1 | MPEDANCE MATCHI NG CI RCU T, AND SEM CONDUCTOR ELEMENT AND RADI O

COVMUNI CATI ON DEVI CE USI NG THE SAME Teghnical Field The present invention
relates to an i npedance nmatching circuit and to a sem conductor el enent and
a radi o communi cation device using the same capable of outputting an input
signal within a preset bandw dth and nore specifically to an inpedance

mat ching cir gMPRDANGE! HA®RCHENGC QUHCUL D, ANPNSEMIQONDBCTORI PLEMBNTINI cati on
devi ce using the sane capable of transmtting radio signals such as

ul'tra-high frequengip a0 CoMME GTaON DEVEREK Bisamed T sAmean | npedance
matching circuit of this sort, a SAW (surface acoustic wave) filter, for

exanple, is used in a transmtting/receiving circuit of nobile

comuni cations such as a portable phone and radio LAN. The SAWfilter
enabl es one to set electric pomggcﬂgl ailggg#dto be transmitted to the
maxi rum and to set noise of a réceived Signal to the m ni nrum and al so
enables one to preset a pre eferm ned ba dmndtp natch |np t/output
 mpedance of an ampPErPES CSRERRLH 1R HalAh e Tor St Sd e HRFnd

(power anplifier) with predeterm ned characterlstlc i npedance, e.g., 50 Q
By the wa§irGRitenthAg E‘ TAPPTPRANT B SHememtcapat agr Jédcoc‘!?“t“(’é‘t}lcta) ion
conposing a plurality of circuits such as an RF (radio frequency) circuit
and a di gdeulicsiupialg phecxamws pgreblewr® ougpus&dng an input signal within

a preset bandwidth and more specifically to an impedance matching
circuit and to a semiconductor element and a radio communication
device using the same capable of transmitting radio signals such

as ultra-high frequency and microwave signals.

Background Art

As an impedance matching circuit of this sort, a SAW
(surface acoustic wave) filter, for example, is used in a
transmitting/receiving circuit of mobile communications such as
a portable phone and radio LAN. The SAW filter enables one to
set electric power of a signal to be transmitted to the maximum
and to set noise of areceived signal to the minimum and also enables
one to preset a predetermined bandwidth by matching input/output
impedance of an amplifier such as a LNA (low noise amplifier) and
a PA (power amplifier) with predetermined characteristic impedance,
e.g., 50 Q.

By theway, while anASIC (applicationspecificintegrated
circuit) composing a plurality of circuits such as an RF (radio

frequency) circuit and a digital signal processing circuit is used



|l ately as the transmtting/receiving circuit described above, it 1is desired
to configure the function of the SMNVfiéter descri bed above on the ASIC to
realize SoC (System On a Chip) in which"the whole systemis configured on
one chip in order to downsize and to reduce the cost of the nobile

comuni cation termnals. Then, as shown in Fig. 17, there has been proposed
an i npedbpantel yraisc hheot camsmi t t Hifg e i ving eipesdd Ofsertivad eidowat edt
constant elenent in which a plurality of spiral inductors 62 are connected

and whi chi sreje ersd bl gohetlganet fige AdrectaondioECt RE eshw if1tfe@ aexarBbed
Masayoshi A kawa, et.al., "Mnolithic Mcrowave Integrated Grcuit (MMQ",

Second EdL4) 0. orTd st berolys FL agld QBiysten BHOL TG 0D ANdyGeaTyRLoal | on

Engi neers, May 20, 1998, pp. Howeveér, because the inpedance matching

circuit 6‘39}?%1_‘.’8%3}.1(#’&9 iasb%‘é‘?,lf;i%%[%ieﬂie%naoég' ahiyely A%&gggﬁt‘&%%%tgiﬁ%m%gﬁa as

shown in or “exanp he occupation area i s
because it is 700 a square,%ﬁh re L =57.5 nHand 2.4 q;%%q, there has been
a probl ent? h’é‘f’g‘fﬂ% %‘?C??%te aﬁb”éd“?t?llﬁec?%%?ﬁ:tem% M rcuit 60 is
configured on the ASIC as it _is. Still nore, because the function of the
i mpedance nat chi ngTePPeuPf 8BOWRsiRiF9ed 1o thAThihaF deemmpegresed pre. | it
does not function as a filter, there has been a problemthat a bandw dth
cannot beimpedange aatdihigigycireuis ehwbbichcis sfompesednoérit concentpadedde an
i npedance matching circuit that allows a predeterm ned bandw dth to be set
whil e al |l consgahd dlemont iiguwbdchna plaaralddandwdt spiebdenemuctors 62 are
connected and which may be configured on the ASIC as disclosed
in, for example, Masayoshi Aikawa, et.al. , "Monolithic Microwave
Integrated Circuit (MMIC)", Second Edition, The Institute of
Electronics, Information and Communication Engineers, May 20, 1998,
pPp.83-92).
However, because the impedance matching circuit 60
described above requires a relatively large occupation area as
shown in Fig. 17 (for example, the occupation area is about 0.5
mm’? because it is 700 4m square, where L = 57.5 nH and 2.4 GHz),
there has been a problem that the ASIC is enlarged if the impedance
matching circuit 60 is configured on the ASIC as it is. Still
more, because the function of the impedance matching circuit 60
is limited to matching of impedance, i.e., it does not function
as a filter, there has been a problem that a bandwidth cannot be
set.
Accordingly, it is an object of the invention to provide

an impedancematchingcircuit that allows a predetermined bandwidth

to be set while allowing to be configured on a semiconductor element



3 by reducing its occupation area and to provide a sem conductor el enent
and a radi o conmuni cation device using the sanme. Disclosure of I|Invention
According to the invention as set forth i3n Caim1 (see Figs. 1 through
16), an inpedance matching circuit (7a, 7b, 7c, 7d) having a distributed
constant line constructed on a dielectric substrate (20) and capabl e of
outputting an input signal (SI1, S12) with preset bandwi dth (W through the
distributed constant line is dHaFad¥eingddsiarqupat ioRaLAXERISORIPVAS st ant
| ine has a reactance conpensating distributed constant line (31, 41)
connect ed Bosgmigqnduetgr, ekement sapd haviadia ¢ammurigafiion Algviesg usdmg h
conpensating reactance (BL, XS) of the load, a quarter-wave distributed
constant |ithe &3Re.42) connected to the reactance conpensating distributed
constant line (31, 41), having a line |ength of quarter wavel ength (X 4) of
t he input signal and having characteristic inpedance (Z1, Y1) correspondi ng
to the preset bandw dth (W and an inpedance inverting distributed constant

line (33, 43) connected to thg g4dfsise Wavandkitibhut ed constant line (32,
42), conposing an inpedance inverting circuit (Kinverter or J |nverter)

corresponding 1o a degiitidly LEPEAANSS (o8l Sle ddiful adcandyhay

inverter (Ko, j, nce inver I'T Cul Correspon ng to
(sec” Fig ba”dmdfaﬁa“%h ﬁﬁ?c"ia‘iﬁﬁge%a%%% in%%sﬁéh@“ci‘%ﬁﬁiﬁ Logngre: 2.4
gs. e ng

7d) having a distributed constant line constructed on a dielectric
substrate (20) and capable of outputting an input signal (SI1,
SI2) with preset bandwidth (W) through the distributed constant
line is characterized in that the distributed constant line has
a reactance compensating distributed constant line (31, 41)
connected to a load (e.g., 5, 6) and having a line length (Al)
of length compensating reactance (B, Xs) of the load, aquarter-wave
distributed constant line (32, 42) connected to the reactance
compensating distributed constant line (31, 41), having a line
length of quarter wavelength (A/4) of the input signal and having
characteristic impedance (Z;, Y;) corresponding to the preset
bandwidth(W)andanjﬂmedanCeinvertingdistributedconstantline
(33, 43) connected to the quarter-wave distributed constant line
(32, 42), composing an impedance inverting circuit (K inverter
or J inverter) corresponding to a degree of impedance (Z., Zs) of
the loadandhavinganinverter (Ko, j, J;,2) of the impedance inverting
circuit corresponding to the preset bandwidth (W).

According to the invention as set forth in Claim 1 (see

Figs. 1 through 16 for example), the reactance compensating



3a distributed constant |ine conpensates reactance of a |oad and the
quarter-wave transm ssion |line and the inpedance inverting 4 distributed
constant |ine conposing the inpedance %nverting circuit corresponding to

t he degree of inpedance of the | oad matéh the i npedance of the conpensated
| oad and output the input signals at the preset bandw dth,, so that

adj ust nrent of bandwi dth can be nade. Still nore, because the inventive
i npedance matching circuit is conposed of only the reactance conpensating
distributed constant 1line, the quarter-wave distributed constant |ine and

t he i npedange, i.nvertin istributed constant line..,its o tion ar may
e r efluced St BAd, PPBR b E LS GolRerath s hE5e rabde G AT AR £ T
for exanple) lies in that in the |inpedance matching circuit (7a, 7b,. 7c,
7d) as set AT FFINSPASSIBAC M BBApeHAG! AAPCORRSH | Hhverting
constant line (31, 41), the quarter-wave distributed constant |line (32, 42)
and the inpedance inverting distributed constant |line (33, 43) are conposed
of ground conductors (22) and a signal line (21) formed on one face (20F)
of the dielectric substrate (20). According to the invention as set forth
in Caim2, the reactance conpensating distributed constant I|ine,
quarter-wave distributed constant |ine and inpedance inverting distributed
constant line are conposed of the ground conductors and the signal line
fornmed respectively on one face of the dielectric substrate,



i.e., are conposed of a coplanar wave-guide. Thereby, differing froma
mcro- strip line in which thickness of a dielectric substrate nust be
changed corresponding to characteristic inpedance because a signal line and
ground conductors are formed respectivel$ on 5 the front and back of the
dielectric substrate, the characteristic inpedance of the quarter-wave
distributed constant line may be easily changed corresponding to a

bandw dt h act.urin . [ chi
cireut t eyl pet PEuERE  BopReatychilid nOaiBEhaRy 1if | IRERERISS "R H e o
10, 14 and. 15 for exanple)..lies in that in the inpedanc tching circuit
(73, 7o, 7erout SoTEE orBRG, fo he AP9ref 0f SRRRFIFT I {0%)L0%Y mat Peast
the quarter-wave distributed constant line (32, 42) anong the signal _|ines
(21) of theh¢ daPedneecohgditsGPTRENSFF et dioftt @rd BHdHnthFi Py sionglsang
guarter-wave distributed constant line (32, 42) neanders. According to the
i nvention a% B oxsset ibandwdidph3, sphehat| g@dns thept (3f frandsdgith gan be
gquarter-wave distributed constant |line anong the signal lines of the

r eact ance madpensHtiiliguares; bebatse thedmsteantti viel ipeatahacpaateningeércuit
distributed constant |ine neanders, so that an area occupied by the ground

conduct or si adpapoBedicF éMEBy tEkdealc tante denpdisdteidiifeds apdbtbed copedange
matching circuit may be mniaturized further even if the inpedance natching

circuit ip;jgcoMeseshdttdNarHAPHR0RE1WAYEaRI R dnt Wi ERndhensimpahahicae
and the ground conductors are fornmed on one face of the dielectric

substrat € inverting distributed constant line, its occupation area may be

reduced.

The invention as set forth in Claim 2 (see Figs. 1 through
16 for example) lies in that in the impedance matching circuit
(7a, 7b, 7c, 7d) as set forth in Claim 1, the reactance compensating
distributed constant line (31, 41), the quarter-wave distributed
constant line (32, 42) and the impedance inverting distributed
constant line (33, 43) are composed of ground conductors (22) and
a signal line (21) formed on one face (20F) of the dielectric
substrate (20).

According to the invention as set forth in Claim 2, the
reactanée compensating distributed constant line, quarter-wave
distributed constant line and impedance inverting distributed
constant line are composed of the ground conductors and the signal
line formed respectively on one face of the dielectric substrate,
i.e., are composed of a coplanar wave-guide. Thereby, differing
fromamicro-stripline inwhich thickness of adielectric substrate
must be changed corresponding to characteristic impedance because

a signal line and ground conductors are formed respectively on



The invention as set forth in Caim4 (see Figs . 11 through 15) lies in
that in the inpedance matching circuit (7a, 7b, 7c, 7d) as set forth in
Claim 2, a ground |ayer (29) conducting with the ground conductor (22) is
formed on the other face (20B) of the dPelectric substrate (20). 6
According to the invention as set forth in Caim4, the ground |ayer
communi cating with the ground conductor is forned on the other face of the

di el oot 11 S BRI Sna¥ablBe Abd 83818 - AN nAl PRY e radigad qnd

eff|C|ency of ‘I'npedance ion as

forth in C.aim5 (see_F hr ou 5 for e n that in the
| mpedance MRPEARRGSCHTCHE qt%{e%wg% %srla%ufé%?pff%ﬁfrm 108 fieY, e
dielectric substrate (20) is conposed of a plurality_of |an nated

di el ectri cepayé¥s changed 269Tresponddny, R ReaRndWA R el28¢k r FReFaler € (20c
and 20d for exanple) anong the plurality of dielectric |ayers (20a, 20b,
20c, 20d) mavéfgC@UﬁdnédﬁuﬂmetheéwosdangDﬂtEHQHQﬂﬁr@ngmm@Yb&yéxkuxﬁnlD,
21E) interposed between the ground conductor |ayers (22D, 22E) via a
predet er mi ned gap, IiTteeihagartioanascietyEomtansn(Glaim5) siee PLovi ded 1t0g
conduct between the signal layers (21D, 21E) and between the ground

conduct or s 142Ha 182k exdnisl &) UNak ini fieatl 2A)thd Bmpd@antghak chaygreiElRt 21E)
conducted by the interlayer conductive neans (51) and the ground conductor

(22) is thegroygd aendvasoas b8Yefof 8 Din ?@falrﬁoi‘d%ﬁe?dsﬁ}'natlhelldg G(rzlle)yef
conductive means (52). The invention as set forth in Jaim6 (see Figs.

through of at least the quarter-wave distributed constant line (32, 42)

among the signal 1lines (21) of the reactance compensating
distributed constant line (31, 41) and quarter-wave distributed
constant line (32, 42) meanders.

According to the invention as set forth in Claim 3, the
signal line of at least the quarter-wave distributed constant line
among the signal lines of the reactance compensating distributed
constant line and quarter-wave distributed constant 1line meanders,
so that an area occupied by the ground conductors adjacent to the
signal line may be reduced and the impedance matching circuit may
be miniaturized further even if the impedance matching circuit
is composed of the coplanar wave-guide in which the signal line
and the ground conductors are formed on one face of the dielectric
substrate.

The invention as set forth in Claim4 (see Figs. 11 through
15) lies in that in the impedance matching circuit (7a, 7b, 7c,
7d) as set forth in Claim 2, a ground layer (29) conducting with
the ground conductor (22) is formed on the other face (20B) of

the dielectric substrate (20).



15 for exanple) lies in that in the inpedance matching circuit (7a, 7b, 7c,
7d) as set forth in CQaim2, the dielectric substrate (20) is conposed of a
plurality of lam nated dielectric layers (20a, 20b, 20c, 20d), at l|least two
dielectric layers (20c and 20d for exanple) anmong the plurality of
dielectric layers (20a, 20b, 20c, 20d) have ground conductor |ayers (22D,
22E) and signal layers 7 (21D, 21E) interposed between the ground conductor

ayers (220, 226) y aoéd%gd@&f{xggeq%@e%@ﬁn@s'gﬂet AT 16 QTG e chlne

(51, 52) is prOV|de t 0 conduc tween e Si Iayers ( 21E) ®and

bet ween the conductors, (22D, 22| 21 S

ot gnal | aySroradpfeBSE SRR RE Ty i iSeo arRy R condlctrre s FREMPRL)
and the ground conductor (22 is the ground conductor |ayer (22D, 22E)
conducted By tHe Wisdr FAFEr Ot ot dif /L IEHE Eﬁﬁftrﬁ$@oraPnﬁpﬁ¥)qI%Q%Sn9§nt|on
as set forthin Cains 5 or 6, the signal line is a plurality of signa

| ayers condpubdcsignak mray heeredyeed anddaéficodenesinet dimpesanae matghang
conductive lines and the ground conductor is a plurality of ground
conduct or hayebe impnovweded by the interlayer conductive neans or the
interlayer conductive lines, so that even if the dielectric substrate is
constructed by a pl whalidvyerafidroas Rattegbtitei ecliEit 3 a¥eeFidshel 3 thirekgass
may be increased by |lam nating the signal and ground conductor |ayer of

each diel egtrigr| ayahp faf 11618, i 41085 19 thHAPYmpedadtd mMER¥NRRgr 9eadt For
exanpl e, even if the %hlckness of the signal layer and ground conductor

layer is | L%t off, dyg t'Pcrng ya%e%gr!fofﬂﬂ §n' $18AMCOPAYCE 211 JAM AELEE R e

process, e thicknes

(20) is composed of a plurality of laminated dielectric layers
(20a, 20b, 20c, 20d), at least two dielectric layers (20c and 20d
for example) among the plurality of dielectric layers (20a, 20b,
20c, 20d) have ground conductor layers (22D, 22E) and signal layers
(21D, 21E) interposed between the ground conductor layers (22D,
22E) via a predetermin_ed gap, interlayer conductive means (51,
52) is provided to conduct between the signal layers (21D, 21E)
and between the ground conductors (22D, 22E), the signal line (21)
isthesignal layer (21D, 21E) conducted by the interlayer conductive
means (51) and the ground conductor (22) is the ground conductor
layer (22D, 22E) conducted by the interlayer conductive means (52).

The invention as set forthinClaim 6 (see Figs. 13 through
15 for example) lies in that in the impedance matching circuit
(7a, 7b, 7c, 7d) as set forth in Claim 2, the dielectric substrate
(20) is composed of a plurality of laminated dielectric layers
(20a, 20b, 20c, 204), at least two dielectric layers (20c and 204
for example) among the plurality of dielectric layers (20a, 20b,

20c, 204) have ground conductor layers (22D, 22E) and signal layers



be increased and the signal |oss may be reduced w thout problem The
invention as set forth in daim?7 (see Fig. 16 for exanple) lies in that in
t he i npedance matching circuit (7a, 7b, ,7c, 7d) as set forth in Caim1l,
the distributed constant line further i?ncl udes a narrow band pass

di stributed constant |line (90a, 90b) having at |east one resonance circuit
(91a, 91b, 91n-1 or 93a, 93b, 93n-1) having a line length of quarter

wavel engt h($fp8 21H) aftddiR ddi e tolegnathangraind RG> 1+ N\elelrisn@2eDr, cui t
(92a, 92b, 92n or 95a, 95b, 95n) corresponding to a Kinverter and a J

inverter agphpgepia @p@é_@@t@kﬁ;@ﬁe&i@aé}h%r{ €80BANEQe £l ESMItct APE ATiGieNgs00 the
invention as set forth in daim?7, the inpedance matching circuit is

provi ded V“s?ﬂﬂl%%f@&i&% W%oﬂﬁgx%gaglgﬁﬂa%t}gﬁﬁ% &ﬂg&.ﬁ% é;:%te’( 249 ,1h3k)it is

capabl e of cti'oning as a ban avi

characteristiicgs., Ther , 1t can realize hjgh uency selectjvit en in
o narr ow bARMERAEET EREi g€ 28paERHRES (A RAEL TR s3RnEn s faTice
circuit conmposing the narrow band _pass distributed constant line is _quarter

wavel engt higkderHenalnkayengt i ¢18) pondusdeddpthednteThayer cRadarsdyen, it

prevents the inpedance matching circuit from enlarging while conposing the
band pass tineet51rmnd filentgronngs corfursern(2a) 4 2ithe qrpawdricgadue tofr ough
16 for exanple) lies in that a sem conductor elenment (2) has the inpedance
mat chi ng clagert(22la, 278B) chadutdedaby déte fmtehlayeCcanductivactimai(hg@)t.o t he
invention as set forth in Caim8, the
According to the invention as set forth in Claims 5 or
6, the signal line is a plurality of signal layers conducted by
the interlayer conductive means or the interlayer conductive lines
and the ground conductor is a plurality of ground conductor layers
conducted by the interlayer conductive means or the interlayer
conductive lines, so that even if the dielectric substrate is
constructed by a plurality of laminated dielectric layers, the
thickness may be increased by laminating the signal and ground
conductor layer of each dielectric layer and thus, a loss of input
signal may be reduced. For example, even if the thickness of the
signal layer and ground conductor layer is limited due to a design
rule in semiconductor manufacturing process, the thickness may
be increased and the signal loss may be reduced without problem.
The invention as set forth in Claim 7 (see Fig. 16 for
example) lies in that in the impedance matching circuit (7a, 7b,
7c, 7d) as set forth in Claim 1, the distributed constant line
further includes a narrow band pass distributed constant 1ine (90a,

90b) having at least one resonance circuit (91a, 91b, 91n-1 or

93a, 93b, 93n-1) having a line length of quarter wavelength (A



sem conductor elenent has the mniaturized i npedance matching circuit, so
that the inpedance matching circuit may be constructed on the sem conductor
el enent without occupying a large area. It allows SOC (System On a Chip) of
constructing the whole system on one chi"p to be realized. The invention as
set forthin Claim9 (see Figs. 1 through 16 for exanple) lies in a radio
communi cation device (1) having the sem conductor elenent (2) as set forth

in daim8 andogntast siiat $ignd aﬁansﬁtﬁqaédantdz@ﬁ%@ﬁ@ﬁ@uaﬁéufte«m (2).
According to the invention as set forthin Gaim9, the radio comunication

device has dfie SHIf GRNQUGL 0h 5@l egBRY. Béiékéggoﬁﬁﬁn Ebaé%l%rﬁ%f{%?%ea

mat ching circuit, so that 'parts require constructing

e T

advance, thus 29 ow m nicatd

device and the reduc ion _of the cost thereof. The. i |on 3s,se forth in
daim10 (see Figs. AYPTERY FOELPE IRYGNGIY AS 88 ﬁ 1 & F‘FIB‘ % nce
mat ching circuit (7a as set forth in Caim3, the signal line ( 21)

meander s soMREdanTeBRAEBARIt @lBeEht disher OVhﬁléég‘hl’éth the 8pFEQFaPYNBPHI y a

slit (23). According to the invention as set forth in Caim110, the

i npedance nHtshriyteEd constiagtf dined so thwt itthdssicgpablei @ésflmcetiqminﬂ:ent

to each other through an internediary of only the slit, so that the ground

conduct or hei webanthgasedidaerimpasiggatidh @@t characteristics. Thereby,
itcanrealizehigh frequencyselectivityeveninanarrowbandwidth.
Still more, because the line length of the resonance circuit
composing the narrow band pass distributed constant 1line is quarter
wavelength and the line length is a half as compared to half
wavelength, it prevents the impedance matching circuit from
enlarging while composing the band pass filter.

