; PQRSe3e/, Lj n$6ZTgl 0 g MAY' 203 DESCRI PTI ON ACTI VE PHASED ARRAY ANTENNA
AND ‘ANTENNA CONTROLLI NG APPARATUS TECHNI CAL FI ELD The present inyentijon
relates to an active phased array antennt and an antenna control bith AY 2003
apparatus and, nore particularly, to an active phased array antenna which
receives and transmits a mcrowave in a conmmuni cati on equi pment such as a
wireless for nobile object identification equipnment or a satellite
broadcast receiving apparatus, as well as an active phased array antenna
whi ch receives and transmts m |l i nRE8CRWAVESNenpl oyed in such as a
collision preventing radar for autonobiles, and also to an antenna
controlling apparatus enployed for controlling these active phased array
ant ennas. BACKGROUND ART Conventionally, a so-called active phased array
antenna i ACUeNEr 2IHAS RIS &RRPY &N BENENNAN DhANDENEAE CO8T RIA. INGRITSFRABATUS
m crowaves and mllinmeter waves. This active phased array antenna
conventionally used will be described with reference to figures. Figure
10(a) is a diagramschematically illustrating a construction of a

convent i PR@HNECRLvVE IElased array antenna 100,

The present invention relates to an active phased array
antenna and an antenna controlling apparatus and, more
particularly, to an active phased array antenna which receives
and transmits a microwave in a communication equipment such as
a wireless for mobile object identification equipment or a
satellite broadcast receiving apparatus, as well as an active
phased array antenna which receives and transmits millimeter
waves employed in such as a collision preventing radar for
automobiles, and also to an antenna controlling apparatus

employed for controlling these active phased array antennas.

BACKGROUND ART

Conventionally, a so-called active phased array antenna is
generally used as an antenna which receives and transmits
microwaves and millimeter waves.

This active phased array antenna conventionally used will
be described with reference to figures.

Figure 10(a) 1is a diagram schematically illustrating a
construction of a conventional active phased array antenna 100,

and figure 10(b) exemplifies the construction of a phase
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and figure 10(b) exenplifies the construction of a phase 2 Qg MAY 2003
shifter 707 as an elenent constituting the active phased arrain @rﬂg{m’lﬁﬁioo.
The conventional active phased array antznna 100 i ncl udes pl ufa?¥ "ant enna
pat ches 706a- 706p arrayed on a dielectric substrate and a feeding line 710
for*distributing a high frequency signal applied to a feeding termnal 711
to respective antenna patches 706. The active phased array antenna 100 al so
i ncl udes phase shifters 707a-707p corresponding to respective antenna

pat ches FO6faiccA0dr @sararangkdmentt kenfseadiuiging nehd 18cansec pdregesd aa phage
of the high-frequency signal passing therethrough and a control circuit 708
whi ch apgphtesna d68i.red do control voltage to each phase shifter 707 and
controls a phase shift of the highfrequency signal passing each phase
shifter 707. Whel ecsiveredorarit eadei pat phas @G mndy sixt ernaphate shéftess
707 are provided, respectively, in figure 10, this is only an exanpl e.
Further,pfigale 38¢bhnas aadicagramidéastoapi ngrihgeaonsinr UGt | o Ofedhfic
phase shifter ?07 used in the active phased array antenna 100. Al the
phase shidibetsa¥87 have d hededgmd calineongtpuckbensdidheiBlasaqshif tiglgH07
includes first transm ssion lines 14a and 20a at an input side and an

out put sf gequbhel a@&g%&ﬂﬂecéﬁﬁliédtthfeQQin@ebh&%g710t@§miﬁams”ﬁ%ﬁjOnto
lines that transmt inputted high-frequency signals, second transm ssion
lines l4he gpdcePheat ahBBnhBPUbatictR ANG ddhe oulrpldt sicda whi Ghasek 0 Lr MY

24a3 are connected to a do power source through high-frequency bl ocking

el ement sade@nd 27,1080 | dweddedi ahe1higaRsm sH e | 1 ngnlfrwbisch i comest ed
to{ a do power source through a highfrequency bl ocking elenent 24, a first

and a sesOPf§58RaNHhESI 88 | B8Pt vaW LG 15 RN Of7 gl ff@{ &M are
| engt hs which are connected to a first control line V1 and a first

i nver si ofy £9A4£8] dd NendVELyiough the i gh- Ehaauantydd ogkigia, &4 egenty gd,
respectively, "and a third and a Tourth transmssion I1nes for swtching 18
and 19 of; ghffeLEAENEGNINY M ChoRE8ing therethrough and a control
circuit 708 which applies a desired dc control voltage to each
phase shifter 707 and controls a‘ phase shift of the high-
frequency signal passing each phase shifter 707. While sixteen
antenna patches 706 and sixteen phase shifters 707 are provided,
respectively, in figure 10, this is only an example.

Further, figure 10(b) is a diagram 1illustrating the
construction of the phase shifter 707 used in the active phased
array antenna 100. All the phase shifters 707 have the
identical constructions.

The phase shifter 707 includes first transmission lines
l4a and 20a at an input side and an output side which are
connected to the feeding line 710 as transmission lines that

transmit inputted high-frequency signals, second transmission

lines 14b and 20b at the input side and the output side which



connected to a second control line V2 and a second inversion control |ine
NV2 -t hr ough hi gh-frequency bl ocking el enents 25 and 26, respectively. A do
bl ocki ng el ement 12 which blocks a direé current is connect e? %eﬂmeéﬂ% he
first transm ssion line 14a and the second transmssion line 14b at the
I nput side, and a bl ocking el enent 13 which blocks a direct current is
connected between the first transm ssion |line 20a and the second
transm ssion |line 20b at the output side, respectively. Further, the first
and t he & os®nresisiA sdivon 4 i (s PeWesw sONIrs§ 15hardabe Aieh-domamency
between the internediate transmssion line 17 and the second transm ssion
line l4blackingiapemeside 21lCamdctéd bot iedrermedimie trdpsmidsdfont hHeine
first transmssion line for switching 15 and an out put side end of the
second th7anwhiissi obs | icomnkbtited the anplat soderi scuRdN th4ohigh MAY H0NS-
frequency blocking element 24, a first and a second
transmission lines for switching 15 and 16 of different lengths
which are connected to a first control 1line V1 and a first
inversion control line NV1 through the high-frequency blocking
element 24, respectively, and a third and a fourth transmission
lines for switching 18 and 19 of different lengths which are
connected to a second control line V2 and a second inversion
control line NV2 through high-frequency blocking elements 25
and 26, respectively.

A dc blocking element 12 which blocks a direct current is
connected between the first transmission 1line 1l4a and the
second transmission line 14b at the input side, and a blocking
element 13 which blocks a direct current is connected between
the first transmission line 20a and the second transmission
line 20b at the output side, respectively.

Further, the first and the second transmission lines for
switching 15 and 16 are located between the intermediate
transmission line 17 and the second transmission line 1l4b at
the input side.

Connected Dbetween an input side end of the first

transmission line for switching 15 and an output side end of

the second transmission line 1l4b at the input side is a PIN



di ode 31a connected in a forward direction viewed fromthe second
transm ssion line 14b to the first transm ssion line for S“ﬁtﬁh#ﬂf‘ﬂéw0§nd
bet ween an output side end of the first 4ransm ssion |ine for YW %hing 15
and_an input side end of the internediate transmssion line 17 is a PIN
di ode 31b connected in a forward direction viewed fromthe internedi ate
transm ssion line 17 to the first transmssion line for switching 15,
respectively. Connected between an input side end of the second
transm skl | Bda@ fepnpeicteni ngn 16 adgranrout guresitdenendievedhef semorihe
transm ssion line 14b at the input side is a PIN diode 32a connected in a
f or war d setigrettti vanswi esgdnf Lomet Adbsdoorithe rahsst ssrenshiise 104b ltime hitor
second transmission line for switching 16, and connected between an out put
si de encwiftdHiengeddnd gnansbesseen |ame dJurps tschdengebh@ andl avheé npilitrst de
end of the internediate transmssion line 17 is a PIN di ode 32b connected
in a forwarsmdi s €cdh obhineefed bwamdhieng rit%eravedli sk eihpapnseigel end gk thie to
the second transm ssion line for switching 16. Further, the third and the
fourth tirapemesiote | tpaashassdwint chirg 18 apdalP v edl odat 8dbbeiomeitide
internediate transmssion line 17 and the second transm ssion |ine 20b at
the outdut siade. foemect ed digiemapran ivipwedsi dgnd oftHehe tihitedmediate
transm ssion Line for switching 18 and an output side end of 50 9 MY
2003 thedaismiesiete 1iaasnigsi en | ivhe 1Fiss®t PtNadbnides3d3a carmect egbsd n
a forward direction viewed fromthe internediate transmssion line 17 to
t he thi@&ﬂﬁ@ﬂmﬁ@ss$pnrégp@cﬁgﬁe§@Ltching 18, and connected between an
ouf put side end of the third transnmission line for switching 18 and an
i nput side entbriedbedsepetlebnanyH SSi®puti Neid@b aind heoput pHE Sisdedrid a
PI N di ode 33b connected in a forward direction viewed fromthe second
transm ssismi 191 2P 16 aet Mot hshd tbhangym 61 aAdl 11e bakpsw tLiddged8. of
Connect ed between an input side end of the fourth transmssion line for
SW t chi Rthel 9saBgnan ordsthi Ssdenend nf 1hg it exRedisafid r anami sisd op leme
17 is a PIN diode 34a connected in a forward direction viewed fromthe
i ntermediidd t BaARSNEs§aheRtkunNeid7 4 0rbR@afr@ur ihrbERRSAI S65 BRehI NErd@r the
switching 19, and connected between an output side end of the fourth
transm sEchd | BahemisWilshi Dond9 1Ayl 88 itHAUt sekdBdentkMsh®sion line
second.transm ssion line 20b at the output side is a PIN diode 34b
Connect g v Ns@i £ @R YVAHT 1@, &fid OBoMheweddf HuRJdden SeRORG tigianssi §8i endl idre
20 to the fourth transm ssion line for switching 19. The operation of the
active E'Fx%s%fbc?drlﬁ@Ytﬁélﬁ&'ﬂE@EWghCﬁih% RoVigded Mikgthe spacansthpeied iphase
ed.

shifters 707 will be descri When a hi gh-frequency electric power is

appl i edeh@ td¥e f18edi NetREAL RRE f1hnsiNGNIAN-fIRAUENCYsehepti 6 iRwer3 s
6 o ~ ~a~ ~00~ supplied to respective antenna patches 706 through

respect i iiasy Shf 6T fo APdrd TRERe R iR IesoRadl BEdONEnO| 1MekladRiate
réaquired is applied to each phase shifter 707, and a processing of making

the phagefsrihes fhgh-1{eauenty ebectniC PoMehaadvanassiak idel avaddy mr
prescri bed phase shift is performed at each phase shifter 707 on the basis

of the gwmygﬂiﬁqﬂfgge fromthe control circuit 708. Thereby, the
hi gh-frequency electric powers of the prescribed positions are inputted

fromrespectip{f{d £NNAHRBALHES 798d the fourth transmission lines for
switching 18 and 19 are located between the intermediate
transmission line 17 and the second transmission line 20b at

the output side.
Connected between an input side end of the third

transmission line for switching 18 and an output side end of



In this way, the active phased array antenna 100 performs a control of its
orientation characteristics by applying a do control voltage fromthe
control circuit 708 to respective phase shifters 707 to change the phase
shift quantity. Next, the operation of the phase shifter wll q%g@ﬁcngﬁ
The hi gh-frequency electrlc power supplied to the phase shifter

the feeding line 710 passes through sequentially the first transm ssion
line 14a at the input side, the do blocking elenent 12, the second
transmegéoniht8emddhatt t BeahBRUEsSbee, 1€hkhenjongsofat herfii rg¢iogad the
second transm ssion lines for switching 15 and 16, the internedi ate
transm eshBcteRe ik, a eifbRek ranel e ddiforh hividward £6n f eHEL N i anedd ssten
lines for swtching 18 and 19, the second transm ssion |ine 20b at the

out put srdgsmiBgida bhaekd ng el erenteda, gRdrihecbhhshilikanym ssian | Fhe
20a at the output side, and is propagated to the antenna patch 706. 0g
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fourth transmission line for switching 19 and an input side end

( of the second transmission line 20b at the output side is a PIN
diode 34b connected in a forward directicn viewed from the
second transmission line 20 to the fourth transmission line for
switching 19.

The operation of the active phased array antenna which 1is

provided with the so-constructed phase shifters 707 will be
described.

When a high-frequency electric power 1is applied to the

feeding terminal 711, the high-frequency electric power is



active phased array antenna, there is al so one conbining a varactor diode
wth a mcrostrip hybrid coupler. Though the varactor diode caﬁ
continuously change orientation, it hag a | ow control voltage, ﬁ.@Aﬁ 8WB
several volts because it utilizes a junction capacitance of a PN junction,
and therefore, when a passing electric power of a high-frequency signal
whi ch passes through the phase shifter is high, the junction capacitance
woul d change by the signal' voltage, resulting in that a | ot of higher

har nongggpaiedgenser akegectianef fieenhd Was dhels gEOET &h riowg@npteypacphase
shifter having such a construction. Further, while dielectric substrate

materighasef &AefReeOSYOTP St rKEr e acoRbrekshBAdRINGh E6REWENCYvoltage
propagation characteristics as well as supports antenna patches or feeding

line copgduet-aus.id hpdhi BA@Ctsi 6aPRt BhbakS sALE te@dUiged 4 haVEr88ekking
hi gh-frequency characteristics that of small | oss and stable dielectric

const agt VWER 1R O S giAMAG desh LN Apt ki bt fr e PEBL PYR BBuer

dielectric materials, a problemarises that a | arger portion of the antenna

cost ig49anuRIEd @élquyedT Qrggsgbr&m@n haR e SHECE {10 SOLVEhBR at

above-nenti oned v g MAY 20 probl e and has for its object to

Provi dgadn! BHaG0sarAGH 4F PPRSEH BREKaBRLERRAL AN AR AN CRABEE0D! EObh N0

appar at us, ichis si npl er “structure and capable of continuo

changi pg ARkeRD 07 EPLALEOR 08N 4G EEdiSY ] C8he DhGHOERG T e L IVENTLON

powers of the prescribed positions are inputted from respective
antenna patches 706.

In this way, the active phased array antenna 100 performs
a control of its orientation characteristics by applying a dc
control voltage from the control circuit 708 to respective
phase shifters 707 to change the phase shift quantity.

Next, the operation of the phase shifter will be described.

The high-frequency electric power supplied to the phase
shifter 707 through the feeding 1line 710 passes through
sequentially the first transmission line 1l4a at the input side,
the dc blocking element 12, the second transmission line 14b at .
the input side, either one of the first and the second
transmission lines for switching 15 and 16, the intermediate
transmission line 17, either one of the third and the fourth
transmission 1lines for switching 18 and 19, the second
transmission line 20b at the output side, the dc blocking
element 13, and the first transmission line 20a at the output

side, and is propagated to the antenna patch 706.



