18 July 2005 - MATCH NG APPARATUS BACKGROUND OF THE | NVENTI ON Flggd of . t he
I nvention: The present invention relates.to a matching aﬂﬁdHH@S 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 - discl osed 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

i anal - THET BT HRIaHCESBECOR br 2 detects the |npedance ag an R |
(resistance) angy,g OoLRIASR) . HEPERELLYS! Ye13lhs ! Moo 08 gl i Shgnal T
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 A/D 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 wigt AréXEh Cotat! frle SHOD pFud aRo F @K ¥ ahée)laremdgamii© 1 he | oad

i npedance detector. . is. correctly adjusted such that a detection voltage
obt ai ned e R hpdt CARE Ui fut Bi PEdaRcBarged S5t tihe &1 4S50V, when
the resistance Ris larger_than 5 a positive voltage proportiognal to

h 0Q
the R val ¢ Fl§ Banddiie @@L hhe %ﬁéﬁqtﬁ@rr i srahder R maddre ¢ hian 50
fl, _ i j LS. ti [, . the R
PR e T AL LR e S o R ER S S S

e A POhL M 00, gRREis VoLLRDERI AR Eeniabegl e Y. 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 5052 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 Nickhheg power
anplifier 1 and the |oad side inpedance can be matched at 50,12. The

mat chi ng efanmerphase Cndsoecds tanceoRt mal Y edosbkianarl y. b ¥bmet he above
arrangenent, when the output inpedance of the power anplifier 1 is not

- mat ched t @ qB0b2tosikhee ddreremt el ng lai« caft t8el dngondankked 0gRichy t hat ,
mat ching is conducted at 5052, the power anplifier 1 and the antenna 4 are
not mat chéf G ¢ASéach tdiheresdsmingel i wadh hereby idiispt aced tRdem each
other. In particular, as the_anplified band of the power anplifier 1 is
i ncr easi nG H94%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 matching 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 1 is changed in response to the transm ssion frequency, even
t hough t he out pRfCPAREdEhckC ot the2PPBRee ramAIT¢ReRtL iSiRESpERced from t he
adj usted val ue,. by changi ng the inpedance judgnent threshold value with
t he t'ransﬁf?ﬁ%?fl%?eﬁﬁag ,%1{ heh FRSHC hd otiEBLR T FhpedENcEs "ddthel i ably
be mat ched .t a?othr. There.arises .a problem.that.the aBove_
convent i o%gmtgg%fpﬁ ﬁgmﬁz:t%ﬁnﬁegé§ct%t c’%ﬁ‘r‘p{gﬁ g&teec‘fa‘bjroanﬁ Yous 1Cs
such as thi% lc?)%qud_é@%n&? Jc.iﬁia%%aq{n’;etgfaé/g?ng means in response
to the change of the output impedance of the power
amplifier 1, when the output impedance of the power
amplifierj_is_changed.in response to the transmission.
frequency, even Ehough the cutput impedance of the
power amplifier 1 is displaced from the adjusted value
bychangingtheimpedancejudgmentthresholdvaluewith
the transmission frequency; the input and output
impedances can reliably be matched with each other.
There arises a problem that the above conventional
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
compensatedsﬁchiﬂuﬂ:theoutputimpedancej}lthepower
amplifier corresponds_to the frequency. Specifically,
although the ffequency characteristic of the power.
amplifier receives an attention, in recent yvears, 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 above matching 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 wreless

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

TCP) whi ch contfols, L1 hﬁsf% Q0 PONSL £0F 84 NODI )€ SEE‘H Ofhi %Hcpra]tma””er
t hat rece|V|ng power ase S at|on econes he sane In or

sol ve a?%g\%gnl g{orprgjghg/g} (hear-f blI?Lreob dn g?he%e di XI% q]ﬁrnu{ﬁgtpl e

access VI SI tlple CCesSs: recelrves an

attent i, Qe k0atheopor  abl e yosgssgtgﬂcgfh@@@on@%t fo thsd ep palesigle in

whi ch such execute an out put iciency o % he power anpll

hot so &£xcel '@n&leagnf fhb§ogférPUt(ng%£'fdrﬁn§¥o I d; pe , i ppyoved, al; dhe

sacrifice of a sta Ity. Accordingly, e st ity is given a priority

and t hg, Ayt pyt g&éégéen@adé SD%%rloE' %qtlgygna&@@&th@o t ﬂiélﬁgcy of

the power anplifier Is ,inproved and the I npedance is natched (mat chi ng)

with tfu%lcgageéglvgguannggtégggd%utput power of the power anplifier in which
t he TPC

