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DESCRI PTI ON TRI PLATE TYPE PLANAR ARRAY ANTENNA 5

Technical Field [0001] The present invention relates
to a triplate-type planar array antenna used for
transmtting and receiving with a mllineter-wave
band, and especially, to a 10 triplate-type planar
array antenna which can inprové beamwi dths and a

| evel of wi de-angle side |obe. Background Art [0002]
15 High gain and | ow side | obe characteristics are

i mportant for the planar pggagréftenna used for an on-
vehi cl e radar and a hi gh-speed comuni cati on through a
mllinmeter-wave band. There have been already well -

known a
ol SRAPLABEATIRE &

| anar ﬁﬁﬁ antenna that is a high gain
Afta MRRACH AEZENBE applied to the

above uses, and by which reduction of a feedline |oss
and control of an unnecessary radiation of feedline
camebgnhieahi zedi1ag(refer to, for exanple, Japanese
Patent Application Laid-Open No. 4-82405). 25 [0003]
de@Dﬁaﬂter the outline of such a planar array

ant enna

FIG 1 F'"g‘ arP’é‘%%

iven, based on FILGs. 1 thr 6.
?%aeomaf&rgtﬁ@a i velotew s%%w%gtﬁhpéate‘type

OUbh5HSrC%Q&b%“ ?&@%ﬁ ué%&*ké&F%f%ﬁ%mf%ﬁ?ﬂgagﬂﬁngéceiving
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with a millimeter-wave band, and especially, to a
triplate-type planar array antenna which can improve

beam widths and a level of wide-angle side lobe.

Background Art
[c002]

High gain and low side lobe characteristics are
important for the planar array antenna used for an on-
vehicle radar and a high-speed communication through a
millimeter-wave band. There have been already well-
known a planar array antenna that i1s a high gain planar
array antenna which can be applied to the above uses,
and by which reduction of a feedline loss and control of
an unnecessary radiation of feedline can be realized
(refer to, for example, Japanese Patent Application
Laid-Open No. 4-82405).

[0003]

Hereinafter, the outline of such a planar array

antenna will be given, based on FIGs. 1 through 6.

FIG. 1 is an exploded perspective wview showing an
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especially, a triplate-type planar array antenna.
Referring to the drawing, a triplate-type planar

array antenna according to a prior art is formed in
such 5 a way that an antenna circuit board 30 is
sandwi ched between a diel ectriZ substance 20a
underneath a slot board 40 and a dielectric subst ance

20b on,a groung conduct or g Her.e, th ant enn
ingo 5P e%agat&%u? | suFhia R ﬁgﬁlagarray antenna,

rsfﬁ%ﬁ&%&rzmﬁ s ?ﬁ'f&'f%fs %ﬁ%ﬁ%mem 4+ s By, antenna.
U1 o BRI, £/ L GBSO b SOMeE e 67 pranas
e?ﬂ&?'a%eerﬁ’{ﬁracb%&iﬁg pepgd g‘Q.d}?‘Sdlatpi uraFHéd in such

at positions c resp ing to

1a %a{(a‘fﬂﬁﬁt ngrel Seann 80c IR994E Udied t:me ﬂéowndwmhed

condu 10 and the slot board 40 can use any kinds

obellabrPadr dse Kécphtiedsphastancehmpdsvdrderneath a slot
material, and especially, alum num boards are 20

pbefrdblda f and | ghtdies hbictanilcl aubstameauldd uonngg ground
Mor eover, the conductor 10 and the board 4 0 can be

f comeduchoet thi.ng Herevalthe aniersmsacinoppér l:fcoard 30 has
on a flexible substrate having a fil mbase on whic

C@ppélrurﬂéﬂtYsofaﬁﬁﬂﬁ%ﬂln@ﬁ RIS 3fe eaﬁidlf&%@llnes 60
10 and 25 the board 4 be fornmed even %u& %af
cé’éH?e‘f‘eataHlm I rBOIRABiRO FLAMCTES| kNak ate Formed of

PSS L Biha P RISKF ol B3 B pHE 0§l i fh covper
' FBLPLY LAk 188" dnd removing unnecessary copper foil
by etching. Moreover, the slot board 40 has a plurality
of slots 70 at positions corresponding to a plurality
of radiating elements 50.
[0004]
| Here, the ground conductor 10 and the slot board
40 can use any kinds of metal bc;ards, or plated plastic
boards as material, and especially, aluminum boards are
preferable for lightweight and low cost manufacturing.
Moreover, the conductor 10 and the board 40 can be formed
by etching removal of unnecessary copper foii on a
flexible substrate having a £ilm base on which copper
foil is laminated. Furthermore, the conductor 10 and
the board 40 can be formed even by using a copper clad
laminate made of a thin resin board, wherein the thin

resin board is made of woven glass fabrics impregnated

with a resin and copper foil is laminated on the thin
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resin board. [00051 Moreover, though the antenna
circuit board 30 can be fornmed as described above, it
can be fornmed even by 5 using a copper clad | am nate
made of a thin resin board nmade of woven gl ass
fabrics inpregnated with a resBn and copper foil is

| am nated on the thin resin board. Mreover, a foam
materi,al with smal | relative dielectric constant to
airePdRP8rehi y used for the 10 dielectric

sugﬁgﬁ s 20a and 20b. [00061 FIG 2 is an

ex ry view of transverse propagati on conponents

in the W?g%{xaé{le EH&Q{-&E{;}%S%@%@HH fdéﬁiac”b‘%{ﬁ‘fd 30 can

r
accordi ng € prior a s a di agram

shou PSg?né&'? | gla SEPRBH Y £hETRNT o:?f::ﬁén P GEmed even by

galn and an efficiency in the case

tra gl aleal )ﬂ%éséine:rlédrpama@i@aéanaa@rcfﬁ W {Rihheesin board
prior art. FI 4 is a diagram show ng a feedi ng power

dim&debwf opofvsn egllass effatir 1 ost Hanpeegrdtede wlth a resin
triplate-type planar array antenna according to the

prapnd edppérGfdilsis diapinatshdwong tthhe thdectrestiyn board.
of the triplate-type planar array antenna according to
t Mopeicsrer;t . 4 0 m 2patexkhaltr ivﬂbhe-ﬂypémhiar relative
array _antenna, which has the above-described

cAlPdAETdF GRREtAMNy te L i Brafrerabdnpoasscs for the

DA RBIR G ELE GtnRedTetor2d” and 205, "t O
[0006]

FIG.2 is an explanatory view of transverse
propagation components in the case of the triplate~type
planar array antenna according to the prior art. FIG.3
is a diagram showing a relation among an element array
spacing, a gain and an efficiency in the case of the
triplate-type planar array antenna according to the
prior art. FIG.4 is a diagram showing a feeding power
distribution for each element in the case of the
triplate-type planar array antenna according to the
prior art. FIG.5 is a diagram showing the directivity
of the triplate-type planar array antenna accor&ing to
the prior art.

