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(57) ABSTRACT 

The invention provode a transparent member for use as a 
shield against electromagnetic Waves characterized in that 
an electrically conductive reticular pattern is provided on a 
substrate (1) by forming a thin-?lm layer (2) of copper or an 
alloy thereof on the substrate by physical thin ?lm forming 
means and forming a copper thick-?lm layer (4) on the 
thin-?lm layer by plating means so as to give the member a 
total transmittance of at least 50%, the reticular pattern 
having an electric resistivity of up to 200 mQ/III. 
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TRANSPARENT MEMBER FOR SHIELDING 
ELECTROMAGNETIC WAVES AND METHOD OF 

PRODUCING THE SAME 

TECHNICAL FIELD 

[0001] The present invention relates to improved trans 
parent members for use as shields against electromagnetic 
Waves and a process for producing such members. These 
transparent members are useful as shields against electro 
magnetic Waves for use With electronic information devices 
such as plasma display panel, for example, for use as 
electromagnetic Wave shield front ?lters for plasma display 
panel. The transparent members have excellent electromag 
netic Wave shield properties, produces no moire fringes and 
are excellent in visibility. 

BACKGROUND ART 

[0002] The electromagnetic Waves produced by various 
electronic information devices and those to Which such 
devices are exposed pose the problem of causing the devices 
to operate erroneously relative to one another and exerting 
an adverse effect on the human body. The methods of 
shielding against electromagnetic Waves generally under 
study presently are divided into the folloWing tWo methods. 

[0003] One of these methods is a netting method Wherein 
an electrically conductive ?ber plated With nickel or copper 
over the surface is made into a net, Which is sandWiched 
betWeen tWo substrates or adhered to a substrate With an 
adhesive. 

[0004] The other method is coating a substrate With a thin 
?lm of ITO (indium tin oxide), silver or the like over the 
entire surface thereof. 

[0005] The netting method is generally excellent in elec 
tromagnetic Wave shield properties, but is loW in transpar 
ency. This method is further liable to produce moire fringes. 

[0006] On the other hand, the coating method is satisfac 
tory With respect to transparency and moire fringes but 
inferior in electromagnetic Wave shield properties and espe 
cially loW in shield properties in the high frequency band 
because of Wavelength dependence. 

[0007] In the case Where the screen of the plasma display 
panel (PDP) or the like is vieWed through an electromag 
netic Wave shield member, the shield member Which must be 
transparent also needs to ful?ll requirements as to visibility, 
i.e., to assure ease of vieWing and not to cause much fatigue 
to the eyes, even if the screen is vieWed therethrough over 
a prolonged period of time, Whereas the tWo methods are 
still unsatisfactory in meeting the requirements. 

[0008] An object of the present invention is to develop a 
shield member having higher transparency and higher elec 
tromagnetic Wave shield properties. 

[0009] Another object of the invention is to develop a 
shield member Which is satisfactory in visibility and adapted 
to preclude or diminish occurrence of moire fringes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a sectional vieW of a transparent member 
according to a ?rst aspect of the invention; 
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[0011] FIG. 2 is a perspective vieW of the member 
obtained by step F; 

[0012] FIG. 3 is a perspective vieW of a transparent sheet 
obtained in Example 1B and having high visibility for use as 
a shield against electromagnetic Waves; 

[0013] FIG. 4 is a plan vieW of a reticular pattern having 
square openings; 

[0014] FIG. 5 is a plan vieW of a reticular pattern having 
rectangular openings; and 

[0015] FIG. 6 is a perspective vieW partly in section of a 
transparent sheet obtained in Examples 1C to 2C and having 
high electromagnetic Wave shield properties. 

DISCLOSURE OF THE INVENTION 

[0016] The present invention relates to Item 1 to Item 23 
given beloW. 

[0017] Item 1. A transparent member for use as a shield 
against electromagnetic Waves characteriZed in that an elec 
trically conductive reticular pattern is provided on a sub 
strate (1) by forming a thin-?lm layer (2) of copper or an 
alloy thereof on the substrate by physical thin ?lm forming 
means and forming a copper thick-?lm layer (4) on the 
thin-?lm layer by plating means so as to give the member a 
total transmittance of at least 50%, the reticular pattern 
having an electric resistivity of up to 200 mQ/III. 

[0018] Item 2. A transparent member for use as a shield 
against electromagnetic Waves according to Item 1 Wherein 
a broWn to black colored layer (5) is further formed over the 
copper thick-?lm layer 

[0019] Item 3. A transparent member for use as a shield 
against electromagnetic Waves according to Item 1 Wherein 
the transparent substrate (1) is a thermoplastic resin sheet 
having a total transmittance of at least 65%. 

[0020] Item 4. A transparent member for use as a shield 
against electromagnetic Waves according to Item 1 Wherein 
the physical thin ?lm forming means is a sputtering process 
or ion plating process. 

[0021] Item 5. A transparent member for use as a shield 
against electromagnetic Waves according to Item 1 Wherein 
the plating means is an electrolytic plating process. 

[0022] Item 6. A transparent member for use as a shield 
against electromagnetic Waves according to Item 1 Wherein 
the copper or alloy thin-?lm layer (2) has a thickness of 100 
to 2000 A. 

[0023] Item 7. A transparent member for use as a shield 
against electromagnetic Waves according to Item 1 Wherein 
the copper thick-?lm layer (4) has a thickness of 1 to 10 pm. 

[0024] Item 8. A transparent member for use as a shield 
against electromagnetic Waves according to Item 2 Wherein 
the colored layer (5) comprises a copper oxide or copper 
sul?de. 

[0025] Item 9. Aprocess for preparing a transparent mem 
ber for use as a shield against electromagnetic Waves accord 
ing to Item 1 Which process includes the folloWing steps A 
to E. 

[0026] Step A: the step of sputtering copper or an alloy 
thereof onto one surface of a sheet of thermoplastic resin 
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having a total transmittance of at least 65% tooform a 
thin-?lm layer having a thickness of 100 to 2000 A. 

[0027] Step B: the step of developing the thin-?lm layer 
by photolithography to expose a reticular pattern. 

[0028] Step C: the step of electrolytically plating the 
reticular pattern With copper to form a copper thick-?lm 
layer having a thickness of 1 to 10 pm. 

[0029] Step D: the step of removing remaining resist from 
opening portions of the reticular pattern. 

[0030] Step E: the step of chemically etching the entire 
resulting surface to remove the thin-?lm layer of copper or 
alloy thereof from the opening portions of the reticular 
pattern by dissolving to obtain an electrically conductive 
reticular pattern comprising the thin-?lm layer of copper or 
alloy thereof formed by sputtering and the copper thick-?lm 
layer formed by electrolytic plating and superposed on the 
thin-?lm layer. Item 10. A process for preparing an electro 
magnetic Wave shield transparent member according to Item 
9 Which further includes the folloWing step F. 

[0031] Step F: the step of oxidiZing or sul?ding the copper 
surface of the resulting conductive reticular pattern to form 
a broWn to black surface layer of a copper oxide or copper 
sul?de. 

[0032] Item 11. A transparent member for use as a shield 
against electromagnetic Waves comprising a reticular copper 
pattern (2P) formed on a transparent sheet (21) and consist 
ing predominantly of copper, the reticular copper pattern 
having a line Wide of 1 to 25 pm and an opening ratio of 56 
to 96%. 

[0033] Item 12. A transparent member for use as a shield 
against electromagnetic Waves according to Item 11 Wherein 
a broWn to black colored layer (24) is further formed on the 
surface of the reticular copper pattern (2P). 

[0034] Item 13. A transparent member for use as a shield 
against electromagnetic Waves according to Item 11 Wherein 
the broWn to black colored layer (24) comprises a copper 
oxide or copper sul?de. 

[0035] Item 14. A transparent member for use as a shield 
against electromagnetic Waves according to Item 11 Wherein 
the transparent sheet (21) is a thermoplastic resin sheet 
having a total transmittance of at least 60% and a thickness 
of 0.05 to 5 mm. 

[0036] Item 15. A transparent member for use as a shield 
against electromagnetic Waves according to Item 11 Wherein 
the reticular copper pattern (2P) comprises a copper thin 
?lm layer (22) consisting predominantly of copper, formed 
by physical thin ?lm forming means and serving as a ground 
layer, and a copper thick-?lm layer (23) formed over the 
copper thin-?lm layer (22) by plating means. 

[0037] Item 16. A transparent member for use as a shield 
against electromagnetic Waves according to Item 11 Wherein 
the copper thin-?lm layer (22) consisting predominantly of 
copper has a thickness of 50 A to 1 pm and the copper 
thick-?lm layer (23) has a thickness of 1 to 15 pm. 

[0038] Item 17. A transparent member for use as a shield 
against electromagnetic Waves according to Item 11 Wherein 
the reticular copper pattern (2P) has square or rectangular 
openings. 
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[0039] Item 18. A transparent member for use as a shield 
against electromagnetic Waves comprising a reticular copper 
pattern (3P) consisting predominantly of copper and an 
electrically conductive transparent thin-?lm layer (32) 
Which are formed over a transparent sheet (31) so as to give 
a total transmittance of at least 50% to the transparent 
member. 

[0040] Item 19. A transparent member for use as a shield 
against electromagnetic Waves according to Item 18 Wherein 
a broWn to black colored layer (33) is further formed on the 
reticular copper pattern (3P). 

[0041] Item 20. A transparent member for use as a shield 
against electromagnetic Waves according to Item 18 Wherein 
the broWn to black colored layer (33) comprises a copper 
oxide or copper sul?de. 

[0042] Item 21. A transparent member for use as a shield 
against electromagnetic Waves according to Item 18 Wherein 
the transparent sheet (31) is a thermoplastic resin sheet 
having a total transmittance of at least 60%. Item 22. A 
transparent member for use as a shield against electromag 
netic Waves according to Item 18 Wherein the reticular 
copper pattern (3P) is a square or rectangular lattice pattern 
having a line Wide of 1 to 25 pm and an opening ratio of 56 
to 96%. 

[0043] Item 23. A transparent member for use as a shield 
against electromagnetic Waves according to Item 18 Wherein 
the conductive transparent thin-?lm layer (32) has a thick 
ness of 100 to 1500 A. 

[0044] A ?rst aspect of the present invention is shoWn in 
FIGS. 1 and 2, a second aspect thereof in FIG. 3, and a third 
aspect thereof in FIG. 6. 

[0045] According to the ?rst to third aspects of the present 
invention, examples of materials usable for the substrate of 
the electromagnetic Wave shield transparent member are 
inorganic materials such as sheet glass, thermoplastic resins 
including polymethyl methacrylate, polystyrene or copoly 
mer of styrene and acrylonitrile or methyl methacrylate, 
poly(4-methylpentene-1), polypropylene or noncrystalline 
cyclic ole?ne polymers obtained by homopolymeriZing 
cyclopentene, norbornene, tetracyclododecane or like cyclic 
ole?ne monomer or copolymeriZing such a monomer With 

ethylene or the like, polyethylene terephthalate, polyethyl 
ene naphthalate, polyarylate, polyether sulfone, polycarbon 
ate and various liquid-crystal polymers, and thermosetting 
resins including acrylic, urethane, epoxy and silicone resins. 
Examples of preferred substrate materials are sheet glass or 
like inorganic materials and thermoplastic resins. Preferably 
such resins are those excellent in heat resistance, Weather 
resistance, noncontractability, chemical resistance and other 
mechanical strengths. 

