1 | MPEDANCE MATCHI NG Cl RCUI T, AND SEM CONDUCTOR ELEMENT AND RADI O

COVMUNI CATI ON DEVI CE USI NG THE SAME Technical Field (0001] The present
invention relates to an i npedance matching circuit and to a sem conduct or
el enent and a radi o communi cati on device using the sane capabl e of
outputting an input signal within a preset bandw dth and nore specifically
to an i npedance _matchin circuit and to_a sem conduct or eleqﬁa% and a radio
comuni cat i oftMFERHNCE HgFﬁBIpﬁeC§§ﬁ§13ap§BPe55¥1?9%ﬂg9¥?¥iE&F o signal s
such as ultra-high frequency and m crowave signals. Background Art [0002]
As an inpedance d&%rﬁﬁ-ﬂ“&i ISARIONs DEYACE" USENG THE, e acoustic
wave) filter, for exanple, is used in a transmtting/receiving circuit of
nobi | e conmmuni cati ons such as a portable phone and radi o LAN. The SAW
filter enables one to set electric power of a signal to be transmtted to
the maxi mnum and to set noi se offeghnécelvBilesdignal to the m ninum and al so
enables one to preset a predeterm ned bandw dt h by nmatchi ng i nput/out put

i npedanceoobdl1an ampki presesticinasn @i diNA&elladwsnto sen dmpleidfanete) mandhiagPA
(power anplifier) with predeterm ned characteristic inpedance, e.g., 50 Q
[ 00031 Byitbeiveshd Wi hesemidshduéeppldlealenenasgesidfddid sbaguatiedtibnr cuit)
conposing a plurality of circuits such as an RF (radio frequency) circuit
and a di gbtake ANR] tREARESEAPabLEWE butpubeelgard ahghY Sgddewithin
transmtting/ receiving circuit described above, it

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

[0002] 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
andtosqtnoiseofzireceivedsignaltotheminimmnandalsoenables
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) withpredetermined characteristic impedance,
e.g., 50 Q.

[0003] 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



is desired to configure the function of the SAWfilter described above on
the ASIC to realize SoC (System On a Chip) in which the whole systemis
configured on one chip in order to dowdsi ze and to reduce the cost of the
nmobi | e communi cation termnals. [0004] Then, as shown in Fig. 17, there has
been proposed an inpedance matching circuit 60 which is conposed of a

d h f d 62
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Commruni cati on Engi neers, May 20, 1998, 83-92). [0005; However, because
the i npe@Bf¥e oM AGIS FeuF‘Fa%Bzeo%%Ccrl SF AP r iR } d8 #bighatheel v

| arge occupation area as shown in Fig. 17 (for exanple, the occupation area
i s aboutwhoke sy@terckisonfiiguredooniansggeaie, invrrden to gpwesiageannd2. 4
GHz), there has been a problemthat the ASICis enlarged if the inpedance
mat chi ngtei redute 60hé scesnhf ofutleel ebile ABI@imscatian . te@minalswre, because
the function of the inpedance matching circuit 60 is |imted to matching of
i npedancgp004¢., Thedgeasnshownnthilig. ak7 a fideemhast beea paspbsed anpr obl em
that a bandw dth cannot be set. [0006] Accordingly, it is an object of the

i nvent i oimpOARHE¥ intkx chiilhd GRedane & 0rahebhnis Gonpdisled bata abhewataated
predeterm ned bandwi dth to be set while allowing to be configured on a

sen condygh 8t aRt eBtent A WBYUAI &% 1dr%1GGGUBE EBNral efh &Itk d1% BOYkde a

sem conduct or
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,
pp.83-92).
[0005] 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.
[0006] 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



el ement and a radi o communi cati on device using the same. Disclosure of

I nvention [0007) According to the invention as set forth in daim1l (see
Figs. 1 through 16), an inpedance matc8ing circuit (7a, 7b, 7c, 7d) having
a distributed constant |ine constructed on a dielectric substrate (20) and
capabl e of outputting an input signal (SI1, S12) with preset bandwi dth (W
t hrough the distributed constant line is cggracteti ed in t

hat .th
di st ri buPBdTEIRSH AR TS REGHRAT LT SHGRRNE ESnp&eYdiend 5FEEFPBGP8§°Eonstant

line (31, 41 conpnected to a load (e.g., 5, 6) and having a line length
(A) ofe?'%'ﬂé’ﬂh %ﬂp%n’é%‘?’r%gc‘?%‘&rflaé&%l‘(rBL,e‘?S%e dFsiHe AP quart er - wave

distributed constant line (32, 42) connected to the reactance conpensating
distributed constant line (31, 41), having a line Ilength of quarter

wavel ength (X/4) of the input signal and having characteristic inpedance
(Z1, Y1) corresponding to tRéspiesere paAntweRrhiPW and an i npedance
inverting distributed constant line (33, 43) connected to the quarter-wave
di stri bufedoébnst Ancokridhng {@Xhel2nvenddposascseth fiomgddancelaiwdr (srg
circuit (Kinverter or J inverter) corresponding to a degree of inpedance
(ZL, Zs)Fb§s.theHmaghanid )haenngmpadanvernatcliig,circudilt (2)a,of7bt,h@c,

i npedance inverting circuit corresponding to the preset bandwidth (W.

[ 0008) Aggpmdivigid @ dilka dibverid oonesasetliherddns tirddeed Bnendienecekic aim 1
(see Figs. 1 through 16 for exanple), the reactance conpensating

di stributggsepastanio) | & CUPRAISALES JAFRItANGY o 4rdputoad gard f(Re1,

quarter-wave transm ssion |line and the inpedance inverting distributed

ConStantSib5m%£¥H“H¥g§gl %Qﬁdhﬁﬂ%ﬂa@ﬁ? 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 1line (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) and an impedance inverting distributed constant line
(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;1,2) of the impedance inverting
circuit corresponding to the preset bandwidth (W).

[0008] According to the invention as set forth in the invention
of Claim 1 (see Figs. 1 through 16 for example), the reactance

compensating distributed constant line compensates reactance of



inverting circuit corresponding to the degree of inpedance of the |oad
mat ch t he i npedance of the conpensated | oad and output the input signals at
the preset bandw dth, so that adjustneht of bandw dth can be nade. Stil
nore, because the inventive inpedance matching circuit is conposed of only
the reactance conpensating distributed constant |ine, the quarter-wave

di stributed constan | ine,and the jnpedance. i nverting .distributed constant
ine. 113 TORLARE tB7 GPahCaRy BEer SHICER °1 BU0o "fhatdyBre oG &8 " ort n
in Cdaim2 (see Figs. 1. throygh 16 fqor exanple) lies in.that in.the

| pedanchit EhodiprEabRt et Tponatank, P3P s Thg: e ninpdiange  he
react ance conpensating  distributed constant line (31, 41 the quarter-wave
di st ri butRPETeHE CARCTLthecTB8esPaBying +o hReidrsEmn s +fPR/%Cﬁ‘?°ng° i 8¢ but ed
constant line (33, 43) are conposed of ground conductors (22) forned on one

face (20admateh dhe depedansgbefrfte ¢omensatred siapthand pREPED1¥Ne or ned
on one face (20F) of the dielectric substrate (20) and interposed between

t he groumrpebndignals @R2fhe| aresedddtamdviliddd .i mertiat (Bl ws tresahpet) .

[ 0010) According to the invention as set forth in the invention of Caim2,
t he reachandweiddnpendeimade di Sttiiliutecke cbastasé thienmvenjuiard empadarce
distributed constant |ine and i npedance inverting distributed constant |ine
are comnsechDig tdiergricind eomguekar 6f dryatheOre@® ahaeecompéheatiirgectric
substrate and the signal line fornedon one face of the dielectric substrate

and i nt ed posefbbed 3eSn sTahitel O OUnhLQREHEL PL Ra Ve &l fidta iurdet 861 DRt

interval, i.e., are conposed of a coplanar wave-gui de. Thereby, differing

froma jine and the impedance inverting distributed constant line, its
occupation area may be reduced.
[0009] 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, 74d) 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) formed
on one face (20F) of the dielectric substrate (20) and a signal
line (21) formed on. one face (20F) of the dielectric substrate
(20) and interposed between the ground conductors (22) wvia
predetermined interval (G for example).
[0010] According to the invention as set forth in the invention
of Claim 2, the reactance compensating distributed constant line,
quarter-wave distributed constant line and impedance inverting
distributed constant line are composed of the ground conductors

formed on one face of the dielectric substrate and the signal line

formedonone faceof thedielectricsubstrateandinterposedbetween



mcro-strip line in which thickness of a dielectric substrate nust be
changed corresponding to characteristic inpedance because a signal |ine and
ground conductors are forned respectively on the front and back of the
dielectric substrate, the characteristic inpedance of the quarter-wave

di stributed constant |ine may be easily changed corresponding to a

bandw dt and th%é é a trranufagt efﬂlﬂé ! edaEce natchlqg
circuit Goague Fﬁﬁl&f T% |nven SRS PRV EA -  h T ail TR (see
Figs. 9, 10 4 and 15 for exanp t hat ce nmat ching
i Poui ¢ cqmeseh Shea "Son TSty S e i oé}%ﬁefyrthéel%egw% R (31) of
at | east the uarter wave distributed constant |jne anong t he

si gnal I‘I‘H‘e’éo'(sztﬁllb\hflﬁemr whEhdde dhssnehd Al ‘EﬁH(Jr? ﬁHP@&réé'rﬁs‘P t 1ine
(31, 41) and quarter-wave distributed constant |line (32, 42) neanders.
[00121./Qﬁxﬁ%ﬁnﬁfq(9QQ¥9599ﬂ9%ﬂ9bﬁ°a§h§§?cﬁ8F%ﬁtFﬁ iReedanent PoPAUSS T aim 3,
the signal line of at | east the quarter-wave distributed constant |ine
anong t heighghdline and wfourmd qosasichiors aoaperigead mgspeicdtiviedot ed st ant

i ne and quarter-wave distributed constant |ine neanders, so that an area
occupi edfbynt hend)reaokd oforudhec tided ecidjiecenbstoate shgnahataoeenbyt be
reduced and the inpedance matching circuit may be mniaturized further even
i f the iimeecd@dnce et adhenguatitiedtiHwiavies digpabadeaf cohstanpl apae mayebgui de in
which the signal 1line and the ground conductors are fornmed on one face of

the diedgeilyCchubgbtat@orfedpditiidlyg The idveahannaaaseind orhBrenydai m 4
(see Figs. 11 through 15) lies in that in the inpedance matching circuit
(7a, 7b’me?ﬁ'ufacturlngcostofthe1mpedancematch1ng01rcu1tmaybereduced.
[0011] The invention as set forth in Claim 3 (see Figs. 9, 10,
14 and 15 for example) lies in that in the impedance matching circuit
(7a, 7b, 7c, 7d4) as set forth in Claim 2, the signal line (21)
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.
[0012] According to the invention as set forth in the invention
of 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
line meanders, so that an area occupied by the ground conductors
adjacent to the signal 1line 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.



7d) as set forth in Caim2, a ground |ayer (29) conducting with the ground
conductor (22) is fornmed on the other face (20B) of the dielectric
substrate (20). [00141 According to the invention as set forth in the
invention of Caim4, the ground |ayer conmunicating with the ground
conductor is forned on the other face of the dielectric substrate, so that

a loss o bfg najlgivm tlonéegfg%%%dl§]cc ]aor e‘ﬂ?igeg%l ggﬁ]egf?see tChi ng

may be i rov I'nvention as set n rgs. 13

th h t hat th d t
sty 145 12 exar@a%&?ﬁ.ﬂmefi?ﬂ#”m?ﬁ%ﬁlﬁ?%%?ﬁ PURIGELELD |
conposed_of a pIurallt Ianlnated dielectric |ayers 20a,_20b,,ﬁ8 20d)
O OT eazt) 1 Ao reeth £ I X S G ER BRI OLY e Shh st

pluralltg of dielectric Iayers (20a 20b, _ 20c, 20d) have ground_conduct or
| ayers (2b®, 9poend apendnghel (Z3leris f(ozmd ?PE)themOéPﬁaséacset(\%@Eﬁ Phe
ground conductor |ayers (22D, 22E) via a predeterm ned gap, interlayer
conduct i teenéidnte¢tric sMsimaty ol2®kd to conduct between the signal |ayers
(21D, 21E) and between the ground conductors (22D, 22E) , the signal |ine
(21) 1s[00&43i gnakccloadéng (24 Phe2ilifyenbiciuaisesidly fidreh anetleajeveotndoct i ve
means (51) and the ground conductor (22) is the ground conductor | ayer
(22D, 22&F caaiechut} efe lyrouind liaytear tamretin Ceatiieg i ehrmangrém2d conddeto6tr The
invention as set forth in Caim6 (see Figs. 13 through 15 for exanple)

lies in §Bhatotied h ikiRedense fRESHIMENe AC8idctrid subdrraite, &) tagtset
forth in daim2, the dielectric substrate (20) is conposed of a plurality

of | am ngtegkdicg! eaptit I AVAN Ray be reduced and efficiency of impedance
matching may be improved.
[0015] The invention as set forthinClaim5 (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 (20d and 20e
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 predetermined 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) conductedby the interlayer conductive
means (51) and the ground conductor (22) is the ground conductor
layer (22D, 22E) conducted by the interlayer conductive means (52).
[0016] The invention as set forth in Claim 6 (see Figs. 13 through

15 for example) lies in that in the impedance matching circuit



(20a, 20b, 20c, 20d), at least two dielectric |layers (20d and 20e for
exanpl e) anong the plurality of dielectric |ayers (20a, 20b, 20c, 20d) have
ground conductor layers (22D, 22E) and7signal layers (21D, 21E) interposed
bet ween the ground conductor |ayers (22D, 22E) via a predeterm ned gap, an
interlayer conductive line (51, 52) is provided to conduct between the

i [ 2 D, E t ct 2 2 ,

ol onal 1 THE" (8 18, s SRy lezé%a%éi’ﬂﬁﬁaﬁl‘é{‘é&cg%ﬁfcné PREsffayer
duct I 51 h t d duct
Coyer (268 zn'z%e SBHARAT @ ) SRS Py SPTO SR I8 FFHER%ESW%?FOSE?]‘”
According¥to the invention as set forth in the |nvent|on of Claim5 or 6,

the si gnbPO®i RO0.s28Cp| 20A) i t3F deastghur diglactrioharerad R4 erd Reer! ayer

conductive neans or the interlayer conductive lines and the ground
conductofor§”§muﬂ6ﬂaﬁmpygothgrﬁihﬁﬁl%@mdﬁbﬂéﬁlﬁﬁyéi§ e t@dapy2fhe

i nterlayer conductive neans or the interlayer conductive |ines, so that
even i f 20e, @i0dl)drave grovnfstoratwectiar tapstrs U@2dd BIE) anglsigid) yapers

| am nated dielectric |layers, the thickness may be increased by |am nating
t he signéklDamil By dunte rposduc bertwieaypethef gearhd dicldottrdrc lagees 4pdDt hus, a
| oss of input signal may be reduced. For exanple, even if the thickness of

t he si gnabe) ayes aapdegebundineadsws oOran ayeeriaybirntéeductlite tana ¢8si,gn rule
i n sem conduct or manufacturing process, the thickness may be increased and

the signgh)lpsHrBida redesaduditt BeviveeR! O &5l grth 1 AQLRIrsThe 1bnvenghon as
set forth |n Claim7 (see Fig. 16 for exanple) ?les inthat in the

i npedancgngq;ecé;”e%gl Ehé(&i'c;larx(d7eonagctors (22D, 22E), the signal line (21)

is thesignal layer (21D, 21E) conductedby the interlayer conductive
line (51) and the ground conductor (22) is the ground conductor
layer (22D, 22E) conducted by the interlayer conductive line (52).
[0017] According to the invention as set forth in the invention
of Claim 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
thicknessmay be increased and the signal loss may be reducedwithout

problem.