[0007]

In the triplate-type planar array antenna, which
has the above-described configuration, according to the
prior art, components which are propagated in the

transverse direction between the ground conductor 10
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4 and the slot board 40 are generated other than
energy conponents directly radiated fromthe slots 70
to the outside space as shown in FIG 2 when the patch
elements are driven fromthe feedlines 60. The
above-descri bed 5 conponents a?re cal |l ed conponents
according to a transverse propagation node (parall el

DAL (RES 1 BARE AR Pl PRI LN BUL P chan energy
t 8ohiPFosBAGSs diﬂéﬁ?ge%aﬁﬂg%d hekoh & 1 %1Bft§ "0 to the
inflTuenced 1

array antenna 1s by a relation between

thathege 8bade PE0FARRIN Gh FPALNGHe R EhéeNBAtYh elements

t he energy conponent directly radiated fromthe sl ot

78rle0 dievent Frdsmsphecfebd@l iniess 40 gBhe ebdPve-described
array antenna shows a nmaxi num point of the gain and

tbompdnendEy aireh acapdddl cpmpomerfsof ateoeding to a
array as shown in FIG 3, and thus a high gain and a

ht giares ¥ ecisen @rapegabhican nde ebbarad. 1 ¢bdr pdadie mode) . As
has been wel | -known that the side | obe can be reduced )
athehahwver- des csiliad prepspgadoieonsonposmen tsmxegadiated
of . supply power to each qf the_radiat| n% el enentsiig:g has been

26Tam hRe adiadning Flata ¢0mis dhGi SPAFE s

| Qheops PERR b ST SR A0 R B B8Rl uonced
(Y TAC R4 BRE A " e RIF P g, B S Epagation
LRS! ! Rl SEPReT ol Soboieh i asrectiy
radiated from the slot 70 to the outside space. That
is, the gain of the array antenna shows a maximum point
of the gain and the efficiency with a special spacing
of element array as shown in FIG; 3, and thus a high gain
andahigh-efficiency antennacanberealized. Moreover,
it has been well-known that the side lobe can be reduced
as shown in FIG.5 with a desired tapered distribution
of supply power to each of the radiating elements 50
arrayed as shown in FIG.4 compared with the side lobe
under a uniform distribution in which the power is
uniformly supplied. |

[0008]

As described above, the side lobe within an angle
range of *60 degrees can be reduced as shown in FIG.5
with the desired tapered distribution of supply power
to each of the arrayed radiating elements 50 in the

triplate-type planar array antenna shown in FIG.1.
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triplate-type planar array antenna shown in FIG 1. 5
0009 However, as the array spacing is restricted in
the neighborhood of 0. 9 (err)o ((err)o is a free
space wavel ength) in order to achieve a

hi gh-efficiency antenna, it has 5 been difficult as
shown in FIG5 in an array antenna wth four through
eigﬂi ggray el enents that the side 1obe Ievel of the
dﬁ Q7dn of the wide angl e of 60 degrees or |arger

Lfexgﬁ?ﬂ%?%*y’e;sréggfsﬁ&j%%k‘%%%ﬁ{ gﬁﬁéiﬁﬁ?ﬁg fgstficted in the
Qﬁé%fiﬁba%%z%%fa?ow?dﬁﬂ&% A T REuPage wavelength)
50 St VinehiqtE M d R BE AL Tt (A0RGHAR. 4t pas
Al f Ul £ 5 £ 2r48Y SRS Wil aboyh & PuL r¥d@Yantenna
eF%nents O Tealize a beam 12‘mnd Iargereyﬁan abaﬁt

12i499" eeur [ PRI Uughh @i dfit drE8¢ Jidhahtd VPRat the side
% gl when

pl'anar array antenna according to"the prior art

t D15 aEBRé 136 £ BDhSRRCE 88t ilcn e hEWhild abltfle ©260 degrees
(err)o without considering the 20 effects of the

t banshergemrbpagadenaboponeds dB cvr sxmbler whédoreover,
the el enment array spacing is reduced to 0.7 Xo, an
aatsenthen el emender abmzaywisipactimeg tiet regstricted in the
antenna having elenents arrayed with a distance of
One dghbarieodbbd Med aso shoani byat iresolspatenwai®elength),
of FIG 6, considering the directivity of only the
campbreatordihgled theebdamfwddithels! ategduard itoigbout 15
degrees in an array antenna with, for example, about
four array elements, it has been difficult in the array
antenna with about four array elements to realize a beam
width larger than about 15 degrees.
[0010]

That is, in the triplate-type planar array antenna

according to the prior art when the element array spacing
is made smaller than 0.9 Ao without considering the
effects of the transverse propagation components, for
example, when the element array spacing is reduced to
0.7 Ao, an antenna with a wider beam width than that
of an antenna having elements arrayed with a distance
of 0.9 Ao can be obtained as shown by the solid line
of FIG.6, considering the directivity of only the
components radiated directly from the slots, and it is

also expected to be possible to reduce the side lobe
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al so expected to be possible to reduce the side |obe 6
in the direction with wi de angles of 60 degrees or
nore, depending on a distribution by which the

el ements are driven. However, there has been caused a
problemthat disorders are génerated in the
directivity, and the gain 5 in the frontal direction

e 43 ‘ :Sﬁééﬁa:ﬁnﬁﬁ%ﬂwe?yméﬁﬁé 75 gk Bagrees or more,
dﬁ%sééa I59PPnd B SEEAOLF oF tiﬁ%g ‘gﬁiﬁifr‘éhéselements are
A erept. fapibhase ofnthe, pumopaRts dliget ¥ problem that

Ope-@s HAS S Yo eRERAGEH! PR mg@ffab%;wsgy h&nd the gain

RNt array spacing 1s nade snal Accordirngly,

éh%hae@réhftfap@iiré@tmﬁ ideanewli rearidsdf @s shown by
uction in the side lobe in the direction with

\Mad&dbt%@i e re@d nf PIGN 8¢ baawe tbdudit hion Dhaheswfificiency
of Invention [00111 Accordingly, the object of the

plescatisenvdaie onphabes tofpr thiale réansplerset yperopagation
pl anar array antenna in which there is a high degree
ofcdmpensnisyradisadteddyropetheadipceant s Hetsrage actually
radi ating plane, and a |ower side |obe |evel can be

s6bif Bgranh firom W@é‘r& aifgrhe %@m&ﬁﬂ%ﬂtﬁ disactly radiated

g%e%&{ﬁé:‘rﬁg%t A agtﬁe 111_.8:1';;% gﬁe lé,rc?)g.i)):(;iie,Ucransve::ﬁ;e

a$6%£a %%f&%'é%ﬁﬁoﬂg% P51 Q %ﬁthéogi%hent array spacing

is made smaller. Accordingly, it has been difficult
to meet the requirements for reduction in the side lobe
in the direction with wider angles and for wider beam

widths.