[0046] The total transmittance of the substrate is usually at 
least 50%, preferably at least about 60%, more preferably at 
least about 65%, and most preferably at least about 85%. 

[0047] The substrate is, for example, in the form of a ?lm 
or sheet having a thickness of 0.05 to 5 mm. More speci? 
cally, examples of substrates are tempered or nontempered 
inorganic glass sheets having a thickness of 1 to 5 mm, 
preferably 1 to 3 mm, and ?lms or sheets of thermoplastic 
resin or thermosetting resin having a thickness of 0.05 to 5 



US 2002/0153149 A1 

mm, preferably 0.1 to 4 mm, more preferably 0.1 to 3 mm, 
most preferably 0.1 to 2 mm. 

[0048] The term “total transmittance” as used herein (and 
to be hereinafter referred to as “Tt”) refers to a value (%) 
measured by a turbidity meter of the type NDH-20D, 
manufactured by Nippon Denshoku Kogyo Co., Ltd. accord 
ing to JIS K7105 (1981). The greater the value, the higher 
the visibility. 

[0049] The substrate, Which is generally in the form of 
single sheet or ?lm, may be a composite substrate compris 
ing at least tWo materials in combination. Further the sub 
strate may be suitably treated, for example, for anti-re?ec 
tion or for blocking infrared or ultraviolet rays. 

[0050] The electrically conductive reticular pattern has 
openings including those shaped like openings of a lattice 
and having, for example, the same or different Widths 
vertically and horiZontally, square or rectangular openings, 
openings de?ned by lines obliquely intersecting one another 
at an angle, i.e., openings in the form of rhombuses, triangles 
and polygons generally ranging from pentagons to deca 
gons, that is, triangular and pentagonal to decagonal open 
mgs. 

[0051] The conductive reticular pattern, especially the 
pattern made from copper or made mainly from copper, is 1 
to 25 pm, preferably 3 to 20 pm, more preferably 5 to 15 pm, 
in line Width. 

[0052] Examples of physical thin ?lm forming means are 
the sputtering process, vacuum evaporation process and ion 
plating process. These processes are in common in that a 
metal or nonmetal is made by some method into a vapor or 
ion, Which is applied to the surface of the transparent 
substrate and deposited thereon in the form of a thin ?lm. 
The metal to be used in this invention is copper or an alloy 
thereof. 

[0053] (1) First Aspect of the Invention 

[0054] The copper or alloy thin-?lm layer can be formed 
by physical thin ?lm forming means such as sputtering, 
vacuum evaporation or ion plating. 

[0055] Of these means, sputtering or ion plating is pref 
erable, and sputtering is more preferable. 

[0056] When copper is used for forming the thin-?lm layer 
of copper or an alloy thereof by the thin ?lm forming 
method, the copper to be used is preferably as pure as 
possible. Examples of alloys thereof are those consisting 
predominantly of copper, such as Cu/Zn (brass), Cu/Sn 
(bronze), Cu/Al, Cu/Ni, Cu/Pd, phosphor bronZe and Cu/Be. 

[0057] The copper thick-?lm layer can be formed by 
electrolytic plating or electroless plating. Electrolytic plating 
is preferable for forming the copper thick-?lm layer With a 
required thickness rapidly. 

[0058] The combination of the copper or alloy thin-?lm 
layer and the copper thick-?lm layer superposed thereon can 
be chemically etched to form an electrically conductive 
pattern Without substantially involving the reduction of the 
line Width (side etching) that is frequently observed, 
Whereby the desired conductive reticular pattern can be 
formed With good reproducibility. Accordingly, even if 
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composed of thin lines, the pattern can be given a loW 
electric resistivity, i.e., high transparency and electromag 
netic Wave shield properties. 

[0059] The copper or alloy thin-?lm layer 2 is provided for 
forming the copper thick-?lm layer 4, so that the substantial 
factor for affording electromagnetic Wave shield properties 
resides in the copper thick-?lm layer. The thin-?lm layer 2 
of copper or alloy thereof is about 100 to about 2000 A, 
preferably 300 to 1700 A, and the copper thick-?lm layer 4 
is about 1 to about 10 pm, preferably 2 to 8 pm. 

[0060] When having a thickness in the above range, the 
copper or alloy thin-?lm layer can be rapidly plated (espe 
cially electrolytically plated), and the resulting surface can 
be chemically etched Without entailing side etching. 

[0061] When the copper thick-?lm layer 4 has a thickness 
in the above range, the resulting member can be given 
satisfactory electromagnetic Wave shield properties. 

[0062] The transparent member for use as a shield against 
electromagnetic Waves has an electric resistivity of up to 200 
mQ/III, preferably 5 to 150 mQ/III, and more preferably 5 to 
50 mQ/III. 

[0063] The term “electric resistivity” as used herein refers 
to a value measured for the electrically conductive reticular 
pattern obtained, using an electric resistance measuring 
instrument comprising LORESTA (brand name: MCP 
TESTERFP) product of Mitsubishi Petrochemical Co., Ltd. 
and an MCP probe (With four terminals for measurement) 
speci?ed for use thereWith and connected thereto, With the 
four terminal held in contact With the copper surface of the 
pattern, the measurement being done at different locations 
on the surface. 

[0064] The broWn to black colored layer 5 is provided to 
obtain improved visibility. The layer 5 is colored broWn to 
black, preferably black. 

[0065] The colored layer 5, Which is provided on the 
copper surface is preferably as thin as possible and ?rmly 
bonded to the copper surface in intimate contact thereWith. 
In this sense, the layer is preferably made from a copper 
oxide or copper sul?de. The copper oxide or copper sul?de 
can be obtained by oxidiZing or sul?ding the copper surface. 

[0066] The electromagnetic Wave shield transparent mem 
ber is prepared by the process to be described next. 

[0067] Given beloW is an especially preferred mode of 
practicing the process. 

[0068] The substrate 1 to be used in step A is one of those 
already mentioned, preferably a sheet of thermoplastic resin 
Which is at least 65% in Tt. Desirable among the examples 
given is a sheet of polyethylene terephthalate, polyethylene 
naphthalate or a noncrystalline polyole?n. The sheet to be 
used is preferably about 0.1 to about 1 mm in thickness in 
vieW of handleability and the Tt. Copper or an alloy thereof 
serving as a target for sputtering is deposited in the form of 
a thin ?lm having a thickness of 100 to 2000 A on one 
surface of the sheet. The sheet need not be pretreated for 
sputtering, Whereas the surface thereof can be cleaned by 
degreasing or pretreated by gloW or corona discharge. 

[0069] The sputtering, Which can be effected under com 
mon conditions, is preferably conducted under a loW gas 
pressure of up to 10'1 to 10'2 torr (the gas is argon or like 
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inert gas). The loW gas pressure sputtering corresponds to 
sputtering by 3-electrode gloW discharge, 2-electrode gloW 
RF discharge, magnetron or ion beam, and is preferably 
sputtering by magnetron because this method of sputtering 
forms a thin ?lm at a high rate With a high purity, While 
resulting in a loWer temperature (of up to about 100° C. if 
highest) Within the vacuum chamber of the sputtering appa 
ratus. 

[0070] The copper or alloy thin-?lm layer obtained by the 
above step is subsequently developed by photolithography 
in step B to expose the desired reticular pattern. Photoli 
thography is a process comprising in sequence the applica 
tion of a photosensitive resist, vacuum deposition of a 
masking ?lm, exposure to light, development for the 
removal of the exposed portion or unexposed portion by 
dissolving, and formation of desired exposed reticular pat 
tern. The photosensitive resist is of the negative type or 
positive type. When the negative type is used, only the 
portion exposed to light and irradiated With ultraviolet rays 
is cured optically. When the positive type is used Which is 
opposite to the negative type in optical characteristics, the 
portion exposed to ultraviolet rays is subjected to photode 
composition. When the pattern is treated for development, 
the unexposed portion is removed by dissolving if the 
negative type is used, While the exposed portion is removed 
by dissolving in the case of the positive type. Accordingly, 
the masking ?lm to be used for the negative type is a positive 
?lm (black reticular pattern), While the masking ?lm for the 
positive type is a negative ?lm (transparent reticular pat 
tern). 
[0071] Although not particularly speci?ed, the photosen 
sitive resist to be used is generally an acrylic material if it is 
of the negative type, or a diaZo material if it is of the positive 
type. The resist is generally liquid and may therefore be 
applied by coating, or may be in the form of a ?lm before 
use like a dry ?lm. 

[0072] Further unless the reticular pattern to be obtained is 
not of ?ne or minute structure, the pattern can be produced 
as exposed directly on the thin-?lm layer by printing instead 
of photolithography. 

[0073] The thin layer of the exposed reticular pattern 
obtained by the steps described and serving as a base is 
electrolytically plated With copper subsequently in step C to 
superpose copper on the layer to a thickness of 1 to 10 pm. 

[0074] The electrolytic plating is performed substantially 
under the conditions generally used for copper plating. For 
example, in the case Where a copper sulfate plating bath is 
used Which is prepared mainly from copper sulfate and 
sulfuric acid, the thermoplastic resin sheet formed With the 
thin ?lm is immersed in the bath to serve as the cathode, With 
phosphorus-containing copper serving as the anode, and the 
thin-?lm layer is plated at a cathode current density of 0.5 
to 6 A/dm2, bath temperature of 15 to 30° C. and plating rate 
of 0.1 to 1.2 pm/min. Other process may of course be used, 
such as copper plating With use of a plating bath consisting 
mainly of cuprous cyanide and sodium cyanide, i.e., copper 
cyanide plating, or copper plating With use of a plating bath 
mainly comprising copper pyrophosphate and potassium 
pyrophosphate, i.e., copper pyrophosphate plating. 

[0075] Step D removes the portion of the photosensitive 
resist layer remaining in the openings of the reticular pattern 
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and left unexposed by the previous step. The resist is 
removed generally With use of a chemical, such as an 
organic solvent or aqueous alkali solution, Which is applied 
by spraying or immersion involving a movement. 

[0076] The resulting sheet is chemically etched in step E 
over the entire surface thereof at the same time. The chemi 
cal etching is performed for a period of time at least until the 
thin-?lm layer of copper or alloy thereof is entirely removed 
from the openings of the reticular pattern by dissolving. The 
duration of chemical etching varies With the thickness of the 
thin-?lm layer. Since the entire surface is chemically etched 
at the same time, the thickness of the copper plating layer 
formed by step C is reduced by the chemical etching by an 
amount corresponding to the thickness of the thin-?lm layer, 
Whereas the pattern remains substantially unaltered in elec 
tric resistivity since the copper thick-?lm layer formed by 
electrolytic plating has an exceedingly greater thickness (1 
to 10 pm) than the thin-?lm layer (100 to 2000 A in 
thickness). 
[0077] The chemical etching of this step is a procedure for 
chemically dissolving and removing the copper or alloy 
thereof With an etchant. Accordingly, the etchant is not 
limited insofar as it dissolves the copper or alloy thereof. 
The etchant generally usable is an aqueous solution of ferric 
chloride or cupric chloride Which is usually used, Whereas it 
is desirable to use an etchant Which effects milder etching, 
such as an aqueous solution of the sulfuric acid/hydrogen 
peroxide type, because if the sputter-deposited very thin 
layer of copper or alloy thereof is merely removed by the 
chemical etching from the openings of the reticular pattern, 
the desired conductive pattern can be spontaneously formed, 
Which differs from a conductive pattern formed by chemi 
cally etching a thick copper layer. 