7c, 7d) as set forth in CQaim1, the distributed constant line further

i ncl udes a narrow band pass distributed constant |ine (90a, 90b) having at
| east one resonance circuit (91a, 91b,891n-1 or 93a, 93b, 93n-1) having a
line length of quarter wavelength (2 /4) of the input signal and an

i npedance inverting circuit (92a, 92b, 92n or 95a, 95b, 95n) correspondi ng

ci v eui if‘&f%%ﬁ 1"REeCrarmhEY SR it S0 BRER B CREMn L Be Koo bRt fon

circuit. 4s set nventlon

of Claim7, npedanc chin clrc s deed Wi rrow band
pass di st¥ t“a’nghg? tHREIR PCFsm%é %01&0%2? y as a
band pass fllter havi ng_hi gh cut characteri stics. , It can realize
hi gh fretentd) ¥ &% iR evidh G113 dar th& dBﬁﬁH@\PHFﬁd @%PFFa%rJem%ecause

the line Iength of the resonance circuit conposing the narrow band pass

di st ri bufeatkepdngandesienarsoybandqasmdes ergbhtehgorrEaptddneeh®d  is a
hal f as conpared to half wavelength, it prevents the inpedance matching
circuit 90pbrhaning gthgleddt onomessinagpaeheibgndtpa8sati Pley . 9100R0Pr The
invention as set forth in Claim8 (see Figs. 1 through 16 for exanple) lies
in that ea3semMIwNABi-ar) elaanert a( 2inBasehdeh ofpadance maveliemgtdi (cuit (7a,
7b, 7c, 7d) as set forth in Caim 1. [00211 According to the invention as
set forth4) roff kel MMPati ©1gnaf dddiam Bnpédensenimardicipoeietaientobas t he
mniaturized inpedance matching circuit, so that the inpedance matching

circuit omy, bexgastgsict egbon ddip &ﬂmz@@ggm igg ebeHERt iWEhed: @sguURYINg a

large area. It allows soc (Systen1Cn ip) of constructing the whole

system ofl PRCeFHEP 4A@idEeri€dd Z8%:h other via the resonance circuit.
[0019] According to the invention as set forth in the invention
of Claim 7, the impedance matching circuit is provided with the
narrow band pass distributed constant line, so that it is capable
of functioningasabandpass filterhavinghighcut characteristics.
Thereby, it can realize high frequency selectivity even in a narrow
bandwidth. Still more, because the line length of the resonance
circuit composing the narrow band pass distributed constant line
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.
[0020] 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.
[0021] According to the invention as set forth in the invention

of Claim8, the semiconductorelement has theminiaturized impedance

matching circuit, so that the impedance matching circuit may be



[00221 The invention as set forth in Claim9 (see Figs. | through 16 for
exanple) lies in a radi o comruni cation device (1) having the sem conductor
elenment (2) as set f orth in Claim8 anhd an antenna (3) connected to the
sem conductor elenment (2). [00231 According to the invention as set forth in
the invention of Caim9, the radio comunication device has the

senm conduct or nt. _havi n th ni aturi zed j npedance matching circuit,
So ¢ harcat et R e He R Erbl Sudt o S ehe R E et SRS RrER R e Bebbhe” tay
be constructed on the sem conduct or _elenent in_advance, thus _allow ng the

m ni at urd2ef i ol FoPLLAES (SRF d SYSHAMPR A CBrAPdef GPNSHHGHAG é&i‘l‘}c‘t”PBﬁeof t he

cost thereof. [00241 It is noted that the reference nunerals within the

par ent heSest e OHR e ¥Rrte ke gigdddsedf collating with those in the
drawi ngs and do not affect by any neans the configuration of Cains of the
inventi o031 ef Tasdmvenitdrerods Bedvk oigsh Lo0251inFPsge Fi94q.- bl shkoddhgr am
showi ng one exenplary radio conmmunication device to which the invention is
appl i ed;14 OG26exEnple) ildes (paatradiy cwotindedbioqredeydce (& )vhawisgow ng
one exenplary structure of a coplanar wave-gui de conposi ng an i npedance
mat chi ngtiee semitpnfi624t Hiagent3p2) I3 aad faCtarin elpliarandyardaavenga of 10
transm ssion lines around the inpedance matching circuit connected to an

i nput tef®:) nednctted o NQiS S amddddRitomRlegightFi(@) .3A is a (partially
cut away) top plan view of the transmssion line, Fig. 3B is an equival ent
circuit pdosdp trapestashend ke ANfedttbn as set forth in the invention
of Claim 9, the radio communication device has the semiconductor
element having the miniaturized impedance matching circuit, so
that parts required in constructing the radio communication device
may be constructed on the semiconductor element in advance, thus
allowing the miniaturization of the radio communication device
and the reduction of the cost thereof.
[0024] It is noted that the reference numerals within the
parentheses are denoted for the purpose of collating with those

in the drawings and do not affect by any means the configuration

of Claims of the invention.

Brief Description of Drawings
[0025] Fig. 1 is a block diagram showing one exemplary radio
communication device to which the invention is applied;
[0026] Fig. 2isa (partiallysectional) perspectiveview showing
one exemplary structure of a coplanar wave-guide composing an
impedance matching circuit;

[0027] Figs. 3A, 3B and 3C are explanatory drawings of



3Cis an equivalent circuit using a Kinverter; [0028] Figs. 4A, 4B and 4C
are explanatory diagrans of a filter conposed of the Kinverter, wherein
Fig. 4Ais a circuit diagram of the fl0Olter, Fig. 4B shows voltage anplitude
of a signal transmtting through the filter and Fig. 4C is an equival ent
circuit of the filter; [0029] Figs. 5A, 5B and 5C are di agrans for

expl ai ni,n characteristic i nce and line length of the inpedanc

mar ohi nd T Ao hhect S5OPBA T TRRGEeRET RAREPIBR iRy G ABrsared
anplifier, wherein Fig. 5Ais a circuit diagramof the inpedance natching
circuit,t'Fiap HREhIMEMR&or tade l&h‘pl“iotlﬁ&ea’g?léféFﬁnth?Eghgnﬂfﬂi oy

t hrough the inpedance matching circuit and Fig. 5Cis an equivalent circuit
of the i¥pedhRestHalthiqiy &vardi topr [V ierget W) teBngAds6&Chr k1R awi ngs
for explaining transm ssion |ines around the inpedance matching circuit
connect €tiLg ¢+ 3Bahs aurt pavivatemhalinstuitthef|tde honrsemasgirhikine ahdreia- Fi g.
6Ais a (partially cut away) top plan view of the transmssion |ine, Fig.
6B i s arB&gus val eauicialent afrduid tusdmgmas & dmvienter;and Fig. 6C is an
equivalent circuit using a J inverter; [00311 Figs. 7A, 7B and 7C are

di agranms[ daa8 expl pigs ngirs #Bldmed 4Ccanpasgd adfatidiyy dimgramsesSa fbhetern Fig.
7TAis a circuit diagram of the filter, Fig. 7B shows voltage anplitude of a

si gnal Idopessdridet ithe k kgt dihe whiddeAh 8mng. Fig.id@ ks ranieodi ¥ghamt
circuit of the filter; [0032) Figs. 8A, 8B and 8C are di agrans for

expl ai nigy tRBaF3qter Stifg | MPedanegsantblidif | APi DtQbet Be iPeHgRSE

mat chi ng
transmitting through the filter and Fig. 4C is an equivalent circuit
of the filter;
[0029] Figs. 5A, 5B and 5C are diagrams for explaining
characteristic impedance and 1line length of the impedance matching
circuit connected to the input terminal of the lownoise amplifier,
wherein Fig. 5A is a circuit diagram of the impedance matching
circuit, Fig. 5Bshows thevoltageamplitudeofasignal transmitting
through the impedance matching circuit and Fig. 5C is an equivalent
circuit of the impedance matching circuit;
[0030] Figs. 6A, 6B and 6C are drawings for explaining
transmission lines around the impedance matching circuit connected
to an output terminal of the low noise amplifier, 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 a J inverter;
[0031] 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



circuit connected to the output termnals of the | ow noise anplifier,
wherein Fig. 8Ais a circuit diagramof the inpedance matching circuit,

Fig. 8B shows voltage anplitude of a dilgnal transmitting through the

i npedance matching circuit and Fig. 8C is an equivalent <circuit of the

i npedance matching circuit; [0033) Fig. 9 is a (partially cut away) top plan

vi ew of the P nsm |onI| e of .the_ i da . rat chi n UII en width
of the traHERsSE |1F1%u 73 rpllarf(rllolV\t}e aTCg-ggH)' |bsé.an q"ha(rxloeug cé{(ﬂafe
schemati c_dj a‘gcﬁrﬁf of the inpedance matching circuit represent ed by

equi val et teTiysi ng the Kinverter, wherein Fig. 10A shows a case

when the transmission line is fornmed in rreander 10B shows a_case when
the trank?43%! on 1599 s BRspSfed@dj BCefttd odﬁﬁgrﬁmgn\féﬁ efXPRiping oc
shows a case when a wdth of the ground_conductor is narrowed, Fig. 10D
shows a %@W%M’j%&@ﬁ?d%%ﬁﬁd‘ éFBB§haﬁfetP§r’Pﬁ\E€d1an§ﬁd“¢'f‘§P”1@E shows
a case when the transmssion line is formed wthin a ground conduct or

di st ancecif@oRsFomested ta thed uti® taferniing ks af thedipw ks ampbif B9 vi ews

of the inpedance matching circuit, wherein Fig. 11A shows a case when a
silicon wherst¢iratieig.s SPorise@ odriclhd tbddkgohmaodi €hecimpedagabshattirimmd Fi g.
11B shows a case when an earth layer is formed on the back of the

di el ect r¢etrsubist Fage; 8H 2hod336d1 Fags .anA tuliBosind sigGaar erdpaiitedhy cut
away) section views of the inpedance matching circuit when the thickness of

the trafsreseh eRelinfRdahddnacasely ci®@ait dMdrig3 951 dnpdqlivhleneut
away) section view of the
circuit of the impedance matching circuit;:
[0033] 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;
[0034] 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;
[0035] 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;



i npedance matching circuit when its thickness is increased by [|am nating
dielectric layers; [0038] Figs. 14A and 14B are top plan views of the
transmssion |ine of the inpedance md€ching circuit having a mniaturized

i npedance mat ching transm ssion |line, wherein Fig. 14A shows a case when a
fourth metal layer is formed and Fig. 14B shows a case when the fourth

metal | f(gsp Shogmfﬁgteldz Bsaaaaff gal fallgwlfe;gaay)agecwgwl Fi g.

15 is a g opera ion resu ts par e I npedance

mat chi nngI reyl t hown atncegmfi%f:ﬁ %; dJult g:?le éﬁﬁe%qgl.c]}ng %r %fdt:ﬁgr ans

gF e 1m
showi ng equl valten CUI arice na Circul I'-staged
by al ter nat el conn t lnverter séiand quarter wavel ength resonance
circuitstt I?/ﬁ{%]rseﬁlr?lt E SHEES 55 i rrpedance mat ching circuit connected
to the input termnnal of the |l ow noise anplifier and Fig. B shows the
i npedanc®$tkhi nfiei rEits oriRated iy guegdt SeeriPRal 188t of e ow
noise anplifier; and [0041] Fig. 17 is a di a%?fm showi ng a conventi onal
[ npedancJénpqﬁaﬁflﬁﬁ e e¢hing tciombos athedt Eohcemeleness cbhsiapreasededYs. Best
Mode for Carrying out the Invention [0042] Preferred enbodi nents of the
i nvent i okramindtibg ekiplagtedclIdyeimsw with reference to the drawings. Fig. 1
is a block diagram show ng one exanple of a radi o comrunication device 1 to
whi ch theo3ddwvent Fogsi sladpphileldB Blre tapipdasomiewsoaf ithe teanseidshas a
sem conductor elenment 2 and an antenna 3 such as a whi p antenna.
line of the impedance matching circuit having a miniaturized
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;
[0039] Fig. 15 is a graph showing operation results of an S
parameter of the impedance matching circuit shown in Fig. 14;
[0040] Figs. l16Aand 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

[0041] Fig. 17 is a diagram showing a conventional impedance

matching circuit composed of concentrated constant elements.

Best Mode for Carrying out the Invention

[0042] Preferred embodiments of the invention will be explained



The sem conductor elenent 2 is connected with transmtting neans such as a
keyboard and a m crophone not shown and with receiving neans such as a

di spl ay and a speaker not shown throug®h an internediary of a DSP (Digital
Signal Processor) not shown. [0043] The radi o conmmunication device 1 of
this sort is, for exanpl e, nobile comuni cati on neans such as a portable

phone. - Bl P ROALBOLLD! € 1LOMIRLL A0t eriial) 4 )4 WRYbe At

connunlca i°Sh ™ unc Ton a means d|ng gnctTon of

conmmuni catians to a PC nal r or exanp e suc di o LAN
card and iHRH SPEARGERIE 08 F Faupecoturfir el A‘?‘”x oo ae Tong
as it is _capable of conductjng.radio nmuni cati ons, and cordl e

el ephorf&d &PV&%&BPelMP%l?%u KRB TA Ot HEFURL R ELR A EREF on FASVi ce 1
Still nore, the antenna is not specifically linmted to be the whip

ant enna.@ FF"‘F}E?“BBCt‘ar;ﬂ]eﬁ"@qq ReAndh 78y IREETNY Bt ERAR A% 8dWREP AENNA n
antenna for receiving only and a slot antenna configured on the

sem condiiet semigpaduator. eJomny 2The exmiadimduwish trapemit DimgmeansRF
(radio frequency) circuit (within a frane of broken Iine) 2a, an A/D
convert essuah asuatkeyhwary mnanet heécroéplagme giothisbken dndeyi2b maweividigyi t al
signal processing circuit (within a still other frame of broken line) 2c
and conpesas asuddl &s ( appligatdyonaspeai fsipeaketregrat eshewn ctthtrpughd athe RF
circuit 2a, the A/ID converter circuit 2b and the digital signal processing
circuit iz edediQiyosed a0hsEMPBigaean! signhar yrodesabr pxhde seswveonduct or)

and others. It is noted that the <circuits conposing the sem conduct or

el ement [y Notrhd BWdED 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
mobile communications to a PC (Personal Computer) for example such
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.
[0044] The semiconductor element 2 has an RF (radio frequency)
circuit (within a frame of broken line) 2a, an A/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).



to be the circuits 2a, 2b and 2c descri bed above and are capable of
conposing various circuits such as a DSP. Still nore, they are not |limted
to be CMOS and may be conposed of BiCM& in which bipolar and CMOS are

m xed, bipolar and GaAsFET (galliumarsenide field effect transistor) for
exanple. [0045] The RF circuit 2a has a power anplifier (PA) 5, a low noise

[ifi L 6, i h 7 JA d 7d
phase | ofket Bepc tet)E o Lormpiad ois@ﬁv%'a{tf‘%%'gé?résﬁ 3 et t*fc. gttt

shown and ot hers, phase shifters 10a and 10b, m xers 1é( , IIc and |1d,
a swit chSEERPLIBTARRSHAHELTCULt PE 353 SPmPRsed RE ?'?Fb% a?r?é‘%’]ﬁﬁ‘te@ﬁuaﬁa
circuits 7a, 7b, 7c and 7d wl| be referred to sinply as the inpedance

mat chi ngMetAduioxide iSemicenENqtow)n@ ik MRS on H%I%%sngbéélFPéélFFe
required to discrimnate them [0046] The A/D converter circuit 2b has |ow
pass fil cérsudtpFrompgaing3phe 1Sembeendagtoy fiemnt gaiareaamat LilaidedvGa)
1l4a and 14b, AD converters (ADC) 15a and 15b, DA converters (DAC) 16a and
16b andtet hershe THgdiidist ala,sknatd Fodessiniyed abave 2ed ase gagiafileal
denodul ator 17, a digital nodulator 18 and others. [0047] The digital signal
processi o@f compuistingcvasicapabliecoltsrseehvasnga abSk npitisilgmelre(,sitdpezd to be
inputted) SI1 described later and the RF circuit 2a is capabl e of

out put t i agealo Ul mittekd tol goatMEO hnthAaag BarddinfoddE gfeBLEYMOS it wha-dh gh
frequency or mcrowave. The digital signal processing circuit 2c is

connect egi pWh bk 4M& CHDSCAF & Wilxet® Bipolhe MACRARBYET £Fa Ll ]G ialr séidehus
formng transm ssion routes of t’he Input signal SI1 and the output signal

field effect transistor) for example.

[0045] 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 1lla, 11b, 1llc and 114, 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.

[0046] The A/D converter circuit 2b has low pass filters (LPF)
13a, 13b, 13c and 134, variable gain amplifiers (VGA) 14a and 14b,
AD converters (ADC) 15a and 15b, DA converters (DAC) 16a and 16b
and others. The digital signal processing circuit 2chas adigital
demodulator 17, a digital modulator 18 and others.