In the portable wireless 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 t @?cé%rr%iﬁﬁ;]té nyept,ign ’asé@?é ‘rao% Seifd %Vée%gt aiﬂ@%ncélioﬂgo\%ggﬁ%a{éjs

conpri sing: power a I fyi ng nean tFansm tting output p 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 BRIEF DESCRIPTION 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. nmagri8tjubje2006 a. »
“transm ssion power transmtted 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 efadhetaidrafd®ra ref ensed 4 cAspawERUt SanAmpewesd 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 supplied through the CPU 8 to a converting section 15 as _instructing
dat a. The4cénved t RAG Skt ¥ oAPPS redriver 28 othed seppltiodd g rist FaéLiSFy dat a
into a power. control DC signal. This signal fromthe converting section is
suppl i ed TRIGRPCESpS R ©UTBAL Sddtd i dnt EE ™3 hede¥igifsni ssi on power
anplifier 1 so fhat_the transm ssion ut put_power of the power_anplifier
may be control | H'lnstructlon signal %rJ% tle reception antenna
4 is supplied through various processing circuits, not
shown, to the microcomputer (hereinafter referred to
. as a CPU) 8.
A power detecting section 14 is adapted to 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, based con 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
transmission power amplifier 1 so that the‘transmiésion
output power of the power amplifier may be controlled.
The power amplifier 1 has at its input side an
input terminal 18.to which a telephone transmitter
'signal is inputted from a telephone transmitter

processing circuit 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. 9 .18 July 2005 An output 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 transmi ssion antenna (transm ssion 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 eputig owger by Sdtputipewsdrcuvht ch aipsl RowdieR hg
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 LBt ORRF 4F oritat FEATGTt $8 i BBwe & 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%nga%Ei cul ar. This present output

power infornatr@ﬂeiEf%gg%£egransmission power from the coupler

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 output capacitance of the power amplifier

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

10




fromthe CPU 8 to the matching circuit 3, whereby the sw tching neans 10
providded within the matching circuit - 3-i.s switched based 1gnutyropsout put -
power information. FIG 2 shows a fundanental circuit of the above

matching circuit 3. In FIG 2, reference letter RO denotes an out put

resi stance of the power anplifier 1, Co denotes an output capacitance of
the power anplifier 1 and R denotes a |load resistance. The matching
circuit 10 18 July 2005 3 is conprised of a first inductance L1 whose one
end is groumgedomprierdd® iz clitrsef imductencapdai warmse @©@ie and a second
i nductance L2 and a second capacitance C3 whose one end is grounded. In
this circuit,9neunges, tdheseblEEWTg ¢6i frulod qF&#h@taC@paqmt@QCErw 1 p
=rl 0)2X13XL1XCI)' =QRO XG3 =J L O--~2 X3+ 1RIn FIG 1, if
co = 21f % $&d St iSEF -’Qldugtal-’&c%OLz ad cd %S°B§E933@§%%§Fﬁt ut ed

into the above formula as real val ues then have t he follomnn values
for Cs whose one end is grouné%d tﬂ?s circuit, we %

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




Rol Cl, Lz, C3. [Table 1] Ro (5) C1 (pF) L2 (nH C3 (pF) 2 29.4 2.79 17.3
05.11.8 5.3 10.6 .10 5.89 . 8.84 7.1 -20 2.95 14.9 4.3 As i s8uwalyaassood from .
this table 1, the value of the output resistance RO of the power anplifier
1 11 18 July 2005 considerably changes from about 20 to about 2052
dependi ng on the transm ssion output power. It is also understood that the
val ues of the inpedances (O, L2, C3) obtained when inpedances are
properly matched wthin the matching - circuit 2 in a range of fromthe |ow
out put resicstaiderRbly 2thangele figh ebbopt 2LesiostanwetRE 0£220D are
changed considerably. A table 2 shows an output power (V% an out put power
(dBm) and SEPREPDE eBr FBAt CEAR Tt 2Fhed ARERPUIhEPYeF e hEt1RIF)SRrasur ed
at the-above, | oad resi stance RL 500 and i he output resistance =252 to
200, [ TaBEE TS CoREache EhRer SN Poubr ChS LBP AT ERf | Cor b [ dBr O