[0078] The chemical etching is completed Within a short 
period of time, i.e., about 20 to about 50 seconds, and is 
immediately folloWed by Washing With Water and drying to 
complete the entire process. 

[0079] The surface of the conductive copper pattern 
obtained in step E is colored in a different color in step F to 
give improved visibility. Since the different color is prefer 
ably broWn to black, a copper oxide or copper sul?de is used 
for coloring. For coloring With the copper oxide, the pattern 
is brought into contact With an oxidiZer to chemically 
oxidiZe the copper surface and form a copper oxide surface 
?lm. For coloring With the copper sul?de, on the other hand, 
the pattern is brought into contact With a sul?ding agent. 
Since the pattern is thus chemically colored, a color layer of 
reduced thickness can be formed integrally With the copper 
surface and Will not peel off unlike a colored layer formed 
aneW as by coating With a different material. 

[0080] Although various oxidiZers are available, aqueous 
solutions of alkaline strong oxidiZers are desirable Which 
include, for example, an aqueous solution of sodium chlorite 
made alkaline With sodium hydroxide. The pattern needs 
only be immersed in this solution for several minutes. 

[0081] The color to be given can be changed as desired 
Within the range of from broWn to black by altering the 
sodium hydroxide concentration or sodium chlorite concen 
tration of the aqueous solution or immersion time. The color 
change appears attributable to the crystal structure of the 
resulting copper oxide. 
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[0082] Examples of sul?ding agents are aqueous solutions 
consisting primarily of sulfur or an inorganic compound 
thereof (eg potassium sul?de). Sulfur is ineffective if singly 
used, so that an aqueous solution is prepared from sulfur 
and, as added thereto, quick lime, casein and, When required, 
potassium sul?de serving as an auxiliary agent. On the other 
hand, potassium sul?de is made into an aqueous solution in 
combination With ammonium chloride or the like to assure 
an accelerated reaction. The contact time, temperature, etc. 
are determined suitably by experiments. 

[0083] FIG. 1 shoWs the structure of the transparent 
member obtained by the treatments of steps A to F. The 
draWing shoWs part of the structure in section. Indicated at 
1 in the draWing is a sheet of thermoplastic resin at least 65 
in Tt, at 2 a thin-?lm layer obtained by sputtering copper or 
an alloy thereof, at 2a portions of a reticular pattern exposed 
by lithography, at 3 remaining portions of a photosensitive 
resist 3a coating the entire surface, at 4 a copper thick-?lm 
layer superposed on the thin-?lm layer of the exposed 
portions by electrolytic plating, and at 5 a copper oxide 
surface layer. FIG. 2 is a perspective vieW of step F, in Which 
openings are indicated at 6. The Tt varies With the combined 
area of the openings. 

[0084] Besides the preferred production process 
described, for example, copper sputtering and electrolytic 
plating may be conducted ?rst, folloWed by photolithogra 
phy and chemical etching. Alternatively, copper sputtering is 
conducted ?rst, and the resulting copper thin-?lm layer is 
subjected to photolithography and chemically etched to form 
the thin ?lm into a pattern. The pattern is then electrolyti 
cally plated With copper to superpose the copper plating on 
the pattern portion only. HoWever, the process comprising 
steps A to E is desirable especially With respect to accurate 
reproducibility of the original pattern. 

[0085] The reproducibility of the conductive pattern by the 
foregoing production process is substantiated by preparing a 
reticular (latticelike) pattern Which is at least 10 pm in line 
Width, at least 100 pm in pitch and up to 10 pm in thickness. 
The value obtained by dividing 2.54 cm by the pitch is mesh 
degree. 

[0086] (2) Second Aspect of the Invention 

[0087] The reticular copper pattern (2P) to be formed on 
an electromagnetic Wave shield transparent member and 
consisting predominantly of copper is 1 to 25 pm, preferably 
3 to 20 pm, and more preferably 5 to 15 pm, in line Width. 

[0088] The pattern consists predominantly of copper 
because copper is more effective than other metals from the 
overall vieWpoint of giving electromagnetic Wave shield 
properties (With performance, product quality, ease of fab 
rication, etc. considered). The Wording “consisting predomi 
nantly of copper” is used to mean that the pattern is made 
from copper only or an alloy of copper and other metal. Such 
alloys include tWo-component alloys chie?y comprising 
copper, such as Cu/Zn (brass), Cu/Sn (bronZe), Cu/Al, 
Cu/Ni, Cu/Pd, Cu/Pb and Cu/Be, and three-component 
alloys chie?y comprising copper, such as Cu/Sn/P (phosphor 
bronZe). 
[0089] The copper pattern having the foregoing line Width 
is reticular. This means that the reticular pattern comprises 
continuous lines consisting predominantly of copper and 
having a line Width of 1 to 25 pm. Preferably the pattern has 
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latticelike square or rectangular openings, and openings in 
the form of rhombuses, triangles, polygons ranging from 
pentagons to decagons, or circles. More preferably, the 
reticular pattern has square or rectangular openings. 

[0090] The pattern has an opening (area) ratio of about 
56% to about 96%, preferably about 60 to about 90%. 

[0091] The method of determining the opening ratio Will 
be described With reference to latticelike patterns having 
square or rectangular openings. 

[0092] First, the pattern With square openings Will be 
described With reference to FIG. 4 and Equation 1. The 
draWing shoWs a portion B Which is indicated by dot lines 
and intersecting solid lines and Which is an opening. This 
opening portion B is formed by one component unit Aof the 
copper pattern. Accordingly, the opening ratio of 56 to 96% 
is given by Equation 1, Wherein a is the line Width of the 
copper pattern selected from the range of 1 to 25 pm, and b 
is the length of one side of the component unit A. 

Opening ratio=100><{(area of B)/(area ofA)}=100><(b— _ 
a /(b2) (Equation 1) 

[0093] Next, the pattern With rectangular openings Will be 
described With reference to FIG. 5 and Equation 2. The 
draWing shoWs a portion G Which is indicated by dot lines 
and intersecting solid lines and Which is an opening. This 
opening portion G is formed by one component unit H of the 
copper pattern P. Accordingly, the opening ratio of 56 to 
96% is given by Equation 2, Wherein c and d are each a line 
Width of the copper pattern selected from the range of 1 to 
25 pm, generally c=d but c is not alWays equal to d, and e 
and f are the length of long side of the component unit 
H and the length of short side thereof, respectively. 

Opening ratio=100><{(area of G)/(area of H)}=100>< 
{(ff-d)><(f-C)}/(f><@) 

[0094] The electromagnetic Wave shield transparent mem 
ber according to the second aspect of the invention thus 
constructed is produced by the process to be described 
beloW. Three examples of this process Will be described 
beloW, but these examples are not limitative. 

(Equation 2) 

[0095] The ?rst of these examples uses a copper-laminated 
sheet obtained by laminating copper foil to the transparent 
sheet With a transparent adhesive. This sheet is coated With 
a photosensitive resist, a mask bearing an image of desired 
reticular pattern is then vacuum-deposited on the resist 
coating, folloWed by photoetching (exposure to light-devel 
opment-chemical etching) to form on the transparent sheet a 
reticular copper pattern having a line Width of 1 to 25 pm and 
an opening ratio of 56 to 96%. 

[0096] The second example is a process comprising form 
ing an anchor layer (for example, of a hydrophilic resin such 
as polyhydroxyethyl acrylate) on the transparent sheet for 
forming plating nuclei for electroless plating, forming an 
electroless plating layer over the anchor layer With use of 
palladium as a catalyst for chemical plating, treating the 
plating layer With a copper electroless plating bath to form 
a copper layer having a thickness of 1 to 10 pm over the 
entire surface of the plating layer, and photoetching the 
resulting copper layer as in the foregoing case of copper foil 
to form on the transparent sheet a reticular copper pattern 
having a line Width of 1 to 25 pm and an opening ratio of 56 
to 96%. 
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[0097] The third example provides a reticular copper 
pattern having a line Width of 1 to 25 pm and an opening 
ratio of 56 to 96% and formed on the transparent sheet. The 
reticular copper pattern comprises a copper thin ?lm con 
sisting predominantly of copper and formed as a loWer layer 
by physical thin ?lm forming means, and a thick-?lm layer 
of copper superposed on the copper thin ?lm by plating 
means. 

[0098] More speci?cally stated, the folloWing tWo pro 
cesses can be exempli?ed as the process of third example. 
With the ?rst of these processes, a thin-?lm layer is formed 
on the transparent sheet by physical thin ?lm forming 
means, e.g., by sputtering, vacuum evaporation or ion plat 
ing, the thin-?lm layer consisting predominantly of copper 
and having a thickness of about 50 A to about 1 pm, 
preferably 100 A to 0.7 pm. Next, a copper thick-?lm layer, 
about 1 to about 10 pm in thickness, is formed over the entire 
surface of the thin-?lm layer by plating, for example, by 
electrolytic plating. Finally, the copper thick-?lm layer is 
converted into the desired reticular pattern by photoetching. 

[0099] The other process uses physical thin ?lm forming 
means to form on a transparent sheet a thin-?lm layer 

consisting predominantly of copper and having a thickness 
of about 50 A to about 1 pm, preferably 100 A to 0.7 pm, 
as in the above process. With use of a mask having a 
reticular pattern, the thin-?lm layer is subjected to photoli 
thography (steps including exposure to light of the masked 
layer through development) to obtain an exposed pattern. 
The opening portions of the pattern remain masked With the 
photoresist. The exposed pattern is then plated over the 
thin-?lm layer With copper by plating means to superpose a 
pattern layer having a thickness of about 1 to about 10 pm. 
The resist remaining in the pattern opening portions is then 
removed With a solvent. Finally, the entire resulting surface 
is chemically etched to remove the thin-?lm layer in the 
pattern opening portions, Whereupon etching is discontin 
ued. Since the entire surface is chemically etched, the copper 
plating forming the pattern is etched at the same time. 
HoWever, the thin-?lm layer in the pattern opening portions 
is etched at a much higher rate, so that the reduction in the 
thickness of copper of the thick ?lm formed by plating is 
extremely small, permitting the layer to retain its substantial 
thickness and to remain free of side etching. 

[0100] Preferable among the three exemplary processes is 
the combination of physical thin ?lm forming means and 
plating means of the third example. 