Disclosure of Invention
[0011]

Accordingly, the object of the present invention
is to provide a triplate-type planar array antenna in
which there is a high degree of flexibility in setting
bheam widths on a desired radiating plane, and é lower
side lobe level can be secured even in a wider-angle
direction without deteriorating the characteristics of
a high-gain and high-efficiency triplate-type planar
array antenna according to the prior art.

[0012]

In order to achieve the above-described object,
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In order to achieve the above-described object, 7
according to a first aspect of the present invention,
there is provided a triplate-type planar array antenna
conprising: an antenna circuit_board on which an
antenna circuit including a p?urality of radiating

el ements, 5 which are vertically and horizontal ly

U g £hS PR YihoBvIOSE AR e ghiie S ention.,

forne ric Su ances

ﬁ‘(}%}g«grbhis PHSPPAS [ "E:szi.ﬁ?.%r g m%iﬁﬁﬁqr dr+8% antenna

( S|d§s; a ground con tor on one
dicdRpiriisi A§ : SHRsAARGRinansi #cYl0f Yward bﬁmfll‘litkﬂﬂ aMantenna

the other dielectric substance, wherein the slo

besi lehdst ainplui@ihlgy @fp3ataPper 96, radiating elements,
corresponding to the plurality of radiating el enents

wiwhiehl iazer vartdngaidyt . ahd [ A01dlzdnd@liyg aprayed in a
second aspect of the present invention, the plurality
oftwootlispansdgnalenfenmed, Andhé e @i ines disn formed; two
series in the longitudinal direction of the slot .
oftheaes i pfi helire lectashectsubstangessemetywgen which the
i nvention. [0014], According to a_third aspect .of the ]
m%%%ﬁﬂﬂﬁméﬁﬁpght PYet-0e %ﬁt%a%¢W%ﬁ%ﬁaag&uﬁhﬁtEOth sides;
are forned on the @nt nna ircuit t he

H&

b d . .
pltr aFFOPRE sS0 iHgs Inatadocop, (eneg sielectric

OR883RrTSEL " gL PR, ST ARG Yn'the other

€ plura
dielectric substance, wherein the slot board has a

plurality of slot openings, each corresponding to the
plurality of radiating elements with a 1linear
arrangement.

[0013]

According to a second aspect of the present
invention, the plurality of slot openings are formed
on the slot board in series in fhe longitudinal direction
of the slot openings in the first aspect of the present
invention.

[0014]

According toathird aspect of the present invention,
aplurality of antenna circuits are formed on the antenna
circuit board, the plurality of slot openings are formed
on the slot board in series in the longitudinal direction
of the slot openings, and the number of the plurality
of slot openings corresponds to the number of the

plurality of antenna circuits in the first aspect of
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of sl ot openings corresponds to the nunber of the
plurality of antenna circuits in the first aspect of 8
the present invention. [00151 According to a fourth
aspect of the present invention, a plurality of
antenna circuits are formed 5 ®n the antenna circuit
board, and at |east one slot opening extending over
at | east two %f the plurality of antenna circuits is
f SR APES I PR s TRVEDHHOMN series in the

I%Qgiigjinal direction of the slot openings in the

fitr spect of the present invention. 10 [00161

Accordi 0.9 {1l 1N SPEC! £luI B PLEDERIL ! HENERR present

each array spacing f or The plurality _éFo; openi ngs
| 3 1 8hte% 9nﬁpﬂﬁﬁf T%%fr?kodﬂféhﬁ%mdigbﬁﬁts are formed
direction of 'the™p Ity o at

ura sl ot openings Is set

19th% ARtNa® PBciiEbohfdcasaabel et o Blot opening

corresponding to a center frequency of a frequency
banftehditsg dreannutoeastt hwd ioStthe pourtdl dsgeofsantenna
of the present invention. [00171 20 According to a
sicdhcadpestisf fidiempdesamt theveitobnboazadhiar smries in the
spacing for the plurality of radiating elements in .

t longagiudiingd ddirectiion of the silehiopenisgigs|ion the first
openings is_set at 0.85 through 0.93 tines a free

s petee Gdv P EnFhe cBLaSeBidi Hyveatal@Rnt er 25

f&%ﬂyfgﬁy of a frequency band in use in any one of the

Accordingtoa fifthaspect of the present invention,
each array spacing for the plurality of slot openings
in a direction perpendicular to the longitudinal
direction of the plurality of slot openings is set at
0.85 through 0.93 times a free space wavelength
corresponding to a center fregquency of a frequency band
in use in any one of the first to fourth aspects of the
present invention.

[0017]

According toasixthaspect of the present invention,
each array spacing for the plurality of radiating
elements in the longitudinal direction of the plﬁrality
of slot openings is set at 0.85 through 0.93 times a
free space wavelength corresponding to a center
frequency of a frequency band in use in any one of the

first to fifth aspects of the present invention.
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first to fifth aspects of the present invention. 9
Brief Description of Drawings [00181 [FIG1] FIG1l is
an expl oded perspective view show ng an outline
configuration of a triplate-type 5 planar array
antenna according to a prior aft. [ FIG 2] FIG 2 is
an explanatory view of transverse propagation

conponents in the case o he triplate-type planar
AP e SR ETAd bl @h O T o DERWBAES art’ [ A G 3 ]
Flgh%i i,S a diagram showi ng a relation anong 10 an
eﬂ ﬁlarray spacing, a gain, and an efficiency in

accor oi nd 18- 0tk Brir Lot By BE1 GUER, BYPgotive view
a | _ SRR
PRIy RRo GE 1R TR Eur APADE OECR | EEap e - type

_['dJ?é(né'i't eé‘f‘fﬁgﬁcé?ﬁ%iéi%é.o_aﬁ@oraﬁi fbl a pPicxrisarx.

a
difagr am show the directivity of the triplate-type

pl anar FrrBg .2 PIR. acterdhngxpa diiet oty ¥iewiof Ardnsverse
FIG 6] FIG 6 is a diagramexplaining the effects

op#dpadiaetonvcompbénemnd ¢ riptie-cape pfabhe triplate-type
antenna according to the prior art. [FIG71 FIGs.7A

apdl@Baar cavrews anfleaimangccordigiat ot yigee ppanier art.
array antenna according to one 25 enbodi nent of the

i nvent i dif I6n 3shFdiG FBA 9 A Bd agrampsbosipgrageelakdon among

vi ew showi ng the outline |, ) .. .
an element array spacing, a gain, and an efficiency in

the case of the triplate-type planar array antenna
according to the prior art.

[FIG.4] FIG.4 is a diagram showing a feeding power
distribution for each element in the case of the
triplate-type planar array anfenna according to the
prior art.