2.6800 34C§900%é§¥geé'%%¥% impedances are properly matched

within the matching circuit 2 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] Powezx 1o [A] Rg [Ohm]
order ' [dBm]

0 2.6800 | 34.700 1.2500 2.3900
1 2.4200 33.500 1.1500 3.4200
2 1.9200 31.680 0.95000 4.8000
3 1.4500 29.200 | 0.70000 6.6000
4 0.89000 25,080 0.45000 10.500
5 10.37700 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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1 2.4200 33.500 1.1500 3.4200 2 1.9200 31.680 0.95000 4.8000 3 1.4500

29. 200 0.70000 6.6000 4 0.89000 25.080 0.45000 10,500 51848/ 200517. 540

0. 35000 21.000 As is clear fromthe above table 2, at 2.390 which is
approximately. equal to Ro = 20, the output power of the power anplifier 1
shows 2.68W At 4.8,0 which is approximately equal to RO = 552, the output
power of the 12 18 July 2005 power anplifier 1 shows 1.9W At 10.55 which
is approximtely equal to Ro = 1052, the output power of the power ,
amplifier gowbpwam®18Wi &t 215howd ch, b . appr ori, &k ekyiequdls to RO = 2052,
t he out put power of the power anplifier 1 shows 0.37W Specifically, it is
t o be undenstoodimbdately npedaices danrotl B8 ,pridperdytpattchpedié o tiie | oad 4
if the inpedances within the matching circuit 3 are not changed in
response ttheuppuerpeamylasishovin showke 0 .t&8H) eAt WHER whé cdutiput power of
the power amplifier 1 is large at about Ro = 2Q and when the out put power
of the powarpaapimpitely ¢§u§aalﬂ0 #o ghot® ORo theptridwdAter sPhce t he

practical portable wireless. telephone set cannot change the inpedances
wi thin t hé®%af 2HFfhig a&?fr”ch?%tle§ obt SHNEF %&%rrpedances are

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




properly matched in response to output power, in actual practice, the
.values of the inpedances (d,. L2, €) wthin the nmatchingsguycoos 3 are.
determ ned in such a manner that inpedances nay be properly matched at the
maxi mnum out put power (Ro = 252). FIG 7 shows frequency versus gain
characteristic curves obtained when inpedances are matched at the maxi mum
out put power (Ro = 212) and the output resi stance Ro is progressively
increased in such a way_as in Ro._= 252, Ro 552, Ro = 1 052 and Ro 2 052,

i . e %mﬁtﬁ@vee?tli:smﬂ%@r%%su@éfrwaééﬁé!dmoqméﬁsm@ DU Pat power

IS progr 55| creased froma pr perl -matched 13 18 July 2005

char act er i*s% Eb ?Ggezr?s%l%%%f’éﬁl 3 580 swé§hsﬁ&fﬁ1r9cﬁ)ﬂcﬂatr%%fterl stic
curves 23 d ‘the result _that out ffi gn0|es ar e consi derabl y
det er i or at’et pu ?I# Jo%n‘élfegbraé%cofhsig tﬁj d%% CEEiE %] M Pover

%43128A§§3&%§TP%7\N\3{&§%| gi ency Currem [rrA] [dBnf [MAN [$] O - 2 39 J
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4 35 3162.28 50 247.05 5 33 1995.26 50 155.88 6 31 1258.93 36 136.60 7
29 794.33 28 110.82 8 27 501.19 23 85.12 9 25 316.23 19 183uf}20050 23 .
199.53 15 51,96 11 21 125.89 12 40.98 12 19. 79.43 9 34.48 13 17 50.12 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 out put power [Power (dBm) , Power (mW] and output efficiency
[EfficiencyT(g%] and output current value [Current (nmA) | measured by a