[0101] A description Will be given of an electromagnetic 
Wave shield transparent member provided With a broWn to 
black colored layer 24. The colored layer Which is formed on 
the surface of the copper thick-?lm upper layer and Which 
gives a broWn to black color to the shield transparent 
member renders the screen of a PDP or the like easy to vieW 
When the screen is seen through the shield member, and is 
unlikely to cause much fatigue to the eyes even if the screen 
is vieWed continuously for a prolonged period of time. Thus 
the colored layer imparts visibility in a sense different from 
the improved visibility available by precluding the occur 
rence of moire fringes. The broWn to block color means the 
range of pure broWn to pure black and further a range of 
suitable mixtures of the tWo colors, Whereas a blackish 
broWn color Wherein much black is added is more preferable 
than pure broWn. 
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[0102] The means for providing the colored layer 24 is not 
limited; for example, there are the folloWing three methods. 

[0103] Coating the surface of the reticular copper 
pattern With a coating resin composition obtained by mixing 
a broWn to black coloring pigment to a coating resin. 

[0104] (ii) In forming the reticular copper pattern by 
photoetching, a photosensitive resist is used Which is col 
ored broWn or black in advance, and the resist remaining on 
the copper pattern is left as it is Without being removed. 

[0105] (iii) A chemical method Wherein the reticular cop 
per pattern is oxidiZed or sul?ded to convert the surface to 
a copper oxide or copper sul?de. 

[0106] Of these three methods, the chemical method (iii) 
resorting to oxidiZing or sul?ding treatment is preferable 
because unlike the other tWo methods, the colored layer of 
this method is formed integrally With the copper pattern 
layer and therefore bonded to the copper in intimate contact 
thereWith, and further because the thickness and color tone 
of the copper oxide or copper sul?de surface layer can be 
altered as desired merely by varying the oxidiZing or sul 
?ding condition. 

[0107] The oxidiZing treatment can be performed, for 
example, by immersing the shield transparent member 
obtained in an aqueous solution of sodium chlorite made 
alkaline With sodium hydroxide, i.e., in an alkaline strong 
oxidiZer aqueous solution, to convert the copper to a copper 
oxide. The optimum treating conditions (temperature, 
immersion time, alkali concentration, sodium chlorite con 
centration, etc.) are to be determined by experiments in 
advance. The sul?ding treatment is conducted by bringing 
the shield transparent member into contact, for example, 
With an aqueous solution chie?y comprising sulfur or an 
inorganic compound thereof (e.g., potassium sul?de). Sulfur 
is ineffective if singly used, so that an aqueous solution is 
prepared from sulfur and, as added thereto, quick lime, 
casein and, When required, potassium sul?de serving as an 
auxiliary agent. On the other hand, potassium sul?de is 
made into an aqueous solution in combination With ammo 
nium chloride or the like to assure an accelerated reaction. 

In either case, the contact time, temperature, etc. are deter 
mined suitably by experiments. Although the thickness of 
the copper oxide or copper sul?de surface layer can be 
varied as desired by altering the oxidiZing or sul?ding 
conditions, too great a thickness Will give the copper pattern 
an increased electric resistivity, consequently entailing 
impaired electromagnetic Wave shield effectiveness. 
Accordingly, the copper oxide or sul?de surface layer is 
given such a thickness that the resistivity is not greater than 
about 200 mQ/III. 

[0108] (3) Third Aspect of the Invention 

[0109] A reticular copper pattern 3P consisting predomi 
nantly of copper and an electrically conductive transparent 
thin-?lm layer 32 are formed over a substrate 31 so as to give 
a Tt of at least 50%, preferably at least 60%, to the entire 
transparent member eventually obtained. 

[0110] The reticular copper pattern 3P Will be described. 

[0111] The pattern consists predominantly of copper 
because copper is more effective than other metals from the 
overall vieWpoint of giving electromagnetic Wave shield 
properties (With performance, product quality, ease of fab 
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rication, etc. considered). The Wording “consisting predomi 
nantly of copper” is used to mean that the pattern is made 
from copper only or an alloy of copper and other metal. Such 
alloys include tWo-component alloys chie?y comprising 
copper, such as Cu/Zn (brass), Cu/Sn (bronze), Cu/Al, 
Cu/Ni, Cu/Pb and Cu/Be, and three-component alloys 
chie?y comprising copper, such as Cu/Sn/P (phosphor 
bronZe). 
[0112] The pattern has continuous copper lines consisting 
predominantly of copper and de?ning openings of particular 
shape in a regular reticular arrangement. More speci?cally, 
the copper pattern has latticelike square or rectangular 
openings, rhombic or circular openings, or openings each in 
the form of a triangle or one of polygons ranging from 
pentagons to decagons. Preferable among these examples is 
the latticelike copper pattern having square or rectangular 
openings. 

[0113] The pattern has a line Width of 1 to 25 pm, 
preferably 3 to 20 pm, and more preferably 5 to 15 pm. The 
pattern has 56 to 96%, preferably 60 to 90% of openings. 

[0114] The opening ratio can be determined from Equa 
tions 1 and 2 as in the foregoing case. 

[0115] Incidentally, the reticular copper pattern needs to 
have a greater thickness than the conductive transparent 
thin-?lm layer 32 so as to exhibit the greatest possible 
electromagnetic Wave shield effectiveness, Whereas too 
great a thickness fails to achieve improved effectiveness. In 
this sense, it is desirable to give the pattern a thickness of 
about 0.5 to about 10 pm, preferably 1 to 7 pm. 

[0116] The conductive transparent ?lm layer 32 Will be 
described next. This layer is formed beneath or over the 
reticular copper pattern 3P to extend along the entire area 
thereof. While the layer is formed from a transparent con 
ductive material of loW resistivity, the transparency is pref 
erably such that the transparent member in its entirely has 
the highest possible Tt Which is not smaller than 50%. 
Preferable as the material is one assuring facilitated forma 
tion of the thin-?lm layer and satisfactorily bondable to the 
substrate 31 and to the reticular copper pattern 3P. The 
conductive transparent ?lm layer 32 is 100 to 1500 A, 
preferably 150 to 1200 A in thickness. 

[0117] Examples of materials Which are transparent and 
electrically conductive and from Which the thin-?lm layer 
can be formed easily are elemental metals such as silver, 
platinum, aluminum and chromium, metallic oxides such as 
indium oxide, stannic oxide, Zinc oxide and cadmium oxide, 
indium tin oxide (ITO) obtained by doping indium oxide 
With tin, antimony tin oxide (ATO) obtained by doping 
stannic oxide With antimony, ?uorotin oxide (FTO) obtained 
by doping stannic oxide With ?uorine, aluminum Zinc oxide 
(AZO) obtained by doping Zinc oxide With aluminum, 
composite oxide of indium oxide and Zinc oxide, etc. 
Preferable among these are metallic oxides or metallic 
oxides containing a dopant. ITO is especially preferred. 

[0118] The transparent sheet having high electromagnetic 
shield properties is prepared by the process to be described 
beloW. HoWever, this process is not limitative; for example, 
the folloWing four processes can be used. 

[0119] The ?rst of these processes comprises forming an 
anchor layer (of a hydrophilic resin such as polyhydroxy 
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ethyl acrylate) on one surface of the transparent substrate 31 
for forming plating nuclei for electroless plating, forming an 
electroless plating layer over the anchor layer With use of 
palladium as a catalyst for chemical plating, and treating the 
plating layer With a copper electroless plating bath, folloWed 
by electroless copper plating as the case may be, to form a 
copper layer having a thickness of 1 to 10 pm over the entire 
surface of the plating layer. Subsequently, a reticular copper 
pattern is formed by the common photoetching process 
using a masking ?lm having the desired reticular pattern. 

[0120] A conductive transparent thin-?lm layer 32 is then 
superposed on the entire resulting surface including the 
reticular copper pattern. Although the method of forming the 
thin-?lm layer is not particularly limited, it is desirable to 
form the layer by physical thin ?lm forming means, such as 
vacuum evaporation, sputtering or ion plating, using the 
conductive material exempli?ed above. Preferable among 
these means or processes is sputtering because this process 
is capable of forming the conductive transparent thin-?lm 
layer of high quality rapidly. 

[0121] The second process uses a copper-laminated sheet 
obtained by laminating copper foil to the transparent sub 
strate 31 With an adhesive. More speci?cally, the copper 
laminated surface is made into the desired reticular copper 
pattern by photoetching in the same manner as in the ?rst 
process described above. A conductive transparent thin ?lm 
is further formed on the entire surface over the pattern by 
physical thin ?lm forming means. 

[0122] With the third process, a reticular copper pattern 3P 
is provided on the transparent substrate 31 by plating a thin 
copper ?lm, consisting predominantly of copper and serving 
as a ground layer, With copper in the form of a thick ?lm as 
by electrolytic plating. A conductive transparent thin-?lm 
layer 32 is superposed on the entire resulting surface over 
the copper pattern 3P in the same manner as above. 

[0123] Incidentally there are tWo processes I and II 
described beloW for forming the copper pattern itself. 

[0124]u Process I forms a thin-?lm layer having a thickness 
of 50 A to 1 pm, preferably 100 A to 0.7 pm, on the surface 
of the transparent substrate 31 by the physical thin ?lm 
forming means using the aforementioned copper material 
consisting predominantly of copper. The thin-?lm layer is 
then electrolytically plated With copper over the entire 
surface thereof to superpose a thick-?lm layer, 1 to 10 pm in 
thickness. Finally the resulting surface is photolithographi 
cally photoetched using a masking ?lm having an image of 
desired reticular pattern, Whereby a reticular copper pattern 
is formed Which comprises tWo layers, i.e., the copper 
thin-?lm layer serving as a ground layer and the copper 
thick-?lm layer superposed thereon. 

[0125] Process II ?rst forms a thin-?lm layer consisting 
predominantly of copper and having a thickness of 50 A to 
1 pm, preferably 100 A to 0.7 pm, on the surface of the 
transparent substrate 31 by physical thin ?lm forming 
means. The thin-?lm layer is then photolithographically 
developed using a masking ?lm having an image of desired 
reticular pattern to produce an exposed pattern. The opening 
portions of the pattern are held masked With a photosensitive 
resist in this step. Subsequently the thin-?lm layer of the 
exposed pattern is electrolytically plated With copper to 
superpose a thick-?lm pattern layer, 1 to 10 pm in thickness. 
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The remaining resist ?lm is then removed from the pattern 
opening portions With a solvent. 

[0126] The entire resulting surface is thereafter chemically 
etched to remove the thin-?lm layer from the pattern open 
ing portions by dissolving, Whereupon the etching is dis 
continued. Since the entire surface is chemically etched, the 
plated copper already forming the pattern is also etched. 
HoWever, the thin-?lm layer in the pattern opening portions 
is etched aWay at an exceedingly higher rate, so that the 
plated copper forming the thick ?lm diminishes slightly, 
substantially retaining the original thickness. 

[0127] The fourth process forms a reticular copper pattern 
3P over a conductive-transparent thin-?lm layer 32 as a 
loWer layer. Stated more speci?cally, an electrically conduc 
tive transparent thin ?lm 32 is ?rst provided over the entire 
area of one surface of the transparent substrate 31 by 
physical thin ?lm forming means using the aforementioned 
conductive material. The thin ?lm is then developed by 
photolithography using a masking ?lm bearing an image of 
desired reticular pattern to expose to light the thin-?lm 
portion corresponding to the pattern, With the pattern open 
ing portions held masked With a photosensitive resist. 