According to ClaimZ of the present invention, there is provided an active
phHased array antenna which has a structure in which plural antenna patches
and a feeding termnal for applying a Ifigh-frequency electric power to a
dielectric substrate are provided on the dielectric substrate, QQBAY 2003
respective antenna patches and the feeding term nal are connect'e y
feeding |ines branching off fromthe feeding termnal, and a phase shifter
whi ch can electrically change the phase of a high-frequency signal passing
on the resperidive fgedidgtibnesvaleager apged tRieenshigt uoe /@R tofOf dhe
feeding |lines, and the phase shifter conprises a mcrostrip hybrid coupler
whi ch @Hﬂﬁé@pdmﬂﬂ@{qeptﬂl 63oaesbase materizpl and ;ymsrappnipdstrayhinh
enpl oys ferroelectrics as base material and which is electrically connected

to the jAggastive® RNt bicouphes, wnd §2do gt r gnavoktyagerd s rapRpldcad +eo
the mcrostrip stab to change the passing phase shift quantity. Therefore,

by Cha&%dﬁ%ﬁ&éé&%ﬁohlﬁ@§E%BE 16e passidiy phases %mﬂﬁaﬂuﬁ@EbEMtE%@l¥?N
changed successively, and f ur'ther’, a phase shl?ter and a feeding line can

be con%ifl'&agsedap @2 k) 'V%E(V%O%r]eo S éﬁegoag%w A@a@fdletoﬁercebmet

possible to supp "cont’ oltage to ura ase shifters rough a

si ngl e control &weaﬂ&herwer%apo' {9 ﬁﬁw o0 CPELh B L8 Ghalm 2. of

t he present 1 nventio thereis provi de active ased array ant enna as

def i neqyf, (i fh1erWISLET B bhes PLULAH AN oNa gé”gseeer Arganoed |
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Iargerggx, e; se t, gﬁqg f4 f sented
bet wee ]é.%t g’n%gtﬂptéaﬁté %Eggdjlrale%e %%v gdngt hﬁ‘e@ |§géllt rm naP %a{ltr?d SO
that the %H?¥ge@ L gepgﬂggtshlfters i nserted betmeen each antenna patch
in eac im and t he f ae ing termnal is |arger by one sequentlally than

t he nunber q{ov}e'l?e?haﬁﬁ %e ftceorn enncsiec; eP bgt Weenhl%h an';(?pnﬁl ??E“%

adj acent colum and’ eding termna Bn the phase s ave
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but step by step, and this made it necessary to provide a
Circuit construction for switching transmission lines
corresponding to the stage number (step number), i.e., that
including transmission 1lines for switching, high-frequency
blocking elements, control lines, and the like.

In other words, there exists a problem in that a
construction which enables performing a phase shift with fine
steps as well as obtaining a large phase shift, a large number
of circuit constructions for switching transmission lines are

required.



~ ~ SAY zaa~ lam nating seven | ayers, which seven | ayers conprises a first

| ayer, a second |ayer, , a seventh |ayer sequentially fromthe top Iﬁygr,
and the first, third, fifth, and seventh8layer conprise diel db@rMaY 20D
material, while the second, fourth, and sixth |ayer conprise conductor, and
further, the active phased array antenna has a first mcrostrip structure
conprising the first, second, third, and fourth |l ayer, and a second
mcrostrip structure conprising the fourth, fifth, sixth, and seventh |ayer
and the first Frir¢hedtriplser dot ¥ ecand e zfhoser@mdconednsetowd niBESSNRAI p
structure share the fourth layer as a grounded | ayer, and further, the

ant enna patcheiss greovpdetidedt Heo sebbadnl ayeranthenfeeditiy &i derpwl ghén,
phase shifter are provided in the sixth layer, air is enployed in the third
| ayer, andeaecanbi aatprmrblem athaandheheciecndel exinscsucsienplaoygedwininhbe
fifth layer. Therefore, as a dielectric material between conductor |ayers
of the nzonestitiupisig wtteunshase rswhf tcdr cavs esoapgiigaitiddcant |y smal |l | oss of
a high-frequency electric power and has a stable dielectric constant is
used, and as @uditéleagt rd daprapst ahidltequtemplboybe Foif ate adforihent cedang
| i ne conductor layer, a dielectric nenber which supports an antenna patch
and a fegdthgel i pieasoadutdy | ainteecha Wheheky t ey dByo alose sebmPiddng a
protective |ayers at the antenna surface, resulting in a | ow cost device

Wi th a svaphetstr utisde. wAetordi ngckos€Craibmyof i 8 hequmsant | migonthe
there is 0 g MAY 2003 m provided an active phased array antenna which is
provi dedvakhBta rph@seds hickhercémain 66aPL iy Sehaigd east el a@RM eNdrStals a
haf/ing ferroelectrics and ferromagnetic materials as base materials, and a
M crost ri gwhibhiceoqowR18adVviing PArae! esvetss ¥s1RAsJmhANd als. ufcEosEENg
to Caimb5 of the present i1nvention, there is provided an active phased
array aniefpiacaso¥efddieteithltdai Arda W?@Jﬁbﬂi&uppgﬂde@ﬂe%fe%r!é, when a
constituted by lam nating a grounded conductor, the ferroelectric, a strip
conduct osas3Rdgt RA RN iUTBGNRE | CofBLEMiR]HS- £ SEHUERE | akk ¥naAC G N p § 8ses
Claim6 of the present invention, there is provided an active phased array
ant enna ggrdghhneghé N gHaadm 4nivherei st hg @pentaed $hAbrisnCcAIdd vt 8By

| am nating the grounded conductor, the ferroelectric, ;.he ferronmagnetic

mat eri al oudddchiaggd Hyp ©ondycgaal 9BdthlbR,i efdnel echsi €8 8RAtIRE 1ot of
ferromagnetic materials are | am nated between the grounded conductor and

the strigpi §RBYUGLEYMINL & SAWd afénékae_eai.on A8t | 01 NGa8r ddeseneral
conductor surface. Therefore, the active phased array antennas defined in

Caims 440ekptdy ez afhidald Ve ANaseds@chay aBhgrRacMiceh is of a
sinpl e structure and enabl es conti nuous and w de variations of orientation

characteristiggrehkh,a $niRlee Hidicddn€ic ACEEhALREtk0 HarigPif10f tde the
present invention, there is provided an antenna controlling apparatus which

i? nol dagli cr@s9rMBY 2003clSre control the high frequency propagation
‘ characteristics as well as supports antenna patches or feeding
line conductors, the dielectric materials are required to have

as its high-frequency characteristics that of small loss and

stable dielectric constant when materials having these
characteristics are employed as dielectric materials, a problem

arises that a larger portion of the antenna cost is occupied

thereby.

The present invention is made to solve the above-mentioned



enploying ferroelectrics, ferromagnetic materials, paraelectrics, and

el ectrode nmaterials by an integral molding using ceramcs, and tf AY 2003
above-nment nti oned antenna controlling agparatus is provided with & function
of a phase shifter. According to Claim8 of the present invention, there is
provi ded an antenna controlling apparatus which is nol ded enpl oyi ng
ferroelectrics, ferromagnetic materials, paraelectrics, and el ectrode
materials by an integral nolding using ceramcs, and the antenna

control lgeb BORET alnds h&s P deels Widdy efdinct bopsifi e phasewwshebker a0 de
do bl ocking elenent. According to Claim9 of the present invention, there
I's proviglegsad adedna HOEARA | | Nth APRAT alng aMaCh co 1) 1d8th £ MRIYAE e s,
ferroelectrics, ferronmagnetic nmaterials, paraelectrics, and el ectrode

mat eri alyg, dyh ani & ntegr ad; Pl 8ENgs U8 BYusRr 2EhAS, caggbtﬂée YH et inuously
controlling apparatus is provided with functions of a phase shifter, a do
bl ocki ng-iel £0BAY  a#BEnAaNLIRHEAURRCIH Rk G §E eopnt . According to Claim
10 of the present 1 nvention, there is provided an antenna controlling
apparatus which is nol ded enploying ferroelectrics, ferromagnetic
material s, paraelectrics, and electrode materials by an integral nolding

Fancti on oy e R ok BB RV, [ O ki ng ol ement . a i Oh {1 cquency
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provi ded _an ant enng controlling .apparatus as defin i n f dains.7 10
10. Thercéfnor}ee?t? e ‘ACt irgveee P 8 ec%lé{raersay arrﬁnecﬁnnla%g dé)f?ifnegr%ﬁy The %Ieecnng

terminal, and a phase shifter which can electrically change the

!

phase of a high-frequency signal passing on the respective
feeding lines are arranged to constitute a part of the feeding
lines, and the phase shifter comprises a microstrip hybrid
coupler which employs paraelectrics as base material and a
microstrip stab which employs ferroelectrics as base material
and which is electrically connected to the microstrip hybrid
coupler, and a dc control voltage is applied to the microstrip
stab to change the passing phase shift quantity.

Therefore, by changing a control voltage, the passing
phase shift quantity can be changed successively, and further,

a phase shifter and a feeding line can be constituted by a



Clai.ms 11 or 12 can realize an active phased array antenna which is of a
sinple structure and capabl e of continuously changing orientation 09 EAY 2003
characteristics. According to Caim1l3 of the present invention, in the
actirve phased array antenna as defined ingany of Clains 1 to 12, the
grounded conductor is subjected to drawing. According to Caim14 of the
present invention, there is Q 9 MAY 2003 14/1 provided an active phased

array antenna. as defined in.C aim13 s 0,g MAY 2003,wherein all the

Feedt ng 1TTREE: ST ER Wk sEPepebindibt o cBRBFIDIRG &1 SHERLY 2

conduct or havi ng I dentical sectional_ shape. Therefore, the active phased
f

array anteRmereef i HeHtdge Ol mPEN L 1 PNESE r SBLIFE TS hit§Bogain &ct Sy8JIle

phased array antenna w thout enploying an expensive |ow|oss dielectric
mat eri al .control line, thereby simplifying a wiring.

According to Claim 2 of the present invention, there is
provided an active phased array antenna as defined in Claim 1,
wherein the plural antenna patches are arranged in matrix at
equal intervals in the row and column directions respectively,
the phase shifters are arranged so that the number of the phase
shifters inserted between each antenna patch in each row and
the feeding terminal is larger by one sequentially than the
number of the phase shifters inserted between each antenna
patch in adjacent row and the feeding terminal, and so that the
number of the phase shifters inserted between each ant_enna
patch in each column and the feeding terminal is larger by one
sequentially than the number of the phase shifters inserted
between each antenna patch in adjacent column and the feeding
terminal, and all the phase shifters have the same
characteristics in the row and column directions respectively.

Therefore, it is ©possible to control antenna the
orientation characteristics of an antenna regardless of the
number of antenna patches only by changing a control voltage
applied from the both end sides of a control line to which
plural phase shifters are connected.

According to Claim 3 of the present irvention, there is

provided an active phased array antenna as defined in Claim 1



According to Claim15 of the present invention, there is provi dedua@ MY 12083
phased array antenna as defined in any of Clains 1 to 6, or Caiml2, a
supporting dielectric material, the grounded conductor, and the strip
conductor for feeding are lamnated to % mthe lam nation, and this

| am nati on and an antenna controlling a @é&atus as defined in any of C ains
7 to 10 are nolded by an integral nolding using ceramcs. Therefore, it is
possi ble to realize a high-perfornmance active phased array antenna in a

m | 1imet e whveWhBREER ngscmqtﬂve\lpd:amww FRyteRnd (4F Fengtauggesmby
illustrating the structure of an active phased array antenna according to a
first enbodi nent, and figure 1(b) is a diagramfor explaining the maxi num
sensitivity direction of the received electric wave by an antenna patch of
the active phased array antenna according to the first enbodi nent. Figure
2(a) is a diagramillustrating the construction of i s 09 MAY 2003 a
phase shifter of the active phased array antenna according to the first
enbodi ment, and figure 2(b) is a graph illustrating a change of the
effective dielectric constant of a mcrostrip stab with relative to a bias
electric field produced by a control voltage. Figure 3 is an expl oded
perspective view illustrating the structure of the active phased array
antenna according to the first enbodinment. Figure 4 is a diagram
illustrating tae cross-sectional structure (a part) of the active phased
array antenna according to the first enbodinent. Figures 5(a), (b), and (c)
are diagrans illustrating the construction of a phase shifter enployed for
an active phased array antenna according to a second enbodi nment, and figure
5(d) is a diagramillustrating a bias electric field produced by a control
voltage in an open end stab and a magnetic field peoduced by a

hi gh-frequency electric power. Figure 6 is a perspective view illustrating
an antenna controlling apparatus according to a third enbodi nent. Figure
7(a) is a block diagramillustrating the construction of an active phased
array antenna according to a fourth enbodi nent, and figure 7(b) is a

di agram for explaining the maxi mum sensitivity direction of the received

el ectric wave by an antenna patch of the active phased array antenna
according to the fourth enbodi nent. 17 0 g MAY 2003



Figure 8 is a perspective view for explaining the relation of a grounded
conductor and a strip conductor in an active phased array antenn acﬁéﬂdﬂWé
to a fifth enbodinent. Figure 9 is a perkhective viewillustrating an
actiLve phased array antenna according to a sixth enbodi nent Figure 10(a) is
a block diagramillustrating the structure of a conventional active phased
array antenna, and figure 10(b) is a block diagramillustrating the
structure of a phase shifter enployed for the conventional active phased
array ant-@Aiaatsmsr MEVEN TOAWRECUTEVITHED | ROERTI AN YRF Bi ARFMPEH S et dEAE[ts
of the present invention will be described with reference to figures 1 to
9. FurthépYetthe @nBBEPRENtIRNY be' tHescBi Ve ARr¥esx HAIE BirL Y e frem
necessarily restricted thereto. (Enbodi ment 1) An active phased arra

ant enna &becortdithglevetrhe apestdie faventi dhiwid,l befdescrinfedsarentiii iétyer
enbodi nent with reference to figures. Figure 1(a) is a block diagramfor
expl ai ni pagmer ieanplielectaist rustaradadf, awhatei viehphasadratr af canttdnnaardo
according to this enbodi nent. This active phased array antenna 20G

conpri sesipitir alayent enomppaseheontiBd-o6pani Ehrbherar tdyeedad¢ i vt phrsend a
i s 0O g MAY 2B dielectric substrate at equal intervals in the row and

col um dereaty arstemngr basded feedbingitcarastnalp 188rubiolnei scapptisthqv the
hi gh-frequency electric power, a first control voltage generating neans 111
whi ch gefierattes sseaawd di tlettd pnandi éntiathold ayent,r élnd/d tsgeondndiarsetaong
control voltage generating neans 112 which generates a colum-direction

ori ent at samueantneo| ceooipragd nglhehgl ufaki ramnt,enfid fpat, chesxt@5 asadcosaeehed
to(the feeding term nal 108 by feeding lines 121, branching off fromthe

f eedi ng tenmimalantd8 ttespefiryel ymilkosakliy psaviudadiyghasendhither saihbvear e
arranged constituting a part of the feeding lines 121 as described | ater.
Furt her, menttiomedi edeeind anseibsst at p, stbere vakee shameedifd rsdutoh f bayeh as
connecti on nodes N1-N4 which correspond to respective first to fourth rows
in the mat ginouavdeahdesyant, cind heuptheal pakchesehd@ pawthi gh-pregqieadyin
bl ocki ng el ements 109a-109d are connected between respective connection
nodes NlhHeargkddved f LayerGonihe®l feebtiage paner ahdngeapsaiédl sreisfrecdt | weky.
The antenna patches 106a, 106e, 106i, and 106m whi ch correspond to the
first roprowvhelesedondthevgittie 1ayed, ranr asdembeoiyed tim rmve afhiardi1syer,
colum in the matrix arrangenent of the plural patches 106 are directly
connect ednto at o iwdt ionf o8r b rcamiecihoOnf8odes 1 Mkt M csr dspenip veyyd The
antenna patches 106b, 106f, 106i, and 106n which correspond to the first
row, thethec@idtmhowaydre third row, and

Therefore, as a dielectric material between conductor
layers of the microstrip structure, air which causes a
significantly small loss of a high-frequency electric power and
has a stable dielectric constant is used, and as a dielectric
base material outside the surface of the feeding line conductor
layer, a dielectric member which supports an antenna patch and
a feeding line conductor 1is used, whereby they may also serve
as protective layers at the antenna surface, resulting in a low
cost device with a simple structure.

