ﬁnch
sai d ML AdoNEaNS ohfhanBlfcied 4 ot sakdideceasettfiedet er mi ned out put
power. 4. A tel ephone set including matching apparatus according to any

one of the pretedingosieai ndet@eting means for detecting a level of
said output power;
matching means connected between said power amplifying
means and a load; and
switching means for switching input and output

impedances of said matching means based on the level of said

output power detected by the output power detecting means.
2. A matching apparatus according to claim 1, wherein
said switching means is switched in multiple stages -in

‘response to a magnitude of output power from said power

amplifying means.

3. A matching apparatus according to c¢laim 1 or 2,
wherein when maximum output power is outputted from an output
.end of said power amplifying means, matching is conducted
with said matching means and when power is decreased from
said maximum output power to predetermined output power,
there 1is outputted a switching signal for switching said
input and output impedances in which said matching means is
matched to said decreased predetermined output power.

4. A telephone set including matching apparatus according to

any one of the preceding claims.
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