FIG.5 is a diagram showing the directivity of the
triplate-type planar array antenna according to the
prior art.

[FIG.6] FIG.6 is a diagram explaining the effects
of the directivity of the triplate-type planar array
antenna according to the prior art. |

[FIG.7] FIGs.7A and 7B are views explaining a
triplate-type planar array antenna according to one
embodiment of the invention, in which FIG.7A is an
exploded perspective view showing the outline
configurationof theantenna, and 7Bisatopviewthereof.

[FIG.8] FIG.8 is a block diagram showing a relation



10

15

20

25

configuration of the antenna, and 7B is a top view
thereof . (FIG 8] FIG 8 is a block diagram show ng
a relation 10 between a plurality of radiating
elements and a plurality of slot openings in a
triplate-type planar array antldhna according to a
first enbodi nent of the invention. [FIG 9] FIG 9 is
a bl ock dia ran1shomﬁn% arelation 5_betwe

pbEtAeen TP LHRA T, 08 EREHAL 4R SLEMFAFA NG Plurality

e L A
FIG 101.El G [ . i i - .

L BFRSPAIRRIS, B FoRetcp bR AR b8 the ' ThRIgAR 1O,

purali {y10f g} 0F18PENLA08 bty Hilgkant KRR WL AR relation

array a ccording’to a third e ment
' B.\é%(?@ﬁ- a Eﬁ.‘tﬁaﬂi}tf 0% r&liistany eVemeMtROahbea plurality
gai n of eac of 384 radiating elerments in the

t biEPEAlS: ofen Rhaytfin A5t 2ipila Bat-aippegstandinarvay antenna
the first enbodi%gﬁt. [Flciiﬁgl FI G 12%?3 a view Y

shewtagdtirgy dtoed i setynd sedbddbmdreebf dfhe frenention.
(horizontal plane) formed by 24 radiating el enents, '

whi ch al&EGr 20dedFiliG the hsriaorhhocH r ddidgnam nshowing a
the triplate-type planar. array 20 antenna according

t valkrt ionsbatweemenplyraditriof radiating glgments and
showing the directivity (sidge |obe Ieveléﬁg&%ﬁ pl.ane
(PePditBR 1HEHOT 151 R0 ORRNIB ISR & nbT gstype planar
which are arranged in the, vertical .diregtio LRt he

¢ A A e SR B R Car bR O R e BT ad THis ISt of the
theJéhtY girbodi ment.

[FIG.11] FIG.1l is a view showing the gain of each
of 384 radiating elements in the triplate-type planar
array antenna according to the first embodiment.

[FIG.12] FIG.12 is a view showing the directivity
(side lobe level) of a plane (horizontal plane) formed
by 24 radiating elements, which are arranged in the
horizontal direction, in the triplate-type planar array
antenna according to the first embodiment.

[FIG.13] FIG.13 is a view showing the directivity
(side lobe level) of a plane (vertical plane)‘formed
by 16 radiating elements, which are arranged in the
vertical direction, in the triplate-type planar array
antenna according to the first embodiment.

[FIG.14] FIG.14 is a view showing the gain of each
of 32 radiating elements in the triplate-type planar

array antenna according to the second embodiment.
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[FIG 141 FIG 14 is a view showi ng the gain of each
of 32 radiating elenents in the triplate-type planar
array antenna according to the second enbodi nent. 11
[FIG 151 FIG 15 is a vieM/shﬁxﬁng the directivity
(side | obe level) of a plane (norizontal plane) forned
by the two radiating elenents, which are arranged in

the horirzopgah df neggl qty J'té‘o aghveié{vi Qh?@i%éﬁ?%n{ﬁ?fectivity

5 array antenna ‘accor di ng he secon

[ E!scidé6ioﬁé31c|4©eils) BHFi&YH IR thope ABhealll Yidne) formed

(side [ obe level) of" a plane (vertical plane) forned

I
bb}ﬂﬁthéditﬂid)nﬂ‘_aﬁif&tﬁlrﬁ% shicnieAte arwhiged afet Rerranged in
vertical direction, in the triplate-type planar array

1@ leetieond menbad (i tedthtoagcdnd dnbotimipilate (tyPe planar

171 FIG 17 is a view showi ng the gain of each of 32

r adfvayn@ret emmd sacecah@ing ptat dhtey peegomdr embeodiment .

antenna according to the third enbodinent, [FIG 181 o

FI G 18 [BIG. litlvEBRGwilfy ihea ariewt shiawingsthsg ghirectivity

| obe | evel) of _.a plane (horizontal plane) formed_ by

tHside Aabar leyeldmak sa mhanealyeFEdsst plange formed

hori zontal di.rection, jn the triplatie;type planar .

a bty Lonceaftd SR G eME R bR -t ILCBitEe et apged in the

19 LG_19.,1s a view show t he..di tivi

(REiGar Bt Ol o i PhsL M bl GRe i be, Blgnar array

b s ; i oh i y

VETE b T LER S B g WS (o BED SRRl

ant enna [3€£@Q", 4i71p ¥ PGLNE 4 r DRI ABNing tB8Shain of each

Mode for Carrying out the Invention
of 32 radiating elements in the triplate-type planar
array antenna according to the third embodiment.

[FIG.18] FIG.18 is a view showing the directivity
(side lobe level) of a plane (horizontal plane) formed
by the two radiating elements, which are arranged in
the horizontal direction, in the triplate-type planar
array antenna according to the third embodiment.
[FIG.19] FIG.19 is a view showing the directivity

(side lobe level) of a plane (vertical plane) formed
by 16 radiating elements, which are arranged in the
vertical direction, in the triplate-type planar array

antenna according to the third embodiment.

Best Mode for Carrying out the Invention
[0019]
Hereinafter, triplate-type planar array antennas

according to embodiments of the present invention will
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[00191 Hereinafter, triplate-type planar array
antennas according to enbodi nents of the present
invention will 12 be explained in detail, referring
to drawings. [00201 FIGs. 7A and 7B area view
explaining a triplate- type planar array antenna
accordi ng to one enbodi nent of the 5 invention; FIG
7A is an _ex ogfd Eerﬂ@gect Lve view show n% the out]ine

caﬁ §EPAd akda; BefenTingstq draypings.
%26 the configuration. [0021) The configuration
[ t]ri pl ate-type planar array 10 antenna

2ooor e Badg LR TBILER SDULLE £l crspate- vpe
458 PR QECBEAINGTPR BREPRBalfont of the

| B PEAR 1R, anpg@na”gl rLyi taﬁoaéﬂgid&eaaﬂlg ctlve view

between a 15°diel ectric substance 2a underneath-a sl o

bedswénzndthe vl Ethel eonbshiteet 2brov R ﬂh@ua@atenna and
conductor 1. Here, the antenna circuit board 3 has a

f TG b7Be o whitodp sigwr alfi tyhel gonfAgumngaehierent s

5, and feedlines 6 connecting the radiating el enents
af@021ded by etching 20 renoval of unnecessary copper

foil on a flexible substrate on which copper foil is

| ani nat &he pegpigumat dprfef die tripil aite cbyPegpd anar array

ion of the prior _art is that a slot opening 7, which
hahtepp& #fersding to the invention shown in FIG 7A is

basically the same as that of the prior art. That is,
the triplate-type planar array antenna according to one
embodiment of the invention has a configuration in which
an antenna circuit board 3 is sandwiched between a
dielectric substance 2a underneath a slot board 4 and
adielectric substance 2bon a ground conductor 1. Here,
the antenna circuit board 3 has a f£film base on which
a plurality of radiating elements 5, and feedlines 6
connecting the radiating elements are formed by etching
removal of unnecessary copper foil on a flexible
substrate on which copper foil is laminated.

