. S TRANSPARENT ELECTROVAGNETI C WAVE SHI ELD FI ELA,
THE INVENTICN The present invention relates to surface
covering- for the screens of display devices, especially plasm

di spl ays (hereinafter abbreviated as PDP) which need to be 5 guarded

agai nst ¥ eakage of el ectronagnetic waves, and for ot her transparent
structures which are required to be Lapabl e of being seen through, for
exanpl e, w ndows of a room where nedical instrunents are installed
Wth rapid progress of electronics and conse- 10 quential preval ence of
conputers and other electronic devices in recent years, concern is
growi ng over di st urtTRANSP ARBNGE ELIBC TROMAGNETAGNHAVE SHIBEDwWhi ch woul d
generate erroneous operation of electronic devices. One means for

preventing s e disturbance 15 is active shielding
capabl e of co ﬁ# éﬁt %Egﬂﬁé@ggé§¥ electronagne;ic waves at the
source of generati on, \éﬂghprest%ntcgi{}gr ntrsn.(?:%I 'r%%g.‘t OQ:o' %%&Qg% cg¥ering

desi gni ng the housi ng STonl ¢

e'eCtrOCO”ducfbfethé@£é9H§ns of &%Hﬁ%%gﬂdééﬂééé a%s%%h@hlﬁ?'bla@HHChed et al
foil, nmetal 20 mesh, netal fiber ed organic oOr inorganic fiber, etc.

have been usedmplaysedhé@élmwtaméﬁm 2ef relpgCiihdch needTegNBE C
waves, but transparency is an absol ute requirenent for the displays

such as PDP agdasdedt bgaimdt viedlovge ofhdklectroaayneftisawd vest, eandl fonas
unsuited for use fromthe aspect 25 of light perneability.
other transparent structures which are required to be

capable of being seen through, for example, windows of a
room where medical instruments are installed.
With rapid progress of electronics and conse-

10 quential prevalence of computers and other electronic
devices in recent years, concern is growing over
disturbance caused by electromagnetic waves which would
generate erroneous operation of electronic devices. One
means for preventing such electromagnetic wave disturbance

15 is active shielding capable of confining the unnecessary
electromagnetic waves at the source of generation, which
can be réalized, for instance, by designing the housing of
the electronic device to be electroconductive. Various
materials such as metal foil, punched metal foil, metal

20 mesh, metal fibexr, plated organic or inorganic fiber, etc.,
have been used or tried for preventing leakage of electro-
magnetic waves, but-transparency is an absolute requirement
for the displays such as PDP and see—tﬁrough windows, and
any of said materials was unsuited for use from the aspect

of light permeablllty.
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: Further, since oxidation proceeds on the netal

surface with the | apse of tinme, even netal nesh which, anong said
materi.als, is considered to be best suited for neeting the
transparency requi renent, has the probl empt bhat 5 high frequency contact
tends te break at the lattice points, making it difficult to maintain
a stable electro- Foegher csiave 6%icitiow pfdasddd @n aHoR@thine. |t
has al so been conceived to use a conposite oxide of indium oxi de
and tin oxi deuftiecei wathetheelapsedof ot iite) Té)envinettal hidshs wbiiedf, agai nst
oxi dative degradation and wi dely used as el ectrode for liquid crystal
di spl ays, butamongi saidpmatedials, isatonsdidemsdmiusides bestdguitedofozo
effective in preventing | eakage of el ectromagnetic waves, and its
appl i cati on Hgeting theehriahaparency rewmsiremertt ndhaso thespabbliemathan
means. It _ 15 has been attenpted to el evate conductivity of this material

to the same hd@B fredpepey/ fertichrtends)tadraskilat he detgicey t he
hi ghest conduct,i %y tgat coul d, be obtained with this material was 4
[err]/[err] efaging) it AbrEpullast aidtadm a staplg gdectupstrate

nder heatin nd.i.t_has been. .20 technically inpossible to deposit |ITO
gn a pl ast:cg'iaigﬁﬁ’n%lc wave shielding < éreyﬂ s]tr‘r’g“i/\éllﬁ'ﬁt' pFGngm Use of
| ass S r i ch. e_a large size, .such as 40.tqQ 50 inches

gr gr eat er i%gglbaggggl %’h%&%&i O tHEE o z?"&?ﬁe‘%tee&xﬁée of ipdiBRe nost
opul ar and ; | § . - 5 ccor.di ngl re VY. LN
\R/egog ht, pos etc#fl Eg girngtgl% %%%)%p&%elaé&dnaa%peerc% e%r%r?rsatg §¥I %ﬁi FP@ 3/1 , beS‘.‘ On

the ot heriohand, pkBo€ag§ainst Obx Lsd & d¥ dd%i%%P%hE@%&dE?&.ﬁ@E@hg
reduction, fromthe poi nt of heat resistance It becones |ﬂp0$$|%le to
apply electrode for liquid crystal displays, but it is reported
that this composite oxide is not so effective in preventing
leakage of electromagnetic waves, and its application has
been limited to uses relating to destaticization means. It
15 has been attempted to elevate conductivity of this material
to the same level (1 Q/[J or less) as metal, but actually
the highest conductivity that could be obtained with this
material was 4 Q/[] even when a film thereof was formed on
a glass substrate under heating, and it has been
20 technically impossible to deposit ITO on a plastic film.
There also exists weight problem. Use of glass
substrates which have a large size, such as 40 to 50 inches
or greater in diagonal - which is the size expected to
become most popular and to be applied to PDP - and
25 accordingly are heavy in weight, posed the problem from the
aspect of installability, too. On the other hand, in case
of using a plastic substrate for weight reduction, from the

point of heat resistance it becomes impossible to apply



-3- ¢& substrate heating, which is the nost inportant neans for

enhanci ng transparency and conductivity, which makes it unable to
realize | ow resistance. Further, when it is tried to reduce resistance
by increasing filmthickness, 5 problemwouwd arise on liability to
exfoliatdi on or cracking by buil dup of internal stress in the film due

to the didytanae iHeddil ﬁ@r w{RANSE0RheOoRbEt CifpdreivvamsarisefdrTO
filmand plastic substrate. 20 to 40 [err] was the limt t hat

coul d be achiemethdihd hﬂ:aaistp%mé&ﬁ:yf ahdf epndagt &vit¥O whikH ihakes tit | ow
resi stance of the sane level as netal, and it was hardly possible to
attain the ohjmatile to readlBHeClotF réiEsthEAT|I CRarther, when it As obj ect of
the present invention is to provide i nexpensi vely an el ectromagnetic
wave shi el di nigriedinapareshice resfiistankaybygincyhasingspatrryicknesd | as
excel l ent el ectro- magnetic wave shiel ding effect, which is best suited
f or app| i peablen twowlid @rdss oasée@baﬂuprtasﬁaf@ls@tm oxracking
wi ndows of a medical instrument room SUMMVARY. OF THE | NVENTI ON 20
In the first hdsHilduR off imternadsssresfvint £ha, film, @%%rEPlEP%WOV|ded a
transparent el gecironmagnetic wave shield trans r
pol yner film erenqram linear §FP@Pﬁé8ncSﬂﬁggg?ﬁﬁngggékw?%ﬁ
| east one sid sai,d r film ere e t aI the
| Tnear 25 petth od TehttsantRRat a0 TERR] npdoh0 TG v Ehé ﬁm :
?4Preferred n@ﬁﬁ%cgo&¥&“§é(§%hfé3% 'iR€2he attempts for forming an ITO

10 film with low resistance of the same level as metal, and it

was hardly possible to attain the object.

OBJECT OF THE INVENTION
An object of the present invention is to provide
inexpensively an electromagnetic wave shielding transparent
15 film having high transparency as well as excellent electro-
magnetic wave shielding effect, which is best suited for
application to displays, especially plasma displays, and

windows of a medical instrument room.

SUMMARY OF THE INVENTION
20 In the first embodiment of the present invention,
there is provided a transparent electromagnetic wave shield
comprising a transparent polymer film and a linear-
patterned conductive layer formed on at least one side of
said polymer film, wherein the line intervals in the linear
25 pattern are random between 20 um and 1 mm.

In a preferred mode of practice, the linear



pattegn of the conductive layer is of a lattice form consi sting of the

straight, Iines arranged both | ongitudi - nally and laterally, or a form
made by | ongitudinal and | at eral arrangenent of the curves defined by
the Sin 5 function, Tan function, expanantd al function, logarithmc
functionm or inversely proportional function expressed by each of the
follow ng forgatdtaed Bf tthel @ondlctiveolayer iscofisaslatgied fomonbi ned
arrangenent of these straight | i nes and curves. 10 y =
A sin(ax + [ eddd9isting of thelktraight lines arranged Eoflaridreyitjudis [err])
(2) (A, B, a, [err], [err], O: arbitrary constants)

y = C exp([erndXy- gnd laterally(,3)>r a form made by loxyg:i:ttmicra]r land err]x +
[err]) (4) 15 Lerr] [err], [err], [err]:
arbitrary conkiteral) arrangement of the yurvgsx efined by the Sin (5)

(E: arbitrary constant) In a nore preferred node, of
practice, 3hefungtien, Tafbffutﬂﬁ-‘éllonneWﬂﬂﬁnplé}efﬂ?%l%r tHRIFT HIMiSDat t ern
to the 20 thickness D ([err]m _of the conductive Ia er P/D ratétﬁmfal S
within the rafRREEON QL WS SSlyy @F&BPW?Pelz%nCt xE’resse

o1 et onmgnel S e Ui dit ieoraa SorBeis (D) tantPur B BorGMbr 111 m and,

formed on at | east one side 25 thereof an_adhes r 1y, a
transparent reQRgList (?eqor"\brﬁnglqd%rﬁﬁgﬁmﬁgﬁ {)¥ {} %(gs%tg“géeis ively in
this ordial %"’ha g thin nmetal "l ayer alone is selectively
etchedtoforma near pat ern and the line intervals in
- 5- tpg |inear patter@mgrg@ﬂ@@g,pe,tvgen 20 [egfjmand 1 nm

y = B*Tan(f8x + ¥) (2)

(A, B, a, B, &, ¥: arbitrary constants)

y =C-exp(7x + 0) (3)
y =D in(dx + §) (4)

15 (¢, o, v, 6, p, &: arbitrary constants)
= E/x (5)

(E: arbitrary constant)
In a more preferred mode of practice, the ratio
of the line width P (um) of the linear pattern to the
20 thickness D (um) of the conductive layer (P/D ratio) falls
within the range of 1 to 540, preferably 2 to 240.
The second embodiment of the present invention is
a transparent electromagnetic wave shield comprising a
transparent polymer film and, formed on at least one side
25 thereof, an adhesive layer optionally, a transparent metal
oxide film and a thin metal layer successively in this
order, wherein the thin metal layer alone is selectively

etched to form a linear pattern, and the line intervals in



Preferably, the thin netal |ayer is conposed of copper. The
third enbodi nent of the present invention is a transparent

el ectromagnetic wave shield conprising a 5 transparent polyner film and,
| ami nat ed successively on at | east ome .si de thereof, an adhesive | ayer
cont ai ni.ng a near i nfrared screening material and a col orant for
maki ng col or the 1iGEEepsalitedn azedrandomdbetween! 29eum andd lcamduct i ve

| ayer being worked into a |inear pattern, wherein the line 10

i nterval s in meefibdablegr thet ttdvin metaladdgerbis weemp@fednof copper.l mm
The fourth enbodi nent of the present invention provides a transparent
el ectromagneti c wave siithd ¢hird eobpdisenty aftthespresent pventridn i@ and,
| am nated 15 successively on at | east one side thereof, an adhesive
layer 1 and e corahmRpanent lectronagnesiduvayveeshagkd mmglsmg awor ked

into a |linear pattern so that the line intervals in the pattern becone
random bet%&rwqw&qwmrmlmhénahuzr,ammat%rm%ﬁw%hém ﬁtm
bei ng further_ bonded to t ransparent pol ymer reinforcenment g/

adhesi ve | aye}eazs g é’ﬁlea thereofsan; ﬁfiPSFéﬂesQﬁ?ﬁ%ﬁl‘F@“W%@%l

col orant for ,rra col.or conpensati for said rared screenin
raterial are iRrtarbd aqreanify GACREISL ORE of ClEARhtT A r°°'}°arﬂd
adhesi ve | ayer

h f ded
ul travi ol et s%?’%%?ﬂ%%‘#oége/rer% I of %&3\5 %%V 3?8??3)?%%8(20“&&1 ot ]téWe near
infrared scrggnf r\{;%ve Sl?:ér én:o a linear Pattel:ﬂ Qﬁeﬁéfﬁlsﬁ?é ®Mne

el ectromagneti C accordfng to the Third or fourth

enbodi meni? Py @ said linear Pattern are random between 20 -&m
| east one | ayer of water vapor barrier is further provided.

The fifth emgel Nefm.Oof the present invention is

The fourth embodiment of the present invention
provides a transparent electromagnetic wave shield
comprising a transparent polymer film and, laminated

15 successively on at least one side thereof, an adhesive
layer 1 and a conductive layer, said conductive layer being
worked into a linear pattern so that the line intervals in
the pattern become random between 20 um and 1 mm, the thus
worked laminated film being further bonded to a transparent

20 polymer reinforcement by an adhesive layer 2, wherein a
near infrared screening material and a colorant for making
color compensation for said infrared screening material are
contained in at least one of said adhesive layer 1 and
adhesive layer 2, and there is further provided at least

25 one ultraviolet screening layer for preventing deteriora-
tion of the near infrared screening material.