According to Claim 4 of the present invention, there is



is 0 g MAY 2003 the fourth row of a second columm are connected tog#&e
first to fourth connection nodes N1-N4 through the phase shiftep % 1,20[]3
107a5, 107a9, and 107al3, respectively.19he antenna patches 106c, 106g,
106k, and 1060 which correspond to the first row, the second row, the third
row, and the fourth row of a third colum are connected to the first to
fourth connection nodes N1-N4 through the two phase shifters 107a3 and
107a4 in series connection, the two phase shifters 107a7 and 107a8 in

series pepReelddomn tderive phasedshidisy sadOdpdd aRd chO7aslpidvB@Eieqith
connection, and the two phase shifters 107al5 and 107al6 in series

connect hOphalses RAG!fi e Vehdthecempensaspatchessk06d, olgﬂlﬁh,eﬁ@%ta@nﬂa&%ﬁ
whi ch correspond to the first row, the second row, the third row, and the

fourth kawref 1 dtaurd Sﬁaurﬂéﬁ&n&%’r@@fée%att%ﬂi@_qgiéﬂ dad OfaEBrials,
connecti on nodes N1-N4 through the three phase shifters 107a2-107a4 in

series gARNEL! 9By okhe i 8eHPIAS&UP d £T RatPABE-JD/A8) LB S8ELCSs b
connection, the tﬁ?ee Sﬁgseﬁghiftefﬁn%07a10?07a%2E%% ser%es conneéiio%?eand
the thrggiRhasgshifters 107al4-107al6 in series connection, respectively.
Further, the connection node N1 in the first rowis connected to the
feeding term hg Qu oc bl i I 1: he ase
”E\ _fé%@?lgt £8UeH A nfl 05 Plogeking lanent ﬂ?qgeﬁ@gohé ﬁ%@[zﬁeet ﬁg

shifters 107 I n series connection, the connection no

second pokastoviecle 1o Lhetaedn ) S gl 107 Lhraudl Uie oy bhopkino
20 ser i gRoganBecthan obbg confectign nede ALo:thecHNipg ! ol 3acongect ed

tp the feeding term nal 108 throu 0 blocking el enen
h ' 07 h ' : [ : '
phace SUsbbBbel) oAt e SaeEkan 0008, M, 10 Le EOMMRNLS agg

The sec€g%0§g?E%%ggwgthggﬁ¥%ﬁ {§££n9§ 8?%%&1%%lis connected to the feeding

term na hrough t r'equehc ing g'ement 109e. Further, the

phase, o111t hoshflabl 8 Ridih Phass LA BERLLRE CONARLLIRD Baees, 1y

row-direction orientati on whi¢ch control

the actiys.phased Aryay A0t enna 200 by n cantrol vol Lage qenerated by fhe

. S
first c ol't'age generat ng neans an phase s ers

107b1-10/bd.are ﬁrﬁ‘és tpféc}ift‘éﬁrds £]9ébco r%'Jnisq.%ta%tcﬁu%gﬁdhéx%%h%ng the

orientation ich con € colfum-direction o e dctive phased array
ant enn ac I ta of the_se cantrol. volt enerating
nmeans %éggpﬁgpespe%#‘g!étér{gw aﬁ%‘ecol %ﬁﬁrgﬁﬁgc%%ir&r%, ait_lLet hefa‘%ﬁ%sea%rh%%%rs
| 07al -107al16.as well as .107b)-107b4 have the identjcal, characteri.stics. , In
Lhe- aciTYEBAETEA. ACDy K SHAAD2CO VA G < ARTC CBREL FRE s = i (e
shifters, are arranged such that.tﬂe nunber_ of the phase shifters for

cont ol T ag Eea FRASRS G (BHCGhL EhSart o) GPHUAE HeR vBeh "SRberis EHOEss n
respectégedfggt toaggur£$ rows and t@g %:ding.terninalr_ 8 iscgpcr %ﬁﬁg
dne by One°suceEssfUel y f'Pom theB ol T oWt 0 the ¥ i St 70w 48 Wet 0g
MAY 200g;"arallel to the grounded conductor surface.

Therefore, the active phased array antennas defined 1in
Claims 4 to 6 can realize an active phased array antenna which
is of a simple structure and enables continuous and wide
variations of orientation <characteristics with a simple
structure.

According to Claim 7 of the present invention, there 1is

provided an antenna controlling apparatus which 1is molded



21 as that the nunber of the phase shifters for controlling rcwereﬁkiogm3
oricentation which are | ocated between antenna patches in respect 9eMAY ¢

to fourth colums and the feeding term hdl 108 is increased one by one
successively fromthe first colum to the fourth colum, and noreover, the
characteristics of the phase shifters 107 are all identical in respective
row and column directions, whereby controls of the orientations in the
colum direction and the row direction are perforned by a single control

vol t age.erphiayinid | be deserdddexrtspecssical | feriromagyrsipippsed t hat arhied Jzhase
of a high-frequency electric power which passes through the phase shifters
for contpaxtdelectoiesl rend onldO7addo7aktresipdct | gl wn sinfe¢ayedl Impo ltdieng
phase shift [err] , and arranging intervals between respective phase

shi fter si=ireg destraméesd. dHed ethz halghvé rreguentyoeskdctan teppoave kointpat 1t leicthg
into the antenna patch 106a in the first rowis supplied to the connection
node N1 apgdratss phaserontiadged.chVzarfdndte,ora diff gh-phiesaesnhyfekectric
power inputted into the antenna patch 106b in the first row has its phase
del ayed by tlrcetwsenghitiot ¢eath By éhetpbasereaddit ennvihtdbrgndthere is
supplied to the connection node Nl1. A high-frequency electric power

i nput t egpddtidddie ant eneedes chcdRbeoildihfe hppatkatow hasiidhs phasenddelayed
by the phase shift 2 [err] by the phase shifters 107a3 and 107a4 and is
suppl i e@mp b Pi MY 2003 e2loeh ddx £ 1Es connectrie@roitdmdtlic 22 QadVAKI1A)03
A high-frequency electric power inputted into the antenna patch 106d in the
first roahaslddsrphaseade ayrsebyobbe s a3 fiby 3anbyid hegphasecshiifder s
10{7a2 and 107a4 and is supplied to the connection node NI. In other words,
the diregdin Ratami®s pscahbed targl e tdfda @ntrdiling)) apbbhatespedts t o
t he arrangenment direction of the antenna patches 106a to 106d in the first
row beceifesy fdwd MXtAUMERNSIdhyi by & r grsag@_n s¥fi fiher ehgat 1 CaMayg ocgGeigred
by the antenna patches 106a to 106d in the first row. Further, w to w3 'n
the figunendanote wave surfaces of the received signal of identical phase

According to Claim 9 of the present invention, there is
provided an antenna controlling apparatus which 1is molded
employing ferroelectrics, ferromagnetic materials,
paraelectrics, and electrode materials by an integral molding
using ceramics, and the antenna controlling apparatus 1is
provided with functions of a phase shifter, a dc blocking
element, and a high-frequency blocking element.

According to Claim 10 of the present invention, there is
provided an antenna controlling apparatus which 1is molded
employing ferroelectrics, ferromagnetic materials,
paraelectrics, and electrode materials by an integral molding
using ceramics, and the antenna controlling apparatus is
provided with functions of a phase shifter, a dc blocking

element, a high-frequency blocking element, and an antenna



Al so, the orientation characteristics by antenna patches in other rows,
that is, the second to the fourth rows are precisely identical tB trHa 2003
orientation characteristics by the antenna patches in the first A MAY
Ther-ef ore, when a rowdirection orientatiign control voltage generated by
the first control voltage generating neans 111 is changed, the phase shift
~ by respective phase shifters 107al-107al6 is successively changed,
whereby the angle 0 between the maxi mrum sensitivity direction and the row
directionFEHéﬂbes in a surface vertical to the colum direction . On the

ot her hand, the high-frequency electric power supplied to the connection
node N4 corresgdifiafpier t Ba fackivecophaped sastpyl it anna hehieddi emgploys
termnal ''C8 wi thout causing a change in its phase. 23 0 g MAY 2003
Subsequentihe amkemighchbnsgqedddyndel appalat poawer dgippeied nt Clabmgoindoa i bh
node N3 corresponding to the third colum has its phase del ayed by the
phase shi of ~the tpressdseisiientéonlFdd aedliizesuppl isedtitve t hhakeddi angray
term nal 108. The hi gh-frequency el ectric power supplied to the connection
node N2 camtespendwight ;a t Ae ssecpadfophanue hagdssdiptiase dsleayed yodibeacy
phase shift 2 ~ by the phase shifters 107b2 and 107bl and is supplied to

t he feedi vadtietiiona atO&helhesdemhl§r equency el ectric power supplied to the
connection node N1 corresponding to the first colum has its phase del ayed
by the phase shiddordlindytdhelphasalshoft ehe PAés2rito ddvéhthod, i sheweplied
to the feeding term nal 108. Therefore, when a rowdirection orientation
control veloxdelegena atediky tpleasedoadragntamientd t age dgdiareat | iy BBINSOf
112 is changed, the phase shift ~ by respective phase shifters 107b1-107b4
i S succesegladmg changed3,whehebyihhamngheebelanveesnt bel Mbxgnuappsenatusvidy
direction and the colum direction changes in a surface vertical to the

col um di tegined ihurEnierof tdieaidns b oeki Ny £+ epesridd@d ~s provi ded between
t he connection node N4 corresponding to the fourth row and the feeding )
terminal, andackerddny ocki Kdadhenent 8fllde pidbensnd nbirtisore, ptheirdeds
bet ween the connecti on nodes N1-N3 corresponding to the first to third rows
and t he cpkbespeddiang gqutase Jhdsed sadfaPp3anidnb, camdribihg, anhremwelnol umn
controls of the phase shifters 107 by control voltages fromrespective
control az2£a gadfen200Whet ¢ aige rgeneaarapg arearmadd,l amd &éa2haref which
performed individually for the phase shifters in the row direction and for
t he phaseashiehhar patchdée @vdinphdseeahidfiteresapeet iaminectédr efldreenateliyhe
active phased array antenna 200, the orientation direction can be set to an
arbitrarysdriadtlliypn apea sonhaceedf withspHdseg/shadditensng adlteotrratelyavdan
of an antenna, that is, on a plane surface including the row direction and
t he col unsediescti bn relyacdl esbené tie mubardesf @Elme antemma pabohevlling

apparatus as defined in any of Claims 7 to 10.

Therefore, the active phased array antennas defined in
Claims 11 or 12 can realize an active phased array antenna
which is of a simple structure and capable of continuously
changing orientation characteristics.

According to Claim 13 of the present invention, 1in the
active phased array antenna as defined in any of Claims 1 to 12,
the grounded conductor is subjected to drawing.

According to Claim 14 of the present invention, there is



Next, a description will be given of the phase shifter 107 as an el enent
constituting the active phased array antenna 200. Figure 2(a) ps #AY 2003
perspective view illustrating the construction of the phase shifter 107
enpl oyed for the active phased array antenna 200. This phase shifter 107
conprises a mcrostrip hybrid coupler 1@3/»hi ch enploys a parael ectric base
material 101 and constitutes a part of the feeding line |21, and a
mcrostrip stab 104 which enploys a ferroelectric base mterial 102 and is
formed cpriaaidery dmhedBisresilia pedynrtay conptena 183, de £ingdedns Gladied: Huch
that the phase shift quantity of the highfrequency el ectric power passing
through the mcrostrip hybrid coupler 1D3 is changed by a do control
voltage applied to the mcrostrip stab 104. That is, the material of the
phase shifter 107 conprises the paraelectric substrate 101 and the
ferroelectric substrate |02. 25 0 9 MAY 2003 An annul ar conductor |ayer
103a in a rectangul ar shape is disposed on the paraelectric base nmateri al
101, and the microstrip hybrid coupler 103 conprises these annul ar
conductor |ayer 103a and the paraelectric 101. Further, two |inear
conductor |ayers 104al and 104a2 are disposed on the ferroelectric 102 so
that they are | ocated where two facing linear parts 103al and 103a2 of the
annul ar conductor |ayer 103a in a rectangul ar shape are extended, as E well
as they are connected to one ends of the two |inear parts 103al and 103a2,
respectively, and the mcrostrip stab 104



conprises the two linear conductor |layers 1C4al and 104a2 as well as the
ferroelectric 102. Further, conductor |ayers 110a and 120a are &rran eﬂ ﬁp
g Vg e

the paraelectric 101 so that they are | déated where the two lin
103al and 103a2 are extended, as well as they are connected to the other
ends of the two linear parts 103al and 103a2, respectively. An input |ine
110 conprises the conductor |ayer 110a and the paraelectric 101, and an
i nput line 120 conprises the conductor |ayer 120a and the parael ectric 101.
One end wheleednd ahé other dépeddiinge dfinewe lameappariddd3adiof tde ahnupar
conductor |ayer 103a are a port 2 and a port 1 of the mcrostrip hybrid
coupl er df3ducespectdormginisiamgl oae drdezirde @mddacvdher hewd ng deidént heal
| i near part 103a2 of the annul ar conductor |ayer 103a are a port 3 and a
port 4 ofect26nal shape.
Therefore, the active phased array antenna defined in
Claim 13 or 14 can realize a high-gain active phased array
antenna without employing an expensive low-loss dielectric
material.
According to Claim 15 of the present invention, there 1is
provided an active phased array antenna as defined in any of
Claims 1 to 6, or Claim 12, a supporting dielectric material,
the grounded conductor, and the strip conductor for feeding are
laminated to form the lamination, and this lamination and an
antenna controlling apparatus as defined in any of Claims 7 to
10 are molded by an integral molding using ceiamics.

Therefore, it 1is possible to realize a high-performance

active phased array antenna in a millimeter wave.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1l(a) 1is a diagram illustrating the structure of an
active phased array antenna according to a first embodiment,
and figure 1l(b) 1is a diagram for explaining the maximum
sensitivity direction of the received electric wave by an
antenna patch of the active phased array antenna according to
the first embodiment.

Figure 2(a) is a diagram illustrating the construction of



0 9 MAY 2003 the microstrip hybrid coupler 103. That is, the phase shifter
107 is constituted such that the phase shift quantity of the p ssh
hi gh-frequency el ectric power is changed®by applying a do cont€8I Ag|ZM@e
to the mcrostrip stab 104. This will be described in nore detail. In the
phase shifter 107 having a construction in which identical reflection
el ements (mcrostrip stab 104) are connected to the adjacent two ports
(port 2 and port 3) of the mcrostrip hybrid coupler 103 correctly
desi gnedt mhawghshefuencyleltbet @ict ipvarhd spdit 2 eXR Y r and-gnnian grcqsting poe t
1) is not outputted fromthis input port, and a high-frequency electric
power rdffiectingttembetémenite p@\ﬂerfirgafﬂead 8al) bys thegrephedililorstetatniearg sai s
only outputted to an output port (port 4). Since the reflection at the
m crost rdl@sgab cf04the e fiddteive omisleattic s const arttat offhea bimdsc sttt ip ¢
field 105 produced by a control voltage is directed in the sane direction
as the edtedd riwd tfhi elré lprtddecedobya a thizgh- erlegitaricy éliedid i prpdweredrhbgh a
propagates through the mcrostrip stab 104 as shown in figure 2(a), when
t he contgarlt ol tagetagechanged, the effective dielectric constant of the
mcrostrip stab 104 for the high-frequency electric power is also changed
as shown in frpgiee23(h)s .arHeseplsisgepehephicas vel actdw cillakd rk@3 neaind ed
for changing the effective dielectric constant of the mcrostrip stab 104
i's seversirkit wy®l bg/ riHd | aet Vet Phee\rt A ri2PSantdAn@ BMYrAOWZ to the
kilovolts/mllimeter in a typical ferroelectric, there is no case where
hi gher Hrarreni sy eseate generated due to that the effective dielectric
ogstant is affected by the electric field produced by the high-frequency
el ectric poweriyhieh prepagat &b fyrdhe iMastdd th$t ahel 04roAs -desed i dredh
above, in the phase shifter 107 constituting the active phased array

ant enna s200ic ted Ba CPALEP! o¥Okhage disi v dtherppasarshinkt R 1ng of
a high-frequency electric power is changed, and further, since the phase

shifter 1 P& @nde i per f egdbAdmkhRe 121 are conposed of a conductor | ayer, it
is possible to supply a control voltage to pluz3l phase shifters 107

through a 9'Eﬂéhf8§d5Q3)|lnﬁnlzlanhbx&n daseaiibigtals ULt UEt 0httiRg adld ve
phased array antenna 200 will be described. Figure 3 is an expl oded

per spectdoms et fon explai ;ﬂwget B iFhlucCt aiis) &cd h€oaCtdveaphased B4
antenna 200. Four

array antenna according to a second embodiment, and figure 5 (d)
is a diagram illustrating a bias electric field produced by a
control voltage in an open end stab and a magnetic field
peoduced by a high-frequency electric power.

Figure 6 1is a perspective view illustrating an antenna
controlling apparatus according to a third empodiment.