The invention as set forth in Claim 8 (see Figs. 1 through
16 for example) lies in that a semiconductor element (2) has the
impedance matching circuit (7a, 7b, 7c, 7d) as set forth in Claim
1.

According to the invention as set forth in Claim 8, the
semicoﬁductor element has the miniaturized impedance matching
circuit, so that the impedance matching circuit may be constructed
on the semiconductor element without occupying a large area. It
allows SOC (System On a Chip) of constructing the whole system
on one chip to be realized.

The invention as set forth in Claim 9 (see Figs. 1 through

16 for example) lies in a radio communication device (1) having

the semiconductor element (2) as set forth in Claim 8 and an antenna



may be elimnated. It allows the area occupied by the ground conductors may
be reduced further, allow ng the inpedance nmatching circuit to be

m niaturized further. 10 It is noted that the reference nunmerals within the
par ent heses are denoted for the purpose 8f collating with those in the
drawi ngs and do not affect by any neans the configuration of Cains of the
invention. Brief Description of Drawings Fig. 1 is a block diagram show ng

one exenplgg Egdkg tggnggn%ggt%ogiggg'cg Lo g{%&@néh {nvention is applied,
Fig. 2is {par |aFIy sect rona pers% c¥|ve Vi ew show nhg one exenpl ary
structure of a copl gnar ve- gui de conposi.ng an i npedance chin Lrcuit;
i gs. 3 98 and bCAEowNEAa s STERHIGY BF stf HraroSPonLiiRey Hsund

t he i npedance matching circuit connected to an input term nal of a | ow

noi se anpl FRAép, coByrRigaF ¢n dviqes has( fhetsemigordicmydlansgh @y ifdew of
the transmssion line, Fig. 3Bis an equivalent circuit of the transm ssion
|l i ne and Fthe mi3datirizesiimpedante satcling gdirpgis, ko tivat pertsEiegaiirgl 4B
and 4C are explanatory diagrans of a filter conposed of the K inverter
wherei n Fi §n cbhstsrectting the thd@ips avmmahitheibnl dericdmgy ¥d commtsruadledage
anplitude of a signal transmtting through the filter and Fig. 4Cis an
equi val ent ofii tHd t seficbh@uétbtelelehie@® Hf\ a8Badbd, SGralL didguang frdle

expl ai ni ng
miniaturizationof the radio communicationdevice and the reduction
of the cost thereof.

The invention as set forth in Claim 10 (see Figs. 10D
and 10E for example) lies in that in the impedance matching circuit
(7a) as set forth in Claim 3, the signal line (21) meanders so
as to adjacent to each other through an intermediary of only a
slit (23).

According to the invention as set forth in Claim 10, the
impedance matching circuit is formed so that the signal lines are
adjacent to each other through an intermediary of only the slit,
so that the ground conductor between the meandering signal lines
may be eliminated. It allows the area occupied by the ground
conductors may be reduced further, allowing the impedance matching

circuit to be miniaturized further.



characteristic inpedance and line | ength of the inpedance matching circuit
connected to the input termnal of the |low noise anplifier, wherein Fig. 5A
is acircuit diagramof the inpedance matching 10a circuit. Fig. SB shows
the voltage anplitude of a signal transni®tting through the inpedance
matching circuit and Fig. 5Cis an equivalent circuit of the inpedance
matching circuit; Figs. 6A, 6B and 6C are draw ngs for expl aining

transnission |ines a%gu?g 18 olsMedan enagecg\;é]p&gg r@%;rggg\ngg&gq?p&g, an

output term nal of t ow noil se anplifier, erein ateially
cut away) to an view of the transmssion line, Fig.. 6B is an.equival ent
circur s brbRheltiladniats i TRTItRRURROPE S e AR EhoBeys ng
aJinverter; Figs. 7A, 7B and 7C are diagrams for explaining a filter
conposed oftihe Jnawiaaserdd dnciet Riffegt PR #BY dne3r g fite Foadigmragiophe
filter, Fig. 7B shows voltage anplitude of a signal 11 transmtting through
the filterofindl@&ims qC theahneemtieient circuit of the filter; Figs. 8A, 8B
and 8C are diagranms for explaining characteristic inpedance and |line |length
of the inpedance matching <circuit connected to the output termnals of the
| ow noi se anplifier, wherein Fig. 8Ais a circuit diagramof the inpedance
matching circuit, Fig. 8Bpghewspygtiageianpbttodawdhga signal transmtting

t hrough the inpedance matching circuit and Fig. 8C is an equivalent <circuit
of the inpedance maggRing ¢krgUbiock diagram showing one exemplary radio
communication device to which the invention is applied:

Fig. 2isa(partiallysectional) perspectiveviewshowing
one exemplary structure of a coplanar wave-guide composing an
impedance matching circuit;

Figs. 3A, 3B and 3C are explanatory drawings of
transmission lines around the impedance matching circuit connected
to an input terminal of a low noise amplifier, wherein Fig. 3A
is a (partially cut away) top plan view of the transmission line,
Fig. 3B is an equivalent circuit of the transmission line and Fig.
3C is an equivalent circuit using a K inverter;

Figs. 4A, 4B and 4C are explanatory diagrams of a filter
composéd of the K inverter, wherein Fig. 4A is a circuit diagram
of the filter, Fig. 4B shows voltage amplitude of a signal
transmitting through the filter andFig. 4C is an equivalent circuit
of the filter;

Figs. 5A, 5B and 5C are diagrams for explaining
characteristic impedance and line length of the impedance matching
circuit connected to the input terminal of the low noise amplifier,

wherein Fig. 5A is a circuit diagram of the impedance matching



Fig. 9is a (partially cut away) top plan view of the transm ssion |ine of
t he i npedance matching circuit when width of the transmssion line is
narrowed; Figs. 10A through 10E are schenmatic diagrans of the inpedance
mat ching circuit represented by equival éB circuits usi ng the K inverter,
wherein Fig. 10A shows a case when the transmssion line is forned in
nmeander, Fig. 10B shows a case when the transmssion line is disposed

adj acent to the Kinverter, Fig. 10C shows a case when a width of the
ground conduct Qr is narrowed, Vg 10D shows a. case when .adj acent. ground

Fig.
conduct or §1&F8ta foiddB SRAWELGe VIIE AdFoRiRP bl GO HRSH I 13l st h | ne
is formed within a ground conductor distance; Figs. 11A and 11B are
(parti al | Fheeuakvilys 1npedrpreiah@ ing cireui hgadahnte - &t thireietent
wherein Fig. 11A shows a case when a silicon substrate is fornmed on the
back of acdreddt ofc theulisipedbacenmakchinglBishoig;:;a case when an earth
| ayer is fornmed on the back of the dielectric substrate; 12 Figs. 12A 12B
and 12C are (partial IRpigaut eARypBSefid 0BCViaws @F alhfgs MFRGanEep Tt €imdg
circuit when the thickness of the transmssion line is increased; Fig. 13
is a (parihanlshiGdd cdBdle S8E5LRA tHESLad e mhﬁeﬁgﬁ?%ﬁr‘@ﬁ%&%&&&&“ t

d by lamnating dielecfric |ayers; Figs. 14A

when its thickness is increase nat | . )
and 148 arg Lop Bla0cvietRiRht B8 LhaN3OLSRbPDe LhPEsPlet Mo IPEHRTFES .
ving a mniaturized

mat ching circuit

6A is a (partially cut away) top plan view of the transmission
line, Fig. 6B is an equivalent circuit of the transmission line
and Fig. 6C is an equivalent circuit using a J inverter;

Figs. 7A, 7B and 7C are diagrams for explaining a filter
composed of the J inverters, wherein Fig. 7A is a circuit diagram

of the filter, Fig. 7B shows voltage amplitude of a signal



i npedance matching transm ssion |line, wherein Fig. 14A shows a case when a
fourth nmetal layer is formed and Fig. }4B shows a case when the fourth
nmetal layer is connected with a fifth netal |ayer through vias; Fig. 15 is
a graph show ng operation results of an S paraneter of the inpedance
matching circuit showm in Fig. 14; Figs. 16A and 16B are di agrans show ng
equi val entransmcut t snpthrboegh pedainctee mand filgg 76 is @nt eqai valeitagedcbyt
alternately connecting inverters and quarter wavel ength resonance circuits,
wher ei n Fof. tH&EA shioas; t he | npedance matching circuit connected to the
input termnal of the | ow noise anplifier and Fig. B shows the inpedance

mat ching circuit conmegd edghQ tde aHaPWC t&F& Balagramhst ot OvkPPASRing
anplifier; and Fig. 17 is a diagram showi ng a conventional inpedance

mat chi ng 5ﬁ£fé%ﬁem§ﬂpgﬁaﬁ9@% m%gqe %‘%%t@f‘ttlpﬁlt } Shce ﬁsﬁeh&@ge for

Carrying out the Invention Preferred enbodi imfents o I nvention w be

expl ai ned 1§cu£31?£8%¥‘4:£@dEﬁ&%{ﬁ&g@e&&éPrﬁir?éf‘%%Qﬁeolﬁévgnofsé %ﬁgk%k

di agram Show ng one-exanp adlr o communi ca evice Teh the

invention is agrgn)llj,_ed. The radi o corrlgu\%__lcati on eé(t'hce,l has a sem conduct or

el enent REEEHH Hefifh 1 L&y AFTAM &fn&Re HHReCaRreonakchoRg

element 2 is connected with transmtting nmeans such as a keyboard and a

m cr ophor@l R i EhEWT -aPB Shas VedsrgrryP Wedile ofch Sanpldtsprapibking

speaker not shown through an intermediary of a DSP (Digital Signal

Pr Ocessoryhmzmgls ffbenimpedance matching circuit and Fig. 8C is an equivalent
circuit of the impedance matching circuit;

Fig. 9 is a (partially cut away) top plan view of the
transmission line of the impedance matching circuit when width
of the transmission line is narrowed;

Figs. 10A through 10E are schematic diagrams of the
impedance matching circuit represented by equivalent circuits
using the K inverter, wherein Fig. 10A shows a case when the
transmission line is formed in meander, Fig. 10B shows a case when
the transmission line is disposed adjacent to the K inverter, Fig.
10C shows a case when a width of the ground conductor is narrowed,
Fig. 10D shows a case when adjacent ground conductors are removed
and Fig. 10E shows a case when the transmission line is formed
within a ground conductor distance;

Figs. 11A and 11B are (partially cut away) section views
of the impedance matching circuit, wherein Fig. 11A shows a case
when a silicon substrate is formed on the back of a dielectric

substrate and Fig. 11B shows a case when an earth layer is formed

on the back of the dielectric substrate;



The radi o comuni cation device 1 of this sort is, for exanple, nobile
comuni cati on neans such as a portabl e ghone, PHS and PDA (portable
information termnal). It may be al so comrunication function addi ng neans
for adding the function of nobile comunications to a PC (Personal
Computer) for exanple such as a radio LAN card and a radio LAN board. Still
more, it may be aFiggedlikl dRfonaadab2C ane dpartipdlyapablavay) secddon ng
radio conmunications and a cordl ess tel ephone for exanple nay be included
in the radiewsofmihecitpedanes iradchingt citfcubt eyhdrhéhantkhokn8ssict e
specifically limted to be the whip antenna. It may be a plate-Ilike

i nver sed framdmiwai oisetins Bs bimdcteasedntenna for receiving only and a sl ot
antenna configured on the sem conductor elenent 2. The sem conduct or
element 2 has an RFigr, a@solgrsquamam%r&m lauka ) hid L did g0 loeDrepleen

| ine) 2a, an A/ D converter circuit i n anot her frane of broken l'ine) 2b

and a digifalashgd atBﬁ&?ﬁgséiPQu%r@H%app “Ehﬁcﬁnéts's' Eg%ﬂ%&e b?

broken |ine c and conposes an cation specific integrate
circuit).,14. The RF.Ci Jcr 2a, 1 the A/ D converter circuit 2b and the
di gi tal sa”dln%? Jpl?%c%Js% et ¥ ety o2 are conposed of CMOS (conpl ementary
met al oxi de sem conduct oﬂﬁand ot hers. is noted that the circuits

conposi ng the sem Edductth ARk HdRaze §P8 o0 ViAWt the f&ansmission s

2a, 2b and 2c described above and are capable of conposing various circuits
such as alP®p. of;ithe pgRedancsy Matrhimg ¢irsuld havbed CRODiad@ thal zed
conposed of Bi CMOS in which

impedance matching transmission line, wherein Fig. 14A shows a

case when a fourth metal layer is formed and Fig. 14B shows a case
when the fourth metal layer is connected with a fifth metal layer
through vias;

Fig. 15 is a graph showing operation results of an S
parameter of the impedance matching circuit shown in Fig. 14;

Figs. 16Aand 16Barediagrams showingequivalent circuits
of the impedance matching circuit multi-staged by alternately
connecting inverters and quarter wavelength resonance circuits,
wherein Fig. 16A shows the impedance matching circuit connected
to the input terminal of the low noise amplifier and Fig. B shows
the impedance matching circuit connected to the output terminal
of the low noise amplifier; and

Fig. 17 is a diagram showing a conventional impedance

matching circuit composed of concentrated constant elements.

Best Mode for Carrying out the Invention

Preferred embodiments of the invention will be explained



bi pol ar and CMOS are m xed, bipolar and GaAsFET (gallium arsenide field
effect transistor) for exanple. The RFjgircuit 2a has a power anmplifier (PA)
5, alow noise anplifier (LNA) 6, inpedance matching circuits (I M) 7a,

7b, 7c and 7d, a phase lock |Ioop (PLL) 9 conposed of a voltage controlled
oscillator not shown and others, phase shifters 10a and |ob, m xers |1 a,

|1 b, |1c tentiow |withy redierencesSwy tlze arawitigsr.s. Figt 1 sis@t bdockadiapeam

i npedance matching circuits 7a, 7b, 7c and 7d will be referred to sinply as
t he i npedaeinceim@taie rexanplouidf a7 naditcheomauhdwandgodedewipei dntonwhssh
specifically required to discrimnate them The A/D converter circuit 2b

has | ow pasée fnvdretor lilfFappliad.13bhe hdediondolithn ivartiah degdice anphifiers
(VGA) 14a and 14b, AD converters (ADC) 15a and 15b, DA converters (DAC) 16a

and 16b andmpididictbiCedbdbhlo Shanah aRReASSE RGhicH hAsW tha@ BAgeAndl. gi t al
denodul ator 17, a digital nodulator 18 and others. The digital signal

processi nﬂg‘?feg'ﬁscr’aﬁ*d&%ﬁc@@%ﬁtoi tlhe‘éBﬁhgb{?Qd%ﬂr{‘FHIan@rnQ&ac'l ?QQHL to be

i nputt ed) ater and RF circuit 2a is capable

outputtin N outp n SQ1. _whos car fre n s ultra-high
fr equencyg'lﬁ?h & ng arah%‘@ %lmthro?%éﬁael P osc;eréos i ngl%gl rl)éw tesetyang
connected with the RF circuit_2a via the A/D converter circuit 2h, thus

forming TEARENSYEP0RS cut 84SBAYhEN IRt SREYHAF BPE ShPYnetRERYeh ePgnal

SOL. In concrete, the digital nodulator 18 is connected with
intermediary of a DSP (Digital Signal Processor) not shown.

The radio communication device 1 of this sort is, for
example, mobile communication means such as a portable phone, PHS
and PDA (portable information terminal). It may be also
communication function adding means for adding the function of
mobilecommunicationstozaPC(PersonalComputer)forexamplesuch
as a radio LAN card and a radio LAN board. Still more, it may
be a fixed telephone as long as it is capable of conducting radio
communications and a cordless telephone for example may be included
in the radio communication device 1. Still more, the antenna 3
is not specifically limited to be the whip antenna. It may be
a plate-like inversed F antenna used as a built-in antenna for
receiving only and a slot antenna configured on the semiconductor
element 2.

The semiconductor element 2 has an RF (radio frequency)
circuit (within a frame of broken line) 2a, anA/D converter circuit
(within another frame of broken line) 2b and a digital signal
processing circuit (within a still other frame of broken line)

2c and composes an ASIC (application specific integrated circuit).



the mxers Ilc and I1d via the DA converters 16a and 16b and the | ow pass
filters 13c and 13d. The phase |ock | oops9 is connected wth the mxers Ilc
and Ild via the phase shifter 10b. Still nmore, the mxers Ilc and |Ild are
connected with the antenna 3 via the inpedance matching circuit 7c, the
power anplifier 5, the inpedance matching circuit 7d and the switch 12.
Meanwhi | eThehBFREiccuttuila 2ahes Adpabnyeafternpirtung 2b andpthe sligrisgial
(signal to be inputted) SI2 whose carrier frequency is ultra-high frequency

or m cr owaignandptbeesis phd aliriuygntabc §recesmioyEd bECOMOS 2 dntp it aa-vof
outputting an output signal SO2 described l|later. The RF circuit 2a is

connect edmeitiah 1038 qd Fenblcond@RIr )PrafEsSStere] r Cot t 1 2Cnvitdat MaA Rhe
converter circuit 2b as described later to formtransn ssion routes of the

i nput  si gngl-c 942 @nggggngumgtSé,hﬂ&@haé@@ortﬁléﬁé‘ﬁ{ei Card év! tnglh:lejcfb vi a

connected with the antenna I's connected w e mxers |

thelrrpednc hj it Iwn0|s amplifier 6andt
|rrpedance%ma§8%§ CElcr}ig:ruclﬁe %%b z%hanaﬂg%edo Socé‘:kl aggvf!saggn%lé%tcea am%t% t he
m xers %andll h via the phase shlfter the mxers |la
and |lb aP CORRESLBY YREROR ecaFﬁF%EF g8 dﬁ?a?ops?ﬂ \ﬁtaﬂt]hé“% IS pass
filters 13a and 13b, the variable gain anplifiers 14a and 14b and the AD

convert er @TE5ROENHMEELA fjoxbe D AHh HAYWAS LYW AL T GHpBILHESt He Whrisddance

matching circuit 7 in the RF circuit 2a will be explained with reference to
Fig. 2. Fibgpolarsapd (WS anelmixstt bdpalprpand fedsRES (gallium arsenide

field effect transistor) for example.

The RF circuit 2a has a power amplifier (PA) 5, a low
noise amplifier (LNA) 6, impedance matching circuits (IMC) 7a,
7b, 7c and 7d, a phase lock loop (PLL) 9 composed of a voltage
controlled oscillator not shown and others, phase shifters 10a
and 10b, mixers 1la, 11b, 11lc and 11d, a switch (SW) 12 and others.
It is noted that the impedance matching circuits 7a, 7b, 7c and
7d will be referred to simply as the impedance matching circuit
7 in the following description unless specifically required to
discriminate them.

The A/D converter circuit 2b has low pass filters (LPF)
13a, 13b, 13c and 13d, variable gain amplifiers (VGA) l4a and 14b,
AD converters (ADC) 15a and 15b, DA converters (DAC) l1l6a and 16b
and others. The digital signal processing circuit 2chas adigital
demodulator 17, a digital modulator 18 and others.