In the transparent electromagnetic wave shield

according to the third or fourth embodiment, preferably at



a transparent el ectromagnetic wave shield conprising a t ransparent
polymer filmand, successively |am nated on at 5 | east one side thereof,
an adhesive layer 1 and a conduc- tive layer, said conductive |ayer
bei ng worked into a linear pattern where the line intervals are random
bet ween - 20 [errlmand 1 nm the thus worked | am nated fil m bei ng

further bonderedsx arid anNfRY S WAl Wapbe BAPFEEFENE f’tYr@Hedr ;191: jve
C

| ayer 2, wherein a near infrared screening mat eri al an ol'orant for
maki ng col or conpensat iTie ffirfth embddithent! b&r €He SEFrESENPUiAPEIRFicH B €
cont ai ned separately I n the adhesive layer 1 and the adhesive |ayer 2,
respectivel y,a ctranspaiendd dlectrenaghesiicewhagesh2ebdl ofemprilding a I n
the transparent el ectronmagneti c wave shi el ds according to the first to
fifth enbodi neransparante polymenrt £ilm andvestcoesspvelyrbdmhindtesd lomghit
pernmeability at wavel ength of 550 nmis 50% or above, the |am nated
filmis | ah nk@a%t one sigley thexeofar ant agbesive rayer ol candra donduwy a

thi ckness 20 of 1 mmor greater through the nedium of an adhesive |ayer,
and an anti r FYER thaHeY rap@ida S@nduckiNgr dagent bairg prexkerbdinto a on at

| east one of fajd | am nated film and &ﬁsnsgarent pol yner
r ei nf or cenentt10€3r Patgara- whesenitbe Hinerint-erymkiyaes ranfdom between Fj g

LS PSS ot b ST s PR o U B

FI G is a schématic irlustr
EEZ& pat t Lpnaﬁ{%tf‘er‘l'bonded to a trangbgreﬁti 5ofy1§&b eggfrilfoxi‘éqelnlljesr}tr Ek‘)tyl %rrll of
10 adhesive layer 2, wherein a near infrared screening
material and a colorant for making color compensation for
said infrared screening material are contained separately
in the adhesive layer 1 and the adhesive layer 2,
respectively, or contained in the adhesive layer 2 alone.
15 In the transparent electromagnetic wave shields
according to the first to fifth embodiments of the present
invention, preferably the light permeability at wavelength
of 550 nm is 50% or above, the laminated film is laminated
to a transparent polymer reinforcement having a thickness
20 of 1 mm or greater through the medium of an adhesive layer,
and an antireflection layer and/or a hard coat are provided
on at least one of said laminated film and transparent

polymer reinforcement.

BRIEF DESCRIPTION OF THE DRAWINGS
25 FIG. 1 is a schematic illustration of the pattern
in Example 2.

FIG. 2 is a schematic illustration of the pattern



i n Exanpl e 5. FIG 4 is a schematic illustration of the

pattern 5 in Exanple 6. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
The polymer filmconstituting the base of the conductive |l ayer, which
is the highlight of the present i nuent Lon, may be nmade of pol yesters

such as pol yethylene 10 terephthal ate, pol ybutylene terephthal ate and

pol yet hyl endn rxamplet gl ate, thernoplastic resins such as pol yi m des,

pol ycar bonat es, polyacrylonitrile, polyethersulfone, pol ysul f one,

pol yet her-i m des, pol yald.yBatissaasdhematpol s ateivas o fulthreapatitetrncur i ng
resins, and thernp- 15 setting resins represented by epoxy resins. It is
preferred tdmugxampllied m.havi ng transparency of 80% or above in ternms of
light perneability at 550 nm (the val ues of | i ght perneability shown
hereinafter are all t&3Ss 4 isdet echeématiatiltwstration off 33@ pattern

Copol yners of the 20 above polyners are also usable as filmmterial.

The totald | iighEXampkeatdi-lity is preferably as hi gh as possi ble, but as
it is desirable that such |ight perneability is 50[err] or higher in
the final product, it suffices for the purpose if the substrate has

l'ight 25 perneahility of rr]l._even when | east 2 | ayers are
| am nat ed. %ﬁ@“ﬂﬁ&ﬁbP&FﬁglggﬁﬁﬁabF|F@@ ngngéﬁ%ater nunber of | ayers
can be | am nated, so at _t

b . .
- 8- perneability_h§ ot gm%%eii?ﬁégﬁn§gﬁ§%ﬁl%ﬁxﬁﬂf Qﬁﬁﬁ of th'eioreferably
50% or above.offifbdivd $a3e30 Ghiih! 1¥CLHB REGh11gnt ¥ ¥ gebdeifiice the

t hi ckness. For ‘exanple,
invention, may be made of polyesters such as polyethylene

10 terephthalate, polybutylene terephthalate and polyethylene
naphthalate, thermoplastic resins such as polyimides,
polycarbonates, polyacrylonitrile, polyethersulfone,
polysulfone, polyether-imides, polyallylates and
polynorbornenes, ultraviolet-curing resins, and thermo-

15 setting resins represented by epoxy resins. It is
preferred to use a film having transparency of 80% or above
in terms of light permeability at 550 nm (the values of
light permeability shown hereinafter are all those
determined at wavelength of 550 nm). Copolymers of the

20 above polymers are also usable as film material.

The total light permeability is preferably as
high as possible, but as it is desirable that such light
permeability is 50% or higher in the final product, it
suffices for the purpose if the substrate has light

25 permeability of 80% even when at least 2 layers are
laminated. The higher the permeability is, a greater

number of layers can be laminated, so that the substrate



t hi ckness of the polynmer filmis preferably selected to 5 fall within
the range of 25 to 300 [err]min view of wor kabi lity, although it is
not specifically restricted as far as the desired transparency is

provi ded. Wen its thickness is lessghan 25 [err]m the film proves
to be too pliant and becones liable to stretch or winkle due to 10

t ensi on produysErneab i lhiecyc disd uiriey pre®eeabl 1858t 6H0abée€®, most On the ot her
hand, when the polyner filmthickness exceeds 300 [err]m the filmis

reduced in itprdferadliy i%0% orakbogel,t and itdi§f aTsibtefPecOnEBIGlegrt | NUOUS
t ake-up operation in each step. Particularly in case a plural nunber
of layers arethampfomittatneduceathe thickness. grEot | exatepls, orted es wor k-
ability, so that considering working efficiency and overall t hi ckness,
the nost prefldikxdeness mf bk pedymer 231lmois prefi@fably rdedected to
In | am nating the conductive layer, it is 20 possible to provide a known
adhesi ve |ayefaklomithdndhsozange ofoR5ehnaded ngmdmesiiew bdrce. This
becones an i nportant. . factor especially when the conductive layer is
patterned "T’?‘fﬁ’(}lf’itﬂe Bltdeuabodti 4&r Bet ospetbieadiip | restatiartasataser n
Is formed by tct&ir?nq:, t he adhesive force between the base 25 and the
conductive | aydr Hedd€ f5Si&es transPazgRey 5 Provided cmWhan diduring
wat er pressur.s, . r.. AR adhesi fqorce..qf 1.0 kg/¢cmor greater is
required to Igglelg;kr?o%rg%mqsprl 8%%%5?3 gsa(:‘t’?'céi‘%%?éﬂmﬁlr&@%t ﬁPsgPegEP of
force | rovi ded,

adhesi ve liant and pecomes liable, t “or .wri
. t :
there may takpe pl ace exPoI Iat1on o? ?heo s r%%%%ucg |“\'/Iélrf]g§fer zﬁt%' r pattern

:‘O or mat It oner tHnEGONNPF0odABed indthbNBoREGEL e "Pier MU Hti S dtfp.f1 nal

On the other hand, when the polymer film thickness exceeds
300 um, the film is reduced in its flexibility, making it
difficult to conduct continuous take-up operation in each
step. Particularly in case a plural number of layers are

15 laminated, large thickness greatly deteriorates work-
ability, so that considering working efficiency and overall
thickness, the most preferred film thickness is 25 to
100 um.

In laminating the conductive layer, it is

20 possible to provide a known adhesive layer for the purpose
of enhancing adhesive force. This becomes an important
factor especially when the conductive layer is patterned
into fine linear configuration. For example, when pattern
is formed by etching, the adhesive force between the base

25 and the conductive layer needs to be at least about 0.3
kg/cm for enduring water pressure of shower. An adhesive
force of 1.0 kg/cm or greater 'is required to keep no

problem in practical use. Unless this level of adhesive



required to have a high light perneability, thickness of 5 the adhesive

| ayer and refractive exponential of the mat eri al used therefor becone
the inportant factors. The type of the adhesive naterial nay be
properly sel ected according to the basg used. In case of using a resin
for 4 he adhesive layer, it is possible to use, for instance, 10

synthetic resfdiscsUtd govidell,f GHdte nﬂﬁr‘ {akeep '_’LSéénéxfollan@xﬁ‘%f s NS,

epoxy resins, vinyl acetate resins, acry ate resins,
pol yur et hane &&sdustive Ol ffdm d“@de%' i)atteri\” Epebh €€oh 6t NGis AEhkEEEISion

pol yner-i socyanate resins, acrylic resins, and W/ curing resins. It is
al so possi bl edullfng%uﬂmﬁﬁ%%mn adxliwe\tesfashehenﬂhaﬁdpﬁédw@@ isynthetic
rubber adhesives, silicone adhesives, and inorganic adhesi ves.

The conduct i veedwimsed fios meareora drigh mﬂgmntnpyérheabllmpdetnicmés% souch as
Au, Ag, Al, Pt and Cu, their alloys, 20 oxides or nitrides of these
metals, | T®, thadadheésive layexr yamt sefradtiveeexpuanentddd chpthe e of
desired pattern- ing. Such plural conductive |ayers nay be | ani nated on
t he base matexidl suseddiiennfon becope sheudimpgrhantt factere. The ayer

thickness is preferably in the range from50 Ato 50 25 [err]m _ Wen the
| ayer t hi cknes¥Pe Of ckfie tathesiyeamajesiadgmay behPEPBEELY c$¢E2ELeRy not be

obt ai ned, and when_ jt exce 50 [err attern workabilit
deteri orat es &TCPYIHH to %H%#ﬁﬁﬁbqsﬁpy #ntﬁgsﬁa9§r“ﬂéﬁgeﬁsﬁ%sgiaﬁ?ﬁation

of the onduct Ve, Iayer can

be effected byRSAIPESHS Vel Vdpde P°SS&8&SSQP|Bﬁe'sﬁ%¥t%§?
T PS5 T e, TSR e P e FATH £
phenol resins, epoxy resins, vinyl acetate resins, cyano-
acrylate resins, polyurethane resins, a-olefin-maleic
anhydride resins, aqueous polymer-isocyanate resins,
acrylic resins, and UV curing resins. It is also possible
15 to use emulsion adhesives, hot melt adhesives, synthetic
rubber adhesives, silicone adhesives, and inorganic
adhesives.
The conductive layer formed on said film may be
made of metals such as Au, Ag, Al, Pt and Cu, their alloys,
20 oxides or nitrides of these metals, ITO, conductive
polymers, and other materials capable of desired pattern-
ing. Such plural conductive layers may be laminated on the
base film if so required. In case of using a metal, the
layer thickness is preferably in the range from 50 A to 50
25  um. When the layer thickness is less than 50 A, desired
shielding effect may not be obtained, and when it exceeds
50 um, pattern workability deteriorates and light

permeability of the layer decreases. Lamination of the



5 contai ning oxides or nitrides, but sol/gel nethod can al so be

enpl oyed. In case the conductive layer is fornmed by vapor deposition or
el ectroplating, the pattern can be formed by photolithography, and in
case the layer is forned by coating,jghe pattern can be formed by

printing. Wien 10 the conductive layer thickness is less than 1 [err]m

fine line condeclive Eﬁyéﬁcbhhtﬁéeéff&@fé@ E?”E&éﬂ“ﬂ‘ﬁ%?ﬂbé'%%' Qve-

ment of light perneabilify in pattern designi'ng. Wen the conductive

layer thickaepositioal, bpattblang] L6nrpratiy oleidtroplRfiRGt metalbe
enhanced because of reduced surface resist- 15 ance. Filmform ng nethod
can be det erfiainledatdpandngy 68 a coRbifa€iowidy tHeddangtioddsi.al used,
conductive | ayer t hi ckness, aperture proportion and shape of the
pattern. A Sputnetting is sshailgdusbédchor sfilm tfokmiorg aft &T0-ng t he
desired filmthickness by giving consideration to the 20 properties of the
base used aPréedmdmg. oxides or nitrides, fhutyisnl Agedameshed caphalso
conductive layer, .its configuration is a crucial factor. In case, for

i nstance, P€ EPLoyed-ceIpi %aF8 hhe ¢oRdwctbYe AAYAY] dit fmad & t he
transparent el ectromagnetic wave_shield_is installed, |ike 25 on a PDP
screen, noi M@ReL G@E@g&itéﬂnt Brpg4eGtaePLAt o cthe PatdEIIhicAmDS ty of the

i ct t t he PDP i xel dt latti t. f
Phe. 1 anspar i &3 photo1: Hagraehy. JBod WA &ike e dRvamasbdorsed °
toi : ' b
b cvent ed bt Soutigs. eheoperseftndah B, fifed PP SHRIFETHMES" 2
fal | 0w | Lo | afty Rat.t.e Kict :
the condibt 08 (ApeRtdecHget oo dintle 2 165 RHATH" AR e0HeCline
working is facilitated, which contributes to the improve-

ment of light permeability in pattern designing. When the
conductive layer thickness is not less than 1 um, shielding
effect can be enhanced because of reduced surface resist-

15 ance. Film forming method can be determined depending on
conductivity of the material used, conductive layer
thickness, aperture proportion and shape of the pattern. A
method is selected which is suited for obtaining the
desired film thickness by giving consideration to the

20 properties of the base used and economy.

