1 ANTENNA AND W RELESS APPARATUS FI ELD OF THE | NVENTI ON The present
invention relates to a wireless apparatus 5 for providing various services
to the user and an antenna nounted on the apparatus and, nore particularly,
to amultinedia wireless apparatus for providing a plurality of services
by information transfer using electromagnetic waves of different
frequencies as nedium and a nulti-node antenna nounted on the apparatus.
10 BACKGROUND OF THE I NVENTION In recent years, nultinedia services which
provi de services regardi RANTERNSAMANDOWN IREALSH FHEARATRNE | nf or mati on

provi sion by radio are becom ng active, and a nunber of wreless 15
appar at uses have been devel oped and put into comrercial use. The services
are being diversified to the tel ephone, television, LAN (Local Area
Network) and the |like year aftrerrpesar. THg envawrm@dy of the services, the
user has to have w rel ess apparatuses corresponding to the individual

services. 20 To TW@rﬁﬁgséHQ QQW@ﬁﬂfny%JIHtéQetﬁsgrwi?e@@b@y #%Qatus
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i's, in a ubiquitous nmanner has started, a so- ca I - o
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apparatus for providing a plurality of services by information
transfer using electromagnetic waves of different frequencies
as medium, and a multi-mode antenna mounted on the apparatus.

10

BACKGROUND OF THE INVENTION
In recent years, multimedia services which provide
services regarding information transmissions and information
provision by radio are becoming active, and a number of wireless

15 apparatuses have been developediand put into commercial use.
Theserﬁicesarebeingdiversifiedtothetelephone,television,
LAN(LocalAreaNetwork)andthelikeyearafteryear. To enjoy
all of the services, the user has to have wireless apparatuses
corresponding to the individual services.

20 To improve the convenience for the user to enjoy such
services, movement of providing the multimedia services any
time, any where without making the user aware of the existence
of the media, that is, in a ubiquitous manner has started, and
a so-called multi-mode apparatus realizing a plurality of

25 information transmission services by itself is realized.

Since normal wireless ubigquitous information



2 transm ssion uses el ectromagnetic waves as a nedium in the sanme service
area, by using one frequency for one kind of service, a plurality of
services are provided to the users. Therefore, the nmultinmedia apparatus
has the function of 5 transnitting/rece?ving el ectromagneti ¢ waves of a
plurality of frequencies. A conventional nultinedia apparatus enploys for
exanple, a nethod of preparing a plurality of antennas each of a single
node corresponding to one frequency and nounting the antennas 10 on a
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for the user is not satisfied, Since antennas 20 having sensitivities to
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probl em of increase in dinensions of the apparatus. There is another

ant enna h&¥i dFesaiigeissties to a plurality of frequency bands. For
exanple, a two-frequency 25 antenna in which one end of a | oop antenna or
an aerial nenbeRconventionalmultimedia apparatusemploys, forexample,

a method of preparing a plurality of antennas each of a single
mode corresponding to one frequency and mounting the antennas
10 on a single wireless apparatus. According to the method, the
single-mode antennas have to be mounted apart from each other
by adistance of about awavelength soas to operate independently.
Since frequencies of electromagnetic waves used for‘services
regarding normal ubiquitous information transmission are
15 1limited to a few hundreds MHz to a few GHz due to regulation
of propagation characteristics in a free space, the distance
between neighboring antennas is tens cm to a few meters.
Therefore, the dimensions of the apparatus become large, and
portability for the user is not satisfied. Since antennas
20 havingsenéitivitiestodifferentfrequenciesaredisposedwith
sufficient distance, there is the problem of increase in
dimensions of the apparatus.
There is another antenna having sensitivities to a
plurality of frequency bands. For example, a two-frequency
25 antenna in which one end of a loop antenna or an aerial member

'is coupled to an RF circuit handling one fregquency and the other



I's coupled to an RF circuit handling one frequency and the other 3 end is
coupled to an RF circuit handling a different frequency is disclosed in
Japanese Patent Laid-Open Nos. S61(1986)-265905 and H (1989) -158805. In
the two-frequency antenna disclosed in Japanese Patent 5 Lai d-Open No.
S61(1986) - 265905, a first resonant circuit is connected to one of
termnals of a |loop antenna as a radiator and a second resonant circuit is
connected to the other termnal. A configuration is enployed such that the
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t he ot her hand, the two- ency antenna disclosed 15 in Japanese Patent
Laid-CpenQQQ 44(%%%%b51éh§ﬁgys a configuration such that a first resonant
circuit which resonates at a transmtting frequency and i s conn c%ed

bet ween one of Ifeth® falcs Iofe ey At @fsgioﬁeédﬂ?QFBanﬁﬁaga ent
transmtting output termnal has a hi%h | npedance to a receivin

frequebcy Laadi0ren HEo acP § Al LRABfber 6P éhs@béﬁiﬁ%xF%%QﬁﬁQﬁec%Fﬁﬁ%ﬁi§§ion

output termnal. A second resonant circuit which resonates at a receiving
frequency camthéated e st dfettwaar e etther 1opgr ARG 26hd BRFrar Fenber

and a receiving input termnal has a high inpedance to the transmtting
frequency,arshd stedwnd resonant circuit is connected to the other terminal.

A configuration is employed such that the one terminal resonates
at a transmitting frequency and the other terminal resonates
10 at a receiving frequency, a transmitting circuit is connected
to the one terminal (transmitting output terminal), and a
receiving circuit is connected to the other terminal (receiving
input terminal).
On the other hand, the two-frequency antenna discldsed
15 in Japanese Patent Laid-Open No. H1-158805 employs a
configuration such thata firstresonantcircuitwhichresonates
at a transmitting frequency and is connected between one of
terminals of an aerial member as a radiator and a transmitting
output terminal has a high impedance to a receiving frequency,
20 and the aerial member is disconnected from the transmission
output terminal. A second resonant circuit which resonates
at a receiving frequency and is connected between the other
terminal of the aerial member and a receiving input terminal
has a high impedance to the transmitting frequency, and the

25 aerialmember is disconnected fromthe receivinginput terminal.



25 aerial menber is disconnected fromthe receiving input termnal. 4
SUMVARY OF THE I NVENTION Al so in the case of using the two-frequency
antenna in a wreless apparatus using %mo frequenci es, input and out put

termnals (exciting points) handling di Fferent frequencies are 5 positioned
apart fromeach other, so that RF circuits have to be prepared to the

I nput and output termnals in positions apart from each other.
Consequently, it is difficult to integrate the RF circuits and

m ni aturization of the mﬁreggﬁﬁAﬁﬁp%ﬁaqﬁﬁ1ﬂﬁyﬁﬁfigﬁbed. 10 This situation
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mniaturization of a nultinode wireless apparatus_and cost reduction of
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i nductor as electric circuit elenents. Ina conventional_ antenna using such
a resonantfrom cwch atdiemke Cors amyvHaky, it is difficult to integrate

the RF circuits and miniaturization of the wireless apparatus
is disturbed.
10 This situation becomes more serious in the case where
the wireless apparatus is requested to have sensitivities to
a larger number of frequency bands. For amulti-mode apparatus
of , for example, three or four modes, each of the conventional
antennas requiresapluralityof RFcircuits andminiaturization
15 of thewireless apparatus is largelydisturbed. Eveninasingle
RF circuit constructed so as to be able to handle a plurality
of frequencies, in addition to a plurality of input and output
terminals for RF signals, a frequency divider and a multiplexer
are regquired. Further, a plurality of RF cables are necessary
20 to the antenna. It largely disturbs miniaturization of a
multimode wireless apparatus and cost reduction of the product.
A resonhant circuit is usually realized by a capacitor
and an inductor as electriccircuitelements. Ina conventiqnal
antenna using such a resonant circuit, to make the resonant
25 circuit operate independently of the radiator of the antenna,

ground level of the electric circuit element having no relation



25 circuit operate independently of the radiator of the antenna, ground

| evel of the electric circuit elenent having no relation 5 wth the
operation of the radiator has to be assured, so that the structure of the
antenna includes a plurality of conductPon systems. To be concrete, the
antenna structure becomes a nulti-layered structure or a structure in
which an RF circuit 5 board for generating a signal to be supplied to the
antenna and sonme conductors provided near the board are integrated. Both
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and reduction in manufacturing cost of the antenna.
From the above, in the antenna used for a multi-media
10 wireless apparatus, particularly, a multi-mode antenna, if a
single exciting point {input/output terminal) can be used for
electromagnetic waves of different frequencies, RF circuits
handlingapluralityof frequencies cancommonlyuseoneexciting
point, so that a semiconductor integrated circuit technology
15 can be applied. Therefore, miniaturization of an RF circuit
part for a plurality of frequencies can be realized, and a small,
cheap multi-media wireless apparatus can be realized.
A multi-mode antenna is an antenna having sensitivities
to electromagnetic waves of a plurality of frequencies, and
20 is defined as an antenna realizing a matching characteristic
between a characteristic impedance of a free space and a
characteristic impedance of an RF circuit of the wireless
apparatus with respect to electromagnetic waves of a plurality
of frequencies by a single structure.