The digital signal processing circuit 2c¢ is capable of
receiving an input signal (signal to be inputted) SI1 described

later and the RF circuit 2a is capable of outputting an output



vi ew showi ng one exenplary structure of the coplanar wave-gui de conposing

t he i npedance matching circuit 7. As s in Fig. 2, the inpedance
matching circuit 7 has a dielectric substrate 20 having a predeterm ned
t hi ckness H and a signal line 21 and ground conductors 22 formed on the

surface (one plane of the dielectric substrate) 20F of the dielectric

substrat es2§nalhgo1i ﬁho§Becai:ﬁ:&@i‘mfi@hﬁanbﬁ(nQsoﬁlitlﬂa—hﬂgﬁdQE@QUgﬁb?hio'i’rg
circuit 7 is conposed of the coplanar wave-guide (CPW. The signal line 21

i's formedyiorfayee 2 PROALGHRLRACS dndepribdtliNgand-die: deoihnd onaRdyelors 22
are di sposed on the both sides of the signal Iline 21 via slits 23 having a

; et et £ h
gap (predﬁiﬁfﬁ%?& c9§9%192a7$|1é§% %%ﬁf’c&ﬁ@érf@?kﬁ%ﬁé:tﬁ%!,C%ﬁlgf%%@%fﬁlﬁgo the

i npedance ng circult eterm ned correspon t era of
the width_Wand.the ga (%aﬂd tE t.hi ckness H nme | igible .
appr oxi maEbR S SoRE AR gt hlie A b7 o S b5t Fite t5Y L RHG s opae
thickness His thicker than the wwdth Wby five tines or nore. It is
assuned tf3t-the dielectric substrate 20 of the present enbodi nent is al so
constructed in such a manner. Next, a configuration of the inpedance
matching circuit 78 eonpeeted e I@lﬂﬁéaﬂdww%@%rﬁﬂ isieqnmeGiied waéh
explained. Figs. 3A, 3B and 3C are explanatory draw ngs of transm ssion
lines 17 theouixkexrsellogpedaddd maachhePiiconviertiascdhaecan@dl Gl aand ithyeut
termnal of the 1ow noise anplifier 6, wherein Fig. 3Ais a (partially cut
away) topilplapaysefi ferdda3icr anani 3&i orhlel prase Fiark 3Boips9 ais cetiniecaleant
circuit of the transmssion lines and Fig. 3Cis an

with the mixers 11c and 11d via the phase shifter 10b. Still more,

the mixers 1lc and 114 are connected with the antenna 3 via the

impedance matching circuit 7c, the power amplifier 5, the impedance

matching circuit 74 and the switch 12.

Meanwhile, the RF circuit 2a is capable of inputting an
input signal (signal to be inputted) SI2 whose carrier frequency
is ultra-high frequency or microwave and the digital signal
processing circuit 2c is capable of outputting an output signal
SO02 describedlater. TheRFcircuit2aisconnectedwiththedigital
signal processing circuit 2c via the A/D converter circuit 2b as
described later to form transmission routes of the input signal
SI2 and the output signal SO2.

In concrete, the switch 12 connected with the antenna
3 is connectedwith themixers llaand 11b via the impedance matching
circuit 7a, the low noise amplifier 6 and the impedance matching
circuit 7b. The phase lock loop 9 is connected with the mixers

1la and 11b via the phase shifter 10a. Still more, the mixers

l1la and 11b are connected with the digital demodulator 17 via the



equi valent circuit using a Kinverter. As shown in Fig. 3A the inpedance
matching circuit 7a is conposed of thejgopl anar wave-gui de shown in Fig. 2
and has an inpedance matching transm ssion line 30 and a K inverter
transm ssion line (inpedance inverting distributed constant line) 33. The
| eft side of the Kinverter transmssion line 33 in the figure is

connect edwewhpahe Shiltehs123gserdFlgb. Yhe/ivaniahlengaigsiamplilfiijers33 4@avi ng
characteristic inpedance Z35 of 50 [0] (referred too sinply as 'Zo'

her ei naft enji Wdbchndsthr 8Pdcpnavgrveatselas amdat2ist eri stic i npedance. The

| eft side of the inpedance matching transmssion line 30 in the figure is

connected with the Newtnoaseopadphirf wake6g(it@e Ebfipot)lingThese injReiiaee
mat ching transmssion line 30, Kinverter transm ssion |line 33 and

transm sspgRching 32rbURet F0Mnagha rAI SiFd bkt eh GRNSE A dAPIR RAELAGH W th
the dielectric substrate 20 shown in Fig. 2 when carrier frequency of the

signal to L t .has, a pted Qf}% i t he
carrier frrgﬁﬁ'g%ggg %Fﬁpgﬁz'f rgégéﬁzﬁz% sg'u aes/ﬂu]ILit%(r géﬁggﬁg?%z&“%ﬁgye%g% MHz
to 3 GHz) . .mgrowave (3 to 30 Giz) .and.m|li ric ve (30 to 300 GHz)
In “the. pYaSEnERBRSEY s S il i ss bhohht ol Yyt dl

ul tra-high freguencz of 2.45 GHz. The transm ssion line 35 is_conposed of a
si gnal |i REMPESiBg,the\ATREIANGH Ak LAY EhE: gASuRBOWBNIBCE Y s 22 via
slits 23a having a gap Gl. Because the characteristic inpedance is

det er m nedheoimpepanagengatehing earrvibf’ thas \it diie\wativdic maihgdrate 20

having a predetermined thickness H and a signal line 21 and ground
conductors 22 formed on the surface (one plane of the dielectric
substrate) 20F of the dielectric substrate 20. That is, the
transmission line of the impedance matching circuit 7 is composed
of the coplanar wave-guide (CPW).

The signal line 21 is formed to have a predetermined line
width W and the ground conductors 22 are disposed on the both sides
of the signal line 21 wvia slits 23 having a gap (predetermined
gap) G. It isnoted that characteristic impedance of the impedance
matching circuit 7 is determined corresponding to the ratio of
the width W and the gap G and the thickness H becomes negligible
approximately by constructing the dielectric substrate 20 so that
the thickness H is thicker than the width W by five times or more.
It is assumed that the dielectric substrate 20 of the present
embodiment is also constructed in such a manner.

Next, a configuration of the impedance matching circuit
7a connected with the low noise amplifier 6 will be explained.

Figs. 3A, 3B and 3C are explanatory drawings of transmission lines



G as descri bed above, the characteristic inpedance Z35 of the transm ssion
line 35 is set so that the ratio of th§7line wdth W and the gap Gl turns
out to be Zo by setting the width WL a 17.5 pmand the gap Gl as 5 pmfor
exanple. Accordingly, a line Ilength LFI of the transm ssion line 35 is not
specifically limted and may be set to an adequate |ength. Meanwhile, the

i mpedancg rtahahitRg Eﬁ\;\g@&ﬁhéél ﬂatbhﬂﬁ‘g3@1rt§1€0'ﬂ$)0<§&(ﬂn@<f:téd5t8nélxll ix‘x;lﬂ?t 21b
having a line wdth (e.g., 4. 5 pm) which is narrower than the Tine

wi dt hW t L Ng 5 pm
G uii ch e et Ehanor ne e %:?—ifbéﬁgiﬁsﬁé‘ig;d3?%§%ﬁha%%ﬁﬁ%t. c

d Z d 0. 4
WTT o orfurlaal} PEEMPIad CRPEEICHE A MG Wutks FoL Bb YOG 15 )
ill be d d. | ] th L|l
Ut ansn s SA0VPLABEa8 FGUAF ook TRe EFRPERLERIRE mbtres ch

of . the elgance tch| ng
transm s§AHY ‘g& WAt cﬂ afi‘?fer ent
fromthat of the transm ssion |line 35 described above (detail will be
descri be§IUAVEAPPESCATCYAY UFdNOhE KnpBYSAREETmat ching transnission line 30,
the Kinverter transmssion line 33 is conposed of the signal Iline 21b

havi ng the |ine wi#i Ishpenapa Fhe- gtduridie dnpedaace patchiiagt Adrenits7’®3b
havi ng the gap &. The signal line 21b is connected wth the ground
conduct ois 2z?mposedgbfathentephedaar yavé-guadle sRéwhoineHign Reandenasand
conposed of transmission |lines having 19 a line width dl. The K inverter
t ransm sgenOnimpetanie drstchbeg abaWsmimB¥ion line 30 and a K inverter
transmission line (impedance inverting distributed constant l1line)
33. The left side of the K inverter transmission line 33 in the
figure isconnectedwiththeswitch12 (seeFig. 1) viaa transmission
line 35 having characteristic impedance Z;s of 50 [O] (referred
too simply as 'Z,’ hereinafter) which is an ordinary value as
characteristic impedance. The left side of the impedance matching
transmission line 30 in the figure is connected with the low noise
amplifier 6 (see Fig. 1).
These impedancematching transmission line 30, Kinverter
transmission line 33 and transmission line 35 function as a
distribu;ed constant line together with the dielectric substrate
20 shown inFig. 2 when carrier frequency of the signal to be inputted
has a predetermined value or more, e.g., when the carrier frequency
is high frequency such as ultra-high frequency (300 MHz to 3 GHz),
microwave (3 to 30 GHz) and millimetric wave (30 to 300 GHz). In
the present embodiment, the carrier frequency is assumed to be

ultra-high frequency of 2.45 GHz.

The transmission line 35 is composed of a signal line



be represented by an equivalent circuit conposed of a T-type circuit 33a
havi ng 1 nductance Land distributed constant |ines 33b connected to the both
ends of the T-type circuit 33a and having a line length of electrical

l ength ru/2 as shown in Fig. 3B. The transm ssion |ine having the line

wi dth dl and conposing the stabs 25 described above is set to have a

pr edet er @ nedhdviing hehphd wirdttomfli ghdi tige dhvanddovataseerk zizscird kadtabove.
Accordi ngly, the inpedance matching circuit 7a may be represented by the

equi val enf3&i hgwifigcanpaped10f BBeaKséN¥BEt @harht@BeAk$stOAmpeAandadailavi ng
the inductance L, the distributed constant |ines 33b connected to the both

si des t hejepdymide dialsxterép%tdelw%%ﬂatAtﬂ@%ﬁ%éﬁ@\iﬁ%ﬁ fihgnd | L:g_,%&sgth L

Il and the distributed constant” | ines 35a having the line | engt

connect eds 19 hhEAbLRgshABSLO! chite it %orasf&gg;a,{ae 5, 339 qpeshown

in Fig. ause Invérter transmssion mjosed ~of the
Kinverter transm ssi 33a h V|ng t ance di stributed

const ant {m%mz%%l%‘bﬁlﬁgﬁ 2 25 ehe BSLA e?dﬁ FRetedtt AididdRs it Boove,
it functions as a Kinverter as showmn in Fi 3C. Here, the inverter is a

circuit Sferddt & dlith GhittHns PPdddRcEeoro i39G dthe, Wigh BdeRS to be

inverted when the load is seen froman input termnal via the inverter.

Speci fi calTy5 pm afid dhiet 9ePepkms thivsuderwakanpilaepeddererdingIwera ddneo see

as 20 admttance is called as a Kinverter and a circuit elenment through
length Ly; of the transmission line 35 is not specifically limited

and may be set to an adequate length.

Meanwhile, the impedance matching transmission line 30
is composed of a signal line 21b having a line width W2 (e.g.,
4 .51um) whichisnarrower than the linewidthW1 and ground conductors
22 via slits 23b having a gap (e.g., 11.5 pm) G2 which is wider
than the gap Gl described above and its characteristic impedance
Z3o is preset to a predetermined value (e.g., 83.4 Q) which is
different from that of the transmission line 35 described above
(the detail will be described later). A line length L I1 of the
impedancematching transmissionline 30 ispreset toapredetermined
length which is different from that of the transmission line 35
described above (detail will be described later).

Similarly to the impedance matching transmission line
30, the K inverter transmission line 33 is composed of the signal
line 21b having the line width W2 and the ground conductors 22
viatheslits 23bhaving thegapG2. Thesignalline2lbisconnected
with the ground conductors 22 through an intermediary of stabs

25 formed in meander and composed of transmission lines having



whi ch admttance is inverted to see as inpedance is called as a J inverter.
The K inverter is conposed of the T-typgacircuit of inductance L for
exanpl e as described above and the J inverter is conposed of a It-type
circuit of capacitor C described later for exanple. Next, before explaining
the characteristic inpedance Z30 and the line length LIl of the inpedance
mat chi ng &ransel #sge@R ghi.ne 30 , a known filter 70 conposed of the K
inverter will be explained wth reference to Figs. 4A through 4C. Figs. 4A

4B and 4C are expl@pakofyv i eaF afanehilkeohi 1188 38 qeerpesed botdends
inverters, wherein Fig. 4Ais a circuit diagramof the filter 70, Fig. 4B

shows vol 1,296 AEddd fgn%@ﬂéygﬂe%ﬁéyﬁﬁﬁ%%FB%BBQEﬁ%ﬁniFh%yﬁyéfyéuﬂp and

Fig. 4C is an “equival ent” circul The filter 70 1s a

one-stage_fil.ter. co S 0 . hwvert.er 99% nﬁ§ swave seri
r esonat or 3?? hvﬂwvolsfl & Jﬁg(g%fg%%ée Liggldllﬁnldgltgraeoé1 %a‘?zc ] o a kﬁ’%%é?? er r’?’fcﬁfr\e I cat ed
as KO, 1 and connected _via term nals Pl-PL' nverter_73 i.ndicated as

K anateotne Bt Spas qh HRerh /e i 50n1 T AnA Y S B Liba g

connected to the Kinverter 72 and a load 76 indicated as Zo is connected
to the Koifnedectrizal lengthr@f 2das teftownedinstagce3BeerTHe dmansmigsidn wave
serial resonator 71 to the Kinverter 72 side (PL-PL' side) is assuned to
be Rs' andimnkchaebtngttirecéineanidtlodlidrd fehpordng thesitabsr 2Salestaaribed t o
the Kinverter 73 side (P2-p2' side) is assuned to be RL' . Here, known
desi gn f oamdlvas ishaetatd dvatdia pideldertezhihed?line length in configuring

the inductance L described above.

Accordingly, the impedance matching circuit 7a may be
represented by the equivalent circuit composed of the K inverter
transmission line 33a having the inductance L, the distributed
constant lines 33b connected to the both sides thereof, the
distributed constant lines 30a having the line length L I1 and the
distributed constant lines 35a having the line length Ly; connected
to the both sides of the distributed constant lines 33b as shown
in Fig. 3B.

Because the K inverter transmission line 33 is composed
of the KAinverter transmission line 33a having inductance L and
the distributed constant lines 33b connected to the both sides
thereof as described above, it functions as a K inverter as shown
in Fig. 3C.

Here, the inverter is a circuit element through which
impedance or admittance of a load seems to be inverted when the

load is seen froman input terminal via the inverter. Specifically,

a circuit element through which impedance is inverted to see as



mat ch i npedance and to set a signal to be transmtted in a predeterm ned
bandwi dt h (band adj ustnent) nay be exprggsed by the follow ng Equations 1
and 2; [Equation 11 VW 0192 [Equation 21 Kl1. - xi Zo 8182 Were, x1 denotes
a sl ope paraneter of reactance X1 and the reactance X is expressed by
Equation 3. Still nore, COis frequency, W is center frequency, w

(bandwi dt hydnit teee sccalibadiaisdi K {QW2rvds /anibh ol rantin2 1amenduthedhigh
frequencies and go, gl and g2 are nornalized el ement values. It is noted

that the wipIidRlddaAd teinEik Yal¥e6e80to Heath Ahpdake: Gal ecuhakadakrgm
reflection | oss of a pass band (where a ripple is maxi m zed) and a nunber

of stages §qflh@eld.! t B8R K [FMAHIN i3] cOmB9sed o tHNR - WyBRCAYSEULi REoE

hal f-wave serial resonator 71 is constructed between the inverters /2 and

Sorial v oot g, B baclnord, 36788k BRA"RRbLR2aRAT FHEY " IfgHBte 17

and PZ P2 S~ as shown in Fig. 4B. Still nore, the filter 7Q is represented by
an equi vallehtC@POS§& Ofnanffi TR SIHBE PF SARAP tPRdfcdeagribed later

for example.

Next, before explaining the characteristic impedance Z;g
and the line length L 11 of the impedance matching transmission
line 30, aknown filter 70 composedof theKinverterwill be explained
with reference to Figs. 4A through 4C. Figs. 4A, 4B and 4C are
explanatory diagrams of the filter 70 composed of the K inverters,
wherein Fig. 4A is a circuit diagram of the filter 70, Fig. 4B
shows voltage amplitude of a signal transmitting through the filter
70 and Fig. 4C is an equivalent circuit of the filter 70.

The filter 70 is a one-stage filter composed of the K
inverters and has a half-wave serial resonator 71 whose reactance
is indicated as jX;, a K inverter 72 indicated as Kq,; and connected
viaterminalsP;-P;’ andaKinverter 73indicatedasK; ;andconnected
via terminals P,-p,’'. A load 75 indicated as Zy, is connected to
the K inverter 72 and a load 76 indicated as Z, is connected to
the K inverter 73. It is noted that resistance seen from the
half-wave serial resonator 71 to the K inverter 72 side (P;-P;’
side) is assumed to be Rs’' and the resistance seen from the half-wave
serial resonator 71 totheKinverter 73 side (P,-p; ' side) is assumed
to be R.'.

Here, known design formulas that allow the filter 70 to



as Rs' and RL' are connected on the both sides of the half-wave serial
resonator 71 as shown in Fig. 4C Thea([;esi stors 77 and 79 are expressed by
the foll owi ng Equations 4 and 5. [Equ ¥ on 4] K02,1 R s al zo [Equation
5] K22 2 RL= zo Still nore, Equations 6 and 7 hold in the half-wave seri al
resonator 71 described above. It is noted that Q (value Q mnmeans quality

factor. hEeuRt ifBeBhnBel o8& 55582 d ESH@ldPNté] v XdrHPDeredesntB L _
W90 + g2) 23 Because the Kinverters 72 and 73 thus invert inpedance,

i.e. 830 Y/ A al | el
r esonat glrg]): ggééﬁl\é@%f?%%hgbé\ﬁ% tp ﬁ%&?ladtlj&étgno 'S g‘gg%‘fueé‘%? Iefsv'?\’ll t hﬁj{ g

hal f - Wavgop_%‘gihg éggp?&f‘%er ydt%pwn Accordingly, the filter 70

functions one e half -wave parall el

[Equation 1]

[Equation 2]

Lz'Vr- %

8182

Where, x, denotes a slope parameter of reactance X, and
the reactance X, is expressed by Equation 3. Still more, @ is
frequency, @ is center frequency, w (bandwidth) is specific
bandwidth ((), “w,)/ w,) s w, andy, are cut-off frequencies and
go,g%_and g, are normalized element values. It is noted that the
normalized element values g,» 9, and g, may be calculated from
reflection loss of a pass band (where a ripple is maximized) and
a number of stages (of the fi}ter).

[Equatioﬁ 3] “

X, _xl(_“’__ﬁ’g)

w,

Because the half-wave serial resonator 71 is constructed
between the K inverters 72 and 73, voltage amplitude |V(z)| of

a signal transmitting through the half-wave serial resonator 71



resonat or and based on Equations 1 and 2 described above, enables the

i npedance mat chi ng and band adj ust nent g setting the specific bandw dth w
Such hal f-wave serial resonator 71 is ¢ %posed of a transm ssion |ine not
shown having a line length of a half-wave of the signal to be transmtted.
The K inverters 72 and 73 are conposed, respectively, of the T-type circuit
of inductpseémésaslortr @[z p+ON dn e RArnfiheN sgaerept apl ‘oanghe bpth
sides thereof and having a line length of electrical Iengtlh rr/2 Sinmlarly
to the LN rsLransm ggi o j h i g Rl i

plurali tga%f ¥§{)§'§u%{lsﬁg§é gghsﬁﬁc@ﬁ%ﬂ% ﬁ%ﬁb s%r%ﬂc%%dﬁ?tlos? eiierrgsr??ltzedt 0
constructbt he ASI Cl‘;aslé:lr?éccri Celgitabonv%hicthhe space on ryhené 'cl% ucCtt%rd

el ement 2°¥s?1iFHted and" an occupa]tl Shk E855F TPRE 111 92F mist®he
reduced further in qrder to construct it on the sem conductor elenment 2.
Then, in EReRs mitfarte ARECRPRESCERACARt the0pOtheS1ARRITT dThe fe -wave
characteristic_inpedance Z30 and the line length L Il of the inpedance

mat chi ng §eBA3k 58FBRALPHe713085aFBOYBt 18t FpBeddfer Mtedaalsferssd t A t he
occupation area my be reduced as conpared to the filter 70 while neeting
Equat i ons791aaadedpserssedr by tbet fielfloWwtieg EQudtsonsbédamdho¥e. Next, the
characteristic i npedance Z30 and the line length 24 L Il of the inpedance
mat chi ng {Egnawisaian line 30 will be explained with reference to Figs. 5A
t hrough 5C. Figs. 5A, 5B and 5C are diagrans for explaining the
characteristic inpedance and line Ilength of the inpedance matching circuit
7a connected to the input g2

[Equation 5]

Still more, Equations 6 and 7 hold in the half-wave serial
resonator 71 described above. It is noted that Q (value Q) means
quality factor.