In forming a pattern in the conductive layer, its
configuration is a crucial factor. 1In case, for instance,
the lattice pixels are formed on an object to which the
transparent electromagnetic wave shield is installed, like

25 on a PDP screen, moire is generated to badly deteriorate
recognizability of the picture on the screen when the PDP
pixels and the lattice pattern of the transparent electro-

magnetic wave shield are superposed. The present inventors



5 transparent polymer film Pi = Pmn + (Pmax - Pmn)

[err]i - (A I =0, 1, 2, ... n

Pm n: ,m ni num val ue of line interval Pmax: maxi mum val ue
of line interval 10 ai : rapgom nunber sel ected between 0 and
1 ° It is known that a noire fringe appears as the i nes

of equal pitcloumertiat each ot keirehphehbBR¥néhecan be dsafl pyone cause
of generation of such noire fringe is attributed to the fact” that when

the lines areealquring Yhepdine, inhervaasseoppetppnpi and f he, dense, penti ons
are generated continuously, and there are forned the new | attices
observed as @ftdite finlihosfingheqdatienpohyi tnslattice patyeiar workiesy ¢F t he
pattern configuration so that the dense portions won't be arranged
regul arly, tHed jaandustdveallaye20farmedade atrbepstarone tdide tdfe thange t hat
satisfies both requi renents of shiel ding perfornmance and opti cal
effect. > YHANSPATEHY Ppedymer fddmgn is made to satisfy the equation

(A) using random nunbers. The m ni num and nmaxi mum val ues of line
interval may be optiondl y EBdPdd (BRa¥r di FyiRb t®é 25 shape ofA) he

| attice provided at the assgpiat?d glectro- magneti c wave generation
source. In the case of dispfays *¢ ¢such*a® PDP, the line intervals of 20

Lerrimto 1 mare  subbiglent;Rub YSHEL 453 AR LERASY L o o0t gl ned

[err]m especially 80 to e Thi [ .. interval, is defined as
B8 ik B Yol € dpe il

center distance of the |lines orn~‘each o arbitrary

one- di ey onal coor di nat gy raif Ak Y10kt LBRLLERNY Th i NeS

formng the 5 pattern are an array of stralig I''nes, curves of a
It is known that a moire fringe appears as the

lines of equal pitch overlap each other when they are
superposed. One cause of generation of such moire fringe
is attributed to the fact that when the lines are supér-

15 posed, the coarse portions and the dense portions are
generated continuously, and there are formed the new
lattices observed as a continuum of the dense portions. In
order to design the pattern configuration so that the dense
portions won’t be arranged reqularly, the line intervals

20 are made irregular within the range that satisfies both
requirements of shielding performance and optical effect.
More specifically, design is made to satisfy the equation
(A) using random numbers. The minimum and maximum values
of line interval may be optionally decided according to the

25 shape of the lattice provided at the associated electro-
magnetic wave generation source. In the case of displays
such as PDP, the line intervals of 20 u#m to 1 mm are

sufficient, but usually a better result is obtained when



conbi mati on thereof. It was found that the problemof noire
phenonenon can be overcone by arranging the straight |ines and/or
curves for the pattern of the conductive |layer fornmed on at 10 | east one
side of a transparent polymer film and_i p,t he case of curves, by
formng .a pattern where the Sin, Tan exponential, logarithmc,

' I I t f d
| ong! tud) nal EShd e 7] FEAR pem byl PRIy 96 L0 S0P AR | ander 20ke
over | appi ng ointéﬁrsbelsoedéﬁqié@asstcre%@frhdégs.sﬁbéusfoeh@f1iwé1twrpmfiuced

by the partition walls formng th DP pi xel's and simlar

strength di stiapedn dhdt Qitesd whent B&b&%&aw}t bﬁé Jiiﬁéﬁs 1onaP3éc§@fd‘1nate
Therefore, noire fringe tends to take pl ace t he pi xel s conposi ng

PDP resenbl e d%és siwpecdier fth addpattezd.ti ‘l’ﬁe| ayges ppdbihRing tie case a
certain specific Sin, Tan, exponential, logarithmc or inversely

proportional patiérmrare amraraynifi satradghtheéines,i csuspesied ao the
conductive | ayer pattern design as in the present invention, although a
| i ght strengt¢ombinatinn itdredeofgener ated by superposition 25 of the PDP
partition walls and the conductive |ayer pattern, such distribution can
be | essened and uniForad ifeamd Ghéﬁcﬁhénpﬁﬁbéﬁlﬂ ofaRoLire cRRenRREnRN
recogni zed with the eye, so that it is possible to inhjbit

- 13 - e T R HCIRT 1Y FHEFORA he PETAAFAE ol MRPY 2RI Tr e
v shi of di HEEYTRCACT IR PaRER ﬁs.?- ELRRERDES, Lavef ot on
the Conf'ﬂb”aiéa%'t RSATUEEEL of ARG rBRE BhYFher2EL1RYPERROBEGRD the

el ect romaghetTcC
case of curves, by forming a pattern where the Sin, Tan,

exponential, logarithmic, inversely proportional function
or a combination thereof is arranged longitudinally and
laterally. Moire phenomenon is generated by overlapping of
15 the periodical strength distribution of light produced by
the partition walls forming the PDP pixels and the similar
strength distribution produced by the conductive layer
pattern. Therefore, moire fringe tends to take place when
the pixels composing PDP resemble the shape of the conduc-
20 tive layer pattern. 1In case a certain specific Sin, Tan,
exponential, logarithmic or inversely proportional function
or a combination thereof is applied to the conductive layer
pattern design as in the present invention, although a
light strength distribution is generated by superposition
25 of the PDP partition walls and the conductive layer
pattern, such distribution can be lessened and
uniformalized to such an extent that it can not be

recognized with the eye, so that it is possible to inhibit



wave shield pattern, the period and anplitude of the functions
conposi,ng the shield pattern are determ ned by taking into account the
pitch and line width of the PDP pi xels. Also, the pitch and line width
used for arranging 10 these functions_afg optionally decided within the
range - that can provide both of the desired el ectromagneti c wave

shi el di ng efdeadraidormReE meieePbBRAbREABN while maintainiigf tfidrvdeki ng of
t he conductive layer is a crucial factor in determning the shield

per f or mance.profordiot] Corepiroianeg sGfEssoehat efaNépdrenty aarl r esi stance
and nmesh density of the conductive layer, and it is necessary for

obt ai ni ng t hel eisstonednEtiiel dawer Ehighdiagt effect. dee, tdinqeictme by

gi ving consideration to these matters. Mesh density is decided by line
wi dth of thefrd@e drdfiorimed depending epathegedmf igerat ivn Ipreetuceshi | e
surface resistance of the conductive |ayer is decided by specific

resi st anc® d'!hqfhéhﬁ)r?dl?cmm@lﬁa!i@el aupannomdc«n the elgatramagnetic
conductive | ayer. found that_the_ condition for

satisfying “WEyedhiedd M@rﬂacﬁbesperled ad pamphityde £y e f ace
resistance) js that the P/D ratlg fall s .preferably in ., range of 1 to
540, nore pwéﬁ%ﬁ TR fqm§°§4@9(ﬁ elﬁhée dPﬁttern(T¥ﬁr4§ﬁe¥ﬂ1QQQa tal film
filt tte Kk

T P kg b a%%%?ﬁr BPEhPREeh andahiRe YidEn hdlinmPE o

satisfy botfppeaurenBis the $tehdaRar i PRIRISE A beq df HMHARGY Wi | ©

mal nt al nl ng e conduc surtace stance a

level . I{grelgtded \{&el%s agfestgiagpgmgtaeeﬁ&é 'W&ﬁﬂge&hé*}} ss, there

arises the pro t hat 10 1S ess t , no Sati sf ac-
that can provide both of the desired electromagnetic wave

shielding effect and aperture proportion.
Pattern working of the conductive layer is a
crucial factor in determining the shield performance.

15 Shield performance is associated with surface resistance
and mesh density of the conductive layer, and it is
necessary for obtaining the desired shield performance to
design the pattern by giving consideration to these
matters. Mesh density is decided by line width of the

20 conductive layer and spacing between the lines, while
surface resistance of the conductive layer is decided by
specific resistance of the conductive material and thick-
ness of the conductive layer.

It was found that the condition for satisfying

25 both of these factors (i.e. mesh density and surface
resistance) is that the P/D ratio falls preferably in the
range of 1 to 540, more preferably 2 to 240 (P: line width

(#m) of the metal film filter pattern; D: thickness (um)



tory Shield effect can be obtained, while when the ratio exceeds 540,
transpay ency decreases excessively. In case a shield is
formed by lam nating a copper 10 |ayer on a transparent polyner film
there is the problem that no satisfqgtory adhesion can be obtained.
This is- considered attributable to wde difference in physical

constants sugh €fie! h€al £XBRNST WL APS! firfieMandad TRI4kUPossip18ito
el asticity of the base, adhesive |ayer and coppér layer. “15 Difficulty in

sel ecting a pappefyapbER| ¥&qi NPémés Y Fhield peeifBrhkaBerahgncy and
adhesion requirenents is alSo a | arge negative factor. This problemis

prom nent patkafisharéiNcy whitemLOaRREMmiiry thE dehadchiveutbyarmeahpgcas
vapor deposi - tion or sputtering, in which case it is hard to obtain

20 sati sfact pegiatdanseont tihnsudés tehtlendlesi qn Felaeddn to thpper | ayer
and base makes it difficult to increase productivity, resulting in

el evat ed SossubStahtipl ocomdisctive layer thicknlessqr dhereoasdbes the above
probl em the present i nventi on proposes use of a transparent netal
oxi de as t hepreblemhthateif ayke B ardtilo ishilessnkhesn it possabisfac-
satisfy both transparency and adhesion requirements and to realize

a hi gh-rel i abPryt jhieldsphfedt candie shigined, whideswhepdthe rafpe above
nmatter is ingorta t esgeciall when t he .

- 15 - BRE6EE | v20 1 SRR RANRAGE AGTHEFSLSt BFEeFEA¥E Ypat t ern. For

i nstance, when the pattern_is forned by. etching, .th . adhesi ve force
bet ween base and condu ?i?/%s?a?eﬁhlréégslst J'%me% 2 ﬁ&f“lf‘(?%%nghanca%ﬁ’f 0.3
TR TR S R N R A s
adhesi ve that no satisfactory adhesion can be obtained. This is
considered attributable to wide difference in physical
constants such as linear expansion coefficient and modulus
of elasticity of the base, adhesive layer and copper layer.

15 Dpifficulty in selecting a proper adhesive that can satisfy
both transparency and adhesion requirements is also a large
negative factor. This problem is prominent particularly
when copper is laminated by such a method as vapor deposi-
tion or sputtering, in which case it is hard to obtain

20 satisfactory adhesion. Insufficient adhesion between
copper layer and base makes it difficult to increase
productivity, resulting in elevated cost of the products.

In order to solve the above problem, the present
invention proposes use of a transparent metal oxide as the

25 adhesive layer material, which makes it possible to satisfy
both transparency and adhesion requirements and to realize
a high-reliability transparent electromagnetic wave shield.

The above matter is important especially when the



force’is provided, there may take place exfoliation of the conductive

| ayer after pattern formation or disconnection during etching work.
Thi ckness of the adhesive layer and 10 refractive exponential of the
mat eri‘al used for the adhesive | ayerqgre also the inportant factors
where a. hi gher light perneability is desired. The

transparent redrduceivi® TdydP MY woekeRIEneh a finéN £hEAPI [%‘Eﬂern?‘ . For

conductive conposite oxidé such as In[err]O[err] and SnO2 = 15

Inferr]O[err]imdehnd) with lWHee pakRleeh' isaferibchy] &t &hidg, Ster Ti O, and

a conposite oxi e thereof. "The transparent oxide film can be

fornmed by vacadhesfepssidrcd) beriWeeds badeNand 6pHALEEIVE, layer néddd to
deposition and ionic plating, coating nethod accord- ing to sol/gel

process, and ¢ heot rieddeodharA abouttalol.8 kgdenefbpdendusihgcdlssivdary watleémg
into account the type of the filmto be fornmed, filmthickness,
productivily pressiter The pdracttdcallyacecominepdedt safie aléwak dbrmati on of
a conductive filmw th | ow resistance, so that shield effect I's
expected to iapresive |fpragsdsofl @si]@g'cmh@rcéh@Vﬂg 25 petsuch adhemicieor
effect for the copper layer_is provided by the fine unpevenness of the
surface | ayerfokRf tidPrdyided, Wﬁo&aystali?aﬁiéﬁéo%f?%%a%ﬁbﬁ e

SSQE?LFQ tgefc(:)orneductu;eo 1@1,%% ar%%etrr %g%%%rr%n%o g:.on)&x(:j ed{slzl r’g%ml ¢ &JR{){S t he

|1 I .
e PR AR gt o R S M S
Then a copper dAuate it () rgg;%n%flatlh%ft RABSRAEERL,1 SodF' Al Bige fI1M

Copper | ayer am na Ion 0 oxide fil m causes

m gration betygeds 18 1GRRCTare alsb?¥8k %ﬂoﬂ?@n@xfg&éfé Gh&rd f M an

I nternedi ate I ayer nmade
higher light permeability is desired.