[0047] 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



Sol. [0048] In concrete, the digital nodulator 18 is connected with the
mxers Ilc and |1d via the DA converters 16a and 16b and the | ow pass
filters 13c and 13d. The phase lock |dé&p 9 is connected wth the mxers Ilc
and I'ld via the phase shifter 10b. Still nore, the mxers Ilc and |lid are
connected with the antenna 3 via the inpedance matchi ng circuit 7c, the

power anplifi rsél tge i npedance _nmatchin circ dfthe svmtch 12.

[ 0049] S AWAT 1 2 t‘ﬁ Oﬁng?FEﬁ? 53?53%%%a:b?e !; I npu t| nﬁe%uenc%pu]f si gnal
| to b d) .S f -

o o or GIEGESAE L nd O ELF il protessrig C&%&ﬁ%&%?oea Graor

out putting an_out ut signal S02 described |ater, circuit 2ais

connect et i thet cHFﬁ‘l‘?%\lza &y hlpe %P&%@W%F?‘Eﬁ?ft ?E’ VibPs ReTiRi B

converter circuit 2b as described later to formtransm ssion routes_of the
i nput si GRANSMEFS1iemd e sonf pihte dngnal stgpal [Jds6nd) Hhe ondPaiteSigRdLswi t ch
12 connected with the antenna 3 is connected with the mxers ha and | |b
via the $@bedance matching circuit 7a, the low noise anplifier 6 and the
i npedance matching circuit 7b. The phase |ock loop 9 is connected with the
m xers [0@4&hd | [bh eorctdiee phdsedspitabmald.atstd 1B iwoeonneloeed wets || a
and |1 b are connected with the digital denodulator 17 via the 16 | ow pass
filters {RBa mixkds3,1d hadvaldabl e ges mAapphivereessliea ardl ledbaandthbe AD
converters 15a and 15b. [0051) Next, a copl anar wave-gui de conposing the
i npedanceow MBS M tENCUBE dndN3de RheChrLsd tLodk Wobp Pasexphabdedaw th
with the mixers 11c and 11d via the phase shifter 10b. Still more,
the mixers 1l1lc and 11d are connected with the antenna 3 via the
impedance matching circuit 7c, the power amplifier 5, the impedance
matching circuit 7d and the switch 12.
[0049] 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
SO2 described later. 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.
[0050] In concrete, the switch 12 connected with the antenna
3 is connectedwith themixers llaand 11bvia 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

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

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



reference to Fig. 2. Fig. 2 is a (partially sectional) perspective view
showi ng one exenpl ary structure of the copl anar wave-gui de conposing the

i npedance matching circuit 7. As showlein Fig. 2, the inpedance natching
circuit 7 has a dielectric substrate 20 having a predeterm ned thickness H
and a signal line 21 and ground conductors 22 fornmed on the surface (one

pl ane of _the dielectric substrate) 20F of the dielectric substrate 20. That
is, the 1PYaPR%F st bieTs nedantthe Ipddanvariablni A§Lei pRBLEEFeFS Ldfposed
of the copl anar wave-guide (CPW. [00521 The signal line 21 is fornmed to
have a pRedel &h mmedtie P RN Wihd Xhéangr conductors 22 are disposed
on the both sides of the signal line 21 via slits 23 having a gap

(predet ef@Phktl gdHXG atcoplamredvanetIeiis cceepdsing thpedmpedantet he

i npedance matching circuit 7 is determ ned corresponding to the ratio of

t he w dtmavélimg tdiergapt G aind tthee REhicdkeess Plabeddiebenegpigibéé with
approxi mately by constructing the dielectric substrate 20 so that the

t hi cknessefkiéndditokeig t han pi. viidi & (Yakyibhlilyesddtamal) perepectives
assunmed that the dielectric substrate 20 of the present enbodinent is also

const r ucy egyigh dPBRRNp 169953t rheKire AN gdpabhar Rhve _h?uiaaedance
mat ching circuit a connected with the low noise anplifier 6 wll be

expl ai nedompbd fi%g t3e 1BcARA R L EneXH! ANALAMY 7dr axk NGsowdl il @3gM §Si On
lines 17 around %he I npedance matching circuit 7a connected to an i nput

termnal pf Lish QD SERIRY I 44,856 MRSEeNaELgectfiLSsanteaaLLabhy  cut
away) top plam view of e transmssion lines, FIg. I's an~ equi val ent
cireuit ggv&rrllg at5928&2%%9&5itr?ﬁsck%%%s':ﬁgandsg s‘iisgnaari 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).
[0052] 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 via slits 23 having a gap (predetermined
gap) G. It is noted 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.
[0053] 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



equi valent circuit using a Kinverter. [0054] As shown in Fig. 3A the

i npedance matching circuit 7a is conposed of the coplanar wave-gui de shown
in Fig. 2 and has an inpedance matchilig transm ssion line 30 and a K
inverter transm ssion |line (inpedance inverting distributed constant |ine)
33. The left side of the Kinverter transmssion line 33 in the figure is
connected with the swi tch 12H\gsee Fig 21 via a transm ssion i nhe 35

havi ng araud est]f"(Peldﬁ‘Bé’d"a &Ch4B9oF1ERNEE) 7?r‘é‘?’é’|’?‘éﬁe t b8 anbﬁ’?/u%s Z0'
hereinafter) which is an ordinary value as_characterjstic inpedance. The

left sideBHindeot ﬁﬁ@dé’ﬂdé”r?eﬁ %‘HP%bfl%’F an¥hessigF 19 néhrds g PeRklatre i s
connected with the ow noise anplifier 6 (see Fig. 1). [0055] These

i npedancatrawalyi ngorr ebamisiw et the Bparsmhveierrlingandiissiddnisia® 33 and
transm ssion line 35 function as a distributed constant |ine together with
t he di eleeptivialentbstiratudt 2 shewtransmigsignwhénesaandeFi§r eglebsyanf the
signal to be inputted has a predeterm ned value or nore, e. g. , when the
carrier dqeiguarayt dixrduigh Jdsrieguen®y isvelrtas.ul tra- hi gh frequency (300 MHz
to 3 GHz) , mcrowave (3 to 30 GHz) and millinetric wave (30 to 300 GHz).

In  the weEsent exdagdidmntin Fhg.can| i @ie finpRdne natedsudediteube 7a
ul tra-high frequency of 2.45 GHz. [0056] The transmssion line 35 is

conposed OfcgpisHRlod ithe le%palaﬁamawwg guhbBesb@hhiNragd Hhengreaad
conductors 22 via slits 23a having a gap GlL. Because the characteristic

| npedancg, i gy, 9& x?éé“ @Q‘E’cﬁ%ﬁe%l}‘%%ﬁgs%nt ri‘?m 49 9hqt %g{""ofﬁ{?%i:éé@d the

gap G as dese ove haracteristic rrpedance

transmission line (impedance inverting distributed constant line)
33. The left side of the K inverter transmission line 33 in the
figure is connectedwith theswitch1l2 (seeFig. 1) viaatransmission
line 35 having characteristic impedance Z;s of 50 [0O] (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).

[0055] These impedancematching transmission line 30, Kinverter
transmission line 33 and transmission line 35 function as a
distributed constant line together with the dielectric substrate
20 shown in Fig. 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). 1In
the present embodiment, the carrier frequency is assumed to be
ultra-high frequency of 2.45 GHz.

[0056] The transmission line 35 is composed of a signal line



transmssion line 35 is set so that the ratio of the line wdth W and the
gap GL turns out to be Zo by setting the wwdth WL as 17.5 pmand the gap Gl
as 5 pmfor exanple. Accordingly, a lil® Ilength LFt of the transm ssion
line 35 is not specifically limted and nmay be set to an adequate | ength.

[ 0057] Meanwhil e, the inpedance matching transmssion line 30 is conposed

f i [l 21b. havi ' idth W2 . q. 4, 5 whi ch.i

nar rove 2 {h AT RS 71 hbrsedahit anad gris o o utiepapgtoBs A £18 Flitha,

havi , 0., 11.5 & which | i d han th descri bed
Rbove antds Ladthi na GrPsEl: RpeuREetiosbhntaptBeastis SBPAAREEr tPnod
value (e.g., 83.4.Q which is different fromthat of the transm ssion |line
35 descri®eefBahired CQRIFSRHPRANT |\l Fheeryete Qhéde HEQFS‘.W,@’}Q &S 8ABth L 11

of the inpedance matching transmssion line 30 is preset to a predeterm ned
| engt h vhi ef AssaribPefeabPoveomtbRatCher aterisddsiigpesiancen850f déBeri bed
above (detail will be described later). [0058] Simlarly to the inpedance
mat chi ngtxamswhsstomnlinend5 36, sefieskK thetrtlke ratismisdibenlingewddths
conposed of the signal line 21b having the Iine width W and the ground
conduct ows &% the ddre &l itisn23bultatbnget he mapadinthehsl grdithl Wiea8lb i s
connected wth the ground conductors 22 through an internediary of stabs

25 fornety % feanhdethangaporpased @i Ebansgampslon |Adwsdiavygiig &91anki ne
width dl. [ 0059 1 The K inverter transm ssion |ine 33 described above may

be represengenlhyar reant Wl £ Ji0H Linamposednet d V&L L i fi t3da

havi ng i nductance Land distributed constant |ines 33b connected
and may be set to an adequate length.
[0057] Meanwhile, the impedance matching transmission line 30
is composed of a signal line 21b having a line width W2 (e.g.,
4.5pm) which isnarrower than the linewidth W1l 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).
[0058] 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. Thesignalline 21bisconnected
with the ground conductors 22 through an intermediary of stabs

25 formed in meander and composed of transmission lines having



to the both ends of the T-type circuit 33a and having a line |length of
electrical length vLj/2 as shown in Fig. 3B. The transm ssion |ine having
the line width dl and conposing the sfl8bs 25 descri bed above is set to have
a predetermned line length in configuring the inductance L described
above. [0060) Accordingly, the inpedance matching circuit 7a may be

representgng tQﬁgéthvalent circuit conposed of the Kinverter
transni s | aving the inductance L, the distributed constant

|l ines 33b connected to.the both sides, there di st.ri buted const ant

[ nes 300 FS8 g Thie ¥ iSRG FEA TR SEP Reheus SiaH5ar e S ORGT &S | nes
35a having the line length LFI connected to the both sides of the
dlstrlbd¥%6386ﬁ§?ﬁﬁ?dPWﬁH&eSvaﬁée%ﬁS%ﬁcuﬂﬁqqqfogﬁgoﬁééklfﬂﬁﬁ%ﬁﬁ¥ﬁ¥he K
inverter transmssion line 33 is conposed of the K.inverter transm ssion

i ne 33a3%%bﬁﬁgn9hﬂG§?5ﬁé€eE*§HHdl$h@lﬂ?§%¢PBHFEGnééﬁ§?§ﬁ§q??RB@Q&ﬁﬂ
connected to the both sides thereof as described above, it functions as a K
i nver t ert@aghshpwkh endsHpf). th@CT - fPD6 Z1 epyid, 33p@rchbaviag 4 dineclenath
el ement through which inpedance or admttance of a | oad seens to be

i nvert edoiEedtie cdloadnigthsegn hs0oshéwn i iPWEid.enm.nafhy i Bradméni swesi er .
Specifically, a circuit elenment through which inpedance is inverted to see

as 20 admidd ap&enigstalllied wsdeh 1 anerdaipaih@ther<ititds ebed@sitrite@ugh
whi ch admttance is inverted to see as inpedance is called as a J inverter.

The K i nyd$&rid $e0WBORSHe0h d;if&le-rtébfﬁ%& nawiet 18hgthNINCEREL ke {04
exanpl e as descri bed above and the i nverter
the inductance L described above.
[0060] 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.
[0061] Because the K inverter transmission line 33 is composed
of the K inverter 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.
[0062] 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



is conposed of a n-type circuit of capacitor C described later for exanple.
[ 00631 Next, before explaining the characteristic inpedance Z30 and the
line length LIi of the inpedance matcihg transm ssion |ine30, aknown
filter 70 conposedof the Kinverter will be explained wth reference to

Fi gs. 4A through 4C. Figs. 4A, 4B and 4C are explanatory diagranms of the

filter 70 _conposed of t Kinverters, . wherein Fig. .4Ajs a citcuit_ diagram
of the fRRFSTESRCE daycatkel am ack yarEss S amht i GAECHE-te Lsndhs thERHaR t 1 ng
through the filter 70 and Fig. 4Cis an equivalent circuit of the filter

70. [00BBichhadpittance oy smgfe(fﬁ&-dsttéfgéeﬁ 78 et MRYMPESB A DICHHEK 2S Averters
and has a hal f-wave serial resonator 71 whose reactance is indicated as

i X1, a KJihveexeer 72 ThedKchmearbRr Ko FoamesesnAéctle TvivPe SifiHlts ob1- p1
and a Kinverter 73 indicated as K12 2 and connected via termnals P2-p2'

A | oad 7%5nflndiencedl aforeexampm i tdas i bahabevienwdd dhe7? dnyextiedad 76
indicated as Zo is connected to the Kinverter 73. It is noted that
resi st andée sempofednof e 7Thaypewarecset iaf gagsanidtar C7 HetsertibedKlameerter 72
side (P1-P1' side) is assuned to be Rs' and the resistance seen fromthe
hal f - wav€orsexampleesonator 71 to the Kinverter 73 side (P2-p2' side) is
assuned to be Rr,' . [00651 Here, known design fornmulas that allow the

filter 70006321 Myt ,i v@estedeapaadnt Agstie 8natrgBabriothe inpusdridd g i n a
predet er mi ned bandwi dth (band adjustnent) nay be expressed by the follow ng

Equat i °”§n& @ﬂg fin& Eféjr%’ér?rh 4 of the impedance matching transmission

line 30, aknown filter 70 composedof theKinverterwill beexplained
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.

[0064] 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 Ky,; and connected
via terminalsP;-P,;" andaKinverter 73 indicatedasK; ;and connected
via terminals P,-p,‘'. A load 75 indicated as %, 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 Rg' and the resistance seen from the half-wave

serial resonator 71 totheKinverter 73 side (P,-p;’' side) is assumed
to be RL' .

[0065] Here, known design formulas that allow the filter 70 to



KO,1 - rizo-git [Equation 2] K1,2 x1Zo 81St [0066] Where, x1 denotes a
sl ope paraneter of reactance X1 and the reactance X1 is expressed by
Equation 3. Still nore, cuis frequehkty, WO is center frequency, w
(bandwi dth) is specific bandwidth ( (W2 -wl) / wo) , wl andw2 are cut-off
frequencies and go, gl and g2 are nornalized el enent values. It is noted
that the _normalized el enent val ues go,.gl and g2 nmay be calculated from
refl ect f“Bﬁcgo%“p AGEaHHahg er% ﬁlg?ﬁgl goi ?’%ﬁf?ﬁ’ﬁ'@ﬁ&gﬁadma %hunber
of stages (of the filter). [Equation 3] 1w wo X1 X1 - wo w [0067] Because
Che " hal PEASGGCEBIRGR HLHAGH (Pani EhrEtIet bBavnee e aameaoy I  or s 72
and 73, voltage anplitude ng)l of a signal transmtting through the
hal f - wvafelderitap EQuahaPBF ¥122g Bécones short V(z)I1=0) on the terninal
sides P1-P1' and P2-P2 as shown in Fig. 4B. Still nore, the filter 70 is
repr eseEadathpnadlequi val ent circuit in which resistors 77 and 79 indicated
as Rs' and RL' are connected on the both sides of the half-wave serial
resonator 71 as shown in Fig.Z The resistors 77 and 79 are expressed by
the foll ow ng EquatloRilgygp EEEL

051

[Equation 2]

K,, =w |2fe
8182

[0066] Where,:ﬁ denotes a slope parameter of reactance Xland

the reactance X1 is expressed by Equation 3. Still more, w is
frequency, wo is center frequency, w (bandwidth) is specific
bandwidth ((w, “w,)/ w,): w, andy, are cut-off frequencies and
go,gh.and g, are normalized element values. It is noted that the
normalized element values g9, 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]

[0067] 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



[Equation 4] K2 Rs - al [Equation 5] Z0 2 K1,2 RL zo [0068] Still

nore, Equations 6 and 7 hold in the half-wave seri aI resonator 71 descri bed
above. It is noted that Q (value Q nRa8ns quality factor. [Equation 6] R L
80 R s 82 [Equation 7] Q X1 808182 Res+R L x' 80 +92) 23 [ 00691 Because

the Ki nverters 72 and 73 thus invert inpedance i.e., the half-wave serial
r esonat ( If raII onat gr) sgri bed
above, 'Ebne RUNR! %rh%%(? t‘ﬁé%&'vgﬁ Y‘lg]ta Ih Is'fl vvaver}allpgral q(igegénat or
not shown. Accordi n%_ t he fllter 70 functlons as one stage filter_by the
hal f - wa@® SN & FigsotS-or SEAdIHRSER - ohPRGHALFBRs7Y LRHd PRI F9d
above, enables the inpedance matching and band adjustnent by setting the

speci fi ®Y @@n&ﬂl&f’ﬁlﬁfnt[BBI?G‘]ll’Su{z% Wt ¢h e st sal7 7r 888n4? otndhacR ke onposed

of a
as Rs' and R’ are connected on the both sides of the half-wave

serial resonator 71 as shown in Fig. 4C. The resistors 77 and
79 are expressed by the following Equations 4 and 5.