25 An object of the present invention is to provide an antenna

capable of sharing one exciting point for a plurality of



of frequencies by a single structure. 25 An object of the present invention
Is to provide an antenna capable of sharing one exciting point for a
plurality of 6 frequencies, particularly, a small mnulti-node plate antenna,
and a small, cheap nulti-nedia wrel esséapparatus. To achi eve the object,
an antenna of the present invention is characterized in that a slit is
formed in a conductive plate, 5 an enclosed opening which is surrounded by
the conductor is formed in the conductive plate, a conductive strip

connectin two different points jn the s ou q%g conductor is formed in
t he encl ogé‘&qﬁﬁé‘rﬂl@gﬁf &R e PRrRT 't%esnb%]%lﬁ‘&‘tr}i g?)?‘g? eoulic%t%saen %rgngﬁ
exciting point. In particular, when the antenna 10 is a nulti-node
antenna, eRe gr eFadtl i ASAR oAV pEbdaliesd 2a i BIFRRALATHR present
i nvention has been achieved on the basis of the_follow ng new know edge
found by the i nFeriahbevetdienob] eatt an easense bifS RELFRG LY HhtEnha by
a conductive plate, if a dinension of the conductive plate such as |ength
15 or wi diils tsaaboteradednimbdrat anebi bfi safpampdwavel @‘h@@théHPrIé]s?)%di ng
to a specific frequency, it is unnecessary to deformthe conductive plate.
Howeves , genemnaldsedopmat empawhiohbésapplirednded by wihree| aysdwuppr at ¥is,
particularly, aportable wreless apparatus is requested for |arge
reduct i on riginddie i20tHenessiantiviehplespect ¢endhet vy ed enip hcarseelc t hng
wireless systemproviding services to the wireless apparatus. The antenna
havi ng sueh;digmensd st i1150190s| ahgehkoshereseding conductor is formed
in the enclosed opening, and a part of the conductive plate
is used as an exciting peint. In particular, when the antenna
10 is amulti-mode antenna, the present invention produces a larger
effect. The present invention has been achieved on the basis
of the following new knowledge found by the inventors herein.
In the case of constructing the antenna by a conductive
plate, if a dimension of the conductive plate such as length
15 or width is about odd-number times of a half-wavelength
corresponding to a specific frequency, it is unnecessary to
deform the conductive plate. However, generally, an antenna
tobeappliedtothewirelessapparatus,particularly,aportable
wireless apparatus is requested for large reduction in the
20 dimension with respect to the wavelength used in a wireless
system providing services to the wireless apparatus. The
antenna having such dimensions is too large to be used.
Reduction in the dimensions can be realized by using a
resonance phenomenon at a specific frequency. To realize the

25 reduction in size, the conductive plate has to be deformed by

forming any pattern such as a slit, a slot or the like in the



Reduction in the dinmensions can be realized by using a resonance
phenonmenon at a specific frequency. To realize the 25 reduction in size,
t he conductive plate has to be deformed_by form ng any pattern such as a
slit, a slot or the like in the 7 conduéti ve plate. In the case where a
resonance phenonenon occurs in the conductive plate when a part of the
conductive plate is set as an exciting point irrespective of the
deformation, it neans 5 that current density induced on the conductive

plate is %%géﬁ&ﬁgﬁggég%a??part having a faster phase and a part having a

del ayed phase omthe exciting point. The part in which current
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circuit elenment having a | unped or distributed paraneter intthe part which

i s i nductiavalegfayed phase when seen from the exciting point.
The part in which current density having the faster phase
exists is inductive when seen from‘the exciting point, and the
10 part in which current density having the delayed phase exists
is capacitive when seen from the exciting point. Therefore,
by mounting an electric circuit element having a lumped or
distributed parameter of capécitance in the part having the
faster phase and mounting an electric circuit element having
15 a lumped or distributed parameter of inductance in the part
having the delayed phase, a new resonance phenomenon seen from
the exciting point can be realized.
When the conductive plate is deformed as necessary and
a point of the conductive plate is used as an exciting peint,
20 by forming an electric circuit element having a lumped or
distributed parameter in the part which is inductive or
capacitive when seen from the exciting point, a new resonance
phenomenon can be brought about in the conductive plate.
The situation can be also understood by assuming a state
25 in which the conductive plate is divided into "n" segments.

On each of the "n" divided conductor segments, induced current



capacitive when seen fromthe exciting point, a new resonance phenonenon
can be brought about in the conductive plate. The situation can be al so
understood by assunming a state 25 in mﬁich the conductive plate is divided

into "n" segnents. On each of the "n" divided conductor segnents, induced
current 8 is generated. Assum ng now that the exciting point is provided
on the first segnent, the followng matrix equation (1) is obtained by (n)
i nduced currents 11, 12, ..., and In. (allalialn 5 ail-- aili ain

\.., . anlani;g ngré(t%so OA%SJItﬂ?n & xn@fe Eﬂe é@éit%n@%td*@ﬂslﬁr&ﬂlded
| npedance na rx Each of elenents all, al ..., and ann of the

|npedance ) of Houa) | I
expressed %Zg'géu q%ﬁym%ﬁtfneggggg%g%%ﬁngébre55|J%gjé%i%ﬁa?%?ilgbsf

bi n-" 1%b|tla1ned by (n) induced currents I1l, I2, .., and In.

(6]

all--ali--aln \ ( I1 ) (v

ail - aii--ain i = | C . (D)

anl‘-ani''ann \_InJ . 0

The matrix of the matrix equation is an impedance matrix.
10 Each of elements all, al2, .., and ann of the impedance matrix
has theunit of impedance. Theequation (1) canbealsoexpressed

as eguation (2) by inverse matrix expression.

I b1l -bli--bln N\{ v )
0
15 I _ | bil-- bii-bin : P
kln ) bnl--bni‘-bnn . 0

The matrix of the matrix equation (2) is an admittance
matrix, and each of elements bll, bl2, .., and bnn of the matrix

20 has a unit of admittance.
Since the input admittance of the exciting point is equal

to I1/V as shown in the eguation (3),

I1=b11V

I1/V=bll - (3)

25

if the antenna resonates at a frequency "f", the element bll



In J The matrix of the matrix equation (2) is an admttance nmatrix, and

each of elenents bli, bl2, ..., and bnn of the matrix 20 has a unit of

adm ttance. Since the input admttance gf the exciting point is equal to
bFl VvV

II/V as shown in the equation (3), II= | 1/V=bl1l1 25 (3) if the antenna
resonates at a frequency "f", the elenent bll 9 al so displays the resonance
characteristic at the frequency "f" . If an inductance is nounted in the
position of the i-th segnent (15 i <_n) , voltage generated in the

posi tion gf h%igg]%%s;fggn{eéénsﬁegeé S ol rlllslds D IS Afkediidiucy ance

value 5 L and an equency co = nsequently, the matrix

equation in,this_case.is._express fol | owi [.O é% 10
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segment (1< i < n), voltage generated in the position of the
i~th segment is expressed by joLIi by using an inductance value

5 L and an angular frequency o = 2nf. Consequently, the matrix

equation in this case is expressed by the fecllowing equation

(4) .
CI1 b11-'bli--bin N[ v )
. o 0
10 Ii = | bil'- bii--bin joL Ti L. (a)
. L 0
(In bnl-bni--bnn_/\_0

The input admittance in the case of equation (4) is

expressed by the fcllowing equation (5).