Figure 7(a) is a block diagram illustrating the
construction of an active phased array antenna according to a
fourth embodiment, and figqure 7(b) is a diagram for explaining
the maximum sensitivity direction of the received electric wave

by an antenna patch of the active phased array antenna

according to the fourth embodiment.



antenna patches 202 described in figure 3 correspond to the antenna patches
106i, 106j, 106m and 106n oL the active phased array antenna 200. O her
parts will not be described in particul &7 here. A further descrigg& é$gil
be given with reference to figures 1 and 3. The active phased dar fﬂg nna
200 has a plate shaped dielectric 205, around which a peripheral wall 205a
is provided. A groove for supporting feeding line 213 is provided on 28 0
g MAY 2003 the dielectric 205, and a conductor |ayer 204, which constitutes
the feeding |Fheukgl$ tlise amipsrmEnadtpl hybyiew chupl explednasowdiie aseldteion
mcrostrip stab 104, and the do bl ocking el enent 110 as well as the

hi gh- f r egieacygbbonkledg ebedeatot0Bnd sai nseripd camdiuctdr xad i ant hective
feeding |ine supporting groove 213. On a part of the conductor |ayer 204
consti t ythaged herdaybbatkinmg eemendirld ;o aa coHnfitiet embpdémentconduct or

pi ece for do bl ocking capacity) 211 which constitutes the do bl ocking

el ement 110 iBigapenadedis/i @ aperBpekatven viewm (ilMméoratdonbl ogki ngctive
capacity) 219 which constitutes the do bl ocking elenment 110 (capacity

el ement )phdsderaoehgchhitenmenarcaifing th sposedtwneavpdatiineat .t he conduct or
| ayer 204 constituting the mcrostrip stab 104. On the dielectric 205, a

sharing groungdggugendoqiagr ilsayerb 2453k | &iadF angetll abt aaphagc rrinee ds thsd tnee
fromthe conductor |ayer 204 so as to cover the conductor |ayer 204, the

conduct &£ pd eeénfentdenblocldtioraparddy 2dday aaslt hRaf eaheelfaguris TEEer
206. A coupling window 207 is provided at a part of the sharing grounded

conduct ors | ayelh 1203 craepandi N d o fhei sddeciend Hf rddien 2ot enpa patgin 202
of(the feeding line 121.
shifter employed for the conventional active phased array

antenna.

BEST MODE TO EXECUTE THE INVENTION

Hereinafter, embodiments of the present invention will be
described with reference to figures 1 to 9. Further, the
embodiments to be described here are examples and are not
necessarily restricted thereto.

(Embodiment 1)

An active phased array antenna according to the present
invention will be described as a first embodiment with
reference to figures.

Figure l1l(a) is a block diagram for explaining an example
of a structure of an active phased array antenna 200 according
to this embodiment.

This active phased array antenna 200 comprises plural

antenna patches 106a-106p which are arrayed in matrix on a



On the sharing grounded conductor |ayer 203, a plate shaped dielectric
nmerfber 201 is arranged so as to provide a prescribed interval gi@m tﬁm3
sharing grounded conductor | ayer 29 208 0 9 MAY 2003 The dq ghaped
dielectric nmenber 201 is supported on the dielectric 205 by a supporting
menber 20l1a penetrating an el ement through hole 203a provided on the
sharing grounded conductor |ayer 203. An antenna patch supporting groove
212 is provided at a part of the plate dielectric nenber 201 opposing_the
coupl i ngAWRABEWLEG7, S HIRIE BAt AnBENRE Yk chnPOPVRd Serifedeed &RH f3n@dICPALUNMRe
antenna patch supporting groove 212. Further, nuneral 219 denotes a feeding
t er mi nal AL 6EREA A ;an2 edF WNAdte feeding |Ggenimal Al@Ferwhioh igenappdigd
control termnal for applying a control voltage to control the orientation
in the Xwithechioh-freaugncactelearrinumeedr216 déigtsds aoosmedol veékapaal
for applying a control voltage to control the orientation in the Y
di r ect i ogeheoktiimadi r e&Eren) , Idner athi208 degwtesattephase shidwedifection
X-direction orientation control, and nuneral 209 denotes a phase shifter
for Ydirectponatdiognt atondrabntwadltaday t kerd runevedo?d0 dembres avoltage
hi gh-frequency bl ocking stab and nuneral 211 denotes a conductor piece for
do bl ockgagecapacigt y. mdansopdriiong wi¥chor gemddatgeout af eeh hgntediraakt sohs
provided at :a part facing the feeding term nal on the peripheral wall of
~~. e di ebetkntati0h aodtanlopenitapel8 flirte t pkiibglowincomha Olpaterhdnalk86i s
provided at a part facing the control termnals 215 and 216 on the
peri pherakewabhnefctiche tth ellect feed 205. terfiBaMAY0B0BY Fkekhim@iclives phased
arfay antenna illustrated in figure 3 has the cross-sectional structure as
i | lustrabednchihiggubd 4. fioe speci ffieealing thendimess- SEX8 | oned patewdeye
illustrates the cross-sectional structure around a part corresponding to
t he ant epbarpallgh p6ii dadl phesphase relidst ero 10728 afr riagyeartdves phasedng
array antenna 200 illustrated in figure 1(a). In this active phased array
ant enna 20Parthe fwtdlee RIPIMFESi sy EN? ] ayer destespedt v dayers being a
first layer, a seventh |layer sequentially fromthe top layer, and the
diel ectric mepbethdQ] ibna théstdilawtrian dubsipane: 123ndde aatkhi rdobayer,
an air space 123b and the ferroelectiric nenber 206 in a fifth layer, and
the di el eckstc 285 fiduttie seugddtiayenoales MadeNdr owhdicel eebrirespohari abs,
whil e the antenna patch 202 in a second |ayer, the sharing c.rounded
conduct orebpyeeiz@3 first f eur tfodayer roadd thetheediawrik nartdhgaf@ideot
phase shifters 208 and 209 in a sixth |ayer are nmade from

the plural patches 106, and high-frequency b©locking elements

109a-109d are connected between respective connection nodes N1-
N4 and the first <control voltage generating means 111
respectively.

The antenna patches 106a, 106e, 106i, and 106m which
correspond to the first row, the second row, the third row, and
the fourth row of a first column in the matrix arrangement of
the plural patches 106 are directly connected to the first to
fourth connection nodes N1-N4, respectively.

The antenna patches 106b, 106f, 106i, and 106n which

correspond to the first row, the second row, the third row, and



conductors, and these are lam nated to make a construction. Further, a
first mcrostrip structure 126 conprises the first |ayer, the se
the third layer, and the fourth layer, Wlile a second nicrostrip?ggﬂmgﬁﬁﬁgs
127 is conposed of the fourth layer, the fifth layer, the sixth |layer, and
the seventh layer, and the first mcrostrip structure 1~6 and the second
mcrostrip structure 127 shares the fourth 1=yer as a grounded | ayer. The
antenna patch 202 and the feeding lire 121 are coupl ed 0 g MAY 2003 31
el ect r onbdRefPRALRY oMy Qg tIRETHUPTS HYy Ui aEewc20nepted ded tde thirshafPng
grounded _conductor layer 203, thereby to transfer a high-frequency electric
power. ABodeshrichagestidvan nedepeNiclNivEhpikandd Hre aphaftenha IXFX akedr i ng
to the present invention, a high-frequency electric power which propagates
t hr ough i1®éaant éAnapaeeid AFY {11D6)raypadiei Yebdi ng |ine 121 flows
i ntensively al nost between the conductor |ayer and the sharing grounded
conduct or | ay8he2038ntensgi t pekapgeshel @bt ennkOpat chl26R, angndet Ween theich
conductor | ayer 204 and the sharing grounded conductor |ayer 203
consti t tdngeshendntentdhef dadisty tawme e, sacdnthepef, otbe dahiaxdimsdect and
base material between these conductor |ayers, air which causes a
significanél yosmahl roessofanel hhsrd sbadbhe direl exdnnectedstanthies flisesk to
addition, as a dielectric substrate outside the surface of the conductor
| ayer cofistirtht icamridee: ot e noaepat Xh-PP2 tandugre tredithe | phes&2lshinbitehs
provi des no necessity of requiring a small loss and the dielectric
stability03aBcanal hi@hédeduensyr ebeciconteaaiein, sthet wancghhsat ethi fhers
di gl ectrics 201 and 205 which support the conductor constituting the
ant enna patsh 202 an@7i8e ifreesengesi eenh2ktiorenpthgedwas phase. Fhafthers
the dielectric base materials 201 and 205 may al so serve as protective
| ayers fDO7&4be samid aded 12 heirackkereeghasefinactdyngnt anda 2RO, b h Shusde
construction, the conventional problemthat the 32 0 g MAY 2003 cost of
the actisteipbesedianaay amiderioy awalim Swer Oed et dhnedt bynt heeepeictdfvdne.
dielectric of mcrostrip structure, which should play a role of controlling
propagati on chreacigtéshhcCsp@tchebi ghodd pquenmsly, el BCEI | C Hoaverl Gsp Wekh i &is
supporting the antenna patch and the feeding |ine conductor, while should
be smal lcdpréossnandostakl &iivstdirIwgCltHe soPShantods Bhehthequenwyw, and
characteristics, can be solved, and the active phased array antenna can be
realizedcwéthoarshmpbe Sifr uCtiva ANt dtuneh | OMe COShneclba @petald @Lft the
above-nenti oned active phased array antenna 200 according to this
embodi rremlam'ﬂxl cbandesqidrbatbdds gt -NaheRAraulghgh-He egneasyprheet rsoi ooves
IS I nputte

107a2-107a4 in series connection, the three phase shifters

107a6-107a8 in series connection, the three phase shifters
107a10-07al12 in series connection, and the three phase shifters
107al4-107al6 in series connection, respectively.

Further, the connection node N1 in the first row 1is
connected to the feeding terminal 108 through a dc blocking
element 110a and the three phase shifters 107b3-107bl in series
connection, the connection node N2 in the second row is
connected to the feeding terminal 108 through the dc blocking

element 110b and the two phase shifters 1N7b2 and 107bl in



into. the antenna patches 106a-106p, the high-frequency electric power is
supplied fromthe antenna patch 106 to the feeding term nal 108 t@ygqgﬂytmma
correspondi ng do bl ocki ng el enents or phase shifters. Specifically,“the
hi gh-frequency electric power inputted Ato the antenna patch 202 (106) is
transferred to the feeding Iine 121 through the coupling wi ndow 207. Wen
the hi ghfrequency electric power is transferred to the feeding line 121, it
is supplied to the phase shifter 107 thYough the feeding line 121. At this
tinme, a rdfFdRFeSATGIETriU atRBnCOBREESIOMoIReRR NAdia ddlaunkhirdedomonts
orientation control voltage are supplied to the respective phase shifters
| 07 from €EPBNEFESH clomt itdle vEeediRey gdeamitialy AB8nsthiaugind at héc sédenking
cont rol 33 0 g MAY 2003 voltage generating nmeans | 12. Therefore, the
hi gh- f r eqekapgnél €ctdtd capdwerhehgghass siddd exhah@eld f oana phlas e colminfetction
gquantity determ ned by these voltages, and are outputted to the feeding
term nal bbdeulyd time tfreediowgrth neowAs sdesnmdudtdabioy et hé nf & @ds ngnitedimier],
t he phase shifter 107 constituting the active phased array antenna 200 is
consti tut k@l8byhtbeaghi thesdd plodkiing edigmeatt 10D3)dwhi ch constitutes a part
of the feeding line 121 and has paraelectrics as base material, and the
mcrostrip stabha04swhiceid hasodterdbel eclthge agehesavivier iméannd 132 is
el ectrically connected to the mcrostrip hybrid coupler 173, and the phase
shift quamhnhycobédt heohi ghef r daeeiicyy elwoiniicapoveds paskitagghhr ebgh hlerh-
m crostrip hybrid coupler 103 is changed by a do control voltage applied to
the m crosteqpehydrblloetipgeeletdntt Neygehy changi ng the phase shift
gquantity of the high-frequency electric power successively. Further,
because the mEeapghéekp hywitd d pRapeer dHiFdewONSLOVEHLE30Aap& 't Hfet hphase
feeding line 121 .end the mcrostrip stab 104 is electrically connected
with the sSALfestsi proybrésnepopl €ngl03, réwtaipeseibhe ¢9ienBACEbn h@hich
pl ural phase shifters 107 to a single feeding line 121 and to construct the
phase shiddgtrdD7 we thwvfdiatddidi N didntdidom IMgkaecondever pAMEed
204, and therefore, it is possible to supply a Control voltage to the
plural phaseaghahtental@0ad spughcantinedl evd Betleggbheeatal, Yyhetledyfirst
sinplifying the wiring. 3 4 0 g MAY Z003 Further, since the phase shifter
107 anc, ddwetierdivied tagee d@decatihg iy utled wWrd ehéi plasecosnucters
| ayer 204, by adjusting the nunber of the phase shifters arranged between
respect i Ot €ndzb pat abes phbsarr apdd tiersmatfdx arghtdel Xiaegi ng t eobhunal
108, it is possible to change a control voltage applied fromboth end sides
of the ferdtetidmeotPénthbsoabyhiiehcedhntalolt heordediningi+dirediat et €fi shecs
of the active phased array antenna 200 continuously regardl ess of the
nunber ofadtieveanphasadpaichey hoGenha t @0, byn 4 heoactiriole phhsadearmfaythe
an~enna 200 according to the enbodi ment, the do bl ocking elenment 110 is
provi ded seetowetncéterbl redltager gbneohtdney geaersatlil?y nmdansrdideanilvé heow
second control voltage generating neans 112 so that a phase shift of a
signal | ameréolord idideatdieald,y 4bt the Piasse shhifeess10D7al-tl0daldwv as
direction and for the phase shifters

well as 107b1-107b4 have the identical characteristics.

In the active phased array antenna 200 having such
construction, the phase shifters are arranged such that the
number of the phase shifters for controlling column-direction
which are located between antenna patches in respective fist to
fourth rows and the feeding terminal 108 is increased one by

one successively from the fourth row to the first row, as well



107 .in the colum direction, whereby the maxi mum sensitivity direction of
the active phased array antenna Z00 can be set at an arbitrary dip§£$@§n2mm
a plane surface including the row direction and the col unm direct
respective control voltage generating neang Z11 and 112, regardless of the
nunber of the antenna patches 106. Further,; as a dielectric base materi al
bet ween the conductor |ayers of the mcrostrip structure, air which causes
a significantly small |o0ss of a_hjgh-frequency electric power and  has a
Stable di Feciiate T¥hsPERPERs qrseaffeaaaagg éhl%erﬁ\mﬁplzo%nﬁgo&ﬂéln@cﬂf%-
base material outside the surface of the feeding |ine conductor, the

di el ect ri ELFEFSAPTs FFENGAG- IMeVBRERNREE pheeat addPEREeRBedint§NNahPatches
conductor is used, thereby it may serve as a protective |ayer of the

ant enna siPf FeSPeadtdivEnyE ket i Epndoarshmsiod wnnsucang ethe Zepdwngosiernialk
a case where the nunber of antenna patches is 4 X 4 is described in this
enbodi mentt P8péisc HnanefAsed ocpher byhamet [suscess istesy pbeenbtbe Edmrisiergo il e
a description was given of an antenna which is designed so that the |engths
of the fe&di nged iffmerrtfhy oholeBpeciinde mneowea , pdttcheshavacherietdesngf the
term nal excluding the phase shifters are equal t~ each other, a

transm sspbaski nehibrens f Sii7 mayebeapl ovidbad:iatat hénl engspectivkee feediangl
line fromeach antenna patch to the feeding term nal excluding the phase
shifters cplomdeditregiriensqusiviyegebe apndkbdist ofn tiHe driestabthont in the
orientati~at characteristics. Wile a construction nethod in which a line

i npedancecohumachdbrenthenf fahdnethes nmoiw uditeedionheaeby perbormed by a
mat chi ng device is described in this enbodi nent, by providing a matching
devi ce atskaghebranthoporoil iagedhe row and col umm directions to unify a

| i ne i npedance, phase shifters all of which have the sanme characteristics
in respective rhisamdldolbhemdescetbednspeanfhealidgd. 1Tt adsli suppesby radtng
uni fi ed i npedance in both directions be the sane, the active phased array
in the prehentphawentodn aamibgh-chrsiuaradyed edieidt yplaspowsn f whishwhpseses
characteristics are all the same. Further, while in the 0 g MAY 2003 35/1
enbodi menthaodgbcthpt phaswas Igi fiterr 0f £ d hecaret dmld) img whowhdihectondudOdal-

| ayer constituting the antenna pat=h and the feeding |line is enbedded and
fixed in 1b2agr oowspedt toarqveist rdelayed Whych the pphaisdedshhfthe® , and
dielectric substi .e, the conductor |ayer may be fixed on the dielectric
subst r at eamsanginyumnokrvadwsex ettwestrur ;e spabtfine hephase suppbEtessr uetrer e
of supporting the conductor |ayer by a method which is hardly affected by
the diel edistancendtant of the dielectric substrate is al so possible.