The transparent metal oxide film may be made of

In,0;, a conductive composite oxide such as In,0; and Sno,

15 (1T0), In,0; and ZnO, and In,0, and Ga,0,; SiOx, TiOx, and a
composite oxide thereof. The transparent oxide film can be
formed by vacuum deposition methods such as sputtering,
vapor deposition and ionic plating, coating method accord-
ing to sol/gel process, and other methods. A suitable

20 method is selected by taking into account the type of the
film to be formed, film thickness, productivity and other
factors. Vacuum deposition allows formation of a
conductive film with low resistance, so that shield effect
is expected to improve. 1In case of using the coating

25 method, an anchor effect for the copper layer is provided
by the fine unevenness of the surface layer, so that this
method is advantageous for enhancing adhesion. Before

forming the transparent metal oxide film, it is possible to



of cuprous oxide between the two layers. This internediate | ayer has a
gradient structure in which the conposition of 10 both conponents changes
little by little in the thickness direction, so that higher adhesion
i s obtained than when an i nt ernredi.agg Layer of cuprous oxide is sinmply
provi ded. When oxi dation advances from cuprous oxide to cupric oxide,

causi ng an icondeste tie tromiaiass enfplojedc pppereaxndsts ageth ad Smwddresi on is
now | owered, so that the conposition and t hi ckness of the internediate

| ayer of suctoatitegs qerimiatg, corwina dischaedecedelbyment) aéton, ofot he copper
and transparent nmetal oxide layers are best suited for maxim zing
adhesi on. obtd bmipgv highemrasihesdon ¢b &tkeebasa, other inportant 20
characteristics can al so be inproved by this neans. (1) For
exanpl e, usually N plErem@ @oppen leyerodsyéormed epathagtranspatentd on
the copper surface for the purpose of reventing oxidation, but it is
possi bl e $o Pekdkxide fiddhet COPPEY dRYREL gamvaﬁmonroga‘sb% sransas oxygen
via the 25 base and oxjdatjve deterioration of adhesion with tinme by

TR o iy iy o Bpp il sty ey

;re'};l - oxi de, ?(})er aédg.g;ggj%r %vi eépt?(% Zlglsegfﬁzgﬁztﬁ J..?g?n%ﬁ?%ast{or med

ls)Ki glogloﬁ(rg L??n n%‘?é%n, resltﬁ%.i r?éc Ler?%t% € tw_(" ?Fﬁﬁ%égd @%%t?’b?g’&%%‘?‘%c Svave
;é‘fér tgﬂsl. gafzgerad 2ty sac%%%?%: éfsf ggfrﬂé‘ge{;ﬁé‘ é&f?;}}oéi@ ¢/

dependency o performance w ween e nesh-formed

el ect r ompgnepsen Vet HidHhnsen idtdel B 1IELh8YEA thé thickness

direction, so that higher adhesion is obtained than when an
intermediate layer of cuprous oxide is simply provided.
When oxidation advances from cuprous oxide to cupric oxide,
causing an increase of thickness of the copper oxide layer,

15 adhesion is now lowered, so that the composition and
thickness of the intermediate layer of such a degree that
will be produced by migration of the copper and transparent
metal oxide layers are best suited for maximizing adhesion.
Along with improvement of adhesion, other important

20 characteristics can also be improved by this means.
(1) For example, usually Ni plating or anti-corrosive
coating is applied on the copper surface for the purpose of
preventing oxidation, but it is possible to prevent
penetration of water vapor or gases such as oxygen via the

25 base and oxidative deterioration of adhesion with time by
providing a transparent oxide layer with high gas barrier
properties. This is of great importance for obtaining

long-lasting relijiability.



I's possible to widen the range of frequency of el ectro- magneti c waves
that can be shielded, which greatly enhances 10 the el ectronagnetic wave
shiel d perfornance. (3) The ITOfilmhas the property to shield
light in the near infrared region_ g9 Lhat an effect of affording a
near infrared screening function to the transparent el ectromagnetic

wave shiel d () obtaineg cae A Honductor! sl §isBASaLPERe t OrPRHYAEEn@N
anti-refl ection function due to the difference in refractive

exponenti al metal kstMReN ddiRidct@viitlymigngrbiedeqatongliavetie Imegnat ed
t her eon. The copper layer thickness is preferably in the 20

range of 50 dpémirds [fomed byWeoppet dalmdnatibhi ckesedtingl Hssthe than 50
A, the shielding effect is unsatisfactory, and when t he thickness

exceeds 50 [Empiovedatlertromadnstiilc iwaviesshieldéhgredbfeded alwl/gase i ght
perneability of the |ayer decreases. Besides sputtering and vapour
deposi ti oh, apsangément o amadey suah dhed Breguphoyedependéneyiof t he copper
| ayer. A proper nethod is selected in consideration of econony,
patt ern wor kéipield \peripmElandeliwid lpdifferahetween the meshgfermed as gol d or
ni ckel plating or anti-corrosive . .- 18
- coat iﬁgeWWWq SRVEs shdslddadohayRE aBppkhe| BfRrlayer, ok f ace
for the purppse of nreventin oxittdnative degr.ada- tion.
I pat tern wir ot 1S WopHien (e ratscobeatpeavency oI ELeFVERY etch the
copper layer_alone. This I I_mpor tant _for. providin | sf act or
adhesi on of q\%%n%%srﬁ)evgaves %q%tyé:ra,nn%& |s. &FISFSpe_VgFég %?egﬁiyt?%hasrbca%/sent
electro g  ¢ndBINE fonlfyifetil §adeBichd pakebahlf.ger f or mance. The
(3) The ITO film has the property to shield light in
the near infrared region, so that an effect of affording a
near infrared screening function to the transparent
electromagnetic wave shield is obtained.
15 (4) It is possible to provide an anti-reflection
function due to the difference in refractive exponential
between the ITO film and the coating layer laminated
thereon.
The copper layer thickness is preferably in the
20 range of 50 A to 50 um. When this layer thickness is less
than 50 A, the shielding effect is unsatisfactory, and when
the thickness exceeds 50 u4m, pattern workability is
deteriorated and/or light permeability of the layer
decreases. Besides sputtering and vapour deposition,
25 electroplating can also be employed for forming the copper
layer. A proper method is selected in consideration of

economy, pattern workability and shielding performance.

Plating such as gold or nickel plating or anti-corrosive



pattern working conditions can be set according to the type 10 of the
transparent netal oxide film For instance, in case the oxide filmis
made of SiOx, TiOx or a conposite t hereof , an ordi nary copper etching
sol ution such as a solution of cupricghloride, ferric chloride or the
like is. used. In the case of a transparent conductive filmwth 15

high crystal coatlivg by BeP2ppLbes 49 $64 Pedd \il ‘1! Sopped 1ayegopper |ayer
al one by using a selective etching solution such as ferriC nitrate.

PDP i s made Isurifacesfby thél pirpds&edprpd@fent ingdlickdliRrdee Jegeadabe near
infrared rays generated in this 20 operation may |leak to the outside to
cause erroneadisn. operation of the wi dely used sensors, the near infrared
ray screening function is essential for the front shield of PDP.
The near infrared regi &n patteneeadsrkingevith elapper, ithdisenesepsergrably
from800 to 1,100 nm nore preferably 25 from800 to 1,500 nm It is
necessary % o tResglegtivelgnetch the tepprr nkasn ialpnen t A1 disbl e |i ght
region of 400 to 800 nm However, many of the substances which have the
shi el di ng fud®pPPstank £ArsPRe%Iding reatts faqhuy, adhesismoRt the copper

- 19 - 3 | i ght absor ing tendency in the visible |light region,

giving rise t3YEhe PP5BFRM PRAPSERLISH)| ¥kt thhitdrsPazantelpctro-
transparent, | ooks.like tinéed The i.nvent ors found_that this
tinting probPESTERICHESES §

Fhy Mk T ThiE Hrhrarmanch: b'y”_hsddi ng a
OO e ReSEER PRI ARCEPRR Pl S WA Agitod Yol Bt ©
Several digf f gieRheCoLQhaph e fBYmEEa RIS He Ailm. For instance, in case

the oxide film is made of SiOx, TiOx or a composite
thereof, an ordinary copper etching solution such as a
solution of cupric chloride, ferric chloride or the like is
used. In the case of a transparent conductive film with

15 high crystallinity, it is possible to selectively etch the
copper layer alone by using a selective etching solution
such as ferric nitrate.

PDP is made luminous by utilizing xenon gas

discharge. Since the near infrared rays generated in this

20 operation may leak to the outside to cause erroneous
operation of the widely used sensors, the near infrared ray
screening function is essential for the front shield of
PDP. The near infrared region that needs to be shielded
here is preferably from 800 to 1,100 nm, more preferably

25 from 800 to 1,500 nm. It is necessary to keep sufficient
light permeability in the visible light region of 400 to
800 nm. However, many of the substances which have the

shielding function in this near infrared region, also show



proper colorant is selected in view of the type of the near 10 infrared
absor ber, used, conpatibility with the binder resin | ayer, and
solubility in solvents. For exanple, the synt hetic dyes usable as a
colorant in this invention i ncl ude_ok k- sol ubl e dyes, organic

sol vent -.sol ubl e dyes such as net al conplex salt type, dispersed dyes,

basic dyes. %804 dhmste i beys8abt dmhtrfé@i&ye dyes,

di rect dyes, sulflde dyes 20|c yes, and

conposi f e dyegiviiy #1 Gt igHEblch EH3R! n28bject FRich ﬁéoéé’éﬁa ! ude
m ca-like iron oxide, basic |lea carbonate P ronme ye

red nmercuric eratsparet vl idomniike Blineedlr UQﬁéaﬁrQééﬁ‘t Eﬂ@&kﬁof&(' de,
strontium chromate, zinc chromate, titani um di oxide, titaniumyellow,

titani um bl ackourd ackat rdnisoxiitt, ingp lproée@emnchaspd solv@d@ﬂ?l’lﬁ&ku{% t har ge,
and |ithopon. The organic pignents i ncl ude azo pignents, phthal ocyanine
bl ue and the ¢oker camMpensation by Eddinigna gbibdandtby col or conpensation is
preferably as close to colorless as possible, but it nay be optionally
sel ected by taking i nt Che asdiorandc dgnbeakidiedymay betaxdye ¢ migheritherr
factors according to the purpose of use

- 20 - of ORIRT tFuhEiAnces shiosdingoahgasptionair theéevisible ikight

possi ble to add several types of near infrared screening mat eri al s

differing in %ﬁﬂ%&ﬁnrquMﬁﬂﬁ ﬂg@#ewsgﬁoﬁoﬂerants BaYv\Pei #dede dbsired near

infrared screenin or near

infrared scré&nii rlforf ﬁelleﬁé?'g APeVERH 8§eg}rlow dl?]ng(# hﬁ‘%ﬂ?ﬁ? such
e 15 A SO S OATE VLU 8 el
former met hOdléfeﬁ,Ul%hf‘d:ts%q.Jlelty in solvents. For example, the

synthetic dyes usable as a colorant in this invention

include oil-soluble dyes, organic solvent-soluble dyes such

as metal complex salt type, dispersed dyes, basic dyes,

15 acid dyes such as metal complex salt dyes, reactive dyes,
direct dyes, sulfide dyes, vat dyes, azoic dyes, mordant
dyes, and composite dyes. The inorganic pigments usable as
said colorant include mica-like iron oxide, basic lead
carbonate, red lead, chrome yellow, red mercuric oxide,

20 wultramarine blue, Prussian blue, cobalt oxide, strontium
chromate, zinc chromate, titanium dioxide, titanium yellow,
titanium black, black iron oxide, molybdenum-based
pigments, litharge, and lithopon. The organic pigments
include azo pigments, phthalocyanine blue and the like.

25 The tint yielded by color compensation is
preferably as close to colorless as possible, but it may be
optionally selected by taking into account recognizability,

texture and other factors according to the purpose of use



10 restrictions relating to the base produci ng conditi ons, such as
heat resistance and solubility of the near infrared screeni ng
material, while the |atter nmethod necessitates i ncor poration of an
extra step to raise the cost problem _ ,5These problens can be overcone
by provi.ding the near 15 infrared screening function to the adhesive

| ayer. BEesi : f Wi vag i ety

of materi al s,oﬁ/\kﬁrt:eh téclaiﬂg;\% eagcf/ e\jﬁgfg?ieg@eggg?'gﬁﬁgeiiﬂﬂmre?%i%l to the
properties ofpddisiniearcd RidiseeeralcePpBE of nd&Eeihnftardd Sébrddifimy i s no
need of additionally lamnat- 20 ing a coating |ayer for providing said
function to tieterialadhigifesing G boreedingenavdiénien r@givmimimg close
adhesi on between the base and the conductive |ayer. As for t he anmount
of the near ipowidiches theediasd redt aeagl ingaatled scieewingpedforsild.y be
af forded by adding the screening 25 material in an anmount of less than 1
wt % based ®n resin Fool iptovddiiagt the hbkerailhfsaved | sxymzeninpugh t he

anmount depends on the thickness of the adhesive layer, so that the
adhesi ve | ayefun®ngims therse are gmpjoyadhangethed imswhich such

- 21 - properties with addition of the near infrared screening

mat eri al . function is affoxded fonthe rrpRSPRBCRErRRWIRY RidHioxcemd a

colorant are added descri bed above, if there are 5, di fferences _.bet ween
e T o T AT, Ayt Hogong WhLch RCEERELRE| 1AYET AT AL I ¢

e podfidely o eitvern e tBeRen BEChh o Slhisenge YT 2 O
el ectr omagiet | G iavG il 1k 13q088! £Rd HE9LCErShudif§d%Raitions,
such as heat resistance and solubility of the near infrared
screening material, while the latter method necessitates
incorporation of an extra step to raise the cost problem.
These problems can be overcome by providing the near
15 infrared screening function to the adhesive layer.