[0022]

The difference from the configuration of the prior
art is that a slot opening 7, which has a rectangular
shape and corresponding to the plurality of radiating
elements 5 with a linear arrangement, is formed on the
slot board 4 as shown in FIGs.7A and 7B.

[0023]
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25 shape and corresponding to the plurality of

radiating elenments 5 with a linear arrangenent, is
formed on the slot board 4 as shown in FIGs.7A and
7B. [00231 13 Typically, the Lgllomﬁng enbodi nent s,
whi ch includes one slot opening?7 shown in FIGs. 7A
and 7B as a basic conponent, are considered as the

2L S SO G001 A0 G oliBSBtes,  whion

fﬁ%@iy@ﬂ?%ﬁéﬂﬁﬁicﬂ%gédﬁgnw SH SR 2h ‘fﬁ%?.?g and 7B as

ate -type planar rray anteina according to

figd Sf)a‘?s@@dgﬁﬁg?o?feﬁﬁ?_ afel rk;fﬁgtsij]%ra%f eia&afgﬁb realistic

the lTongitudin direction of sl ot openi ng 'S

cAdrf iguwatign If dHL T DPla Wt §pd pAYnaR array antenna
perpendicular to the horizontal directionis called a

vergdogidihgedio obheorinsemtidncati on of the

expl anation. 15 [00251 The first enbodi nent has a

cdri®0ddr]lati on in which one slot opening 7 is

corresponding to mtotal nunber of the radiating

eldensd Embodidemastizontal direction, and n number

of such _slot openings 7 are vertically 20 arranged. in

par al | eF }®- 8nd SaRoVHEW RXPHAHNLAGAGL WL D hALE 1 h¥gpe planar

SLELLG L SHEIL o0 B Saapaed, L (VL) Bt arhéld of the

s L Sl = 05 WL o 82" the longitudinal direction of
the slot opening 7 is called a horizontal direction,
and a direction perpendicular to the horizontal
direction is called a vertical direction for
simplification of the explanation.
[0025]

The first embodiment has a configuration in which
one slot opening 7 is corresponding to m total number
of the radiating elements 5 in the horizontal direction,
and n number of such slot opehings 7 are vertically
arranged in parallel to one another as shown in FIG.8
when the radiating elements 5 are arrayed in (vertically
n and horizontally m) on the antenna circuit board 3
in a typical two-dimensional manner.

[0026]

In this case, it is preferable that each array
(center) spacings D1 for the plurality of slot openings
7, thatis, thearrayspacingsDl inthevertical direction

is configured at 0.85 through 0.93 times the free space
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[00261 25 In this case, it is preferable that each
array (center) spacings DI for the plurality of slot
openings 7, that is, the array spacings DI in the
vertical direction is configuigf at 0. 85 through O.
93 tinmes the free space 14 wavé& ength ko f or the
center frequency of a frequency band in use.

ST Tenbin 5 £5 0 RS eRon B UL Bequency
"SRAREDS o UG ke o3 S AL ol Bt gme acray
 DnsESg8 Dokt dGELEATE BN MRS epements s
L6055 O LB o TR0k ARELUTLANE at 0,55
CRAUEL Bl 0 23010014 BULEPEL L BN RS AELRHE 3o o e
A R I R i

in[@bb@q copper foil with a thickness 18 Um was
| am nated on a polyimde filmwth a thickness of 25

am was Usefeds dRpediiR8AR LinaVE H¥WaKd chnadletddeunder the
radi ating elenents 5 and the feedlines 6 were forned

byf @1 & iwion gemvrEreft eincetrdbiyro®pper foil on a 20
flexi ble substrate. Mreover, the slot opening 7 was

formed dthat dlsyy anmadomiinuin fbaatrid ekihths aoftHiockness of 1

as the slot board 4 by punching according to

preasw@pskused as the ground conductor 1, and polyethylene
foam with a relative dielectric constant of about 1 and
with a thickness of 0.3 mm was used as the dielectric
substances 2a and 2b. Moreover, a film base with a
configuration in which copper foil with a thickness 18

Um was laminated on a polyimide film with a thickness

of 25 UUm was used as the antenna circuit board 3, and
the radiating elements 5 and the feedlines 6 were formed
by etching removal of unnecessary copper foil on a
flexible substrate. Moreover, the slot opening 7 was
formed on an aluminum board with a thickness of 1 mm
as the slot board 4 by punching according to presswork.
[{0028]

Moreover, the radiating elements 5 having a square

shape with a side length of about 0.4 times the free

space wavelength Ao corresponding to a frequency of 76.5

GHz in use were formed on the antenna circuit board 3.
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[ 00281 Moreover, the radiating elenents 5 having a
square 25 shape with a side |length of about 0.4 tines
the free space wavel ength Xo corresponding to a
frequency of 76.5 GHz in useﬁgfre fornmed on the
antenna circuit board 3. 15 thernore, the sl ot
openi ngs 7 having a rectangular shape with a short

S UG ORIPHRAEE (oPBY 108 HaREnlE, 7 8543 F rppspnguiar
'Eh%‘ffj%t‘bfﬁh %1h RS SPa6T 1gh gﬂa beeaPlAlt eps@ NgPmes the

e vertlc dlrectlon wer € set at about

at%f?z fj‘-‘g%tf con %Q‘xgllt ?%g refogje:r, henathe slot board

spaci ngs for the plurality of radiating el enents 5 in
t hé horizontal direction were arranged at about 0.9
t'wﬁagﬁhe free space wavel ength ko. The radi ati ng
elenents 5 were arranged at the above-descri bed

spaci ngsn tAdditsonl4 @H@Eﬁﬁra?tédeImg@ﬂﬂbr the slot
direction, and 16 15 ‘el ements in the vertical

dbp@ﬂiﬂgstd fidi tB84velrrntoad diréctdlonlwemeheret at about
words, 24 radiating elements 5 were corresponding to

ope sl ot ipeaNi nghé theke s.spécel otwavedrmgth? We in the
configured to be provided in this case. [00301 20

Eapoyreedestar aberd oomf hghratiéonhe Moreover, the array
above-descri bed conditions as shown in FIGs. 11
t Bpaughngs3.for the plurality of radiating elements 5 in

the horizontal directionwere arranged at about 0.9 times
the free space wavelength Ao. The radiating elements
5 were arranged at the above-described spacings, that
is, 24 elements in the horizontal direction, and 16
elements in the vertical direction to form 384 elements
in total. In other words, 24 radiating elements 5 were
corresponding to one slot opening 7, that is, 16 slot
openings 7 were configured to be provided in this case.
f0030]

Experiment data was obtained under the
above-described conditions as shown in FIGs.11 through
13.