(Enbodi ment 2)
Here, a high-frequency electric power inputted into the

antenna patch 106a in the first row is supplied to the
connection node N1 with its phase unchanged.

Meanwhile, a high-frequency electric power inputted into
the antenna patch 106b in the first row has its phase delayed
by the phase shift ® by the phase shifters 107al and is
supplied to the connection node N1,

A high-frequency electric power inputted into the antenna
patch 106c in the first row has its phase delayed by the phase

shift 2® by the phase shifters 107a3 and 107a4 and is supplied



36 0 g MAY 2003 As shown in figure 2, the phase shifter 107 of the
abovedescri bed active phased array antenna 200 according to the_fir é¥
enbodi ment has the mcrostrip hybrid ~oupler 103, which constitgt$§f 8@03
of the feeding line 121 and has paraelectrics as base material, and the

m ~rostrip stab 104 which has ferroel ectdyts as base material, and is

provi ded contacting the mcrostrip hybrid coupler 103, and here, the
relative dielectric constant of the ferroelectrics is generally high and a
| i ne i npegi@nere Ok ohhectionoabdiepNdt.ab 104 general |y tends to decrease.
Therefore, a reflection of a high-frequency electric power is large at a
connection part of the mcrostrip hybrid coupler 103 and the mcrostrip
stab 104, and a | arge anount of high-frequency electric power is returned
to the mcrostrip hybrid coupler 103 without entering the mcrostrip stab
104. As a result, an effective phase shift quantity cannot be obtained in
many cases. Thus, variation anmount in the antenna orientation
characteristics is also restricted to a narrow range. As shown in figure 5,
in a phase shifter 351 enpl oyed for an active phased array antenna, a
ferromagnetic layer 356 is provided close to a mcrostrip stab 361 which
enploys a ferroelectric base material 357, thereby increasing a |ine

i npedance of the microstrip stab 361 which is decreased by the
ferroelectric base material 357, resulting in renoving the above-nentioned
def ect s. 0 9 MAY 2003 37 An active phased array antenna which is provided
with at | east an open end stab which has the ferroelectrics and the
ferromagnetic material as base material, and a mcrostrip hybrid coupler
whi ch has a paraelectrics as a base material will be described as a second
enbodi ment with reference to f figures . As described above, figures 5 are
perspective views of the phase shifter enployed for the active phased array
antenna and a cross-sectional view of the open end stab according to this
enbodi nent. First, the configuration of the phase shiFter 351 shown in
figures (a) - (c) will be described. Nunmerals 352 and 353 denote open end
stabs. The open end stab 352 is constituted by a grounded conduct or,
ferroelectrics, a strip conductor, and ferromagnetic material being

| am nat ed subsequently, and the open end stab 353 is constituted by the
ferroelectrics and the ferromagnetic material being | am nated between the
grounded conductor and the strip conductor in a surface direction parallel
to the grounded conductor surface. Further, nuneral 354 denotes a
mcrostrip hybrid coupler, nuneral 355 denotes a parael ectric base
material, nuneral 356 denotes a ferromagnetic |ayer, nuneral 357 denotes a



ferroelectric base material, nuneral 360 denotes a sharing grounded
conductor |ayer, nuneral 361 denotes a mcrostrip stab, and nuneral 362
denotes a beer hol e. 38 0 9 MAY 2003 24 figure 5(b), nuneral £5§ MAhA083
a bias electric field produced by a control voltage such as a do control

vol tage and a high-frequency el ectric power, and nuneral 359 denotes a
magnetic field produced by a high-frequency electric power. Wth respect to
the alignnment of the ferroelectric base material 357 and the ferromagnetic
| ayer 356, s®rucigheSrequéngyredesta)ic HdWyer S{oputard tim:d i klee anatenna
possi ble. Figure 5(a) has characteristics that the structure is sinple and
t her ef opatahmdroddcinrthg fietrbad tdwrlend issaphasei dplleydd gy ethébphhae
characteristics that the thickness of the phase shifter can be thinned, and
figure Bhe)thaspchar atiergisdd&sshhatekbe1bhiaokress 10f7dheamhase shpptigkd s
t hinned and an interpolating via hole is not required. The ferronmagnetic

| ayer 386 shewrdnhddtgise dod@snan ef fect of increasing the |ine inpedance
of t!':e mcrostrip stab 361 which is reduced by the ferroelectric base

mat erial 3571 whe¥edy %o&aHﬁH%H&”dQEeEE@oQ‘ﬁ“ééCaP@Mﬁséﬁiﬁb&05H§§Ei99
part of the mcrostrip hybrid coupler 354 and the mcrostrip stab 361 is

smal | ap@ nostoef 4 hiet ﬂ@%)f)r%ﬂﬁ@tﬁ'ci‘e%éey% REWETs % d g ihen € Odwéggion

mcrostrip stab 361, ereby an effective phase shift quantity can

obt ai nede HHIS, adbeYinan RIS PRBgad & I fys@ntanna, &mph @¥ikNG-dhepecomes
above-descri bed prase shifter which can obtain the effective phase shift

quant i t¥nbS maaNhunt Witk i £ @i AGL Y BePRIBR 031 rt%?é, AL Capaplerabe Wi dal y

chlangi ng orientation characteristics can be realized. 39 0 g MAY 2003 As

describgg ah@venddhddGALhys PHEseHoa 08y ARl MR AGGH ding. t OphPeher,
enbodi nent, the active phased array antenna which is capable of wdely

changi ngjordenf,atiqn char act RSt hesiotdn Pevé e%g\ir.zf%%es( EH?OC@HB?n%.eg%iV\QSn

an active phased array antenna which can be us ina mcrowave/ mllineter

wave arggg'h?ltgqu&eqﬁgigéeg,pgggepnly performances of elenents in

respectiv unctions constituting the active phased array antenna but al so

an accuracy hR<d! the orientation characteristics by antenna patches

in other rows, that 1is, the second to the fourth rows are
precisely identical to the orientation characteristics by the
antenna patches in the first row.

Therefore, when a row-direction orientation <control
voltage generated by the first control voltage generating means
111 is changed, the phase shift @ by respective phase shifters
107a1-107al6 is successively changed, whereby the angle @
between the maximum sensitivity direction and the row direction
changes in a surface vertical to the column direction .

On the other hand, the high-frequency electric power
supplied to the connection node N4 corresponding to the fourth
column is supplied to the feeding terminal 1(8 without causing

a change in its phase.



-assenbly when constructing an antenna fromrespective constituent elenents
are generally inportant for the wavel ength whi ch the active phased array
antenna handl es. That is, when construc |ng an active phased arr@y?aﬂmkrﬁﬂ&:'}
empl oyi ng respective constituent el enents, the |arger the nunber o
constituent elenents is, the faulty rate may be em nently deteriorated.
Then, it is thought of to construct an antenna controlling apparatus which

has respectiv unction el en2ent,s constituting the active hased arra
antenna is coﬁEE’?F@PEBtEy an-Pht ShH ~ T HHFY e@hﬁﬁf&é‘c tﬂ@ Eby der%‘?/%h%/q ng

deterioration in the faulty rate._ That is, when an antenna contraollin
appar at uls® whi'e hCPE“FﬁFé&PaIWOFW%eQPJ’a%e%@%’é‘?i—‘b@dtabépé |t§1léfr?‘plcc$§ﬂéﬂ“rf g’aasdn
active phased array antenna, the nunmber of constituent elenents enplo ed
for constEsicphsecdebayeddbyed:he hehaby rdsifiti By DY the phgspAv
reduction in the faulty rate. Wiile it is possible to reduce the

deteri orb@7lof 8ndt he pEPPrimEhde® diltk tiredang tyermivadf 188 -active phased
array antenna by including al the functional elenments in the integrated

ant enna cont r Bhei ndiiefipak ee@senalien plerriki ndovsfr acsupe lilessedtar r ayhe
antenna are to be produced froma kind of antenna controlling apparatus, it
is prefereraechapnt hede s obrigseoinciialg ef@nthes smqmdje@lommnhéla&ntietﬂwa
controlling apparatus should be greater. For exanple, it is thought of that
i ntegralplyasel diaigymte by pihe alphglsasesshift & & uncyi ahe, phéegralHifters
nmol di ng the phase shifter function and the do bl ocking funct~. un, or

i ntegrall§7hd| dndglfhelphase ishifupgl farhcte orhe t heeddnbl tekimigadl &dnt , and
t He hi gh frequency bl ocking el enent function can provide the kinds of

conbi nati on oThéundtiignaf redeapays. freant enna poordnr ol bupg ldpgar atas the
according to the present invention will be described as a third enbodi nent
W th refersemeet fonf ingueesN1 Thoe rardsgprored ont tol Ity fppatatarsl aacohdisngl 40
this enbodiment is nolded by an integral noldin:; using ceramcs, enploying
ferroel grlid$es deflaryeahapgpettitoe nphersical shipar Pectlsy csheanshesectsmdirers
materials. The construction of the antenna controlling apparatus 400 w ||
be descri®éc3widhlf@bér ende itso supgpdrispdid vieheyi Esedhognt emmfinglr € 08 .whi ch
concerns an exanple of the integrally nol ded 41 0 g MAY 2003 antenna
controlling apparafoseaccoviiéimg o thewedbodctnbah. orientation control

voltage generated by the second control voltage generating
means 112 is changed, the phase shift ® by respective phase
shifters 107bl1-107b4 is successively changed, whereby the angle
between the maximum sensitivity direction and the column
direction changes in a surface vertical to the column direction.

Further, the dc blocking element 110d is provided between
the connection node N4 corresponding to the fourth row and the
feeding terminal, and the dc blocking elements 110a, 110b, and
110c are provided  between the connection nodes N1-N3
corresponding to the first to third rows and the corresponding
phase shifters 107b3, 107b2, and 107b4, whereky controls of the

phase shifters 107 by control voltages from respective control



In figure 6, nuneral 401 denotes a paraelectric base material, nuneral 402
denotes a phase shifter, nuneral 403 denotes a ferroelectric base material,
nuneral 404 denotes a ferromagnetic base4mterial, numeral 405 (engqips 2803
dielectric material for capacitor, nuneral 406 denotes a sharing grounded
conductor |ayer, nuneral 407 denotes a mcrostrip hybrid coupler, nuneral
408 denotes an open end stab, nuneral 409 denotes a do bl ocking el enent,
nuneral 41~ denotes a hi ghfrequency bl ocki ng el enent, nuneral 411 denotes a
vi a hol eyolusgkalgehkd adaing ate ans abl énaadpaleha reupeaso ¥isd dem@i €sdaally
feeding |ine, and nuneral 414 denotes a do control voltage termnal. Wile
functiongoef ke gmese shifters tire dRebleekidicieimmt antthegdd gind r prHEBCY
bl ocki ng el enent, and the antenna patch are nolded integrally in the

ant enna gpAtkellsi NG appar abUsmA0kiidd dsitdrat %éﬁe&b@véh?ur e, ThdrdSoPé$0in
possi ble to, according to a property or a performance of an active phased
array antgBna RNROYths&I hrrhQr HHUML, 2441 €EnERERGIH 1Yt {418 d0 BLOEKHNY
el enent, the high-frequency bl ocCking el enent, and the antenna patcﬁ, and
nol d onl foyacti of+ £ hejpha {e7] o dded o] ssibl d
functi ongagf F%e pﬁtse t:éé;r)u ftagr %ﬁ?&hﬁglﬁé b(?lorci(fstng&zl e%gnt ,abofsx%%férr% d of
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el ement  499ecRBAnt he ALNNA A3 Chyd0fuAbE, | BECORA! b cTRlled Sycran, | ntegral
s, and t y

mgl di ng using ceram his I's enployed for the antenna conirolling

apparatus, thaeehy cedugdig dhe,nupber gL Gyoghi aralyel GiRNS ATPEOYEd, por
the active phased’array anténna, resulting”in reduction’in variations
concer ni e far - riped , riou t'qnﬁ
integral?% %@Iggg%ggtrﬁgﬁ%ﬁ{§%€§§in#§?n%gggyggpﬁgfgﬁi%faggpéghs f?%?%o%h
antenna contralli appar,at u and i n..enna rolli,n I at us
enpl oyed for g%ggggivgﬂgwas ~Sargay%%%si%%fl%$ergg§&re&&&%%fﬁ%ﬁ}n nb%&gof
respecti ye,LUGLLONA & CPRO! 3used Lol (A0, aghhyve. hassdy apay A1 enog, gnd
vari ati ons concernlng(% e pérformance o¥ The actiV phased array ant énna.
Ther ef or e i t a na controlling apparatus according to the
enbodinéﬁ??géﬁ gg#?&eg%ﬁggifggééb'antenna Wi th | ess performance
degradation due.to rac iati t the assenbl n.be alize d
further, nanygﬁf%dssgéggct¥9é%%ﬁ§iegﬁgfr§fm At 'enna é%n%%én%ﬁﬁéa tLE rgﬁth
a singl e, anienna n | 1, n ratus. (Enmbodi nent, 4) Wth refer eto
figures,cgﬂbgg i&é%phggé%{ag?égggﬁtgnﬁfééﬁp%éﬁﬁl ebﬁégcpﬁﬁgéﬁgg g (né?
enbodi ne all .S a row.caol arr nt enpa wher,ein row arra .
ante: nacons ATEEERS0 BEPE R Duls RS A DY envd et el ARFEIRES!P
shifters nect. | ternately-seriall are_connected .w,t ase, .
shifterssg%ﬁegﬁgtgﬁéggn%§§i3¥§ %u%ﬁ%ﬁ% %@étfﬁ% Bﬁggnﬁé%gﬁﬁfgoﬁqgkf“d s
appar at descgribed in the ave-descri bed third. enbodi nment. .fLgure_7(a)_is
S SRRl T AT TR OFEPREPEE AP e ey AReenna i &

a diagraﬁ?gﬂ%mjng a Cordt7 uctvon rray énna vwh
I's a rowand, ¢oLymn ASAY L NERACHAUNIEO N S SRR, Y  the high-
frequency electric power passing through the microstrip hybrid
coupler 103 is changed by a dc control voltage applied to the
microstrip stab 104.
That is, the material of the phase shifter 107 comprises
the paraelectric substrate 101 and the ferroelectric substrate

102.