[Equation 6]

R, _&

Rs g,

[Equation 7]

Q- xl - 303132
R'g+R', w(go +g2)




termnal of the |ow noise anplifier 6, wherein Fig. 5Ais a circuit diagram
of the inpedance matching circuit 7a, EFig. 5B shows the voltage anplitude
of a signal transmtting through the iffpedance matching circuit 7a and Fig.
5C is an equivalent circuit of the inpedance matching circuit 7a. The

i npedance matching circuit 7a shown in Fig. 5Ais conposed of the inpedance

mat chi ng transn syedadddendk andetRerskss ANAri £rnilsagPLs8i Qipdddifce33 as
explained with reference to Fig. 3. The inpedance natching transm ssion

line 30 is.conpos q - K 1 §S) | -
distri butELé | 'cons?%rllfoltﬂiaﬁg) y%iﬁg\ﬂé%\é’%gtﬁg%gﬁqe%?s?@giFﬂggggﬁ@{eé% %%éegcri bed

| ater) and_a,r C i tr 1. SS| I (react ance

conpens afrh 8 1(]1, ?gﬁ‘%ﬁ}%& q (}fégﬁg 't%%tﬁth\ﬁibﬁ’ e 1 ec'o‘rﬁﬁ% g £ el E %vl\] iﬁlf heeqmq‘ﬁaalﬁnetr -wave
transm ssi.on || ne Bi. Li ne Ieng&?oi t he gu rter-wave transm ssjon |line 32
is a quaMtéP SPewBfefehglR RAGFILRE SPHRARTOToBE $HAMBm tAKPTIingLlY quarter
wavel ength A /4 (quarter-wavel ength of the signal to be inputted). The
quart er - eE RIS §¥pehirnsasone stagpdddited Ry the hird fkvaveaarallel
transmission line 33 via input termnals P3-P3, and the K inverter

t ransn sgiesenkitne 3&d ibaseshract@dati es tlhandrladesicsdbed above3xnalstad |
nore, the reactance conpensating distributed constant line 31 is connected
wi t h t he thewimpeden@amphitthéngbtad banfbiaijusgtmdret Bg secittipiy therspewi 5idP4- P4
It is noted that the wavelength .1 described above neans gui de wavel ength
and whenpangwdaazh transmts through the inpedance

Such half-wave serial resonator 71 is composed of a
transmission line not shown having a line length of a half-wave
of the signal to be transmitted. The K inverters 72 and 73 are
composed, respectively, of the T-type circuit of inductance L and
transmission lines not shown connected on the both sides thereof
and having a line length of electrical length w/2 similarly to
the K inverter transmission line 33 shown in Fig. 3B.

Because a plurality of circuits are constructed on the
semiconductor element 2 to construct the ASIC as described above,
the space on the semiconductorelement 2 islimited and an occupation
area of tpe filter 70 must be reduced further in order to construct
it on the semiconductor element 2. Then, in the impedance matching
circuit 7 of the invention, the characteristic impedance Z;, and
the line length L 11 of the impedance matching transmission line
30 are set at predetermined values so that the occupation area
may be reduced as compared to the filter 70 while meeting Equations
1 and 2 similarly to the filter 70 described above.

Next, the characteristic impedance Z3o and the 1line length



matching circuit 7, the carrier frequency descri bed above increases
corresponding to dielectric constant o$j4the dielectric substrate 20 shown
in Fig. 2 and the wavel ength A becones snaller than one wavel ength of the
carrier frequency of 2.45 GHz. The line length of the quarter-wave
transmssion line 32 is thus set to be a half of the half-wave transm ssion
| i ne nofL slhdwhe dnpediangetrtat didlnfg twaessiss 2dn Leaerst wilY beadxpgeiddd t er

70 explained in connection with Fig. 4A. Still nore, because input

i npedanceiath trle€elrewceoiteeFagpl i $A ethfough rad .at Figky bArgeB &nd@.5C &30 -

] 890 0, the low noise anplifier 6 may be handl ed open and two K inverters
are not AGRSTHMSY -folkplldigifid RS tarddtSEtSY Ggd oS HRPESRs the K
inverter (inverter of inpedance invert circuit) KOl only on the input

term nal 1348 HP3E Ft)_%e imPahante maMtUH3ecaPehi ¢ ufiiecb}{ﬁé&:eﬁftc} RReSi HRA

transnlttlng through the quarter-wavé transm ssion |ne 32 1s quarter-wave

h j "= | d
Pa- ‘Eso.m ehinad g2 3 ae?gﬂ%ﬁéﬂ%e&.“élﬁ%.%dzed 580 nd PR pr TRt o de
P4-P4' | d t t d b d b whi | th
setting 2 %:‘fbo egggh %‘élcglrﬁﬁcg?l%\?é‘rteqmr?l%ssﬁé(ﬁ)lvle?ﬁeéhg‘?g tt'c}‘ues

quarter- mavelength A4, the line length of the reactance conpensating
di st ri buived tagiespBRLIEPAG fi 3 §igBalaErapfmisticing dhgoNal EBagirPedRsEhsat i ng

reactance of load) Al so as to conpensate 26 (cancel) susceptansce BL of
t he | ow maitshigygldifricayit67aHend, FigpAC ddmiant equévilleot chechbty obitge
anplifier 6
impedance matching circuit 7a.
The impedance matching circuit 7a shown in Fig. 5A is
composed of the impedance matching transmission line 30 and the
K inverter transmission line 33 as explained with reference to
Fig. 3. The impedance matching transmission line 30 is composed
of a quarter-wave transmission line (quarter-wave distributed
constant line) 32 having characteristic impedance Zl (described
later) and a reactance compensating transmission line (reactance
compensating distributed constant line) 31 connected with the
quarter-wave transmissionline 32. Linelengthof thequarter-wave
transmission line 32 is a quarter of wavelength A of the signal

to be transmitted, i.e., quarter wavelength A /4

(quarter-wavelength of the signal to be inputted). The
quarter-wave transmission line 32 is connected with the K inverter
transmission line 33 via input terminals PJ—Pa' and the K inverter
transmission line 33 is connected with the transmission line 35.
Still more, the reactance compensating distributed constant line

31 is connected with the low noise amplifier 6 (see Fig. 1) via



is defined as shown in Equation 8 \Were, G. denotes the conductance of the
| ow noi se anplifier 6 and BL denotes the susceptance (reactance of |oad) of
the low noise anplifier 6. [Equation 8sYL Z G.+AL L The input inpedance

(i npedance of load) ZL of the low noise anplifier 6 is expressed by
Equation 9. Where, RL denotes resistance of the input inpedance ZL and XL
denotes reactance of the input inpedance Z. [Equation 9] ZL.RL+jXL Then,
the condu®ithite ¥§rpstdusbuance BL of the | ow noise anplifier 6 may be
expressed by Equation 10. [Equation 10 GRL B. -XL "~ R +X2 L R +X2 L L
L L By the way, betausenbhedreast aheewargldrgth ntréasedided ramsedmeans| arly
with | oadi ng of inductance by increasing/decreasing the line |ength
(quarter gwvdd eagehengdh arol whba geaghal-twsansniranshreaghntie nap8danthe
adjusted length Al of the reactance conpensating distributed constant |ine

31 is preasgtchiiy 8srtQitgettid tarEfeRirequdncliddse MBab bvd ikcdeaOEES
capacity 27 (Cm per unit |ength.

corresponding to dielectric constant of the dielectric substrate
20 shown in Fig. 2 and the wavelength A becomes smaller than one
wavelength of the carrier frequency of 2.45 GHz.

The line length of the quarter-wave transmission line
32 is thus set to be a half of the half-wave transmission line
not shown composing the half-wave serial resonator 71 of the filter
70 explained in connection with Fig. 4A. Still more, because input
impedance of the low noise amplifier 6 is relatively large, e.g.,
330 - j890 O, the low noise amplifier 6 may be handled open and
two K inverters are not necessary. Then, the K inverter
transmission line 33 composes theK inverter (inverter of impedance
invert circuit) Ko,1 only on the input terminal side P3—P3' . That
is, voltage amplitude |V(z)| of the signal transmitting through
the quarter-wave transmission line 32 is quarter-wave as shown
inFig. 5B and is short (|V(z){=0) on the input terminal side P.-P. .
It is opened (amplitude is maximized) on the output terminal side
P4-P4' .

In order to apply Equations 1 and 2 described above while
thus setting the line length of the quarter-wave transmission line
32 to quarter-wavelength A /4, the line length of the reactance

compensatingdistributed constant 1line 31 is set at adjusted 1length

(length compensating reactance of load) Al so as to compensate



(Equation 11] WOCAt = -BL Accordingly, the adjusted I ength Al of the
reactance conpensating distributed constant Iine 31 may be expressed by the
| engt h shown by Equation 12. [Equati on %%J At-- BL wOC It is noted that
because the | ow noise anplifier 6 is conposed of FET (field effect

transi stor) and capacity between a gate and source not shown is positive,
XL <0, BL >0 fromEquation 10 and Al < 0 from Equation 12. Because the
line | engt bco@ficébp suecéptandye B afsthesilow nbike 3@Aplsfgear ber wavel ength
A /4 and the line length of the reactance conpensating distributed constant

line 31 is the adjugked,| eAgLbh adhi BSaktesosi Bedegbomsy el bRpllierghelit
of the inpedance matching transmssion line 30is A/4 + Al as shown in

Fig. 5A S{ilderiREb8.as HEGAYSH gﬂgaﬁ%ﬂ é.hew&lie@%,'e%fzﬂédbd% %ﬁé csgsuhwséence

matching transmssion |ine 30 becones a |length obtai ned by subtracting an

absol ute Vel yecQlu s Akt o8 Lenath flacglodliekeas algean sompensating

di stri buted constan I he om the Tt ne 1eng er vngng

of the quarter-wave transnjssion line 32 28 Wen the carrier frequency is
45 arn . i FBRALart ot he ALY GHOLTE IR SIS dut 18 mm the |ine |ength L 11

of the inpedance
[Equation 8]

1 .
YL =-Z—-!!GL +]BL

L

The input impedance (impedance of load) Z; of the low
noise amplifier 6 is expressed by Equation 9. Where, R, denotes
resistance of the input impedance Z; and X; denotes reactance of
the input impedance Zj.

[Equation 9]
ZL "RL +jXL

Then, the conductance G, and susceptance By of the low
noise amplifier 6 may be expressed by Equation 10.
[Equation 10]

RL "XL

L= 73 70 L2 2
R, +X, R, +X,

By the way, because the reactance may be
increased/decreased similarly with loading of inductance by
increasing/decreasing the line length (quarter wavelengthA /4)
of the quarter-wave transmission line 32, the adjusted length Al
of thereactance compensatingdistributedconstant 1line 31 ispreset

so as to meet with Equation 1. It is noted that C denotes capacity



mat ching transm ssion |ine 30 becones about 17 mm because the adjusted
length Al is -0.9 nmwhen the input inpedance ZL of the |ow noise anplifier
6 is 330 - 890 52 for exanple. Wen t susceptance BL is conpensated as
descri bed above, inpedance matchi ng and band adjustnent of the | ow noise
anplifier 6 may be nade possible simlarly to the filter 70 by applying
Equations 1 and 2 descri bed above to the inpedance matching circuit 7.
Here, because) tper lowholeaegtetpl ifier 6 has relatively |arge inpedance (ZL)
as descri bed above, G << Y01l where Yo is an inverse nunber of Z0, and
Equati onsg dpfonom L7 hold. [Equation 13] Z'L = Z1'G + | X1 mR L+1X L

[ Equation 14] X, Zi Coto = -X160 - No CUo CU [Equation 15] xI - 4 Z, 29

[ EQuation 16] RL-Z1 x G [Equation 17] Rs - Z 0 Accordingly, the design

formula shown in Equaiigwcgygnyn be expressed by Equation 18 from Equati ons
2, 5, 15 and 16 as the

Accordingly, the adjusted length Al of the reactance
compensating distributed constant line 31 may be expressed by the
length shown by Equation 12.

[Equation 12]

BL
w,C

Al = -

It is noted that because the low noise amplifier 6 is
composed of FET (field effect transistor) and capacity between
a gate and source not shown is positive, X, < 0, By > 0 from Equation
10 and Al < 0 from Equation 12.

Because the line length of the quarter-wave transmission
line 32 isquarterwavelengthA /4andthe line lengthof thereactance
compensating distributed constant line 31 is the adjusted length
Al as described above, the line length L ;; of the impedance matching
transmiésion line 30 isA /4 + Al as shown in Fig. 5A. Still more,
because Al < 0, the line length L ;; of the impedance matching
transmission line 30 becomes a length obtained by subtracting an
absolute value of the adjusted length Al of the reactance

compensating distributed constant line 31 from the line length

(quarter wavelengthA /4) of the quarter-wave transmission line

32.



characteristic inpedance (characteristic inpedance corresponding to the
preset bandwi dth) Z1 of the quarter-wave transmssion line 32. Still nore,
the design formula shown in Equation 1gmy be expressed by Equation 19 as
the Kinverter KOl conposed of the K inverter transm ssion |line 33.

[ Equation 18] jr w Z, - 4 9192G [Equation 19] Zoxi NWKO | 8091 1
Because the i npedance matching transm ssion line 30 is conposed of the |ine
width W2 and t he gahe® the showlernfFegueddy {s.E.45 dHhe, charlactg@ardierc

i npedance is mai ntained constant) and the inpedance nmatching transm ssion

line 30 i ga¢eMBA§EH 10f 4 tik€and @R AisaRk & theNDERS Aldit 1L, S| Ptk &4 npRiett | i ne
31 and the 30 quarter-wave transmssion line 32 as explained in Fig. 5A

the chargeteniali ¢ -hiRRI88$6n239nE8304bEkoRE st BB LTPEFARGE RGNS he
transmssion line 30 is expressed by the characteristic inpedance

Z1
of the | mRANEEenEERHTRG e Gl S7ANPOUR T AP SATRRYEE e b s dF® by an
equi val ent ¢i oylt $87:E50I Kheshabs-waygsseri 2h. eagnater
When the susceptance By is compensated as described above,
impedance matching and band adjustment of the low noise amplifier
6 may be made possible similarly to the filter 70 by applying
Equations 1 and 2 described above to the impedance matching circuit

7.

Here, because the low noise amplifier 6 has relatively

large impedance (Z,) as described above, Gp << Yo, where Y0 is an
inverse number of Zo, and Equations 13 through 17 hold.

[Equation 13]

Z' = leGL +jX, =R +jX',

[Equation 14]

X, =-Z cotf = —x,(ﬂ—&)
w,

[Equation 15]



36 as shown in Fig. 5Csinilarly to the equivalent circuit shown in Fig.
4C. That is, the inpedance matching circuit 7a is represented by the

equi valent circuit in which resistors 34,and 39 denoted by Rs' and RL' are
connected to the both sides of the half-wave serial resonator 36. The
resistors 37 and 39 may be expressed by Equation 20 from Equations 6, 16
and 17. The quality factor Q may be expressed by Equation 21 from Equati ons
7, 16 and [Eghaticguatélon 201 RL _ Zo Z2C -go R s Kol 1 a 82 (-Equation 21]
x1 Zo x1 808182 Q_ 2 R S+R L Ka, 1+90l sw(g0+g2) g2/ Thus, differing from
the filter 70 shown in Fig. 4, the 31 inventive inpedance matching circuit
7a does not require two m'L'm(@ters and allows the line length LI1 of the

i npedance matching transmssion line 30 to be set as /4 + Al. Still nore,
because the characteristic inpedance Z1 of the quarter-wave transnission
line 32, i[Fguatigd difdracteristic inpedance Z30 of the inpedance matching
transm SS|on line 30, and the KO1 of the Kinverter 33 conposed of the K
inverter transm ssion Ilne 3B, are set so as to nmeet with Equations 18 and
19, it allows the inpedaR @6‘%&Tch| ng

Accordingly, the design formula shown in Equation 2 may
be expressed by Equation 18 from Equations 2, 5, 15 and 16 as the
characteristic impedance (characteristic impedance corresponding

to the preset bandwidth) Zz, of the quarter-wave transmission line

32. Still more, the design formula shown in Equation 1 may be

expressed by Equation 19 as the K inverter K composed of the

0,1

K inverter transmission line 33.

[Equation 18]

z - Y

4 8,8.G,

[Equation 19]

K@}_,ﬁ; ZoX,
8081

Because the impedance matching transmission line 30 is
composed of the line width W2 and the gap G2 as shown in Fig. 3A
(i.e., the characteristic impedance is maintained constant) and
the impedance matching transmission line 30 is composed of the

reactance compensating distributed constant line 31 and the



and band adjustnent to be carried out corresponding to the specific

bandwi dth w whil e reducing the occupation area of the inpedance matching
circuit 7a. Still nore, the inventive iggpedance matching circuit 7 also
al l ows the inpedance matching and bandw dth adjustnment in the sane manner
as descri bed above not only for relatively large inpedance such as the

i nput inpedance Z. of the low noise anplifier 6, but also for relatively
smal | i npeeknter stave asranmmiaaimn lingpedamse eXgladesdr iibelibat 8A) bhhet he

| ow noi se anplifier 6. Next, the configuration of the inpedance matching
circuit @bammx%@%#ﬂmqq@%tzgw(&%r%malofoﬁh?hémpgwanéﬁs!éa'aﬂlpim| er 6
w Il be explained. Figs. 6A, 6B and 6C are draw ngs for explaining

t ransni sst eandminesiai aind 3dhas eppdassed mt ehe nharadotdrti stic capeeshed to
the output termnal of the | ow noise anplifier 6, wherein Fig. 6Ais a
(partlally QAds Avide)d tadpvel.an view of the transmssion line, Fig. 6B is an
eqU|vaIent circuit of the transmssion line and Fig. 6Cis an equival ent

circuit using _the chﬁ¥8ré 36%} @ﬁ S{OWS 4P Fled- Hhk Ctdle Sdhrﬁ)ﬁgéﬁfgm

mat ching circuit 7 I'S conp e copl'anar wave- gui own |

5|n1IarIy t.he inpedance natchln CUIt 78, edance

mat chi ng °F FARAHPedBR e LAt ﬁvS&OW&lr}a?h%sﬁﬁgayoﬂmaefﬁﬁgedance
inverting distributed constant |ine) 43 The rlght side of the J inverter
transmi ss?HrifN FﬁlélXél?ﬂttcfferqqld:uuséepsf%%r?é‘@t RALH YAVe 195 1Rl EREOPRECENd |1 b

(see Fig. 1) via a transmssion line 45
36 as shown in Fig. 5C similarly to the equivalent circuit shown

in Fig. 4C. That is, the impedance matching circuit 7a is
represented by the equivalent circuit in which resistors 37 and
39 denoted by R’ and Ry’ are connected to the both sides of the
half-wave serial resonator 36. The resistors 37 and 39 may be
expressed by Equation 20 from Equations 6, 16 and 17. The quality
factor Q may be expressed by Equation 21 from Equations 7, 16 and
17.
[Equation 20]

R, Z,

8o
. - lecz, =
R's 'Kil 82

[Equation 21]

R +R', K02,1 (14_&) W(30+32)
82

0~ Xy Z, X, - _808:82

Thus, differing from the filter 70 shown in Fig. 4, the



havi ng characteristic i npedance Z45 of Z0. Still nore, the left side of the
i npedance matching transmssion line 40 in the figure is connected with the
| ow noise anplifier 6 (see Fig. 1). The3 i npedance mat chi ng transm ssi on
line 40, the J inverter transmssion |ine 43 and the transm ssion |line 45
function as a distributed constant circuit together with the dielectric
substrate 20 shown in Fig. 2 simlarly to the distributed constant circuit
expl ai ned inveotiwncinpadandd nktgchihg Siimdwdrd ya dolelse nortarerjud sieortwoi Re 35
of the inpedance matching circuit 7a (see Fig. 3), the transm ssion |ine 45

is conposeglveftdhe aniagAdh ok the21ankavémgta Ui e vhdtimpMaaitk Waechghgund
conductors 22 forned via the slits 23a having a gap GL.. The line length LF

of the tra@f%%ﬁi%&ﬂ %]n‘eks53iost9%e qeibi gald % ﬂl%@ﬁf%f@&%ﬁ% aits

adequat e | engt Meanwhi | the i npedance nmatching transm ssion l'ine
conposed ofnd hﬁa}f{%ri@ﬂ% 2hpeRBNCRIZ Aok fige Whildt B WL B rahSmidh BYer

than the line w descri bed above 'and the ground conductors 22 forned

h W
2bove. Acchrdr ity Fiear ShecEntFhERek st Selnpcdiild 1, Uk AEREGaRE
Wil be acbarenus ) ey isdtt i it GRry aPannBrEm (Ta B & HEVErAREnPasi on
| ine 45 described above. Still nore, the line length L12 of the inpedance
mat chi ng cemapesediforthe Keigper§epr esansmis i g dddreesdi Aed $ehgit ad theri ng
fromthat of the transm ssion |ine 45 described above (detail wl]l
meet with Equations 18 and 19, it allows the impedance matching
and band adjustment to be carried out corresponding to the specific
bandwidth w while reducing the occupation area of the impedance
matching circuit 7a.

Still more, the inventive impedance matching circuit 7
also allows the impedance matching and bandwidth adjustment in
the same manner as described above not only for relatively large
impedance such as the input impedance Z; of the low noise amplifier
6, but also for relatively small impedance such as the output
impedance Zs (described later) of the low noise amplifier 6.