[0128] Subsequently, the exposed portion (conductive 
transparent thin-?lm portion) forming the pattern is electro 
lytically plated With copper to a thickness of 1 to 10 pm. 
Finally, the remaining resist is removed from the pattern 
opening portions by peeling (or dissolving). 

[0129] Thus, the process forms a structure comprising a 
conductive transparent thin-?lm layer 32 provided as a 
loWer layer over the entire substrate surface, and a desired 
reticular copper pattern 3P formed over the loWer layer. 

[0130] In the case Where the conductive thin-?lm layer 32 
is to be electrolytically plated With copper, problems may 
arise, for example, as to the electrolytic plating environment 
(amenability to the passage of current, resistance to the 
electrolytic plating bath) and bondability of the copper 
plating to the thin-?lm layer depending on the material of 
this layer. In such a case, various tests need to be carried out 
in advance to determine the pretreatment conditions for 
bonding. For example, if the thin-?lm layer is prepared from 
ITO, the layer is loW in bondability to the plating layer, so 
that the ITO layer is electrolytically plated With palladium 
and With nickel ?rst and is subsequently electrolytically 
plated With copper. 

[0131] Among the four processes described, the third and 
fourth processes require no adhesive layer and are therefore 
desirable. 

[0132] AbroWn to black color is selected especially for the 
colored layer 33. 

[0133] The term “broWn to black color” means the single 
color of broWn or black, or a suitable mixture of the tWo 
colors. A blackish broWn mixed color Wherein black is 
predominant is desirable. 

[0134] Speci?cally stated, the layer is colored, for 
example, by the ?fth to seventh processes given beloW. 

[0135] Fifth process: Coating the surface of the reticular 
copper pattern 3P With a thin ?lm of a resin composition 
prepared by admixing a broWn to black pigment With a 
coating resin. 
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[0136] Sixth process: Using a colored photosensitive resist 
in forming the reticular copper pattern P by photoetching 
and alloWing the resist to remain on the copper pattern as it 
is Without being removed. 

[0137] Seventh process: Chemical process Wherein the 
reticular copper pattern 3P is oxidiZed or sul?ded to convert 
the surface to a copper oxide or copper sul?de. 

[0138] The seventh process is desirable. 

[0139] The oxidiZing treatment can be performed, for 
example, merely by immersing the reticular copper pattern 
3P obtained in an aqueous solution of sodium chlorite made 
alkaline With sodium hydroxide, i.e., in an alkaline strong 
oxidiZer aqueous solution, Whereby the surface can be 
readily converted to a copper oxide. The optimum treating 
conditions (temperature, immersion time, alkali concentra 
tion, sodium chlorite concentration, etc.) are to be deter 
mined by testing in advance. 

[0140] For the sul?ding treatment, the copper pattern 
surface is brought into contact, for example, With an aqueous 
solution chie?y comprising sulfur or an inorganic compound 
thereof (e.g., potassium sul?de). Sulfur is ineffective if 
singly used, so that an aqueous solution is prepared from 
sulfur and, as added thereto, quick lime, casein and, When 
required, potassium sul?de serving as an auxiliary agent. On 
the other hand, potassium sul?de is made into an aqueous 
solution in combination With ammonium chloride or the like 
to assure an accelerated reaction. In either case, the contact 
time, temperature, etc. are determined suitably by experi 
ments. Although the thickness of the copper oxide or copper 
sul?de surface layer can be varied as desired by altering the 
oxidiZing or sul?ding conditions, too great a thickness Will 
give the copper pattern an increased electric resistivity, 
consequently entailing a tendency toWard impaired electro 
magnetic Wave shield effectiveness. Accordingly, it is desir 
able to give the smallest possible thickness to the copper 
oxide or sul?de surface layer so that the resistivity Will not 
exceed about 200 mQ/III. 

[0141] As already described, the conductive transparent 
thin-?lm layer 32 to be provided over the entire area may be 
formed beneath or over the reticular copper pattern 3P, While 
the layer 32 can be provided alternatively as upper and loWer 
tWo layers holding the pattern therebetWeen. The tWo layers 
thus formed are expected to afford further improved elec 
tromagnetic Wave shield properties and provide protection 
for the pattern. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0142] The present invention Will be described in greater 
detail With reference to Examples and Comparative 
Examples. The electromagnetic Wave shield properties, total 
transmittance Tt and moire fringes are measured by the 
folloWing methods. 

[0143] The shield properties are expressed in terms of the 
attenuation (dB-decibel) of electromagnetic Waves as mea 
sured in the frequency range of 100 to 1000 MHZ (mega 
hertZ) by the method of Kansai Denshi Kogyo Shinko 
Center Foundation (generally called the KEC method). 

[0144] The total transmittance Tt is transmittance (%) 
measured by a turbidity meter of the type NDH-20D, 
manufactured by Nippon Denshoku Kogyo Co., Ltd. accord 
ing to JIS K7105 (1981). 
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[0145] The shield transparent member obtained Was 
installed in front of the screen of a PDP as spaced apart 
therefrom by 10 mm and observed With the unaided eye to 
check the member for the appearance of moire fringes. The 
degree of occurrence of fringes is evaluated according to 
three criteria; occurrence of no fringes or failure to identify 
fringes is represented by a double circle mark (CD, slight 
occurrence of fringes acceptable to actual use by a circle 
mark 0, and apparent occurrence of fringes unacceptable to 
actual use by a cross mark x. 

[0146] The opening ratio Was determined from Equations 
1 and 2 already described herein. The transparent member 
Was also checked for visibility. 

EXAMPLE 1A 

[0147] A biaxially oriented polyethylene terephathlate 
?lm (hereinafter referred to as “PET ?lm”), 125 pm in 
thickness, 400><l000 mm in siZe and 90% in Tt, Was ?rst 
pretreated by gloW discharge before sputtering. The pre 
treated PET ?lm Was disposed as opposed to a copper target 
Within the vacuum container of a magnetron sputtering 
apparatus, and the air in the container Was replaced com 
pletely by argon to obtain a vacuum of 2x10‘3 torr, in Which 
With application of DC voltage of 9 kW, the copper Was 
deposited on the ?lm at a rate of 1 m/min repeatedly three 
times. 

[0148] A copper thin ?lm Was obtained With a uniform 
thickness of 1200 A (1100 Aportion of the ?lm Was cut 
off and subjected to a tape peel test, but the copper thin ?lm 
Was unlikely to peel off. 

[0149] The copper-deposited surface of the PET ?lm 
obtained Was then coated With a resist of the positive type by 
a roll coater to form a resist layer With a thickness of 5 pm. 
A negative ?lm bearing an image of reticular pattern (170 
mesh), 15 pm in line Width and 150 pm in pitch, Was then 
held in intimate contact With the surface of the resist layer 
under vacuum and thereafter exposed to light. (The negative 
?lm Was a masking ?lm having a transparent pattern With 
block opening portions, and a superhigh-pressure mercury 
lamp Was used as a light source for irradiating the ?lm With 
130 mJ/cm2.) With the resist of the reticular pattern portion 
decomposed by the exposure, this resist portion Was dis 
solved With a developer for removal, folloWed by Washing 
With Water and drying. The resist in the pattern opening 
portions remained in intimate contact With the copper 
deposited surface. Accordingly, the opening portions Were 
masked, With the copper-deposited layer exposed at the 
pattern portion. 

[0150] Next, the exposed reticular pattern Was electrolyti 
cally plated With copper using phosphorus-containing cop 
per as the anode, the pattern as the cathode and a mixture of 
copper sulfate, sulfuric acid and Water as the plating bath, 
under the conditions of a bath temperature of 23° C., a 
cathode current density of 1.7 A/dm2 and a plating rate of 0.3 
pm/min. The PET ?lm thus plated Was thoroughly Washed 
With Water and dried. 

[0151] The entire plated surface Was lightly brushed While 
applying a jet of acetone thereto to remove the remaining 
resist from the pattern opening portions by dissolving, 
folloWed by Washing With Water and drying. Aportion of the 
resulting sheet Was cut off, and the cut section Was observed 
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as enlarged under a microscope to ?nd that the superposed 
copper plating layer Was in the form of very sharp prisms 
measuring 15.1 pm in Width and 4.9 pm in thickness 
(height). The copper plating layer superposed in the form of 
very sharp prism appears attributable to the presence of the 
photoresist Which forms accurately shaped frames, permit 
ting the copper to be deposited along the frames. 

[0152] Subsequently, the copper plated sheet Was 
immersed in acetone to remove the remaining resist from the 
pattern opening portions by dissolving, folloWed by Washing 
With Water and drying. The entire resulting surface Was 
thereafter etched under the folloWing conditions. 

[0153] An aqueous solution containing sulfuric acid and 
hydrogen peroxide Was used as a chemical etchant as placed 
in a bath, and the surface Was etched With stirring for 30 
seconds. Upon lapse of 30 seconds, the sheet Was immedi 
ately Washed With Water and dried. A 170-mesh sharp 
conductive pattern Was formed on the PET ?lm. Even if the 
resulting sheet Was bent through 180 deg, there Was no 
likelihood of the pattern separating off. The conductive 
pattern formed Was 15 pm in line Width and 4.8 pm in 
thickness. 

[0154] Incidentally the pattern Was in the form of prisms 
and Was free of any side etching. Table 1 shoWs the electric 
resistivity, electromagnetic Wave attenuation and Tt of the 
sheet obtained. 

TABLE 1 

Electric Electromagnetic Wave 
resistivity attenuation (dB) Tt 

Example (mQ/El) 100 MHZ 500 MHZ 1000 MHZ (%) 

Ex 1A 15.7 48 48 50 66.1 
Ex 2A 15.4 41 41 47 68.1 
Comp. 204 15 19 7 83.0 
Ex. 1A 

EXAMPLE 2A 

[0155] A conductive reticular pattern of copper Was ?rst 
formed on a PET ?lm b a sequence of steps in the same 
manner as in Example 1A With the exception of the folloW 
ing conditions. 

[0156] The (thin-?lm layer formed by sputtering copper 
Was 1700 A in thickness. 

[0157] The coating of the resist of the positive type Was 
7 pm in thickness. 

[0158] The negative ?lm had an image of reticular 
pattern (101-mesh), 25 pm in line Width and 250 pm in 
pitch. 

[0159] The electrolytic plating of copper Was 6.8 pm in 
thickness. 

[0160] The duration of chemical etching Was 50 sec 
onds. 

[0161] The conductive pattern thus obtained Was 6.6 pm in 
thickness, 25.0 pm in line Width and free of any side etching 
and found to be in the form of sharp prisms When the pattern 
Was observed in section. 
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[0162] To color the surface of the conductive copper 
pattern thus formed broWn to black, the resulting sheet Was 
then immersed in its entirety in an oxidizing bath, i.e., an 
aqueous solution of sodium hydroxide and sodium chlorite 
at 70° C. for 5 minutes, Upon lapse of 5 minutes, the sheet 
Was taken out of the bath, Washed With Water and dried. The 
copper surface of the pattern changed to blackish broWn, and 
the colored layer Was about 0.52 pm in thickness. Table 1 
shoWs the electric resistivity, electromagnetic Wave attenu 
ation and Tt of the sheet. 

