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of. “the.tnvention 1. Field of the Invention This invention relates
to: various - w ndow gl asses, each having an el ectromagnetic shiel ding
€haracteristic, for use in windows of buildings, vehicles such as

- :automobil es ‘and trains, and furniture and fixtures such as partitions and
‘boxes. 2. Description of the Related Art When t he personal portable
equi prents applied with radio tBEHARAGERN are put to practically use within
the scope of the law, there are required el ectromagnetic shielding for
the interiors of the buildings or the vehicles for the purpose of

recl amati on’ of the frequencies, countermeasures for the radi o wave
interference, and security nmeans for tel ecommunication. For

exanpl e, when any one of the business establishnent-use PHS (i ndependent
enterprise-one l,nBatent Attorney, TSUKASA KUBO of Mejiro Kubo Bldg. 2F,
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fer -exclusive use) and the wirel ess-LAN (radio wave LAN) are produced in a
speci fied building, the technical standard and the contents of the '

t echni ques of producing them are disclosed, and al so the

afal yzi ng/ measuring devices are on the nmarket, thereby enabling the
comuni cation information used the indoor service to.be easily accessed

fromthe outside, then to be nonitored. It is difficult to protect
the tel ecGHINDOW BLASS HAVINGEIROTROMAGNETISE SHIELmINGer nent or the |ike
in the PHS term nal s which serve as public use, so that the

met hods f GHARRGEBERIPTI¢e security generally include only electromagnetic
shi.el di ng for'preventinq:the radio wave - from being | eaked outside the
t el econmu .—the Inv er, usable frequency channels are

subjected to . _restriction, so that securing the nunber of the usable PHS
terninal s s Fo& daS%p8§§i6P¥ePE&8Pres the el ectromagnetic shielding for

confining the raghgsmgxseﬁ%§8ﬁdggga£8st98 various window glasses,

each having an electromagnetic shielding cﬁarécteristic,

- for use in windows of buildings, vehicles'éuch as |
automobiles and trains, andlfurnituie and’ fixtures such as
partitions and boxes.

: 2. Description of the -Related Art

When the personal portable equipments applied with
radio techniques are put to practically use within the
scope of the law, there are-required electromagnetic
shielding for the interiors of the buildings or the
vehicles for the purpose of reqlamation of the freéuencies,
countermeasures for the radio wave interference, and
security means for telecommunication.

For example, when any one of the business
establishment-use PHS (independent enterprise-one indoor
for exclusive use) and the wireless-LAN (radio wave LAN)
are produced in a specified building, the technical
standard and the contents of the techniques of producing
them are disclosed, and also the}analyzing/measuring
devices are on the market, thereby enabling the
communication information used the indoor service to be
easily accessed from thé-qutsiqe; then to be monitored.

It is difficult to protect;the telééommunication

information by the use of encipherment or the like in the



usabl e area. - Besi des, the el ectronagnetic shielding is required in
order to prevent portable telephones or the like from operating in cases
where e.g. when the el ectromagnetic wave interferes in the medica

eqgui pnents and with the patients to cause functional diseases in a nedical
field such as hospitals, when the use of the portable tel ephones troubles
the others in the public area such as the restaurants and the vehicles, or
when t he apHB efefmirmalephiicl derweas mibldic ivsd hessaea tewl e or the

i ke. There has been widely used the el ectromagnetic shielding for
t he radi o mehhesds afwr témsuntiey ehwmsdmen t gdmessd theimtlde ortlhat t he

el ectromagnetic shielding is realized by netal plates, netal neshes and
wave absorgiegtromagnetile shieldingFdforpugienting tte madid mpva he fl oors
each including deck plates and ot her steel plates” conventlonally realize
suf fici entf @%gﬁ%d@ék%‘i s‘?ﬂte‘%]d#%gthearﬁf]é%ﬂﬂplqa} 19y &Pper foils or

netal neshes on the external surfaces nd tge partit ons bgt%een
tenant roonE Ies €OvVer, usa e frequency channels arg_su jecte o

restriction, so that securing the number of the usable PHS
terminals as much as possible requires the electromagnetic
shielding for confining the radio wave. according to the
usable area. |

v Besides, the electromagnetic-shielding is required
in order to prevent portable telephones or the like from
operating in cases where e.g. when the electromagnetic wave
interferes in the medical equipments and with the patients
to cause functional diseases in a medical field such as
hospitals, when the use of the portable telephones troubles
the others in the public area such as the restaurants and
the vehicles, or when the audience is required to keep
quiet in the concert hole or the like.

There has been widely used the electromagnetic
shielding for the radio waves, and then there has been
followed the studies that the electromagnetic shielding is
realized by metal plates, ﬁetal'meshes and wave absorbing
materials.

For example, in the building, the floors each
including deck plates and other steel plates conventionally
realize sufficient electromagnetic'shielding, and closely
lining copper foils or metal meshee on the external wall

surfaces and the partitions between tenant rooms results in



ef fective el ectromagnetic shielding even for the m crowave band. On
the contrary, the wi ndow glass has difficulty in electromagnetic shielding
in-spite of the perneability of the light. - For this reason, there are
cases in which the w ndow panes of the respective roonms of the building
are changed to the walls and then are nade of the ‘el ectromagnetic
shi el ding construction for the purpose of the electromagnetic shielding,
thereby peé@fedthgel eleagromaghethoeshieltihngoevesi fioki tyeandcwoibve
confinement feeling. Furthernore, the netal ‘wires have been

i ncor por absdd.into the window glass in order for the w ndow glass to be
conposed of an el ectromagnetic shi el di ng construction; however the

el ect romagnet i c @hireli SRPERRTY hebhadiindew glqss ekcﬂ%rttyf@amﬁltﬂ im9 GHiz)
for use in, for exanple, the _PHS requires the fine wire nesh of about 0.1
m thereS}eCEﬁﬁ@@ﬁﬁthﬁ §Péﬁ§§épﬁné9 8Bibe @EgrhBeReaMeABLdhtYaEi i ng

the el ectromagnetic fieldjin th no confortable livi envi ronnent .
%8 9 h% f thgs reaso there are cases Eg wh{Eh th

w1ndow panes of the respective rooms of the building are
changed to the walls and then are made of the
electromagnetic shielding construction for the purpose of
the electromagnetic shielding, thereby providing living
environment with no'visibility and with confinement feeling.

Furthermore, the metal wiresihave been incorporated
into the window glass in order for the window glass to be-
composed of an electromagnetic shieiding construction;
however the electromagnetic shieldiug for the radio wave
(frequency band of 1.9 GHz) for use{in, for example, the
PHS requires the fine wire mesh of about 0.1 mm, thereby
causing the transparency to be degraded although realizing
the electromagnetic fielding, with no comfortable living
environment.

It is practically used to laminate'thin vapor
deposition films each made of a metal such as tungsten and
alumlnum entlrely on the surface of the glass or inside the

grass as another example of prov1d1ng the. electromagnetlc

shielding construction for the w1ndow glas' It is known

that the above method attains a max1mum af enuation of 20

to 30 dB (= 1/100 to 1/1000) for the PHS (1 9 GHz) and the
w1reless LAN (2.45 GHz), which reduces an amount of visible

light merely by 30 to 35% to eliminate the visibility
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I{ is practically used to laminate thin vapor deposition filns each made
of a metal such as tungsten and alumnumentirely on the surface of the
glass or inside the grass as another exanple of providing the

et ectromagnetic shielding construction for the window glass. It is known
t hat the above nethod attains a maxi num attenuation of 20 to 30 dB (=
1/100 to 1/1000) for the PHS (1.9 GHz) and the wreless LAN (2.45 GHz),
whi ch reduestrdctdmmunt of visible Ilight nerely by 30 to 35%to elimnate
t he VISIbI|Ity : - 3- restriction. -
Thi s met hod, howghis, K mebhdfieshovevendi engbles théchadie wavei rwhidchfrom
~outSide the bU|Id|n to be shielded to sone extent for all the range of

the frequéfcpengidated drom O@é@rls}m gt baidgdages Foobe Khigdded tg
naturally |Ilun1nated whi nexpect edl rovi des electronagnetlc
- shi el di ng SPBE GFSRY T8 i ERF9%6n t@ﬁ SHEQUEDGS: bpads

without degrading the openness of the building naturally
illuminated, which unexpectedly provides electromagnetic
shielding for ordinal telecommunicatiqn which should not be
shielded, for example, everyday telecommunication such as
public portable telephones, pocket pagers, various kinds of
broadcasts, police or fire fighting-urgency traffic, and
codeless telephones.

It is therefore an object of the invention to
provide a window glass having an electromagnetic shielding
characteristic, which is capable of realizing
electromagnetic shielding while selecting only a necessary
frequehcy band of the radio wave, without degrading the
natural illumination and the visibility, and also
eliminates the need for energizing and grounding a gap
portion between the electromagnetic shielding materials
such as metal sashes of the window frame by the conductor.
Summary of the Invention

Te attain the above object, according to a first
aspect of the invention, there is piovided a window glass
having an electromagnetic shieldinggCharaeteristic, wherein
linear antenna elements each havingésuch é length as to
_cauee a radio wave, which is to be ehielded, to be
resonated are arranged on a surfaceéof a glass or between

glass plates taking account of an electromagnetic field



shi‘el ded, for exanple, everyday tel econmunication such as public portable
t el ephones, pocket pagers, various kinds of broadcasts, police or fire
fighting urgency traffic, and codel ess tel ephones. It is therefore
an object of the invention to provide a wi ndow gl ass having an

el ectromagnetic shielding characteristic, which is capable of realizing

el ectromagnetic shielding while selecting only a necessary frequency band
of the radieflward onwieguiwaleadr aticag (tslmattlea'limgalopielrﬂimgi RaEiadn canant he
visibtlity, and also elimnates the need for energizing and grounding a
gap port iedecigomegnetic dlieddr aeddestionseiqivalgntavediumies such as netal
sashes of the wi ndow frane by the conductor. - Summary of the Invention

To attai n (SK& taeaIEJoPPERLNIayOdiEeNg thea Linear aadsese eLemeati nventi on,
there is provided a mnndQM/ | ass . having an el ectronagn |c shleldlng
characterﬁﬁﬁ%§n9w5@ﬁeFﬁ 19 Weye éﬁkéﬁhécéﬁeﬁﬁﬁﬁet€a5ﬁgﬁ &esuch a length
as to %ﬁﬁggyégg wave, which is to be shielded, to be resonated are
arranged See of a gl ass or between glass plates taking account of

an electronagnetAgcgrgkgg to a second aspect of the inﬁéﬁtion,'there
is provided a window glass having an electiomagnetic
shielding characteristic, wherein the linear antenna
element is of an end portion open type, of which one side
extending from a center thereof, having'a iength
(electrical length) which is identical with the 1/4
wavelength (1/2 wavelength in the case of a stfaight type
one) of the radie wave to be shielded, and wherein the
linear antenna element is of a ring line type, of which
surrounding length (electrical length) is identical with
the wavelength of the radio wave to be shielded.