FIG.11 is a view showing the gain of each of 384
radiating elements in the triplate-type planar array
antennawith the above-described concrete configuration.
FIG.l2isaviewshowingthedirectivity (side lobe level)
of a plane (horizontal plane) formed by 24 radiating

elements, which are arranged in the horizontal direction,
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FIG 11 is a view show ng the gain of each of 384
radiating elenents in the triplate-type planar array
25 antenna with the above-descri bed concrete
configuration. FIG 12 is a view show ng the
directivity (side | obe level) 16f a plane (horizontal
pl ane) forned by 24 radiating elenents, which are

(A St i BRAS - SWER, RICOMAR WTReghoAntenna with the

NP TR S CE A aR, st foEEES SFal ERutAkPp of BIC.13 is a
p:\?:[‘éw éﬁ%\g\}hﬂrﬁﬁlgﬁ’é%'ffeg%ri@gt%(%gdé“f@?%gﬁevel) of a plane

el enents, I are arrange e ver

%{f&kﬂ%a%%%?@e} rfcg%@b?o%fiwkﬁ@#aﬁﬁ. i on_rﬁﬁ?&s , which

the a escri ete confti gur

[B41 sAsrghgwd i Nkl Gthld, ¢asiti@dnat igiracd®dhh, in the
had a 10 gain of 30.5 dBi or nore, and the stable

ditetphldte-tsiple | opddmeael ) wasraht ai nagtenrdde with  the
hori zontal direction as shown in FIG 12, and in the
vabove-ddscacibed asorbmete ncbn@ 1§ur0088h . 15

<Second Enbodiment> FIG 9 is a view explaining a

co®0gdrlati on of triplate-type planar array antenna

according to a second__enbodi nent of the invention.
The secdv®l Sheath nkht Fi&s. bleosachrraddmtinghichemegnt had a

cdnmet 3Be SraBlodtF FROR® ariBindite: Shqbhgadt soct ivity

{(side lobe level) was obtained in the horizontal
direction as shown in FIG.12, and in the vertical
direction as shown in FIG.13.
[0032]
<Second‘Embodiment>

FIG.9 is a view explaining a configuration of
triplate-type planar array antenna according to a second
embodiment of the invention.

The second embodiment has a configuration in which
a plurality of array antennas according to the first
embodiment are provided on an antenna circuit board 3.
Accordingly, the difference from the configurafion of
the first embodiment is that a plurality of slot openings
7 are provided on the antenna circuit board 3 in the
horizontal direction.
[0033]

It is also preferable in the second embodiment,

as in the case of the first embodiment, that each array
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Accordingly, the difference fromthe configuration of
the first enbodinent is that a plurality of slot

openings 7 are provided on the antenna circuit board
3 in the 25 horizontal directhﬁg. [00331 It is also
preferable in the second enbodi-rrent, as in the case
of the first enbodinent, that each array 17 (center)

SHRLRSJF) | Bbe A HiAPGY ek RRERIIRE k3 bibpenings
7 SBHA Yo By USSR DT i EIRLE48 asrection

fr ; [ ht g f r i
| 9LSORE {880 03 IPReQNn 01 97 PRLS) B oo space

S%@g?gﬁ}{%?hpig) £08 yCéﬁ%%@g?ﬁgﬁq%@ﬂgw%f a frequency

adiating elenents zont al

?!H@ﬁ&i E.?l e 2l SPoROR{equr eijtaiﬁog%%fQ%S‘ﬂﬂﬁb 0j83the second

imes the free space 10 wavel engt r the center

f reaAibeBGEmMOh th,ha s ReHens ba PaF i thesei rkd0iboliehfant , that
experinments have been conducted under the follow ng

cctrtceehe:mpdisgiming]é Dhatfos, thie gelareli ot ohasadiating
were configured to be arranged in the horizontal

diekemeorts | nSot her vichels, hotthrzendlast operegsidnweeere also
provided in the horizontal direction. Mreover, 16
slapngpaingd AwePe &f obhasuaghn 03 védmes| the free space
direction. Two radiating elenments 5 20 were confi gured

t wareed@ngtpohdi ignt thmeahtewfaregyency of the frequency

band in use.
[0034]

Here, experiments have been conducted under the
following concrete conditions.

That is, three array antennas were configured to
be arranged in thehorizontaldirection. Inotherwords,
three slot openings 7 were provided in the horizontal
direction. Moreover, 16 slot openings 7 were provided
in the vertical direction. Two radiating elements 5
were configured to be corresponding to one slot opening
7. That is, the number of the radiating elements 5 in
one array antenna was 2 x 16, namely, 32. Accordingly,
the number of the radiating elements 5was 32 x 3, namely,
96 for the whole planes. Conditions other than the above
described ones are the same as those of the first
embodiment.

[0035]

Experiment data was obtained under the
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7. That is, the nunber of the radiating elenents 5 in
one array antenna was 2 x 16, nanely, 32. Accordingly,
t he nunber of the radiating elements 5 was 32 x 3,
nanely, 96 for the whol e planes. Conditions other
than the above 25 described ont8 are the same as those
of the first enbodinent. [00351 Experinent data was

obt.ai ned under the_18 pve-descri bed conditi a

SRBVET d9EET I0Sa Ford Y Tone Hg Bhpttain EyCs (14 through
sﬁg¥ﬁng the gain of each of 32 radiating elenents in

t triplate-type planar array 5 antenna with the

b - i . i : £ 15 4
Vi ow shad e Lnet 81 Pocrt oVt P HaTaBY ohe ditty of Son of 32
mfﬁﬁi@?ﬁ%ﬁ°@fﬁm85¥§)iﬁo & ?%& at ¥R tpgedP¥nar array

el enent s, ich are arrange ori zonta

digfreEbinelh wilth e B Pratad yee ibeddorefat bbefiguration.
with the 10 above-descri bed concrete configuration.