[0163] The PET ?lm bearing the colored conductive pat 
tern thereon thus obtained Was held suspended in front of the 
screen of a plasma display at a distance of 10 mm therefrom. 
When vieWed through the ?lm, images on the screen Were 
visible With greater ease than through the uncolored sheet of 
Example 1A Without a feeling of visual fatigue. 

EXAMPLE 3A 

[0164] First, a conductive reticular pattern of copper layer 
Was formed on a PET ?lm under the same conditions as in 

Example 2A. The pattern Was then held in contact With a 
sul?ding bath at 40° C. for 60 seconds, the bath being 
prepared by adding quick lime, casein and potassium sul?de 
to sulfur serving as the main component and dissolving the 
mixture in distilled Water. The ?lm Was then immediately 
WithdraWn from the bath, Washed With Water and dried. The 
pattern Was colored black, and the color Was vivider and 
darker than in Example 2A. Of course, the coloring means 
produced no adverse effect on the pattern. 

COMPARATIVE EXAMPLE 1A 

[0165] A PET ?lm bearing a conductive pattern thereon 
for comparison Was prepared by a sequence of steps under 
the same conditions as in Example 1A With the exception of 
the folloWing conditions. 

[0166] The negative ?lm had an image of reticular 
pattern (195-mesh), 13 pm in line Width and 200 pm in 
pitch. 

[0167] The electrolytic copper plating layer Was 0.8 pm 
in thickness. 

[0168] The conductive copper pattern formed on the PET 
?lm Was 10 to 12 pm in line Width and 0.6 to 0.67 pm in the 
thickness of copper and Was not uniform. The variations are 
thought attributable to the side etching involved in the 
chemical etching and the irregularities involved in electro 
lytic copper plating because the reticular pattern Was too 
small in line Width and also because the copper plating Was 
too small in thickness. 

[0169] Table 1 shoWs the electric resistivity, electromag 
netic Wave attenuation and Tt of the sheet obtained. 

[0170] The transparent member of the invention for use as 
a shield against electromagnetic Waves is usable as it is, but 
is preferably provided With a protective ?lm over the entire 
surface thereof in vieW of the fact that the pattern is formed 
of copper and to provide protection against possible damage 
due to an external force. The protective ?lm to be selected 
of course needs to have high bondability and must also be 
excellent in transparency, ability to act as a barrier against 
Water and oxygen, impact resistance, heat resistance, resis 
tance to chemicals, etc. Examples of useful ?lms are those 
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of curable organic substances of the acrylic, urethane and 
silicone type, and inorganic compounds typical of Which is 
silicon dioxide. 

[0171] The protective ?lm of silicon dioxide, Which is 
more preferable than those of organic materials, can be 
physically formed by sputtering silicon dioxide, but can 
alternatively be formed chemically by coating the transpar 
ent member With a solution of perhydropolysilaZane and 
decomposing the coating into silicon dioxide With heating or 
With application of Water, or by the sol-gel process Wherein 
a polyfunctional alkoxysilane is used. 

EXAMPLE 1B 

[0172] The transparent sheet used Was a biaxially oriented 
polyethylene terephthalate ?lm (hereinafter referred to as 
“PET ?lm”), 125 pm in thickness, 400><l000 mm in siZe and 
90% in Tt. The PET ?lm Was ?rst pretreated over one 
surface thereof by gloW discharge. The pretreated PET ?lm 
Was disposed as opposed to a copper target Within the 
vacuum container of a magnetron sputtering apparatus, and 
the air in the container Was replaced completely by argon to 
obtain a vacuum of 2x10“3 torr, in Which With application of 
DC electric poWer of 9 kW, the copper Was deposited on the 
?lm at a rate of 1 m/min repeatedly three times. 

[0173] A copper thin ?lm Was obtained With a uniform 
thickness of 0.12 pm. Aportion of the ?lm Was cut off and 
bent through 180° for testing, but the copper thin ?lm Was 
unlikely to peel off. 

[0174] The copper-deposited surface of the PET ?lm 
obtained Was then electrolytically plated With copper in a 
plating bath Which Was an aqueous solution of copper sulfate 
and sulfuric acid in mixture, under the conditions of a bath 
tempezrature of 23° C., a cathode current density of 1.7 
A/dm and a plating rate of 0.3 pm/min. The copper plating 
layer thus obtained had a uniform thickness of 2 pm. When 
a portion of the resulting sheet Was cut off and bent through 
180° for testing, the copper layer Was unlikely to peel off the 
PET ?lm as in the previous test. 

[0175] Subsequently, the copper-plated PET ?lm Was pho 
toetched under the folloWing conditions to convert the 
copper layer into a conductive reticular pattern. 

[0176] The surface of the copper plating layer Was ?rst 
coated With a resist of the positive type by a roll coater to a 
thickness of 2 pm. Amasking positive ?lm bearing an image 
of latticelike pattern having square openings, 15 pm in line 
Width and 180 pm in pitch Was then held in intimate contact 
With the resist coating under vacuum. The resulting sheet 
Was thereafter exposed to light using an ultraviolet light 
source for irradiation With 130 mJ/cm2. A jet of developer 
Was then applied to the sheet to remove the resist from the 
exposed portions (lattice opening image portions), folloWed 
by Washing With Water. The sheet Was then ?xedly placed in 
the container of an etching apparatus and immersed in a 
hydrogen peroxide-sulfuric acid etchant at 20° C. With 
movement to etch aWay the portions of the copper plating 
layer corresponding to the exposed portions along With the 
underlying sputter-deposited copper layer for 2 minutes, 
folloWed by Washing With Water and drying. Finally the 
sheet Was immersed (for 1 minute) in an aqueous solution of 
sodium hydroxide (5% in concentration) to remove the resist 
coating from the unexposed portion (lattice pattern image) 
for conversion to a copper pattern With square openings. 
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[0177] The surface of the pattern Was thereafter oxidized 
under the following conditions for coloring. The PET ?lm 
having the copper pattern Was immersed for 5 minutes in a 
bath Which Was heated at 70° C. and Which Was an aqueous 
solution of sodium hydroxide and sodium chlorite in mix 
ture. The ?lm Was then WithdraWn, Washed With Water and 
dried. The surface of the copper pattern Was oxidiZed to a 
blackish broWn copper oxide layer. The colored copper 
oxide layer Was 1 pm in thickness. 

[0178] The colored copper pattern obtained Was sharp and 
14 pm in line Width, and Was an approximately 1:1 repro 
duction of the original pattern. Given in Table 2 are the 
results of measurement of Tt, opening ratio, electromagnetic 
Wave shield properties, moire fringes and visibility. 

[0179] FIG. 3 is a perspective vieW shoWing the structure 
of the transparent member obtained in this example for use 
as a shield against electromagnetic Waves. The PET ?lm is 
indicated at 21, the copper thin-?lm layer at 22 and the 
electrolytically plated copper thick-?lm layer at 23. These 
tWo layers substantially provide a copper pattern layer 2P. 
Indicated at 24 is the colored copper oxide layer. 

TABLE 2 

Electro 
magnetic 

Opening Wave shield 
Ratio of property 
Copper dB 

Exam- Pattern Tt 100 500 1 Moire 
ple (%) (%) MHZ MHZ GHZ fringe Visibility 

Ex. 1B 84 76.0 38 37 38 @ Sharp image 
are easily 
visible 

Ex. 2B 81 73.4 43 43 49 @ Sharp image 
are easily 
visible 

Comp. 69 65.0 41 42 43 x Marked 
Ex. 1B fringes lOW 

visibility 
Comp. 49 46.8 56 51 52 0 Some fringes 
Ex. 2B Entire screen 

appears dark. 

EXAMPLE 2B 

[0180] A copper-deposited PET ?lm obtained by sputter 
ing under the same conditions as in Example 1B Was 
subjected to photolithography under the folloWing condi 
tions to produce an exposed lattice pattern With square 
openings. The copper-deposited surface Was coated With a 
resist of the negative type by a roll coater to provide a resist 
layer With a thickness of 2 pm. A masking positive ?lm 
bearing an image of lattice pattern having square openings, 
15 pm in line Width and 150 pm in pitch Was then held in 
intimate contact With the resist layer under vacuum. The 
resulting sheet Was thereafter exposed to the light of an 
ultraviolet light source at 110 mJ/cm2. The resist Was 
removed from the unexposed portion (lattice pattern image) 
With a developer, folloWed by Washing With Water. 

[0181] Next, the copper-deposited portion of the exposed 
lattice pattern having square openings Was electrolytically 
plated With copper to form a thick ?lm of copper, using 
phosphorus-containing copper as the anode, the pattern as 
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the cathode and an aqueous solution of copper sulfate and 
sulfuric acid in mixture as the plating bath, under the 
conditions of a bath temperature of 23° C., a cathode current 
density of 1.7 A/dm and a plating rate of 0.3 pm/min. The 
PET ?lm thus plated Was thoroughly Washed With Water and 
dried. Finally, the remaining resist ?lm Was removed from 
the exposed portions (lattice opening image portions) With 
an aqueous solution of sodium hydroxide (5% in concen 
tration), folloWed by Washing With Water and drying. The 
copper plating Was 1 pm in thickness. 

[0182] Subsequently, the PET ?lm having the copper 
plating pattern and the copper-deposited layer Was etched 
under the folloWing conditions over the entire surface 
thereof. The PET ?lm Was ?xedly placed in the container of 
an etching apparatus, and immersed in a hydrogen peroxide 
sulfuric acid etchant at 20° C. With movement to etch aWay 
the copper-deposited portions of lattice opening image por 
tions corresponding to the exposed portions. The etching 
Was thus effected for 20 seconds and immediately discon 
tinued upon removal of the copper-deposited portions, fol 
loWed by Washing With Water and drying. The copper pattern 
With square openings thus obtained had a line Width of 15 
pm Which Was the same as that of the pattern image on the 
masking positive ?lm, hence a 1:1 reproduction. The pattern 
layer had a total thickness of 1 pm. Although the copper 
plating pattern is also etched at the same time, the result 
described indicates that copper-deposited layer in the lattice 
opening image portions is etched aWay in preference, and 
that the copper plating pattern remains substantially 
unetched (With no side etching). 

[0183] The PET ?lm having the resulting copper pattern 
Was then held in contact With a sul?ding bath at 40° C. for 
60 seconds, the bath being prepared by adding quick lime, 
casein and potassium sul?de to sulfur serving as the main 
component and dissolving the mixture in distilled Water. The 
?lm Was thereafter immediately WithdraWn from the bath, 
Washed With Water and dried. The pattern Was colored black, 
and the color Was vivider and darker than in Example 1B. 
The sheet obtained Was measured as to the same items as in 

Example 1B, With the results given in Table 2. 

COMPARATIVE EXAMPLE 1B 

[0184] A lattice pattern of copper having square openings 
Was formed on a PET ?lm under the same conditions as in 
Example 2B except that the masking positive ?lm used had 
an image of the lattice pattern, 30 pm in line Width and 180 
pm in pitch. The copper pattern obtained Was 29 pm in line 
Width and 1 pm in overall thickness. Table 2 shoWs the other 
measurements obtained. 