According to a third aspect of the invention, there
is provided a window glass having an electromagnetic
shielding characteristic, wherein the linear antenna
element is composed of a plurality of kinds of linear
antenna elements for shielding a plurality of frequencies,
in which two or more kinds of iinea? antenha elements
different in size and shape frem enk another‘are arranged
so as to be combined, wherein Ehe linear antenna element is
composed of a plurality of kinds of linear antenna elements
for shielding a plurality of frequenc1es,_in which an end
portion open type llnear antenna element and a ring line

type linear antenna element, wherein the linear antenna



reflection equival ent area (scattering opening area) or an electrohagnetic
field reflection equival ent volune (scattering opening volune), the |linear
antenna el enent causing the radio wave to be scattered to thereby be
at t enuat ed. _ According-to a second aspect of -tthe invention, there is
provi ded a w ndow gl ass having an el ectromagnetic shielding
characteristic, wherein the linear antenna .elenent is of an end portion
open typeelemedt dls wumpsistel ok tee pdivnmp ffirymaeE deimtdey dfhdriemfar havi ng a
length (electrical length) which is identical with the 1/4 wavel ength
(1/ 2 wavelanfgnng relldmergss £f shislddinghta piperalong) off fresiueadii®spave to
be Shielded, and wherein the I|inear antenna element is of a ring line
type, of il eildurano @idl RPIERH PRES &Y ddngaghginthenna iedemeantd with
t he 'wavel ength of the radi o wave to be shi el ded. ..  According to a
third aspébiffsrante imandtdh, faomeqne iBNPHRE Pt £WMHARE g3 havi ng an
electronaqﬂstia , ; . .
erein the linear antenna element is composed of a
plurality of kinds of linear antenna elements for shielding
a plurality of frequencies, in which a ring line type
linear antenna element different in length_from one another
are combined.
- According to a fourth aspect of the invention, there
is provided a window glass having an electromagnetic
'shielding characteristic, wherein the end portion opening
type linear antenna elements are arranged in such a manner
that respective side ends of one of the linear antenna
elements is closed to centers of the others of the linear
antenna elements adjacent to the one of the linear antenna
elements, and wherein the end portion openihg type linear
antenna elements is partially of a ring line type.
According to a fifth aspect of the invention, there
is provided a window glass having an electromagnetic
shielding characteristic, wherein arrangeﬁﬁnt distances
between the linear antenna elements are déﬁermined taking
account of the rélationship with an amounfyof attenuation.
According to a sixth aspect of the'invention, there
is provided a window glass having an elecﬁgomagnetic
shielding characteristic, wherein the linégi antenna

element has a volume resistivity of 5 x 10™® (Qm), and

wherein the linear antenna element is made of a material
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shi‘el ding characteristic, wherein the linear antenna elenent is conposed
of a plurality of kinds of linear antenna elenents for shielding a
plurality of frequencies, in which two or nore kinds of |inear antenna
elenments different in size and shape from one another are arranged so as
to be conbined, wherein the linear antenna elenment is conposed of a
plurality of kinds of linear antenna elenments for-shielding a plurality of

frequenci edidm ishistipearicandn ponduatioidy,t Yreradidday arnen weatherent and
aring line type linear antenna el enent, wherein the |inear antenna

-5- resisdlagrtpntands combedsesd aofsml;ii @ity o Witmgousf maiteedrl .
antenna el ements for shielding a plurality of frequencies, _in which an end
portion open typBCEpreéangaheehhe aneaRhiensdPffelaimsi b F@n@thth¢0n1one
anot'her are conbined, and_ wherein the |linear antenna el enent is conposed

of a plurdnear emuanngs edremeante Aoes ngin Hndive mefle Ftothshi el di ng

electromagnetic wave energy at an areanof;a-metal portion
thereof, but also reflect the electromaénétic field.at an
area of the vicinity of the metal portion?thereoﬁ. Then,
arranging these linear antenna elements in space, or on the
non-conductive material-in two or three dimensions taking
account of the electromagnetic field reflection equivalent
area or the electromagnetic field equivalent volume
realizes electromagnetic shielding, and further those
linear antenna elementn have gaps therebefﬁeen to thereby
fail to cover all of the glass, which prevents natural
illumination and visibility from being degraded.

Moreover, specifying the length of the patterned
small linear antenna element causes the specified frequency
to be shielded to thereby cause the other radio waves to
pass therethrough; which prevents only the‘specified radio
wave used in tne building from being leaked to the outdoor
without shielding the radio waves from whigh is required to
be collected informations from thefoutdooi, such as radio
waves for use in police or fire fighting urgency traffic,

or television, to result in the improveméﬁﬁ of the security

and enable the frequency channel to be r'i
As described above, the. llnear antenna element
realize the electromagnetic shleldlng based on the

reflection loss, whereas almost of the absorbed (received)



a,plurality of frequencies, in which aring line type |inear antenna
element different in length fromone another are conbined.

According to a fourth aspect of the invention, there 1is provided a w ndow
gt ass having an el ectromagnetic shielding characteristic, wherein the end
portion opening type linear antenna el enents are arranged in such a nmanner
t hat respective side ends of one of the linear antenna elenents is closed
t o cent er =lgcttiec @dves i abmorbetcas heatenies sl dimnebwdj acent to the
one of the linear antenna elenents, and wherein the:end portion opening
type |ine®@liminamning dhaamed i fopakeciricallyn ¢onmpetiing thhan

According to a fifth aspect of the invention, there_ is provided a w ndow
gl ass haviSRFdH T et ot i At a| haethafiddt de metalnrashes
arrangenent _di_stance bet ween the |inear antenna i€l enents, are determ ned
Caking.  actbuite JREAGRN CErag orfhi o Lhkon MHoUn T RTo LY Ui ERee

According to .a .sixt . of the.invention there s 0Vvi ded a w ndow
i R ChR o " B Sl Sl R

gl ass havi%g € ghetrTc arac ‘erein the

e SEESEER 128 ORI LSRAS! LY BSpbelUhgethal (€77 1)
i.e., variously inclined in plane of polafization; however,
the linear antenna elements are formed of ring line type
ones  or end portion.open type ones, thereby causing the
radio waves having various planes of polarization to be
shielded.

According to the inventions of claims 4 to 7, the
linear antenna elements different in lengﬁh from one
another are combined to be regularly arranged, thereby
enabling the waves having a plurality of frequency bands to
be shielded, which causeé'the radio waves, which should be
shielded, to be specified to the ones of a plurality of
frequency bands to thereby result in wide application. For
example, in the portable telephones, the electromagnetic
shield can be realized for all the radio:waves of two
frequency bands of 900 MHz and 1.5 GHz. |

According to the invention of clai@;s, a portion of
the linear antenna element having a highféiectric field and
a portion of the another linear antenna élément having a
low electric field are closed to each other, thereby
causing the portions eéch having a high gxectric field to
be closed to eaéh other, which ?revents mﬂﬁual interference

between the elements, and further thereby causing the

- 8 -



-6- whi ch is superior in conductivity, durability, and weat her -
resistant, and contains a small anount of vitreous material.
~According to the inventions of claims 1 to 3, the |inear antenna el ement
does not only reflect the electromagnetic wave energy at an area of a

metal portion thereof, but also reflect the el ectromagnetic field at an
area of the vicinity of the nmetal portion thereof. :Then, arranging these
linear antdemsiigt enferithe ieleeats tar ben ddised)ondriaidusswla sTairerdh@d i n two
or three dimensions taking account of the electronagnetic field reflection
equi val entimpmoyvenmentt lof @ltdsmuatdgmetic fiel d equival ent volune realizes
el ectromagnetic shielding, and further those. |I|inear antenna elements have
gaps therebet weeACEardhBgeb9 thei Lnventsenrofl rlaimt Ae ghasendwhich
prevents natural illum nation _and visibility from being degraded.
Mor eover , PFECiFY iR I9Re Higreamhantanns fdementd 119 peedd addivenna
el ement cayses t.he ecified frequency . C, .

3f;a r1ngsﬂine type, t %rebyylncreaslng the reflection

equivalent area to realize the high_freqﬁéncy band then

result in the improvement of attenuation.

To ensure a large amount of attenuation amount, it

is preferred that the linear antenna elements are arranged

S0 as to be as closed as possible. On the contrary,

arranging them so as to be more closed than necessary

causes visual problem (eyesore). According to the

invention of claim 10, it is found out that there is a

relationship between the arrangement distance of the linear

antenna elements and an amount of attenuation, determining

the arrangemeht distance between the linear éntenna

elements based on a required amount of attenuation causes a

gap between the linear antenna elements to be ensured in

large amounts as much as possible, which provides better

visibility on the surface of the glass.

To ensure a large aﬁount of attenuation, it is

preferred that the resistance loss of the linear antenna

element is lowered as much as possible. For this reason,

it is preferred to reduce the resistance';oss by increasing

the wire width. However, increasing the %ire width of the

linear antenna element degrades the%optica; transparency of

the surface of the glass on which the above linear antenna

elements are arranged. According to the invention of claim



to ‘be shielded to thereby cause the other radio waves to pass

t her et hrough, which prevents only the specified radio wave used in the
buid{ ding frombeing | eaked to the outdoor without shielding the radio
waves fromwhich is required to be collected informations fromthe
outdoor, such as radio waves for use in police or fire fighting urgency.
traffic, or television, to result in the inprovenent of the security and
enabl e thelfrehneﬂameahaanabnha kéenealtaprederably haAs adesdumeed above,
the linear antenna elenent realize the electromagnetic shielding based on
the refl gesistivisy, ofhér #ad0al nifam)ofint ke calssombed e tdeeilisgpr

-7- el ectric power is absorbed as. heat Ioss t hereb

el i m nat i Bgtenaanedemest bascithecHirg #3A%EcOtngooN&En 0-8afi hgerRbdY! i near
antenna elenent with the netal sashes of the wi ndow frane, or the |iKke,
whi ch resGRUSING the PeEEOTRENCEN§WPenSWE ELcHens Lot eps@teCect ri cal

connecti on.
In a similar manner, to ensure a large amount of

attenuation, it is preferable to introduce the element
which is low in electrical resistance in order to reduce
the resistance loss of the linear antenna elements. Copper,
silver and gold afe optimum for the material of the linear
antenna eiement; however, gold islexpensive, and copper is
increased in resistance due to the oxidation. According to
the invention of claim 11, introducing éilver prevents the
cost from being increased and eliminates the possibility
for the resistance increasing due to the oxidatioﬁ, and the
mixture of a small amount, e.g. 5% of the vitreous material
into the glass permits the vitreous material to be integral
with the glass, thereby enabling the service life of the
linear antenna element to be elongated to the same degree
as the glaés.
Brief Description of the prawings

Fig. 1 is a perspective view showing a window glass
according to a first embodlment of the invention:;

Fig. 2 a front view of a: main part of the window
glass according to the first embodiment‘of the invention;

Fig. 3 is an explanatory view showing a case in
which a linear antenna elément'is of a short-circuit type
dipole; o

Fig. 4 is a first explanatory view showing a

- 10 -



Mbreover, the actual radio waves are not uniform i.e., variously inclined
in plane of polarization; however, the linear antenna elements are forned
of ring line type ones or end portion open type ones, thereby causing the
radi o waves havi ng various planes of polarization:to be shielded.
According to the inventions of clainms 4 to 7, the:.linear antenna el enents
different in Ienath fromone another are conbined to be regularly

ar r anged, e @ﬁa@ﬁiﬁ&eFW§°Wé@@§tﬁ§Vﬁﬁé?&dém@r@ﬁﬁh@doﬁomr¢@@ency bands
to be shielded i ch causes the radi o waves, which should be shielded,
to be sped Q¥ G535Fe 3GTOLBAI Y Hhel ilWeé‘ﬁClOPﬁeqUenc?/ banfls Lo t-hereﬁy
result in wde ication. For _exa e, _In:the, portable tel ephones, the
eleqtronagneticapgﬁre d2ah 5%C?%§I?g§£a?%#°5YIV%§@_?%ﬁVbnﬂa%ﬁs of two
frequenc f “ .2 Accordi tq t i nvention
of grain¥ ?ﬁ%ﬂ% ?Fi%%ong%}%%qF%ﬁg reaﬁfeﬁ#&gépgﬁghpeﬁggpn%°§ Pﬁh el ectric

field andyiadRer G1aROhckoeadngl k! chingabeaniggna el ement having a_ | ow
electric field are closed to each other, thereby  causing the portions each

having a high elpggrie {&ehdeiont bei&losedatWitd@sh §188E  ohicicpr event s
mutual interference ; o

the linear antenna elements are arranged.