[Equation 4]

[Equation 5]

[0068] 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, &

R g,

[Equation 7]

0= % 808183
Ro+R,  wlgy+g,)




transm ssion [ine not shown having a line length of a half-wave of the
signal to be transmtted. The Kinverters 72 and 73 are conposed,
respectively, of the T-type circuit o23inductance L and transm ssion |ines
not shown connected on the both sides thereof and having a line |length of
electrical length w2 simlarly to the Kinverter transm ssion |ine 33

shown in Fig.. 3B. [0071 ecause a pluralit ircuits are constructed on
t he senggﬁductd%cﬁTﬁﬁ%ﬁEe§?98V85ﬁ§FFuc apﬁégié SatMeE e e Aboie,  the
space on the sem cqnductor elenent 2 is lipjted and. occupation area of
the 111 fief 70t RUSE 16 "PURUREE T LrHaTEMa e of el BURbRSERGET PALE i the

sem conduct or elenent 2. Then, in the inpedance matching. circuit. 7 of the

i nvent i ®RTLHELARTRATET s2F deasrFd P2 250 Bhe fititen Thésisiii?ient of the
i npedance matching transmssion line 30 are set at predeterm ned val ues so
t hat t heidbckpat heafarwase payabéeledaceBabeT chApaFheWho tARCAGAIRGLYZ0 whil e
neeting Equations 1 and 2 simlarly to the filter 70 descri bed above. |
00721 Nexee fihexh@faoceirssias ¢mpetiaged i2Z3eramthdbalifnwavernptaldel | 1 of
t he i npedance matching transm ssion line 30 will be explained wth

r ef er encesonakiogsan®bddedoghEd@at fogs.1 8Ad SBeandibE€daakovel| agrarie s or
expl ai ning the characteristic i npedance and line |ength of the inpedance
mat chi ng@hel impedan@e matBBthgtand bhha adipidtmdrer by nadt tiing BRel sp idi ise
anplifier 6, wherein Fig. 5Ais a circuit diagramof the inpedance matching
circuit phadwilddh 2B shows the voltage anplitude of a signal transmtting

t hrough the inpedance matching circuit 7a and Fig. 5C is an equival ent

circuit [%f07t0r]e i@@ﬁaﬂﬁffnﬁgggi Qgr?t.hﬁ_cillbtsozgtor 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.
[0071] 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 is limited and an occupation
area of the 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.

[0072] Next, the characteristic impedance Z;, and the 1line length



[ 00731 The i npedance matching circuit 7a shown in Fig. 5Ais conposed of

t he i npedance matching transm ssion line 30 and the K inverter transm ssion
line 33 as explained with reference t&# Fig. 3. The inpedance matching
transm ssion line 30 is conposed of a quarter-wave transm ssion |ine
(quarter-wave distributed constant |line) 32 having characteristic inpedance
ZlI (described_ later) and a .reactance co ens in(g)ztransn‘i ssion line

(r eact akdé o tdHpiHES ?ﬂﬁeﬂ‘iaélt’ﬂlﬁgttéif‘ O3l LhRA&PIAEGh t he

quarter ve transm ssjon_ |ine 32. Line. | gth of th [ter ve
Ur ansm ¥4TBnTPERBSESS 5O tifar 14 OF e Pngt RLUS of >R heo A" A8 be

transmtted, i.e., quarter wavelength A /4 (quarter-wavel ength of the

si gnal @éaﬂéaf“ﬁpl’ftotre&)xpl?ﬂé‘lnﬁuz}lhﬁeFh\%\?@tﬁFéﬁ%’Fs%F‘Bﬁdlapﬁ‘é 324 41@6nnect ed
with the Kinverter transmssion line 33 via input termnals P3-P3' and the
K i nver lengthrahdhiestnpedan ¢ mad chd nggnHedtidd 7@i ¢ennert ¢ dasthe dngntl i ne 35.
Still nore, the reactance conpensating distributed constant line 31 is
connect é¢rwinhlt ¢ie thewl owinod sgngrhp Fifeke1s 6( e in Fip. Vo4 1252 eueutit
termnals P4- P4 F' [ 007 4 11t is noted that the wavel ength A

descri bddaglramcofiebing ingpe dbenwea el teinginly endcwhén7a, st gmal 5B r<dnesys tthet hr ough
the i npedance matching circuit 7, the carrier frequency described above

i NnCr easesltaqer &apdithidg df0ads yesl rirancmisttamnly ehrbtighdited aaipeidansgbst rat e
20 shown in Fig. 2 and the wavel ength A becones snaller than one wavel ength

of the gakkbhehdlf ceauaneyr8fara 45 dHac 1904Rledhitviiaet | @l ©fost hee
quarter-wave transmssion line 32 is thus set to be a half of the half-wave

transm §§HQ8ahb®€matching circuit 7a.

[0073] 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 Z1 (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 Pfdz' 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



not shown conposing the half -wave serial resonator 71 of the filter 70
explained in connection with Fig. 4A Still nore, because input inpedance
of the Iow noise anplifier 6 is relatiygly | arge, e.g., 330 - j890 0, the
| ow noi se anplifier 6 may be handl ed open and two K inverters are not
necessary. Then, the Kinverter transm ssion |ine 33 conposes the K
inverter (inverter of inpedance invert circuit) KO,1 only on the input
term nal csitgetPtérm@nd1$h&,-Pj's, voltage anplitude JV(z) | of the signa
transmtting through the quarter-wave transmssion |line 32 is quarter-wave

as shown [go¥Ri1g. SBandifosdWhhat SV Wavk1e@htBNAl kR doWed 8b8VEMeaide P 3-
P3 It is opened (anplitude is naximzed) on the output termnal side P

4- P 4" "gd; d0udv81dndth Bhd8Ind 0 a8 Ya FaYah5RDEs k ishch €88 Cinifathraove

while thus setting the line length of the quarter-wave transn ssion |line

32 to qu Qr{att@’h "n\efaé’ﬁt)&ﬁgé 4l1 . %h/e%ar?:}ll%_rl f f@idéfmﬂ; @e Qézriggd %%%@eailrl{'\d?reas es

conpensating distributed constan Ine 31 Is set at adjusted length (length

conpensatj ng. r t e, of ..l n

cuseep: anid PG P S st ST ah e SEEBEI T FRlEr AR et L ance
YL of the | ow noise anplifie is defin s.shown in Equation 8. \Were,
GL denot &9 tsﬁé?weo’rl‘atf‘étgn@eanéftql%é’alv eﬁggge’atar?ﬁqoﬂeér S%‘aghjlﬁrBT_h?i%r?d’tees t he
susceptance (reactance _of |oad) of the | ow ngise amplifier 6. [Equation 8]
YL = 1 ~M4§?l99§thsz[GB?BFa?ﬁéanﬁEFqPﬁBEHaﬂgez(? t#ance of 1o0ad) ZL of

the | ow
[0075] 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 connectionwith Fig. 4A. Still more, because input
impedance of the low noise amplifier 6 is relatively large, e.qg.,
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 the K inverter (inverter of impedance
invert circuit) KO'l 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

[0076] 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 line 31 is set at adjusted length

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



noise anplifier 6 is expressed by Equation 9. Wwere, RL denotes resistance
of the input inpedance ZL and XL denotes reactance of the input inpedance
ZL. [Equation 9] ZL.RL+JXL [0079] Then, the conductance G. and susceptance
BL of the low noise anplifier 6 may bé6expressed by Equation 10. [Equation
10 GRLB- -XL L R +X2" L R2 +X2 L L L L [0080] By the way, because the
reactance may be increased/ decreased simlarly with | oading of inductance

by bner easinaldeqeasind e binse! pROt o auarierapupl anotdisl 4) - of the

guarter-wave transm ssron e adjuste of  the reactance

conpensa%i' istnh%#%g%{ﬁ§ﬂ§%%%itki%%eS% kﬁi%%%singﬁgig%ééﬂﬁg? f?g“ér]

Equati on It isn enotes capacity 2 engt h.
[ Equation 1]1] _WOCAM = -BL [0Q81]. Accqrdingly, the adjusted | ength Al of the
react anceS %%Pdé%ﬁ? iSHGYEi % 8?5%1’6%‘&“ 80ns‘?€%¥e| ft’hge’%ilc?rﬁ gﬁecoéﬁ%rcgfélecc? by the
| engt h shown bX Equat i on 12._[E%yation 12] Af--B woC

of thelownoiseamplifier 6 and B, denotes the susceptance (reactance

of load) of the low noise amplifier 6.

[Equation 8]

Y, = =G, +jB,

1
ZL
[0078] 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 Z..

[Equation 9]
Z, =R, +jX,

[0079] Then, the conductance G, and susceptance B; of the low
noise amplifier 6 may be expressed by Equation 10.

[Equation 10]

R, -X,
YORI+xP Y ORM+x?
[0080] By the way, Dbecause 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 line 31 ispreset

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



(0082] It is noted that because the |ow noise anplifier 6 is conposed of FET
(field effect transistor) and capacity between a gate and source not shown
is positive, XL <0, BL >0 fron1Equat|on 10 and Al < 0 from Equation 12.

[ 0083] Because the line length of the2duarter-wave transmssion line 32 is
gquarter wavel engthA /4 and the line |length of the reactance conpensating
distributed constant line 31 is the adjusted length Al as described above,

t he Ilne( tgbﬂ-dﬁ&éﬁl y npedance matching transmission line 30 is). /4
+ Al as omn 5A. t|II more, because Al < 0, the line length L11
of the Iﬁﬂgﬂﬁg‘ fhlng transm ssion |line 30 becones a | ength obtained by
subtract an absolute value of the adjusted length Al of the reactance
conpensating distributed constant line 31 fromthe line length (quarter
wavel ength A/ 4) of the, ltegwave transmnission [ine 32. 28 [0084] Wien the
carrier frequency is 2. GHz, “whil e quarter wavelength2. /4 is about 18
mm the line length L Il of the i npedance matching transm ssion |ine 30
becones pbosi] 17 aacbeaatgeyt heheadiiistedd! eagith AN1i 6f- Oh8 neawhencs he

i nput inpedance ZL of the |ow noise anplifier 6 is 330 - 890 Q for

exanpl e. coRPShda Ve diiBe r3bsteat esncet Hit 119 neodpetsabede asresesed bgethabove,

i npedance mat chi ng and band adjustnent of the | ow noise anplifier 6 may be

made posséyen SénbwRrdy Hqudteod ilder 70 by applying Equations 1 and 2
descri bed above to the inpedance matching circuit 7.

[Equation 12]

B
Al = -—L
w,C
[0082] 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.

[0083] Because the 1line length of the quarter-wave transmission
line32isquarterwavelengthA /4andthe line lengthof the reactance
compensating distributed constant line 31 is the adjusted length
Alasdescribedabove,theline;engthLIloftheimpedancematching
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 wavelengthﬁ~/4) of the quarter-wave transmission line

32.



[ 0086] Here, because the |low noise anplifier 6 has relatively |I|arge

i npedance (ZL) as described above, GL << Yo, where Yo is an inverse nunber

of Zo, and Equations 13 through 17 hold. [Equation 13] Z'L = ZI'G + JX | =

RL + XL [Equation 14] X1 --ZICxO 28-x, m-- w coo 60 [Equation 151 29

[ Equation 16] R L-Z1G [Equation 17] x R s 0.1 -Z 0 [0087] Accordingly, the
design formul a shomn in Equation 2 may be expressed by Equation 18 from

Equat i ongogg4 p. Hdtﬁ@ &erid] prffe;fs%{ & 1% IC 4'5”Eﬁ‘ian€vﬁlﬁ8héﬁéf£é£' stic

|npedance correspon Ing to t bandw dt h) Z| t he quarter-wave

G P T PR SNSRaH BT, PR SRR
I nverter tEangés £§Hs$i£§iéﬁl1{ne Iéﬁhéﬁﬂs boggggglmm because the
adjusted length Al is -0.9 mm when the input impedance z, of the
low noise amplifier 6 is 330 - j890 ¢ for example.
[0085] 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.

[0086] Here, because the low noise amplifier 6 has relatively
large impedance (Z;) as described above, Gy <X Y . where Y 1is an

inverse number of Z,. and Equations 13 through 17 hold.

[Equation 13]

Z,L = leGL +jX, = R’L+jX'L

[Equation 14]

X, =-Z cotf = -xl(—a-)——&)
w, w

[Equation 15]



[ Equation 191 KO,1 - x Zoxi SoBl [0088] Because the inpedance nutching
transm ssion line 30 is conposed of the line wdth W2 and the gap & as
shown in Fig. 3A (i.e., the characteristic inpedance is maintained
constant) and the inpedance matchi ngZ9 ansnission line 30 is conposed of
the reactance conpensating distributed constant Iine 31 and the 30
quarter-wave transmssion line 32 as explained in Fig. 5A the
charact efgstLE;d nce Z30 (83.4 QQ of the inpedance matching
transninggﬁéffﬁgpggﬁis expressed by the characteristic inpedance Z1
descri bed above. [0089] Because Equations 18 and 19 are net, the circuit
di agram of the inpedan$e,n@y§hing circuit 7a shown in Fig. 5Amay be
expressed by an equival ént ciftcuit seen fromthe hal f-wave serial resonator
36 as shown in Fig. 5Csimlarly to the equivalent circuit shown in Fig.
4C. That [Eguathenihpkdance matching circuit 7a is represented by the
equi valent circuit in which resistors 37 and 39 denoted by Rs' and RL' are
connected to the both sidegj f the half-wave serial resonator 36. The
resistors 37 and 39 maR'sbe—expressed by Equation 20 from Equations 6, 16
and 17. The quality factoﬁ%Q may be expressed by Equation 21 from Equati ons
7, 16 and 17. [Equation 20] Rc Zo Z2G - So

[0087] 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) Zlof 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 KO'1 composed of the
K inverter transmission line 33.

[Equation 18]

z, =2~
4 8,8.6,

[Equation 19]

VA
K@1'Va; Loty
o8,

[0088] 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



RS -K2 1L 82 [Equation 21] X1 Zo x1 808182 Il x'/180+g2f R s+R L KO.1
1+g0 ( 92) [0090] Thus, differing fromthe filter 70 shown in Fig. 4, the
31 inventive inpedance matching circuit 7a does not require two K inverters
and allows the line length LI 1 of theBPnpedance matching transm ssion |ine
30 to be set as k /4 + Al. Still nore, because the characteristic inpedance
Z1 of the quarter-wave transmssion line 32, i.e., the characteristic

i mpedancgy 430 Lfwd e { MRAGANGa ol aliGh N hkaBspELashea Lhneigl, sandcide KO1
of the Kiinverter 33 conposed of the Kinverter transmssion line 33 are

set SO ashdPact@eistid NnpRinaens 18 snd 1) Jdit takl omPedarce Metanney
mat chi ng and band adjustnent to be carried out corresponding to the

spect 11 Cehandng i waghl A sfedugl 00 i, 0eRURALON RS20k TS apsdance

mat ching circult t nore, the inventive inpedance matching
circuit 7 Als39:3ld0% e i npedance matching and bandw dth adjustnment in

t he sanme manner as descri bed above not only for relatively |arge i npedance
such as the input_inpedance ZL of the | ow noise anplifier 6, but also for
o at fvel §5ahEPT" PrGRASS ceteo s P o ire Tefmetinca rratt AT HRg

| ater) of the |low noise anplifier 6. [0092] Next, the configuration_of the
inpedandgfﬁapéﬁpﬁ&agppgchhlng01rcu1t ashowninFig. 5Amaybe expressed

by an equivalent circuit seen from the half-wave serial resonator
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 Rs’ 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

[Equation 21]

0 Xy Z, X, _ 808182

R' +R', K(ix (1_._5_0_) W(go+gz)

&,

[0090] Thus, differing from the filter 70 shown in Fig. 4, the



7b connected with the output termnal of the |ow noise anplifier 6 wll be
expl ained. Figs. 6A, 6B and 6C are drawi ngs for explaining transm ssion

I ines around the inpedance matching circuit 7b connected to the output
termnal of the | ow noise anplifier 6, 3lwherein Fig. 6Ais a (partially cut
away) top plan view of the transmssion line, Fig. 6B is an equival ent
circuit of the transmssion line and Fig. 6Cis an equivalent circuit using

the J in%%;tqp\,32 009 31 %&c hgyn LQCEEQ'79A oggenggpgggnggeng&ch'ng
circu t THYTR RS ISREABICY RE St SRATE. Jd H8S8HBRA TRIMTES BVEif larly
to the inpedance mat chi Cir uié_?a andtﬁg an_i npedance,_mat chi .
Lransmi solOYET TS 00aPUIaTS TR b PEr 1EHs ko8 f g RESCPRGEIREEing
inverting distributed constant line) 43. The right side of the J inverter
transm ssteRP$RFRS R ilinendof fg e sed eenhddt i t IFtidHemArger ReFRESANd |1 b
(see Fig. 1) via a transmssion_line 45 having characteristic inpedance Z45
O 7O Stth¢ her@cteqd sitdrt 1mBedRnee 4:hef i e RACE ShrateRenbr fR SRR $S  on
line 40 in the figure 1is connected with the |ow noise anplifier 6 (see Fig.
1). The }ipred@hcéd - fatchhAcChaarcheshs bt liMpedamce ke, PLi fher igpedance
transmission line 43 and the transmssion line 45 function as a distributed
const ant ritching ttopatderssdiorh ltive dPel eedrile Kupstfr &bhe ROoiswewhern3Fig. 2
simlarly to the distributed constant circuit explained in conjunction with
Fig. 3. [cfiPddedion ltalel K iMvéheet ranssmisision Llaae353aird et rpedante
matching circuit 7a (see Fig. 3), the transmssion line 45 is

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.