The adhesive can be selected from a wide variety
of materials, which allows easy material designing in
relation to the properties of the near infrared screening
material. Also, there is no need of additionally laminat-

20 ing a coating layer for providing said function to the
adhesive which is indispensable for maintaining close
adhesion between the base and the conductive layer. As for
the amount of the near infrared screening material, said
function can usually be afforded by adding the screening

25 material in an amount of less than 1 wt% based on resin
solid content of the adhesive layer, though the amount
depends on the thickness of the adhesive layer, so that the

adhesive layer remains substantially unchanged in its



10 of "selection for the materials to be added and the resin | ayer is
provided. This can be realized by addi ng a near I nfrared screening
material and a colorant for making col or conpensation for said
screening material separately to the gdhesive | ayer 1 (provided between
the conductive layer and 15 the film “and the adhesive | ayer 2 (provided

for bondi ng propéfeiéani el eshdit B de Hhea nRak! ehpedreq@nguebbNengayer to
t he transparent pol ymer reinforcenment) respectively, or to t he adhesive

| ayer 1 or Z2mateneal. The adhesive layer is reqU|red to have
sufficient 20 adhesive strength to the adherend, but it is very difficult
to design a fornul ati om tdede i anviEHares nftdiredoscetengugr mhterial yprd af
materials differing in solubility characteristics and resin
conpati bi |l i t golébanveare sadded i am dfsaidbedeabove, ifif theed areeeni ng
material and the colorant for color 25 conpensation is greatly facilitated
by addlngSSadﬂfferenGQ%rheﬂw&%nnnhemI%pIQ@mpm§Lunﬂﬁ§yewntheseﬁlnayers
Regardi ng the adhesive |ayer 1 in particular, it is highly pr obabl e
that the Iayéi-sﬂﬁa‘?$h}éb1b*é¥e>qﬂ%bcﬁqld'%$ra@t§ -or it is unfavorable to

22 al kal i ne aqueous solution in the heating step for |am na-
tion of the adddbhen ko | 3&ame cqat ing dayernor EAn§uCBoat gage, it ige

R

I

B L T L
| ayer ?bongfbégfectl ?bj}@r aﬂﬁﬁé M NS S0l paNdg arg Qe'Etfg“FstR t hat

they wil e conpa $e respective nateria ere are
layer is provided. This can be realized by adding a near

infrared screening material and a colorant for making color
compensation for said screening material separately to the
adhesive layer 1 (provided between the conductive layer and

15 the film) and the adhesive layer 2 (provided for bonding
the laminated film having a patterned conductive layer to
the transparent polymer reinforcement) respectively, or to
the adhesive layer 1 or 2 alone,

The adhesive layer is required to have sufficient

20 adhesive strength to the adherend, but it is very difficult
to design a formulation that involves addition of several
types of materials differing in solubility characteristics
and resin compatibility. However, selection of the near
infrared screening material and the colorant for color

25 compensation is greatly facilitated by adding said
materials severally to the different resin layers.
Regarding the adhesive layer 1 in particular, it is highly

probable that the layer surface be exposed to an acid or



certai’n additives having low solubility in resin, and use of such
additives presents the problemthat the filmthick- ness mnust be

i ncreased greatly when it is tried to obtain the desired effect with
one | ayer alone. Such problem 15 howeyepp can be overcone by adding the
additives severally to the two | ayers. It has been

found, howeveslkdhirde tdfudtRaAy solutiiohf H@r e%saasemhggs eféf"Jb gne
col orant added in the manner descri bed above have the problemin

weat her 20 resomstehccharbrituetdves 13yeiresirednt fathapscwb Pk ARG 48 I1Hht
characteristics with time, presenting the problemin | ong- term
reliability. the matemidly wheshean bef gzeadlgcdeesri@ratedmaderi als show ng
absorption characteristics in the ultra- viol et region had such

i nclination aprPpRrEiaman such oztasibnsais pheferablywaddedicto athever a

| ong tinme._ Accordi ng to the present invention, such color deterioration
of the 5 naaghesiveadayerciZeeni ng materials can be prevented by

providing at |east one |ayer in which a material having an

- 23 - ul travi ol et WeCa&S bgthupét tbe Rearpiefr screening | t
IS possible to ,use the co ent%&nal ultra- viol et screening materials

as far as thégﬁwlt fads e, color GPMBERERRIAR PaEeEiak aXR nAY% ravi ol et
Uolet absor S ARSI di8stnapade  EhReaahin Bh nathe T alqyme the U
b [ | A t I gkel hel.at e t v afl

parti cl g of el HEndEARTaAYeTEt 1 ¥RY 206r8' GEFiamed AOIRE G Hle and
| ron oxidey 3Rl ddnfpdeibh® AR kheek8spUsRi a8 RLOLELLk AMifife le/ R HALS)
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certain additives having low solubility in resin, and use

of such additives presents the problem that the film thick-
ness must be increased greatly when it is tried to obtain
the desired effect with one layer alone. Such problem,

15 however, can be overcome by adding the additives severally
to the two layers.

It has been found, however, that the near
infrared screening material and the colorant added in the
manner described above have the problem in weather

20 resistance and are also subjected to change in absorption
characteristics with time, presenting the problem in long-
term reliability. Particularly the near infrared screening
materials showing absorption characteristics in the ultra-
violet region had such inclination and were unable to

25 maintain their normal function over a long time. According
to the present invention, such color deterioration of the
near infrared-screening materials can be prevented by

providing at least one layer in which a material having an



ultraviolet screening materials may be used either singly or in

conbi nation. The layer in which such an ultraviol et screening materi al
is added, may be any of the |ayers provi ded on the transparent

el ectromagneti c wave shield. 15 - 23 It has been al so confirnmed that
t he change of absorption characteristics of the near infrared screening

mat eri al - and; vl W ENcrel %P FunkibhnghY BeeRTigged)  the presence

of water. This is because water "acts as a catal yst. This problem can be

sol ved by protecting tie is?@osglitae #6 GBkethal conderOlGiantuMtdl a wat er
vapor barrier. It is possible to provide a single |layer or plural

| ayers of i obd e I's el i A ait@riaAkt @sN&hrVes ythépehfed echey et By in
whi ch the near infrared screening material is contal ned may be per se
provi ded w tdf ssededming drightofder thesnlt2aviolet regiodhe Typiralal used for
form ng the water vapor barrier is not specified; it is possible to
use, for 5 examplkexaf Eupniscnesndngamatevdhlasapel guganyic allioted ,

et hyl ene-vi nyl al cohol copol yner, polyacrylonitrile,

- 24 - poigdathahaphershigclyding: saligndatackypfi coemsephenane

e.g., transparent netal oxides such as silica, alum na, titania, 1TO
etc. A suitaBYREmRNFNTIAZodE dyPEd FHNOACIEIALE (BYRE | A ALGHAY

D1 OGSt V1 e LA LS DTS ot RLLOLRES 200, R LA OIS
O ot PRGN A BTN ER O
(0 afl e R U RIS Ry BRI chidadees
ultraviolet screening materials may be used either singly
or in combination. The layer in which such an ultraviolet
screening material is added, may be any of the layers
provided on the transparent electromagnetic wave shield.

15 It has been also confirmed that the change of
absorption characteristics of the near infrared screening
material and the colorant could be strikingly promoted in
the presence of water. This is because water acts as a
catalyst. This problem can be solved by protecting the

20 screening material and colorant with a water vapor barrier.
It is possible to provide a single layer or plural layers
of water vapor barrier. Alternatively, the adhesive layer
in which the near infrared screening material is contained
may be per se provided with such barrier properties.

25 The material used for forming the water vapor
barrier is not specified; it is possible to use, for

instance, organic materials such as polyvinyl alcohol,

ethylene~vinyl alcohol copolymer, polyacrylonitrile,



MHz, the conductive layer is required to have conductivity of not nore

than 103 [err] .cmin terns of resistivity. Cenerally, the
el ectromagnetic wave shielding 15 effect is represented by the follow ng
equat 1 on: S(dB) = 10 log(i/pf) + 1.7t [err]

S(dB): &l ectromagnetic wave shiel ding effect

[err]([err]-ﬁBl&vYH&PﬂE?%§£$§i$%}&éﬁ(gté¥”“gﬂgifﬂéggapic materials,

| ayer 20 ectromagneti c wav requency

t(cm: CO”dUEEgY? tBYREPAPEAKRSEal oxides such asN@liyfidhl,Ya1Gfshali vity p
must be | owere Infinitely for maximzing the el ectromagnetic wave

shiel ding efteeanta,t o] o, t e sesiallle/idatdriall 8 sé2edkeqt iamagnetic
waves of a wi der range of frequency can be shiel ded effectively. It is

possi bl e to pbaptdkyateshobf cost heprdddl ivitigpeegind reebarieeral and

t hi ckness of the conductive layer for obtaining the desired shielding

- 25 - 5 pkrformance and other fadimorshus Thendlarwdieed félmcttoomingetic
wave shi el d- ing filter nade it possible to drastically inprove the
shi el di ng ef methodxpsedsetdey déperidingpwmdhegumeatiearial usSed; for S(dB) =
20 X logl (EQ Hl) EQ entering el ectromagnetic wave

El : el ectr omaBEEaneevasechnd dhehkedeap coating, vapour| depasibéeR,consi dered
as a standard that the . allowabl e shielding effect. of the conventi onal
el ectro- 10SRHEREFLBIVAT iR rBEALINE BAY thee oplevess fog prBinghbhe,

whi ch corresggggie}ofgfmelectronagnetic wave absorption

10 Since the frequency of the electromagnetic waves
to be shielded is usually in the range of 10 KHz to 1,000
MHz, the conductive layer is required to have conductivity
of not more than 103 { *cm in terms of resistivity. |

Generally, the electromagnetic wave shielding

15 effect is represented by the following equation:

S(dB) = 10 log{l/pf) + 1.7t V £/p0
S(dB): electromagnetic wave shielding effect
O0(Q +cm): volume resistivity of conductive
layer
20 f(MHz): electromagnetic wave frequency
t(cm): conductive layer thickness
Naturally, resistivity o0 must be lowered
infinitely for maximizing the electromagnetic wave
shielding effect S; the lower the resistivity is, the

25 electromagnetic waves of a wider range of frequency can be
shielded effectively. It is possible to properly design
the pattern shape and the material and thickness of the

conductive layer for obtaining the desired shielding



rate of 99[err] or above, but according to the present I nvention it
has beconme possible to raise the |evel of al | owabl e shi el ding effect
to 30-50 dB. 15 The transparent polynmer reinforcing sheet can
endure external pressure, but damage dqgﬂ§y§cratching or the |ike
causes teduction of transparency, so that™ a protective hard coat may
be provided ggedgpired. Such a hard coat may be fornmed with
thernosetting resins, for 20 exanple, UV-curing resins such as epoxy

acryl ates and Uretfggetﬁﬁéyééﬁéfiuéﬁghf%?@@ffb idﬁ%tihnaﬁgﬁngﬁéaéd-

materials, ~specifically transparent oXides such-as silicon oX

alum na, titapGumi okedonadd £t MO ONSINAIR Ra3qy inphoFectally used
Further, since’a polymer is used for the 25 nornal reinforcing sheets for
wei ght reduckh@eldstghesheet Sexpresédd rxgﬂbuﬁédfdlqo@ﬁh? 2quhtesgth which is

normal |y supposed to be provided by a thickness of 1 mmor greater. A
greater tisickness provs¢aB)a=h2@hgr 1sgreqgolielhut it is

- 26 - di sadvant ageous in ternms of weight and transparency, so
usual ly a thickness of 1Efmm entebhing €lgrctmonagnetisuidivees for the
purpose to provide a strength capable of enduring artificial external
force and finger pressurBlinebeckromagnetis wawe which passed It is
further desirable that the transparent pol ymer reinforcing sheet has

an antireflection functrohas been epnsidgrad &% ias stagdiarddthat pheventing
i rregul ar refl on_at the display surface from PDP_to enhance the

3C - fi
10 contrast.aé&°¥6§4§e?héﬁ%¢%ﬁﬂI%£§¢Qﬁ1ﬁﬁ(ﬁﬁﬁ%ﬁ?ﬁ“ﬁﬁtﬁénal elgFb¥Pded to the

hard coat,,. or a separate antirefl ect.i on |.Layer e forned
HO magne%?c wave a sogiers be at the level g%y2B dB or above,

which corresponds to an electromagnetic wave absorption
rate of 99% or above, but according to the present
invention it has become possible to raise the level of
allowable shielding effect to 30-50 dB.

15 The transparent polymer reinforcing sheet can
endure external pressure, but damage due to scratching or
the like causes reduction of transparency, so that a
protective hard coat may be provided as desired. Such a
hard coat may be formed with thermosetting resins, for

20 example, UV-curing resins such as epoxy acrylates and
urethane acrylates, and epoxy resins. Inorganic materials,
specifically transparent oxides such as silicon oxide,
alumina, titanium oxide and zirconium oxide are also
preferably used. Further, since a polymer is used for the

25 normal reinforcing sheets for weight reduction, such sheets
are required to have a strength which is normally supposed
to be provided by a thickness of 1 mm or greater. A

greater thickness provides a higher strength, but it is



DESCRI'PTI ON OF PREFERRED EMBODI MENTS Example 1 15 A

pol yur et hane adhesive | ayer 1 was coated on a 75 [err] mthick

pol yet hyl ene terephthal ate (hereinafter abbreviated as PET) film and
then a copper foil (12 [err]m t hi ck) oyas | ami nated thereon to obtain a
copper - f0i |l ed PET film The conductive |ayer was patterned into a

lattice 20 fofsadeastsdedits Ofn Wiam oA HelightN8RqAtEAREREreRRy! t4b
dinally and laterally by photolithography. ?he I'1 ne fnterval s of the

pattern were gedaneg dycHivkriadd O¥ NOmm oredvaveOupbto Fhem)i serMeéd was
10 [err]m Pi =100 + (170 - 100) X ai (6) 25

([err]i: randpor ntmdepuisisearo Grovdde) a strength capabl8edf end@Pingi de of
a 2 mmthick polycarbonate substrate was applied a hard coat having an

antireflecti oartificial external force and finger pressu?é in practidgdl i on
and a pencil hardness of 3H or above, and the pattern-worked base film
was | am nabedus®.t he uncoat ed side of the polycarbonate substrate with
an adhesive | ayer 2 of . an aliphatic polyester-urethane (AD-N401
produced by TOYO- 5 MIRTAN fuythexy desixapilgt tbabl theatrapspreen® t he

conduc- tive layer, at an outer edge with a silver gaste (CRM 1085
produced by PPHYRFD Wéﬁqlfcel%.s,hq_ectd%ﬁsaﬁé aptirefigrrion fungkivmded.
Li ght per neabj at 550 nm of the am,nated. fil a

it tai ned N m
transparent efb ?fﬁﬁﬁﬁ&ﬁq(}ﬁmﬁﬁgqﬂﬁé%Fé%rlﬁrﬁ¥§n§&P8r%fFeg?%a¥ifﬁffgc‘
ermeability j h L nf r-ared, reqgion S,<10% (at 900-1, 200 n
gnd itsle:egt¢P%%J§¥P% cld{gpl i%ﬁﬁﬁaﬂf 5§PﬁoPﬁgnE8 ﬁﬁ%ggﬁed or aboven%as
measured Py contrast. Of course, antireflection property may be

provided to the hard coat, or a separate antireflection

layer may be formed.