Fig. 7 is a perspective viewishowing a window glass
according to a second embodiment of%the-iﬁvgntion;

Fig. 8 is a front view of the windéw glass according
to the second embodiment; :

| Fig; 9 is a graph showing the experimental result of

the characteristic of the window gl?ss on which Y-like
linear antenna elements are arrangeé, according to the
invention; |

Fig.llo is an explanatory view showing an
arrangement of cross type linear anﬁenna elements;

Fig. 11 is an explanatory view of variant examples
of the ring line type linear antenn; elements;

Fig. 12 is an explanatory view of variant examples
of the end portion open type linear;antenna element;

Fig. 13 is a front view of a yariant example of the
end portion open type linear antenné element;

Fig. 14 is a perspective vieé,showing a window glass
according to a third embodimént of ﬁhe in?ention;

Fig. 15 is a plan view of oneéexample of the
combination of the ring line type linear'éntenna element

and the end portion open type linear antenna element;
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between the el enents, and further thereby causing the
density of the elenents to be raised, which results in the

-8-

i mpr ovenent of attenuation.

ring line type, thereby increasing the reflection equivalent area to
realize the high frequency band then result in the inprovenent of

at t enuat i on. Fig.Tb6ehsuaegraphr geowhngnanoé¢lacteomagnebianount, it
preferred that the |inear antenna elenents are arranged

cl osed as spdsdidding edifecte cdotteadyneasy patgnag cHemesd &f Fddbeldvre

cl osed than necessary_ _causes vi sual Erobleni(eyesore). According to the
i nvention of claF#¥1017i 15| anf 8xRYaRE

bet ween the arrangenent di stance qf the linear, .enn |
armount  of Mﬂrﬁ ts’(?e qﬂ?iaﬁcg])'on of the rlnga 7 %Y%eeﬁ?ltesérand an

OFKa¥ieWePROVENG VRELARF onshi p

antenna element and the end portion open type linear
antenna element;

Fig. 18 is an explanatory view showing examples of
the combination of the end portion open type linear antenna
elements different in length from ohe another;

Fig. 19 is an explanatory view showing examples of
the combination of the ring line type linear antenna
elements different in length from one another;

Fig. 20 is an explanatory view showing examples of
the combination of the linear antenna elements for three
frequency bands;

Fig. 21 is an explanatory view of an experimental
equipment for confirming a shielding performance of a gap
portion between the window glasses;

Fig. 22 is a front view_of an experimental device
for confirming thé relationship between thé arrangement
distance of the linear antenna elements and an amount of
attenuation;

Fig. 23 is a longitudinal sectional side view of the
experimental device for confirming:the relétionship between
the arrangement distance of the linear anEénna elements and
the amount of attenuation; and

Fig. 24 is a graph showing_ah experimental result of

confirming the relationship between the arrangement

J 12 -
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so as to be as

_ According to the invention of claim9,
the end portion opening type |inear antenna'elenents is partially

is



the arrangenent di stance between the |linear antenna elenents based on a
requi red anmount of attenuation causes a gap between the |inear antenna

el enents to be ensured in |arge anounts as much as possi bl e, which

provi des better visibility on the surface of the glass. To ensure a
| arge anount of attenuation, it is preferred that the resistance | oss of
the.linear antenna elenent is |lowered as nuch as possible. For this
reason, dlstangesfod; th¢ tdneaduatenas ediemenice ansk $hsy amesngasifng the
wire width. However, increasing the wire width of the |I|inear antenna

el ement d@&ﬁﬁﬁ&?qﬂﬂQ°optlcal transparency of the surface of the glass on
whi ch the a oV, I'QFar an%snna el?yentsfare ra %Fd Accordlng to the

i nventi on® Srrc ol 11, the

| i near antenna eﬁggg ferab ha i Stivity. of 5 x 10[ err]
([err]n) in a case mﬁ gngﬁe ? %%%r Sg%?g f%%eﬁ? éggcf % %nre wi dt h of
about 0.5 R {TARNRAY in detail with reference to the drawings. Fig.

1l is a perspectlve view showing a w1ndow-glass having an

electromagnetic shielding characteristicii;cordlng to a
first embodimentléf the invention. 1In Flg 1, reference
numeral 1 designatés a window glass, and’ stash frame.
Linear antenna'eléments 5 each having suéﬁfﬁ length as to
correspond tofthe;frequency of a radio wavé-to be shielded
are arranged regularly on the window glass 1 taking account
of the electrbmagnetic field reflection equivalent area or
the electromagnetic field reflection equivalent volume,
wheteby the linear antenna elements 5 attenuate the radio
wave. |

First, the'basic principle related to the invention
will be described hereinbelow. When a radio wave is
incident onto a conductor piece placed in the air, the
radio wave is partially reflected therefrom, partially
absorbed theteinto, and the remaining part:penetrates
therethrough. | An amount of the radio wave: belng attenuated
through the conductor piece varies accordlng to the shape
and the size of the conductor plece In a case where the
conductor piece is an end portion open type linear antenna
element (dipole) 3 as shown in Fig. 3, the radio wave is
partially refletted thereat and also partially absorbed

thereinto.
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causing the performance to be sufficiently ensured. In a simlar
manner, to ensure a |arge anmount of attenuation, it is preferable to

i ntroduce the element which is lowin electrical resistance in order to
reduce the resistance |oss of the |inear antenna el enents. Copper, silver
and gold are optimumfor the nmaterial of the linear antenna elenent;
however, gold is expensive, and copper is increased in resistance due to

t he oxi dation. ABBoFHPWH iB Fibe #nvendipolef ankennalélementoduoifng sil ver
prevents the _cost frombeing increased and elimnates the possibility for
the resi stiide Wavslengtly h disposed panadd.eldwl ithe pliateure of a smal |

1 eous. THAGHAMAGRARIT g doRs FI0 R ST, S KSR EIAIRRG e
oo el iy S AMEHE SR AR AR (e e
Phe | nventiseeDd S URE MR B FHOM Mo b e ilhon.
glass accidiip bR Ude ddrtilon BRALTIN Fhe! BEuiPUTHREBoctional F1O. 3 1S
pl anatory view showi ng a case In I ch I near antenna el'enment is o
a short - Cigr@sd tad,YRA though the spreading of_?he electromagnetic
field is not uniformed, is calculat;d by the use of the
following equation 1: |
[Equation 1] :
Re*0.13 A? (area of A/2 x A/é)
About 3/4 of the radio wave %adiated to the
equivalent sectional area Ae is refiected, and then the
remaining about 1/4 is changed to aéreceived electric power.
This is called "effective opening".E
As shown in Fig. 5, when theiabove linear antenna of
a half wavelength (A/2) is set in iéput resistance to "Q"
so long as it is an ideal one with ho loss, it reflects the
electric power into the air, and thén the equivalent
sectional area becomes four times of the above-mentioned
effective opening (scattered opening).' Arranging the
above-mentioned linear antenna'eleménts 3 on the window
glass 1, as shown in Fig. 6, accord;ng to the equivalent
sectional area 4 x Ae (scatter?@ opéﬁing) provides the
radio wave reflection effect jﬁst a; the metal film is
laminated thereon. The linear;énteéna element 3 is
basically acted according to tﬁé fréquency-dependent

property, which is generally inherent in the antenna

- 14 -



diﬁole; Fig. 4 is a first explanatory view showi ng a

- 10- principle of an electromagnetic shielding nmethod for the

wi ndow gl ass according to the invention; ' Fig. 5is a second

expl anatory view showing a principle of an el ectromagnetic shielding
"method for the w ndow glass according to the invention; Fig. 6is

a front view of a window glass on which the:linear antenna elements are
arranged. element, @Engl the secgistiggeEnd eesiptasitenibed ny derdaw ghasas
according to a second enbodi nent of the invention; - Fig. 8is a
front vieWhst Lifeas dGRTgIadesadcdrsisng theo nad os eteored isntpeditiadily
the wi ndoRRSAEE b Aoy AREERA [hrad TARGHHACE Gferte aeckmianged.
accordi ng ptonetxh.e .
Furthermore, the linear ante&na elements 3 are
arranged scatteredly, thereby preve;ting the window glass 1
from being degraded in natural illu@ination and visibility.
Incidentally, the conductor Eonstit;ting the linear antenna
element 3 is selected to be so thingas not to prevent the
visibility range and to have a smalé loss.
Then, the frequency band ran&ing from 1885 to 1950
MHz is assigned to the existing peréonal telecommunication
(PHS-JAPAN., PCS-US. DECT—Europe) aéd FPLMTS (Future Public
Land Mobile Telephone System) whichgwill be put to
practical use on and after A.D. 200@. The frequency band
ranging from 2420 to 2480 MHz is aséigned to ISM |
(Industrial—Scientific—Medical)—ser%ice, as provided by ITU,
which is not only assigned to the rédio LAN in the building,
but also electronic ovens and largegpower non destructive
inspection-use accelerator. |
The radio wave for the PHS hgs a wavelength A of
about 158 mm when thé frequency is 1.90 GHz, and the radio

wave for the LAN has a wavelength A!of about 122 mm when

the frequency is 2.45 GHz. The linéar antenna element 3

serves as an area 4 x Ae 12, 980 mm? for the PHS, and

serves as an area 4 x Ae = 7,740 nm? for the LAN, and then

the linear antenna elements 3 could!'be regularly arranged,

tha@ is, dot on the surface of the glass or between the
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lnvention; Fig. 10 is an explanatory view show ng an arrangenent of
cross type linear antenna el enents; - Fig. 11 is an explanatory view
of variant exanples of the ring line type |linear antenna el enents;