[0091] 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.

[0092] Next, the configuration of the impedancematchingcircuit

7b connected with the outpﬁfvterminal of the low noise amplifier

6 will beexplained. Figs. 6A, 6Band 6C are drawings 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 1is an equivalent circuit of the

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

J inverter.



conposed of the signal line 21a having a line wwdth W and the ground
conductors 22 forned via the slits 23a having a gap G. The line length LF
O the transmssion line 45 is not specifically limted and may be set at
adequate | ength. [00951 Meanwhil e, the2 npedance nmatching transm ssion |ine
40 is conposed of the signal |line 21c having a line wwdth WB which 1is
narrower than the line wwdth W descri bed above and the ground conductors

22 fornme slits 23c havi p which is wider than.the. qa

descri beg §B§\l, RSc8 HVﬂd?%@Tagg‘ctg?sW% %%“? o9 44 81"”1 zb

i npedance ITB.tChI ng_transmssion line 40 is _preset at a predeterm ned val ue
(det ai | Q\FI?OIB%O%%‘%&ﬁ 58§ FAREIYAT WAYCIPISFPPEPehE Iﬂ@g 2 RAPLHATEKe

transmi ssion |line 45 described above. Still nore, the line length L12 of

t he i npedardie ARPEARAGE NF RSB SEBAVEF @ quilga%agsmp%ﬁarg:qowé ehérfi ned
length differing fromthat of the transm ssion |ine 45 described above
(detai | Wwrhhsmpbesigesdringet0 lagder Y. i1 0OP0EAr Thangmiggdoneking Ahwpedanen |ine
43 i s conposed of signal lines 21c and 21d having the line width WB and the
ground condectdng dP2tfoOpures danstmmtsiliine )233havimg tightgaspide@3ofTheesi gnal
lines 21c and 21d have end portions 26a and 26b fornmed into a shape of

conb andjf apiregtép eodtsmwtdeiion/ildna @APihavhé of Sgyxreded eofneededgaptH?.
[0097] The J inverter transmssion |line 43 of this sort may be represented

by an eqeh¥aheRErsi [ €4i AngOMPOSEEOFiY .t 1)t ¥R& & tednkmid3doaf 1¢apagktor C
and distributed constant |ines 43b connected to the both ends of the7t-type

circuit 433;88dcHaVL80eAi Lt Ne iffildhce 245 of Z,. Still more, the left

side of the impedance matching transmission line 40 in the figure
is connected 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.

[0094] 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 W1l 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.

[0095] 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



of electrical length to/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 predeterm ned
shape and val ue, respectively, corresponding to the capacitor C described
above. [0098] Accordingly, as shown i B3Fig. 6B, the inpedance natching
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 distrjbuted t ant 40a_havi line length L12 and g
i St 11 but BECIBRSEaR PPnblASSREGFRGE o S T T2 b ddEo 8o Fo the

both sides of the distribputed constant e 43 e.th

i nver t er PEPEREM & & BRETS het2ng V@&Hﬁog‘éﬁtab} WHe7 t%‘p‘% ebr‘%ﬂﬁta tgs of t he
capacitor C and the distributed constant lines 43b connected to the both

si des t h#héeh b ddéSerrpEfrabobet Ahéhy trarsRitstemAdnessy 86SFrakeds
functions as the J inverter as showm in Fig. 6C. (0100] Here, a known
filter 8@beoyeposedlbl moxe . .Jthavkinedength Lihefekpe dimpesianiaenmasrhiadce t o
Fig. 7. Figs. 7A, 7B and 7C are diagranms for explaining the filter 80
conposed tohnshé sdipnvdmeet 8, is pheset @ tFa predk tiegmd neidr bengtlddagfemiol t he
filter 80, Fig. 7B shows voltage anplitude of a signal transmtting through
the filteromSthandfRilge tZ@nismiapiequlimed abtdesccibdd abovhe(detdier wQl

[01011 Simlarly to the filter 70 conposed of the Kinverters and expl ai ned
in conjupet igercwibBaFLgted).thefilter8G saone-stage filter and i s conposed
of a half-wave parallel resonator 81, a J inverter 82 denoted as J Ol and

connect e g4io@ 1t er M3k § nFerPRT 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.
[0097] 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 theT-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 265'a;nd the gap d2 of the GAP are preset
at predetermined shape and value, respectively, corresponding to
the capacitor C described above.
[0098] Accordingly, as shown in Fig. 6B, the impedance matching
circuit 7b may be represented by theT -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



and a J inverter 83 denoted as J1,2 and connected via termnals P6-P6 A

| oad 85 denoted as Y () is connected to the J inverter 82 and a | oad 86
denoted as Y O is connected to the J inverter 83. It is noted that

conduct ance seen fromthe hal f-wave pa3allel resonator 81 to the J inverter
82 (P5-P5' side) is assuned to be G S, and conductance seen fromthe
hal f -wave parallel resonator 81 to the J inverter 83 (P6-P6' side) to be

G' . [01021 Here, known design faormnul as forzﬁgkpmag t he fi%ter 0 to
carry out'&¥EN hppedantechet & e St bandeadiudtire BeP RS ORS ed by
Equations 22 and 23. [Equation 221 JO.1 - '1W [Equation 23] YOb:j 9 ogl
091 J, - ¥WeeW3Pbyo2 |g 9192 Wiere, bi denotes a sl ope paraneter of
susceptance B, and the susceptance Bi may be expressed by Equation 24.
[ Equat i ol OB ][ 013w dhised tinyerdlel- Wagesphs al Prllingsbdhat D cogposed
constructed between the J inverters 82 and 83, the voltage anplitude 1V(z)l
of a signrd theanstypé idigrdirough dhethmldapsaieoracadh@lthe 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.
[0100] 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.
[0101] 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 and connected via terminals Ps-Ps’

1

and a J inverter 83 denoted as le and connected via terminals
P¢-P¢'. A load 85 denoted as Y0 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 (Ps-P¢’ side) to be G.'.
[0102] Here, known design formulas for allowing the filter 80

to carry out the impedance matching and band adjustment may be



resonator 81 is open (anplitude is maximzed) at the term nall sides P5-P5'
and P6-P6' as shown in-Fig. 7B. Still nore, the filter 80 my be
represented by an equivalent circuit in which conductances 87 and 89
denoted as Gs' and G' are connected t3 the both sides of the half -wave
parall el resonator 81. The conductances 87 and 89 nmay be expressed by
Equations 25 and 26. [Equation 251 36 2 Gs JO'' ~Y OJ[Equation 261 G L

- "1'2 Y o [0104] Still re at i 27 and 28 hold in the hal f-wave

par al | el SFBEGRAY rb%léqTégkﬁR?EQEZ?TQE?i'gO Gs g 2 (Equation 28] b, _

808182 5%G;S+G L w(g0 + g2 [ 01051 Thus, differing fromthe K inverter,
in

the J AP8FL°82224nd 83 invert admittance (hal f-wave parall el resonator
81) to inpedance (half-wave serial resonator), so that the filter 80 is

JQ,-Vq; Kﬁ.
808

[Equation 23]

bY.
Jia _Vﬁ; 170
882

Where, bldenotes a slope parameter of susceptance Bland.the

susceptance B, may be expressed by Equation 24.

[Equation 24]

B, - bl(ﬂ_&)
w, o

[0103] Because the half-wave parallel resonator 81 is
constructed between the J inverters 82 and 83, the voltage amplitude
|V(z)| of a signal transmitting through the half-wave parallel
resonator 81 is open (amplitude is maximized) 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 Gs' 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]



equi valent to the hal f-wave serial resonator not shown. Accordingly, the
filter 80 functions as one-stage filter by the half-wave serial resonator
and simlarly to the filter 70 shown in Fig. 4, allows the inpedance

mat chi ng and band adjustnent to be nede by setting the specific bandwi dth w
based on Equations 37 23 and 24 descri bed above. [0106] Although the

i npedance matching circuit 7b of the invention neets with Equations 22 and
23 simlarly to the inpedance mnmatching circuit 7a described above, the
characteristic inpedancg], 740 and the line length L 12 of the i npedance

mat chi ng transmi ssi®@p=-1ine 40 are preset at predeterm ned val ues so that
the occupation area can®be reduced as conpared to that of the filter 80.

[ 01071 Next, the characteristic inpedance Z40 and the line length L12 will
be explained with reference to Fig. 8A through 8C. Figs. 8A, 8B and 8C are
di agranms for explaining the characteristic inpedance Zoo and the |ine

| ength LIBaBptiAB Pfpedance matching circuit 7B connected to the out put
termnals of the low noise anplifier 6, wherein Fig. 8Ais a circuit

di agram of the inpedance matching circuit 7b, Fig. 8B shows voltage
anplitude of a signal tyansmtting through the inpedance matching circuit
7b and Fig. 8Cis e fval ent circuit of the inpedance matching circuit
7b. [0108] The |npedancE,natch|ng circuit 7b shown in Fig. 8Ais conposed
of the inpedance matching transmssion line 40 and the J inverter

transm ssion line 43 as explained in connection with Fig. 6. The inpedance
mat ching transm ssion line 40 is conposed of the quarter-wave transm ssion
i ne (quabterniwavetdilat mbldt eBquations 27 and 28 hold in the half-wave

parallel resonator 81.

[Equation 27]

[Equation 28]

0 - b - 8088,
G's+G', W(gu +gz)

[0105] 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



constant line) 42 having characteristic inpedance ZI and the reactance
conpensating transm ssion |line (reactance conpensating distributed constant
line) 41 connected with the quarter-wave transmssion |ine 42. The |ine

| ength of the quarter-wave transmssi®n line 42 is quarter wavelength A /4
simlarly to the 38 quarter-wave transm ssion line 32 (see Fig. 5A). The
quarter-wave transmssion line 42 is connected with the J inverter

transm ssion Jline 43 via input termnals P8-Pe' and the J inverter

transni si%n9 iAfe FSCrdPEGNABEYEd with the transmission |ine 45. Still

nore, the reactance conpensating transm ssion line 41 is connected with

the | ow d&19& lanpl i #1Epogh sEReFlgiPefangieg MARPHNS eFhiTits PY- oF the[0109]
Thus, the line length of the quarter-wave transmssion |ine 42 is preset at
a hal f ofinwendlifonpgets WasbrREs torrns Aé qnsbe 3 sdigwr Lyorp édbengnrefang f - wave
paral l el resonator 81 of the filter 80 explained in connection with Fig. 4A
sim | ar | ynatechting tineulerigtdesofibhée@ adpoxet ethaveheracarsiissscommpedan@? (see
Fig. 5A). Still nore, because the output inpedance (inpedance of | oad) of

the low i@ applifienefgts Ves B rSRe | indfe Grgnadchontherdiynts d igredance
ZL descri bed above, the | ow noise anplifier 6 may be handled as shorted and

the two Jiifeyqbt&Fs paleeetOht ARSI MmindiERalliBe so thatetherodd@stiGsi on
| ine 43 conposes the J inverter (inverter of the inpedance inverting

circuit) gleal . arOMey r@dulcBe aRPYompar®andb tihdeoP8tR3’ riTkhal B§. voltage
anplitude JV(z) | of a signal transmtting through the quarter-wave

transm ssi i ne e N Fi [t 1 rter- e, Is
opened (arrorc)thi]ude ﬁ%(spnggg%l%?e %%rt%q}tgk}écinln& (%Iatrg%mzﬁ’aﬁdczltggq %—eP]gén and is

short L1, will be explained with reference to Fig. 8A through 8C. Figs.

8A, 8B and 8C are diagrams for explaining the characteristic
impedance %4 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.
[0108] The impedance matching circuit 7b shown in Fig. 8A is
composed of the impedance matching transmission line 40 and the
J inverter transmission liﬂé.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 Z, and the
reactance compensating transmission line (reactance compensating
distributed constant line) 41 connected with the quarter-wave
transmission line 42. The 1line length of the quarter-wave

transmission line 42 is quarter wavelength A /4 similarly to the



(I'V(z)1=0) on the output termnal side P7-P7'. [0110] In order to apply

Equati ons 23 and 24 descri bed above while thus setting the line | ength of
the quarter-wave transm ssion line 42 at quarter wavelength A /4, the line
I ength of the reactance conpensating 3%ansm ssion line 41 is set at
adjusted length Al 39 so as to conpensate (cancel) reactance (reactance of

| oad) Xs of the Iow noi se arrpl ifier 6. [01111 Here, the output inpedance Zs
of the | ise |f|er I e S uat . [ RS|s
resi stan(czqélalr etrh 1% Snlurrspsel an%% 39 %dé%f ? 5'; actgﬁgg%%?lt\é&g V%LY'[ put

i npedanc . uat ]. zS a RS ]X. 1 Bec us the aqu

i rrpedancgrfgsg‘fL tHe ?sleS SRBreftes %t{ Eh%é’%mé?rﬁ gcgaélcjsrrpﬁésr eémto t he
i nput i npedance ZL descrl bed A above, 1Z.1 << Z. _and the output termnals
P7-P7' ey MGet hidfidt d8PUAS SHOIR RS PacRor aPAGIRE Inbl%estet e raics i ave
transm ssion |ine 42 can increase/ decrease the reactance by adjusting the

i ncr ease/ld@€r 48sks gfonnectqhwitnghe Yearatiasign diaggth- A 1Ll &iofk9.arly to

the reac

adj ust ed thengeaciinoé admpensadtiageceraconpesisat laget4hnisncesnented vadthl s

preset s
| engt h.
of ther

tance conpensating distributed constant line 31 (see Fig. 5A

t he

0 as to neet with Equation 30. Were, L is inductance H m per unit
[tBeuadw oo i3 ampDL i er XS( 684 F3l At ¢ orich ngkputttesnadjaist 8d-P£ngt h Al
eact ance

[0109] 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
oftheiﬁmedanceinvertingcircuit)JLzonly<n1theinputterminal
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;’

[0110] In order to apply Equations 23 and 24 described above
while thus setting the line 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



-conpensating transmssion |line 41 may be represented by a length neeting
with Equation 31. 40 [Equation 31] ee=XS WL (0114] It is noted that the
out put i npedance Zs of the low noise anplifier 6 is Xs <0 simlarly to the
i nput inpedance ZL and Al < O from E@9ati on 31. Meanwhile, because the |ine
| ength of the quarter-wave transmission line 42 is quarter wavelength A /4
and the line length of the reactance conpensating transmssion line 41 is
the adjusted length Al, the |line |ength L 12 of the inpedance ching
traner S8 11heoRgensahta(Gahge bl Waumncr Argecan tatEoferab R Okne 1 i ne
|l ength L12 of the inpedance matching transmssion line 40 is the length
obt ai nedtB§ L0BtRaLE? ng R iS5t ute val ue of the adjusted Iength Al of the
reactance conpensating transmission line 41 fromthe line length (quarter
wavel englf A1 ALY) of Heeequblre eutmfeinpedanse Jsdtf theel 42 ngife arpyifiert he
line length Lit of the inpedance matching transm ssion |ine 30. [0115]
Admi tt anéewiYsl beedaffinet ahE@guatdiont P m rlereR8RP8Ls tues dtarngmpedahice
mat ching transm ssion |ine 40 side nay be expressed by Equation 32, and
Equat i ono38pat Bbphdrdse FLgudt Koni 8Aealt@nceZdf+thBloOEpSt) Bufefi&goat i on
331 41

Zs.