15
I1=>b11 V+bli joL Ii, Ii=bil V+biijeoL i
bli bil
I1/V=bll— ~————— Coe e 03)
bii——
joL
20 In addition to the resonance by bll at the frequency "f",

resonance can be made by the inductance L and the admittance

matrix element bii. Since bii has the unit of admittance,

consideringthat theadmittanceof the inductancelis the inverse

of joL, the series resonance of the capacitor and the inductor
25 c¢an be realized according to the sign of bii.

A necessary condition for this purpose is that the sign



The input admttance in the case of equation (4) is expressed by the

foll owing equation (5). 15 I1=bll V+bli jwL li, li=bit V+bii jwL Ii

| 1/V=bl1l- bli bit bii 1 jwL 20 In addition to the resonance by bll at the
frequency "f" , resonance can be nade My the inductance L and the
admttance matrix elenent bii. Since bii has the unit of admttance,

considering that -the admttance of the inductance L is the inverse of jw,
the series resonance of the capacitor and the inductor 25 can be realized
according to the sign of bii. A necessary condition for this urgose S
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component of the i-th segnent is accordingly capacitive. Since a part of
st ruct ur e SHPPRAISEH: af iR dnkh SRITRTF LARACTIr 4P NI R bl PR cap=RFEi ve
and another part is equivalent to be inductive 5 when the antenna occurs
resonant preROEEfas trecEsrsdff vEiehtan pBteRddskS & o@dpFEd Lo e Parialenht i s,
a capacitive segnment from the parts as the i-th segment. In order to
real i ze the haltdpaobel eatagthanbyherepattndusdnie plente tot bacindectivei s
sufficient to forma plurality
5 when the antenna occurs resonant phenomena, it is sufficient
to choose a capacitive part, that is, a capacitive segment from
the parts as the i-th segment.
In order to realize the multi-mode antenna by the
conductive plate structure, it is sufficient to formaplurality
10 of inductive parts and a plurality of capacitive parts on the
conductive plate by properly deforming the conductive plate
as necessary and load electric circuit elements to the parts.
A resonance ata first frequency when a part of a conductive
plateissetasanexcitingpointbybeingdeformedcanberealized
15 only by the deformation. A resonance at another frequency can
be alsoc realized by loading an electric circuit element to an
inductive or capacitive part on the conductive plate having
low correlation with the resonance at the first frequency.
In this case, it is sufficient to determine whether the
20 inductive or capacitivepart on the conductiveplate contributes
to the resonance at the first frequency from a quantitative
induction value or capacitive value.
A concrete method of realizing the_above—mentioned
electriccircuitelement into the conductiveplateisasfollows.

25 A portion of the conductive plate is deleted in a dimension

(for example, less than 1/100) sufficiently smaller than the



10 of inductive parts and a plurality of capacitive parts on the conductive
pl ate by properly deform ng the conductive plate as necessary and | oad
electric circuit elements to the parts. A resonance at a first frequency
when a part of a conductive plate is setl as an exciting point by being
defornmed can be realized 15 only by the deformation. A resonance at

anot her frequency can be also realized by |oading an electric circuit

el enent to an inductive or capacitive part on the conductive pl ate having

ow correl alignahh Lhe 1iesonance b Lfie Ll kel L gueneea LB Lhke ase. It
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is sufficiént ermne ucti or capacitive part on

the conductive plate contrjbutes,.to the resqnan at .the fi frequency
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of realizi,ng the above-nentioned glectrLc cig; it. elenent into_the
conductivéﬁﬁ%ﬁ?&?% LT Fot FofsSmeB 'Alﬁoﬁﬁiﬁﬁ(ﬁﬁﬁﬁﬁPEo AutPFle®pl ate is
deleted in a dinension (for exanple, less than 1/100) sufficiently snaller
than the BB WehRlaHigth P46 A CATERE X PEMal 8oL bE1 G pePar 64 R T Hat ot ho
plate is surrounded by the conductor. And, in the case of an |nductive
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bent |line having a narrow pattern 5 width realizing an inpedance (for
exanmpl e, Miednetd ngintmpsdancenhés nohiodds)i apddisdentsl b ighes) tharf FReently
hi gher than the nom nal inpedance (usually, 50 ohnms) of an RF circuit in
the del emethigork iimpedancheesiselby  aSapaesti 96 anrBhi¢leFeenin the

deleted portion. In the case of a capacitive circuit element,
it is sufficient to form a linear or bent line having a gap

10 of necessary width and length.

As described above, the antenna of the present invention
uses the conductive plate and a circuit element is formed by
deleting a part of the conductive plate, so that the antenna
can be miniaturized, and the manufacturing cost can be largely

15 reduced. Since one exciting peint is shared by a plurality
of frequencies, integration of an RF circuit to be connected
to the antenna is easy. Particularly, in the case of applying
the antenna to a multi-mode wireless apparatus, the size and
manufacturing cost of the apparatus can be reduced.

20 These and other objects and many of the attendant
advantages of the invention will be readily appreciated as the
same becomes better understood by reference to the following
detailed description when considered in connection with the
accompanying drawings.

25 |

BRIEF DESCRIPITON OF THE DRAWINGS



it is sufficient to forma linear or bent |line having a gap 10 of
~necessary width and I ength. As described above, the antenna of the present
i nvention uses the conductive plate and a circuit elenment is formed by

del eting a part of the conductive platel2so that the antenna can be

m ni aturized, and the manufacturing cost can be |argely 15 reduced. Since
one exciting point is shared by a plurality of frequencies, integration of
an RF circuit to be connected to the antenna is easy. Particularly, in the

case of applyin the antenna to nul ti.- nrode wi_rel es rat us, -t he,size
and manuf actur%ﬁ&'cgstlsofat% WP ‘:ﬁ%&ugrégﬁngefPédl?é{}d‘%n%ﬁeéef%ﬁgtot her
obj ects and many of th}:a ﬁ}gtendant ,advagt %g[es of the invenctii.on gill be

readi |y aSprRRdinet KRt kRS SBHENhEEHNE: A - IYRr 35 08HIBY9r EPerl8fce to

the followng detailed description when considered in connection with the
acconpanyiiy d¥eM’hgs. 25 BRI EF DESCRI PI TON OF THE DRAWNGS 12 FIG 1 is a
structural drawing for explaining a first enbodi nent of the invention of
an ant enna accofding 2t ést Re s tirpgdmtiagn ArG N far £ kR ipdl 2 dFRGPRY for
expl aining a second 5 enbodinent of the invention. FIG 3 is a structural
drawi ng f embexdimemt ngf athéi idvessbodi-nent of the invention.
FIG. 3 is a structural drawing for explaining a third
embodiment of the invention.
FIG. 4 is a structural drawing for explaining a fourth
embodiment of the invention.
10 FIG. 5 is a structural drawing for explaining a fifth
embodiment of the invention.
FIG. 6 1s a structural drawing for explaining a sixth
embodiment of the invention.
FIG. 7 1s a structural drawing for explaining a seventh
15 embodiment of the invention.
FIG. 8 is a structural drawing for explaining an eighth
embodiment cf the invention.
FIG. 2 is a structural drawing for explaining a ninth
embodiment of the invention.
20 FIG. 10 is a structural drawing for explaining a tenth
embodiment of the invention.
FIG. 11 is a develcpment for explaining an eleventh
embodiment of a wireless apparatus on which an antenna of the
inventiocn 1s mounted.