FHg. 12 is an explanatory view of variant exanples of the end portion open
type linear antenna el ement; Fig. 13 is a front view of a variant
exanple of the end portion open type |linear antenna el enent; Fig.
14 is a pglgseciglates dakimgniatgount rdowhg adectacmaghietdd o a third
‘enbodi nent of the.invention; Fig. 15 is a plan view of one exanple
of the caoefilentiion elquilvalenty ddese 4 ypdd.i near antenna el enent and the
end portion open_type |inear antenna_el ement; _ Fig. 16 is a
graph showi ng anHe¥e¥eFonhyRénrgcthghliéngprgantenna elemeptsi dedn Bheenna

el enent of, Fi Fig. .17 is an explanatory view show ng vari ant

exanpl es df &k %%eﬁ%ﬁo@n 35f ShRWTY iifg Hlighe & P& akilfsathe radio
waves of various planes of polarizaiion to be shielded
because all the actual radio waves ;ave not laterally-
oriented plane of polarization. Th%refore, the linear
antenna elements 3 are formed of di?ectional end portion
.open type ones and ring line type oies referred to
hereinafter, thereby causing all thé radio waves different
in plane of polarization from one aﬁothgr to be shielded.
Figs. 1 and 2 show a first eébodiment of the
invention. A linear antenna elemené 5 is of an end portion
open type reverse Y-like element ha@ing one side 5b of a
length of about A/ (4Veq), where A ié a wavelength of the
electromagnetic wave to be shielded; and €q is an
eqﬁivalent relative dielectric consfant obtained when the
linear antenna elements are arrangeé on the glass. In
other words, the length of the one éide'Sb of the linear
antenna element 5 extending from a éenter 5a is a 1/4
wavelength of the radio wave to be éhieided, because geq = 1
holds in the aif. However, arrangi&g the linear antenna
elements 5 on the glass changes theglength of the one side
- 5b according to the dielectric cons%ants of the glass and
the boundary surface. |
Moreover, the window glass 1% on which the linear
antenna elements 3 or the linear an%enna elements 5 are to

be disposed, is preferably made of a float method-made
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antenna el enment and the end portion open type linear antenna el enent;

Fig. 18 is an explanatory view show ng exanples of the conbination of the
end portion open type linear antenna elenments different in length fromone
anot her; Fig. 19 is an explanatory viéM/shomth exanpl es of . the
conbination of the ring line type linear antenna ' ekenents different in

| ength from one anot her; Fig. 20 is an explanatory vi ew show ng
exanpl es @ﬂas$hea0@mbwnaﬁm@ngdhs$heok|m@arlammennahelmaﬁhbdsfof t hree
frequency bands; Fig. 21 is an explanatory view of an experinenta
eqU|pnentrﬁ@mlﬁﬂﬂm|@ﬁn199139ﬂﬁﬂedﬁﬁ@eﬁérﬁ@ﬁ#@@@eedﬁm§néép3 ©&r thén bet ween
t he' w ndow gl asses; Fig. 22 is a_front view of an experi nental

devi ce (%iqﬁﬁﬁ|ﬁﬂﬁQH?QIﬁ§qmﬁn§ﬁlén@ﬁlGhﬁeﬁwééﬁcﬁh@faﬁpﬁngéﬁéﬁt°rd|stance

of the Ilnear ant enna Iene s .and _an ,anount - of attgplatlon Fi g.

23°is a | SeGEsH e atgsydaking seoonet 8h&teental device for
;ﬁ?felnF]? ggl thﬁ rel ati nshlfg 3 litr%g-eé{thg)ﬁﬁ;?ha T%% da'rsetaa%%et?lf the |inear

above antenna element include a metal paste silk printing

method and a film laminating method, both ¢f which use
silver, copper, gold or the like.

Of the above methods, the film lamlnatlng method is
capable of preventing the broken glass from being scattered,
and of adjusting an amount of sunshine. Further, the film
can be laminated additionally after construction, thereby
resulting in a reiatively low cost of this;method. The
window glass 1 is produced by arraﬁging a circuit pattern
of the linear antenna elements 5 on a film material made of
‘a synthetic resin film such as a polyimide film, a
polyester film, and a polyethylene film by'thé use of an
etching method, and a laminating method, or a screen
printing method, and then laminating them on the glass, or
the like. |

The above etching method is ¢omposqd of the same
manner as a method of pféducing a deneraﬁé%rinted board by
preparing a base board in which a copperiféil is laminated
on.a film as a flexible board, masking a ﬁétterned portion
of the base board, and melting a remainedfbortion of the
masked-portion by a solvent. On thé cont?gry, the screen
method is to form a circuit pafterﬁ by péfforming a metal

paste printing using silver, gold, or the like on the base
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Fig. 24 is a graph showing an experimental result. of confirmng the

rel ati onshi p between the arrangenent - 12 -
di stance. of the linear antenna el enents and the anount of attenuation.
Det ai | ed Description of the Preferred Enbodi nents Enbodi ments of the

invention will be described- hereinbelowin detail with reference to the
drawings. Fig. 1 is a perspective view showi ng a wi ndow gl ass havi ng an
el ect r omaypoettidc shi el di ng characteristic according to a first enbodi nent
of the invention. In Fig. 1, reference nuneral 1 designates a w ndow

gl ass, and 2 sasBheFandS sheWRainafiennd arefvResizenbeh Rasvhh sBch a

|l ength as tq _correspqnd t he fr uency qQf :a radi_.o wave to.be shiel ded
are arrané’@d-crhe prglgﬁ M?afn’te%sn& Qd:@ogrﬁrnl&ig_t he

SRR v Reuts b e e R
attenuateo:[rher %% confirm the characteristic’ of the electromagnetic
wave shielding glass on which the Y?iike linear antenna
elements 5 are arranged. |
Fig. 9_shoﬁs that a maximum aﬁount of attenuation is
" 35 dB (mean frequency: 1.9 GHz), and then the attenuation
bandwidth at 30 dB as a target is abcut 35 MHz, thereby
bringing about a sufficient shieldipg characteristic for
the band for the PHS radio wave.
The following Table 1 shows particulars of the glass,

and Table 2 shows the summary of the experiment.

[Table 1]

Item .Particulars

Plate Grey glass pane

glass |60cm x 60cm Thicknessr gmm

Element |Silver paste burning prinﬁing
(Ag: 95%, Others: Vitreou€
material: 5%)

Wire length: 21mm

Wire width: O0.5mm

[Table 2]
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wave. First, the basic principle related to the invention wll be
descri bed hereinbel ow. Wen a radio wave is incident onto a conductor
piece placed in the air, the radio wave is partially refl ected therefrom
partially absorbed therelnto and the remaining part penetrates

t heret hrough. An amount of the radio wave being attenuated through the
conduct or[prece varres accorging to tne shape and the size]of the
conduct or |[JHexce. | n a case. \Sagmaryhe conduct or piece is arl end portion
open type|Tinear antenna elenment (dipole) 3.as shown in Fid. 3, the radio
wave is pPeaswmiing mefthes ed|{Inserdaonad®ss mt@@ldt |ba!| Inpddiesdr bed

thereinto -13 As shown in
Fig. 4, aldipole antenna el ej#@ie gagwk aoomappea@nﬂ @ﬁ&ﬁﬁop[err]IZ) di sposed
parallelly in a plane electfonagnetic field dqes not recei\e

el ectromafpnetic wave (Opening portlon s1ze.;1locm X
50cm)
Measuring Transmitter: Synfhesized
instrument ' sweeper |

Receiver: Spectrum anaLyzer
Antenna: W rigid. guide horn

antenna

N Measuring distance |60cm, 200cm

Incident angle 0°, 60°
Plane of : Vertical/Horizontal
ﬁolarization polarization

Fig. 10 shows a case in which the linear antenna
element 5 is shaped in rectangle, that is, cross. In this
case, a center 55 is low in elecfric potential, and sides
5b each is high in electric potential. In comparison with
the case of Fig. 10, according'to the case of Fig. 2, a
portion of the linear antenna elemént 5 having a high
electric field and a portion of thé anothér linear antenna
element 5 having a low electric fiéld are;closed to each
othér, thereby causing the linear éntenna}elements 5 to be
arranged so as to provide continuoﬁs triangles, which
prevents the portions having the high eleépric field from

being mutually closed to thereby pfevent the elements to be
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gnergy only at an area of-a netal portion thereof, but absorbs an

el ectromagnetic field at an area of the vicinity of the netal portion
thereof. The equival ent sectional area Ae, although the spreading of the
el ectromagnetic field is not uniforned, is calculated by the use of the
foll owi ng equation 1: [Equation 1] Ae=.13 [err] (area of [err]/2 x
[err]/4) About 3/4 of the radio wave radiated to the equival ent
secti onal matealdy iateefkeeeted, deatfmgézh@trmm nt ajandpDeltmdidet S
changed to a received electric power. This is call-ed "effective opening"
‘As shown resBilgs 3n mheninheeabevefltheadeaaueynafotheaehaméntﬁveIength
([err]/2) is set_inin resistance to "0" so long as it is an ideal one
with no | oss, itF¥@fIb£t%hQMQ argiher ivapant exampiteofithe @ndthen the
equi val ent sectional area becones four tinmes of the above-nentioned
effect|veP85§ﬁPﬁg°P§@aFVEPteBSéﬁ|ﬁ@FenAPraﬁgmﬁﬁtﬁhé oY er eIt oned

accor di ngiﬁﬁgﬁﬁﬁéﬁ%iﬁﬁwﬂ Sbcpi ORAE 5108 #ixPAE’ ;éaﬁe@rgﬁe ia%ﬁeﬁg) |
o e g s TELSELON 11 5L Lo g LIS il
| The experimental result reveéled tha; the window

glass 1 on which the linear antenna.elements 5 are arranged
is capable of shielding the radio waves eéen‘if there are
no linear antenna elements 5 at the but portion of the
glasses (a gap portion between the glasses) on which a
packing or the like is arranged. This result shows that
the mean frequency of the radio wavés is slightly shifted
due to the change of the gap distanne between the glasses,
but that the required shielding characteristic can be
satisfied up to about 30 mm of the gap distance.

This éxperiment is carried out, as shown in Fig. 21,
by transmitting the radio waves of a constant output
through an antenna in the electromagnetically shielded room
having an opening portion (51 cm in width x 111 cm in
height), receiving the transmitted radio wave through an
antenna outside the electromagnetically 'shielded room, and
measuring the received field intensity by'g;spectrum
"analyzer when changing the gap disténce between the window
glasses 1, comprising two test piecés, according to the
invention which are incorporated into openlng portlons

As described above, the llnear antenna elements 5

are regularly arranged on the window glass 1 taking account
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hasical |y acted according to the frequency-dependent property, which is
generally inherent in the antenna -1
el ement, and the receiving end resistance being zero. \W&la

antenna has a loss, the radio wave is partially absorniu N a
| oss resistance as the electric power. Fur't hedpor e R&ﬁéﬁﬁﬂnear-
antenna el ements 3 are arranged scatteredly, thereby preventing tRne W mdow

glass 1 faforarbei ey toemagphet i fistler ale filldamiomtaqr verlent sideid idzy.

I ncidentally, the conductor constituting the linear.;antenna elenent 3 is
sel ect ed tam ted eyt namagnes imtfited dmefdrec ttiton aqlsa@JJan’o,/ vcdngee ,and t o have
a small 1 oss. Then, the frequency band rangi'ng from 1885 to 1950
Mz i s asditfrabit sausingithe madier s@vas e &eo mwtiesh FREELGAPAN. |
PCS- US. DECT- Europe) and FPLMTS (Future Public Land Mbile Tel ephone

Syst em Wmnﬁqqmqqmqﬂaqiﬁtanye between the linear antenna elements 5

can be determined taking account of a required amount of

attenuation.