In figure 7(a), nunmeral 802 denotes a row array antenna, nuneral 803
deriotes a row and colum array antenna, nuneral 804 denotes anzatfmﬂw 2003
patch, numeral 805 denotes a rowdirecti2h orientation control phase
shifter, nunmeral 806 denotes a colum-direction orientation control phase
shifter, nunmeral 807 denotes a feeding termnal, nuneral 808 denotes a

hi ghf requency bl ocking el enent, nuneral 809 der otzs a do bl ocking el enent,
nuneral 810 denotes a rowdirection orientation control voltage, nuneral
811 denotes aAgolannilhi ¥ econducopiredaasiron Gt ivl avekicigagwal nshepal 1812
denotes a matching circuit. In figure 7, the active phased array antenna
801 i s adieaksgd ware damennpanhethchggresbrsel ymemsimysl a 1@hkagendavéhe
from each patch 804. A | eakage wave antenna is generally designed so that a
pat ch famiftromtitie fredui¥d) ceupiaal 1hascampowses| chlemge sgiracar ccpovdector
However, in the active phased array antenna according to the present

i nventi ohayarr ddi3at izond i tipedaaceebéceath pAtch and a matching ratio of each
mat chi ng ~ 9 MAY 2003 43 /1 device 812 are selected so that a | eakage

el ectric powerFuntbmmgactwpatidhday tdendadeor Shageriso Ned £1 nanel al 02 Ndire
sensitivity by an after-nmentioned formula ( - cos - 1 (~/d)). As shown in
figure 7@hsposed dohecihen feyd eidladdofi € onrol sphaseashidHear s a8@5ai 885¢ed
respectively delay a shift of a highfrequency electric power passing by the
phase shiwhkre .tWippasing thiaied Nt pavraks A3ai shdr asRel | ¥€ paseashiufibers
805 are arranged are distance d, a high-frequency electric power input into
the ant espadpatehr 8Ddpetn 0B finst revet snupPt i edape aaconrRecidrdediodgsNl
wi{t hout a phase shift. Meanwhile, a 44 0 g MAY 2003 hi gh-frequency

el ectricwpouelasi Hey i N6 tbaAnastedna P &M bp the fdustl Iovahagaits
phase del ayed by the phase shift ~ by the phase shifter 805a and is

suppl i edibgatheag@nnesiadn nade My i ve Iy gh-ddLq@eRCY meeelsiirG (POWREL 104
inputted into the antenna patch 804c in a first row has its phase del ayed

by the pbBamgrsBielst he Bwot heipbase cohidulc@icy 80ppeA8d 18030 agdai s Pl hed
to the connection node N1, and a high-frequency electric power input into

the ant epaalpakChn@04d dobde-f+1st169wW has its phase del ayed by the phase
shift 3~ by the phase shifters 805a, 805b, and 805c and is supplied to the

connection nog@riher,n @bh8LcYBLASLafd1es dineat iay D1abad arer as6mRpd apgl e
0 (O- cos - 1 (~/d)) wth respect to the arrangenent direction of the

antenna pakchas Ve 8P4 1101 heof ikt M OMePEGONES15B8 tBBX| YREF SR | ViidY

direction of the received electric wave by the antenna patches 804a-804d in

the firstinewr PaltRerLomM:rWend 103a2 are extended, as well as they are
connected to the other ends of the two linear parts 103al and
103a2, respectively.

An input 1line 110 comprises the conductor layer 110a and
the paraelectric 101, and an input line 120 comprises the
conductor layer 120a and the paraelectric 101.

One end side and the other end side of the linear part
103al of the annular conductor layer 103a are a port 2 and a
port 1 of the microstrip hybrid coupler 103, respectively, and

one end side and another end side of the lin=ar part 103a2 of

the annular conductor layer 103a are a port 3 and a port 4 of



in the figure denote wave surfaces of the received signal of identical
phase. Also, the orientation characteristics by antenna patches in other
rows, that is, the second to the fourth Zfows are precisely identl §aMAYo2803e
above-described orientation characteristics by the antenna patches in the
first row Therefore, when a rowdirection orientation control voltage 810
i s changed, the phase shift ~ by the phase shifters 805a-8051 is
successi vel y changed, whereby the angle O between the maxi num sensitivity
di recti ohhanaichestowpr HPoold NWAYP2e03 ldi.ectThat changéds rrasershééter
vertical to the colum direction . On the other hand, a high-frequency
el ectri clpowers soppbtetutedt mucnhbeti drhenogbabld edrirfgspagndniigtiyo athethe
fourth colum is supplied to the feeding term nal 807 without causing a
change ipastinghasgh/egheficeqeércy rélcegtavwarx posvechsngphi &y tappheing a
connection node N3 corresponding to the third colum has its phase del ayed
by the phaseoahirbll vdiyddewe tphaskes shittestBd@pcstanpd 1iod.supplied to the
feeding term nal 807. A high-frequency electric power supplied to the
connecti on nodail? wdqrlr espalekcgibedt he megendeealiann has its phase del ayed
by the phase shift 2 ~ by the phase shifters 806b and 806c, and is supplied
to the feedi ngnt ettd Nnpha8@7.sHi fit gh- lngqueneingl actdd s Pouet i sHpRld edntien
t he connection node N1 corresponding to the first colum has its phase
del ayed byehbecphasershiéétBon by lidiermphase (rhickbers i§06ast806b,1;end 806s,
and is supplied to the feeding term nal 807. Therefore, when a
row-di r e€bhABcOEHERAli N §@NhEShtVehbagR &l |Soehangeda Phaseoshthe $
by( the phase shifters 806a-806c is successively changed, ereby the angle
bet ween hherBBXrABM $§BHild Vidaudidrection Qﬂﬂ“ﬁé@c%ﬁ)' W dhregl i oa cChagges
in a surface vertical to the colum direction. As described above,
accor di ngrégqubheyPreaseit ri OVEBLERN idgut fe O8R! @nl O A 9@t | 8 ran @Y enna
whi ch enabl es mnge vari ation

is not outputted from this input port, and a high-frequency

electric power reflecting the electric power reflected by the
reflection elements is only outputted to an output port (port
4). Since the reflection at the microstrip stab 104 as a
reflection element 1s such that the bias electric field 105
produced by a control voltage is directed in the same direction
as the electric field produced by a high-frequency electric
power which propagates through the microstrip stab 104 as shown
in figure 2(a), when the control voltage is changed, the
effective dielectric constant of the microstrip stab 104 for
the high-frequency electric power 1is also changed as shown in
figure 2(b).

Here, since the bias electric field 105 required for
changing the effective dielectric constant of the microstrip

stab 104 is several-kilovolts/millimeter to several-tens-



46 0 g MAY 2003 of orientation characteristics by enploying a phase shifter
using ferroelectrics and ferromagnetic materials, to decrease perf@kﬂﬁﬂge 03
degradati on due to accuracy variation at2The assenbly by nol ding f ngp
el ements of an antenna control integrally, has many kinds, is capable of
changing orientation characteristics continuously with a sinple structure,
and is lowin cost. (Enbodi nent 5) An active phased array antenna enpl oyi ng
a grounded ..conductor subjected to drawing will be described with

r ef er enc&itlove Ifi glmiel bsmat érf tim eabddipierdl  Femeeed efctadialy ltheeeenps oyed
for an active phased array antenna generally has a different |ine

i npec! . ~peaer egie rednigheeabh rparti,c avd vewasreogduetrart elia\duyg Bo dthher emte
sectional shape for each feeding line is enployed as a strip conductor,

t hereby elfdrgeiing tdice kst abcecbatvaan tike afifldqradnsiuctios abdctlhe cgrrduwided
conductor. That is, it is utilized that the Iine inpedance is different
when t hepdicsthariee et waen il -strd uartngusl et ane phtvedt ountled pedugladies S
different. However, there occurs a need to enploy plural kinds of strip

conduct ob$, ithd hiiscredtetdy apdbthug,. a manufacturing process of an active
phased array antenna becones conplicated, resulting in variation occurring

inits performncgesdhiSe8MBARENT; SOt ¥ESphAGeaRAMEF RS CT 0 PedoRERR eIy
subj ecting the grounded conductor to draw ng. 0 g MAY 20D3 47 Figure 87is

an expanged FAth$P&?&F}%H§s¥HeWHHaIWSéHt?éﬂW fopar yhedl ofc At Acl i ¥e1Phgeed s
array antenna with its grounded conductor subjected to drawing. In figure

8, nuner ah 9% dent ESphashr ik iGANAYE OF i £ PUBEr al Q3 denalesndy 9eourded ¢
cofiduct or, nuneral 904 denotes a paft of convex draw ng, and numreral 905 d;

~notes apRaklr Ofs CONgAYEATr aWNFuridlr | SsihBE Rkl LhRRasad arLay1ant anga
according to the present iInvention conprises the grounded conductor 903

being pr eyiededaiifly ! henconvax gravcafporad tte foppauadLa Alf - Andet he

strip conductor 902 as a feeding Iine as shown in figure 8. Is a

f
pref er abl,e sands & a%gogab%g;ea tJ??nEEBhP v%q] Otr.og‘gr%ut N Shdddeahifters

conduct or havi ng ol 'y tical sectional shape. at is, even en the

strip com@qckggbéquAssgnéigegéeagﬂ ug%g@ Ra\vi ng whol Iy identi cal

sectional shape, e di stance betwee e strip conductor and the grounded

conductor is gidfierent dygcteithescopy gégr%‘%”gcrpér%&Q%@”tha@%acogi‘»?‘é?he

drawi ng part 905 provided in the groun conauctor 90a at each part o
feedi ng LipenMhey@Py,{iine,d npedapsgaqgZl, Z2, and Z3 can be obtained being

different for respective |1 nes even en a |inear conductor having

:3': ;Lreg_e“t sectHigfifle SHANG TOh BN JAAE bR ARk RTRIOYEHew At sH0WR1 81 hRRg
the structure of the active phased array antenna 200. Four
antenna patches 202 described in figure 3 correspond to the
antenna patches 106i, 1063j, 106m, and 106n or the active phased
array antenna 200. Other parts will not be described in
particular here.

A further description will be given with reference to
figures 1 and 3. The active phased array antenna 200 has a
plate shaped dielectric 205, around which a peripheral wall

205a is provided.

A groove for supporting feeding line 213 is provided on



Therefore, according to the feeding litre in the present invention, a

| i near conductor having wholly identical sectional 48 0 g MAY 2003 sha ﬁ
can be enployed, thereby realizing ~ | o®8cost active phased arra{ @dﬂ@hﬁﬁ.3
Further, it is also possible that since the strip conductor 902 uses a

| i near conductor having wholly identical sectional shape, a linear
conductor which has different length for each linear part of the feeding
line, for exanple, is prepared, this is fixed at a specified position, and
a cont adthepoi diedkcltiriear 20bductaords whi clraoduaspondd atyera f2@44 i orwlparh
of the feeding line is connected by soldering or the like, thereby to

real i ze ddristltes § eedendekdiag THereelly2 1, tthies mbtroeguipetdyba iseoupler
conductor materials for feeding |ine of conplicated shape, and therefore,
di stortiiws defeciclaf BBt &fHal miatokhe ipr assper 1aUi,onavd tthe hasdldng:-loing
conductor materials for feeding |ine can oe avoided in a production

depart mitemdreisul 10 Ngsi Red 1f Wit htve IMOWICOStepEdh e PDaERENAr EAYIRHEMEY,
(Enbodi nent 6) An active phased array antenna 906 will be described with
referenGg tihfeft YN GnaS i& S Xidd eiROEnaNBRlediiny WH £ JuppBirRahicony feyved
by |lam nating a supporting dielectric material, a grounded conductor, and a
strip conductor for feeding, and the antenna controlling apparatus as
described in the third enbodi rent are nol ded by an integ_-al nol ding using
ceram cs. Fi @ €39 piagtar £XPhedRGrRRISRACT { ¥fe Vi OWaf Uorfd GhPIAg 19 & 9
MAY 2003 the active phased array antenna 906 according to the sixth

embodi MeNlocdihd | gHEReRr DUEET 8l JR6L8NAL 65 Al APLERARACEORE BRlelddNFor dc
apfparatus, nuneral 908 denotes a supporting dielectric material, nuneral

909 dengfigx1a OU@QEQc%?‘SiUCtZQVL AR L OPnotes acREri BcCoMAusloNmd or

feedi ng, nunmeral 911 denotes an antenna patch, and nunmeral 912 denotes an

ant enna .qeat | eaghale. 1 hs hksqenpodi gRnt;, s%l'aaéﬂc{lﬂt F90ml S( £ OIHRERY dc

| am nating the supporting dielectric nmaterial 908, e grounded conduct or

909, anglto@q(q;egipcgagéyegmrg;i@_f%qiaw Hdhd -%@@eﬁir%epl ace. NRiddli s

| am nation, t antenna c l'i ng apparatus 9 and the antenna patch

911 are MRl et by1 4 NechpLegtdy! «TekdinRg .

A ferroelectric member 206 is disposed on a part of the
conductor layer 204 constituting the microstrip stab 104.

On the dielectric 205, a sharing grounded conductor layer
203 1is arranged at a prescribed distance from the conductor
layer 204 so as to cover the conductor layer 204, the conductor
piece for dc Dblocking capacity 211, and the ferroelectric
member 206.

A coupling window 207 is provided at a part of the sharing
grounded conductor layer 203 corresponding to the side end of
the antenna patch 202 of the feeding line 121.

On the sharing grounded conductor layer 203, a plate
shaped dielectric member 201 is arranged so as to provide a

prescribed interval with the sharing grounded conductor layer



using ceramcs. Wth respect to the antenna controlli..g apparatus 907,

that described in the third enbodinent is use:,. Wth the above-descr.i be
construction, it is possible to perform9®ll the processes of manuflag tNAY 3{903
active phased array antenna by a manufacturing process of ceramc

mul tilayer base material. That is, a manufacturing accuracy of each
functional elenent required for an active phased array antenna and an
accuracy of antenna assenbly can all neet an operating accuracy required by
the teng6Bdi.cron in a present antenna manufacture in mllinmeter waveband,
thereby realizing a manufacture of a highperformance active phased array
ant enna enpl ayed dintd | $hapéer dieb0cOr §cMA¥mBRA3 2EY ehanshppi t €dachy lmied
coupler is described as a branch line type in the above-descri bed

enbodi neptleolthidrss SWeh &y aal/ 4upp¥etengt hmdimpkii babilan gedpkirdd itnyoe.ana
rat race type, or a phase inversion hybrid ring type, and further, a hybrid

coi | coaskhkurtedthyoagh Cheskr i P04 thverdidked arch akse p@aair@hg. grounded
APPLI CABI LI TY I N | NDUSTRY As descri bed above, an active phased array

ant ennacanduat cantiener cpmrol 1 i ng apparatus according to the present
invention do not require a circuit configur~3tion for swtching many

traﬂsﬂissionAw'Eﬁtéﬁﬁa?%&ﬁﬂﬂmﬁbﬁﬁoﬁt@h&cﬁﬁoé¥@fbg@ﬁ%éOFrg%i@édr@t a
constituting a phase shifter, whereby théy are significantly available as a

| ow cosp, @t igne Phased Ald ayi 8DLEPPA- ARAmBR AN EDNBpEeRlNY 1iHY 2BRABHANYS
whi ch are of sinpler structure and capable of continuously changi ng ant eénna

Orgenta&iﬁﬂoQW¥6¥¥e££§tHﬁianténég-5%€EN5202 is embedded and fixed in
the antenna patch supporting groove 212.

Further, numeral 214 denotes a feeding terminal formed at
an end of the feeding line 121, numeral 21% denotes a control
terminal for applying a control voltage to <control the
orientation in the X direction (row direct-.on), numeral 216
denotes a control terminal for applying a control voltage to
control the orientation in the Y direction (column direction},
numeral 208 denotes a phase shifter for X-direction orientation

( control, and numeral 209 denotes a phase shifter for Y-
direction orientation control. Further, numeral 210 denotes a
high-frequency blocking stab and numeral 211 denotes a
conductor piece for dc blocking capacity. An opening 217 for
taking out feeding terminals is provided at a part facing the
feeding terminal on the peripheral wall of che dielectric 205,
and an opening 218 for taking out control terminals is provided
at a part facing the control terminals 215 and 216 on the

peripheral wall of the dielectric 205.



0 g-MAY 2003 1. An active phased array antenna which has a structure in

whi ch plural antenna patches and a feeding termnal for applying a

hi gh-frequency electric power to a dielectric base material are pr@&iﬂgﬁ o803
the-dielectric base material. the respective antenna patches and t

feeding termnal are connected by feeding3dines branching off fromthe
feeding termnal, and a phase shifter which can electrically change .the
phase of a high frequency signal passing on the respective feeding |ines

are arranged t Cheonsttiute phamwed atrbbe dreeshmg Lilnestraaied phaseighidd e
conprising a mcrostrip hybrid coupler) which enploys parael ectrics as base

material @ad ache ceesbbi-pestabnahi cdradteys her rioehest Fd€sd asnbasQure 4.
material and which is electrically connected to the mcrostrip hybrid

coupl er; g@gea @'ﬁe@@ﬂ&@hlz()' tewe ReidG i eshdP KRQWN REPSt N & @ha {05

change t he passi ng phase shift quantity. 2. The active phased array antenna

as definegdnhlen €868 decWISALN dt1EuPE L& a%%h%’&" ?C Sc@fr?e@é&ﬂﬂgﬁg RS

matrix at equal intervals in the row and col um d|r tions respectivelly,
the antenna patch 106j and the phase shifter 107a9 of the

active phased array antenna 200 illustrated in figure 1l(a).