J@

TPC 15 18 €28d5 systemof a frequency band of 900 MHz deci ded by
Eur opean St andards of GoSM (T obal —System for Mobi e _Conmmuni cationy |di gital
nobi | e connﬁh@%%tion. FEPH$%e classes 1 tp 19., out IR -pdwer is switched at
every 2 B By A P LR AT E S0l T L NG ety | Crarent (mA]
[dBm] [mW] [%] |
0 - 2 39 7943,28

3 37 | so11.87

4 '35 3162.28 50 _ 247.05

5 33 1995.26 50 155.88

6 31 '1258.93 36 1 136.80°

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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11 side. Since the output current values of the power anplifier 1 shown by
No. 1 on the above table 3 indicate a burst transm ssion qgajye008T) of 1/8
of one slot (577 ms) as shown in FIG 6, in actual practice, "an out put :
current value 155.88 mA at 33 dBm (about 2W of class 5, for exanple, is
calcul ated by electric power eight tinmes as large as the original electric
power. Fromthe table 3, for exanple, it is clear that the output
efficiency of 50% at the Power 33 dBmis |owered to the output efficiency
of 7% at td¥stPeert E3dBneancEsWibgng, oifn 34e MPHesdstcidgdnbivon, the
matching circuit 3 is constructed as shown in FIGS. 3 and 4. In the

‘mat chi ng &Ucapeal ShaRrlardpl &S @SUndGlebat edBAtsMar® pallrdile
correspondj ng to.those of FELG. are rked with the sane references. In
this enbo$Qﬁﬁﬁ?18ﬁg%ﬂﬁ% GFgﬂﬁginW%g?leréﬂ@ﬁ%ﬁ&@aﬁ}%ﬁd t fie E6it put
capaci tance Co of the p r applifier 1 are bot.h connected to the ground,
The- ot hor CIARREnbr &1 Lore BRREG SPYE7 paranrelt SERE A GHEEN Zcor ront
lo is supply to th ing. circuit 1 I mat chi ng
circuit 3|,%Iéth o%%e?ﬁgﬁgt‘%&?ﬁg s ?(ﬁ%ac 5#&{%@/%%%% osntre?a%{]ng is
connect ed jt;0 £ hg, .

Since.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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ground is connected to the other end of the output capacitance Co of the
power- anplifier 1 and the first capacitance Cl. A third aapagidoepce Cl', a
third i nductance L2' and the second i.nductance 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 is connected to the ground. The .other end of the second inductance
L2 is connected to the other end of the second capacitance C3 connected
in parallel to fRetfier ftataldevardetdisng, Weseooheref@d £ conhécted to
the ground., The other end of the inductance L2 is conn&&%gq:to a fourth

. capaci t ance T3' 1 ROHACAHE thr £ RREBNE S 12 FHREE ? he"&econd
switch S2 geiqg conne%}ed iQ a&gll I E t he fﬁ&stfi uctance L1 and whose
one end bé& Y %_oﬁﬁe_é:t ed'$ 5~ He _é)ro@hﬁ. %\_hr@lrrs‘?, st tgﬂjesl FsPddapted to
nduct anc &7 oL EREYE Bt ol ol e P AP e 18 R ht e i
Uni5°n “jEQ;ﬁﬂ§ft8 E%rcaan constitute a switching neans 10. This sw tching
means 10 i s changed in position in response to output power infornation
fromthe CPU 8.l gntihes aboyecariangenen, Lhenimnedangastddaele,” 17

aﬁd the second inductance Ls are connected in seiies

tb the first capacitance C;, andrthe other end of the

secohd inductance Lj; ‘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; 1s 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,

17




18 July 2005 C3) obtained when they are properly matched at the maxi num
out put power (Ro = 232) and inpedances (Cl', L2' C3") obq@ngqﬂm@en t hey
are properly matched at small power (Ro = 1032) take the foll'ow ng val ues
based on the formula 1. C1 = 29.4 (PF) d' =7.3 (PH L2 =6.05 (nH L2
=2.799 (nH & =7.1(PF) C3 =10.2 (PH) Since the CPU 8 selects the