It is desired that achieving a large amount of
attenuation requires to arrange the:lineat antenna elements
5 so as to be as mutually closed as;possible. On the
contrary, arranging them on the surface of the window glass
80 as to be more closed than necessary canses a visual
problem (eyesore).
| Figs. 23 and 24 show an experimental device for
confirming the relationship between the arrangemént
distance of the linear antenna elements and the amount of
attenuation. The experiment is carried out with copper
nars considered as the linear antenna elements, which
provides the relationship as shown in Fig. 24.

Therefore, the arrangement distance between the
linear antenna elements 5 is determined taking account of
the relation with amount of attenuation, determlnlng the
arrangement distance between the linear antenna elements:
based on the required amount of attenuatlen provides a gap
between the linear antenna elements in large amounts as
much as possible, which provides better vieibiiity on the
surface of the glass. -

Further, in the above experimentalﬁfesult, the

llnear -antenna element 5, having a line width of 0.5 mm, is

This Sheet Has Been Reilaced ’ - 21 -
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practical use on and after A D. 2000. The frequency band ranging from 2420
to 2480 MHz is assigned to I SM (Industrial-Scientific-Mdical)-service, as
provided by ITU  which is not only assigned to the radio LAN in the
bui | di ng, but also electronic ovens and | arge power non destructive

I nspecti on-use accel erator. . The radio wave for the PHS has a

wavel ength [err] of about 158 mm when the frequency is 1.90 GHz, and the
radio wadermed bye thaNshidyex wasdlieebyirnipg-plriatialgouhok@®emy dlteds t he
frequency is 2.45 GHz. The l-inear antenna elenment 3 serves as an area 4 X
Ae = 12, oeefierred thedr thige lpHSaragatesney ed emengn Sahes 4 woAume 7, 740
mferr] for the LAN, and then the |linear antenna elenents 3 could be

regul ar | y tRsigdad ty Ofanots mogst than: e Xs dOf ac2d¥) -t he gl ass or bet ween

t he ass plates taking

account of the e?%c??%ﬂﬁﬁn%t%ﬁrg?e?m%E?FoﬂfeﬁEF%%Fgﬁ%o%reht41§ Ae.

preferred to lower the resistance loss of the linear
antenna element as much as possible. For this reason, it
is preferred to lower the resistance loss by increasing the
wire width, or to use the material having a good
conductivity. However, increasing the wire width of the
linear antenna element causes the optical transparency of
the surface of the glass on which the above linear antenna
elements are arranged to be degraded. As described above,
according to the invention of claim 11, the linear antenna
element has a volume resistivity of 5 x 10® (Qm) in a case
where the linear antenna element has the wire width of
about 0.5 mm, thereby resulting in sufficient performance.

Moreover, copper, silver and gold are optimum for
the material of the linear antenna element; however, gold
is expensive, and copper is increased in resisfance due to
the oxidation. As described above, introducing silver
prevents the cost from being increased and eliminates the
possibility for the resistance increasing due to the
oxidation, and the'mixture of a small amount, e.g. 5% of
the . vitreous material into the glass permits the vitreous
material to be integral with the glass, thereby enabling
the service life of the linear antehna element to be
elongated to the same degree as the;glass.

Figs. 7 and 8 show an example of a ring line type Y-

- 22 -



However, lining the linear antenna elements 3 in the lateral direction as
shown in Fig. 6 disables the radio waves of various planes of polarization
to ‘be shielded because all the actual radio waves have not |aterally-
oriented plane of polarization. Therefore, the linear antenna elenents 3
are formed of directional end portion open type ones and ring line type
ones referred to hereinafter, thereby causing all the radi o waves

di ff erent like pliameaofarpodraia zelemmsnitfs o neteabidertieo dred ghoretidad.

Figs. 1 and 2 show a first enbodi ment of the invention. A linear antenna
el enent 5 dpenftype ehidhgar tanrenp el engrts dver Furtheirke tdleeeents havi ng one
side 5b of a |ength of about [err]/(4[err]sq%, where [err] .is a wavel ength
of the elEMAEYREITc WaEatiaNe fampkrRY ohrdhe ef¥d Inartyreyui val ent

relative djelectric constant obtqined_mhen,the i near, antenna el enents are

I
ar r anged QYAL ALRNNA | glemgiie 2 mgfRACh (IR IRt il oneRE de® 5b of
the |inear nt en elenent 5 .extending froma center,5a is _a 1/4
wavel engt I‘F%‘?t’?%unf i%ya%’veoqlbe%é)ogrﬁg?rbae]d,t%%’aﬁecﬁ%? ﬁ qtiépel OfHids in
the air. I—ma]gva{e hﬂ%@ngi ng the linear antenna elenents 5 on the gl ass
0

changes the [ engt the one side 5b according to the dielectric

constants of theggl-®sa #9%g line type linear antenna element 4 has a
circumferential length (electricalllength) being identical
with a wavelength of the radio wave to be shielded. More
accurately, if A is a wavelength, and € is an equivaleﬁt
specific dielectric constant, the linear anfenna element 4
is of a ring having a surrounding length of about A/E.

The ring line type linear an;enna element 4 could be
thin in line width compared with the end portion open type
antenna element 5, and the inductance by a turned-up loop
portioh of the element 4 is capable of canceling the
capacitance component of the element 4, which is shorter
than A/4 for the end portion open type linear antenna
element 5, to achieve a resonant condition. Then, the ring
line type linear antenna element 4 raises a low radiation
resistance to four times according;to the effect of the
turned-up portion of the element 4;

The element 4 is short, theréby reducing an electric
field intensity to reduce an influénce of the dielectric
constant to the glass. Increasing é width of the loop
portion causes Zob (cha;acteristicéimpedance of two
parallel lines) to.be iﬁcréased, tﬁereby bringing about an

effect of lowering the influence of the glass, and further
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t,he boundary surface. Mor eover, the wi ndow glass 1, on which the
linear antenna elenments 3 or the linear antenna elenents 5 are to be

di sposed, is preferably made of a float net hod- nade

-« 16 - gl ass, a grey pane glass, or the like..The nethods of
regularly arranging the |inear antenna elenents 3 or the |inear antenna
elenments 5 on the surface of the glass or between the gl ass pl ates taking

account ofcduies elre@quarRgreld radielsd teefdeedinicarad@d, v aheitiebyr ea of the
above antenna el ement include a netal paste silk printing nethod and a

filmlam rausiggretvtend theotthiof lvitmec toauprovdidever wideppand.gol d or the

i ke. 'O the above nethods, the filmlamnating method is capable
of preventing th@hprekéa ghaws iroHifei hg spatherevariant erbedimentng an
amount of sunshine. Further, the film _can be |am nated additionally after
const r uct i then@nghportion open type linear antenna element 5,

which is partially shaped in a ring‘line 5c¢c. This element
is of so-called hybrid type one in which the ring line type
linear antenna elements are incorporated into the linear
antenna element.
| There are thus parallely used many thin lines,
thereby increasing a-reflection surface area and preventing
' the -transparency from being deteriorated while lowering -a

high frequency loss resistance value, which results in a
high band and a high attenuation.

Incidenfally, for example, the portable telephone
has two frequeﬁcy bands of 900 MHz and 1,500 MHz. Iﬁ a
similar manner, the PHS has a frequency of 1.9 GHz, the
radio wave LAN has a frequency of 2.45 GHZ.'
Electromagnetically shielding for the above radio wave
bands requires to cope with a plurality of frequency bands.

Fig. 14 is-a perspéctive view which is helpful to
explain the above-mentioned electrdmagneiically shielding
method .which copes with a plurality of frequency bands,
according to an embodiment of the invention, in which a
plurality of linear antenna elements different in length
from one another are combined then regularly arranged. In
this embodiment, combinations of the r;ng line type linear
antenna element 4 and the end portion open type linear

antenna element 5 are regularly arranged taking account of
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resulting in a relatively low cost of this method. The w ndow glass 1 is
produced by arranging a circuit pattern of the linear antenna el enents 5
on-a filmnmaterial made of a synthetic resin filmsuch as a polyinde
falm a polyester film and a polyethylene filmby the use of an etching
met hod, and a | am nating nethod, or a screen printing nethod, and then

| am nating themon the glass, or the like. The above etchi ng net hod
i s conposetedfeqiliraiaiit eIRGtaomagnaties fadld rerfidetiog argenena printed
board by preparing a base board in which a copper foil is lamnated -on a

filmas athexduiralentdelmtriomagnetdict dirdd perfilieationf vidlemease board,
and nelting a remained portion of the masked portion by a solvent. On the
contrary, despestrisedy,memdodurdhes frdremeadcipceFionp MPEST i YBP pdnedtni ng a

metal paste printing using silver, gold, or the |ike on_the base
- 17 - antenna element 5 is shape in Y, and the ring line antenna

element 4_is shaped is regular triangle, as shown in Fig.
15. Moreover, the linearlantenna element 3 is of double
type; howévér, this may be of singlé type one. |

‘Besides, the linear antenna element 5 is
disconnectively received in the linear antenna element 4,
thereby reducing an interference between the elements. Fig.'
16 shows an electromagnetic shielding effect of the linear
antenna elements 4, 5 shown_in Fig. 15, in which the axis
of ordinates fepresents an amount of attenuation, and the
axis of abscissas represents a frequency. (In Fig. 16, DDS
represents a case in which the linear antenna element 3 is
of.double type, and SDS represents a case in which it is
single type.)

There is shown in Fig. 17 a variant embodiment of
combinations of the ring line type linear antenna element 4
and the end portion open type linear antenna element 5. In
Fig. 17, reference symbol a designates an example in which
the end portion is folded.

Furthermore, an_electromagnetic éhielding method
which copes with a plurality of frequency bands can be
applied to a case in which the end portion open type linear
antenna elements 5 different in length from one another are
combined as shown in Fig. 18, or a case in which the ring

line typé linear antenna elements 4 different in length
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boar d. There is shown in Fig. 9 an experinmental result in which the
Y-like linear antenna elenents 5 are burning- printed on the surface of
the glass by silver-pasting in order to confirmthe characteristic of the
el ectromagneti c. wave shielding glass on which the Y-like |inear antenna

el ements 5 are arranged. Fig. 9 shows that a maxi num anount of
attenuation is 35 dB (nean frequency: 1.9 GHz), and then the attenuation
bandwi dt h fto8ConkB aotthemraes d¢omkiored 85 Mdzwn tireriBby. 18ingi ng about a
sufficient shielding characteristic for the band for the PHS radi o wave.
The fol |l owi ng Tafhere disowdopay dinc Bligrs 26f anhexgmpdes odndh®abl e 2 shows
the summary of the experlnent [Table 1] Item_ . Particulars Plate
Gey gl asCHRNaGieR O LHRAT ABRIA B LEIRRES Wiirh FREhWith 1Zer paste

gt’/(; ning pr IfurerNer%ﬂ%g{lﬁeq\%lﬁqx 9bS%%dQ he.r S. é{ngeree Prequency banéTsa:[ erial:

Moreover, the above description is directed to the
above embodiments applied to'the window glass for use in
the windows of the building; however, they can be applied
to the window glasses of vehicles such as automobiles and
trains, and the window glasses of furniture and fixtures
such as partitions and bozxes.