Next, the configurationof the impedancematchingcircuit
7b connected with the output terminal of the low noise amplifier
6will beexplained. Figs. 6A, 6Band 6C aredrawings for explaining
transmission lines around the impedance matching circuit 7b
connected to the output terminal of the low noise amplifier 6,
wherein Fig. 6A is a (partially cut away) top plan view of the
transmission line, Fig. 6B is an equivalent circuit of the

transmission line and Fig. 6C is an equivalent circuit using the

J inverter.



be described later). The J inverter transmssion line 43 is conposed of
signal lines 21c and 21d having the line wdth WB and the ground conductors
22 formed via the slits 23 having the %?p &3. The signal lines 21c and 21d
have end portions 26a and 26b forned into a shape of conb and facing to
each other via a GAP having a predeterm ned gap d2. The J inverter

transm ssion line 43 of this sort may be represented by an equi val ent

circuit conposed ohAsafhowhpen FilCUih, 488 Dhpsddaces it dhiald cdirstiiitbubed
constant lines 43b connected to the both ends of the 7t-type circuit 43a

and havi ngs adngtsd €gt Rheotorl £edF WeRle Ig@ndlchshbd 88 WR ERmkhgr16B. It
is noted that the end portions 26a and 26b and the gap d2 of the GAP are

breset _afoRigiicheehRed (SIARA RNG1YALLE 7 £58 %1 HR] dnp SRLIRSAERLR ARt O

t he capacitor C described above.” Accordingly, as s n Fig. 6B,

i d i . i.r.cui 7 . .the7t - i i 43
of the  CoraRFTLRS ol B do ERaEY BR LONLSRah e 8% bl it Y RfREhEEUE e
bot h si des thereof and %iﬁ%ﬁgitribUted Qnsiant i ne 40a havin%

length LIBNYREEENE; 156 Sty 138205, L e e 8% ofehben Lr2
connected to the both sides of the distributed constant |ine 43b. Because
the J i nvérivyertansiiangmwif9iote 1488 §3chiptRe £ iwire Hes rennggéed vétht 43a
of the capacitor C and the distributed constant |ines 43b connected to the
bot h si dethe hmixefsatlaleandibdy (see Fig. 1) via a transmission line 45
having characteristic impedance Z,s of Zo. Still more, the left
side of the impedance matching transmission line 40 in the figure
is connectéd with the low noise amplifier 6 (see Fig. 1). The
impedance matching transmission 1line 40, the J inverter
transmission line 43 and the transmission line 45 function as a
distributed constant circuit together with the dielectric
substrate 20 shown in Fig. 2 similarly to the distributed constant
circuit explained in conjunction with Fig. 3.

Similarly to the transmission line 35 of the impedance
matching circuit 7a (see Fig. 3), the transmission line 45 is
composed of the signal line 2la having a line width W1 and the
ground conductors 22 formed via the slits 23a having a gap Gl.

The line length Ly of the transmission line 45 is not specifically
limited and may be set at adequate length.

Meanwhile, the impedance matching transmission line 40
is composed of the signal line 21c having a line width W3 which
is narrower than the line width W1l described above and the ground

conductors 22 formed via slits 23c having a gap G3 which is wider

than the gap G1 described above. Accordingly, characteristic



above, the J inverter transm ssion line 43 functions as the J inverter as
shown in Fig. 6C. Here, a known filter 80 conposed of the J inverters wll
be explained with reference to Fig. 7. égs. 7A, 7B and 7C are diagrans for
explaining the filter 80 conposed of the"J inverters, wherein Fig. 7Ais a
circuit diagramof the filter 80, Fig. 7B shows voltage anplitude of a
signal transmtting through the filter 80 and Fig. 7Cis an equival ent
circuit ofimpl@ahicet e[, 8¢ themihpehdnte wAechihgetrdiskOsPosed Gie tae i
inverters and explained in conjunction with Fig. 4, the filter 80 is a

one- st age prleidettes t ANPre e coPR28EE W1 R gabftam@weipﬁml a85crE508ate 8L, a J
inverter 82 denoted as Jol and connected via term nals Ps-P5' and a J

i nverter %@%ﬂfg %qf‘%%r'a'n% AR Ctmgze& et(ﬂ,evicflaﬁgéﬂé% gl]i%%- E’ggdég,eér%%%ﬁ

denoted as Yo i s connected to the I nverter oad as Yo
is connected to the.J.invert 83. It is..naoted that conductance ,seen from
t he hal f-\ﬁ%\?é’ epargffj;j‘ morrees’o%é‘teo]rg‘lgﬁ #eong{%(ijz ioﬂ‘%/(grg e}m%‘ﬁzél?rl'-’%? B tG TS s

assuned to be GS .and conductance seen fromthe hal f-wave gar allel .
resonat or tTEDSIGSSHANH1RR &Pt EF PESSEPAL e PG FRh e s &EnIthdid faLidith
design fornmulas for allowng the filter 80 to carry out the inpedance
mat chi ng &F®"bahat £dj the femnsidypsien3bine s de5e81bgd EheMe 6Ast2R1 ard 123.
[ EQuation 22] f F,igy-00-b9l JQ V W]J[Equation 231

be described later).

The J inverter transmission line 43 is composed of signal
lines 21c and 21d having the 1line width W3 and the ground conductors
22 formed via the slits 23 having the gap G3. The signal lines
21c and 21d have end portions 26a and 26b formed into a shape of
comb and facing to each other via a GAP having a predetermined
gap d2.

The J inverter transmission line 43 of this sort may be
represented by an equivalent circuit composed of a7 -type circuit
43a of capacitor C and distributed constant lines 43b connected
to the both ends of theTT -type circuit 43a and having a 1line length
of electrical length w/2 as shown in Fig. 6B. It is noted that
the end portions 26a and 26b and the gap d2 of the GAP are preset
at predetermined shape and value, respectively, corresponding to
the capacitor C described above.

Accordingly, as shown in Fig. 6B, the impedance matching
circuit 7b may be represented by the7T-type circuit 43a of the
capacitor C, the distributed constant lines 43b connected to the
both sides thereof and the distributed constant line 40a having

a line length L;; and a distributed constant line 45a having a line



JI,2 " b,Yo 9192 Were, bl denotes a slope paraneter of susceptance Bl and
the susceptance Bl may be expressed by Equation 24. [Equation 241 B, = b,
CU WO coo Q Because the half-wave pargflel resonator 81 is constructed
between the J inverters 82 and 83, the voltage anplitude 1V(z)l of a signal
transmtting through the half-wave parallel resonator 81 is open (anplitude
is maximzed) at the termnal sides P5-P5 and P6-P6' as shown in, Fig. 7B.
Still norédength kil tenn8Otedrey bkerepitesédeed Hythend esjunr o bed axirrschrit i n
whi ch conductances 87 and 89 denoted as Gs' and GL' are connected to the
both sidesinef 43e hal f-wave parall el resonator 81. The conductances 87 and
89 may be expressed by Equations 25 and 26. [Equation 25] 36 2 Gs - al O

LEﬁ]yati on 26] x GBpdcaude theYd iBhiddt ¥Ot LanEAUALE RS ik 380i 2&MPShdd the
a -Wwave

of the7T-type circuit 43a of the capacitor C and the distributed
constant lines 43b connected to the both sides thereof as described
above, the J inverter transmission line 43 functions as the J
inverter as shown in Fig. 6C.

Here, a known filter 80 composed of the J inverters will
be explained with reference to Fig. 7. Figs. 7A, 7B and 7C are
diagrams for explaining the filter 80 composed of the J inverters,
wherein Fig. 7A is a circuit diagram of the filter 80, Fig. 7B
shows voltage amplitude of a signal transmitting through the filter
80 and Fig. 7C is an equivalent circuit of the filter 80.

Similarly to the filter 70 composed of the K inverters
andexplained inconjunctionwithFig. 4, thefilter80isaone-stage
filter and is composed‘of a half-wave parallel resonator 81, a
J inverter 82 denoted as JO'1 and connected via terminals Ps-Ps’

and a J inverter 83 denoted as J1 and connected via terminals

2
P¢-P¢'. A load 85 denoted as Y is connected to the J inverter
82 and a load 86 denoted as Y, is connected to the J inverter 83.
It is noted that conductance seen from the half-wave parallel
resonator 81 to the J inverter 82 (Ps-Ps’' side) is assumed to be
GS' and conductance seen from the half-wave parallel resonator
81 to the J inverter 83 (P¢-P¢' side) to be G.'.

Here, known design formulas for allowing the filter 80

to carry out the impedance matching and band adjustment may be



parall el resonator 81. [Equation 27] G Lg0 G s 82 [Equation%28] Q61
808182 G s+GL w(g O ++82) Thus, differing fromthe K inverter, the J
inverters 82 and 83 invert admttance al f-wave parallel resonator 81) to
i npedance (hal f-wave serial resonator), so that the filter 80 is equivalent
to the half-wave serial resonator not shown. Accordingly, the filter 80
functions as one-stage filter by the half-wave serial resonator and
simlarl yekprébeediby eEqadt Shwosn22iandig3. 4, all ows the i npedance mat chi ng
and band adjustnment to be nade by setting the specific bandw dth w based on
Equati ons[Bdua®8omnal2 24 descri bed above. Al though the inpedance matching
circuit 7b of the invention neets with Equations 22 and 23 simlarly to the
i npedance matching circuit 7a_described above, the characteristic inpedance
Z40 and the line length L 1 ;yyghe i npedance matching transm ssion |ine 40
are preset at predeter%hne Wt es so that the occupation area can be
reduced as conpared to that o Befie filter 80. Next, the characteristic

i npedance Z40 and the line length L12 will be explained with reference to
Fig. 8A thEqugbi8f. 2Bi1gs. 8A, 8B and 8C are diagrans for explaining the
characteristic

Jys e Jw bY,
£182

Where,l%_denotes a slope parameter of susceptance Bland.the

susceptance B, may be expressed by Equation 24.

[Equation 24]

Because the half-wave parallel resonator 81 is
constructed between the J inverters 82 and 83, the voltage amplitude
lV(z)| of a signal transmitting through the half-wave parallel
resonator 81 is open (amplitude ismaximized) at the terminal sides
Ps-Ps’ and P¢-P¢' as shown in-Fig. 7B. Still more, the filter 80
may be represented by an equivalent circuit in which conductances
87 and 89 denoted as Gg' and G’ are connected to the both sides
of the half-wave parallel resonator 81. The conductances 87 and
89 may be expressed by Equations 25 and 26.

[Equation 25]



i npedance Zoo and the line length L 12 of the inpedance matching circuit 7B
connected to the output termnals of the low noise anplifier 6, wherein
Fig. 8Ais acircuit diagramof the i ance matching circuit 7b, Fig. 8B
shows voltage anplitude of a signal transmtting through the inpedance
matching circuit 7b and Fig. 8Cis an equivalent circuit of the inpedance
mat ching circuit 7b. The inpedance matching circuit 7b shown in Fig. 8Ais
conposed of the inpedance, matching transm ssion line 40 and the = J inverter
transm ssion line 43;as ®xpl ained in connection with Fig. 6. The inpedance
mat chi ng transm ssion®line 40 is conposed of the quarter-wave transni ssion
line (quarter-wave distributed constant |ine) 42 having characteristic
i npedance Z1 and the reactance conpensating transm ssion |ine (reactance
conpensating distributed constant |line) 41 connected with the quarter-wave
transnisskggugkggn4§6]The line length of the quarter-wave transm ssion |ine
rter wa

42 is qua velength A /4 simlarly to the 38 quarter-wave transm ssion
line 32 (see Fig. 5A). The quarter-wave transnmission line 42 is connected
with the J inverter transmssion line 43 via input termnals P8-P8 and the
J inverter transm ssion j@ne 43 is connected with the transm ssion |ine 45.
Still nore, the read?ancFLconpensating transm ssion line 41 is connected
with the low noise anplifier 6 (see Fig. 1) via output term nals P7-P7'
Thus, the line length of the quarter-wave transmssion line 42 is preset at

a half of a half-wave transm ssion line (not shown) conposing the half-wave
paral l el resonator 81 of the filter
Still more, Equations 27 and 28 hold in the half-wave

parallel resonator 81.

[Equation 27]

[Equation 28]

0- b, - 508182
G's+G', W(go+gz)

Thus, differing from the K inverter, the J inverters 82
and 83 invert admittance (half-wave parallel resonator 81) to
impedance (half-wave serial resonator), so that the filter 80 is
equivalent to the half-wave serial resonator not shown.
Accordingly, the filter 80 functions as one-stage filter by the
half-wave serial resonator and similarly to the filter 70 shown
in Fig. 4, allows the impedance matching and band adjustment to

be made by setting the specific bandwidth w based on Equations



80 explained in connection with Fig. 4Asimlarly to the Iine length of the
quarter-wave transm ssion line 32 (see Fig. 5A). Still nore, because the
out put i npedance (inpedance of | oad) of Ehe |l ow noise anplifier 6 is very
smal|l as conpared to the input inpedancé ZL descri bed above, the | ow noise
anplifier 6 may be handled as shorted and the two J inverters are not
necessary. Then, the J inverter transm ssion |line 43 conposes the J

inverter (Qanweid en d@fscigegnpedaace inverting circuit) J1 2 only on the
input termnal side P8-P8 . That is, voltage anplitude IV(z)l of a signal

transm tting throughsiPeoGuiar tRE- Wi ddn@eS TSSkiPihd | Berda: Pegames: ase Shown

in Fig. 8B. It is a quarter-wave, IS opened (anplltude I's maxim zed) on t he
| nput ter@ﬂy%qu&h g@t?@ltﬂ di?f%§§52 Y%% gkg%ﬂgh. tQQEﬁa %g&gﬁg
side P7-P n or er to app guat1 ons cribe |Ie
t hus settin he | th of th? rter- ve t ransm ssi.Qn
quarter wiraa R Pt PP b aliovEr TR SRR dd aneeting
transmssion line 41 is set at adjusted length Al 39 so as to conpensate
(cancel ) rea@nghtbe(¥ascilangéhob If efdyh&singedange m@hchdnget BapsNiseion,
Here, the output inpedance Zs of the low noise anplifier 6 wll be defined
as Equati driinzo 40\Wee preReti at rregda tgigei npfd vigd uesus puthd thpbgapeeurat hpn Xs
is reactance of the output inpedance Zs. [Equation 29] Zs - Rs + | Xs
area can be reduced as compared to that of the filter 80.
Next, the characteristic impedance Z40 and the 1ine length
Li; will be explained with reference to Fig. 8A through 8C. Figs.
8A, 8B and 8C are diagrams for explaining the characteristic
impedance Z4;, and the line length L ;, of the impedance matching
circuit 7B connected to the output terminals of the low noise
amplifier 6, wherein Fig. 8A is a circuit diagram of the impedance
matching circuit 7b, Fig. 8B shows voltage amplitude of a signal
transmitting through the impedance matching circuit 7b and Fig.
8C is an equivalent circuit of the impedance matching circuit 7b.
The impedance matching circuit 7b shown in Fig. 8A is
composed of the impedance matching transmission line 40 and the
J inverter transmission line 43 as explained in connection with
Fig. 6. The impedance matching transmission line 40 is composed
of the quarter-wave transmission line (quarter-wave distributed
constant line) 42 having characteristic impedance Zl and the
reactance compensating transmission line (reactance compensating
distributed constant line) 41 connected with the quarter-wave

transmission line 42. The line length of the quarter-wave

transmission line 42 is quarter wavelength A/a similarly to the



Because the output inpedance Z. of the |ow noise anplifier 6 is very
as conpared to the input inpedance ZL described above, |IZsl << Zo and
output term nals P7-P7' may be handl ed s shorted. Accordingly, becau
guarter-wave transm ssion |ine 42 can 1ncrease/ decrease the reactanc
adjusting the increase/decrease of its line length (quarter wavel engt
simlarly to the reactance conpensating distributed constant |line 31
Fi g. 5A), qtaeteadiwsted rdaasgtbhsAbndfind82 r(eaetBinge5A¢onpENs ghangetrraasgl SSi on
line 41 is preset so as to neet with Equation 30. Wiere, L is inducta
H m per utténseigshon 1[ingued iencSih e dOddvithXheAochivh By trahemagdgtished
| ength Al of the reactance conpensating transmssion |ine 41 may be

represent egndy Bvh gngli hut MRetlin@1W H L FHauatd @hedd- uf%rt{eliqu%hemﬁ&hoxs At

wOL

It

is noted that the output inpedance Zs of the |ow noise anplifi

is Xs < Olf é’ﬂi@r lsyct)ﬂnte%%ehnspfﬁh h%%%%n&'ssﬁ%ﬂ ﬂne 45@ erQTl'qugEbo

Meanwhi | e, because the Iine | engt

he™ quarter-wave transm ssion [

I he i I
L7 ansm serbh o hrE PetpRRSa g e angrn oh Tiehd RN ERGRECER

i npedance

the low noise amplifier 6 (see Fig. 1) via output terminals P,-P,’

Thus, the line length of the quarter-wave transmission
line 42 is preset at a half of a half-wave transmission line (not
shown) composing the half-wave parallel resonator 81 of the filter
80 explained in connectionwith Fig. 4A similarly to the 1line length
of the quarter-wave transmission line 32 (see Fig. 5A). Still
more, because the output impedance (impedance of load) of the low
noise amplifier 6 is very small as compared to the input impedance
Z;, described above, the low noise amplifier 6 may be handled as
shorted and the two J inverters are not necessary. Then, the J
inverter transmission line 43 composes the J inverter (inverter
of the impedance inverting circuit) JL2 only on the input terminal
side Pg-Pg’. That is, voltage amplitude |V(z)| of a signal
transmitting through the quarter-wave transmission line 42 becomes
as shown in Fig. 8B. It is a quarter-wave, is opened (amplitude
is maximized) on the input terminal side Pg-Pg’' and is short
(|v(z)|=0) on the output terminal side P;-P;’

In order to apply Equations 23 and 24 described above
while thus setting the 1ine length of the quarter-wave transmission
line 42 at quarter wavelength A /4, the line length of the reactance

compensating transmission line 41 is set at adjusted length Al

smal |
t he
se the
e by
h Al 4)
(see

nce

ier 6
n 31.

ine 42
sating
f the



mat ching transmssion line 40 is A /4 + Al as shown in Fig. 8A -
Accordingly, the line Iength L12 of the inpedance matching transm ssion
line 40 is the I ength obtained by subtracting an absolute value of the
adjusted length Al of the reactance céﬁbensating transm ssion line 41 from
the line length (quarter wavelength A /4) of the quarter-wave transm ssion
line 42 simlarly to the line length L Il of the inpedance nmatching

transm ssgonas ithe cotPendaiet { 886€eY§' ré&fethidO e tianpet oFershaplg BB- P8’
to the inpedance matching transm ssion line 40 side may be expressed by

Equati on BRe &8¢ ggygélgm%?§fpér3@.holds. [Equation 32] YYS - 2 + jBL ~ GS
+jB'S [Equation 331 41 Ycot 6. -b WOw m [Equation 34] b, -4Y,

[Equation 35] G s- R, At hoGinde 2, & thez WD, A0, LAyehzg QUTDe!

of the characteristic |npedanc Jarter-wave transm §sion Iine 42

s assunﬁg tllf“%e defined as Equation 29. Where, Rs 1is resistance of the

output impedance Zs and Xs is reactance of the output impedance
Zs.

[Equation 29]

Z, = R, + jX,

Because the output impedance Z_of the lownoise amplifier

6 is very small as compared to the input impedance Z; described

above, |Z_.] << Zz, and the output terminals P,;-P;’ may be handled

s
as shorted. Accordingly, because the quarter-wave transmission
line 42 can increase/decrease the reactance by adjusting the
increase/decrease of its line length (quarter wavelength A/4)
similarly to the reactance compensating distributed constant line
31 (see Fig. 5A), the adjusted length Al of the reactance
compensating transmission Iine 41 is preset so as to meet with

Equation 30. Where, L is inductance H/m per unit length.

[Equation 30]

woLAL = X ¢
Accordingly, the adjusted length Al of the reactance
compensating transmission line 41 may be represented by a length

meeting with Equation 31.



adm ttance (characteristic inpedance corresponding to preset bandw dth) Y1,
the design fornula represented by Equation 22 may be expressed by Equation
37 as the admttance Y1 of the quarter-ygve transmssion line 42 from
Equations 22, 25, 34 and 35. Still nore, the design fornula represented by
Equation 23 may be expressed by Equation 38 as the J inverter (inverter of
t he i npedance inverting circuit) conposed of the J inverter transm ssion
line 43. [[Hampadtioon334] Y9 w ' 4 S1IS2Rs 42 [Equation 38] J 1-,2 - Y n
fig 1Yp 0 11 11 Because the inpedance matching transmssion line 40 is
constructed wth the line wdth WB and the gap G3 as explained in

Fi g. 6Aandi sconposedof the redctance conpensating transmission line 41 and

t he quarter-wave transm 84Fomtine 42 as explained in Fig. 8A the
characteristic inpedance Z4d"°(§f t he i npedance matching transm ssion |ine 40

descri bed above may_be expre d. by inpedance based on the adpittance Yl
descri bed above. Bg{:%&%n%%‘itsﬁ%&ﬁst%?o UStSlQPﬁgﬁBF,e %%8fctil'1'ecg]f°?’ P &Rfr am

of the inpedance matching circuit 7b shown in Fig. BAmay be expressed
amplifier 6 is Xs < 0 similarly to the input impedance Z; and Al

< 0 from Equation 31. Meanwhile, because the line length of the
quarter-wave transmission line 42 is quarter wavelength A /4 and
the line length of the reactance compensating transmission line
41 is the adjusted length Al, the l1ine length L ;; of the impedance
matching transmission line 40 is A /4 + Al as shown in Fig. 8A.
Accordingly, the 1line 1length Lj;; of the impedance matching
transmission line 40 is the length obtained by subtracting an
absolute value of the adjusted length Al of the reactance
compensating transmission line 41 from the line length (quarter
wavelengtth/4)ofthequarter—wavefransmissionline42similarly
to the line length L ;; of the impedance matching transmission line
30.