[Equation 29]

Zg = Rg + jX,

[0112] Because the output impedance ZS of the lownoise amplifier

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

above, |Z.| << Z, and the output terminals P;-P;' may be handled

sl
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
[0113] Accordingly, the adjusted length Al of the reactance
compensating transmission line 41 may be represented by a length

meeting with Equation 31.



B, --Y, cot0.-b, COcoo W W][Equation 34] b,-4Y, [Equation 35] [Equation
361 G z ]2 L - 01,2 [0116] Wen an inverse nunber of the characteristic

i npedance Z1 of the quarter-wave transmssion line 42 is assunmed to be

adm ttance (characteristic inpedance c@irresponding to preset bandw dth) Y1
the design formula represented by Equation 22 may be expressed by Equation
37 as the admttance Y1 of the quarter-wave transmssion |[ine 42 from
Equation% 22, 25, Si and 35. Still nore, the design fornmula represented by
Equat i on [ B§UA&$OBedtpressed by Equation 38 as the J inverter (inverter of
t he i npedance inverting circuit) conposed of the J inverter transm ssion
line 43. [Equation 37] Zw_ Y, - 4 glg2Rs 42 [Equation 38] [0117] Because
t he i npedance mat chi ng A[gﬂﬁﬂjssion line 40 is constructed with the |Iine
wi dth WB and the gap G3 asafgplained in Fig. 6A and is conposedof the
reactance conpensating transmssion line 41 and the quarter-wave

transm sgipan 4lji ne #2iasné&dd @hA€tdthe output impedance %s of the low noise
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 line length L 1, of the impedance
matching transmission line 40 is A /4 + Al as shown in Fig. 8A.
Accordingly, the 1line length L;; 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
wavelengthfl/4)ofthequarter—waveiransmissionline42similarly
to the line length L ;; of the impedance matching transmission line
30.
[0115] Admittance Ys' seen from the input terminals Pg-Pg’' to
the impedance matching transmission line 40 side may be expressed
by Equation 32, and Equation 33 or 36 holds.
[Equation 32]

R
Yig= 'Z—i' +jB, mG's+ B’

1

[Equation 33]



in Fig. 8A, the characteristic inpedance Z40 of the inpedance nmatching
transm ssion line 40 descri bed above may be expressed by inpedance based on
the adm ttance Y1 described above. [0118] Because Equations 37 and 38 are
met, the circuit diagram of the inpeddnce matching circuit 7b shown in Fig.
8Amay be expressed by an equivalent circuit seen fromthe half-wave
parall el resonator 46 as shown in Fig. 8Csimlarly to the equival ent
circuit showmn in Fig. 7C That is e i dance matching circuit 7b nmay be
expressed by the equival Bnt -] mal.t_bEﬂAAz conduct ances 47 and 49 denoted
as Gs' and GL' are connected to the bbwh siedes of the hal f-wave par al | el
resonat or 46. The conductances 47 and 49 may be expressed by Equation 39
fron1Equ?tion _27, %Z and 36. The quality factor Q may be expressed by
Equat i on Eﬁu? M Edtati ons 28, 35 and 36. [ Equation 39] Gc -?0 z2j2 80 1
1,2 G s Rs 81 43 [Equation 401 bi Zi 6, 909192 Q Gs+Gi Rs (14901 x'g
8: 0+8z [0119] Accordingly, thedinpeSance matching circuit 7b is equival ent
to the hal f-wave serial resonat shown simlarly to the filter 80
shown in Fig. 7, functions as one- stage filter by the half-wave seri al
resonator and simlarly to the inpedance matching circuit 7b descri bed
above, allows the i npedance matching and bandw dth adjustnent to be nade
based on Equations 37 and 38.

[Equation 35]

R
G'S -'_i'
Z]
[Equation 36]
2
GL'ZJu
[0116] When an inverse number of the characteristic impedance

Z, 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 Y, of the quarter-wave
transmission line 42 from Eqﬁ'afions 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]

w

Y, - il
4 g,8.R;s



[0120] Still nore, because the input inpedance 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 6, the present
invention is applicable to the inpedan¢2 nmatching circuits 7c and 7d
connected respectively to the input and output termnals of the power
anplifier 5. It is noted that the inpedance matching circuit 7c has the
sane str ure Wt at the right and left sides of the inpedance natching
circuit ;@qé“r?g\h?“l §8\|£—Ying. 3 are reversed in Figs. 3 and 5 and the inpedance
matching circuit 7d has the structure wth what the right and | eft
sides of the inpedance nzl— ifag circuit 7b shown in Fig. 6 are reversed in
Figs. 6 and 8, so thatz2fhe¥y explanation will be omtted here. [0121] Still
more, although the power a Igl"?‘i er 5 and the low noise anplifier 6 have
been shown as exanples of the loads, the invention is applicable also to

| oads sudviag it he phaseseshite @mpeddndfanatnch i tranemiissdos Limet40r dsgh |1 d
and the voltage controlled oscillator not shown of the phase | ock |oop 9
hel d in tdwdru@te@ivith?aneseenki gidth w3 Shhd ! th®rgap tde doagkplaimeld
limted to be capacitive |oad and may be inductive |load. In such a case,
the adj usitesl; 4 eARERA 1A cABSIERSo PORE %@t afeeldd@ip 3@ thinde HnatiRs ilhl and
L12 of the inpedance matching transm ssion |ines 30 and 40 may be

confi gur asqa f Lhe g vel epgt ), +0f. 4 he
quarter-\%fakvné3 ?l rlaﬁz%mg&eoﬁnﬁflﬁgg géggngpﬁég‘gﬁ% J?%%V%brgécﬂ‘{t}?e%v%# Aeialglfe(% he

adj ust ed 4 i o h i trapsnh SSi; i 31 and
3L 01221 ThE T nibdants oA ER g Hoscr| Do ahoue T hat Tt By ceteR

matching transmission line 40 described above may be expressed
by impedance based on the admittance Y, described above.
[0118] Because Equations 37 and 38 are met, the circuit diagram
of the impedance matchingcircuit 7b shown inFig. 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 Gs’' 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]

EZL VA
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be matching for maximzing electric power but is applicable to matching
corresponding to i npedance that mnimzes noise index. It is noted that in
t he present enbodi nent, the inpedance matching for the power anplifier 5is
that of maxim zing electric power and43he inpedance matching for the | ow
noi se anplifier 6 is that of mnimzing the noise index. The structure of
the i npedance matching circuit 7d is the sane with what the right and | eft
sides of the inpedance matching circuit 7c showmn in Fig. 8 are reversed in
Figs. 6 dFEURtioR ¢9dt its explanation will be omtted here. [01231 Next,
actions of the inpedance matching circuit 7 of the invention as well as of
the sem conductor elenent 2 and the radio comunication device 1 using the
same will be explained with reférenbe to F8¢:84. It is noted that in the
present enbodi nent, qagecqf m@k'ngg§ieaqgoqqgﬁunications t hrough t he

radi o conmuni cation devi Ce 1 descfibed|above as nobil e communication 45
nmeans havi ng speech transmtting an82pf a m crophone and speech receiving
means of a speaker will be explained. [0124] Wen an operator makes speech
comuni cation by using the radio conmunication device 1 for exanple, the
operator inputs a start conmand through starting means not shown provided
in the rl&hl®komuffeardbnddevi ¢bel impedagce et Ghdid ebhtiht cAPi d1F devi ce
1. Further, when the operator inputs a connect command through input neans
not showeqrioidlded itn thee haddi-oayenmranightieserdidcaotishewe siadilarly
comuni cation device 1 is connected with another radio conmunication device
1' not shmwmtheo fadteo Be sibdentin Rirqangm fuhceédenseas paects tagmdlid ttehr ough a
public line or a network.

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.

[0120] Still more, because the input impedance of the power

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

impedanceisrelative smallloadsimilarly tothe lownoiseamplifier

6, the present invention is applicable to the impedance matching

circuits 7c and 7d 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 impedéhéelnatching circuit 7a shown in Fig.

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

74 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.

[0121] 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



[0125] When the operator inputs a speech signal to the radio comunication
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
processi ng such as coding to the inputyed speech signal and then outputs it
as an input signal SIl to the digital signal processing circuit 2c of the
sem conductor elenent 2 shown in Fig. 1. The digital nodulator 18 in the
digital signal processing circuit 2c carries out predeterm ned digital
processi A§a apdtipd i Rhatmisiegival 18I heangh héd Qm/taéquh‘@%ﬁepta%gsrﬂ Sl
bit by bit to input to the AAD converter circuit 2b. [01261 The DA

convert eloscligd agnd neh sbpwatet Ahe rdwmaset eek leopctihe 1dopn ¢osRE firkeidi vi ded
input signal SI1 into analog signals and output respectively to the

| ow pass 2fa (¢ Bigd3d )andSUBUL mdhe, thevkqrabss hbktldms te3ict abe cadci&ayee

hi gh- har noni ¢ conponent of the input signal SI1 and out put the input signal
SIl to thead xed safthd indantivée doali.t hen Bhchid cast, 2dhe Aanshed @engltd phase
lock loop 9 in the RF circuit 2a outputs a carrier signal of carrier

frequencyp 1 (Bedom&EPod 2 itRe RbBasRathths el idOD eanftHhe Ey e ?blofft €helOb

outputs the carrier signals whose phase are different rom each

other to ﬁ'rﬁbped@n%%rﬁaééﬁlﬁ@QHahgmlgggom XEhSs 13loCaR@dd }ngyct%mé'oﬂ?l Lbed nput
signal SI1 wth the carrier signals and output to the pomer ? fier Vi a

t he |nped nce I%chéngh% ECHétl EH tgrswgcegrh 3goare ?I BIOH

[01271 Because‘f e T npedancé mat |ng arrcal n sOas to
CarTY Ol e L TRSdANE e I £0 N, Ofm”asxgg L% £LEE EhE POV 25 g bed
of the adjusted length A 1 of the reactance compensating
transmission lines 31 and 41.
[0122] 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.
[0123] 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



SI1is anplified to a predeterm ned value by the power anplifier 5 while
mnimzing its loss and is outputted via the inpedance matching circuit 7d.
Still nore, because the predeterm ned bandwidth is preset by the specific
bandwi dth w in Equations 37 and 38, t4® input signal SI1 corresponding to
the specific bandwidth wis inputted to the antenna 3 via the switch 12.
Then, the antenna 3 radiates the input signal SI1 while fully anplifying
its electric power as an output signal SO through el ectromagnetic wave.
Thus, t meaBatANinG gRalcBONIrIRSTHE EnHE fMead st of thelerABhopadi COMPEM cat i on
device 1' via the public line or the network. [0128) Wen the antenna 3
recei vesrapeiiMpng megnal o512 speakehewibi hee expllaineftmuni cation device 1',
the input signal S12 is outputted to the inpedance matching circuit 7a via
the swit¢hl22] Béibhansan tpenatpedaaices speekhngomucicd tsigia bgnds 7ibg &he set so
as to carry out the inpedance matching of m nimzing noise index, 47 the

i nput si gadkoSt@mmsn 88Pptidn elktire 1predetramphed Wt Wpdryatide idppmisna se
anplifier 6 while mnimzing noise and is outputted via the inpedance

mat chi Ng sebk€Ubbmind SthlbudRl £t aPELRY SRedle ndd efRlwer Privd deandw dtle i s

preset by the specific bandwidth win Equations 18 and 19 sinmlarly as
descri bed,abgvRmnfuR8 catRbh &IvaNA 1 + 512 aGRSPORH Bgmﬁlgnﬁéﬁt%ﬁ@efv'l%e

bandw dt h WIS blfurcated and inputted to the mxers Ila and [01291
Meanwhi | g, @Qg_s 0 u il t he
phase Shl ft er Si m h% ngra%ghgg&g%i%taéeéﬂrfé%é féﬁgﬁgg’h
shifter 10a urtls t %arrl er s (? ase, Qgsceomgdglfceartslobr}/ d9(\),(:)cher om
each ot héPpP % riflce § PR Bha'11d

1, theradio 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.
[0125] 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
processing circuit 2c carrie;o.ut predetermined digital processing
to the input signal SI1 and then divides the input signal SI1 bit
by bit to input to the A/D converter circuit 2b.

[0126] 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



m xers |Ila and Il b conbines the input signal S12 with the carrier signals
descri bed above and in a nmanner of orthogonal denodul ation, output to the

| ow-pass filters 13a and 13b as an |-axis base band signal and a Q axis
base band signal, respectively. The |l aé-pass filters 13a and 13b renove

hi gh- har noni ¢ conponent of the I-axis base band signal and Q axis base band
signal and output themto the variable gain anplifiers 14a and 14b. The

bl | | 14 14b bogst af t enuat ed f th
s e AL ARBsrbrdle BRECE AR E oo BARAPL Bnal ARtk pATR TR Lo Che

AD converters 15a and 15b. The AD converters 15a and 15b convert the

i nput t ed® FPaX} S RE4SEF Bhirfd2 8 0GRV t&r COF A PE P bahFXiighfdl TX¢HP W gi t al
signals and output themto the digital demodulator 17 of the digital signal
processi (Y- €% FHai ttokhe Phasgigiitfdler Hebraad| tdeophase eRAEites 1 OprRiet er mi ned
digital denodulation to the I-axis base band signal and Q axis base band

si gnal abige ccaprier 48l qralshaviosR phiasshame ddffarentphy 8PynaromsCRaciThen,
the DSP carries out predeterm ned digital processing such as decoding to
the i npathed touttgiel mikgnal 1 S€Parahd laut pihe mireeoutlput anidghall SE@pie t he
speaker. Because the inpedance matching of mnimzing the noise index is
carried oni ,idfer Gutgndl Srgnal tCehé scotit pait tsidyn 0 @nidheuspaakes @se a
speech signal having a good sound quality. [0130] As described above,
because phfert BRRIARGRMRERI 18 ifmbEAHhEe MadfcHikg Envent t ok mta rb&l&@flf i gured

by one inverter and so as to have the line length of A / A1l wile
al | owi ng, ¢ her{10p, (gl@gi:emo(ﬁgf and bandw dt h adj ust nent to be carried out,
its occupation rea may reduced to a relatively small one. It allows t he

[0127] Because the impedance matching circuits 7c and 7d are
set so as to carry out the impedance matching of maximizing electric
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 7d. 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 specificbandwidth
w is inputted to the antenna 3 via the switch 12. Then, the antenna
3 radiates the input signal SI1while fully amplifying its electric
power as an output signal SOl through electromagnetic wave. Thus,
the outputsignal SOlis transmitted totheotherradiocommunication
device 1' via the public line or the network.