Industrial Availability

As described above, the window glass according to
the invention is capable of electromagnetically shielding
only the radio wave having the frequency band corresponding
to the length of the antenna element, but causing the other
radio wave to pass therethrough, which causes only the
radio wave having the required frequency band to be
selected then realize an electromagnetic shielding.

‘Further, the above window glass is capable of
realize an electromagnetic shielding of at a maximum of
about 40 dB, and providing a reflection region around the
antenna elements, thereby providing the electromagnetic
shielding characteristic even if séme gap is in existence,
and enabling the antenna element to be thinned, with no
degradation of the natural.iiluminétion and the visibility.

Besides, there is no need to treat the gap portion
between the above members and to eiectricaily connect them

for the purpose of earthing by the electrically connecting
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Wie width: 0.5mm [ Tabl e 2] . - 18 -

It em Sunmmary Measuring net hod | nsertion | oss nmethod by
radi o wave dark room opening portion

(:0peni ng portion size: 110cm x 50cn) Measuring
Transmitter: Synthesized instrunent sweeper

Recei ver: Spectrum anal yzer Antenna: Wrigid guide horn
antenna WNeagdd.ng di stance 60cm. 200cm ' :
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I'i iear anténna 'element 5 is shaped in rectangle, that is, cross. Jn.this

case, a center 5a is lowin electric potential, and F i gh
in electric potential. In conparison with the case.qf™ ng
to the case of Fig. 2, a portion of the |inear antern g a

high el edihde ¥ tkrigmetl aiporti on of the anot her:lLinear antenna elenent 5
having a low electric field are closed to each OLh;r,_;hergby.gau3|ng t he
I'i near ant®nna ePeHéﬁ@@WBgﬂés§ehaaﬁﬂ§ng@deéécﬁgomqgggaucdFh&eaﬂunFQuFd_f
triangles, whic revents thhe portions having the high electric fie rom
bei ng nutLEﬂq€P9:§§iﬁF%?1tWﬂﬁ%ﬁﬁP[ﬁ%ﬁRﬁﬁ eI RRRENGS [rach having

- 19- such a length as to cause a radio wave, ch is to be

shielded, to be resonated are arranged-a *su:face of a
glass or between glass plates taking é& .
electromagnetic field reflection eqﬁivg ;farea
(scattering opening area) or an eleCtr@m@Q étic field
reflection equivalent volume (scatterin§ 6béning volume),
said linear antenna element causing:sdid-;édio wave to be
scattered to thereby be attenuated. R

2. A window glass having an electromagﬁetic shielding
characteristic, as claimed in‘claim'1, ﬁﬁ§féin said linear
antenné element (5) is of an end portion'épen type, of
which one side (5b), extending from a center thereof,
having a length (electrical length) which is identical with
the 1/4 wavelength (1/2 wavelength in the case of a
straight type one) of the radio wave to be shielded.

3. A window glass having an electromagﬁétic shielding
characteristic, as claimed in claim 1, wherein said linear
antenna element (4) is of a ring line type; of which
surrounding length (electrical length) is:identical with
the wavelength of said radio wave to be shielded.

4, A window glass having an electromag#étic_shielding
characteristic, as claimed in any one of-dihims 1 té 3,
wherein said linear antenna element is cdﬁpésed of a
plurality of kinds of linear éhfenna eleméﬁts for shielding

a plurality of frequencies, in which two or more kinds of

This Sheet Has Been Rerla‘ce - 28 -
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aufualumlnﬂ"ﬁnﬂﬁuﬂﬁuﬂl he arrangenment in a triangle manner results in the
*ncre _ y of the elenents. Fig. 12 shows :
vari ant® eXanpl e of* t fe end portion open type Iinear T

straight line type one shown at a |left side of Flg

experlnental result reveal ed that the mﬁndom/ glass-l on which the linear
ant enna elkiresds &ntemmeare et s idi ftHpodnte iof sivefahdighdpe rfibm waves
even if there are no linear antenna el ements 5 at. e but portion of the
gl asses (onmppathévmibetawmngdd s @Sy m tnaed. packing or the |ike
is arranged. This result shows that the nmean frequency of the radio waves
i s slightl¥- shifRewingow g3dasike havinge adf elretyapagnetiscehpelddag t he

gl asses, but that the required shleldln%_characterlstlc can_hbe satisfied
Up to abouBhaXRGHEBISEHR 9%&) Ghaimet e‘-n claim 4phivheseidd skt &3k ri ed

out, as shown in Fi trans the radi o ves(g% a_ const ant

out put t kﬁ%wp%rﬁg?ﬂ%‘?‘ﬁlai? TR ?Jc’aw CP# oom havi ng

o0 o0en 19 B S ST Wgs;“foaatéwhe;ﬂom o e

shi el ded rf%@%uéﬁ@&es, in which an end portlon open . type linear
antenna element (5) and a ring llne type_l;near antenna
element (4). |
6. A window glass having an eleetromagﬁetic shielding
characteristic, as claimed in claiﬁ 4, wherein said linear
antenna element is composed of a piﬁrality'ef kinds of
linear antenna elements for shielding a plurality of
frequencies, in which end portion dpen type linear antenna
elements (5) different in length from one another are
combined.
7. A window glass having an electromagnetic shielding
characteristic, es claimed in claiﬁ 4, wherein said linear
antenna element is composed of a p%urality of kinds of
linear antenna elements for shielding a plurality of'
freqﬁencies, in which ring line tyée linear antenna
elements (4) different in length f%om_one another are
combined. |
8. A window glass having an eleétromagnetic shielding
characteristic, as claimed in claiﬁ 2, wherein said end
‘portion open type linear antenna eiements (5) are arranged
in such a manner that respective siée ends of one of said

linear antenna elements (5) is closed to centers (5a) of

This Sheet Has Been Replaced - 29 -




neasuyj Jirs field intensity by a spectrum analyzer when
Chang“wm“mgmmmn nce between the wi ndow gl asses 1,r =~ -
' oﬂﬁg ﬁdeﬁTng' AS BEEN

test prreces,tactoridirig to the invention which are incor

@peni ng portions. As described above, the |inear pntenf&Pefghients 5

are regularly arranged on the w ndow gl ass 1 taking account

- 20 - . . Substitute sheet - 16
May 1998 the othe¥s I 861 NAFRGICtEnG: dningl & Veidrtset | (3) e@ifiacaintnttcar ea or

an el ectromagnetic field reflection equival ent vol une, t her eby

causi ng t aiddne Wi eaiid lhimesnt amizned elements ,(5) . ‘the optinmum

di stance between the |inear antenna el ements 5 can be determ ned
taki ng accunt oR windqwi gddsanbawingf an electyppagpgtienshielding | t
is desired that achieving a | arge anpunt _of attenuation requires to

arrange t lhanantariatigmasidgmeg in clain & JDher@ife 544 dnangh

|1y closed
e of the

as possible. On the ~contrary, arranging them.qn .the syr.f
wi ndow gl Rrtion opedy, tiPe &W%l‘%“iﬁ%(f%t%h{l%c sary p(f’d%sl@g' vi sual

of a ring line type.

10. A window glass having an elec¢ctromagnetic shielding

characteristic, as claimed in any one of claims 1 to 9,

wherein arrangement distances between said linear antenna

with an amount of attenuation.

elements are determined taking account of the relationship

11. A window glass having an electromagnetic shielding

characteristic, as claimed in any one of claims 1 to 10,

wherein said linear antenna element has a volume

resistivity of not more than 5 x 107° (Qm).

12. A window glass having an eleétromagﬁetic shielding

characteristic, as claimed in any one of claims 1 to 11,

. wherein said linear antenna element is made of a material

which is superior in conductivity,:durability, and weather-

resistant, and contains a small amount of;Vitreous material.

(N
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pr obl em (eyesore). Figs. 22 and 23 show an experinental device for
¢confirm ng the relationship between the arrangenent di stance of the
I:i near antenna el enents and t he anount of attenuation. The
experinment is carried out with copper bars considered as the linear
antenna el enents, which provi des the rel ationship as shown in Fig.
24. : Therefore, the arrangenent distance between the

| i near antaomitaxcagtenents 5 is deterni ned taking account of t he
relation with anount of attenuation, determning the ar r angenent

di st ance betmeenThherndgargénﬁénna cepabhesof realpziag &Rethe required
anmount of attenuation prOV|des a between the |inear antenna

el enent s |Ehlq<ﬁf1{;fé“ Sibleldlng rﬁfoLeassedcf’s‘"strJH}% Oy HRPrOWIES bet t er

visibilit surface of F rther in the

h
above expéfn’%‘?ﬂ%r‘?‘%s{mqu§w n&s’lel‘—’ﬂ'égsaslﬁ? ShE£AT e ReB L3488 ng a

line m‘dtrk he é&ec{ngmagnetléHShleldlng to the glass already equipped,

without carrying out electrlcal connection to surrounding
metal sashes and the like by conducting material.
Linear antenna elements each having such a length as

to cause a radio wave, which is to be shielded, to be

: resonated are arranged on a surface of a glass or between
glass plates taking account of an electromagnetic field
reflection equivalent'area (scattering opening area) or an
electromagnetic field reflection equivalent volume
(scattering opehing volume), the linear antenna element
causing-the radio wave to be scattered to theréby be

attenuated.
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formed by the silver paste burning-printing; however, it is preferred that
the linear antenna elenment 5 has a volume resistivity of not nore than 5 x
9[err] ([err].m. To ensure a | arge amobunt of attenuation, it is
peeferred to | ower the resistance loss of the linear antenna el enent as
much as possible. For this reason, it 1is preferred to |ower the resistance
| oss by increasing the wre wdth, or to use the material having a good
conducti vi F¥g. Hbwever, increasing the wire width of the |Iinear antenna

el enent- causes the optical transparency of the surface of the glass on

whi ch t he hbovéndeviegtasdt enna el enents are arranged to be degraded. As
descri bed above, . according to the invention of claim11l, the |inear
antenna efend®®hhb%aB®evol une resistivity of 5 x 10-8 ([err].m in a case
where the é[n ar- antenpa el ement has the wire width of about 0.5 nm
thereby re uli?ﬂﬁaFnagg???%ient per f or mance. Mbr eover, copper,

sil ver andsgolge§£groptinun1for the material of the |inear antenna

el ement; howeveéer, gold is expensive, and copper is increased in resistance
due to thgngggaéion. As described above, introducing silver prevents the
cost from being Increased and elimnates the