- values of the third capacitance Cl' and the third inductance L2" and the
fourth capacitance C3' as described above and outputs output power

i nformati &)t ®@thelseidt sialy Heads 2 BBGRAIGY thet phededt diftput power of
the power anplifier 1, when the first and second switches S1 and S2 are

" closed, MH&impRCehpaEipanes Rv ardll mnd Hinredaagesante’ L 2%2 are

hunted by, the first switch S, and the fourth ' C3' also i
orounded EAY QugH 1" SECBRAT SHAeirSs BECP:§ R HaPEM Ry @ Pohduct ed

wi th the _maxi num out P r (Ro = shown i.n Fl 2. If the first and
second swFEet 8o Snate’ FERed e e LA Al U HASEE SRk S hen

mat chi ng igg nﬁg?gugted with the small out put power (Ro = 1032). Wile the
mechani cal first and second switches Si and S2 are provi ded as the

swi tching neansc10-shewy ifprpf1 G 3, ag:showp gn(pEG 4, the switches Si
and S2 may ' '

It

L, = 6.05 (nH) L,” = 2.79 (nH)

Cs = 7.1 (PF) Ca’ 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 information to the switching means 10

basedcnzthepresentoutputpoﬁercﬂfthepoweramplifier-

‘1, when the first and second switches S; and S; are closed,
the third capacitance Ci’ and the third inductance Lz’

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

18



be replaced with pin diodes CD, and CD2 and "ON' signal and "OFF" signal
may be outputted fromthe CPU 8 through .18 18 July 2005 1Bijag Jp@si St ances
Rl and R2 as output information so that when "ON' signal is outputted,

mat chi ng may be conducted with the nmaxi num out put power and that when
"OFF" signal is outputted, matching may be conducted w th a predeterm ned
m ddl e or low power. FIG 5 shows frequency-gain characteristics . obtained
when RO =_10,02 and RO 200 are sw tched by the, sw tching rreans 10 at the
constantstﬁfaft ﬁéfsrje%E@EFle\PeRll%‘éc?améésoBix-PﬂlﬁelﬁétO&ﬂ%‘@lepr%ﬂlft &Lin which

it is properly,.natched by the out d Ro 052 int arrangenents -
shown in : rrg iglf%Jaréét é’r‘}tg ?Et(‘?@r éﬁg FPY F—“I G 5 indicate

h t ft 0 0 t ched.

bt (?%r:ne?ﬁlese ot act %%lfsﬁ%l?ﬂcs%t?#@ws%n% PR Ea P s 17 dB
h , t t 3

ui tohed, e et A aaih Dot BHea o AR PR L aRE B SRS HERR swi t ched

is +0.8 dRias, Sﬁowe%ﬁéﬁnlﬁgﬁr %F'Ec?c&lét b& (ileyg%g@erS.' mlarly, when the

maxi nrumgain was -6.94 dB as shown by a curve when Ro = 20D is not
swi tched, the mal.mfmg@wsolztraécﬂe@na%@ralc}at@hgaacm§t\nit:@shed
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

prbperly matched'by the output load Rg = 200) in the

arrangements shown in FIGS. 3 and 4.

Characteristic curves 26 and 27 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
were both increased.

While the impedance is switched in two stages of

the maximum output and the predetermined small level
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beconmes -2.7 dB as shown by the characteristic curve 26. Thus, it can be
understood that the maxi mum gains ..were both increased. Wiglygiytdoesi npedance
is switched in tw stages of the maxi num out put and the predeterm ned
smal |l level 19 18 July 2005 output in the above enbodi ments, it is clear
that the output power required when the inpedances are switched . may be
selected at least in two stages or nore by the proper output power. It is

possible that the.i dances mmy, be.sw tched, at, the_out ower position
Poth the Opbbr i prEEGoRar 19 SHPER LIS ot b1 £5ucagam et Thee