DESCRIPTION OF PREFERRED EMBODIMENTS
Example 1
15 A polyurethane adhesive layer 1 was coated on a
75 um thick polyethylene terephthalate (hereinafter
abbreviated as PET) film, and then a copper foil (12 um
thick) was laminated thereon to obtain a copper-foiled PET
film. The conductive layer was patterned into a lattice
20 form consisting of the straight lines arranged longitu-
dinally and laterally by photolithography. The line
intervals of the pattern were defined by the following
equation (6). The line width was 10 um.
Pi = 100 + (170 - 100) X ai (6)
25 (ai: random number between 0 and 1)
Then, on one side of a 2 mm thick polycarbonate

substrate was applied a hard coat having an antireflection



ADVANTEST net hod) in the frequency region of 200-1,000 MHz. When t he
transpar.ent el ectromagneti c wave shield was set on 15 a PDP screen, no
noire fringe was forned and recogni za- bility of the picture was
excel l ent. Having penci | har dness af ,3H_or above and excellent scratch
resi st ance, t he product showed not only excellent shielding

performance functbitn s dﬂ;gihdmr Qlf&'rld'rx‘é\ésa%faﬁiréfs&ﬁé@@t %&%ﬁé’”ﬁgne“c
20 wave shield for PDP. Conpar ati ve Exanpl e

Exanpl e 1, thpavtets-wirked thaze FEIm mﬁsﬁﬁdmbihated Pat tgé ”uﬂ\@ééftéw é’?&e
desi gned to have a line interval of 160 [err]mand a |line wdth of 10

[err]m Wen oficthe prsippoariionate eubstraregwtthcanayehediee dlél?ér setofon the
front side of PDP, the noire fringes appeared and the shield

unsui t ed d@wa#ﬂpﬁiﬁlnﬂpquaster-urethane (AD-N401 produced by TOYO-- 28
- Exanpl es 2 and 3 A pol yur et hane adhesi ve |layer 1 was
coat ed on MORTON; Gr Ait%d t)hi cR BERLS Challeawdst hended coppehe fapidyd?
[err]n1thick) was | am nated thereon to obtain a copper-foiled PET

film 5 ThettBhdAYER @Y APeoulgs sdoecrith aySphﬁeblmmgrecﬁﬁy-Mﬁs
expr eased by RETE Fh SETIS BaRFA4 TR 8- vi HER-) and oFLeater Raklar n vas
éguéﬂéln”‘(efhfr&g}%ﬁ%"éﬁiﬁ&' PRReRDLL ?voa;nasﬁéﬁrﬁié’%ﬂ%éﬁ’oé & ab°éegfh°““
nunber bt vecn b )t as & crbbbareny ejgcrramagnetff eve hisILL
pol ycar borgt 6ras 745U aligntepe2nBhbeY18) PRILAETAESE | BN (\toeat_:}io\g th a

was <10% (at 900-1,200 nm), and its electrical field

shielding performance was 50 dB or above (as measured by

ADVANTEST method) in the frequency region of 200-1,000 MHz.

When the transparent electromagnetic wave shield was set on

15 a PDP screen, no moire fringe was formed and recogniza-

bility of the picture was excellent. Havin§ pencil

hardness of 3H or above and excellent scratch resistance,

the product showed not only excellent shielding performance

but also high durability as a transparent electromagnetic

20 wave shield for PDP.
Comparative Example 1
In Example 1, the whole of lattice mesh formed by
pattern working was designed to have a line interval of 160
um and a line width of 10 um. When the transparent
25 electromagnetic wave shield was set on the front side of

PDP, the moire fringes appeared and the shield was unsuited

for practical use.



15 péncil hardness of 3H or above, and the pattern-worked base film

was | ani nated on the uncoated side of the poly- carbonate substrate
wi th an adhesive |layer 2 of an al i phati c pol yester-urethane (AD-N40O1
produced by TOYO MORTON Co., Ltd.)ggA flat cable was bonded to the
conduc-: 20 tive layer at an outer edge wth a silver paste (CRW 1085

pr oduced bYE§&ﬁkHQEP25%H§ iste Co., Ltd.) and electrically gr ounded.
Havi ng a pencil "hardness of 3H or above and excel | ent scratch

resistance, the produgf 1pHeetRahe0BlKes ive CX&FLE eNtyadl Q4lidy qerd or mance
but also high durability as§ 25 a transparent electronagnetic wave shield

for PDP. 75 um thick PRTEfamR| card thamta RUppabifditly (Qf2 tdbe ehisky at

550 nmwas 74% its light perneability in the near infrared regi on was
<10% (at 90Grds 2Hmimgteandhnereonl €ot bbeakinf aetépper-foiled PET film.

- 29 - shi el di ng performance was 50 dB or a%ove (as neasured by
ADVANTESTS nerhi djondudtiod eyesnapsr pageephed OBy 1phdfo Mtzhography to

In Exanple 3, light perneability of the shield at 550 nmwas 78% its
| i ght per neafdin tay pattedm comprilsfingr @dngifudigabnand sl atiew®s) arr8g0-of, 200
nm and its electrical field shi el ding performance was 48 dB or above

(as measur ecCUEres expAOFRSHELY Sdnheay Cant fenctiepencyThangmefwizddh | | 000

Wen the transparent eleptrogggnetic,mave shield

MHz .
was set on PP REHLIFaFoille 4R ngBreRIEN Rl Wiy Lidesy¥ed Setture

recoun 2abi| 0. 85 LS MIOUBBILER oo (6 Bikhiie i, SR ©° ¢
Curves expreseed M Ay YR LA (Y (EkSRpiE yPle 4). a
Pi = 100 + (170 - 150) X ai {(7)
(i: random number between 0 and 1)
Then, on one side of a 2 mm thick polycarbonate
substrate was applied an antireflection hard coat with a
15 pencil hardness of 3H or above, and the pattern-worked base
film was laminated on the uncoated side of the poly-
carbonate substrate with an adhesive layer 2 of an
aliphatic polyester-urethane (AD-N401 produced by TOYO-
MORTON Co., Ltd.). A flat cable was bonded to the conduc-
20 tive layer at an outer edge with a silver paste (CRM-1085
produced by Sumitomo Bakelite Co., Ltd.) and electrically
grounded. Having a pencil hardness of 3H or above and
excellent scratch resistance, the product showed not only
excellent shielding performance but also high durability as
25 a transparent electromagnetic wave shield for PDP.
In Example 2, light permeability of the shield at
550 nm was 74%, its light permeability in the near infrared

region was <10% (at 900-1,200 nm) and its electrical field



15 lodarithm c function (Exanple 5) and an inversely proporti onal

function (Exanple 6). There were obtained the t ranspar ent
electronagnetlc wave shi el ds which, when super posed on a PDP screen,
caused no formation of noire fri nge ggd_pr ovi ded excel | ent

recogni zability. 20 Conparative Exanple In Exanple 1, the

roon Tilier patEny BErom ?%??*%?SR@ fRooeo ek, LPR peigpltd
The shieldi ”gADVANf’éé'fgﬁ di%foda)ng.rf.ttth%'t pe th#drhﬂgéh8£5%§@ufn§b’0 ange of

25 200-1, 000 was 4 1t was 30%
EX&W' e 7 In AExEndl r3] mltl@h%k pB,E;iEefabeii‘.‘?Sof' nggé copierh tax a

- 30 - t hi ckness of 1 [err] n1wnt a coating material conprising 100

parts by wei ghi$0 Oim afaLPrB®, addsy 1dlghtP peRRkeubElityRif0the neff OfEetr&y
Showa Kobunshi KK) having a nol ecul ar wei ght of 1,540 and a nelting

poi nt of 79[ eredion 4Kk pardss (at \9@i0dlt, 200 nmd bnﬂyli.tsceleém:ldﬂ) Pbsid by
wei ght of cell osol ve acetate and 2 parts by weight of benzoin ethyl
et her. Then ishlielding perdicmame wast 48r €8 blreabownet ¢as omeasured syl | i ne
film having a perneability of 80[err] and a sheet resistance of 150
[err] . On tAPCANTESH eetifad) Hay ther rfe*@qaeECUO@aAgehcth%-pbe@OO MHZ fi | m
by sputtering, follomed by el ectroplating to_obtain a opper-foiled
PET fil m having a coppédf qm.%é@wa@epér e]lﬁptromaaaatac svﬁ‘r%c%hle d

resi stance of 4 X 10(&; /[err Patternlng $ ted on
the conducti 2% &% oﬁ &5 afRy edrfgfrin ef@??lEOFW?

et ohing Sphution (o Ofg&raé S 112y UL 8E0aheb " BOLA AL L

2 and 3.
Examples 4-6
In Example 1, the pattern was formed with the
curves expressed by an exponential function (Example 4), a
15 logarithmic function (Example 5) and an inversely
proportional function (Example 6). There were obtained the
transparent electromagnetic wave shields which, when
superposed on a PDP screen, caused no formation of moire
fringe and provided excellent recognizability.
20 Comparative Example 2
In Example 1, the copper layer thickness was
changed to 35 um, the line width of the mesh filter pattern
to 30 um and the space width to 300 um. The shielding
effect of the obtained shield in the frequency range of
25 200-1,000 MHz was 40 dB, and light permeability at 550 nm
was 30%.
Example 7

A 75 um thick PET film was undercoated to a



The copper foil sides of the obtained filns were bonded to each ot her
with a therno-setting epoxy adhesive and subjected to a 90[err] peel
test, which showed adhesi on force of 1 kg/cmor nore. In an
accel erated test conducted 20 under a hi gh tenperature and high humdity
(80[ err]«€ and 90% RH) condi tion, adhé¥ion force after 1, 000 hours was
900 g/cm a . it e, ac able for practical, use. . .
Al so, |ight pter%ln%%lﬁél/% t(%la]t ’é@og’?ﬁ%’o? ?ﬂ%gln TFLEE 18h SPURT LG 400
transparent elect apsid ' LU soh i ght
per meabi | i tyeén ti%ear ql{rzﬁ @%ﬁ?§§%§n3%§ylﬁg ég%&’&?‘egog"%%o nm and
its electricabrddgtel 3 iy d ekfQr S (
nmeasur ed by aé ADVANT STIﬂ¥ (ﬁ% %ﬁ%ht gkgrggggﬁgygr%ﬁg%gg?géd%$%¥gbdﬂ§+t.
- 31 - EXBP5Y® dhd a melting poifit! b¥NIREC ENfo @ SLLTBRONRL

ALK g e e ¥

shield was manuf actured in the sane way as I n e’ 7 e

the transpsremityktedetntidgle 1f00 Parrs BYdee@hhd 6% cdifosobraddesi Hie t est
conducted on the shield simlarly to Exanpl e 7 showed adhesi ve

strength of lakd)/Zrpartsnibye weight of benzoiAl éﬁh}/liéhheﬁﬁrnﬂi@d'iﬂd/ilﬁﬁ t he
shield at 550 nm was 72% its light perneability in the near infrared
regi on wesx kde) Wastsit-ere2D @ hempoantioi ferml actrystalIimé dfsimel d- 10
ing performance was 50 dB or above (as neasured by ADVANTEST net hod) in
t he frequencyhd&ie dfPampabidddyveas. 80% acdnpasheever&xigpancs of 150

In Exanple 7, .instead of formng a transparent nmet al gxi de film copper
was | ani nat ed@by OPetbispfadmnyas forther nEormed s ch 0A0tA cshaglkt eeppert he

same way fg if&lm by sputtering, followed by electroplating to obtain a
copper-foiled PET film‘having a copper thickness of 4 um
and a surface resistance of 4 X 107 Q/[. Patterning was
conducted on the conductive layer by photolithography using
ferric nitrate as etching solution to obtain a filter

15 pattern of the configuration described in Example 1.

The copper foil sides of the obtained films were
bonded to each other with a thermo-setting epoxy adhesive
and subjected to a 90° peel test, which showed adhesion
force of 1 kg/cm or more. 1In an accelerated test conducted

20 under a high temperature and high humidity (80°C and 90% RH)
condition, adhesion force after 1,000 hours was 900 g/cm, a
level gquite acceptable for practical use.

Also, light permeability at 550 nm of the
laminated film as a transparent electromagnetic wave shield

25 was 70%, its light permeability in the near infrared region
was <10% (at 900-1,200 nm) and its electrical field shield-
ing performance was 50 dB or above (as measured by

ADVANTEST method) in the frequency range of 200-1,000 MHz.



Exanpfe 7, the adhesive strength was | ess than 200 g/cm and the |ines
were partly damaged in the patterning step, resulting in a very bad

yi el d.. Exanple 9 20 On a 75 [err]mthick PET fil mwas
coated a pol yur et hane adhesive | ayer containing a diinoni um based
near infrared screening material (1RG 02Z produced by Ni ppon Kayaku KK)
and a colora@&a&§QXA§ET Bl ue A-2R produced by N ppon Kayaku KK) for

col or conpensation, and a 25 copper foil (12 [err]mthick) subjected to

rougheni ng treat nent | 1 st t:a)
gheni ng A, rRingRhfedt (EfedBof e dav® SRR Bas |

copper-foiled PET e conductive er was patterne

lithography h@ne#b@tiradf ih! €heP3hhéeaPad Nth SHple 7 except that

- 32 - configuration as that of ExXanple 1. On"one side of a 2 mm

thi ck pol ycarhenairansphsbhl fe¥@d sR{d&0f B afld MefdeL@fl ®iox. Thard coat
with a pencil hardness of 3H or nore, and the pattern-worked base film
was | am n&t eddhestiba tesvtatendscted ob tid dhieelpblsiamlanlyt ¢osExaipdee Wi th
an adhesive | ayer 2 of an aliphatic polyester-urethane (AD N4O1
produced by TOsBowed adhMeBRI@Rl Svrendgthl.9f 1A Kd/Aam cablmersas bonded to the
conductive |layer at an outer edge with a silver paste (CRwW 1085
produced by Sunitono Baksbitbidht,K pérmejbihityelafthhe shi@ldcatt! p5€anmhed.