Fig. 3

equivalent electromagnetic field reflection area (volﬁme)
electromégnetic wave

Fig. 4

effective opening

A: wavelength

Rt: receiving end resistance

Fig. 5

reflection area

A: wavelength

Rt: receiving end resistance (shorf—circuit)
equivalent electromagnetic field reflection area (volume)
Fig. 9

amount of attenuation

frequency

Fig. 21

shielding glass

shielding glass

opening |

gap distance

opening portion

Fig. 22
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ppssibility for the resistance increasing due to the oxidation, and the

m xture of a small anmount, e.g. 5% of the vitreous material into the glass
bernits the vitreous material to be integral with the glass, thereby
emabling the service life of the linear antenna el ement to be el ongated
to the same degree as the gl ass. Figs. 7 and 8 show an exanple of a
ring line type Y- - 22 - i ke

| i near -antventizakdleenents 4 i nstead of the end portion open type |inear
antenna elements 5. Further, there is shown in Fig. 11 variant exanples of
_the ring IFi® t3%e |inear antenna el ement 4, which include a triangle
type, a rectangul ar type, other pol ygonal type a circle type ones, and
the |ike. transmlqakqna_r|ng line type linear antenna el enent 4 has a
circunferential length (electrical length) being identical wth a

wavel engt FFeRHLR adi 0 wave to be shi el ded. Mre

Fig. 24
relation between antenna-to—antenna distance and attenuance
attenuance (dB)

antenna-to—-antenna distance (Tam)

el
4




: 03351
*accurately, if [err] is a wavelength, and s is an equivalent specipos
dirglectric constant, the linear antenna elenent 4 is of a ring haV| ng a
sur r oundi ng |ength of abotit [err]/[err]. - The ring line type |inear
. antenna el'ement 4 could be thin in line width conpared with the end
' ‘portjon open type antenna elenent 5, and the indtct ance by a turned-up
Ioop portion of the elenent 4 is ﬁ&n&%f l@f canceling the capacitance
conmponent of the el ement 4, whi chD @ than [err]/4 for the end
portion open type linear antenna element 5, to achieve a resonant

condition. Then, the ring line type linear antenna elenment 4 raises a |l ow
radi ation resistance to four times according to the effect of the
turned-up portion of the el enent 4. The elenment 4 is short, thereby

reducing an electric, field inten u n Jnfluen of e
dielectric consﬁ ah@ tenf ﬁﬂgoﬁleé’ss%[ﬁm«ea 'fébq R k‘;]b 30# portion
causes Zob har.act.eri sti.c | nce t pajallel ,Iines) to be

i ncreased, 7ti lﬁplﬁ ﬁQﬁ%lﬂlﬁ’ f f Vo'of qp@'ﬂerﬁi%d‘eﬁ'ﬁéyiqﬁﬂtdéﬁce of

he gl he . .
F © glass, tﬁgg ftgn conversant with the English and Japanese languages and

the best of my knowledge and belief the foregoing is a true and
correct, translation made by me of the document(s) in the

Japanese language attached hereto.

DATE: March 24 , 1998 g;z;u4éébdé_./2i:’¢g;2>

TSUKASA KUBO
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variant erfbodi nent" of t'he end portion open type linear ark ,
which is partially shaped in a ring line 5c. This element is.of.so-called. . ...

hybrid type one in which the AndMi ® tMpeD! iNeaE anenma eI errents are
incorporated into the linear antenna el enent. N Ther.e. dn B“mRﬁlm*d
paral l ely used many thin lines, thereby increasing a- reflecti F Il
area and preventing the transparency from being deteriorated

| owering Whati g tlgdmedcysloss resistance value, which results in a high
band and a high attenuation. Incidentally, for exanple, the portable

t el ephone], héadmenwdetl) eduariadowargda saf GG el de &6 t r
nanngr t he gHS has 2 frequency@gf 1.9 GH;“r$%e radi o d%%%?nglﬂglélﬂlhé

frequencycbarac4ér¢hulc Ewbetredmediatdazalant ehie! ¢ difed 3 (@F a@@&ﬁ bétfhg

wave bands requires to cope with a plurality of frequency band
Fig. 14 igfaaneeadepdrvéoni epenhtype) sehehrdfl whoch sides (5bh), extendlng

from a center thereof, each having a length (electrical length)
which is identical with the 1/4'Wivelength (1/2 wavelength in.
the case of a straight type one) of the radio wave to be
shielded are arranged as electromagnetic shielding elements on a
surface of a glass or between glasses with ends of said
respective sides (5b) close to a center of the adjacent antenna
element, taking account of the electromagnetic field reflection
equivalent area (scattering opening area) or the
electromagnetic field reflection equivalent volume (scattering
opening volume) of said linear antenna element, whereby said
linear antenna elements scatter and then attenuate said radio
wave. |

2. (canceled)

3. (Amended) A window glass having an electromagnetic shielding
characteristic, wherein a linear antenna element (4) of a ring
line type. of which circumferential length (electrical length)
is substantially identical'wfth tﬁe wavelength of said radio
wave to be shielded arranged as ad electromagnetic shielding
element on a surface of a glass or between glasses, taking
account of the electromagnetic€fie}d reflectidn-equivalent area
(scattering opening area) or the electromagnetic field

reflection equivalent volume (scattering opening volumé) of said



-expl ai n@HmiﬁEemﬁ%ed el ect ronﬂm "mm &umu di ngTHISESHEET m@ﬁm' .
.copes Wit m flof .frequency bANER! My tol an eREPUAGENt of |-
the inven : a. plurality of i near ant enna elememts—OTTTerent

in length fromone another are conbined then regularly arranged. In this

and the.ohd " EREBRNR ) Fn haRneniil FEE L. haTear BB RAR FTihet
?Léagg5?v§?§h3g£?g§ﬁﬁng§he?F$ePP%FSSrQ?FQCF?QEOaW%Xeand_ Eﬁe-equivalent
clect romanet | eal VAl AR CEA LS LTS, o BIKLF Bl RO i B 1P FpE
15, Nor eobBRraBiE IRt 38 MIRIRGE AR olg S G S, FOBS Soumbbfein
Lhis may gﬁiﬂflih%ﬂkeah¥%%n%9%lemeqt i PCUMTsed "ot 4 "FRAr&0t B9 51k EHEY!

5is

of linear antenna elements for shielding a plhrality of
frequencies, in which two or more kinds of linear antenna
elements different in sizé and shape from one another are
arranged so as to be combined. '

5. A window glass having an electromagnetic shielding
characteristic, as claimed in dlaim 4, wherein said linear
antehna element is composed of a plurality of kinds of linear
antenna elements for shielding a plurality of frequencies, in
which an end portion open type linear antenna element (5) and a
ring line type linear antenna element (4) .

6. A window glass having an electromagnetic shielding
characteristic, as claimed in claim 4, wherein said linear
antenna element is composed of a plurality of kinds of linear
antenna elements for shielding a plurality of frequencies, in
which end portion open type linear antenna elements (5)
different in length from one another are combined .

7. A window glass having an electromagnetic shielding
characteristic, as claiméd in claim 4, wherein said linear
antenna element is composgd of a plurality of kinds of linear
antenna elements for shieiging a plurality of frequencies, in
which ring line type Iinééf antenna elements (4) 'different in
length from one another are combined . |

8. A window glass having an electromagnetic shielding



] t ' el enent 4] 1H}
T < o =L S 5

. di.sconmB
. an interf
shi'el di e | i near *anfenha %l e€mrenfts: 4, 5 shown in Fig. 15, in

whi ch the aXIS of ordinates represents an anmount of attenuation, and the

axis of L EEEer  $P1 €5e08 Sc Failhéﬁluﬁﬁcﬁlaﬁhl”?:' Whe}"@mD@ﬁldr e tgo:'h

case in Ich the Il near antenna elenent 3 I-s of double type, an

representgpencepel iMba ditbanaseldmivoe(s) are ar H\fgled' $nSRAMh i

Fig. 17 a vdriant enbodi nent of onbi nations of the rin ne type |inear

ant enna q@m%@e fha @nﬁesb@cQWepgweoremerhﬁ Yipge | breé‘élﬁ”‘l?ﬂ%ﬂre'a‘?lrf%ﬁd\as

In Fig. ence synb esi gnates an exanple 1 n which

portion is] épéfed. (8 is cfw?&ewvrc%ntaew' gs&bomrﬁfe %fﬁé?édbwgswd‘od

which copes wth a plurality of frequency bands can be applied to a case
In which Itﬂﬁbaqnohrppéﬁn@ne P@:ﬁ@ntypesb | aggacen! %“%a‘i'de@i%t 91> Al drigiar n
| ength from one anot her are nmbined as shown in 18, or a case In
whi ch th%ﬂjéﬁhaléygméﬁqga45year antenna -el enents 4 dlfferent in length
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9. A window glass having an electromagnetic shielding
characteristic, as claimed in claim 2, wherein said end portion
open type linear antenna elements.(S) is partially of a ring
line type.

10 . A window glass having an electromagnetic shielding
characteristic, as claimed in any one of claims 1 to 9, wherein
arrangement distances between said linear antenna eleménts are
determined taking account of the relationship with an amount of
attenuation.

11 . A window glass having an eiectromagnetic shielding
characteristic. as claimed in any one of claims 1 to 10, wherein
said linear antenna element has a volume resistivity of not
more than 5 x 10 "% ( Q -m) .

12 . A window glass having an electromagnetic shielding
.characteristic, as claimed in any one of claims 1 to 11, wherein
said linear antenna element is made of a material which is
superior in conductivity, durability, and weather-resistant, and

contains a small amount of vitreous material.



: Y2835 -1
frbn)one anot her are conbined as shown in Fig. 19. Ther e {®0%hown in
FTg. 20 an exanples of the conbination of |inear antenna el enents which
copes-with a plurality of frequency ‘bands, e.g. three frequenc bands.
Moreover, the above description is dlrected t Subght et enyd Mg 98
appli ed to the wi ndow glass for use in the wi ndows of the burldlng,
however ,=they can be applied to the mrndom/glasses of vehicles such as
autonDbrF d | xtures

%Sf%%l gr]fts?%ng Eg%%%fé‘efl t}siwtj?'llga Aval ablqtltltq{/ﬂéﬂ eafggi % escri bed
%nW%T@@ﬂﬂﬂﬁE&he%ﬁﬁp@wélatfefﬂé&%ﬂdﬂ”ﬂﬁdi¥hléhﬂ*¥5¥ﬂﬁéCﬁ
jneéti cally shielding only the radio wave having the frequency
eaReRGy ¢ausinghe Heenaidi Owadves Y e ataiRited buFugaheiryg t he
di:o wave to pass therethrough, which causes only the radio wave
havi ng g ehiee uitiemind Hdgrance betdden he Sdmedredriteama edlémentan 5
el:ect romagneti ¢ shi el di ng.

o ”“%can be determined taking account of a requlred amount of

attenuation.

It is desired that achieving a large amount of

tenuatlon requlres to arrange the llnear antenna elements
-'i5 so as to be as mutually closed as pOSSlble On the
5Egontbary, arranging them on the surface of the window glass .
;fSo as to be more Closed than necessary causes a visual
-f'problem (eyesore) . |

Figs. 22 and 23 show an experlmental device for

.confirming the relationship between the arrangement

" distance of the linear antenna elements and the amount of

ffattenuation.' The experiment is carried out with copper

‘i:bars considered as the linear antenna elements, which

+ 'provides the relationship as shown in Fig. 24.