25 FIG. 12 is a development for explaining a twelfth

embodiment of a wireless apparatus on which the antenna of the



FIG 4 is a structural drawing for explaining a fourth enbodinment of the
invention. 10 FIG 5 is a structural drawing for explaining a fifth

enbodi ment of the invention. FIG 6 is a structural draw ng for expl aining
a sixth enbodiment of the invention. RI3G 7 is a structural draw ng for
expl aining a seventh 15 enbodinment of the invention. FIG 8 is a
structural drawi ng for explaining an eighth enbodi nent of the invention.
FIG 9 is a structural drawing for explaining a ninth enbodi nent of the
invention., 20 FIG 10 is a structural drawing for explaining a tenth
enbodinenPHHPnFHQDiﬁ§EMQQﬂﬁeéﬂ(i 11 is a devel opnent for expl aining an

el eventh enbodi nent of a wireless apparatus on ﬁthh an antenna of the
invention i s mofiRfedl325 SFRGAere QPRERevEPHpRERL LB NG F FTiTTE S thel f t h
enbodi ment of a wirel ess apparatus on which the antenna of the 13 invention
i s nount e@MbpAdmens pf a Wl oprERPIRR TeX AIRiLTS AhenpRteBRanot the
enbodi nent of a w rel ess apparatus on which the antenna of the 1invention
i s nmount ednvenEliGn 14 impuntkdel opment for explaining a fourteenth

enbodi ment of a wirel ess apparatus on which the antenna of the
5 FIG. 14 is a develcopment for explaining a fourteenth

embodiment of a wireless apparatus on which the antenna of the

inventicn is mounted.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
10 An antenna and a wireless apparatus using the antenna
according to thepresent inventionwill bedescribed hereinbelow
in more details with reference to some embodiments of the
invention shown in the drawings. Although the invention will
be described by using an example in which a multi-mode plate
15 antenna is employed as the antenna in the following embodiments,
obviously, the antenna of the invention is not limited to the
multi-mode plate antenna.
A first embodiment of the invention will be described
with reference to FIG. 1. FIG. 1 is a diagram showing the
20 configuration of a multi-mode plate antenna according to the
present invention. A slit 2 is formed in a part of a conductive
plate 1, and an exciting point 3 is formed in the slit 2 by
using a part of the slit as an exciting level and using another
part as a ground level. In the conductive plate 1, a first
25 enclosed opening 4 and a second enclosed opening 6 which are

separated from the slit 2 and surrounded by the conductor are



invention is nounted. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 10
An antenna and a wirel ess apparatus using the antenna according to the
present invention will be described here inbelow in nore details with
reference to sonme enbodi ments of the i¥¥vention shown in the draw ngs.

Al t hough the invention will be described by using an exanple in which a
mul ti-node plate 15 antenna is enployed as the antenna in the foll ow ng
enbodi ments, obviously, the antenna of the invention is not limted to the
nulti-nnd pl ate antenn odi nen I nvent i on

descri bed ' e’r?{e'r e &nt r rés Y—'?étrll?s Sng Agram’s ovﬁ‘%“‘f%{)‘%zo
conflguratlon of. a Itl-nDde Blate a t%gna accordin g ? t he res ent

i nventi onS K“§1Ft62 SCPBRREGINT F¥BaftI6PTEREORAARERVRT TGt u%ﬁﬁran
exciting point is formed in the slit 2 by wusing a part of t sljt as an
exci ting |swa°%%|% gR6LREED %?tuagsaaﬁ? 9dva the r?‘trﬁgu%%'ﬂﬁct ive

plate 1, a first 25 enclosed opening 4 and a second encl osed opening 6
whi ch areopsépdited fromthe slit 2 and surrounded by the conductor are 14
formed, and a first conductive strip 5 and a second conductive strip 7
each connect i ng Invbheidrlegdinepbi it the eordeshduetiatedrr sUIRE AR AR
encl osed openings are formed in the conductive opening. 5 In the
enbodi menphenvndren onduct $ &t @ dredqhieraey édhdmycghephéasngnonlncearssat a
frequency "f" by the slit 2. In parts
which are capacitive around the frequency "f", the enclosed
openings 4 and 6 enclosing the conductive strips 5 and 7
respectively are formed.

10 Therefore, when each of the conductive strips 5 and 7
has a width which is narrow to a degree that a characteristic
impedance sufficiently higher than anoutput impedance (usually
50 ohms) of an RF circuit to be coupled to the exciting point
3 is obtained, each of them operates as an inductance.

15 Consequently, according to the inductance and a capacitive
property of the place of the inductance, new resonance occurs
around the frequency "f". It produces an effect of realizing
a multi-mode antenna which resonates at a plurality of
frequencies arcund the frequency "f". The line width of the

20 conductive strips 5 and 7 is set to, for example, 1/4 of the
width of the slit 2 or less.

The number of resonances of the antenna according to the
embodiment can be two at the maximum except for the resonance
realized by the slit 2. To enlarge a matching bandwidth of

25 the antenna at the resonance frequency, it is also possible

to make the antenna resconate only at one frequency.



whi ch are capacitive around the frequency "f", the encl osed openings 4 and
6 enclosing the conductive strips 5 and 7 respectively are forned. 10
Theref ore, when each of the conductivejégrips 5 and 7 has a width which is
narrow to a degree that a characteristi I npedance sufficiently higher

t han an out put inpedance (usually 50 ohns) of an RF circuit to be coupled
to the exciting point 3 is obtained, each of them operates as an

i nduct ance. 15 Consequently, according to the inductance and a capacitive

property of t he ?kﬂ%ﬁ gft%ge quﬂgkﬁaggarea rgﬁgnggggog%gpg%eﬁy ds t he

frequency "f" produces an effect Izing a nulti-node antenna

whi ch t a pl f n
(e wi dt %ngrée e el B s S IRl B SRR AP e . 1%
f the widt he slit 2 he_nuben .of .

gntenﬁa y@c& &i r‘? ta%b'tslh%ra Or%ifé%? 1 nOBet o4 e c{e&q@ce%rp dde

anBe t o “at"t he maxi mum except for
the resonance _realized

it 2. T h band
25 the anEBRRSiIREY e S g’oﬁ%n?éefclf%rh%‘éﬁEgreﬁnva{geaﬁas%c{)gsép L al\rﬁlc?réa e the
antenna resonate only at one frequenc 15 Althou h t he shape of each of
the ericl 0SBAPGHRRERYEEA SBARE 6 P 50 SYiaaroF ¢+ HOR hEERBGE REAT SIMeTHTS be

circular, further, a closed arbltrary pol¥90nal or a closed curve. In the
embodi menshaggoh a5t adiel cokRfiet DFLSEE] F@N5PEN@PEXALES meander 5 shape or

fol ded shape. Al so by a straight shape or curved neander ,
As described above, 1n the antenna of the embodiment,

the conductive plate is used and a circuit element is formed
by partially deleting the conductive plate. Consequently, the

10 antenna can be miniaturized and the manufacturing cest can be
largely reduced. Since one exciting peoint is shared by a
plurality of frequencies, integration of an RF circult part
tobe connectedtotheantennais facilitatedandminiaturization
of the multi-mode wireless apparatus and reduction in

15 manufacturing cost can be achieved.

A second embodiment of the invention will be described
with reference to FIG. 2. FIG. 2 is a diagram showing the
configuration of a multi-mode plate antenna according to the
present invention. The point different from the embodiment

20 shown in FIG. 1 is that a third enclosed opening 8 and a fourth
enclosed opening 10 isolated from the slit 2 and surrounded
by the conductor are formed in the conductive plate 1, and a
third conductive strip 9 and a fourth conductive strip 11 each
connecting two different points of the conductor surrounding
25 theenclosedopeningare further formedinthe enclosedopenings.

According to the embodiment, the number of resonances



shape, an equival ent effect can be obtained. As described above, in the
antenna of the enbodi nent, the conductive plate is used and a circuit
elenent is fornmed by partially deletin? t he conductive pl ate.