In this active phased array antenna 200, the whole
comprises seven layers, respective layers being a first layer,

a seventh layer sequentially from the top layer, and the
dielectric member 201 in a first layer, an air space 123a in a
third layer, an air space 123b and the ferroelectiric member
206 in a fifth layer, and the dielectric 205 in the seventh
layer are made from dielectric materials, while the antenna
patch 202 in a second layer, the sharing c¢rounded conductor
layer 203 in a fourth layer, and the feeding line 121 and the
phase shifters 208 and 209 in a sixth layer are made from
conductors, and these are laminated to make a construction.
Further, a first microstrip structure 126 comprises the first
layer, the second layer, the third layer, and the fourth layer,
while a second microstrip structure 127 1is composed of the
fourth layer, the fifth layer, the sixth layer, and the seventh
layer, and the first microstrip structure 126 and the second
microstrip structure 127 shares the fourth l=zyer as a grounded

layer.

The antenna patch 202 and the feeding lire 121 are coupled



t he phase shifters are arranged so that the nunber of the phase shifters

I nserted between each antenna patch in each row and the feeding termnal is

| arger by one sequentially than the nunber of the phase shifters ifhgeMpyd2003
bet ween each antenna patch in adjacent row and the feeding term nal, and so
t hat the nunber of the phase shifters irderted between each antenna patch
inr each colum and the feeding termnal is |arger by one sequentially

than the nunber of the phase shifters inserted between each antenna patch

i n adj acesl ectiromagaved iided feadirgadleritieatouding #indo® Q09 MAYVAQRY ald
t he phase shifters have the sane characteristics 1n the row and col um

directi On&hfee%ﬁ%@:{iin\ge|g§bqu31deﬁ&:c§%€dddd§)ﬂ9|”@§)félr ag03y enkeeny @o @ehnredd n
claim1l1, wherein the active phased array antenna i s constructed by

| am nat i ngj gaveR el @Y Jcd SV eibieyers conprising a first layer, a
second layer, ... , a seventh layer sequentially fromthe top |ayer; the

[ L, Rl oo A | BT 4 ALy U ek 20
according to the present invention, a high-frequency electric
power which propagates through the antenna patch 202 (106) or
the feeding 1line 121 flows intensively almost between the
conductor layer and the sharing grounded conductor layer 203
constituting the antenna patch 202 and between the conductor
layer 204 and the sharing grounded conductor layer 203
constituting the antenna feeding line 121, and therefore, as a
dielectric base material between these conductor layers, air
which causes a significantly small loss and has a stable
dielectric constant is used.

In addition, as a dielectric substrate outside the surface
of the conductor layer constituting the antenna patch 202 and
the feeding line 121, which provides no necessity of requiring
a small loss and the dielectric stability since a high-
frequency electric power is not concentrated, the dielectrics
201 and 205 which support the conductor constituting the
antenna patch 202 and the feeding line 121 is employed as it is.

Further, the dielectric base materials 201 and 205 may

also serve as protective layers for the surface of the active

phased array antenna 200.

With such construction, the conventional problem that the



conprising conductor, the active phased array antenna has a first

m crostrip structure conprising the first, second) third) and fqtétg #aﬁﬂa,
and a second mcrostrip structure conprigging the fourth, fifth, X A a
seventh layer; said first mcrostrip structure and second mcrostrip
structure sharing the fourth layer as a grounded | ayer, and the antenna
patch is provided in the second | ayer, the feeding Iine and the phase
shifter are provided in the sixth layer, air is enployed in the third

| ayer, amndlst odntiheatdoniwé phasaddatrire f emegirectwoasdi bee et nad tihe
fifth layer. 4. The active phased array antenna as defined in claima1,

wher ei n gile ané@HHa e€ONtYHE | idige ladpper B¢ Uso f S Miifcnd dedip 5.sthecegtéye phasied
array antenna as defined in claiml, wherein the grounded conductor is

subj ect eghbQ1dr dMag. abrolke GEL L¥atRBAGAArgRYpaRheNa hdeldtedi shics
claim5, wherein all the feeding lines are provided with a strip conductor

gg@rrgri sigg a Inierrreeqduator Navding & deplikealaseqbionals sBapeorti®gd MY
antenna patch and the feeding line conductor, while should be
small in loss and stable in dielectric constant as high-
frequency characteristics, can be solved, and the active phased
array antenna can be realized with a simple structure and at a
low cost.
- The operation of the above-mentioned active phased array
antenna 200 according to this embodiment will be described.

First, when a high-frequency electric opower is inputted
into the antenna patches 106a-106p, the high-frequency electric
power is supplied from the antenna patch 106 to the feeding
terminal 108 through the corresponding dc blocking elements or
phase shifters.

Specifically, the high-frequency electric power inputted
into the antenna patch 202 (106) is transferred to the feeding
line 121 through the coupling window 207. When the high-
frequency electric power is transferred to the feeding line 121,
it is supplied to the phase shifter 107 through the feeding
line 121. At this time, a row-direction orientation control
voltage and a column-direction orientation control voltage are

supplied to the respective phase shifters 107 from the first

control voltage generating means 111 and the second control



53 7. The active phased array antenna as defined in claiml, wherein a
supporting dielectric material, the grounded conductor, and the @E{tﬂ« 2003
conductor for feeding are lamnated to 3@ mthe | am nation, and

| am nati on and an antenna controlling apparatus are nol ded by an integral
nol ding using ce ramcs. 8. An active phased array antenna bei ng provided
with a phase shifter which conprises at |east an open and stab havi ng
ferroelectrics and ferromagnetic materials as base materials) and a

m crost ryplhgbei denepierngavisrn paltaél-ect fheyedfo drasetheat erighsfrequshey
active phased array antenna as defined in claima8, wherein the open end
stab is ebastrtiot edweyr Ihed nits nphasgr obadgddc drdueat @he tchest ef t ogliestityg,
a strip conductor) and the ferronagnetic materials, sequentially. 10. The
active phesedmanedy anttenese asodebgred iand|aten 8htphereidn tichetlopefieedding
stab is constituted by |am nating the grounded conductor, the

f erroel ecéringé haflhe hfretugneagnet feedit@ri ahe, and the strip conductor; said
ferroelectrics and said ferromagnetic materials being Lam nated between
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parallel to the grounded conductor surface. 11. Rn antenna controlling
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constitutes a part of the feeding line 121 and  has
( paraelectrics as base material, and the microstrip stab 104
which has ferroelectrics as base material and is electrically
connected to the microstrip hybrid coupler 1933, and the phase
shift quantity of the high-frequency electric power passing
through the microstrip hybrid coupler 103 is changed by a dc
control voltage applied to the microstrip hybrid coupler 103,
thereby changing the phase shift quantity of the high-frequency
electric power successively.

Further, Dbecause the microstrip hybrid coupler 103
constitutes a part of the feeding line 121 and the microstrip
stab 104 1is electrically connected with the microstrip hybrid
coupler 103, it 1is possible to connect +<he plural phase
shifters 107 to a single feeding line 121 and to construct the
phase shifter 107 and the feeding 1line 121 with a single
conductor layer 204, and therefore, it is possible to supply a

control voltage to the plural phase shifters 107 through a

single feeding line 121, thereby simplifying the wiring.
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shifters alternately in series, in which there is provided an antenna
controlling apparatus as defined in claim1l. 13. An antenna controlling
appar at us bei ng nol ded enpl oying ferroelectrics, ferromagnetic materi al s,
parael ectrics, and electrode nmaterials by an integral nolding using
ceram cs; sai Buahhemna sdomtte dtlhé nghappasatidfs elrei Iy’ paovi dée iiaddifnmclinas
of a phased shifter and a do bl ocking elenent. 14. An antenna controlling
appar at us2 beicag nod dednempuaytieny Wwethoel ecing s, chaduaragnel & gemat2drd al sy
par ael ectrics, and electrode naterials by an integral nol ding using
ceram cgadjastdiagt erina oanioeal | 0fg Eppapatase behhdtpravi dedangel fhucweons
of a phase shifter, a do blocking elenent. 15. An antenna controlling
appar at use eéagitel dadtenpkoy pag dhers oatect EirGHmyd®r rimgnet + Lx Mededi atise
parael ectrics, and electrode naterials by an integral nolding using
Cfer am csfesdifigantepnanaont 108l i ngt appar giess bl 8g peovikledgul th femet toDs
of a
voltage applied from both end sides of the feeding line 121,
thereby to control the orientation characteristics of the
active phased array antenna 200 continuously regardless of the
number of the antenna patches 106.

Further, in the active phased array antenna 200 according
to the embodiment, the dc blocking element 110 is provided
between the first control voltage generating means 111 and the
second control voltage generating means 112 so that a phase
shift of a signal 1is performed individually for the phase
shifters 107 in the row direction and for the phase shifters
107 in the column direction, whereby the maximum sensitivity
direction of the active phased array antenna 200 can be set at
an arbitrary direction on a plane surface including the row
direction and the column direction by respective control
voltage generating means 111 and 112, regardless of the number
of the antenna patches 106.

Further, as a dielectric base material between the
conductor layers of the microstrip structure, air which causes

a significantly small loss of a high-frequency electric power

and has a stable dielectric constant is wused, and as a
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unify a line J.mpedance, phase shifters all of whlch have the
same characteristics in respective row and column directions
can be used. In addition, by making unified impedance in both
directions be the same, the active phased array in the present
invention <can be <constructed with phas< shifters whose

characteristics are all the same. Further, while in the
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line is embedded and fixed in the groove of concave structure
which is provided in the dielectric subst: :e, the conductor
layer may be fixed on the dielectric substrate as a column of
convex structure, and further, a support structure of
supporting the conductor layer by a method which is hardly
affected by the dielectric constant of the dielectric substrate
is also possible.

(Embodiment 2)
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LOM 10M As shown in figure 2, the phase shifter 107 of the above-
described active phased array antenna 200 according to the
first embodiment has the microstrip hybrid coupler 103, which
constitutes a part of the feeding line 121 and |has
paraelectrics as base material, and the mirrostrip stab 104
which has ferroelectrics as base material, and 1is provided
contacting the microstrip hybrid coupler 103, and here, the
relative dielectric constant of the ferroelectrics is generally
high and a line impedance of the microstrip stab 104 generally
tends to decrease. Therefore, a reflection of a high-~frequency
electric power is large at a connection part of the microstrip
hybrid coupler 103 and the microstrip stab 104, and a large
amount of high-frequency electric power is returned to the
microstrip hybrid coupler 103 without entering the microstrip
stab 104. As a result, an effective phase shift quantity
cannot be obtained in many cases. Thus, variation amount in
the antenna orientation characteristics is also restricted to a
narrow range.

As shown in figure 5, in a phase shifter 351 employed for
an active phased array antenna, a ferromagnetic layer 356 1is
provided close to a microstrip stab 361 which employs a
ferroelectric base material 357, thereby increasing a line
impedance of the microstrip stab 361 which is decreased by the

ferroelectric base material 357, resulting in removing the

above-mentioned defects.
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An active phased array antenna which is provided with at
least an open end stab which has the ferroelectrics and the
ferromagnetic material as base material, and a microstrip
hybrid coupler which has a paraelectrics as a base material
will be described as a second embodiment with reference to
figures.
As described above, figures 5 are perspective views of the
phase shifter employed for the active phased array antenna and
a cross-sectional view of the open end stab according to this
embodiment.
First, the configuration of the phase shifter 351 shown in
figures (a)-(c) will be described.
Numerals 352 and 353 denote open end stabs. The open end
stab 352 is constituted by a grounded conductor, ferroelectrics,
a strip conductor, and ferromagnetic material being laminated
subsequently, and the open end stab 353 is constituted by the
ferroelectrics and the ferromagnetic material being laminated
between the grounded conductor and the strip conductor in a
surface direction parallel to the grounded conductor surface.
Further, numeral 354 denotes a microstrip hybrid coupler,
numeral 355 denotes a paraelectric base material, numeral 356
denotes a ferromagnetic layer, numeral 357 denotes a
ferroelectric base material, numeral 360 denotes a sharing

grounded conductor layer, numeral 361 denotes a microstrip stab,

and numeral 362 denotes a beer hole.
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produced by a control voltage such as a dc control voltage and
a high-frequency electric power, and numeral 359 denotes a
magnetic field produced by a high-frequency electric power.

With respect to the alignment of the ferroelectric base
material 357 and the ferromagnetic layer 356, structures in
figures 5(a), 5(b), 5(c), and the like are possible.

Figure 5(a) has characteristics that the structure is
simple and therefore a manufacturing method thereof is also
simple, figure 5(b) has characteristics that the thickness of
the phase shifter can be thinned, and figure 5(c) has
characteristics that the thickness of the phase shifter 1is
thinned and an interpolating via hole is not required.

The ferromagnetic layer 356 shown in figure 5 has an
effect of increasing the line impedance of the microstrip stab
361 which is reduced by the ferroelectric base material 357,
whereby a reflection of the electric power at a connection part
of the microstrip hybrid coupler 354 and the microstrip stab
361 is small and most of the high-frequency =lectric power is
input to the microstrip stab 361, thereby an effective phase
shift quantity can be obtained. Thus, when an active phased
array antenna employing the above~described phase shifter which
can obtain the effective phase shift quantity is constituted,
the active phased array antenna capable of widely changing

orientation characteristics can be realized.



10ee 10eeKKK3LaLLMIEH8 10ee! MP1O%@& () -
Ol 10%a&' () - $10%@& ()-' $10%@& () - MBLOYER é) -M 10%@&' () - M NnNNNOACJEHS
10ee! 3° $10%@& ()-1'1 10%@& () -/ 10%@&' () - 39310%@& () - +$10%@& () -) 9! L. 9oAGAY ( 2008
OgQO0000OCPhC8e 10b$10%H&' () - S10%&' () - FUd0%& ()- 10@ 10@ 10@' ! 109%@& () -
510%a& ()- PPPPPPJQRgEbC8e
10b!'L"' 10%s0s0&' () -!H 10%000& ()-!d' 10%0& ()-F%0% o& ()-F&L0% o& ()- 10b
10bRYSWSTTTTTUzI ~P1810% & ()- 100000 100000
100000! * $1099080&gIC 1 HIad 0pad B ) 19311098 @OV POHSE00 82 F FaYM\BISO@z WU
3"P18! +& (109&' ()- 1'H (10%&' () -

according to the embodiment, the active phased array antenna
which is capable of widely changing orientation characteristics
can be realized.

(Embodiment 3)

When an active phased array antenna which can be used in a
microwave/millimeter wave area is to be realized, not only
performances of elements in respective functions constituting
the active phased array antenna but also an accuracy in an

- assembly when constructing an antenna from respective
constituent elements are generally important for the wavelength
which the active phased array antenna handles. That is, when
constructing an active phased array antenna employing
respective constituent elements, the larger the number of
constituent elements is, the faulty rate may be eminently
deteriorated.

Then, it is thought of to construct an antenna controlling
apparatus which has respective functional elements constituting
the active phased array antenna is constituted by an integral
molding technique, thereby preventing deterioration in the
faulty rate.

That 1is, when an antenna controlling apparatus which is
integrally molded as described above is employed for an active

phased array antenna, the number of constituent elements

employed for construction can be reduced, thereby resulting in
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reduction in the faulty rate.

While it is possible to reduce the deterioration of the
performance and the faulty rate of an active phased array
antenna by including al the functional elements in the
integrated antenna controlling apparatus, when plural kinds of
active phased array antenna are to be produced from a kind of
antenna controlling apparatus, it is preferred that the kinds
of functional elements provided in the antenna controlling
apparatus should be greater.

For example, it 1s thought of that integrally molding one
or plural phase shifter functions, integrally molding the phase
shifter function and the dc blocking function, or integrally
molding the phase shifter function, the dc blocking element,
and the high frequency blocking element function can provide
the kinds of combination of functional elements.