[0128] 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,



sem conductor elenment 2 to be nade by the SOC (System On a Chip) of
realizing the whole system by one chip and the sem conductor elenent 2 and
t he radi o communi cation device 1 to be downsized and their cost to be
reduced. [0131] It is noted that the ynpedance matching transm ssion |ines
30 and 40 of the inpedance matching circuit 7 need not be straight as shown
in Figs. 3A and 6A and may be formed in neander to downsize further. In
this case, the occupation area of the inpedance matching circuit 7 may be
reduced thetimmutbgigaaldwihd st Aephiied tof atpreede bergmined g lveney Hig). 9 is
a (partially cut away) top plan view of the transmssion |ine of the

i npedanckowatciliengmpili€iet 6 waiweeninitel zird) hodfet aed tirsapshpested Yiae i s
narrowed. [0132] As shown in Fig. 9, aline width W0 and a gap G1O of the
t ransm sehéen impaaadbeamatedinhagweti nehiilte keepi sgilbemsase mwaldamsew tHe t hat of
the line wwdth W and the gap GlL of the transm ssion 49 line 35 explained in

Fig. 3. peeqédenslved Raigaaia@hi ibi%rééwweﬁ‘e e idid Bantivaashi $sion |ine
35 is kept at Zo while narrowing the wdth of the transmi ssion line. [01331

Simlarl yohord §2d 18%hd 19 AL Da VPP sande S 08P £88096 , iR 1hpRedANGE, Tt ching
transm ssion l1ne 30 are narrowed while keeping the sane ratio with that of
n

the li ”es%dé&é/%spadhﬁ_ﬁ%e tgalehg‘zs;gécifi‘ ﬂaﬂ&ﬁ&%ﬁfﬂ%cﬁiﬁ&éé@é‘é@é@ on
Iine 30 explainedH g 3. ccordingly, characteristic inpedance Z30 O
t he i npedance, mat chi transmssion ]i 30 is kept at a predeterm ned
val ue (83%RUpte iﬂ?l%?ef J“Jaf%e]?fes@ral t?éﬁJ &B{E’Ve) while narrowing the width of
the transm ssion |ine,
[0129] 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 1la and 11b combines the input signal SI2 with the carrier
signals described above and in a manner 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 4e’1t‘tenuated 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



[01341 It is noted that because the stabs 25 are preset at predeterm ned
line length to construct the inductance L of the K inverter (see Fig. 3B)
as descri bed above, a distance between the ground conductors 22 in the K
inverter transmssion line 33 is linmgged to be a ground conductor distance
LE showmn in Fig. 9. In Fig. 9, the same parts with those explained in Fig.
BAwll be denoted by the sane reference nunerals and their explanation
will be omtted here. [0135] Next, the inpedance matching transm ssion |line
30 in whiethetPEP neArEvgsABRN PREPWAGIEONRLSP i s THENT oWeRIDSE FHF RS i n
meander while keeping the characteristic inpedance will be explained with
r ef er enceut opFegetenornedr dughtabDEprprgssingAsuphoagh degRddng tsxhidmatic

di agranms of the inpedance matching circuit 7a represented by equival ent

ci rcui t sinpuhged hmatiputnsdghed, SeReard noWignt sl GAes bawputastasal wieh tde
transmssion line is formed in nmeander, Fig. 10B 50 shows a case when the
transm sshé@nspédicer S Gesposedthd] anpatiahoe hAecKingvef treinidd gind Oheshows a
case when a width of the ground conductor is narrowed, Fig. 10D shows a

case whepoibe adiaceny caawWHd w@Nduakobataue gﬁgﬁé{@ds@ﬁldlfhﬂltﬁ@ﬁ:é@om a
case when the transn155|on line is formed within the ground conduct or

di stanceg %IL e%kteh}eagg%%%% g&bﬁamgaﬂﬁ&la %;o%ﬁ shena cwdﬂ 10A,

t he stralg i npe dance mat ing transm ssion Tine expl ai ned ig. 3C

5 Lormelo] o fieandst, augh.ipah LASs! 99Rleline ki ioddine) n%%%&g% i ts

directi ol e right an |n t gur e er w e'slits
(black | ggﬁgﬁgﬂa%&hgggﬁw%a&n ] 055 TP, B0, e, ) acent
so as tohave the line lengthof A /4 + Alwhile allowing the 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.
[0131] It isnoted that the impedancematching transmissionlines
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. In 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
planviewof the transmission line of the impedance matching circuit
7a when the width of the transmission line is narrowed.
[0132] As shown in Fig. 9, a line width W10 and a gap Gl0 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



t he ground conductor 22a and the slit 23, an area occupied by the ground
conductor 22a in the inpedance matching circuit 7a may be reduced. [0137]
In the i npedance matching circuit 7a shown in Fig. 10B, the inpedance

mat ching transm ssion line 30 formed i#9nmeander is disposed between the K
inverter transmssion line 33 and the low noise anplifier 6. [0138) In the
i npedance matching circuit 7a shown in Fig. 10C, a wdth t of the ground
conductor. 22a is narrowed nore than a width t of the ground conductor shown
in Fig. 2dBe1cehhdieeddntddea’- 0bEGPFEINBY Yt RBAGAGHR 166&8&6?&@2‘?& in the
i npedance matching circuit 7a nay be reduced further. [0139] In the

i npedancé et icHiPfgLERRENE BS Fan shbih 3 16 Pt &, Zot Wellf tariowme fidegr ound
conductor is equalized with the gap G (not shown) of the slit 23 and the
signal | ek pfatdet rmpgmdgs8enading-adj acent to each other only through

t he sllt 23, so that an area occupied by the ground conductor 22a in the

i npedancd 0l Ichi rfginci Yol tPathay, Fe lieguekdith W2thend 4 @b40F20 ok kbe

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

provi ded iimp dédam denpeteniey retabmnhgst oansimes30 ame narmeowdl whild&eeipdagof t he
Kinverter transmssion line 33 to construct the inpedance matching

transm ssiHN daimeerd®@ivi WhtR thet renggefineheiataund spadued ajaglicyt arce LE
(within the broken lines). [0141) Since the line lengths LI1 and L12 of the

i npedancecﬂ@aﬁ.gbagncérmﬁ% %Adsma%s%%naﬂﬂné%mpaalmen?g Py cqmoact by
configuring e i npedance matching circuit as descri bed above, the

Inpedanc%.ccordlngly,character1st1c1mpedanceZ3oofthelmpedancematchlng
transmission line 30 is kept at a predetermined value (83.4 O
similarly as described above) while narrowing the width of the
transmission line.

[0134] 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.

[0135] 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
schematicdiagrams 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



mat ching transm ssion lines 30 and 40 may be mniaturized and the area
occupi ed by the inpedance matching circuit 7 in the sem conductor elenent 2
may be reduced further. [0142] It is noted that although the signal line 21
has been forned in nmeander by turningg ts direction to the right and |eft

in the figure to mniaturize the inpedance matching transm ssion |ine 30,
its shape is not limted to that as long as it narrows the gaps of the
signal lines 21. For instance, the signal line 21 may be fornmed i n neander

by t ur ni 8lgovs sa diasectwhem jthet heapeniseddn Hinecis gdspeseleadijgageet il |
nore, although the mniaturization of the inpedance matching transm ssion
line i s theX dppidmdadd.eFigo 1h€ $shpesiancaseavbhinng widtduiofs thip, gfeumtd 7d,
its explanation wll be omtted here. [0143] Although the inpedance

mat chi ngcenhdadtdr 7ipaiattevdde Figpddanchotisanas wassel ehehi hes 3djacmehd0 to be
m niaturi zed while 52 keeping the ratio of the line wwdth Wand the gap D

const ant gréuné&i @tedud sey tHreNrbAsFedBynd NCILAIOE Fh6WEEa ¢aseSwhAsnttige | i ne
width Wis reduced. It is then possible to provide a ground | ayer 29

descri begdrbALRY s & Poh TAMRY &5 LAl i E)1h adle0hrQiRE ddRddmRed@Nseand@t chi ng
circuit 7. Figs. 11A and 11B are (partially cut away) section views of the

| pedanceq g ¢hi g CLAS Uilpcharther8tBRThg. o1 I SHONEL 8y a36 rien @a 51T | con

substr at is formed on't e dielectric su rate 20 and
Rt et LN S T MR e T I
section ¥L%¥§gvh§pis 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.
[0137] 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.
[0138] 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.
[0139] 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



t he i npedance matching circuit 7 showmn in Fig. 2 is seen fromthe direction
A and whi ch shows the i npedance matching circuit 7 in a sinplified manner
so that el ectromagnetic sinmulations described I|ater can be nmade. A
passivation filmto be formed on the silgnal line 21 and the ground
conductors 22 is omtted here. (0145] In the inpedance matching circuit 7
shown in Fig. 11A, an oxide |layer made fromsilicon dioxide (Si02) and that

functions s the dielectric substrate 20.is fo on.the_silicon substrate
27 made f’?oﬁ?s? FLSH S S %ﬁbﬁfaloqliynéclhiflwg‘gg r Sial ARt ntimh g}(li\fk'l) and

t he ground conductors, 2 lr;radg fromal ym num éfdﬂ% Egr ned on the hoth sides
of the sPBnaFefi AECYRIGTAPY nERE| PEQUBS §PRAY d?%8ntBnERQi &MREEFPES
substrate 20. [0146] Meanwhile, in the inpedance matching circuit 7 shown in
Fig. 11BmatfBiBggmbFchihe’ 2M¥adee fFEMEBURHUREA ) and the ground
conductors 22 made from al um num (Al) fornmed on the both sides 53 of the
signal |i{A&421 vi ant ke sinpesiagegpatebipgdciorcdte 7@ ehegnrin FigybsPEate 20
made fromsilicon dioxide (Si02) simlarly to the inpedance nmatching
circuit BeshpartionnBiVip.addprovddeden,thd ffprdange habohihe trapedasséonat chi ng
circuit 7 shown in Fig. 1 1A, the ground |ayer 29 made from al um num (Al)

whi ch condie3® oM tite £ hée gFaihedk iaoaduetarang@didesoniliad Fboyeohsttacaed on
the back (the other face of the dielectric substrate) 20B of the dielectric

subst r at @ne26mpé&dddd nM@Ihitie tHéalsiiiy sfiaat 0inQ fooaded tRe) rahgkhes
i npedance matching circuit 7 shown in Figs. 11A and 11B is cal cul ated based

on predetRENyPEdng! E6LEQIBIPEEL S+ 8ABY BT I(QAThithithe B¥oRbnt ¢nes) .
[0141] Since the line 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.

[0142] 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 linéé él. 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 7d, its explanation
will be omitted here.

[0143] Although the impedance matching circuit 7 permits the

impedance transmission lines 30 and 40 to be miniaturized while



i npedance matching circuit 7 shown in Fig. 11Ais '20" , Q of the

i npedance matching circuit 7 shown in Fig. 11Bis '39" . That is, the
quality factor Q of the inpedance matching circuit 7 may be inproved by
formng the ground |layer 29 on the bagg (the other side of the dielectric
substrate) 20B of the dielectric substrate 20 wthout formng the silicon
(Si) having a large resistance. [0148] It is noted that the conditions of
the el ectromagnetic simulation conformto | EEE (lnstitute of Electrlcal and
El ect r on@ePERGi Hee syt 802t ths, LarcHiftht herd ditfad@PoP, CPRAFBPEANE The
center frequency wo is 2 . 45 G4z . The sane also applies to conditions of
the el ecfi8Ragridtsar Siafulaep iRy FACTRESPOIT SAPRECRIGT aRathr ol ing B3doh 1t is
al so possible to inprove the quality factor Q by not only formng the
ground | Hyés vedwred he Idadlks 2DBnoposheble et eamavides@bgreand 20vbut 28l so by
increasing the thickness D of the transmssion line. Figs. 12A, 12B and 12C
are (partieatkybeadtlaweay)tcbdmpeoveothe iwsl idfy fhetpnpeddhdtbemampbdagcei rcui t
7 when the thickness D of the transmission line is increased. It is noted

t hat Fi gsatcAZAgt biought 12C @rgssectinoandi EVS aee phreanallng duteawhon A
shown in Fig. 2 simlarly to Fig. 11 and the inpedance matching circuit 7

i s sinplkgkesdoRoyBsws b aldnawikBeagheet hatBENed i Giddid 3t i gRerthar e@f. [01501
The inpedance matching circuit 7 shown in Figs. 12A, 12B and 12Cis

pr ovi ded b e 05 QLB Y B 201 LK TRfb<@Balhe Pack roPHBan ke dhekect i c

substrate 20 simlarly to the 1npedance matching circuit 7 explained in

Fig. 118, Pé”o er%ldg%ég 2P B LM% LhE ¥ 1! PEpISnéah Whals LREARD on

t he signa

the ground layer 29 is formed on the back 20B of the dielectric
substrate 20.

[0144] 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.

{0145] 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.

[0146] 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



t he ground conductor 22 and a nitride |ayer 50 made fromsilicon nitride
(SIN is fornmed further on the oxide |ayer 53. The transmission |line of the
signal line 21 and the ground conductor 22 are formed so that their
thickness Dis Db < D2 < D3 in order g Figs. 12A, 12B and 12C. [01511 Wen
the quality factor (unloaded Qu) of the inpedance matching circuit 7 is

cal cul at ed based on the electromagnetic simulation simlarly as described
above, Qu becones '33', '"64' and '68 in the order of Figs. 12A 12B and
12C. Thatof §hetHgnghidiipey2t ydeorhe) Il tshé3iafsefantedrn dhiendgleleetfic 7 may
be inmproved by increasing the thickness D of the signal |ine 21 and the
ground coHdfctatre 20 Magis framhs idigep digkidee (Sﬁﬁegaﬁé@ihﬁ{?bﬁi W Ehecuit 7
shown in Fig. 12C and constructed by lam nating dielectric layers will be
expl ai nedimpaedaned Batokéng ciEicgitIBsh¢wvy inF3id.slbA ( pdlaweatdry, &&f Lentimgay)
section view of the inpedance matching circuit 7 when the thickness Dis

I ncr easedriym ktas Hgidduhdl mheching diayeris 2@xown20ib FiZQcl and tA@dgréind s
noted that Fig. 13 is a section view seen fromthe direction A shown in

Fig. 2 sivdjer |y made ggomldlandndR. (A 0153]idAs cohawe tisnwikitg. tAd, ghsumxi de
| ayer (ILD) 55 made from silicon dioxide (Si02) is forned on the silicon

subst r at & Ffad@Esrs FIOMedriGl @BoveaRd EBemdlebRCEAECHAURST tRE €o ¥Rt S
formed on the oxide |ayer 55 through an internediary of the ground | ayer

el ane, LS Ly A Db Cammpspt oF, Y Lavecs @lsuthLieh
20.
[0147] 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.
[0148] It is noted that the conditions of the electromagnetic
simulation conform to IEEE ("I~rv1‘stitute of Electrical and Electronic

Engineers) 802. 11lb, which is the standard of, radio LAN. The

center frequency Wyis2.45GHz. Thesamealsoappliestoconditions

of the electromagnetic simulations in the following explanation.
[0149] 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)



(I'MD2) 20b, a third dielectric layer (IMD3) and a fourth dielectric |ayer
(I'MM) 20d based on a design rule (e.g., 0.25 /.tmprocess) of TSMC
(registered trade nmark) which is equivalent to the international standard
in the sem conductor manufacturing prageess. [0154] A fourth netal |ayer
(M4) having a signal line (signal [layer) 21D made from al um num (Al) and
ground conductors (ground conductor |ayers) 22D nade from al um num (Al)
formed on the both sides of the signal line 21D via slits 23D is formed on
t he t hi r geciiepedemiscof aherlmpedansefid tahing oixaait 7ahan the fBigknpa§er (MB)
having a signal line (signal |ayer) 21E made from al um num (Al') and ground
conduct oPsof gilturtdaasmdisstion Lapersy xxrepsds f r o 1ainatathrbbeAl Figsrned on
the both sides of the signal line 21E via slits 23E is forned on the fourth
di el ect rileAl elyeou@d.2CSark| seaqtpra; vaewsxseen |fayar thEASBIgc EBom@dehbwom
silicon dioxide (Si02) is formed on the fifth netal layer and a nitride

| ayer (PARR)g5® S@maadelfyromrdig.i toremd thiedempSidhce sndtahiedy ohrthetoxi de

| ayer 53. [0155] The signal lines 21D and 21E and the ground conductors

22D and 22ksi Bitpe iffeult Boand ftbf th1oet 2hel ayecsramagdespesedma@at@asnt 0
overlap vertically in the figure and a plurality of vias 51 and 52 having a
predet er ghaedodi aneter is formed through the fourth dielectric |ayer 20d.
That is, the signal line 21D in the fourth nmetal |ayer conducts with the