Consequently, the 10 antenna can be mn @turized and the manuf act uri ng cost
can be largely reduced. Since one exciting point is shared by a plurality
of frequencies, integration of an RF circuit part to be connected to the
antenna is facilitated and mniaturization of the nulti-node wreless

appar at us A edet Lo | s 18oMaNULAGKW il GASE SRODE AGDI euedy A second

enbodi nent of the 1 nvention w escri be rence to

G 20 AdaNARshaung b SONLLANALOR of G pLLLennde plals.

ant enna accor present 1 nventi on. romt he

enbodi nment_,20_shown i n Fl 1 is that a third encl gsed.openin and a
Fourth ool CopmREs s b T as PRGN FT e S7T P b A S S SRR REAP By ¢ he
conduct or e formed in the conductive plate,1, and a third conductive
Strip 9 afd BORSETH CoRAREETE 7RI 19 R SoR AR, ChRcE o PP &P ER(

poi nts_of the conductor surrounding 25 the enc| osed opening are further

for med®i n %ﬁﬂ9%§%§ 5%%n?ﬂ5§?naAééoF8Wﬁjqﬁ9tWﬁ?Qﬂéhﬁﬂ dimeRt nafber
of resonances 16 of the antenna is four at the maxi num except for resonance
realized By %hetslit 2. As conpared with the first embodinent, the

mul ti-node antenna _produces an effect of an increased nunber of nodes or
an enl arged nat éhithd BhrdedHrerbunll the pesssaicdnvention will be

described with reference to FIG. 3. FIG. 3 is a diagram showing

the configuration of a multi-mode plate antenna according to

10 thepresent invention. Thepointdifferent fromthe embodiment

shown in FIG. 1 is that the extending direction of each of the

conductive strips 5 and 7 is almost the same as the longitudinal
direction of the slit 2.

In the specification, in a conductive strip copnecting

15 two different points of the conductor surrounding an enclosed

opening, adirection extending from one of two different points

to the other peoint, that is, a direction from the start point

of the conductive strip to the end point will be called an

extending direction. In the first embeodiment, therefore, it

20 canbe said that theextendingdirection of the conductive strips

5 and 7 is a direction almost orthogonal to the longitudinal
direction of the slit 2.

According to the embodiment, the direction of current

flowing concentratedly on the conductive strips 5 and 7 does

25 not match the direction of current contributing to radiation

generated by the slit 2. Consequently, an effect is produced



5 frequency of the antenna as conpared with the enbodinent of FIG 1. A
third enbodi mnent of the present invention will be described with reference
to FIG 3. FIG 3 is a diagramshowing the configuration of a nulti-node
pl ate antenna according to 10 the presam invention. The point different
fromthe enbodinent shown in FIG 1 is that the extending direction of.
each of the <conductive strips 5 and 7 is alnost the sane as the

| ongitudinal direction of the slit 2. In the specification, in a
conductive strip connectin 15 two different points of the conductor
surroundi k§2a&ndeREnERadCeopeRi hEFC At Y E¥tS DR BREBNAP ML LEBIMIERC B th%w0
different points to the other point, that is, a direction fromthe start
poi nt  of anienaen#didahy & ss caiys e bivhaocand i wf wihg ase et iste AErips
extending direction. In the first enbodinent, therefore, it 20 can be said
that the &xaeddi’ngrdioechianivé phetesndacsippressiegs ass cambardd with
direction al nost orthogonal to the longitudinal direction of the slit 2.
Accor di ngthe temboehireditesttowt hendFié&ctilon of current f | ow ng
concentratedly on the conductive strips 5 and 7 does 25 not match the

di rectj on of cumnr€stréeantmnbbdimadd @ fr atieatinenganar atidd be s dilbed.
Consequently, an effect is produced 17 that disturbance for directivity of

a main pokatinZatdfatrafcd e mndenpa which 4 sigadsadabyaWHdwih@ftide
conductive strips 5 and 7 on conductive plates is suppressed as conpared
with configuration of a multi-mode plate antenna according to the
present invention. The point different from the embodiment
shown in FIG. 2 is that while the extending direction of the
10 conductive strips 5, 7, 9, and 11 is almost orthogonal to the
longitudinal direction of the slit 2 in the second embodiment,
the extending direction of the conductive strips 5, 7, 9, and
1l is a direction almost the same as the longitudinal directicn
of the slit 2.
15 According to the fourth embodiment, the direction of
current flowing concentratedly on the conductive strips 5, 7,
9, and 11 does not match the directien of current which
contributes toradiationgeneratedby theslit2. Consequently,
an effect is produced that disturbance for directivity of a
20 main polarization of the antenna which is caused by mounting
of the conductive strips 5, 7, 9, and 11 on conductive plates
is suppressed as compared with the embodiment shown in FIG.
2.
A fifth embodiment of the invention will be described
25 with reference to FIG. 5. FIG. 5 is a diagram showing the

configuration of a multi-mode plate antenna according to the



t he enbodi nent shown in FIG 1. 5 A fourth enbodi nent of the invention wll
be described wth reference to FIG 4. FIG 4 is a diagram show ng the
configuration of a nmulti-node plate antenna according to the present
imvention. The point different from thel&nbodi nent shown in FIG 2 is that
whil e the extending direction of the 10 conductive strips 5, 7, 9, and 11

I s alnost orthogonal to the |longitudinal direction of the slit 2 in the
second enbodi nent, the extending direction of the conductive strips 5, 7,

o, and  1]je i peetiqn 2l ppotptieasede And beohandl Lysbaakodiv sgbian  of

the sli According to ment, Irection o
t fl.ow trated ' ' 74 11
does ot HRYERCt Hew B PAS IO bF Sotrs Bre anr it thenekEBleges/s rér 2Pfn

generated hy.the sliit 2. Consequentl n_effe I s_produced t ha

st ur bancd FBR GPPRUERIE, SoFIHE20 i T B3FaPESRPRORAd EnE SR SHR&T ahi ch
i s caused by nounting . of the conductive strig; %. 7,.9, and_11 on
conductive pl at 8§ iNhEPeE88(CHRCEMFRFed et HL TRETERBEIP FeTH T ERBYA i n
FIG 2. Afifth enbodi ment of the invention will be described 25 wth

ref er ence fO"Hing apnegrtratedly gragPEntSRGNGTd the 1ot T gurakfoh 8FSa
mul ti-node plate antenna according to the 18 present invention, which is
di f f er ent OEt&RGHER kHSoR FBMtENowE© FhaFIdd rachiehs cdspagnetd o heep8ent

that the extending directions
generated by the conductive strips 5 and 7 are also orthogonal

to each other and interference 1ls reduced. Therefore, also
in the case where the positions of the enclosed openings 4 and
10 ¢ which are capacitive are close to each other, the operations
of the inductors can be performed independently of each other.
There is an effect of suppressing degeneration of a resonance
phenomenon caused by interference of the magnetic fields of
the inductors, in other words, dissipation of the multi-mode.
15 A sixth embodiment of the invention will be described
with reference to FIG. 6. FIG. 6 is a diagram showing the
configuration of a multi-mode plate antenna according to the
present invention. The point different from the embodiment
of FIG. 2 1s that the extending direction of the cconductive
20 strips 5 and 7 1s orthogecnal to the extending direction of the
conductive strips 9 and 11.
According to the sixth embodiment, the direction of
currents flowing concentratedly on the conductive strips 5 and
7 and the direction of currents flowing concentratedly on the
25 conductive strips 9 and 11 are orthogonal to each other, so

that the effects similar to those of the embodiment of FIG.