COMPARATIVE EXAMPLE 2B 

[0185] A lattice pattern of copper having square openings 
Was formed on a PET ?lm under the same conditions as in 
Example 2B except that the masking positive ?lm used had 
an image of the lattice pattern, 30 pm in line Width and 100 
pm in pitch. The copper pattern obtained Was 29 pm in line 
Width and 1 pm in overall thickness. Table 2 shoWs the other 
measurements obtained. 

EXAMPLE 1C 

[0186] The transparent sheet used Was a biaxially oriented 
polyethylene terephthalate ?lm (hereinafter referred to as 
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“PET ?lm”), 125 pm in thickness, 400><1000 mm in size and 
90% in Tt. The PET ?lm Was ?rst pretreated over one 
surface thereof by glow discharge. The pretreated PET ?lm 
Was disposed as opposed to ITO (target) Within the vacuum 
container of a magnetron sputtering apparatus, and the ITO 
Was sputtered under the following conditions to deposit a 
thin ITO ?lm on the entire surface of the ?lm. 

[0187] i3Sputtering operation pressure . . . a vacuum of 
2x10 torr obtained by replacing the air in the vacuum 
container With argon gas containing 4.5% of oxygen 

[0188] Sputtering temperature . . . 90° C. 

[0189] Sputtering time . . . 4 seconds 

[0190] The ITO thin-?lm layer thus formed by sputter 
deposition Was 200 A in thickness, 400 Q/III in surface 
resistivity and 88.9% in Tt. 

[0191] Next, the surface of the ITO thin ?lm Was coated 
With a photoresist of the positive type by a roll coater to a 
thickness of 2 pm. The coating Was then irradiated With 
ultraviolet rays at an intensity of 130 mJ/cm2, With a 
masking negative ?lm held in intimate contact With the 
coating surface, the masking ?lm bearing an image of lattice 
pattern having square openings, 15 pm in line Width and 150 
pm. The irradiated pattern portion corresponding to the 
pattern image Was developed for removal. 

[0192] Accordingly, the resist in the portions correspond 
ing to the opening image portions remained masked. The 
resulting ?lm Will hereinafter be referred to as “ITO pattern 
PET ?lm.” 

[0193] Subsequently, the ITO pattern PET ?lm Was 
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[0194] The palladium thus applied and the nickel layer 
thus formed provide a ground layer (in this case, 0.2 pm in 
thickness) for the electrolytic plating of copper to be per 
formed subsequently. The presence of the ground layer 
permits the ITO pattern layer to bond to the copper plating 
thick-?lm layer to be formed, Whereby a copper pattern of 
improved strength Will be provided. 
[0195] Accordingly, the provision of the ground layer is an 
example of pretreatment Which is to be performed When the 
conductive transparent thin-?lm layer 32 to be formed over 
the entire area is formed from ITO as the loWer layer. If the 
thin-?lm layer is prepared from a material other than ITO, a 
different pretreatment (Which is not alWays conducted, or a 
different method may be resorted to) Will be performed. 

[0196] The resulting PET ?lm having the ground layer on 
ITO pattern layer Was then immersed in a plating bath 
Wherein an aqueous solution of mixture of copper sulfate 
and sulfuric acid served as the cathode, With the ITO pattern 
layer serving as the anode, for electrolytic plating (2 A/dm2 
in cathode current density, and 0.28 pm/min in plating rate) 
at room temperature. The copper deposited by the plating 
Was 1.1 pm in thickness. The ?lm thus obtained Will 
hereinafter be referred to as the “copper plating pattern PET 
?lm.” 

[0197] Next, the resist ?lm remaining in the pattern open 
ing portions of the copper plating pattern PET ?lm Was 
dissolved With acetone for removal, Whereby a lattice copper 
pattern With square openings Was formed as an upper layer 
on the ITO conductive transparent thin-?lm layer provided 
as a loWer layer over the entire area of the PET ?lm. The 
pattern obtained Was 14 pm in line Width. Table 3 shoWs 
other measurements as to electromagnetic Wave shield prop 
erties, Tt and moire fringes. 

immersed ?rst in a palladium electroless plating bath (prod- [0198] Incidentally, the opening ratio Was calculated from 
uct of Nikko Metal Plating Co., Ltd., Product No. CG-535A, Equation 1. 

TABLE 3 

Cu pattern Shield properties Open 
Example line Width/ attenuationz dB ing 

Comp. pitch ITO thin Tt 100 500 1000 Moire ratio 
Ex. (,um) ?lm % MHZ MHZ MHZ fringe (%) 

Ex. 1C 14/150 LoWer 73.0 51 50 52 @ 82.2 
layer 

Ex. 3C 15/100 Upper 62.0 58 57 56 " 72.2 
layer 

15/150 Upper 72.7 53 52 54 " 81.0 
layer 

15/200 Upper 75.9 50 50 54 " 85.6 
layer 

15/250 Upper 77.3 47 49 56 " 88.3 
layer 

C. Ex. 1C 15/100 No 65.6 50 48 49 " 72.2 
15/150 " 73.4 43 43 49 " 81.0 

15/200 " 77.0 40 40 45 " 85.6 

15/250 " 79.9 37 37 42 " 88.3 

C. Ex. 2C No Yes 89.4 10 3 2 " 100 

C. Ex. 3C 29.9/180 LoWer 60.2 67 66 69 x 69.4 
layer 

3 to 3.5 in pH) at room temperature for 1 minute, thoroughly EXAMPLE 2C 
Washed, and then immersed in a nickel electroless plating 
bath (product of Nikko Metal Plating Co., Ltd., Product No. 
NICOM N, 4.5 to 5 in pH) at 70° C. for 5 minutes to form 
a nickel layer. 

[0199] The PET ?lm having the square lattice copper 
pattern and prepared in Example 1C Was oxidiZed under the 
folloWing conditions to color the copper surface of the 
pattern to form a blackish broWn colored layer 3. 
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[0200] The PET ?lm Was immersed in its entirety in a bath 
Which Was an aqueous solution obtained by dissolving a 
mixture of sodium hydroxide and sodium in Water chlorite 
and Which Was heated to 70° C., then WithdraWn from the 
bath, Washed With Water and dried. The copper pattern 
surface Was oxidiZed to a blackish broWn copper oxide layer. 
This colored layer Was 0.8 pm in thickness. The resulting 
sheet and the sheet obtained in Example 1 Were each 
attached to a PDP in suspension, and images on the screen 
Were vieWed through the sheet. Consequently the sheet of 
the present example made the vieWer feel at ease the 
moment When the screen became visible, giving no feeling 
of visual fatigue even if the screen Was Watched further for 
a prolonged period of time. 

[0201] No differences Were found betWeen the sheet of 
this example and that of Example 1 With respect to other 
properties, i.e., electromagnetic Wave shield properties, Tt 
and moire fringes. 

[0202] FIG. 6 shoWs the structure obtained in Example 1 
as Well as in Example 2. Indicated at 31 is a PET ?lm, at 32 
a transparent ITO thin-?lm layer formed as a loWer layer 
over the entire surface of the ?lm, at 33 a copper plating 
layer formed by electrolytic plating, and at 34 a blackish 
colored layer of copper oxide. 

EXAMPLE 3C 

[0203] Four pieces of the same PET ?lm as used in 
Example 1C Were prepared and similarly pretreated by gloW 
discharge. Each piece of PET ?lm Was disposed as opposed 
to a copper target Within the vacuum container of a mag 
netron sputtering apparatus, and the air in the container Was 
compl3etely replaced by argon gas to obtain a vacuum of 
2x10 torr. Under this operation pressure and With applica 
tion of electric poWer of 9 kW (DC), the copper Was 
deposited on the ?lm While causing the ?lm to travel at a rate 
of 1 m/min. This procedure Was repeated three times to 
deposit a copper thin-?lm layer having a thickness of 0.12 
pm (10.01). 

[0204] Aportion of each piece of ?lm Was cut off and bent 
through 180 deg for testing, but the thin-?lm layer Was 
unlikely to peel off. 

[0205] Next, the four pieces of PET ?lm thus obtained 
Were photolithographically treated over the surface of the 
copper thin ?lm to form lattice patterns having square 
openings and different in opening ratio. More speci?cally, 
the thin ?lm surface of each ?lm piece Was coated With a 
positive photoresist (photodecomposable type) to a thick 
ness of 2 pm. Masking negative ?lms, all 15 pm in line Width 
but different in pitch, i.e., 100 pm, 150 pm, 200 pm and 250 
pm, respectively, in pitch Were prepared, and held in inti 
mate contact With the coating surfaces of the respective ?lm 
pieces under vacuum, folloWed by irradiation With an ultra 
violet light source at 110 mJ/cm2. The resist of the exposed 
pattern portion of each ?lm piece Was developed for removal 
by dissolving (With the resist remaining in intimate contact 
With the pattern opening portions). 

[0206] Subsequently, the copper thin-?lm layer of the 
square lattice pattern formed on each piece of PET ?lm 
obtained as above Was electrolytically plated With copper 
under the folloWing conditions to superpose a copper thick 
layer on the thin-?lm layer and form a copper pattern. 
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Finally the resist ?lm remaining in the pattern opening 
portions Was removed by dissolving. With the pattern serv 
ing as the cathode, and With an aqueous solution of mixture 
of copper sulfate and sulfuric acid used as the plating bath 
and serving as the anode, the thin layer Was electrolytically 
plated at a bath temperature of 23° C., current density of 1.7 
A/dm2 and plating rate of 0.3 pm/min. The four ?lm pieces 
thus treated Were all 2.5 pm in the thickness of the copper 
pattern resulting from the electrolytic plating. 

[0207] Each of the four pieces of PET ?lm having the 
copper pattern on the copper thin ?lm Was subsequently 
chemically etched under the folloWing conditions to remove 
the copper thin-?lm layer from the pattern opening portions 
by dissolving. The PET ?lm in its entirety Was placed in 
position Within an etching apparatus and held in contact With 
a hydrogen peroxide/sulfuric acid etchant at 20° C. for 30 
seconds. The copper thin ?lm Was removed from the pattern 
opening portions by dissolving, Whereupon the etching 
operation Was discontinued, folloWed by Washing With Water 
and drying. The ?lm pieces thus obtained Were all 2.41 
(10.01) pm in the thickness of the resulting copper pattern. 
This thickness is not substantially different from the thick 
ness (2.5 pm) before the etching. This is thought attributable 
to the folloWing. The copper pattern portion is etched 
simultaneously With the copper thin ?lm of the pattern 
opening portions, Whereas there is a great difference 
betWeen the tWo in thickness, and there occurs a difference 
betWeen the tWo in the quality of ?lm, With the result that the 
copper thin ?lm is etched in preference. 