Therefore, the arrangement distance between the
near antenna elements 5 is determined taking account of

Fihefrelation with amount of attenuation, determining the

ﬁ%ébrangement distance between the linear antenna elements
-ﬁbased on the required amount of attenuation provides a gap

between the linear antenna elements in large amounts as
~much as possible, which provides better visibility on. the
;fsurface of the glass.

Further, in the above experimental result, the

illnear antenna element 5, having a line width of 0.5 mm, is. 00
| REPLACEM.w ~‘“” 5
. e, 3

18 MEY 198 i ;

Seq%0 23.??"'
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the antenna el enent to be thinned, with no degradation of the natural
~ilkumnation and the visibility. Besi des, there is no need to treat

: the gap portion between the above nenbers and to electrically connect them
- for the purlphase isf céaimed nif:by the electrically connecting '
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1. (Amenﬁ%ﬂ?ekfwindow glass having an electromagnetic shielding
characteristic, wherein linear antenna elements (5), each being
of an end portion open type, each of which sides (5b), extending
from a center thereof, each having 2 length (electrical length)
which is identical with the 1/4 wavelength (1/2 wavelength in
the case of a straight type one) of the radioc wave to be
shielded are arranged as electromagnetic shielding elements on a

surface of a glass or between glasses with ends of said

~respective sides (5b) close to-a center of the adjacent antenna

element, taking account of the electromagnetic field reflection

equivalent area (scattering opening area) or the

electromagnetic field reflection equivalent volume (scattering
opening volume) of said linear antenna element, whereby said
linear antenna elements scatter and then attenuate said radio
wave. |

2. (canceled)

3. (Amended) A window glass having an electromagnetic shielding

characteristic, wherein a linear antenna element (4) is of a

ring line type, of which circumferential length (electrical_

length) is substantially identical with the wavelength of said
radio wave to be shielded arranged as an electromagnetic
shielding element on a surface of a glass or between glasses,
taking account of the electromagnetic field reflection
equivalent area (scattering opening area) or the electromagnetic

field reflection equivalent volume (scattering opening volume)

REPLACEMENT SHEET

11 JUN 999

' \@glow gl ass is capable of realize an el ectromagnepicc
mm m mm’! um of about 40 dB, and providing a reflection
enna el enents, thereby providing the el ectronagnetic
shi el ding characteristic even if some #b is iSubskitétecshest - hhduseah¥99g

C‘fa»?fsff
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element scatters and then attenuates said radio wave.

4. A window glass having an electromagnetic shielding
characteristic, as claimed in any one of claims 1 to 3, wherein
said linear antenna element is composed of -a plurality of kinds
of linear antenna elemenfs for shielding a plurality of
frequencies, in which two or more kinds of linear antenna
elements different in sizé and shape from one another are
arranged so as to be combined.

5. A window glass having an electromagnetic shielding
characteristic, as claimed in claim 4, wherein said linear
antenna element is composed of a plurality of kinds of linear
antenna elements for.shielqing a plurality of frequencies, in
which an end portion open type linear antenna element (5) and a
ring line type linear antenne-element'(4) .

6. A window glass having an electromagnetic shielding
characteristic, as claimed in claim 4, wherein said linear
antenna element is composed of a plurality of kinds of linear
antenna elements for shielding a plurality of frequencies, in
which "end portion open type linear antenna elements (5)
different in length from one another are combined .

7. A window glass haviﬁg an electromagnetic shielding
characteristic, as claimed in claim 4, wherein said linear
antenna element is composed of a pluralityiof kinds of linear
antenna elements for shielding a plurality'of frequencies, in
which ring line type linear antenna elements (4) different in
length from one another are: comblned '

8. (canceled) |
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28 Sutﬂﬂl m@ W m“ 11 June 1999 \What is clained is: 1. (Amended) A
. W ndow gl &9 ctromagnetic shielding characteristic, wherein
enent's (5), each bein f an endjmqéion open type, each

' of which sides (5b), extending froma ter t 1 gth
(electrical length) which is-identical with the 1/4 wavel ength (1/2

et dea ashigl AR R s O HHRFeRRCR st Rerdh A i o

~aglass Orfl'?ﬁﬁéFgg?Géﬁﬁée§IMéd‘tse'§§) %fs $aird iraqge%tfi ¥ersh egkgébiy&é,ose to

| a center o acent antenna el'énment, taking account o

. el ectronagpethfighiiehd a@fép@'imm@wmi Mieldiag elemshteonns seppa¢ad
. area) or the electromagnetic field reflecthn equi-val ent vol ume _
hear ant Shna ok oents Soat Lot and Lhen St enuat s e d rado save o ¢

i 2Nu i | ve. 2.
(cancel ed) edectnopagaayin wiakdwgf heet hani aguinabertt2pedigheea ttening di ng
characteristic,. wherein a linear antenna elenent, (4).is.af a ing L.i
type. of upa lcmscaﬁfe@r%netraﬁ?qeengi RCLD CRERREALG ehaghd e ELBRLAAN ally

i denti ca ] a e shi el ded ar ed as
dent cal BlhebTEn eV B SRS P ER kb EaRECub DD SPECLAEY FLGRES

gl asses, takitBAnaCEPEREnP! W éﬂf“%?fﬂ“%ﬂﬁﬁdﬂldﬁt%hﬂar?ibﬁ@ﬁtog?fﬂyéyéje“t
area (scattering opening area) or the electromagnetic tield reflection

equi val ent gi@l th@n (StaRnugt &HIsPRE Hadd oVRA VEE) o
29 Substitute sheet - 2 October 1999 of said |inear antenna el enent,

wher eby sail@ | i nécanceldteddna el enent scatters and then attenuates said radio
wave. 4. A wi ndow gl ass havi ng an el ectromagneti c -shi el di ng '
characteri $ili ¢, Ghmendeded A WimdowBnalascibawingasn 21 embromagadsitdi ¢ i near
antenna el ereelalne ‘Hlractertstic? a¥ elathed ifl A7 one of claims 1, 3,

4, 5, 6, 7, 9, wherein said linear antenna element has a volume

resistivity of not more than 5 x 10 =* ( Q -m) .

12 . (Amended) A window glass having an electromagnetic

shielding characteristic, as claimed in any one of claims.1, 3,

4, 5 6, 7, 9, 11, wherein said linear antenna element is made

of a material which is superior in conductivity, durability.

and weather-resistant, and cohtains.a smali amount of vitreous

material.
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of Linear for shielding a plurality of frequencies, 9%;;?3?—/
whi ch 't wo Imﬂmuﬁlﬂ"m“ Im linear antenna el enents different in. size and

shape -from’oné ahot hers are arranged sO as to.be conbi ned. 5. A W ndow
gl ass having an el ectronagnetic shiel di4® ch itute t- 998

claim4, wherein said |inear antenna el enent is conposed of a plurality of

ki nds of |i neay f I.es,
n i ch an o Sa10 41 SREnthy Eung! nEhL, Ofher LR Naears SR HRMNy
l'ine type |ingaenapt %ﬁ%t@l‘@r@ﬂf thén: @ttenuﬁt‘é&%’d 95@% vﬂf’\l‘é‘ ng an
electronagnetlc shi el ding characteristic, as clained:in claim4, wherein
said |inear adtennd etbnmdow gd ats(srrﬂ)msadlg)fam placdllrlomgmfe ﬂ(lmdsha)élkinmegar
antenna el enments for shielding a plurality of freguencres in which end

portion open CPBEAFIRHEt 1gnt BRNG! @I“@ﬁehﬂsﬁf%)o% pi ef EhtmS rlalnéjnét hWheIRhlone

22?2f‘§fn3r§h§%§?#effwr antelh st Rs TSR of o A RERRRT ) b dincs
antenna el eneps i £OIPogReeRhad lleifél 14 e BF knds adn ﬁ]'fe@fuf‘m 9aof

el enents for shle ng a plurality o requencres, in e type

| inear ant enng relqareardises,4)1 i Wi eetentwe not engi & kindsooe amﬁeher a@dltenna
conbi ned 8. (cancel ed) 30 Substitute

sheet - 2 Oct ¢demendsd didf f e romenidedyiza mdmdem@eaésomaonngaanther are
electronagnetlc shieldin c?arﬁcterbstl , wherein an end portion open type
ligear antenn&TERBREMYY @8) 1P S"H&OMPL%S of a ring line type, arranged as

an el ectromgnetic oy ehehRYLTHSE=Ha (YN @ BT EIER 190 K PP On PETHIE

gl asses, taking accoun e el ectromagnetic ection equi valent

area (scattericha ropaniris tdrcgalasorc ltaligned qat cqaaane, | @the'r‘%'l(ﬁ rs@fildeqtiin@a r
equi val ent volunme (scattering opening volune) of said |inear antenna

el ement , Mermenaadelememt mto@mpasedeaém poataldrty afidkihés af tkimesres

said radio wave. ) %cancel ed) 11 (Arended) A wi ndow gl ass havi ng an
el ect romagnet |aélt§ﬁﬂél at '@%Tﬂ%rféﬁ't Shiigldéng & Riunakidyi A fahyeawenore sl ditns

L3, 4.5 Gynfenan R §oP 15849 denn??Beanfge aﬁtgﬂﬁineﬂe H2n? Y8 U 4

ring line type linear antenna element (4) .
6. A window glass ha?ing an electromagnetic shielding
characteristic, as claimed in claim 4, wherein said linear
antenna element is composed of a plurality of kinds of linear
antenna elements for shielding a plurality of frequencies, in
which end portion opeﬁ_type linear antenna elements (5)
different in length from one another are gbmbined )
7. A window glass having an electfemagnetic shielding -
characteristic, as claimed in claim 43 wherein said linear
antenna element is composed of a plurallty of kinds of linear
~antenna elements for shleldlng a plura11ty of frequencies, in
which ring line type 11near antenna elements (4) different in
length from one another are comblned
8. (canceled) |
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resLstivq u ﬂ"ﬂi " lﬁ tan 5 x 10 [err] ( [err] . m 12 . (Amended)
A wi'ndow A A Iectronagnetic shi el ding characteristic, as

clarmed in any one of clainms 1, 3, 4, 6, 7, 9 11, mhereln said |inear
-antenna el enment is made of a materi al Wﬂ@ch Il
durablllty, and weat her-resistant, and contains a srral | anDunt of V|treous
naterlal 9. (Amended) A window glass having an electromagnetic

shielding characteristic, wherein an énd portion open type
linear antenna elements (5) is partially of a ring line type,
arranged aé an electromagnetic shielding element on a surface
of a glass or between glasses, takfng account of the
electromagnétic field reflection equivalent area (scattering
opening area) or the electromagnetic field reflection
equivalent volume (scattering opening volume) of said linear
antenna element, whereby said linear antenna element scatters
and then attenuates said radio wave.
10 . (canceled)
11 . (Amended) ‘A window glass having an electromagnetic
shieiding characteristic,'ds claimed in any ome of claims I, 3,
4, 5, 6, 7. 9, wherein said linear antenna element has a volume
resistivity of not more than 5 x 10 “* ( Q +m) .
12 . (Amended) A window glass having an electromagnetic
shielding characteristic, as claimed in any one of claims 1, 3,
4,5 6 7.9, 11, wherein said linear antenna element is. made
- of a material which is superior in condnctivity. durability,
and weather-resistant, and contains a small amount of vitreous

material.
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