of the conductive strips 5 and 7 are orthogonal to each other. According to
t he enbodi nent, the directions of currents 5 flow ng concentratedly on the
conductive strips 5 and 7 are orthogon to each other, so that directions
of magnetic fields generated by the conductive strips 5 and 7 are al so
orthogonal to each other and interference is reduced. Therefore, also in
the case where the positions of the enclosed openings 4 and 10 6 which are
capacitive are close to each other, the operations of the inductors can be

performed § pdepepdenide 8ho8aSReNSF F1cThEESn bE AN & £8¢hedmSsPPRESE! NT
degeneration of a resonance phenonenon caused by interference of the

magnetic fjsel of, the inductors, in other words, dissipation of the
mul ti - mode. A sixth enbodi nent of the invention will be described with

reference 10 Fl & gGvebh® kbicliagranaonag e . eoaliguialion ol @

mul ti-node platé antenna accor 0t he resent “i'nvention. € poi
different frromthe enbodi pen of _FI i's that the extendi ng.direction of
t he conducti 5ﬁf%¥??%§ Egah867 s SFE%OggnéF fo @Hﬁﬂeéhﬁ%bn%ifgﬁtion
of the_ conductive strips.9 and 11. According to_the sixth enbodinent, the
G eots on B EIaR TRt En Oh g e mds LTS SRenge ConenEeion Loy TR 5
and 7 and the djrection of currents flowing concentratedly on the_ 25
conduct i vé SIS PR arfdiel PArE of t hb§ERARF Fgo@aEﬁ%ﬁﬁﬂQQd nt ot FHe-

effects simlar to those of the enbodinent of FIG 19 5 related to the
embodi nent? ¢S ﬁmeﬁ-fq%m?ﬂﬁgqﬂkﬂﬁ1Q%qu%ﬁ%%ﬁﬁﬁfﬁ%%tcondUCtlve strips 5

and 9 is orthogonal to that of the conductive strips 7 and 11.
According to the seventh embodiment, the direction of

10 currents flowing concentratedly on the conductive strips 5 and
9 and that of currents flowing concentratedly on the conductive
strips 7 and 1l are orthogonal to each other. Thus, effects
similartothoseofthésixthembodimentrelatedtotheembodiment
of FIG. 2 can be given to the embodiment of FIG., 2.

15 An eighth embodiment of the invention will be described
with reference to FIG. 8. FIG. 8 is a diagram showing the
configuration of a multi-mode plate antenna according to the
present invention. The point different from the embodiment
of FIG. 1 is that a first tapping conducter 12 and a second

20 tapping conductor 13 are formed in the slit 2 so as not to be
in contact with each other, an inner conductor at one end of
a coaxial line 14 is electrically connected to the first tapping
conductor 12 by a solder 15, an cuter conductor is electrically
connected to the second tapping conductor 13 by the solder 15,

25 and inner and outer conductors at the other end of the coaxial

line 14 are coupled to an exciting level and a ground level



of FIG 2. A seventh enbodi nent of the invention will be described wth
reference to FIG 7. FIG 7 is a diagramshowing the 5 configuration of a
mul ti-node plate antenna according to the invention. The point different
fromthe enbodinent of FIG 2 is that 42the extending direction of the
conductive strips 5 and 9 is orthogonal to that of the conductive strips 7
and 11. According to the seventh enbodi nent, the direction of 10 currents
fl ow ng concentratedly on the conductive strips 5 and 9 and that of
currents fl ow n%eﬁoncenirat edIY on_t he cq ductive strips 7 and 11 are

or t hogonaPt §Tedth- ottt . SFhaE et PEAE ‘Sinilar to those of the sixth
enbodi nent related to the enbodinent of FILG 2 can be_given to the

embodi ment of FRECOXAITH e tBrghdh EhBBRPRERE TSt HerPveatioo 3R FPRBR
described wth reference to FIG, 8. FIG 8 is a diagram show ng, the,

conf i gur aBicEP IsFing ﬁﬁItthi&%ﬂéede{I@%ﬁmﬁa&é&?apﬁgeﬂ&q #B REpFEett

i nvention. The point different fromthe enbodinment of FIG 1 is that a
first tappars ¢ohdbdtsosraliandyapationd RO aepmmylEofdedots 83 af Ee€6r med
inthe slit 2 so as not to be in contact with each other, an inner

conduct or odt fanel ehatohg mowosExiad £ Itheend Bt i smeflecnticgaid 9f dhverereeento t he
first tapping conductor 12 by a solder 15, an outer conductor is

el ectri calinwercomectete t ® mhétsemode wape g Tamatatud 3chpabhe ©dl der

15, 25 and inner and outer conductors at the other end of the coaxial |Iine
14 are cowplijed, itmay an ekerilhgyl e¥eliaed ea sgreoumcen evet v 2fes .

A ninth embodiment of the invention will be described
with reference to FIG. 9. FIG. 9 is a diagram showing the
10 configuration of a multi-mode plate antenna according to the
present invention. The point different from the embodiment
of FIG. 1 is that, in place of the slit 2 having the linear
shape, a meandering slot 17 having a shape which is folded in

the conductive plate 1 is formed.
15 According to the ninth embodiment, as compared with the
embodiment of FIG. 1, theslitcanbemade longer. Consequently,
. resonance at a lower fregquency can be realized with the same
dimensions of the conductive plate. In other words, resonance
at the same fregquency can be realized with smaller dimensions
20 of the conductive plate, so that the embodiment.is effective
at reducing the size of the multi-mode antenna according to

the present invention.

A tenth embodiment of the invention will be described
with reference to FIG. 10. FIG. 10 is a diagram showing the
25 configuration of a multi-mode plate antenna according to the

present invention. The point different from the embodiment




at an external exciting point 16. According to the eighth enbodi nent, the
mul ti-nbde antenna according to the present invention can be coupled to an
RF circuit part which is spatially apﬁ%%. Consequently, there is an effect
5 of faciliting nmounting of the nulti- e antenna of the present

invention onto a nulti-node wrel ess apparatus capable of enjoying a
plurality of wireless systemservices. A ninth enbodi nent of the invention
will be described wth reference to FIG 9. FIG 9 is a diagram show ng

the 10 co¥ iggf atd ony &haA B UpdPd A& eIP - aeeoeding teripels
present invention. The point different fromthe enbodinent of FIG 1 is

that, in pliace, \?\}'];]sl L{eﬁaii#g?ztgﬂeﬂbagf&% irfe Mo n EIRARS ﬂlwaaﬁsrgmgtsbgt 17

havi ng a shape ded 1n the conductive plate 1 is fornmed. 1

Accor di 1 40 i dl UL REDOIL BeRt o 33 SR B¢ WEhobDE oAbACkEBILNGL FI G

1, the slit can be nmade r. Consequéntly, =~ resonance af a

frequency can,be realized wth.the sa i sions..of. t he, conducti

pl at e. |n%ﬁW%§CE&ﬁ%s?%¥é g%gnég ngpg%g'gghe%ﬁ%ﬁﬁﬁﬁéﬁpga%gﬁggrggl¥§8d
with spall er dinensions 29 of the conductive plate, so that the enbodi nent
i s ef fectiVE L @9 tThg t he size of the nulti-node antenna according to

the present invention, A tenth enbodinent of, the inventiop will be_.
described  wi t h ACHERITE 10 TG SR MRROARE o THAGH D SFEWFnGLERE 25
configuration of a nulti-node plate antenna acqordin%igo hg ggese t

i nvent i on2Thd P W AAGRT Srlohh tife IOFHSH dEng S en from

the exciting point 3. Consequently, because of the structure
of the plurality of slits, two different resonance phenomena

10 are brought about by theslits themselves. Thus, a larger number
of resonance phenomena as compared with the embodiment of FIG.
2 can be realized, and it produces an effect of increasing the
number of modes of the multi-mode antenna of the present
invention.

15 An eleventh embodiment of the invention will be described
with reference to FIG. 11. FIG. 11 is a diagram showing an
embodiment of awireless apparatus onwhich themulti-modeplate
antenna of the present invention according to any of the first
to tenth embodiments is mounted.