Admittance Ys’' seen from the input terminals Pg-Psg’ to
the impedance matching transmission line 40 side may be expressed
by Equation 32, and Equation 33 or 36 holds.

[Equation 32]

R
Y= Z_i- +jB, mG's+jB's

1

[Equation 33]



by an equivalent circuit seen fromthe half-wave parallel resonator 46 as
showmn in Fig. 8Csimlarly to the equivalent circuit shown in Fig. 7C. That
is, the inpedance matching circuit 7b naY be expressed by the equival ent
circuit in which conductances 47 and 4%ldenoted as Gs' and GL' are
connected to the both sides of the half-wave parallel resonator 46. The
conductances 47 and 49 may be expressed by Equation 39 from Equations 27,
35 and 36. The quality factor Q may b xpressed by Equation 40 from
Equations 28, 35 and 36. B Eqtiatotch= —%--%é%l\]i 2-So0 G S s Rs S1 43

[ Equation 40] bi z1 bl _ 808182 Q G s+®&oL R5/(1+g0/ wg0+8z tt 82

Accordi ngly, the inpedance matching circuit 7b is equivalent to the

hal f - wave %Eﬁﬁoge%q ator not shown simlarly to the filter 80 shown in
Fig. 7, fJn@tlons as one-stage filter by the half-wave serial resonator and
simlarly to the inpedance matching circuit 7b described above, allows the
i npedance matching and bandw dt h,adpmust nent to be nmade based on Equati ons

37 and 38. Still nore, because thQIT" t inmpedance of the power anplifier 5
shown in Fig. 1 is also relatively large and the output inpedance is
relative small load simlarly to the | ow noise anplifier

[Equation 35]

[Equation 36]

G', 'Zojlz,z

When an inverse number of the characteristic impedance

Z1 of the quarter-wave transmission line 42 is assumed to be

admittance (characteristic impedance corresponding to preset
bandwidth) Y ., the design formula represented by Equation 22 may
be expressed by Equation 37 as the admittance Y1 of the quarter-wave
transmission line 42 from Eqﬁ‘a'i:ions 22, 25, 34 and 35. Still more,
the design formula represented by Equation 23 may be expressed
by Equation 38 as the J inverter (inverter of the impedance inverting
circuit) composed of the J inverter transmission line 43.

[Equation 37]

4 w
Y, -2

4 8,8,




6, the present invention is applicable to the inpedance matching <circuits
7c and 7d connected respectively to the input and output termnals of the
power anplifier 5. It is noted that the4§npedance mat ching circuit 7c has
the same structure with what the right nd lef-t sides of the inpedance
matching circuit 7a showmn in Fig. 3 are reversed in Figs. 3 and 5 and the
i npedance matching circuit 7d has the sane structure with what the right
and left siglagatofon td) i npedance matching circuit 7b shown in Fig. 6 are
reversed in Figs. 6 and 8, so that their explanation will be omtted here.
Still nore, although the powe lifier 5 and the low noise amplifier 6
have been shown as exajple wofiggg | oads, the invention is applicable also
to | oads such as the phdse s gJggrs 44 10a and 10b, the mixers |la through
I1d and the voltage controlled oscillator not shown of the phase | ock | oop
9 held inthe RF circuit 2a (see Fig. 1) . Still nore, the load is not
linmited to be capacBefdsse| bag iampedanyrepBatrabiiRgi Veanuskesion ddae 40chse,
the adjusted length A | becomes positive, so that the line lengths L11 and
L12 of theconstpedarmd wietic ity ltimensiiidddi o3 lande$h80gapdGalOasegxpbained
configured as a sumof the line length (quarter wavelength A /4) of the
quart er - waMeF i §aBsarambi ©8ohpoesd 32 tavedr &kt tadittd drempdassd tieg vahnemi ©fidme
adjusted length A 1 of the reactance conpensating transm ssion lines 31 and

41. The i@ﬁd@wmcﬂﬂéq{)&&s@éﬂm@%&sms@%nl hAhted2 B8 arpehimgafor

maxi m zing el ectric power but is applicable to matching corresponding to
i npedance fhaf; gl NA1 Z@peNQheacRd@Xstic impedance Z,, of the impedance

matching transmission line 40 described above may be expressed
by impedance based on the admittance Y1 described above.

Because Equations 37 and 38 are met, the circuit diagram
of the impedancematchingcircuit 7b showninFig. 8Amay be expressed
by an equivalent circuit seen £from the half-wave parallel resonator
46 as shown in Fig. 8C similarly to the equivalent circuit shown
in Fig. 7C. That is, the impedance matching circuit 7b may be
expressed by the equivalent circuit in which conductances 47 and
49 denoted as Gg’' and G’ are connected to the both sides of the
half-wave parallel resonator 46. The conductances 47 and 49 may
be expressed by Equation 39 from Equations 27, 35 and 36. The
quality factor Q may be expressed by Equation 40 from Equations
28, 35 and 36.
[Equation 39]

G Z
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It is noted that in the present enbodi nent, the inpedance matching for the
power anplifier 5 is that of maxim zing electric power and the inpedance
mat ching for the I ow noise anplifier 6 is that of mnimzing the noise

i ndex. The structure of the inpedance 4#&tching circuit 7d is the sane with
what the right and left sides of the inpedance matching circuit 7c shown in
Fig. 8 are reversed in Figs. 6 and 8, so that its explanation wll be
omtted here. Next, tions of the inpedance matching circuit 7 of the
invention?gguﬂéﬂpnaé%gf the seni conductor el ement 2 and the radio

comuni cation device 1 using the same will be explained with reference to
Fig. 1. It is noted that in the present enbodi nent, a case of naking speech
conmuni cati ons through, the &adi g Zicorbuni cat8«8a8devi ce 1 described above as

mobi | e conmuni cati on Geaos ha ng §9qudg%qqﬁ§nitting means of a

m crophone and speech receiving negits—of a speaKer will| be expl ai ned. Wen
an operator makes speech communi cation8by using the radio conmunication
device 1 for exanple, the operator inputs a start command through starting
means not shown provided in the radio comunication device 1 to start the
radi o communi cation device 1. Further, when the operator inputs a connect
command t hrough i npd¢cordirdknt Shewimpedenged matatHa g ael ecebhmiibi d&t i on
device 1, the radio communication device 1 is connected with another radio
communi cakiquivddeindtetd' theohadliowaveosasiab Hesomat®t nott stameamisti milecdiyve
speech signals through a public line or a network. Wen the operator inputs
a speech siogrdlk F@1tBe §@EHbwn in Fig. 7, functions as one-stage filter

by the half-wave serial resonator and similarly to the impedance

matching circuit 7b described above, allows the impedance matching

and bandwidth adjustment to be made based on Equations 37 and 38.

Still more, because the input impedance of the power

amplifier 5 shown in Fig. 1 is also relatively large and the output

impedanceisrelativesmall loadsimilarly tothe lownoiseamplifier

6, the present invention is applicable to the impedance matching

circuits 7c¢ and 74 connected respectively to the input and output

terminals of the power amplifier 5. It is noted that the impedance

matching circuit 7c has the same structure with what the right

and left sides of the impedéﬁéelnatching circuit 7a shown in Fig.

3 are reversed in Figs. 3 and 5 and the impedance matching circuit

7d has the same structure with what the right and left sides of

the impedance matching circuit 7b shown in Fig. 6 are reversed

in Figs. 6 and 8, so that their explanation will be omitted here.

Still more, although the power amplifier 5 and the low

noise amplifier 6 have been shown as examples of the loads, the

invention is applicable also to loads such as the phase shifters



comuni cation device 1 through a m crophone not shown in this state, the
speech signal is inputted to a DSP not shown. The DSP carries out
predeterm ned digital processing such as coding to the inputted speech
signal and then outputs it as an input <idgnal SI| to the digital signal
processing circuit 2c of the sem conductor element 2 shown in Fig. 1. The
digital nDduIator 18 in the digital signal processing circuit 2c carries

out predet e ned, di gi t,al %%Sﬂag% bRghnPry M cRL ARl 808, L PeD

di vi des the |npu S|gna §?Fe npu FBe e conver

circuit 2b. converters 16 16b of nverter_circuit. 2b
Convert ¢ haSHt ST PRAEDSTR Ah s PIAREoL Sial 867 BRGG kRS R hEpuLt
respectively to the | ow pass fllters 13c and 13d. The | ow pass filters 13c
and 13d reﬁéJéem§ﬂ9hh?nnﬁﬁ%%kﬁ%@%eﬁ?eéPaQ#ﬁﬁ?ﬁé&W1§P8$9b%ﬁPpéﬁthﬁ?put
the input signal SI1 to the mxers ------------- - - -------- 46 |lc and Ild
of the RF &ppdwind pay bRbHrMeice Load phdgeshokla ¢@@@ thejad iurted-lengthit 2a
outputs a carrier signal of carrier frequency (2 . 45 GHz) to the phase
shifter 10 nnsbddiesphaseatshieft 6 tiobt ctHepUlihe UL geakr Ler asdgngl sfwense
phase are different by 90 fromeach other to the mxers Ilc and Ild. The

m xers || ciapddddée GddHitg thanknpysish dnialesSBd and hot ey o EbREighgsal s
and output to the power anplifier 5 via the inpedance matching circuit 7c

in a mannegg of 4 31”6(}90&}?4 l”‘PrE’é"féﬁ%ﬂéafgﬁé‘y'?grtﬂﬁvia@ﬂgéﬂcﬁ PZPi #”Qh

circuits 7c and /d are set so as t y out the I npedance nw ng of
nax'n]Z'ngq8£§§E£L$ave transmission lines 32 and 42 and the absolute value

of the adjusted 1length A 1 of the reactance compensating
transmission lines 31 and 41.

The impedance matching described above is not limited
be matching for maximizing electric power but is applicable to
matching corresponding to impedance that minimizes noise index.
It is noted that in the present embodiment, the impedance matching
for the power amplifier 5 is that of maximizing electric power
and the impedance matching for the low noise amplifier 6 is that
of minimizing the noise index. The structure of the impedance
matching circuit 7d is the same with what the right and left sides
of the impedance matching circuit 7c shown in Fig. 8 are reversed
in Figs. 6 and 8, so that its explanation will be omitted here.

Next, actions of the impedance matching circuit 7 of the
invention as well as of the semiconductor element 2 and the radio
communication device 1 using the same will be explained with
reference to Fig. 1. It is noted that in the present embodiment,
a case of making speech communications through the radio

communication device 1 described above as mobile communication



power as described above, the electric power of the input signal SI1lis
anplified to a predeterm ned value by the power anplifier 5 while
mnimzing its loss and is outputted vi %&t he i npedance matching circuit 7d.
Still nore, because the predeterm ned ndw dth is preset by the specific
bandwi dth w in Equations 37 and 38, the input signal SIlI corresponding to
the specific bandwdth wis inputted to the antenna 3 via the switch 12.

Then, the adfeaMRvidd sgbabRSt tdishUin S hBARL oF h WiELSphyht YarBhblzbW Ng
its electric power as an output signal SO1 through el ectromagneti c wave.

Thus, therggé?ﬁingi%g@ﬂs d éssﬁt%%{@fﬁvs{fﬁ g d:h51 Lihed. radi o conmuni cation

device 1' via e public line or e network. When the antenna 3 receives an

i nput signal SI2 fr i jcati an Vi C - e i nput
signal SI2 is out pﬁﬁ?égﬁ% 88%E§&P%pa}%gc}§en§c§ggn§?%hﬁlg C|£rjcgaultji]toerl7éyvlfstém%écﬂé%m tch
12. Because_t he i npedance, matchiig% ﬁ: rcuits 7a. and 7b are set so a

to
carry out TR HEE Hat Phidsy APHi SXABP ST sE'F RSP 1R 5Sh fut
signal SI2 is anplified to a predeterm ned value by the |ow noise amr)ll ifier
6 while mataryi FRTPARStRFRIIR APt deARS e ShAYEd RFCY idedc Aibnghe
circuit 7b. Still nore, because the predeterm ned bandwi dth is preset by
t he speci f redbardwindnhcatian deyiate bhe st8riddeiadiotroanipigatdendeviieg
above, the input signal S12 corresponding to the specific bandwidth wis
bi f ur cat edl1 andrurttimit t etheino thieeopexatsr| iapats a |doniéanwonimand harphahe
| ock loop 9 outputs the carrier signal also to the phase shifter 10a,
simlarly {gptbenddias@octhshb®h gPbvided in the radio communication device
1, the radio communication device 1 is connected with another radio
communication device 1° not shown so as to be able to
transmit/receive speech signals through a public line or a network.
When the operator inputs a speech signal to the radio
communication device 1 through amicrophone not shown in this state,
the speech signal is inputted to a DSP not shown. The DSP carries
out predetermined digital processing such as coding to the inputted
speech signal and then outputs it as an input signal SI1 to the
digital signal processing circuit 2c of the semiconductor element
2 shown in Fig. 1. The digital modulator 18 in the digital signal
processingcircuitcharriesoutpredetermineddigitalprocessing
to the input signal SI1 and then divides the input signal SI1 bit
by bit to input to the A/D converter circuit 2b.
The DA converters 16a and 16b of the A/D converter circuit
2b convert the divided input signal SI1 into analog signals and
output respectively to the low-pass filters 13c and 13d. The

low-pass filters 13c and 13d remove high-harmonic component of

the input signal SI1 and output the input signal SI1 to the mixers



and the phase shifter 10a outputs the carrier signals whose phase differs
by 90 fromeach other to the mxers Ila and IIb. The mxers Ila and Ilb
conbines the input signal SI2 with the carrier signals described above and
in a manner of orthogonal derodul at i on, 4 output to the lowpass filters 13a
and 13b as an |-axis base band signal and a Q axis base band signal,
respectively. The lowpass filters 13a and 13b renove hi gh-harnonic

conponent ofc Lig h1axbf tr&af& EpRe, £t %al ABAnGhaxts HRsprRad18baNBboand
output themto the variable gain anplifiers 1l4a and 14b.” The vari abl e gain

anplifierg 31:6 FJC%.QC%HSCZE% g: ﬁ"&@tgga§kg@§|51 Vae_L ?fcatj:}l%.er @i‘é%xelp@fe

band si gnal Q axi's si gnal and out en1to he Al

converters 5b Th anyvert 15b er nput t ed
| -axis ba§e gﬂglgnafh Rg 5%12' asgﬁ a%a% q% Ses @¥ leq%ﬁ é?gﬁals
and out put then1to t he dlgltal denDd | at o 17 f the d g|t nal
processi ndRg @Rt SHHRIA giege P dﬁFﬁt f?rEBFrpgsggut BJe?H i ned
digital denpdulation to the I-aX|s base band S|gnal and Q axi s base band

si gnal and®Bapics the migerhel bsENbl IshowihasnbrrButldut adidghafl Sgminhen,
the DSP carries out predeterm ned digital processing such as decoding to

t he i nputthed iougyputsiginglalSISOR1ighdtveit patsiehe ignglst asidgpatp8E2to othe he
speaker. Because the inpedance matching of mnimzing the noise index is
carried oyowdheamputifiukerss ghal tiEO2mpedattpuidtethi g ofrthet Spedk @ masn&r
speech signal having a good sound quality. As described above, because the

i npedance d@Rt&ENegordl Ghbdul/atford he invention can be configured by one
i nverter and

Because the impedance matching circuits 7c and 74 are
set so as to carry out the impedance matching of maximizingelectric
power as described above, the electric power of the input signal
SI1 is amplified to a predetermined value by the power amplifier
5 while minimizing its loss and is outputted via the impedance
matching circuit 7d4. Still more, because the predetermined
bandwidth is preset by the specific bandwidth w in Equations 37
and 38, the input signal SI1 corresponding to the specific bandwidth
w is inputted to the antenna 3 via the switch 12. Then, the antenna
3 radiates the input signal SI1 while fully amplifying its electric
power as an output signal SO1 through electromagnetic wave. Thus,
the output signal SOl istransmittedtotheother radiocommunication
device 1’ wvia the public line or the network.

When the antenna 3 receives an input signal SI2 from the
other radio communication device 1’, the input signal SI2 is
outputted to the impedance matching circuit 7a via the switch 12.
Because the impedance matching circuits 7a and 7b are set so as

to carry out the impedance matching of minimizing noise index,



so as to have the line length of A/ 4 + A1 while allow ng the inpedance
mat chi ng and bandw dth adjustnent to be carried out, its occupation area
may be reduced to a relatively small one. It allows the sem conductor
element 2 to be made by the SOC (Systed®n a Chip) of realizing the whole
system by one chip and the sem conductor elenent 2 and the radio

comuni cation device 1 to be domnsized and their cost to be reduced It is

not ed thatth%{]gﬁ,gpesq o EE%C{Q; @% '0 'd%%%m§g.ean-9?f9 SttﬁgA and

i npedance & ng CI nee not

6A and may be forned furthe

occupat | ofos Batet mdkeTedas "’é}ello"fratlé‘ﬁ{“%lBPr‘&?ﬂ‘ie fmr‘?a§7sb°eut}%‘b€tcee% Y8 t her
by narrowing the width of the transm ssion |ine. is . a (partially cut

away) top thel JHRGIRDE PHER IS ESTEBh 1TPne éﬁ%%kemﬁﬁedaHE%aHﬁ?cﬁPﬁg
circuit 7a when the width of the transm ssion line is narrowed. As shown in
Fig. 9, aPredetgrained1Pandididtyds ereset by Hdra sRESHEL S bandvhetnsy dne
narrowed whil e keeping the sane ratio wth that of the line wwdth W and

t he gap GEquiattilbast l®asd 5%isdmidarlly ae d85Sceipked alzavé n tReginBut Adgaradi ngl v,
characteristic inpedance Z35 of the transmssion line 35 is kept at Zo

whi | e nar sa@ sgribeponddhy ©f tHee sipeaiFiicsbandwlidnh. w S dnidisfuncdted hald, a
line width W20 and a gap Q20 of the inpedance matching transm ssion |line 30

are narrowgguw&@betgeeabnglxgbg $ageapna@tiopwith that of the line width W
and the gap & of the inpedance matching transm ssion line 30 explained in

Fig. 3. Meanwhile, the phase lock loop9outputs thecarriersignal

also to the phase shifter 10a, similarly to the phase shifter 10b,
and the phase shifter 10a outputs the carrier signals whose phase
differs by 90° from each other to the mixers 1la and 11b. The
mixers 1lla and 11b combines the input signal SI2 with the carrier
signals described above and in amanner of orthogonal demodulation,
output to the low-pass filters 13a and 13b as an I-axis base band
signal and a Q-axis base band signal, respectively. The low-pass
filters 13a and 13b remove high-harmonic component of the I-axis
base band signal and Q-axis base band signal and output them to
the variable gain amplifiers 14a and 14b. The variable gain
amplifiers 14a and 14b boost attenuated signal level of the I-axis
base band signal and Q-axis base band signal and output them to
the AD converters 15a and 15b. The AD converters 15a and 15b convert
the inputted I-axis base band signal and Q-axis base band signal
into digital signals and output them to the digital demodulator
17 of the digital signal processing circuit 2c. The digital
demodulator 17 carries out predetermined digital demodulation to

the I-axis base band signal and Q-axis base band signal and outputs



Accordi ngly, characteristic inpedancezZ30ofthe inpedance matching

transm ssion line 30 is kept at a predetermned value (83.4 0 simlarly as
descri bed above) while narrowing the width of the transmssion line. It is
noted that because the stabs 25 are prddet at predetermined line length to
construct the inductance L of the K inverter (see Fig. 3B) as described
above, a distance between the ground conductors 22 in the K inverter

transm ssj | i 3 i,s timted to b u congduct o [ LE shown
i F g, ot8 g ey dfond Ik B hepl® At B U EnEirBeRRg e S T
be denoted by th ane.referenc uneral s and their explanation w be
ori tted HERE, PRERE SR Fip AN LRl naEAPR Lo Paf ST s A% P THE S0 4 hhech
the transm ssion_|ine whose width is narrowed is forned in neander while
keepi ng t hBPEREPACTEYREY i anddedncarndi PRt xtdraitdPuli SAINAES 8PEnte to
Figs. 10A through 10E. Figs. 10A through 10E are schematic diagrans of the
i npedancethet eh¢éalgeri r Agcaupg ther dgeedagceppasghiingl et mg¢nivyzisguthag t he
K inverter, wherein Fig. 10A shows a case when the transmission line is
fornmed i nnokaadende¥i s dOR i sitowsthe cagpuwhengnhd Spanssi estpattede is
di sposed adjacent to the Kinverter, Fig. 10C shows a case when a w dth of

t he groundrofottgliGipdakie: A8l BshcHisdgnlADhationg @ fase swhaa gheladjacent
ground conductors are renoved and Fig. 10E shows a case when the

transmssion line igasf@ezedipelihiaboiRe Bl LolIC Ahedistanagtchinghe
i npedance matching circuit 7a shown in Fig. 10A,

circuit 7 of the invention can be configured by one inverter and
soas tohavethe line lengthof A /4+ Alwhileallowingthe impedance
matching and bandwidth adjustment to be carried out, its occupation
area may be reduced to a relatively small one. It allows the
semiconductor element 2 to be made by the SOC (System On a Chip)
of realizing the whole system by one chip and the semiconductor
element 2 and the radio communication device 1 to be downsized
and their cost to be reduced.