Li ght perneability at 550_nmof this  _  product as a transparent

el ect r omagne@é ﬂéﬁe dRPel dghbspermealyibity tin |thehingsdr dddBiaredy regicRe

near infrared reqgion wa <10% (at 900-1, 200 nnm) .anq it.s_el ectrical
field shiel d¥A§ 2184 |§Q§f BP%%cEOQaémBoa s Rlse frwa”gurfé&ls‘ysﬁbﬁ EST
15 neth i.n the frequency ran 200-.1, 000, MHz.  Having a penci
ror dnese 3 hooRerrREaRiE ubEdti R GnARaTR (A fieasited by

ADVANTEST method) in the frequency range of 200-1,000 MHz.

Comparative Example 3
In Example 7, instead of forming a transparent
metal oxide film, copper was laminated by electroplating.
15 1In the adhesion test conducted in the same way as in
Example 7, the adhesive strength was less than 200 g/cm and
the lines were partly damaged in the patterning step,
resulting in a very bad yield.
Example 9
20 On a 75 um thick PET film was coated a
polyurethane adhesive layer 1 containing a diimonium-based
near infrared screening material (IRG-022 produced by
Nippon Kayaku KK) and a colorant (KAYASET Blue A-2R
produced by Nippon Kayaku KK) for color compensation, and a
25 copper foil (12 um thick) subjected to roughening treatment
on both sides was laminated to obtain a copper-foiled PET
film. The conductive layer was patterned by photo-

lithography to obtain a filter pattern of the same



scratch resistance, the obtained | am nated fil m showed not only

excellent shielding effect but also high durability as a transparent

el ectromagnetic wave shield for PDP. 20 Exanple 10 A

pol yur et hane adhesive |ayer 1 was coated gp a 75 [err]mthick PET
film and then a copper foil (12 [err]n1thick) ~ subjected to roughening
treatment on @Qﬁbléﬁﬂ@@l&@sas that Y lgbtghno?ecggagr-kohlfqmﬁET
film The conduc- tive layer on t m was patterne By _ _

phot ol i t hogr aphyck polfb&%%éﬂétéiJdﬂéﬁ?&ﬁﬁ”ﬂﬁ%rQOQR Hhﬁ Saﬂgifgfiﬁgeﬁaﬁ'on
as that of Exanple 1. one si P nm 't

pol ycar bonat ehard coat w1th a %]nc11 hardness of 3H or ﬁére, pd g Hostrate
was applied an antireflection hard coat having a penci| hardness of 3H

or nore, and pattephiwsrke® ket bEisen was lamikaves kantﬂétﬁﬂcéﬂté@651de
uncoated side of the pol ycar bonate substrate with an adhesive |ayer 2

of an 5 &liphathe polyesthonatretshrbstrpAle M@h phoddnediby T&Y& 2 of
MORTON Co., Ltd.)_ containing an al um num based near i nfrared screening
mat eri al (M@B@Blpmmwﬁmﬂmmthane NAPpUA OKapakdut&d bydreyo-

col or ant (KAYASET Bl ue A-2R produced by N ppon Kayaku KK) for col or
conpensat i on. MOBEOW| GQ. » L¥d gk cdbifd atasabdedwast bondedcbadtbei ve | ayer at
an out er e wth a silver paste (CRW 1085 groduced by Sum t ono
Bakel i te Co. C‘E‘B‘g“‘itla‘fﬁi Hen ra}"ca?fl Yuesusdgg. with a silver’ pagtegh(CRM-

perneability 50 nm of the dJuct as.a transparent el ectronagnetic
wave shield mgé8§455°#ﬂ%?q|§ﬂu qmﬁ'F@&Gﬂﬁtﬁyan'tﬁgdnéa?nﬁn?}%ﬁ%ﬁﬂTeglon

0,
ngfgggézget é@&&y eartﬂéé¥X)ﬂyghémgéfﬂégbﬁhg tr|%ag56|eldogh£ ldlng

product as a transparent electromagnetic wave shield was
74%, its light permeability in the near infrared region was
<10% (at 900-1,200 nm) and its electrical field shielding
performance was 50 dB or more (measured by ADVANTEST

15 method) in the frequency range of 200-1,000 MHz. Having a
pencil hardness of 3H on the hardcoated side and excellent
scratch resistance, the obtained laminated film showed not
only excellent shielding effect but also high durability as
a transpafent electromagnetic wave shield for PDP.

20 Example 10

A polyurethane adhesive layer 1 was coated on a

75 um thick PET film, and then a copper foil (12 um thick)
subjected to roughening treatment on both sides was
laminated to obtain a copper-foiled PET film. The conduc-

25 tive layer on this film was patterned by photolithography
to obtain a filter pattern of the same configuration as
that of Example 1.

On one side of a 2 mm thick polycarbonate



was 50 dB or nore (measured by ADVANTEST nethod) in the frequency
range of, 200-1, 000 MHz. Havi ng a pencil hardness of 3H on the hard
coat ed, side and excellent scratch resist- 20 ance, the product showed not
only excellent shielding effect but_al;so high duralibity as a
transparent el ectro- magneti c wave shield for PDP. Exanpl e 11

In Exanple 9,
(Kavasors | Re SR8rEatanRaL RBaR ol M ar by IR0 e s00 RETHCRRAY, HBUERH 2 e
adhesi ve | ayepeAciVhifdhdss of Iﬁ-?lcﬁr HYrd,0a ltﬂ% 63 %Q?ﬁg&%g{liﬁfbé%d

mat eri al was contai ned in the adhesive Iaye ern-wor ked

- 34 - f £iImveas bDaniBsa &y (01 v Minddaitd 4Bie! bat gheThere was
obtained a non-tinted transparent el ectronmagnetic wave shi el d havi ng

| i ght per meabpblyganboridfe asubdsmatia ittt %%ahdheSLVbnﬁ&§éEd2r89'Qﬂ of

900-1, 200 nm and 68% at 550 nm 5 Conparative Exanple I'n
Exanpl e 115 takiphat hatpol féd tremhimat Huaxk he@aN401 ppaaﬁeéa I kedovas
bonded to the reinforcing substrate wi t hout. adding a col or
conpensat i ng ¥OREPMEO ¢ 0 Bty ) contadindsigven ajemifum¥baspdoneatr showed

|l ight permeability of 10 10[err] or less in the near infrared region of
900- 1, 200 nm kpfrared sEreeningmasyiah (KAYASORBoIBGA0ZR cpnodiced iy

attri butabl e to the near infrared screening material and was unsuited
f or use %P%mf r%ﬂéﬂ&%é?ﬁ Ansk 3 Gpd@Fanitc (KAYASER| Bluef br2RDP.

Exanmpl e 12 ne si a 75 [err]mthick PET filmwas

coat ed apf)%??%?%t%%lpﬁﬂﬁﬁv qﬁ“aq?{é(r) fogo PAPKi AEMBEREAFLORf r ar ed
screeni nglgatfiégl élﬁYéAtS%%%le wa Oz%o%rd% %3 tgg oh8icCtive layer at an

outer edge with a silver paste (CRM-1085 produced by
Sumitomo Bakelite Co., Ltd.) and electrically grounded.
Light permeability at 550 nm of the product as a
transparent electromagnetic wave shield was 74%, its light
15 permeability in the near infrared region was <10% (at 900-
1,200 nm) and its electrical field shielding performance
was 50 dB or more (measured by ADVANTEST method) in the
frequency range of 200-1,000 MHz. Having a pencil hardness
of 3H on the hard coated side and excellent scratch resist-
20 ance, the product showed not only excellent shielding
effect but also high duralibity as a transparent electro-
magnetic wave shield for PDP.
Example 11
In Example 9, the diimoniumfbased near infrared
25 screening material (KAYASORB IRG-002 produced by Nippon
Kayaku KK) was contained in the adhesive layer 1, while the
colorant for color compensation of said material was

contained in the adhesive layer 2, and the pattern-worked



Kayaku KK), and then a copper foil (12 [err]mthick) subjected to
roughening treatnment on both sides was |amnated to 20 obtain a

copper-foiled PET film The conductive |ayer on the filmwas patterned
by photolithography to obtain a fil ter3 pattern of the configuration
described in Exanple 1. N34 > nm thick pol ycar bonat e
substrate wasg: ' f l.ayer Xy resin
25 | ayer contﬁoul]hl}l n‘géﬁv%ﬁcg%q ?l?oa?:orf%\e/-nge?sn(e}f(? I:l‘]':llgr a?nggFgggéorggéi%a&g%nd a
hi ndered am '@é‘ﬁﬁé’d' | S idq , ' ; rovi ded
an antirefl egﬁ)on ardégc%r% S%%\%éndgzt?an%%g%gi FEEEF ﬁlggéﬁ%ﬁiglv-\?%‘r'gmre. On

the uncoated sh§81@ hd¥tng 1ight permeabilijty of 10% or less in thé néar
substrate was | am nat ed t%e p%tt rn-vvorlg"e& gase flilmvvitﬁ * an al5xllp atic

pol yest er - ur ei hppgréd QEFMRTEN 0-1,120% nm andDeb40at sgbesmye | ayer 2
containing a colorant (N ppon Kayaku KAYASET Bl ue A-2R) for color

conpensat i Bn. céhparative Efdmgleapl e was bonded to the conductive film at
an outer edge with a silver paste (Sum tono Bakelite CRM 1085) and
electrically earthed. In Example 11, Whghtlapdnateli fily whiShOhad leéer he
product as a transparent el ectromagnetic wave shield was 74[err], its
light 10 perpabtberntworked hasdwmmdead rtar adier egiinforasng189bstira®eO0-

1,200 nm and its electrical field shielding performnce was 50 dB or
nmor e ( neasur edlpioup\addilgr amdiay) dompensating £péquasy tantkeof 200- 1, 000

MHz. Having a pencil hardness of 3H and_excel | ent scratch resistance,
t he product sﬁ‘%@\%ﬂl"%ﬁﬁfﬁr@m y The dnosivcts ghewgAnd ight ceermeab il L&y rgh

durability,as tra arent el ectromagneti c wave , shield r PDP. |n a
1000 houlOwebfhetf ol et didadr divtsnzed ghgion of 90671,200 Am'an

68% at 550 nm, but it bore a greenish tint attributable to
the near infrared screening material and was unsuited for
use as a transparent electromagnetic wave shield for PDP.
Example 12

15 On one side of a 75 u#m thick PET film was coated
a polyurethane adhesive layer 1 containing a near infrared
screening material (KAYASORB IRG-022 produced by Nippon
Kayaku KK), and then a copper foil (12 um thick) subjected
to roughening treatment on both sides was laminated to

20 obtain a copper-foiled PET film. The conductive layer on
the film was patterned by photolithography to obtain a
filter pattern of the configuration described in Example 1.

On a 2 mm thick polycarbonate substrate was

provided, as a UV cutoff layer, an epoxy acrylate resin

25 layer containing a benzotriazole-based ultraviolet absorber
and a hindered amine-based light stabilizer, and on this
layer was provided an antireflection hard coat having a

pencil hardness of 3H or more. On the uncoated side of the



near fnfrared screening performance was 3[err] or |ess and t here was
observed no change of tint due to deterioration 20 of color conpensation
ef fect. Exanpl e 13 In Exanple 12, a silica fil mwas
provided as a wat er vapor barrier on ?Q_non-copper-laninated si de of
t he ; PET film and between the UV screening |layer and the 25

antireflectiggbg§¥gge hﬂsal%$9B%tQQ“ﬁhéfﬁ#{%ﬁfniﬁﬁ¥ké&ﬂbase.ffT%[%ﬁ?%C and

90[err] RH), deterroration € near rared screeni ng performance

was 3% or | egy %&‘ipﬁ&ég‘i@aﬁgiy%té&D&rethané’U(E’rdfb-%ﬂdbf”c%t.i,o@‘}:‘&% 6‘3?' or

conpensation effec :
obser ved. apCwapanabineskyanPhfeP 2 containing a ddidpedP!(®ibpona

transparent el ectronagnetic wave shield was made wi t hout providing a
W scr eeni ng Kagw&in. KAVASE®R BlieORO2RpUfoiecd @t idngeaiat ilorght Apeoneabi ity
of the shield at 550 nmwas 70% and its |light pernmeability in the

near i nfrd edla¢gicableawasibomati 860tHe 20dndudtivehifilm at anmducatres

mar ked deterioration of the near infrared screeni ng performance. 10
Conpar ati ve Bdgepdtd a silver paste (Switkbomd Bakklite CRMB{EMBSNt and

el ectromagneti c wave shield was made wi t hout providing the water vapor
barrier. elestxicaddy- raurh@ds heat test (at 80[err]C and 90[err] RH),

| i ght permeability of the shield at 550 nmwas 71%and its |ight 15
permeability in the neiﬂ-ghﬁf paregabibibn slasoxBaw @ft tWwpproduct) agps nn),

I ndi cating marked deterioration of the near . dnfrared screenin
perfornance.transPE%&Hﬁlélfﬁtromagnetlc wave shield was 74%, its ll%ht

10 permeability in the near infrared region was <10% (at 900-
1,200 nm) and its electrical field shielding performance
was 50 dB or more (measured by ADVANTEST method) in the
frequncy range of 200-1,000 MHz. Having a pencil hardness
of 3H and excellent scratch resistance, the product showed

15 not only excellent shielding effect but also high
durability as a transparent electromagnetic wave shield for
PDP. In a 1,000-hour weathering test, deterioration of the
near infrared screening performance was 3% or less and
there was observed no change of tint due to deterioration

20 of color compensatioﬂ effect.

Example 13

In Example 12, a silica film was provided as a
water vapor barrier on the non-copper-laminated side of the
PET film, and between the UV screening layer and the

25 antireflection layer. 1In a 1,000-hour wet heat test (at
80°C and 90% RH), deterioration of the near infrared
screening performance was 3% or less and no change of tint

due to deterioration of color compensation effect was



In Exanple 1, a 2,000 A thick copper filmwas 20 fornmed by sputtering as
the conductive layer, and this | ayer was el ectroplated to form copper
thi ckness of 4 [err]m Li ght perneability of the produced transparent
el ect rio- magneti c wave shield at 550 &gwas 74% its |ight

pernmeabi ity in the near infrared regi on Was <10% (at 900- 25 1,200 nm
and its el ecti%%el d shiel ding performance was 45 dB or nore
(measured by T method) in the frequency range of 200-1, 000 MHz.