An antenna controlling apparatus according to the present

invention will be described as a third embodiment with

—

reference to figures.

The antenna controlling apparatus according to this
embodiment is molded by an integral moldiny using ceramics,
employing ferroelectrics, ferromagnetic materials,
paraelectrics, and electrode materials.

The construction of the antenna controlling apparatus 400
will be described with reference to a perspective view shown in

figure 6 which concerns an example of the integrally molded
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antenna controlling apparatus according to the embodiment.

In figure 6, numeral 401 denotes a paraelectric base

material, numeral 402 denotes a phase shifter, numeral 403

denotes a ferroelectric base material, numeral 404 denotes a

ferromagnetic base material, numeral 405 denotes a dielectric

material for capacitor, numeral 406 denotes a sharing grounded

conductor layer, numeral 407 denotes a microstrip hybrid

coupler, numeral 408 denotes an open end stab, numeral 409

denotes a dc blocking element, numeral 41J denotes a high-

frequency blocking element, numeral 411 denotes a via hole,

numeral 412 denotes an antenna patch, numeral 413 denotes a

feeding 1line, and numeral 414 denotes a dc control voltage

terminal.

While functions of the phase shifter, the dc

blocking

element, the high-frequency blocking elemert, and the antenna

patch are molded integrally in the antenna controlling

apparatus 401 illustrated in the figure, it is also possible to,

according to a property or a performance of an active phased

array antenna employed, omit, for example, three members of the

dc blocking element, the high-frequency blocking element, and

the antenna patch, and mold only a function of the phase

shifter. It is also possible to mold functions of the phase

shifter and the dc blocking element, or to mold functions of

the phase shifter, the dc blocking element, and the high-

frequency blocking element as other combinations.
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For example, in the active phased array antenna shown in
figure 1, the phase shifter 107, the dc blocking element 110,
the high-frequency blocking element 109, and the antenna patch
106 are integrally molded by an integral molding using ceramics,
and this is employed for the antenna controlling apparatus,
thereby reducing the number of functional elements employed for
the active phased array antenna, resulting in reduction in
variations concerning the performance.

As described above, various functions are integrally
molded by the integral molding using ceramics to constitute an
antenna controlling apparatus, and this an:enna controlling
apparatus 1is employed for an active phased array antenna,
thereby reducing the number of respective functional elements
used for an active phased array antenna and variations
concerning the performance of the active phased array antenna.

Therefore, by employing the antenna controlling apparatus
according to the embodiment, an active phased array antenna
with less performance degradation due to accuracy variation at
the assembly can be realized, and further, many kinds of active
phased array antenna can be manufactured with a single antenna
controlling apparatus.

(Embodiment 4)

With reference to figures, an active phased array antenna

801 will be described as a fourth embodiment, which is a row-

column array antenna wherein row array anteanas, in each of
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alternately in series, and employs the antenna controlling
apparatus described in the above-described third embodiment.
figure 7(a) is a diagram showing a construction of the
active phased array antenna which is a row and column array
antenna according to this embodiment.

In figure 7(a), numeral 802 denotes a row array antenna,
numeral 803 denotes a row and column array antenna, numeral 804
denotes an antenna patch, numeral 805 denotes a row-direction
orientation control phase shifter, numeral 806 denotes a
column-direction orientation control phase shifter, numeral 807
denotes a feeding terminal, numeral 808 denotes a high-
frequency blocking element, numeral 809 derotes a dc blocking
element, numeral 810 denotes a row-direction orientation
control voltage, numeral 811 denotes a column-direction
orientation control voltage, and numeral 812 denotes a matching
circuit.

In figure 7, the active phased array antenna 801 is a
leakage wave antenna which aggressively employs a leakage wave
from each patch 804. A leakage wave antenna is generally
designed so that a patch far from the feeding terminal has a
lower leakage electric power. However, in the active phased

array antenna according to the present invention, a radiation

impedance of each patch and a matching ratio of each matching
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each patch is the same, so as to determine a maximum

sensitivity by an after-mentioned formula (® = cos - 1 (®/d)).
As shown in figure 7(b), row-direction orientation control
phase shifters 805a-805c respectively delay a shift of a high-
frequency electric power passing by the phase shift @

Supposing that intervals at which respective phase shifters 805
are arranged are distance d, a high-frequency electric power
input into the antenna patch 804a in the first row is supplied

to a connection node N1 without a phase shift. Meanwhile, a
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high-frequency electric power input into the antenna patch 804b
in the first row has its phase delayed by the phase shift ® by
the phase shifter 805a and is supplied to the connection node
N1, a high-frequency electric power inputted into the antenna
patch 804c in a first row has its phase delayed by the phase
shift 2® by the phase shifters 805a and 805b and is supplied
to the connection node N1, and a high-frequency electric power
input into the antenna patch 804d in the first row has 1its
phase delayed by the phase shift 3® by the phase shifters 805a,
805b, and 805c and is supplied to the connection node N1.

In other words, the direction D at a prescribed angle ©
(@ = cos - 1 (®/d)) with respect to the arrangement direction
of the antenna patches 804a-804d in the firsc row becomes the
maximum sensitivity direction of the received electric wave by
the antenna patches 804a-804d in the first row. Further, wl-w3
in the figure denote wave surfaces of the received signal of

( identical phase.

Also, the orientation characteristics by antenna patches
in other rows, that 1is, the second to the fourth rows are
precisely identical to the above-described orientation
characteristics by the antenna patches in the first row.

Therefore, when a row-direction orientation control
voltage 810 is changed, the phase shift @ by the phase

shifters 805a-8051 is successively changed, whereby the angle

e between the maximum sensitivity direction and the row
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On the other hand, a high-frequency -electric power
supplied to the connection node N4 corresponding to the fourth
column is supplied to the feeding terminal 807 without causing
a change in its phase.

A high-frequency electric power supplied to the connection
node N3 corresponding to the third column has its phase delayed
by the phase shift ¢ by the phase shifter 806c, and is
supplied to the feeding terminal 807.

A high-frequency electric power supplied to the connection
node N2 corresponding to the second column has 1its phase
delayed by the phase shift 29 by the phase shifters 806b and
806c, and is supplied to the feeding terminail 807.

A high-frequency electric power supplied to the connection
node N1 corresponding to the first column has its phase delayed
by the phase shift 3® by the phase shifters 806a, 806b, and
806c, and is supplied to the feeding terminal 807.

Therefore, when a row-direction orientation control
voltage 811 1is changed, the phase shift ¢ by the phase
shifters 806a-806c is successively changed, whereby the angle
between the maximum sensitivity direction and the column
direction changes in a surface vertical to the column direction.

As described above, according to the present invention, it

is possible to realize an antenna which enables wide variation
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of orientation characteristics by employing a phase shifter
using ferroelectrics and ferromagnetic materials, to decrease
performance degradation due to accuracy variation at the
assembly by molding functional elements of an antenna control
integrally, has many kinds, is capable of changing orientation
characteristics continuously with a simple structure, and is
low in cost.
(Embodiment 5)
An active phased array antenna employing a grounded
. conductor subjected to drawing will be described with reference
to a figure as a fifth embodiment.

Since a feeding line employed for an active phased array
antenna generally has a different line impecance required for
each part, a linear conductor having a different sectional
shape for each feeding line is employed as a strip conductor,
thereby changeing the distance between the strip conductor and
the grounded conductor. That is, it is utilized that the line
impedance is different when the distance between the strip
conductor and the grounded conductor is different.

However, there occurs a need to employ plural kinds of
strip conductors in this method, and thus, a manufacturing
process of an active phased array antenna becomes complicated,
resulting in variation occurring in its performance.

This embodiment solves the above-described problem by

subjecting the grounded conductor to drawing.
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part 901 of an active phased array antenna with its grounded
conductor subjected to drawing.
In figure 8, numeral 902 denotes a strip conductor,
numeral 903 denotes a grounded conductor, numeral 904 denotes a
part of convex drawing, and numeral 905 doeonotes a part of
concave drawing.
That is, the active phased array antenna according to the
( present invention comprises the grounded conductor 903 being
provided with the convex draw 904 and the concave draw 3905, and
the strip conductor 902 as a feeding line as shown in figure 8.
It is a preferable mode to constitute the strip conductor
902 with a linear conductor having wholly i1dentical sectional
shape.
That is, even when the strip conductcer 902 is a linear
conductor having wholly identical sectional shape, the distance
( between the strip conductor and the grounded conductor 1is

different due to the convex drawing part 904 and the concave
drawing part 905 provided in the grounded ccnauctor 303 at each
part of the feeding line, whereby line impedances 21, 22, and
Z3 can be obtained being different for respective lines even
when a linear conductor having different sectional shape for
each line is not employed, as shown in the figure.

Therefore, according to the feeding line in the present

invention, a linear conductor having wholly identical sectional
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phased array antenna.

Further, it 1is also possible that since the strip
conductor 902 uses a linear conductor having wholly identical
sectional shape, a linear conductor which has different length
for each 1linear part of the feeding line, for example, 1is
prepared, this is fixed at a specified position, and a contact
point of linear conductors which corresponds to a flection part
of the feeding line is connected by soldering or the 1like,
thereby to realize the whole feeding line.

Thereby, it is not required to use conductor materials for
feeding line of complicated shape, and therefore, distortion
defect of materials at the transportation or the handling of
conductor materials for feeding 1line can oe avoided in a
production department, resulting in a further low-cost active

phased array antenna.

(Embodiment 6)

An active phased array antenna 906 will be described with
reference to a figure as a sixth embod.ment, in which a
lamination formed by laminating a supporting dielectric
material, a grounded conductor, and a strip conductor for
feeding, and the antenna controlling apparatus as described in
the third embodiment are molded by an integ.;al molding using
ceramics.

Figure 9 is an exploded perspective view for explaining



10 10 10- } 0P194.09%VE' ()-3y& 109%VE ()- 10 10 10! V3( 10%& () -
11[3(10%& ()- 1!3(10%& ()- 1
(3(10% ()- 1!3(10%: () . 0g MAY 2003

the active phased array antenna 906 according to the sixth
embodiment. In figure 9, numeral 907 denotes an antenna
controlling apparatus, numeral 908 denotes a supporting
dielectric material, numeral 909 denotes a grounded conductor,
numeral 910 denotes a strip conductor for feeding, numeral 911
denotes an antenna patch, and numeral 912 denotes an antenna
connection hole.

In this embodiment, a lamination is formed by laminating
the supporting dielectric material 908, the grounded conductor
909, and the strip conductor for feeding 910 in the first place.
Next, this lamination, the antenna controlling apparatus 907,
and the antenna patch 911 are molded by the integral molding
using ceramics.

With respect to the antenna controllirg apparatus 907,
that described in the third embodiment is ussz-~.

With the above~described construction, it is possible to
perform all the processes of manufacturing active phased array
antenna by a manufacturing process of ceramic multilayer base
material.

That 1s, a manufacturing accuracy of each functional
element required for an active phased array antenna and an
accuracy of antenna assembly can all meet an operating accuracy
required by the tens-micron in a present antenna manufacture in
millimeter waveband, thereby realizing a manufacture of a high-

performance active phased array antenna employed in millimeter
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waveband.
While a hybrid coupler is described as a branch line type
in the above-described embodiment, others such as a 1/4
wavelength distribution coupling type, a rat race type, or a

phase inversion hybrid ring type, and further, a hybrid coil

constituted by a microstrip or the like are also possible.

APPLICABILITY IN INDUSTRY

As described above, an active phased array antenna and an
antenna controlling apparatus according to the present
invention do not require a circuit configuration for switching
many transmission lines and can simpiify a circuit
configuration or wiring constituting a phase shifter, whereby
they are significantly available as a low-cost active phased
array antenna and an antenna controlling apparatus which are of
simpler structure and capable of continuously changing antenna

orientation characteristics.
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antenna patches and a feeding terminal for applying a high-frequency electric
power to a dielectric base material are provided on the dielectric base material.

the respective antenna patches and the feeding terminal are connected
by feeding lines branching off from the feeding terminal, and

a phase shifter which can electrically change .the phase of a high-
frequency signal passing on the respective feeding lines are arranged to
constitute a part of the feeding lines;

said phase shifter comprising a microstrip hybrid coupler, which employs
paraelectrics as base material and a microstrip stab which employs
ferroelectrics as base material and which is electrically connected to the

microstrip hybrid coupler; and

a de control voltage being applied to the microstrip stab to change the I

passing phase shift quantity.

2. The active phased array antenna as defined in claim 1, wherein the plural
antenna patches are arranged in matrix at equal intervals in the row and column
directions respectively,

the phase shifters are arranged so that the number of the phase shifters
inserted between each antenna patch in each row and the feeding terminal is
larger by one sequentially than the number of the phase shifters inserted
between each antenna patch in adjacent row and the feeding terminal, and so
that the number of the phase shifters inserted b?tween each antenna patch in
each column and the feeding terminal is larger by one sequentially than the
number of the phase shifters inserted between each antenna patch in adjacent

column and the feeding terminal, and

g
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all the phase shifters have the same characteristics in the row and

column directions respectively.

3. The active phased array antenna as defined in claim 1, wherein the active
phased array antenna is constructed by laminating seven layers;

said seven layers comprising a first layer, a second layer, ... , a seventh
layer sequentially from the top layer; the first, third, fifth, and seventh layer
comprising dielectric materials, while the second, fourth, and sixth layer
comprising conductor,

the active phased array antenna has a first microstrip structure
comprising the first, second, third, and fourth layer, and a second microstrip
structure comprising the fourth, fifth, sixth and seventh layer;
said first microstrip structure and second microstrip structure sharing the fourth
layer as a grounded layer, and

the antenna patch is provided in the second layer, the feeding line and
the phase shifter are provided inlthe sixth layer, air is employed in the third
layer, and a combination of air and the ferroelectrics is employed in the fifth

layer.

4, The active phased array antenna as defined in claim 1, wherein an

antenna controlling apparatus is provided.

5. The active phased array antenna as defined in claim 1, wherein the

grounded conductor is subjected to drawing.

6. The active phased array antenna as defined in claim 5, wherein all the
feeding lines are provided with a strip conductor comprising a linear conductor

having identical sectional shape.
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antenna controlling apparatus are molded by an integral molding using

ceramics.

8. An active phased array antenna being provided with a pﬁase shifter which
comprises at least an open and stab having ferroelectrics and ferromagnetic
materials as base materials, and a microstrip hybrid coupler having

paraelectrics as base materials.

9. The active phased array antenna as defined in claim 8, wherein the open
end stab is constituted by laminating a grounded conductor, the ferroelectric, a

strip conductor, and the ferromagnetic materials, sequentially.

10. The active phased array antenna as defined in claim 8, wherein the open
end stab is constituted by laminating the grounded conductor, the ferroelectric,
the ferromagnetic materials, and the strip conductor;
said ferroelectrics and said ferromagnetic materials being laminated
between said grounded conductor and said strip conductor in a surface

direction parallel to the grounded conductor surface.

11.  An antenna controlling apparatus being molded employing ferroelectrics,
ferromagnetic materials, paraelectrics, and electrode materials by an integral
molding using ceramics;

said antenna controlling apparatus being provided with a function of a phase

shifter.
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12.  An active phased array antenna comprising a row-column array antenna
wherein row array antennas, in each of which antenna patches and phase
'shifters are connected alternately serially, are connected with phase shifters
alternately in series, in which there is provided an antenna controlling

apparatus as defined in claim 11.

13. An antenna controlling apparatus being molded employing ferroelectrics,
ferromagnetic materials, paraelectrics, and electrode materials by an integral
molding using ceramics;

said antenna controlling apparatus being provided with functions of a

phased shifter and a dc blocking element.

14. An antenna controlling apparatus being molded employing ferroelectrics,
ferromagnetic materials, paraelectrics, and electrode materials by an integral
molding using ceramics;

said antenna controlling apparatus being provided with functions of a

phase shifter, a d¢ blocking element.

15.  An antenna controlling apparatus being molded employing ferroelectrics,
ferromagnetic materials, paraelectrics, and electrode materials by an integral
molding using ceramics;

said antenna controlling apparatus being provided with functions of a
phase shifter, a dc blocking element, a high-frequency blocking element, and an

antenna patch.