Itisnotedthat the impedancematching transmission lines
30 and 40 of the impedance matching circuit 7 need not be'straight
as shown in Figs. 3A and 6A and may be formed in meander to downsize
further. 1In this case, the occupation area of the impedance
matching circuit 7 may be reduced further by narrowing the width
of the transmission line. Fig. 9 is a (partially cut away) top
plan viewof the transmission line of the impedancematching circuit
7a when the width of the transmission line is narrowed.

As shown in Fig. 9, a line width W10 and a gap G10 of
the transmission line 35 are narrowed while keeping the same ratio

with that of the line width W1 and the gap Gl of the transmission



the strai ght inpedance matching transm ssion line 30 explained in Fig. 3C

is formed in neander such that the signal line (white |ine) 21 turns its
direction to the right and left within the figure together with the slits
(black I'ine) 23. Because the signal lin® 21 is formed so as to be adj acent

to each other via the slit 23, the ground conductor 22a and the slit 23, an
area occupied by the ground conductor 22a in the inpedance matching circuit

7a may bejihe 1d{hdden FIREAANCR-BBLE Mh Py Chavhbté218R9WN rhRd aEhge 108,
t he i npedance matching transmssion line 30 fornmed in nmeander 1S 3|sposed

bet veen ¢ e, S+l BHETE£nLh0SML3S] A Lisne-3R A0 S oM e RLSS AN hleer ©

In the |npédance mat ching circuit 7a shown i t he

gr ound coadﬁﬁ oBfZ%Eei%rnarkgmeq nnge than a wwdth t of the ground
conduct or "$Hown i n "By T2OB™ PP 8Rabi 8BS an area occupied by the ground
conductor 22a in the inmpedance natchi circuit 7a may be reduced further.

In the inpedance mat’@HiYFid teutrata agﬁbﬁﬁ YiAth §2018R2 a 978 @Rt £hef t he

ground conductor is equalized with the gap G (not shown) of the slit 23 and

t he si gnalimpefagcema@ ing fEanspissiond ine Wpaedmriayrashehi be keeprdngy

through the slit 23, so that an area occupied by the ground conductor 22a

in the inpbdaseme patihi wigtli tloat tof7gahenyibe weédtbed2fand higre dap G2eof

i npedance matching circuit 7a shown in Fig. 10E, bent portions VD are

provi ded ithet hepéaprdantet crai oditignismdBsioasldme 30 explained in Fig. 3.
Accordingly, characteristic impedance Z;y of the impedancematching
transmission line 30 is kept at a predetermined value (83.4 O
similarly as described above) while narrowing the width of the
transmission line.

It is noted that because the stabs 25 are preset at
predetermined line length to construct the inductance L of the
K inverter (see Fig. 3B) as described above, a distance between
the ground conductors 22 in the K inverter transmission line 33
is limited to be a ground conductor distance Lg shown in Fig. 9.
In Fig. 9, the same parts with those explained in Fig. 3A will
be denoted by the same reference numerals and their explanation
will be omitted here.

Next, the impedancematching transmissionline 30 inwhich
the transmission line whose width is narrowed is formed in meander
while keeping the characteristic impedance will be explained with
reference to Figs. 10A through 10E. Figs. 10A through 10E are
schematic diagrams of the impedancematchingcircuit 7a represented

by equivalent circuits using the K inverter, wherein Fig. 10A shows

a case when the transmission line is formed in meander, Fig. 10B



line 30 on the side of the Kinverter transmssion line 33 to construct the
i npedance matching transm ssion line 30 within the range of the ground
conductor distance LE (within the broken lines). Since the line lengths LI1
and L12 of the inpedance matching tra®dni ssion |ines 30 and 40 may be
formed in conpact by configuring the inpedance matching circuit 7 as

descri bed above, the inpedance matching transm ssion |lines 30 and 40 nay be

m niaturi zed and the rea, poccupi ed by the jnpedance matching.circuit 7 in
The “sem oG S @R tBSnhbrtenF et AL dL R CabAtPpeed Agdagethato

al t hough the signal |line_21 has been forned in neander by turning its

di recti ont?® & HEOVETHEE -ahd 9 et PC $HPYHE £RGEr BRER Fivhitttu Ptz EPEnGTPHPedance
mat ching transm ssion line 30, its shape is not linmted to that as |ong as
it narrovwgondpetempks dglagrwed griald | ilvds shevWsFgr cpast shee, thaeadigpant| i ne
21 may be formed in neander by turning its direction in the vertical

di r ect i ongroundecdningteorsirie| reppeedanhdugh tLRE shovataGasst Wwben blfiet he

i npedance matching transm ssion line is also applicable to the inpedance

mat chi ng trassimiss Vén 1iceans fodmed 8iekph amzt gpoundiddndietom distahes e.
Al t hough the inpedance matching circuit 7 permts the inpedance

transm ssion |ines 130t@@dnHedah REmAt Bhahyrdzash Whi7laeshdwn kieepiigg 1He, ratio
of the line wwdth Wand the gap D constant, a signal insertion | oss nmay

oot A R R R el IR MG e M el donk phok bR gL
Qof the {£“¥¥E¥“§% is formed in meander such that the signal line (white
line) 21 turns its direction to the right and left within the figure
together with the slits (black line) 23. Because the signal line
21 is formed so as to be adjacent to each other via the slit 23,
the ground conductor 22a and the slit 23, an area occupied by the
ground conductor 22a in the impedance matching circuit 7a may be
reduced.

In the impedance matching circuit 7a shown in Fig. 10B,
the impedance matching transmission line 30 formed in meander is
disposed between the K inverter transmission line 33 and the low
noise amplifier 6.

In the impedance matching circuit 7a shown in Fig. 10C,
a width t of the ground conductor 22a is narrowed more than a width
t of the ground conductor shown in Fig. 10B. It enables an area
occupied by the ground conductor 22a in the impedance matching
circuit 7a may be reduced further.

In the impedance matching circuit 7a shown in Fig. 10D,
the width t of the ground conductor is equalized with the gap G

(not shown) of the slit 23 and the signal lines 21 are formed so



matching circuit 7. Figs. 11A and 11B are (partially cut away) section
views of the inpedance matching circuit 7, wherein Fig. 11A shows a case
when a silicon substrate 27 is formed on the back 20B of the dielectric
substrate 20 and Fig. 11B shows a case dhen the ground |ayer 29 is forned
on the back 20B of the dielectric substrate 20. It is noted that Figs. 11A
and 11B are section views when the inpedance natching circuit 7 shown in

Fig. 2is “a$ 868 Jafaeé[rh;todlera%q{'ooe}lé% %ugﬁ Qtilmgdaggetﬁgkch' ng

circuit i ed manner so that el ect nagnetlc si mil i oNns

described Iater n.be ipvation. fi e. fo d.o he signa
line 21 afd The g&%u d%ﬁ%ﬁ @?Esﬁgung 08 Loﬁe?%g i %ﬁe ﬁ é%ﬂsg °
matching circujt 7 shown | 11A, .an X|de | ayer nmade fron1S|I|con

di oxi de (GBS LBRCHHALY rﬂHW%%l be FeQyrediit e ¢ substrate 20 is formed

on the silicon substrate 27 made fromsilicon (Si) . The signal line 21
made from al um numtR(¥g iFgwEdameeyratrR1ee kot s 722shane ¥ &hdal LAEAUM
(Al') formed on the both sides of the signal line 21 via the slits 23 are
formed obenhpoditébreiVbiarespbeyideeé indhavepadyinas mahchheg trpadaneeinmt chi ng
circuit 7 shown in Fig. 11B, the signal line 21 made from al um num (Al') and
t he grountineonductior si@2ofuthe K i oneatantmanshAsyibanmme Imtd benborhcsi des
53 of the signal line 21 via the slits 23 are fornmed on the dielectric

substrat et IMEIddMEtONGeRYy dirdisal sc3ol2) i sk NBb aFd thid thiee rahgBedance
matching circuit 7 shown in Fig. 11 A However, differing
the ground conductor distance Lg (within the broken lines).

Since the 1line lengths L;; and Ly, of the impedance matching
transmission lines 30 and 40 may be formed in compact by configuring
the impedance matching circuit 7 as described above, the impedance
matching transmission lines 30 and 40 may be miniaturized and the
area occupied by the impedance matching circuit 7 in the
semiconductor element 2 may be reduced further.

It is noted that although the signal line 21 has been
formed in meander by turning its direction to the right and left
in the figure to miniaturize the impedance matching transmission
line 30, its shape is not limited to that as long as it narrows
the gaps of the signal lines 21. For instance, the signal line
21 may be formed in meander by turning its direction in the vertical
direction in the figure. Still more, although theminiaturization
of the impedance matching transmission line is also applicable
to the impedance matching circuits 7b, 7c and 74, its explanation
will be omitted here.

Although the impedance matching circuit 7 permits the

impedance transmission lines 30 and 40 to be miniaturized while



fromthe i npedance matching circuit 7 shown in Fig. 11A the ground |ayer
29 made from alum num (Al') which conducts with the ground conductors 22
descri bed above is formed on the back (the other face of the dielectric
substrate) 20B of the dielectric substrafe 20. Wen the quality factor Q
(unl oaded Qu) of the inpedance matching circuit 7 shown in Figs. 11A and
11B is cal cul ated based on predeterm ned el ectromagnetic sinulations, while

Q of the eiegg%g,greﬁg rateBi 5g €h Ci;i.hﬁe Lo hAgFife 91&@9[;5 Sorftant 2 of

the inpedan tching circuit own in Fig. 11B 1Is at 1's, the

quality factor Q. ' mat ching.ci ' ' ved .by
form ng t%ggglra&uﬁ[gé?%gg?hglg)%gsﬁqugﬁelrbéalg As(nefqﬁgl %%e%agglgaes (b)c%et %ggéi eec% ric
substrateh 20B of thg dig{ectric substrate 20 mﬁthgut forniqﬂ t he silicon
(Si) haviflgi8 F&RYECHesi bt alit P91 HOS SR & tPRRFOY HES c_rdf 11 s BFe X e

el ectromagnetic_ sinulation conformto | EEE (Institute of Electrical and

El ect r oni deSExdibeselafe80%0 IMBFovfmites Adathey stafit @ of, theadinPadaecerhe
center frequency woi s2.45GHz. The sane al so applies to conditions of the

el ect r omagedchdng palcgtiisng - i nFigee- flolA @midnd 18xprantpavhiallyicutalawsy)
possible to inprove the quality factor Q by not only form ng the ground

| ayer 29 credtienbadkw208fofhé hiempkddrend miatchsdmgstiateif07 buthertesin Rig.

i ncreasing the thickness D of the transmission line. Figs. 12A, 12B and 12C
are (partiiald ¥hews @WBe WhenSLetilakoni S¥SsOfatde 7 Mpetaninal Bat €hé Nthdid rcui t

7 when the thickness D of the transmssion |line is increased. It is noted

that Figs.20B of the dielectric substrate 20 and Fig. 11B shows a case when
the ground layer 29 is formed on the back 20B of the dielectric
substrate 20.

It is noted that Figs. 11A and 11B are section views when
the impedance matching circuit 7 shown in Fig. 2 is seen from the
direction A and which shows the impedance matching circuit 7 in
a simplified manner so that electromagnetic simulations described
later can be made. A passivation film to be formed on the signal
line 21 and the ground conductors 22 is omitted here.

In the impedance matching circuit 7 shown in Fig. 11A,
an oxide layer made from silicon dioxide (Si0O,) and that functions
as the dielectric substrate 20 is formed on the silicon substrate
27 made from silicon (Si). The signal line 21 made from aluminum
(Al) and the ground conductors 22 made from aluminum (Al) formed
on the both sides of the signal line 21 via the slits 23 are formed
on the dielectric substrate 20.

Meanwhile, in the impedance matching circuit 7 shown in
Fig. 11B, the signal line 21 made from aluminum (Al) and the ground

conductors 22 made from aluminum (Al) formed on the both sides



12A through 12C are section views seen fromthe direction Ashown in Fig. 2
simlarly to Fig. 11 and the inpedance matching circuit 7 is sinplified so
as to allow the el ectronagnetic sinulati t hereof . The i npedance nat ching
circuit 7 shown in Figs. 12A, 12B and 1 is provided with the ground | ayer
29 fornmed on the back 20B of the dielectric substrate 20 simlarly to the

i npedance matching circuit 7 explained in Fig. 11B. An oxide |ayer 53 made
fromsilicef thexidmalSl R¢ Jisviartidsontses argnedrméden?thanilie Idwe roound

conductor 22 and a nitride |ayer 50 made fromsilicon nitride (SIN) is

fornmed furthesteateheoonade Fapyar sv3icdhedibkaasn{ Ssoon 4imiel £H1y he sirgnal
line 21 and the ground conductor 22 are formed so that their thickness Dis

D1 < D2 < RRplelda@cdsfat @ idd 88rcd2f7 sk r14C 1 Mhenpbhevavald 8k aGtPr

(unl oaded Qu) of the inpedance matching circuit 7 is calcul ated based on

th | ect ' ismul at | j m | : i .ab b

33 Con TIRERG dmoR B Rnl il LRt B9 GRSGD ACHA B - Rl RV
lity fact f the Lnpedance nmatching circuit be | d b
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22. One exanple of the inpedance matching circuit 7 shown in Fig. 12C and

const r uct eGORPUCIRTSatPnGearEiRetr pEOVay®F sEQFTEd e By RaFHed t4] pther

reference to Fig. 13. Fig. 13 is a (partially 55 cut away) section view of
the i rrpedaﬁ@@qucﬂrhengigilp@@it:tic7sw\@frrate) 20B of the dielectric substrate

20.

When the quality factor Q (unloaded Qu) of the impedance
matching circuit 7 shown in Figs. 11A and 11B is calculated based
on predetermined electromagnetic simulations, while Qu of the
impedance matching circuit 7 shown in Fig. 11A is '20°', Qu of the
impedance matching circuit 7 shown in Fig. 11B is ‘39°’. That is,
the quality factor Q of the impedance matching circuit 7 may be
improved by forming the ground layer 29 on the back (the other
side of the dielectric substrate) 20B of the dielectric substrate
20 without forming the silicon (Si) having a large resistance.

It is noted that the conditions of the electromagnetic
simulation conform to IEEE (Institute of Electrical and Electronic
Engineers) 802. 11b, which is the standard of, radio LAN. The
center frequency Wois2.45GHz. Thesamealsoappliestoconditions
of the electromagnetic simulations in the following explanation.

It is also possible to improve the quality factor Q by
not only forming the ground layer 29 on the back 20B of the dielectric
substrate 20 but also by increasing the thickness D of the

transmission line. Figs. 12A, 12B and 12C are (partially cut away)



the thickness Dis increased by lamnating dielectric |ayers 20a, 20b, 20c
and 20d. It is noted that Fig. 13 is a section view seen fromthe direction
A shown in Fig. 2 simlarly to Figs. 11zand 12. As shown in Fig. 13, an
oxide layer (ILD) 55 made from silicon dioxide (Si®) is fornmed on the
silicon substrate 27 nmade fromsilicon (Si) and the dielectric substrate 20
is formed on the oxide layer 55 through an internediary of the ground |ayer
29. The disdgciton ¢iswbsifridtecimpedsn composbilngfcifrouri tl aybes tdfe tleidkmeds
dielectric layer (I1MD1) 20a, a second dielectric layer (1MD2) 20b, a third
di el ectri @ logyehe(tMB3mossieon flourd Asdirtechsed. |Byedrs abR4) tR&EH Hiaged on a
design rule (e.g., 0.25 Um process) of TSMC (registered trade mark) which

is equivale theolldd 1b0tEFakiensh vianaedn PrbfetsediGRRIYGHOR shown

manuf act uri ngprocess. A fourth netal |ayer (M4) having a signal |line (signal
| ayer) 21 f 3 ad uq d opnd ; , ctor
I ager)s) Zgﬁﬁnggé ?gﬁn@aﬁ%&%@n%%) aipo?%éd on lt%ﬁ%q%g{c%r ﬁg%gégHg%%lﬁ%ﬁgjgnal

line 21D vja slits 23D is formed on ethird . dielectric |ayer C,. .
Sinilarly (5 hsaJt“,‘P];l%?‘fhs"rre‘%%l tq aayfejgo"( r\ﬂ}e %Ja%‘i’ﬁ@o“éa%ri‘%%%‘f ‘T’f"h%loatts’r"grhm
| ayer) 21E nmade from al umi num (Al) and ground conductors (ground conduct or
| ayers) 2P GRERE From  al uni num (Al') fornmed on the both sides of the signal
line 21E via slits 23E is formed on the fourth dielectric |ayer 20d. Still
more, an oxi de | ayeFh¢ PARSHEANSS RAEEh 1R RiFiuidon A1 4B Risisaz) 23 sl 3®r ned
on the fifth nmetal layer and a nitride |ayer (PASS2) 56

and 12C is provided with the ground layer 29 formed on the back

20B of the dielectric substrate 20 similarly to the impedance
matching circuit 7 explained in Fig. 11B. An oxide layer 53 made
from silicon dioxide (SiO;) is formed on the signal line 21 and
the ground conductor 22 and a nitride layer 50 made from silicon
nitride (SiN) is formed further on the oxide layer 53. The
transmission line of the signal line 21 and the ground conductor
22 are formed so that thei; thickness D is D; < D, < D3 in order
of Figs. 12A, 12B and 12C.

When the quality factor (unloaded Qu) of the impedance
matching circuit 7 is calculated based on the electromagnetic
simulation similarly as described above, Qu becomes '33", '64’
and '68’' in the order of Figs. 12A, 12B and 12C. That is, the
quality factor Q of the impedance matching circuit 7 may be improved
by increasing the thickness D of the signal line 21 and the ground
conductor 22.

One example of the impedance matching circuit 7 shown

in Fig. 12C and constructed by laminating dielectric layers will

be explained with reference to Fig. 13. Fig. 13 is a (partially



50 made fromsilicon nitride (SIiN) is fornmed on the oxide |ayer 53. The
signal lines 21D and 21E and the ground conductors 22D and 22E in the
fourth and fifth netal |ayers are dispo §d so as to overlap vertically in
the figure and a plurality of vias 51 and 52 having a predeterm ned
diameter is fornmed through the fourth dielectric layer 20d. That is, the
signal line 21D in the fourth nmetal |ayer conducts with the signal |ine 21E

in the fifdh awayal stayesontWtowudt the inpedaneeenhayBingoddbeti gy MRAIS,
interlayer conducting lines) 51. Simlarly to that, the ground conductors

22D in theHeouri BkABEAID hayEicEouEhIe by 4 hHeEi 9 QuRd e c@NAUELPESs 2R i N the
fifth nmetal layer through the vias (interlayer conducting neans, interlayer

conducti ng gyj NesL D 2beEr eby.1d Mo el BASHIISKY 003l 1 9es s%%iBﬂrﬁé‘w%%&? to

[ ¢
have the thickness D shown in Fig. 12C. The sem conductor nmanufacturing
pProcess 13y O\%\%egiWeEPioﬁ R' ERGLndER! B0gM Ub es}.rpfialtspf(:#(; 'Opels dine warh,
t hi ckness "and ot hers™ "of "the transm Ssion~[ines construcie t he
senicondug;or el ement 2. Accordingly, even if the thickness D of the
transm ssidn |ine per one layer is limted due to such design rule, the
thickness D may be increased and the quality factor 2 nag be iqgroved as
descri bed above wi thoFoy 1pr EbBent 3 THa? éB§idea HevieqpédhRe ed5 meadsifipm
circuit 7 may be constructed on the sem conductor element 2 together with
CMOS for eddmsion @hpyhdes(Tidghdt tackieenedosughe $iaignt isobsasagec?y dudde
conposi ng the sem conductor element 2. It is noted that a nunber of the
dielectri ddaayeridiafon (Si) and the dielectric substrate 20 is formed on
the oxide layer 55 through an intermediary of the ground layer
29. The dielectric substrate 20 is composed of four layers of
a first dielectric layer (IMD1l) 20a, a second dielectric layer
(IMD2) 20b, a third dielectric layer (IMD3) and a fourth dielectric
layer (IMD4) 20d based on a design rule (e.g., 0.25 [Um process)
of TSMC (registered trade mark) which is equivalent to the
international standard in the semiconductormanufacturingprocess.