As apparent fg éﬁti%%ﬁinyl npl es, the
n has ma

- 37 - present Tnventio e it possible to provide a trans- parent

el ectromagnetic wave shi@lghidde VIES Y £%58l0sPAkrent 818BREBHSYnetic wave
- 38- WHAT IS CLAIMED IS 1. A transparefnt el ectronmagnetic wave shield

conprising ashiéldpaisnhadelwitiodt Ippcvididgc@ndvcktyeehangr 18fed. |imear
pattern shape fornmed on at | east one side of said film wherein the |ine
interval s bn aal ¢0d0+ieaur peddeher iate tastdaighet peenedBiléty] 6Fatel nm
and wherein the linear pattern is of a configuration constituted by
| ongi t udi nal shieldaser?a$0 amm arege 0¥ anfd tiks dughes pesmeabil igyt bnttikee Si n,
Tan, exponential, logarithmc, or inversely proportional function
expressed by nearfionfraved region oas K404 Jpt O9P-1,249, nw), (Ghich
indicates marked deterioration of the near infrared
screening performance.
10 Comparative Example 6
In Example 13, a transparent electromagnetic wave
shield was made without providing the water vapor barrier.
In a 1,000-hour wet heat test (at 80°C and 90% RH), light
permeability of the shield at 550 nm was 71% and its l:"Lght
15 permeability in the near infrared region was <38% (at 900-
1,200 nm), indicating marked deterioration of the near
infrared screening performance.
Example 14
In Example 1, a 2,000 A thick copper film was
20 formed by sputtering as the conductive layer, and this
layer was electroplated to form copper thickness of 4 um.
Light permeability of the produced transparent electro-
magnetic wave shield at 550 nm was 74%, its light
permeability in the near infrared region was <10% (at 900-
25 1,200 nm) and its electrical field shielding performance
was 45 dB or more (measured by ADVANTEST method) in the
frequency range of 200-1,000 MHz.

As apparent from the foregoing Examples, the



y = AsSin(ax + [err]) (1) y = B Tan([err]x + [err])

(2) (A, B, a, [err], [err], [err] : arbitrary constants) y
= Cexp ([err]x + p) (3) y =D Jerr]ln (6x + [err]) (4)
(C, D" [err], 6, p, [err]: arbitrary consgants) y = E /X (5)
(E: arbigtrary constant) or a conbination thereof. 2. A transparent

el ect r omagnet, ce \GHE j L : i , i h 10 of
the line widt %P, [e‘?’ﬁ%ﬁ%ﬁﬁﬁfh@gﬁdt&g ?g%bﬁg%grtt&ﬂﬁfgﬁtggé o xléér)r] m
in the |inearpafait &Tedt¥dndotidtde WalleS sWibhinwibR vapgeepteillémr 540. 3.
A transparent el ectromagneti ¢ wave shield according to Claim2, wherein
the P/ D ratiotrgnspdentdp. 4. A transparent el ectromagnetic wave shield
obtained by |am nating an adhesive |ayer optionally, a transparent

- 39- Substitute sheet -21 February 2001 nmetal oxide filmand a thin
nmetal |ayer successively in that order on at |east one side of a
transparent polynmer film and selectively etching the thin netal |ayer
alone to forma linear pattern, wherein the line intervals in said |inear
pattern are random between 20 [err]mand 1 mm and wherein the |inear
pattern is of a configuration constituted by |ongitudinal and |ateral
arrangenment of the curves conformng to the Sin, Tan, exponential,

|l ogarithm c, or inversely proportional function expressed by the

foll owi ng equation (1), (2), (3), (4), or (5): y = A Sin(ax+
[err]) (1)



BZTan(féf}i;;mE;;fij (2) (A B, a, [err], TJerrT,

y = _ _

v='b ferrin (ferrlxs Lert]) Y A
[err]: arbitrary constants) Yy FRx Foeoobom(5y o«

(E: arhitrary constant) or a conbination thereof. 5. A transparent

el ect r omagnefiirWeg ecERi®Ell pgcording to Caim4, wherein the thin netal
| ayer is nade of copper. 6 A transparent el ectronagnetic wave shield

obtained by jlam nating gPaféiheséme d R rdriynditiicNGadeN8Rkel A rar ed
screening material and a colorant for nmaking “color conpensation and a

conductive | ayRpresehgssi ¥eANsParéit pfdaler0 T 10 @0dOh @ohBapsRaeent
polymer film and working the conductive |ayer of the lamnated filminto

a linear paflagen, ofhar Binedhepdtteerd nittipelformedsand aki Deastpshéesdde
- 40- Substitute sheet -21 February 2001 are random between 20 [err]m
and 1 mm andfwheidi fiilhe Vvherain et tlcimre iintefrvalsodihi gaidt Laneaonstit ut ed
by | ongitudinal and |ateral arrangenent of the curves conformng to the
Sin, Tan, eppbthentiare rapdemtbetweeror2q nymrasdylpmmporti onal function
expressed by the follow ng equation (1), (2), (3), (4), or (5): y
= ASin(ax + Berr]) A tyransparent elsctrogpgnetdcr prve phiely (2)
(A B, a, [err], Lerr]t [errl: arbitrary constants) .y = C exp
([err]x + [epfPprding tesglaim 1, Wh%FQ§QDqﬂﬁwﬂh?ePFéPﬁF%eFérF%)Of a
(4) lattice form consisting of the straight lines arranged
longitudinally and laterally.
3. A transparent electromagnetic wave shield
according to Claim 1, wherein the linear pattern is of a
configuration constituted by longitudinal and lateral
arrangement of the curves conforming to the Sin or Tan
function expressed by the following equation (1) or (2):

y = A-Sin(ax + @) (1)

y = B-:Tan(fx + ¥) (2)

(3, B, a, B, @, Y: arbitrary constants).
4. A transparent electromagnetic wave shield
according to Claim 1, wherein the linear pattern is of a
configuration constituted by longitudinal and lateral
arrangement of the curves conforming to the exponential or
logarithmic function expressed by the following egquation

(3) or (4):

i

C+rexp (¥x + p) (3)
D-/n (Ox + &) (4)

y

Y
(¢, o, v, 6, p, &: arbitrary constants).

5. A transpareﬁt electromagnetic wave shield
\

—_—
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(C D,° [err]
(5)

6, p, [err]: arbitrary constants)

(E: arbitrary constant) or a comnbi natrgm
transparent el ectromagneti ¢ wave shi eI d conprr si ng ﬂm! Hglﬁﬂgym&r
filmand, |amnated successively on g@pt one sidé thereo
| ayer 1 and a conductive | ayer, sard con C

i near patteracf&?aﬂ dté%‘fahga{ ‘{ﬁ‘ﬁ#ﬁf tHY 4%l Uterpl gaQQOQ‘

bet ween 20 [err

m an I near pa t e of "a

confi gur at| ONes i8Skt £h Wond G1Y Ll P A hlieEa! B 300ETERY Of Lhe

curves conformng™to t

Eﬂﬂﬁhg&ﬂeﬁﬁp&ﬁséﬁé‘ ayrx}ése c’fdﬂﬁ&‘ﬁi.ﬁ% t)%%ﬁte' Qﬁv(e}},-elw) (3) .

proporti onal

SIn

hesi ve
tive |ayer being worked into a

I nversely

(4), or - Sin(ax + [err

BTan([err]x +p£6pbkilonal funééﬁon exprested b tﬁﬁb%bihébin§h8§ﬁatgén
February 2001 (A, B, a, [err], [err], [err]: arbifrary constants)
y = Cexp ([e{B):zx + p) (3) y = D [err]n ([err]x + [err])

(4) (C, D [err], [err], [err], : arbitrary constants) y =
E/ x (5) vy = E/x (E arbitrary constgBt) or a conbination

thereof, the thus worked Iam nated film being further bonded to a

transparent polyneric

i nfrared screenrng material and a col orant for making color conpensation
for said near®tnfrared BckeanspRrent aliegtrgmagnetic wave shield

according to Claim 1, wherein the linear pattern is of a
configuration constituted by a combination of arrangements
of the straight lines and curves defined in Claims 2 to 5.
7. A transparent electromagnetic wave shield
according to any one of Claims 1 to 6, wherein the ratio of
the line width (P, u#m) to the conductive layer thickness
(D, #m) in the linear pattern (P/D ratio) falls within the
range of 1 to 540.

8. A transparent electromagnetic wave shield
according to Claim 7, wherein the P/D ratio is 2 to 240.

9. A transparent electromagnetic wave shield
obtained by laminating an adhesive layer optionally, a
transparent metal oxide film and a thin metal layer
successively in that order on at least one side of a
transparent polymer film, and selectively etching the thin
metal layer alone to form a linear pattern, wherein the
line intervals in said linear pattern are random between 20
Mm and 1 mm.

10. A transparent electromagnetic wave shield

according to Claim 9, wherein the thin metal layer is made
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r e{ Bf oaxeiterarbyconstaditdsi ve | ayer 2, wherein a near



contairned in at |east one of the adhesive layer 1 a”d—Lﬂg-_QQDE§L¥e Iayer
2, and also at |east one ultraviolet screening layer for preve

deteruoratlon of said near infrared screening naterlaU
A transpar ent el ectromagnetic wave shield agccor di ng ,m W&,‘ mu
wherein . at | east one |ayer of water vapor ™ "barrier is furtchek

A transparent:FI ;} qpagnetrc wave shield conprising a transparent polyner
filmand, | am na succe55|vely on at |east one side thereof, an adhesive

| ayer 1 and 31 conductl\uiﬂ ?LIF&?hglﬁggggﬁgéxgti?yﬁév€ﬁg ﬂ@rked into a

| i near pattern desrgne such I'ne 1 nterva e random

between 20 [ &4 t r
configuration const.tJ#%§§@”%&ﬁ3?%a%Gd?§§FE % }a?era g%%%%ﬁﬁﬁent 0 the
curves conf of i filrdd dd¥eellithg tierter%aoaﬁat habolbPaRt | E6F fak Mg daNe¥ sely

proportional function expressed | ow ng

Substi tute sheghpersathiRin uaiy az%hducftﬁki%t !la?ei’limcéaésuié’iy céﬁl)at or (5):

y = ASin(ax + [err]) (1) y = B.Tan(x + [err]) (2)
(A B, a, [erléast eng sids gt aamhmmspayenmnpbaymer film, and woxkip
([err]x + [err]) (3) y =D [err]ln (6x + (4)

(C, D, [err],theredndugtive lay&mbnﬁr&hy damsnaneé)fllm intoya-lHiear

(5) (E: arbitrary constant) a conbination thereof, the thus

wor ked | am napaftern.mwhrkeiq e HémeberiaeavaéSamr aaspalmalpmewmm

are random between 20 um and 1 mm.

12. A transparent electromagnetic wave shield
comprising a transparent polymer film and, laminated
successively on at least one side thereof, an adhesive
layer 1 and a conductive layer, said conductive layer being
worked into a linear pattern designed such that the line
intervals will be random between 20 4#m and 1 mm, the thus
worked laminated film being further bonded to a transparent
polymeric reinforcement by an adhesive layer 2, wherein a
near infrared screening material and a colorant for making
color compensation for said near infrared screening
material are contained in at least one of the adhesive
layer 1 and the adhesive layer 2, and also at least one
ultraviolet screening layer for preventing deterioration of
said near infrared screening material is provided.

13. A transparent electromagnetic wave shield
according to Claim 11 or 12, wherein at least one layer of
water vapor barrier is further provided.

14. A transparent electromagnetic wave shield

comprising a transparent polymer film and, laminated
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rei nf &rcenent by an adhesive |ayer 2, wherein a near |ng
material, and a colorant for neking color conpensati mw;m E& @
i nfrarsed screening material are contained separately intt | ayer
1 and the adhesive |layer 2, or cont ai ned 4yn_t he adhesive Iayer 2 alone.

10. A toransparent el ectromagnetic wave shield according to any one of

Gains 1 to Ssusbessively BH #LTTEMN Iddd dlie khEradiel dnahaResaye! ength of

550 nmis 50% or higher. A transparent el ectrondgnetic wave shield

according t01&p¥r oneamd é]éﬁﬂﬁhét£¢é5M% el bBﬁdhéﬁhGétEQ%éf|Béi§
| am nated to a transparent polyneric relnforcenent havi ng a I ckness™ of 1

nm or great erwgrRe@nigtibesi Vinday glattelch defilghedspachntheteehéorpgaetic
wave shield according to any one of Clains 1 to 11, wherein an

antireflecti ointéayalsiwill v deghdum detwezal 20ngumfandel I neiedid m and
the transparent polyneric reinforcenent. -43- Substitute sheet -21
February 2001worked lramimasedr£ilm dieciqly divaghelri bonded tbhi el transpademy to
any one of Claims 1 to 12, wherein a hard coat is provided on at |east one
of the | am naPelymeris ar@lmfmrcemmpman adlblepiwei dayernRor vharein a

near infrared screening material and a colorant for making
color compensation for said near infrared screening
material are contained separately in the adhesive layer 1
and the adhesive layer 2, or contained in the adhesive
layer 2 alone.

15. A transparent electromagnetic wave shield
according to any one of Claims 1 to 14, wherein light
permeability of the shield at a wavelength of 550 nm is 50%
or higher.

16. A transparent electromagnetic wave shield
according to any one of Claims 1 to 15, wherein the
laminated film is laminated to a transparent polymeric
reinforcement having a thickness of 1 mm or greater via an
adhesive layer.

17. A transparent electromagnetic wave shield
according to any one of Claims 1 to 16, wherein an anti-
reflection layer is provided on at least one of the
laminated film and the transparent polymeric reinforcement.
18. A transparent electromagnetic wave shield
according to any one of Claims 1 to 17, wherein a hard coat
is provided on at least one of the laminated film and the

transparent polymeric reinforcement.
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