FIFZE0 15518 a viieww showhad bheddieeldvivi tis(dd delobe level)

| evel) of a plane (vertical plane) forned by 16 ‘
r aef & pdgred drieotr s zomtal paenea) fowgedd byttbe two radiating
vertical direction, in the ¢triplate-type planar array )
atbanend s h whichiargharsanrged bacthedwrigontal direction,
configuration, [00361 As shown in FIG 14, each ]

r def aftingy dkRdatRutyP]aPdanars aprag: apitennppd with the

,H,};l%q%tggﬁ-l ‘?gigrﬁe_ t'eé: fcépsalg%: el 8?}% f&gpa@fgnqbt %If(gle is a
view showing the directivity (side lobe level) of a plane
(vertical plane) formed by 16 radiating elements, which
are arranged in the vertical direction, in the
triplate-type planar array antenna with the
above-described concrete éonfiguration.

[0036]

As shown in FIG.14, each radiating element had a
gain of 18 dBi or more, and the stable directivity (side
lobe level) was obtained in the horizontal direction
as shown in FIG.15, and in the vertical direction as
shown in FIG.16.

[0037]
<Third Embodiment)>

FIG.10 is a view explaining a configuration of
triplate-type planar array antenna according to a third
embodiment of the invention.

The third embodiment has a configuration in which

arbitrary adjoining array antennas among a plurality



10

15

20

25

20 as shown in FIG 15, and in the vertical direction
as shown in FIG 16. [00371 <Third Enbodi nent> FI G 10
is a view explaining a configuration of 25
triplate-type planar array antfnna according to a
third enbodiment of the inventPon. The third

enbodi nent has a configuration in which arbitrary

o RSB WS VESe8 PLYBL Hdp oo gerection
(88 LTGRO PSR AG T ANTIHEN B gygection.

OV o e HiR) A ¥ @ﬁeté‘f%%{dnﬁiéﬂgi%%ﬁf@iteﬁdé S & iﬁﬁiurality

of radiating 5 elenents rizont direct

OfoNeHRs I arr@Pt iBeinthASSUTEDFt A €. rhghberangke. radiating
two, and the sl0t opening 7 extends over two array

argamentd h6 simt thwehiondi Zont £br Gdapeotilon f 6 one array
radiating elements 5 in the horizontal direction. 10

[ @oBBénnta is assumest draliee, iforhexample enbwdi,mantd the slot
as in the case of the second enbodi nent, that each
aapg§nipgent eextpndsgovier otwicheaprayal anfeginaisat the slot
openings 7, that is, the array spacings D_in_ the
vEaRERANG T ed SFPILESDeB itRrs0ur vaddmthpeuglements 5

0., 93, tinmes the free_space vel ength Xo for the
cent ethﬁ%EﬁﬁP%ga&f Y ODpand in use.
N?Qﬁggﬁr, it is preferable in the third enbodi nent,
a He case of the second enbodi nent,

It is also preferable in the third embodiment, as
in the case of the second embodiment, that each array
(center) spacing D1 for the plurality of slot openings
7, thatis, thearrayspacingsDl intheverticaldirection
is configured at 0.85 through 0.93 times the free space
wavelength Ao for the center frequency of a frequency
band in use. Moreover, it is preferable in the third
embodiment, as in the case of the second embodiment,
that the array spacings D2 for the plurality of radiating
elements 5 in the horizontal direction are also
configured at 0.85 through 0.93 times the free space
wavelength Ao for the center frequency of the frequency
band in use.

[0039]

Here, experiments have been conducted under the
following concrete conditions.

That is, three array antennas, as in the case of

the second embodiment, were configured to be arranged
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that the array spacings D2 f or the plurality of
radiating 20 elenents 5 in the horizontal direction
are also configured at 0.85 through 0.93 tines the
free space wavel ength ko for the center frequency of
the frequency band in use. | 91 25 Here,
experinments have been conducted under the follow ng

R RS GRS OfRR, Mihe ol reaf o e AR g erence
oL e o et LR L6 WE £AE' B i ehBhaipent is that

sepnd gdodg et iépéh'citn%t he opg sLnPPEUrWA’ hét to be

configured not to be corresponding to one~array
agbtr@sporddeEngoridoshn’l Srearedneenbat iho e horizontal

provided in such a way that thé slot opening 7

edtigeistaver, that efd beo prosy dededmmssuchy otway that the
words, two slot openings 7, which are different from

eadlotbopeEning Heekdremdisi ovelre thendiefidi b array antennas.
direction, are provided in the horizontal direction.
10nThdhes wopds r e ot dpemings 4 ewhich are different
corresponding to the |onger slot opening 7, and_ two , .
r EFOM | GRAreRERST 5ify e TG ¢ é@é’tﬁghnglflo the shengdtudinal
SIS EREREY, farkS et ™15 Ynt RiFEeiteat gizect ion.
L RO ha T Al ERE s g 5 2el cgponding
fggihg H]%)ée %gﬂ%goé?mgl@dﬂhﬁn‘ﬁ"ﬂ% THHEPSE 1% g elements
5 are corresponding to the shorter slot opening 7. As
in the case of the second embodiment, 16 slot openings
7 are provided in the wvertical direction. As in the
caseofthesecondembodiment,thenumberoftheradiatihg
elements 5 of each array antenna was 32, and the whole
number of radiating elements 5 was 96.

[0040]

Experiment data was obtained under the
above-described conditions as shown in FIGs.17 through
19.

FIG.17 is a view showing the gain of eachhof 32
radiating elements in the triplate-type planar array
antennawith the above-described concrete configuration.
FIG.l1l8isaviewshowingthedirectivity (side lobe level)
of aplane (horizontal plane) formed by the two radiating
elements, which are arranged in the horizontal direction,

in the triplate-type planar array antenna with the
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[00401 Experinent data was obtai ned under the 20
above-descri bed conditions as shown in FIGs. 17
through 19. FIG 17 is a view showi ng the gain of each
of 32 radiating elenents in the triplate-type planar
array antenna with the above-%iscribed concrete
configuration. 25 FIG 18 is a view show ng the

OSSPl bl el el ere BocRLate (10 Z0UR 10 15
S5/ RRG AQ e SOELEANOL Y (84T BEALYBL) of a plane

aWér‘i':‘?ﬁ?éﬁ.b;[?ﬂg?%nP rféfm_%‘a‘bi())g F:?:E:agiaf Ei.ﬁeqls%li)@ngnt s, which

vi ew show ng ITectivity e lev

Plawe Gerahgdld pl #Re) this megelptdéanadigireetion, in the
el emrents, which are arranged in the vertica

ditespiletetnyge S5 planare-t yperakanarapteanant ewddh  the
with the above-described concrete configuration.