20 As shown in FIG. 11, on a foldable front chassis 21, a
speaker 22, a display 23, a keypad 24, and a microphone 25 are
mounted. The front chassis 21 is covered with a first back
chassis 33 and a second back chassis 34. On the inside of those
chassis, a first circuit board 26 and a second circuit beoard

25 27 connected to each other via a flexible cable 28, a multi-mode

plateantenna 35accordingtothepresent invention, andabattery



21 of FIG 2 is that an open ended copl anar conductive strip 18 which is a
part extended fromthe conductor into the slit 2 is formed in the slit 2,
and a part of the open ended coplanar conductive strip 18 is coupled to
the exciting level of the 5 exciting pdfnt 3. According to the tenth
enbodi nent, two different slits are fornmed or another slit is fornmed in a
slit when seen from the exciting point 3. Consequently, because of the
structure of the plurality of slits, two different resonance phenonena 10
are broug t e slits thenselves Thus, a | arger nunber of
resonancen%%gﬁgﬁe%ggaéaconpared with the enbodlnent of FIG 2 can be

realized, and 'brfkﬁgucefcagggoar& 20 MR R S R S s PheRE S o

t he nultl-nDde ant enna o resent * Thven dlnent
of the invention wll |bed feren o FLG 11. E S

ol oo am S AoSxRung SearRET e batherd MR e aftuna peve

mul ti - node e _antenna, of the present inventjon according to any of t he
first to C’cﬁrﬁ%}? S ddi Tfeht s Bar 1R DF IFNIhFRPFRCFL TS REELERT,SL
foldable front_ chassis 21, a _speaker 22, a display 23, a keypad 24, and a
ni cr ophon€E PP HR t%ﬁhﬁt%bgnqhéqﬁlbﬁfﬁo%%%El@lﬂt P§ E%@&Feﬁl\ﬁcﬂlﬁfaPPFFst
back chassis 33 and a second back chassis 34. On the inside of those

chassi s, 2% iarst formad+ Bdsr Auldiga@ce adeidai3Ocdist cBBERGtES Zp the

connected to each other via a flexible cable 28, a nulti-node
RF circuit part 29 via a ccaxial cable 36. Specifically, the

Q

ground conductive pattern 30 and the ground potential of the
exciting point of the multi-mode antenna 35 are connected to
10 each other via an ocuter conductor of the coaxial cable 36, and
the signal conductive pattern 31 and the exciting level of the
exciting point of the multi-mode antenna 35 are connected to
each other via an inner conductor of the coaxial cable 36.
The structure shown in FIG. 11 is characterized in that
15 the multi-mode plate antenna 35 according to the present
invention is positioned on the side opposite to the display
23 or the speaker 22 over the circuit beoard 27.
According to the eleventh embodiment, the wireless
apparatus which enjoys services of a plurality of wireless
20 systems can be realized in a form in which the antenna is built
in. Consequently, the embodiment is veryeffective at reducing
the size of the wireless apparatus and improving housing and
portability to the user.
A twelfth embodiment of the invention will be described
25 with reference to FIG. 12. FIG. 12 is a diagram showing another

embodiment of awireless apparatus on which themulti-mode plate



pl ate antenna 35 according to the present invention, and a battery 22 32
are housed. On the circuit board 27, an RF circuit part 29 is nounted, and
a ground conductive pattern 30 coupl ed Eg the ground level of the RF

circuit part 29 and a signal conductive“pattern 31 5 coupled to the signal

I nput/out put point of the RF circuit part 29 are fornmed. The nulti-node
antenna 35 is connected to the RF circuit part 29 via a coaxial cable 36.
Specifically, the ground conductive pattern 30 and the ground potential of

the exci tifigepoi s @het PeelUht 1H9gﬁt§'8tne‘98@o§élﬁ t6 C&fc&hteofigs%ach
other via an outer conductor of the coaxial cable 36, and the signal

conducti VetcPa'%ér?{ﬂ' %&bgagméh%se)i%' h{onugj,éeed/el of the exciting point of the
enna

mul ti - node an are connecte each other via an inner conductor

of the coaxi al gﬁgaﬁ% qﬂ:I@ ffé£¥ﬁ£u%§§§hQW%| ﬁﬂé%mé%%'ofcggéacifr'ZEd in

that 15 the nmult pl ate antenna accordi e pre
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Consequent he enbodinent is very effective at reducing the size of the
Wi rel ess fﬁ%%\‘?ciﬂtrﬁ%nﬁncﬁﬁw cﬁﬁ‘?@“kﬂ%éggnbh%nﬁlaﬁ)?‘?ab??%??li"é PRBIhsEPS A
twel fth enbodinent_of the invention will be described
of themulti-mode antenna 35 and the circuit board 27 are fixed.
Consequently, the emboddiment is very effective at improving
stability of antenna operation against vibrations and impacts
10 during use of the wireless apparatus. The multi-meode plate
antenna 35 may be adhered to the inner face of the second back
chassis 34.
Athirteenth embodiment of the inventionwill be described
with reference to FIG. 13. FIG. 13 is a diagram showing another
15 embodiment of awireless apparatus inwhich themulti-modeplate
antenna of the present invention according to any of the first
to tenth embodiments is mounted.
As shown in FIG. 13, the speaker 22, display 23, keypad
24, and microphone 25 are mounted on a front chassis 41. The
20 front chassis 41 is covered with the back chassis 34. On the
inside of the front and back chassis 41 and 34, a circuit board
42, the multi-mode plate antenna 35 according to the present
invention, and the battery 32 are housed.
On the circuit board 42, the RF circult part 29 is mounted,

25 and the ground conductive pattern 30 coupled to the ground level

of the RF circuit part 29 and the signal conductive pattern



25 with reference to FIG 12. FIG 12 is a diagram show ng.anot her
enbodi mrent of a wirel ess apparatus on which the nulti-node plate 23 antenna
of the present invention according to agé of the first to tenth

n

enbodi ments is nmounted. The point diffe t fromthe enbodi nent of FIG 11
Is that the nulti-node plate antenna 35 according to the present 5

i nvention is enbedded in the back chassis 34. In the twelfth enbodi nent,
after assenbling the chassis, relative positions of the multi-node antenna

3 5 and the) cidet dq haarnth % il I 10t / SPASSAYSIEAY o f R LRBOLE FRAL ¢ S

very effective at inproving stability of antenna operation agai nst

vibrati On}%f"gt jbééfpgggs f%gmgglr.i nghgsﬁugftit—grgac%’%rt ‘@ér?ngpﬁ@rfguéo]px?%ted

mul ti - nod anten may be adher e inner face o e second
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nmbodi ts i unted. As sh in FIL.G, 13, th k 22, displ 3,
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front chassis 41 is covered with the back chassi %4. O t.h iniide f the
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antenna 35 according to_the present invention, and the battery 32 ar
housed. and the signal conductive pattern 31 and the exciting leve

of the exciting peint of themulti-mode antenna 35 are connected
to each other via an inner conductor of the coaxial cable 36.
10 The structure is characterized in that the multi-mode
plateantenna 35 accordingto thepresent inventionispositioned
on the side opposite to the display 23, microphone 25, speaker
22 or keypad 24 over the circuit board 42.
According to the thirteenth embodiment, the wireless
15 apparatus which enjoys services of a plurality of wireless
systems can be realized in a form in which the antenna is built
in. Consequently, the embodiment is very effective at reducing
the size of the wireless apparatus and improving housing and
portability to the user. As compared with the embodiment of
20 FIG. 11, sincethecircuitboardand the chassiscanbeintegrally
manufactured, the thirteenth embodiment is effective at
reducing the volume of the apparatus and reducing the
manufacturingcostbyadecreasednumber of assemblingprocesses
as compared with the emboediment of FIG. 11.
25 A fourteenth embodiment of the inventionwill be described

with reference to FIG. 14. FIG. 14 is a diagram showing another



On the circuit board 42, the RF circuit part 29 is nounted, 25 and the
ground conductive pattern 30 coupled to the ground level of the RF circuit
part 29 and the signal conductive patteyjsn 24 31 coupled to the signal

i nput/output point of the RF circuit part 29 are fornmed. The nulti-node
antenna 35 is connected to the RF circuit part 29 via the coaxial cable
36. Specifically, the ground conductive pattern 30 and the ground
potential of 5 the exciting point of the nmulti-nbode antenna 35 are

connect ed emb@ddatn wblies wiiralas soub s r s006Uet Whieh dHema0axFabdeabl £:86,
and the signal conductive pattern 31 and the exciting |level of the

exciting peitkinmef oithenBubté s sRdel it €0N8n 30c 86 £ £RGNES 8T, olFOtBaCH: pEper
via an inner conductor of the coaxial cable 36. 10 The structure is

charact er irged dpt i haibddendmt i 1 B0RB LRIt € antenna 35 according to the
present invention is positioned on the side opposite to the display 23,

' h 25, ; ; I; It 42, ~
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According to the thirteent ment , e Wwreless 15 apparatus
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i I ar at and reduci ng.the ,
reduci ng tol%etl\{glml{l tJ.O-fmcg eea% enna 3% and the ccl:rcgltq)oard 42 are fixed.