I S e
ground condygtors 22R1dkd MA fOULENoIBLAL 18Y8E £ONGTe ML thiRepgLRuUNd
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.
[0151] 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.
[0152] 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



conductors 22E in thefifthnmetal |ayer through the vias (interlayer
conducting neans, interlayer conducting |ines) 52. Thereby, the

transm ssion lines are forned so as to have the thickness D shown in Fig.
12C. [0156] The semi conductor manufactgying process is provided with a
preset design rule that specifies line wdth, thickness and others of the
transm ssion lines constructed on the sem conductor elenent 2. Accordingly,
even if the thickness D of the transm ssion line per one layer is limted
due to sgti GEQanSWJ‘PeOD tHeew I9ifc khessmpedange beat ehinsed BWHd t/hehgal ity
factor Q may be inproved as described above w thout any problem Thereby,
t he i npedhecthicieneds Rglisiinsuieasednhy wnig@isinaudiedeohrihelaxarcadfduct or

el enent 2 together with CMOS for exanple which is constructed through

| am nat i @obas2@c @ndcantl. conpdsi ngteletseniFdgndugtior acsenbndén Xrieyf BeBNH] It 1S
noted that a number of the dielectric layers of 57 the inpedance matching
circuit Ershownel aiFegtidd Assiiewn | imireg. 7 G ibe faauwry aed FSiggnallll ands 21A,
21B, 21C, 21D ... and the ground conductors 22A, 22B, 22C, 21D ... may be
adequat elhy formed per dielectric |ayer 20n. Still nore, although al um num
(Al') and silicon dioxide (SiQ2) have been cited as, respectively, the

exenpl ar){ofi%g“ alaOEHLRA $hopgy lide a%lomﬁ@ 95?590'( ﬁ%‘ﬁ% Hagel2rdfd the

ground | ayer 29 and as the exerrpl ary materials of the dielectric substrate

20 and t?iﬂbgheﬂ%%% ol zO{‘T %‘}‘ﬂ‘\%d 8p Ft'rﬂs? 51l]_Lq:ohh£8H99r&ﬁe H‘ﬁ.la'&%t erials

are not I'imt ong have t

char actef] 3 55, 1571, The, o TBEgage SN SIS o ) Sha PO

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) 204 based on a design rule (e.g., 0.25 (m process)
of TSMC (registered trade mark) which is equivalent to the
international standardin the semiconductormanufacturingprocess.
[0154] 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 215.;ia 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 20d. Still
more, an oxide layer (PASS1l) 53 made from silicon dioxide (SiO,)

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



the dielectric layer 20n thus | am nated and whose i npedance transm ssion
line 30 is fornmed in nmeander as shown in Fig. 10 will be explained with
reference to Fig. 14. Figs. 14A and 14B are top plan views of the

transm ssion line of the inpedance matsghing circuit 7a having the

m niaturized i npedance matching transm ssion |ine 30, wherein Fig. 14A
shows a case when the fourth netal layer is fornmed and Fig. 14B shows a
case when the fourth netal |layer is connected with the fifth netal |ayer
(M4 + MBYO tmadrudirarhe iiigon Bltande50SiNy is fisomed cRathehexidpedaree
matching circuit 7a shown in Figs. 14A and 14B are both exanpl es designed
based th23.design rule (e. g. , 0.25 a mprocess) of TSMC (regi stered trade

mark) . (0159] The inpedance matching circuit 7a in which the fourth netal
| ayer is[éDsHEd h@Bet Higilal MviartdserR 10r anan? s6iam Itihee g83untiosendhictozont al
width is 144 u mand the i npedance matching transmssion line 30 fornmed in

meander YO Send@2EZ 9At Bhe W slitheH $in85 £ i kM m&Ba Maaiydd aret Gespesticed W dth
of the inpedance matching circuit 7a is 90 Um Accordingly, its occupation

area S igs lyo O0yd ap Qe cdMy™ 1O ARM¥E gul@160E ThgripRedaHCEs MRi &8I NY
circuit 7a in which the fourth™ and fifth nmetal |ayers are connected through

the Viass plafilh Dhavi8eeabfead fdriiffed N dhd IMCILE RS ThesLER thae 33

whose horizonta 1 man e I npedance natching Transm ssion
| u1e, 30, SRR 4 aer g dert Aol i g 55 (4 il o, the
Accordinglys o N2 YRALL O AL 84 £uitn tRe MR 19n8% % nd%e MBn
metal layer through the vias (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.
[0156] The semiconductor manufacturing process is provided with
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.

[0157] It is noted that a number of the dielectric layers of



[01611 Thus, the occupation area of the inpedance matching circuit 7a may

14B

be about 0.1 MM in either cases and nmay be snmaller than the occupation
area (0. 5 nun 2) of the conventional inpedance mnmatching circuit 60 shown
in Fig. 17. Still nore, the inpedance sfratching circuit 7a shown in Fig.
enables the quality factor Qto be inproved because the thickness D of the
signal line 21 and the ground conductor 22 is increased as descri bed above.
[01621 S paraneter cal cul ated based on the el ectromagnetic sinulation

descri bedlshdvwedianicer mgpebingociheuipedhnve imtkRhd nd3 dsreat t1imw tstbwn i n
Figs. 14A and 14B will be explained with reference to Fig. 15 Fig. 15is a
gr aph showe rge dperattindnsigsalt sinéstheA, Q1ghr @tet,e2d Dof. &hé Tinpadanoel
circuit 7a shown in Fig. 14. [ 01631 It is noted that solid lines
in the graptaddwbeat =2 A he2 218, pazanekeps..ohayhed medance Ivatfohinkgl garcuit 7a

mat chi ng
(see Fig.

circuit

14A) 59 in which the fourth nmetal layer (M4) is forned. Broken

lines inaidmeaimph 14 caien t hest3 nanatel ersl tfoddie d Tpedanc e Ammt diag
7a (see Fig. 14B) in which the fourth and fifth nmetal |ayers (M4

Mb) are C&lﬁﬁ%r?ddi@ﬁ%@h(ﬁbéév'%vélbé@ﬂ 2dtedl idd, MUHeASivdile Fhe

par amet er
ret ur ned)
forward di
t he upper
andt he in
2.45 GHz.

s, reflection |oss 15111 (rate of input S|gnal reflected and

+

’?%“@%mﬁfr"‘a%%}s o (ST ThE PLpPCR off of Q%%s‘iaé"c“i?@%& at

25:zgart t he fa e at the .center fre u % and, 2

|858u? ﬁ%gagdp%%kt &t THeH r parflagst%ég%lgure at
Accordlngugst hge%ﬁpggétganguxlreflec&s and asses at the center

dielectric ra ectric ayer2 n shown in Figs
11 through 13, the materials are not limited to be those as long
as they have the same physical characteristics.

[0158] 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;ﬁétal 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 #mprocess) of TSMC (registered trademark).
[0159] 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 4 m.



frequency (u o. Thus, the inpedance matching circuit 7a functions as a
filter enabling the inpedance matchi ng and bandw dt h adj ustnent as

descri bed above while being mniaturized as shown in Fig. 14. [0165]

Furt her, because the insertion loss 18311 at the center frequency (0(of the
i npedance matching circuit 7a (broken line) in which the fourth and fifth
nmetal |ayers are connected through the vias 51 and 52 is a small val ue
(about -30 dB), the signal Ioss_nax be reduced by increasing the thickness
D as desteapedllepdie Vegtdeal vif§hnef cthe Hawedanssuga tehénIseageuititer of
the i npedance matching circuit 7 has been shown in the enbodi nents, it is
not |inVaed 060 be.onkecsorgenahyl. dys becnphtiontaapadS Fod . 8Rawpke0 a09

hal f-wave multi-stage filter not shown for alternately connecting K

i nvertersmwit . dalfimivave resonance circuits may be interposed between the K
inverter transmssion line 33 and the transm ssion 60 Iine 35 of the

i npedanceonad thi nghei tnpedadae rhatehimoysciadaind-j@asin whicht ehehfivungha hi gh
sharp out -of -band attenuation characteristic (cut characteristic) in an

out - of - pAsSF berr e e 169RSisr uekedoandctad hiighoddie ey asebechhdi y to be
realized even in a narrow bandw dth. [0167) Stillnore, quarter-wave nulti-

stage figéééSFQQQ and 9 Y Reipoashe¥Cedndmiadshand 1pass 1| §86sa@s shown
in Fig. 16. The quarter-wave nulti-stage filter 90a is interposed between

the K iHX?E%S{%tM %Eﬁ%sf!t 930'&%&% %tﬁ@imbgﬁa%%giﬂ&g{ng{]tL%HSmf'?s%nt he

|n’pedance matcning Circul a as snhown In"kFg. an arter-wave

transm Sfilgg |3i0n%%r%l'égsggarrlnce%nc-errcuvirﬁ seglt?'drigzlobﬂtdl wg&&i 1isan255 Um.
Meanwhile, the vertical width of the impedance matching circuit
7a is 190 (m. Accordingly, the occupation area S is 0.64 mm x
0.19 mm = 0.12 mm®.
[0161] 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 (0.5 mm?) 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.
[0162] 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.
[0163] It is noted that solid lines in the graph indicate the

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



inverter transm ssion lines (inpedance inverting circuit) 92a, 92b, ... 92n
are alternately connected therein. Still nore, the K inverters and the J
inverters conposing the inverter transm ssion |lines 92a, 92b, ..., 92n are
connected so as to adjacent to each @bher via the quarter-wave transn ssion
lines 91a, 91b, ..., 91n-1. (01681 Simlarly to that, the quarter-wave
multi-stage filter 90b is interposed between the J inverter transm ssion
line 43 and_ the transmi ssion line 45 of the inpedance matching circuit 7b
as show Whighy thesBouRbh diftrdlerkansre (M AnL il i 4 i ﬁ‘é’?k(elne%gﬁﬁﬁcén
circuit) 93a, 93b, ... 93n-1 and inverter transm ssion lines (inpedance

i nvertinghegrapl indysgte by S paranstens of ihedmpadanye Rt a1 ¥t Bi n.
Still nore, the Kinverter sand the J inverters conposing the inverter

t ransmi s&d drisele Fag.-954B) 98b which dhe fperthopmtdiiddhsmedalt dazarackht to
each other via the quarter-wave transmssion lines 93a, 93b, ... 93n-1. It
al | ows theis) mgeofconhectdqbbrbegh- hheevias til -agidhde .f | btédd @0re.aas 90b to
be reduced to alnost a half of the half-wave nmulti-stage filter described
above anthe thepanpedaace, maétbeagionr tass TStd heratienict utnget wbhghel
realizing the high frequency selectivity. [01691 It is noted that the

i npedancee fd e dGird rethiirnéd)hiagla inse2pPRbhedot® [9ylijo(earBUBECRhH@D has
been explained in the f oregoing enbodinents, the invention is applicable

al'so to é’\i%r%l_ COMIREMN GALd NS, 8% Avd TR (Bt i0Yr 89 [SRLEAL Still nore,
al t hough t'he 1 npedance matching circuit 7 conposed of the copl anar

wave- gui f&é‘f}s begg %{%f&b@fﬂ%ﬁ N 4dE | LTPAIENRak! B LA¥ENbHER bErt

applicable also to Qi STrTbut e
of the figureat thecenter frequency Woand 2.45GHz and theinsertion
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 w,. Thus, the impedance matching circuit 7a functions
asafilterenabling the impedancematchingandbandwidthadjustment
as described above while being miniaturized as shown in Fig. 14.
[0165] Further, because the insertion loss |S,,| 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 incfé;sing the thickness D as described
above.
[0166] Itisnotedthat althoughone-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



constant lines such as a mcro-strip line in which signal Iines and ground
conductors are forned 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 Agplicability [01711 As descri bed
above, the inventive inpedance matching circuit is usef ul as the inpedance
matching circuit f or transmtting radio signals such as high frequency and
m crowave and is suitable 1in constructing the inpedance nmatching circuit on
a seni cohdnet3drof shermmedanqsana eyl g cigutt Aavs 1t .alAevisnpedadceanst chi ng
circuit having a distributed constant |ine constructed on a dielectric

subst r at éiahdrdepablgea hofghoghpup tauig odnr bamdua t s¢murat 1w chapresetrilsdndwi dt h
through said distributed constant |ine, wherein said distributed constant

i ne coputsthayact greiact ian)c & ncanpens atfi- pg sdi isdmd but bd corstranttdd nad
connected to a load and having a line length of |ength conpensating

react ance heghs@iréqueady aejeBtlierityaud Metrddlit const ant hi nareonnect ed
to said reactance conpensating distributed constant |line, having a |line

| ength ofag4@Een Wavel ength of said input signal and having characteristic
i npedance corresponding to said preset bandw dth; and an inpedance inverting

di stri bug BelegnSt a1 fer EORAREEY - whie SRI1E AR £ WPYEr ool 4R 0BY
const ant I ne, conposing an
may be constructed as a band pass filter as shown in Fig. 16. The
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) 91la, 91b, .. 91n-1 and
inverter transmission lines (impedance inverting circuit) 92a,
92b, .. 92n are alternately connected therein. Still more, the
Kinverters 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.
[0168] 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 lines
(impedance inverting circuit) 95a, 95b, .. 95n are alternately
connected therein. Still more, theK 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



i npedance inverting circuit corresponding to a degree of inpedance of said
| oad and having an inverter of said inpedance inverting circuit
corresponding to said preset bandw dth. 2. The inpedance matching circuit as
set forth in Caiml, wherein said regttance conpensating distributed
constant line, said quarter-wave distributed constant |line and said

i npedance inverting distributed constant |ine are conposed of ground
conductors forned on one face of said dielectric substrate and a signal

line for MBRGRIoEVedRel bf - St e fi bt eEs P08 aithdeP o araIurad &PFHERRF bet ween
said ground conductors via a predetermned 63 interval. 3. The inpedance
mat chi ng ailvadifi tOfasth@ehaflért"ﬁvienm@Il‘aFnﬁQaQWh%%bPhrt%S@Fg‘h%@ honee gindat

| east said quarter-wave distributed constant |ine anong the signal |ines of
sai d r eadttentepedapea satichgngdiigtauibui éd wonsndaturined amd lgugalerzimy e

di stributed constant 1|ine neanders. 4. The inpedance matching circuit as
set forthtHen IGlgh Mr2queniogr siedeatgvadgd | ayer conducting with said ground
conductor is formed on the other face of said dielectric substrate. 5. The
i npedancq omdochi ngI €iirsCHbteastiset ther Lhpedaktainm tzhindierieicuisardvidicl ectric
substrate is conposed of a plurality of [lamnated dielectric layers; at

| east 1 Msdéﬁ%fféci £6 rhay 8l RN ¢ atdilod Hl B &d éyp%lnea%e&ierf&régwﬁ{@ have
ground cond or layers and signal |ayers interposed between said ground

conduct or, ﬂtﬁyﬂnﬁn\@sa, pr%te{m&?@loﬂapls applicable also to wire

communications as a matter of course.

[0170] 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
[0171] As described above, the inventive impedance matching
circuitisusefulastheimpedéﬁcematchingcircuitfortransmitting
radio signals such as high frequency and microwave and is suitable
in constructing the impedance matching circuit on a semiconductor

element in particular.



interlayer conductive nmeans is provided to conduct between said signal

| ayers and between said ground conductors; said signal line is said signal

| ayer conducted by said interlayer conductive neans; and said ground
conductor is said ground conductor |lay® conducted by said interlayer
conductive nmeans. 6. The inpedance matching circuit as set forth in Caim 2,
wherein said dielectric substrate is conposed of a plurality of [|am nated
dielectric layers; at least two said dielectric |layers anong said plurality
64 of dielectric |ayers have ground @dddlxctor |ayers and signal | ayers

i nterposed between said ground conductor |ayers via predeterm ned gap;
interl ayer conduct ARe IMpgdaneepMapLChd@ct ¢ idoitifcthdpetnen ddatgidp§ral

| ayers and between said ground conductors; said signal line is said signal

| ayer cocdunstedtbyisaichngtnuateayon sohtete¢veicindstarmtsand gapahde
conductor is said ground conductor |layer conducted by said interlayer
conduct i vw&€ bunputZindlen iinpedantgnamtwdhibngresetubandéwidet thoradyh saCdai m 1,
wherein said distributed constant line further conprises a narrow band pass
di stri butded teanstaatcdridtaltaying, ahehreastsoNe diesendnted Goictait haveng a
line length of quarter wavel ength of said input signal and an inpedance

i nvertingqabrgdiihgcorresponding to a K inverter and a J inverter adjacent
to each other via said resonance circuit.

areactance compensatingdistributedconstant 1line 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 1line are composed of ground
conductors formed on one face of said dielectric substrate and
a signal line formed on one face of said dielectric substrate and

interposed between said ground conductors via a predetermined



8. A sem conductor el enment conprising the inpedance matching circuit as set
forth in daiml. 9. A radio comunication device conprising the

sem conductor elenment as set forth in Claim8 and an antenna connected to
sai d sem conductor el enent. 63

interval.

3. The impedance matching circuit as set forth in Claim 2,
wherein the signal line of at least said quarter-wave distributed
constant line among the signal lines of said reactance compensating
distributed constant line and quarter-wave distributed constant
line meanders.

4. The impedance matching circuit as set forth in Claim 2,
wherein a ground layer 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 1line is ééid signal layer conducted by said
interlayer conductive means; and

said ground conductor is said ground conductor layer
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
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of dielectric layers have ground conductor layers and signal layers
interposed between said ground conductor layers via predetermined
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.