A fourth metal layer (M4) having a signal line (signal
layer) 21D made from aluminum (Al) and ground conductors (ground
conductor layers) 22D made from aluminum (Al) formed on the both
sides of the signal line 21D via slits 23D is formed on the third
dielectric layer 20c. Similarly to that, a fifth metal layer (M5)
having a signal line (signal layer) 21E made from aluminum (Al)
and ground conductors (ground conductor layers) 22E made from
aluminum (Al) formed on the both sides of the signal line 21E via
slits 23E is formed on the fourth dielectric layer 20d4. Still

more, an oxide layer (PASS1) 53 made from silicon dioxide (SiO,)

is formed on the fifth metal layer and a nitride layer (PASS2)



57 the inpedance matching circuit 7 showmn in Fig. 13 is not limted to be

four and signal lines 21A, 21B, 21C, 21D ... and the ground conductors 22A,
22B, 22C, 21D ... nmay be adequately forqﬁd per dielectric layer 20n. Still
nore, although al umnum (Al) and silicdh di oxide (Si02) have been cited as,

respectively, the exenplary material of the signal line 21, the ground
conductor 22 and the ground | ayer 29 and as the exenplary materials of the

di el ectri 6oswhgkr a-6m28i Biéboi hei ikl qlgiing hayesrrhla Shovwe idkiFddS.ayeld
through 13, the materials are not Iimted to be those as |long as they have
t he same gRysical characteristics. The inpedance matching circuit 7 which is
conposed of the dielectric |ayer 20n thus | am nated and whose i npedance

transnission line 3Qd S;f %qegihgin§§QQQﬁi§§£§Q9Hﬂt§§éﬁkgnui%dﬁd ctd%

explained with referenceto Fig. 14. Figs. A and are top plan views

LRI F AT P EER R L R R e TR

mniaturiz dance n_ 1Tin er el
shows a case when the fourth netal layer _is formed and Fiqg:]_li 14B shows a

case when3Fh&Of QYPCHAReVEFTEGPELY #8 ERAnELIREe @t & MY F i hetfarvias er
(M4 + Mb) through the vias 51 and 52. It is noted that the inpedance
mat chi ng &ilr @0At S2ahavihpeun inreeejermingdgddangBesr &S v ek dmiarghiddiegned
based the design rule (e. g. , 0.25 unprocess) of TSMC (registered trade
mar k) . Théoumsbddhedenbtthiyaye 20di.t Thaat isshitbh siendburime 2Bt tHheyer s
formed has the Kinverter transmssion |ine 33 whose horizontal width is
144 Ju m &otritheme opedenger dhdbictg iehtHesstiigAal 1ine 21E in the fifth
metal layer through the wvias (interlayer conducting means,
interlayer conducting lines) 51. Similarly to that, the ground
conductors 22D in the fourth metal layer conduct with the ground
conductors 22E in the fifthmetal layer through the vias (interlayer
conducting means, interlayer conducting lines) 52. Thereby, the
transmission lines are formed so as to have the thickness D shown
in Fig. 12C.

The semiconductor manufacturing process is providedwith
apreset designrule that specifies linewidth, thickness and others
of the transmission lines constructed on the semiconductor element
2. Accordingly, even if the thickness D of the transmission line
per one layer is limited due to such design rule, the thickness
D may be increased and the quality factor Q may be improved as
described above without any problem. Thereby, the impedance
matching circuit 7 may be constructed on the semiconductor element
2 together with CMOS for example which is constructed through

lamination as a circuit composing the semiconductor element 2.

It is noted that a number of the dielectric layers of



line 30 formed in nmeander whose horizontal wdth is 857 Un 58 Meanwhil e,
the vertical wdth of the inpedance matching circuit 7a is 90 Itm
Accordingly, its occupation area Sis 1.00 nrmx 0.09 mm= 0.09 M. The

i npedance matching circuit 7a in which tHe fourth and fifth nmetal |ayers
are connected through the vias 51 and 52 (see Fig. 13) has the K inverter
transm ssion line 33 whose horizontal width is 180 Um and t he i npedance

mat chi ng t tRESTHSSAMHte adtendddf eireditm ander deege horizoprahiwidel is
455 Jim Meanwhile, the vertical width of the inpedance matching circuit

7a is 190 Ljnmye AESEOF Cgrnﬂlsﬁ’gntarle 19064P3E h0N pEedy o1 Sy {1 64 418 )ihepgl-gumf' =

0.12 nmmZ. Thus, the occupation area of the inpedance matching cifcuit 7a

b b . i i d
Derupat foncanduc ol 2al, C2pBPl ST BN TRy fe SHBLbRh ekl RobhE peri | 40
shown in Fi

A7, Still nor t he_j dance hing circuit 7 ?omn in

o 148 oRLBIECEERS JBAPT: (OPactBHTD Torbe ARGROVEN Bebanbum( RATYHABRNess
D of the signal line 21 _ and the ground conductor 22 is increased as
descri bed abbieonsdigrifet d5ifa) cliritedesRsctt ifl t 38 eFeEPRERAYRLY | cthe
si mul ation described above wWith respect to the inpedance matching circuit
7a shown i axempsary4nabeaialpf the peiangdl diimedvdit.h thef aroved copdRcgorls.
Fig. 15 is a graph showi ng operation results of the S paranmeters of the
i npedance patahd Nntheigrowntd Tayshodw and Bisgtheldxemplary materials of the

dielectric substrate 20 and the dielectric layer 20n shown in Figs.

11 through 13, the materials are not limited to be those as long

as they have the same physical characteristics.

The impedance matching circuit 7 which is composed of
the dielectric layer 20n thus laminated and whose impedance
transmission line 30 is formed in meander as shown in Fig. 10 will
be explained with reference to Fig. 14. Figs. 14A and 14B are
top plan views of the transmission line of the impedance matching
circuit 7ahaving theminiaturized impedance matching transmission
line 30, wherein Fig. 14A shows a case when the fourth metal layer
is formed and Fig. 14B shows a case when the fourth metal layer
is connected with the fifth metal layer (M4 + M5) through the vias
51 and 52. It is noted that the impedance matching circuit 7a
shown in Figs. 14A and 14B are both examples designed based the
designrule (e.g., 0.25 (tmprocess) of TSMC (registered trademark).

The impedance matching circuit 7a in which the fourth
metal layer is formed has the K inverter transmission line 33 whose

horizontal width is 144 4 m and the impedance matching transmission

line 30, formed in meander whose horizontal width is 857 M m.



It is noted that solid lines in the graph indicate the S paraneters of the
i npedance matching circuit 7a (see Fig. 14A) 59 in which the fourth netal

| ayer (M4) is formed. Broken lines in khe graph indicate the S paraneters
of the inpedance matching circuit 7a (see Fig. 14B) in which the fourth and
fifth metal layers (M4 + M) are connected through the vias 51 and 52.

Still nore, as the S paraneters, reflection loss | S11l (rate of input
signal refdasitad eandheetrarbedil antld tinsef tihen impedahS21ha tclat g of i ikt
signal transmtted in forward direction) are shown. The reflection |oss

| S111 has 5 pgako almt hevdRRRTi AR, 105 ddGudd GBI a?bal §8 CENYEImnf REAURNCY W
0 and 2. 45 GHz and the insertion loss |S211 has a peak at the | ower part

of the figife af. o 4m2G1z. Accordingly, the signal hardly reflects and
passes at the center frequency wo. Thus, the inpedance matching circuit 7a

f ti fil S&?egi t

agjnﬁs!tﬁgﬁt aZsade;cl%l% above m%etdl‘gq‘e%ﬂgﬁ%%rlﬁqgt 3?: ?gd@f;gc’gmg‘%% 14.
Further, bec & heln tion loss 1S211 at.t fr.equenc f the
pedance H GG BRFRL: LYERpLTbR O THEs e (WG Eh Pee vEOHr Th SR TH1th
Irrerr?gl alnggers are élonlnec?ed thriu et he sz 51 and 52 |§ a small val ue
(about -30 %M Fihe §Pynlps It6’§sg‘ﬁaﬂr“l’)%rF%Hu&éénﬁg?lﬁﬁ&f’@aéllﬁﬁ e WH&kness

D as described above. It is noted that although one-stage filter of the
i npedance haomwitzdTitag eidthiis 1B hasm badntlvhdnpefanchaadrdhdaionerassmigsian not
limted to be one-stage and may be nulti-staged. For exanple a
line 30 formed in meander whose horizontal width is 455 {m.
Meanwhile, the vertical width of the impedance matching circuit
7a is 190 4#m. Accordingly, the occupation area S is 0.64 mm X
0.19 mm = 0.12 mm’.

Thus, the occupation area of the impedance matching
circuit 7a may be about 0.1 mm’ in either cases and may be smaller
than the occupation area (0.51mnﬂ of the conventional impedance
matching circuit 60 shown in Fig. 17. Still more, the impedance
matching circuit 7a shown in Fig. 14B enables the quality factor
Q to be improved because the thickness D of the signal line 21
and the ground conductor 22 is increased as described above.

S parameter calculated based on the electromagnetic
simulation described above with respect to the impedance matching
circuit 7ashowninFigs. 14Aand 14Bwill beexplainedwithreference
to Fig. 15. Fig. 15 is a graph showing operation results of the
S parameters of the impedance matching circuit 7a shown in Fig.
14.

It is noted that solid lines in the graph indicate the

S parameters of the impedance matching circuit 7a (see Fig. 14A)



hal f-wave nulti-stage filter not shown for alternately connecting K
inverters with hal f-wave resonance circuits may be interposed between the K
inverter transmission line 33 and the tggansmi ssion 60 |ine 35 of the

i npedance matching circuit 7a. It allows a band-pass filter having a high
sharp out-of-band attenuation characteristic (cut characteristic) in an
out - of - pass band to be constructed and a high frequency selectivity to be
real i zed gnewhiceh £heafoowthbaatal diayest(M4) msr Eornedr t eBroleem kneas st age
filters 90a and 90b nay be constructed as a band pass filter as shown in
Fig. 16. T%he grgparineti-oshect b parsmagerkidft tdre Spedancametphied digtonsen t he
K inverter transmssion line 33 and the transm ssion |line 35 of the

i npedance7gat $éé KL L NaB)t i RawASch ewd ficurfihg and6Ai AN Mged 1 EXayeve (M4

transm ssion lines (resonance circuit) 91a, 91b, ... 91n-1 and inverter
transm ssiogs) i fes ddnmeskente ﬁ ith &libeUbY) afdas2. 94ki11l mS AL
alternately connected therein. Sti nore, the K inverters and the J

i nvert er s, £ONBOSING L ANV EIlQr dy Q’Q‘S%r o, || e8e928¢ 9 ngt%l

connected so as to adjacent to each via the quarter-wave transn133|on
i nes 9la S Iar y. to that, .the arte It| st age
filter Sgigctﬁ?e?%gs%%g% %e rf]sm'htvleor eLrOStsrg hll él on I I tand

t he transn155|on |ine 45 of the inpedance matchipg circuit 7b as shomm in
Fig. 16B éhana&aFFéPsmh§ee@réﬂsﬁ?gg?ﬁﬂ @?ﬁ%%t%?%go%%%c%ho%?rCU|t) 93a, 93b,
... 93n-1 and inverter transm ssion lines (inpedance inverting circuit)

95a, 95b, ... 95n ghe azefdegidenyloss |S.| has a peak at the upper part

of thefigureat thecenter frequency woand2.45GHz and the insertion
loss |S,1| has a peak at the lower part of the figure at 2.45 GHz.
Accordingly, the signal hardly reflects and passes at the center
frequency wW,. Thus, the impedance matching circuit 7a functions
asafilterenabling the impedancematchingandbandwidthadjustment
as described above while being miniaturized as shown in Fig. 14.

Further, because the insertion loss |SZI| at the center
frequency w, of the impedance matching circuit 7a (broken line)
in which the fourth and fifth metal layers are connected through
the vias 51 and 52 is a small value (about -30 dB), the signal
loss may be reduced by increasing the thickness D as described
above.

Itisnotedthatalthoughone-stagefilterof the impedance
matching .circuit 7 has been shown in the embodiments, it is not
limited to be one-stage and may be multi-staged. For example a
half-wave multi-stage filter not shown for alternately connecting
K inverters with half-wave resonance circuits may be interposed

between the K inverter transmission line 33 and the transmission



connected therein. Still nore, the Kinverter sand the J inverters

conposing the inverter transm ssion |lines 95a, 95b, ... 95n are connected
so as to adjacent to each other via the quarter-wave transm ssion |ines
93a, 93b, ... 93n-1. It allows the sizeb8f the 61 quarter-wave multi-stage

filters 90a and 90b to be reduced to alnost a half of the half-wave
multi-stage filter described above and the inpedance matching circuit 7 to

be i ni at yrj zede whi 6, (6BLAZLAY LS A LEEAUCY SELeGblXILNank tphs, Not ed

it
t hat the i'mpedancé matchrng crrcuit applie F&dr 0
communi cati.qn has_been expl ained in the_foregai enhodi nents, . the .
Cventi on 1 taionadann e AReR T Put EorRAnT Artrane e ORAt SAFEBES bir se.
Still nmore, although the inpedance matching circuit 7 conposed of the
copl anar W& Ghrgechasipsén) eldpiogi Al Ph-BHES DamtolP R CONSERECtRIeRRe0ON i S
applicable also to distributed constant |lines such as a mcro-strip line in
whi ch si gralhigmefreanengy oantlecbhdiutY ofe hererkodiegdr eyeactined ynanrohe
front and back of the dielectric substrate and a strip line in which the
signal |inerndwichiifigured within the dielectric substrate. |Industrial
Applicability As described above, the inventive inpedance matching circuit

is useful as the inpedanear reBthditge€ivwors ufl @k - 5tagemitliidie 9oadind sognal s
such as high frequency and mcrowave and is suitable in constructing the

i npedance iy ¢l BnStFEELEa UL @ 5870 GRRAVEL Pter &l LTRBWN! fn BAIJ | G4l.aTThe

quarter-wave multi-stage filter 90a is interposed between the K
inverter transmission line 33 and the transmission line 35 of the
impedance matching circuit 7a as shown in Fig. 16A and quarter-wave
transmission lines (resonance circuit) 91a, 91b, .. 91n-1 and
inverter transmission lines (impedance inverting circuit) 92a,
92b, .. 92n are alternately connected therein. Still more, the
K inverters and the J inverters composing the inverter transmission
lines 92a, 92b, .., 92n are connected so as to adjacent to each
other via the quarter-wave transmission lines 91a, 91b, .., 91n-1.

Similarly to that, the quarter-wave multi-stage filter
90b is interposed between the J inverter transmission line 43 and
the transmission line 45 of the impedance matching circuit 7b as
shown in Fig. 16B and quarter-wave transmission lines (resonance
circuit) 93a, 93b, .. 93n-1 and inverter transmission 1lines
(impedance inverting circuit) 95a, 95b, .. 95n are alternately
connected therein. Still more, the K inverter sand the J inverters
composing the inverter transmission lines 95a, 95b, .. 95n are
connected so as to adjacent to each other via the quarter-wave

transmission lines 93a, 93b, .. 93n-1. It allows the size of the



62 CLAIMS 1. An inpedance matching circuit having a distributed constant
line constructed on a dielectric substrate and capable of outputting an

i nput signal with preset bandw dth thrqﬂgh said distributed constant |ine,
wherein said distributed constant |ine Conprising: a reactance conpensating
di stributed constant |ine connected to a |load and having a line | ength of

| engt h conpensating reactance of said |oad; a quarter-wave distributed

constant | gigreennratehulle isaitdgelfSAANCL0E ANASTRAL b b B GiddDHb @dmeerst ant
line, having a line |ength of quarter wavel ength of said input signal and

having charggierbst {ike | HPEAANGR GRITESRAMHNF 111Q SRIdE SUETRIa R dihla ;

and an i npedance inverting distributed constant |line connected to said

quarter-wa [ j F L, Be, i :J i LtiNg
SRR i R e R A el AT it S

inverter of,sajd j dan inverti .gircuit corresponding to said preset
bandmﬁdth.£5? #h%h?g%%ggéﬁ%yn% % ?ﬁgv%?¥buit as set forth in Caiml,

wherein said reactance, conpensating. distributed constant line, said,.
quart er - wave distriﬁﬁtéﬁ‘gg IRet Hhe IBRPBNSP MASEtdnGecirfvdt 1 wiich

di stributed constant line are conposed of ground conductors and a signal
line forneds@Prddeditaaradio sanguni efbeer pas beghsedptained in the foregoing

embodiments, the invention 1is applicable also to wire
communications as a matter of course.

Still more, although the impedance matching circuit 7
composed of the coplanar wave-guide has been explained in the
embodiments, the invention is applicable also to distributed
constant lines such as a micro-strip line in which signal lines
and ground conductors are formed respectively on the front and
back of the dielectric substrate and a strip line in which the

signal line is configured within the dielectric substrate.

Industrial Applicability
As described above, the inventive impedance matching
circuifisusefulastheimpedancematchingcircuitfortransmitting
radio signals such as high frequency and microwave and is suitable
in constructing the impedance matching circuit on a semiconductor

element in particular.



3. The inpedance matching circuit as set forth in Claim2, 63 wherein the
signal line of at l|least said quarter-wave distributed constant |ine anong
the signal lines of said reactance conp%ﬁ§ating di stributed constant |ine
and quarter-wave distributed constant ["ne neanders. 4. The inpedance
matching circuit as set forth in Claim2, wherein a ground |ayer conducting
with said ground conductor is fornmed on the other face of said dielectric
substrate. 5. The inpedance mat chi ng craamst as set forth in Caim2,
wherein said dielectric substrate is conposed of a plurality of |am nated

dielectric layerss; at |east tvy dijglREdnce | AYEERIAFD NG Sl Tk Phdkahigt Ya Of
dielectric |layers have ground conductor |ayers and signal |ayers interposed

bet ween 5%1%195?6{%&%%3’83\& hay¥er ox‘(éé‘g@é@@&to‘?{ 2 ngl.egzw‘l;ic: E'ﬁﬁél:f‘é(@%

conductive means i's provi to conduct Dbetween said Signal layers an
conduct ed B SARFO I PAYBREESRALER; Vb Rb S T 1Eh §r5PEnrer Rt or i s
sai d ground conductar. |.ayer  conducted by said interlayer conductive neans
6. The i nfdtEARE fgddhdhgteibeted cansdant; diph. ekl sadd dhereibutedd
dielectric substrate is conposed of a plurality of |lam nated dielectric

| ayers; atcaressant wolnmigPmirdlsdaxd:i ¢ | ayers anong said plurality

areactance compensatingdistributedconstant line connected
to a load and having a 1line length of length compensating reactance
of said load;

a quarter-wave distributed constant line connected to said
reactance compensating distributed constant line, having a line
length of quarter wavelength of said input signal and having
characteristic impedance corresponding to said preset bandwidth ;
and

an impedance inverting distributed constant line connected
to said quarter-wave distributed constant line, composing an
impedance inverting circuit corresponding to a degree of impedance
of said load and having an inverter of said impedance inverting
circuit corresponding to said preset bandwidth.

2. The impedance matching circuit as set forth in Claim 1,
wherein said reactance compensating distributed constant line,
said quarter-wave distributed constant line and said impedance
inverting distributed constant line are composed of ground
conductors and a signal line formed on one face of said dielectric

substrate.

3. The impedance matching circuit as set forth in Claim 2,



of dielectric |ayers have ground conductor |ayers and signal |ayers

i nter posed between said ground conductor |ayers via predeterm ned 64 gap;
interlayer conductive line is provided to conduct between said signal

| ayers and between said ground conductores; said signal line is said signal
| ayer conducted by said interlayer conductive line; and said ground
conductor is said ground conductor |aser conducted by said interlayer
conductive Jine, 7. The inpedance natching cirguit as set forth:.n.daim1,
wher ei n saf e TrsR rtih&?éanggrfs’t‘henf’fl Fhdepdtt ARt B T e d W H AR PNESE pass
distributed constant |ine having at |east one resonance circuit having a
li ne | engt BoFtapbliee IRART Ehgth Iorlskines ap Pl kT emal 2aee CanPrersedande
inverting circuit corresponding to a K inverter and a J inverter adjacent
t o each oté@estwibuted dares@mEnddnecanduidart@r Avaeridistdudtudre delcomsrtiant
conprising the inpedance matching circuit as set forthin daiml. 9. A
radi o comumhe€atéamdeley] ce conprising the sem conductor el enent as set
forth in daim8 and an antenna connected to said sem conductor el enent.

10. The inpedancg, matchiRPe@hhblidattsh SR cietulit s dRifdrdn Yher iin $ai d
signal line neanders so as to adjacent to each other through an
internﬁdia&ﬂeP@i&Qi%ﬁ%ﬂﬁkiﬁayer conducting with said ground conductor is
formed on the other face of said dielectric substrate.
5. The impedance matching circuit as set forth
in Claim 2, wherein said dielectric substrate is composed of a
plurality of laminated dielectric layers:
at least two dielectric layers among said plurality of
dielectric layers have ground conductor layers and signal layers
interposed between said ground conductor layers via predetermined
gap;
interlayer conductive means is provided to conduct between
said signal layers and between said ground conductors;
said signal line is said signal layer conducted by said
interlayer conductive means; and
séid ground conductor is said ground conductor 1layer
conducted by said interlayer conductive means.
6. The impedance matching circuit as set forth
in Claim 2, wherein said dielectric substrate is composed of a
plurality of laminated dielectric layers;
at least two said dielectric layers among said plurality

of dielectric layers have ground conductor layers and signal layers

interposed between said ground conductor layers via predetermined



64

gap:

interlayer conductive line is provided to conduct between
said signal layers and between said ground conductors;

said signal line is said signal layer conducted by said
interlayer conductive line; and

said ground conductor is said ground conductor layer
conducted by said interlayer conductive line.

7. The impedance matching circuit as set forth in Claim 1,
wherein said distributed constant line further comprises a narrow
band pass distributed constant line having at least one resonance
circuit having a line length of quarter wavelength of said input
signal and an impedance inverting circuit corresponding to a K
inverter and a J inverter adjacent to each other via said resonance
circuit.

8. A semiconductor element comprising the impedance
matching circuit as set forth in Claim 1.

9. A radio communication device comprising the
semiconductor element as set forth in Claim 8 and an antenna
connected to said semiconductor element.

10. The impedance matching circuit as set forth in
Claim 3, wherein said signal line meanders so as to adjacent to

each other through an intermediary of only a slit.