Consequently, the embodiment is very effective at improving
10 stability of antenna operation against vibrations and impacts
during use of the wireless apparatus. The multi-mode plate
antenna 35 may be adhered to the inner face of the back chassis
34.
According to the present invention, at a plurality of
15 frequencies, excellent impedance matching between the RF
circuit part and the free space is realized with the structure
of the conductive plate. Therefore, the present invention
produces an effect of realizing the small, low—-cost antenna
suitable for a multi-media wireless apparatus which provides
20 a plurality of information transmission services to the user
by using carrier waves of different frequencies. Since one
exciting point is shared by a plurality of frequencies,
integration of the RF circuit part to be connected to the antenna
is facilitated. Thus, miniaturization of the multi-mode
25 wireless apparatus and reduction in the manufacturing cost can

be realized.



manuf acturing cost by a decreased nunber of assenbling processes as
conpared with the enbodiment of FIG 11. 25 A fourteenth enbodi ment of the
invention will be described wth reference to FIG 14. FIG 14 is a

di agram show ng anot her 25 enbodi nent of®a wirel ess apparatus on which the
mul ti-node plate antenna of the present invention according to any of the
first to tenth enbodinents is nounted. The point different fromthe

enbodi ment of FIG 13 is 5 that the nmulti-node plate antenna 35 according
to the present 4 i i 15{@&_;1% i CK1 G i L.t
fourteenth enbg&:lmrirgnr%fl,ﬁpa %gr asse ‘l(’i?%g"{ Egog%aglélgg?%?e %%?Iveeaggs?tﬁflgns

of the nmulty_ n .the .circyj 0 4 Jixed,
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antenna operati on agai nst vibratjions. and inpacts _during use. of the
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i nner face of the Back chassi s 34., Accarding to thﬁéfre%ent igvention at
plural ity WY PESMRREQHR AT d MVt e Mt PR T A b e ReBR TS RF
circuit part_and the free space is realized with the structure of the
conduc?i véTfl StePPEhERRFBPE; the present invention produces an effect of
realizing the small, | owcost antenna suitable for a multi-nmedia wrel ess
apparatus which provides 20 a plurality of information transn ssion
services to the user by using carrier waves of different frequencies.

Si nce one

a



exciting point is shared by a plurality of frequencies, integration o
RF circuit part to be connected to the antenna is facilitated. Thus,
m niaturization of the nmulti-node 25 mg;;less apparatus and reduction

t he manufacturing cost can be realize

26 It is further understood b

those skilled in the art that the foregoing descriptionis a preferre
enbodi ment of the disclosed device and that various changes and
nodi fications mnay be nade in the invention wthout departing fromthe

spirit

5aigr seope A hefgofs. 27 WHAT IS CLAIMED IS: 1. An antenna

conprising: a conductive plate in which a slit is forned; an exciting
provided at the, CO%%P%H R 8l G PEDHg .5 the slit; at | east one enc

opening fornmed in t

e con uctlve plate and surrounded by the conducti

plate; and a Cogdlé%'h'dt‘ﬁ%ﬁtsfé Rl sposgdshichhe enghosed epeplag and

connecti ng d|fferent

e conductive plate around 10 the

encl osed openin e antenngPQ%hqr£¢gtt&§ %In ax%tl%b?'far&esﬁ

is a multi-node 6ﬁ%¥e an?gﬁﬁg'

a S|gngl
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20

25

€ antenna according to claim
g %yﬁg ﬁ@d a ground |l evel of said exciting point are prOV|ded
r

at least one enclosed opening formed in the conductive
plate and surrounded by the conductive plate; and

a conductive strip disposed in the enclosed opening and
connecting different two points of the conductive plate around
the enclosed opening.

2. The antenna according to claim 1, wherein said antenna
is a multi-mode plate antenna.

3. The antenna according teo claim 1, wherein a signal
level and a ground level of said exéiting point are provided
at the two points in the conductive plate around the slit, which
face each other over said slit.

4. The antenna according to claim 1, wherein the number
of said enclosed openings is an even number.

5. The antenna according to c¢laim 1, wherein a direction
of a line connecting a start point and an end point of said
conductive strip is almost the same as a longitudinal direction
of said slit.

6. The antenna according to claim 1, wherein a direction
of a line connecting a start point and an end point of said
conductive strip and a longitudinal direction of said slit are

almost orthogonal to each other.
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15 at the two points in the conductive plate around the slit, which face
each other over said slit. 4. The antenna according to claim1l, wherein the
nunber of said enclosed openings is an_even nunber. 5. The antenna
according to claiml1, wherein a directi 6f 20 of a line connecting a start
point and an end point of said conductive strip is alnpst the same as a

I ongi tudinal direction of said slit. 6. The antenna according to claim1,
wherein a direction of a line connecting a start point and an end point of

said 25 conductiverisd rdp: a2 boBgbng Ral diigel on el o) degliyt are
al nrost orthogonal to each other. 28 7. The antenna ‘according to claim1,

wherein saldharOnpet Ly st HLR gagé%%%gcggiég{&§gure. 8. The antenna -

according to claim1l, wherein sai S a neandering structure. 5 9. A

i i.sinao: ) isplay; . a key pad; a..
M crophoner 10 eher el SRS (ro BB B A vndeBY BRfS Ruie

m cr ophon ' . the surface of a chassis; a circuit board housed
in the chggg{gfq%% gﬁgéﬁgeﬁﬁ5u€§ﬁﬁ§Cted to an RF circuit nounted on the

circui g 9. A wireless apparatus comprising:

a speaker;
a display;
a key pad;
a microphone;
10 wherein the speaker, the display, the key pad and the
microphone are disposed on the surface of a chassis;
a circuit beoard housed in the chassis; and
anantenna connectedtoanRF circuitmountedonthe circuit
board, the antenna comprising:
15 a conductive plate in which a slit is formed;
anexcitingpointprovidedat the conductiveplate around
the slit;
at least one enclosed opening formed in the conductive
plate and surrounded by the conductive plate; and
20 aconductivestripdisposed:hutheenclosedopeningand
connecting two different points in the conductive plate around
the enclosed opening,
wherein the antenna is housed in said chassis and is
disposed on the side opposite to any of said speaker, display,
25 key pad, and microphone over said circuit board.

10. The wireless apparatus according to claim 9, wherein



board, the antenna conprising: 15 a conductive plate in which a slit is
formed; an exciting point provided at the conductive plate around the
slit; at |east one encl osed opening forpmed in the conductive plate and
surrounded by the conductive plate; and?%0 a conductive strip disposed in

t he encl osed opening and connecting two different points in the conductive
pl ate around the encl osed openi ng, wherein the antenna is housed in said
chassis and is disposed on the side opposite to any of said speaker,
display, < dayeBade AdoBne/cRRONS SRl REAIL AI{LYLE DEBGG: al0cadbe.

Wi rel ess apparatus according to claim9, wherein 29 said antenna Is
connected to sai i.I.cui I | I e War el :
appar at us accor &lqngRﬁt-% WE: I;%frﬁa%%),%p%ﬁg%galﬂnsaggg?’gﬁﬁtge%%fllal;ﬁne\#gégwdlg%??ﬁnsai d

chassis. said antenna is embedded in said chassis.