Accordi ng h tchin ar s of _.the present _Jnventiaqn,_,upon

pr edet er mohlgctfg%ﬁt%% 8605/%3,%&§ien§e He tl}?rpleng%%(i BEE SRt ggncacnlag%ont roll ed

in such aympnar o Lhat dde UL SLmRedange . (he power Al figg and the

i npedance of” such as an antenna are natched wth edach other, the
power anmplifd Sl CAN BELAsLYeR ak ¢ 156 Bk pyo ehbict gRCYmbegar it ess of the

magni t ude of ~ the out put” power such as the maxi num out put power, .t he

m ddl e angdasmdd dwvebneW R fovesutbukt Befwe # 6o s i ARMARGE L AhdE
switched and controlled by the output fromthe CPU and the |ike. Since the

det ect or hdrgh&let eft ¢ 80 ehlter phesRikh tARSHbHSION spo¥ed &hsthé I Housed
within the portable wrel ess tel ephone set, when this 7
According1thhematchingapparatus(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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detector is in use, the inpedance matching can be carried out only by
_software, and the matching apparatus can be constructed iigggRemdsvely.
Furthernore, i'n the predeterm ned output power which uses nuch out put
power upon TPC, since the inpedances are switched, controlled and properly
matched, it becones possible to, obtain a transni ssi on section in ,which
t he maxi num out put efficiency and the stability 20 18 July 2005 -can be-
achi eved as the ortable wi rel ess tel ephone, set. Having described preferred

enbodi nent@RHP REL I eSS itRR RGO ?H“réﬁéreéﬁcéetl@%%ns&%pany. ng

drawings, it is.to .bhe ugderst od tha%a% resen i,nvention_ s not limted

to the above- HEHFI “&fod %%nﬁg' #Pg&g“%h %985 dﬁa

departlng splrl or scope o ese inventi %flned in

. the appen@&daﬂﬁ oe. 52118 Jul y, %Og%dé%{ob?locﬁﬁh'ﬂ‘gdclﬁé SRt chi ng

appar at us conpr|5|ng power anplifying neans transnlttPng out put power

based on g fHAMBNEn§ 0 s NEIJUCH NGi BBIOUEBUL i+ HUT Rio POVRE ndEIAEEENY MBANS
for detecting a |evel of

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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sai d out put power; nmatching means connected between said power anplifying
nmeans and a | oad; and swi tching nmeans for sw tching input and out put

i npedances of said matchi ng neans based on the | evel of said output power
detected by the output power detecting neans. 2. A natchingiggggpaééﬁﬁ
according to claim1, wherein said switching neans is switched in nultiple
stages in response to a nmagni tude of output power from said power
anplifying means. 3. A matching apparatus according to claim1 or 2,
wher ei n when naxinun1output]ﬁgggrig§cgﬂ%gﬂ%aeqstronlan output end of said
power anplifying neans, matchifng 'S conductéd " "wi th said natchi ng neans and
when power is decreased from said maxi num out put power to predeterm ned
out put power, there is outputted a switching signal for switching said

i nput and out pud Papelandedrndiieh SaMPrastiiei:ng neans is matched to
sai d decreased predetermned output p r..4. A t.el.ephone_set .including

mat chi ng appat 4 fis TGt HF HATt S hg artd of LEREHr Rty ng IE s POF5 ©
MATCH NG ARRPABATHS c ofBa HRAGH 10 T Er BEBChEBHRE A dmitchi ng apparatus for

mat chi ng i npedances of a power anplifier and an antenna (load) of a
t erm nal output power detecting 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.

22



apparatus in which transm ssion power control (TPC) is carried out between
a base station and a portable wreless tel ephone set. Thegnaiycinosg
apparatus can transmt output power at éxcellent output efficiency

regardl ess of nmagnitude of any power of transmission output. A matching
circuit provided between a power anplifier and a |load includes a sw tching
nmeans, and i npedances are switched and controlled by the swtching neans
such that inpedances may be suited to . transn155|on out put power required

upon TPC and may be mat ched¥pA&pErNG . APPP@@#

ABSTRACT OF THE DISCLOSURE

A matching.apparatus for matching impedances of
~a power amplifier and an antenna (load) of a terminal
epparatus in which transmission.bower control (TPC) is
carried out between a2 base station and a portable
Wireless telephone set. The matching apparatus can
transmit output pbwer at excellent output efficiency
_regardless of magnitﬁde of any power of fransmissiohr
output. A matchlng circuit prOV1ded between a power
amplifier and a 1oad includes a switching méans, and
impedances are switched and controlled by the switching
means such that impedances may be suited to
transmission output power required upon TPC ahd may be

matched properly.

Figure 1

23