[ Eddte ABeskbovibed Mahctateaconfigatrialyienenent

had a gain of 18 dBi or nore, and the stable

dif@@dilviity (side 10 | obe | evel) was obtained in the

hori zontal djirection _as shown in FIG 18, and in the

verti calAgli sbemniasF Ihobd .| @a¢ks ragigtinc e hement had a

1P AbheBtol8 SRIUGH MaSr BPEnERS P IRBLBsTectivity (side
gﬁgﬁ%g?%%éi)a%ggdo\%ﬁihgﬁF&Hr¥ﬂéyhgkfgéﬂ¥al direction
as shown in FIG.18, and in the vertical direction as
shown in FIG.19 in much the same manner as that of the
second embodiment.
[0042]

Moreover, thoﬁgh a slot opening 7 has been
configured toextend over the plurality of array antennas,
a plurality of slot openings 7 may be provided in the
horizontal direction in one array antenna. In other
words, there may be a configuration in which a plurality
of radiating elements 5 in the horizontal direction in
one array antenna are divided into some groups, and one
slot opening 7 is corresponding to each groupl
[0043]

Considering the above configuration and the third
embodiment together, it may be generally said that an
arbitrary number of slot openings 7 can be provided in
the horizontal direction of the antenna circuit board

3 regardless of the number of the array antennas.



15

a plurality of slot openings 7 may be provided in the
hori zontal direction in one array antenna. In other
words, there may be a configuration in which a
plurality 20 of radiating elenents 5 in the horizontal
direction in one array ant enm@2ar e divided into sone
groups, and one slot opening 7 is corresponding to
eigﬂ}ﬂéﬁup [ 00431 Considering the above configuration
a third 25 enbodi nent together, it may be

gener al é‘bq Lhat 10 edi{::}ﬁﬁ%#é%%rtﬁ% f‘%ﬁtiating element

openi ngs can e’ pr OVI Ofl Zzonta

g'f‘}r 4o %f éi‘ tant %‘Q?a Eé’%ﬁag‘é?‘ (%5 éd.(ﬁgfédl §trough they

e nu er o the ar nnas

MR ay &e e i Nes Bawie<d S’C'E‘B%Srﬂorﬁlbﬁcrfﬂ' %é@bé'\z@@&&)lénat ion.

and the slot 7 may be square or circle, though t

have been assuned to be rhonmbic in the above

explanation. 5 Industrial Applicability [00451

Adeoatuls baritanl t Apmpl keatiilitgnti on, there can be

realized the triplate-type planar array antenna in

whi0dhd510 there is a high degree of flexibility in
setting_beam w dths on a desired radiating plane, and

a | over A§iGRrdidys ’F@v@lﬁ:dhrﬁ&eé'ééulﬁéfeélﬁéhom dhere can be

BRI St Biad ettt nnscn

Zpepfé ape I‘Pl aplardeaé%a ané P18 x11t§1_aLC Ordllq.gsteq:tlng beam
widths on a desired radiating plane, and a lower side
lobe level can be secured-even in a wider-angle direction
without deteriorating the characteristicsofahigh-gain
and high-efficiency triplate-type planar array antenna

according to the prior art.
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23 CLAIM5S 1. Atriplate -type planar array antenna
conprising: an antenna circuit board (3) on which an
antenna 5 circuit including a plurality of radiating
el ements (5) , which are verti%glly and horizontally
arrayed in a two-dinensional nner, and feedlines
(6) is forned; two pieces of dielectric substances
(2a, 2b) between which said a4t g circuit board (3)
is 10 sandw ched at the both sides; a ground
conductor (1) lam nated on one dielectric substance
(2b); and a slot board (4) |am nated on the other

di el ect i ca tatibpllatees- t3Pe p \Mﬂ&t%ﬁﬁaﬁﬁt&ﬁia%ﬁﬂrlsmg

(4) has a plurality of Slot openings each

cor r espandiagt eairsai diplauiti bpafar @QI)atdmgnhildﬂEzmSantenna
(5 with a linear arrangenent. 2. The triplate - type
picainacudrt apcdméing aqebudialyi t 0o f radiabingwkerients (5) ,
said plurality of slot openings (7) are formed on
saltichotapeardetsyicaldyr i and nhold zonkgklyi mrrayed in a
dlrectlon of said slot openings ~(7). 3. The triplate-

t e pA &m%nﬁiﬂﬂﬂ%nméﬂﬁﬁﬁemﬂﬁﬂnﬁeﬁﬂilﬂaﬁa(ﬁﬂzls formed;

wher ei n lurality of antenna circuits a f or med
sai d anti¥fha BHPERE Odar G ST eCt top BRREtgNCEE (22, 2b)

rned on sai d sl ot boar

TRRPRRY A Eh S du Rh PR ey badba (3 is
éﬁ,&ﬁ’&ﬁﬁ'dﬂ?éd(%)t BHE. BSCRUERIeR', 581 d plurality o

a ground conductor (1) laminated on one dielectric
substance (2b); and

a slot board (4) laminated on the other dielectric
substance (2a), wherein

said slot board (4) has a plurality of slot openings
(7)., each corresponding to said plurality of radiating

elements (5) with a linear arrangement.

2. Thetriplate~typeplanararrayantennaaccording
to claim 1, wherein said plurality of slot openings (7)
are formed on said slot board (4) in series in the

longitudinal direction of said slot openings (7).

3.Thetriplate-typeplanararrayantennaaccording
to claim 2, wherein a plurality of antenna circuits are
formed on said antenna circuit board (3), said plurality
of slot openings (7) are formed on said slot board (4)

in series in the longitudinal direction of said slot
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openings (7) corresponds to the nunber of said
plurality of antenna circuits. 5 4. The triplate-
type planar array antenna according to claim1l,
wherein a plurality of antennazgerU|ts are fornmed on
said antenna circuit board (3)7 “and at |east one sl ot
openlng (7) ext endi ng over at | east tmo of said

1 serle P?;S ﬁh& ﬁébdol %?ﬂé ;ﬁ}i%y of slot

é Iong |na direction

Ol@ﬁﬂéﬁﬂﬁg(g)( 7P ch‘%etsrp@hﬂtSGt ol YAe RLUAKEr ¥f @’ald plurality

antenna according to any one of claims 1 through

Welr ehafteathaaldyculx spaci ng for said plurality of
sl ot openings (7) in a direction perpendicular to the

| ongi tudi nal direction of said plurality of slot

openings (7) is set at 0.85 through 0. 9 3 tines a
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frequency of a frequency band in use. 20 6. The
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one of clains 1 through 5, wherein each' arr
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series in the longitudinal direction of said slot

openings (7).

5. Thetriplate-typeplanararrayantennaaccording
to any one of claims 1 through 4, wherein each array
spacing for said plurality of slot openings (7) in a
direction perpendicular to the longitudinal direction
of said plurality of slot openings (7) is set at 0.85
through 0.93 times a free space wavelength corresponding

to a center frequency of a frequency band in use.

6. The triplate-typeplanararrayantennaaccording
to any one of claims 1 through 5, wherein each array
spacing for said plurality of radiating elements (5)
in the longitudinal direction of said plurality of slot
openings (7) is set at 0.85 through 0.93 times a free
space wavelength corresponding to a center frequency

of a frequency band in use.