[0208] The copper pattern Was smaller than the one 
obtained by the process of Example 1 in the diminution of 
the line Width and Was reproduced in the ratio of 1:1. Next, 
quick lime, casein and potassium sul?de Were admixed With 
sulfur serving as the main component, and the mixture Was 
dissolved in distilled Water. The copper pattern surface Was 
held in contact With the solution serving as a sul?ding bath 
at 40° C. for about 60 seconds, then Washed With Water and 
dried. The surface Was colored black, and the color Was 
darker and Vivider than that of the copper oxide layer of 
Example 2C. 

[0209] Next, ITO Was sputtered to form a coating over the 
entire surface of the colored copper pattern of each piece of 
PET ?lm having the copper pattern thus colored. The 
sputtering operation Was conducted under the same condi 
tions as in Example lc except that the sputtering time Was 8 
seconds. The ITO ?lm deposited by sputtering Was 410 A in 
thickness and 300 Q/III in surface resistivity. 

[0210] Measurement Was made of the four pieces of the 
?lms obtained With respect to the electromagnetic Wave 
shield properties, Tt and moire fringe relative to the line 
Width/pitch of the copper pattern formed. Table 3 shoWs the 
results. 

COMPARATIVE EXAMPLE 1C 

[0211] Four pieces of PET ?lm Were prepared Which had 
different square copper patterns by forming the copper 
pattern on each piece under exactly the same conditions as 
in Example 3C With the exception of forming no ITO 
thin-?lm layer. Each of the ?lm pieces obtained Was checked 
in the same manner as in Example 3C, With the results given 
in Table 3. 
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COMPARATIVE EXAMPLE 2C 

[0212] The same PET ?lm as used in Example 1C Was 
pretreated similarly by glow discharge, and ITO Was depos 
ited on the entire pretreated surface by sputtering under the 
same conditions as in Example 3C to form an ITO thin-?lm 
layer having the same thickness. The PET ?lm obtained With 
the ITO transparent thin-?lm layer only formed thereon Was 
checked in the same manner as in Example 3C. Table 3 
shoWs the results. 

COMPARATIVE EXAMPLE 3C 

[0213] The procedure of Example 1C Was performed to 
form an ITO thin-?lm layer over the entire surface of a PET 
?lm and a lattice copper pattern on the thin-?lm layer under 
the same conditions as in Example 1C With the exception of 
using a masking negative ?lm having an image of square 
lattice pattern Which Was 30 pm in line Width and 180 pm in 
pitch. The measurements obtained of the resulting sheet in 
the same manner as in Example 1C Were shoWn in Table 3, 
Which reveals moire fringes occurred. 

[0214] Table 3 shoWs that exceedingly higher shield effec 
tiveness against electromagnetic Waves is produced by the 
combination of the copper pattern and the ITO thin ?lm than 
When one of these layers is singly provided. Furthermore, 
synergistic effectiveness is available especially at electro 
magnetic Wavelengths higher than 100 MHZ. This is a 
surprising result. 

[0215] With respect to the balance betWeen the transpar 
ency and the shield properties, When the transparency is 
increased, the corresponding diminution in the Wave shield 
properties is small. This indicates that the transparency can 
be increased Without impairing the shield properties, Which 
is a feature to be highly evaluated. 

[0216] The present invention Which provides the shield 
transparent members of the foregoing construction has the 
folloWing advantages. 

[0217] First Aspect of the Invention 

[0218] The conductive reticular pattern of copper is 
formed over the transparent substrate With a thin-?lm layer 
of copper (or an alloy thereof) Which is interposed therebe 
tWeen and formed directly by sputtering or like technique, so 
that the pattern is bonded to the substrate With a high 
strength. The member is therefore resistant to bending or 
?exure, retaining the pattern against separation even When 
used at high temperatures or high humidities for a prolonged 
period of time. 

[0219] Since the conductive copper pattern is directly 
formed as stated above Without using adhesive or the like 
unlike the conventionally practice, the transparency remains 
free of impairment that Would result from the use of such 
agent. 

[0220] The electric resistivity of the conductive pattern 
required for giving high shield properties is in a narroWer 
range, While copper is plated to a greater thickness. The 
member therefore exhibits electromagnetic Wave shield 
effectiveness and has high transparency. 

[0221] The shield transparent member of the invention can 
be prepared by the process according to Item 9, Which 
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involves no likelihood of side etching the pattern, assuring 
ease of fabrication and achieving a high yield. 

[0222] The surface layer of the conductive reticular pat 
tern can be colored broWn to black With a copper oxide or 
copper sul?de. The presence of the colored layer leads to 
ease of vieWing and diminishes visual fatigue even if the 
device equipped With the member is Watched for a pro 
longed period of time. 

[0223] Second Aspect of the Invention 

[0224] The member of the invention has the structure 
described, hence the folloWing advantages. 

[0225] The transparent member of the invention for use as 
a shield against electromagnetic Waves has high shield 
properties and transparency and is further given character 
istics to obviate or diminish the occurrence of moire fringes 
conventionally experienced. The reticular copper pattern has 
a broWn to black colored surface, Which ensures improved 
visibility. 

[0226] Because of these characteristics, the transparent 
member, When used as installed at the front side of screen of 
the PDP or the like, fully blocks the electromagnetic Waves 
emitted by the PDP or like device or those to be received 
from outside, rendering the screen images visible distinctly 
and comfortably. 

[0227] The shield transparent member is usable also for 
CRT and other electronic information devices besides PDP, 
rendering the interior of the device visible and blocking the 
electromagnetic Waves emitted by the device or those con 
versely received from other device to prevent the Waves 
from causing an erroneous operation. 

[0228] Third Aspect of the Invention 

[0229] A greater improvement is made in the effect to 
block electromagnetic Waves than When the component 
layers are each singly provided (the copper pattern only, or 
conductive transparent thin-?lm layer only), and a synergis 
tic improvement is achieved especially in a high electro 
magnetic Wavelength region. 
[0230] It has become possible to give improved transpar 
ency Without impairing the shield effectiveness. This over 
throWs an antinomic relationship generally existing betWeen 
the tWo properties. 

[0231] The broWn to black colored layer provided over the 
surface of the reticular copper pattern affords visibility. 
Further the moire fringes occurring especially in the case of 
lattice copper patterns having square or rectangular openings 
can be eliminated or diminished. 

[0232] Because of these advantages described, the trans 
parent member ?nds Wider application for use as a shield 
against electromagnetic Waves for PDP, CRT and other 
electronic devices Which emit electromagnetic Waves. 

1. A transparent member for use as a shield against 
electromagnetic Waves characteriZed in that an electrically 
conductive reticular pattern is provided on a substrate (1) by 
forming a thin-?lm layer (2) of copper or an alloy thereof on 
the substrate by physical thin ?lm forming means and 
forming a copper thick-?lm layer (4) on the thin-?lm layer 
by plating means so as to give the member a total transmit 
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tance of at least 50%, the reticular pattern having an electric 
resistivity of up to 200 mQ/III. 

2. A transparent member for use as a shield against 
electromagnetic Waves according to claim 1 Wherein a 
broWn to black colored layer (5) is further formed over the 
copper thick-?lm layer 

3. A transparent member for use as a shield against 
electromagnetic Waves according to claim 1 Wherein the 
transparent substrate (1) is a thermoplastic resin sheet hav 
ing a total transmittance of at least 65%. 

4. A transparent member for use as a shield against 
electromagnetic Waves according to claim 1 Wherein the 
physical thin ?lm forming means is a sputtering process or 
ion plating process. 

5. A transparent member for use as a shield against 
electromagnetic Waves according to claim 1 Wherein the 
plating means is an electrolytic plating process. 

6. A transparent member for use as a shield against 
electromagnetic Waves according to claim 1 Wherein the 
copper or alloy thin-?lm layer (2) has a thickness of 100 to 
2000 A. 

7. A transparent member for use as a shield against 
electromagnetic Waves according to claim 1 Wherein the 
copper thick-?lm layer (4) has a thickness of 1 to 10 pm. 

8. A transparent member for use as a shield against 
electromagnetic Waves according to claim 2 Wherein the 
colored layer (5) comprises a copper oXide or copper sul?de. 

9. A process for preparing a transparent member for use 
as a shield against electromagnetic Waves according to claim 
1 Which process includes the folloWing steps A to E. 

Step A: the step of sputtering copper or an alloy thereof 
onto one surface of a sheet of thermoplastic resin 
having a total transmittance of at least 65% to form a 
thin-?lm layer having a thickness of 100 to 2000 

Step B: the step of developing the thin-?lm layer by 
photolithography to eXpose a reticular pattern. 

Step C: the step of electrolytically plating the reticular 
pattern With copper to form a copper thick-?lm layer 
having a thickness of 1 to 10 pm. 

Step D: the step of removing remaining resist from 
opening portions of the reticular pattern. 

Step E: the step of chemically etching the entire resulting 
surface to remove the thin-?lm layer of copper or alloy 
thereof from the opening portions of the reticular 
pattern by dissolving to obtain an electrically conduc 
tive reticular pattern comprising the thin-?lm layer of 
copper or alloy thereof formed by sputtering and the 
copper thick-?lm layer formed by electrolytic plating 
and superposed on the thin-?lm layer. 

10. A process for preparing an electromagnetic Wave 
shield transparent member according to claim 9 Which 
further includes the folloWing step F. 

Step F: the step of oXidiZing or sul?ding the copper 
surface of the resulting conductive reticular pattern to 
form a broWn to black surface layer of a copper oXide 
or copper sul?de. 

11. A transparent member for use as a shield against 
electromagnetic Waves comprising a reticular copper pattern 
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(2P) formed on a transparent sheet (21) and consisting 
predominantly of copper, the reticular copper pattern having 
a line Wide of 1 to 25 pm and an opening ratio of 56 to 96%. 

12. A transparent member for use as a shield against 
electromagnetic Waves according to claim 11 Wherein a 
broWn to black colored layer (24) is further formed on the 
surface of the reticular copper pattern (2P). 

13. A transparent member for use as a shield against 
electromagnetic Waves according to claim 11 Wherein the 
broWn to black colored layer (24) comprises a copper oXide 
or copper sul?de. 

14. A transparent member for use as a shield against 
electromagnetic Waves according to claim 11 Wherein the 
transparent sheet (21) is a thermoplastic resin sheet having 
a total transmittance of at least 60% and a thickness of 0.05 
to 5 mm. 

15. A transparent member for use as a shield against 
electromagnetic Waves according to claim 11 Wherein the 
reticular copper pattern (2P) comprises a copper thin-?lm 
layer (22) consisting predominantly of copper, formed by 
physical thin ?lm forming means and serving as a ground 
layer, and a copper thick-?lm layer (23) formed over the 
copper thin-?lm layer (22) by plating means. 

16. A transparent member for use as a shield against 
electromagnetic Waves according to claim 11 Wherein the 
copper thin-?lm layer (22) consisting predominantly of 
copper has a thickness of 50 A to 1 pm and the copper 
thick-?lm layer (23) has a thickness of 1 to 15 pm. 

17. A transparent member for use as a shield against 
electromagnetic Waves according to claim 11 Wherein the 
reticular copper pattern (2P) has square or rectangular 
openings. 

18. A transparent member for use as a shield against 
electromagnetic Waves comprising a reticular copper pattern 
(3P) consisting predominantly of copper and an electrically 
conductive transparent thin-?lm layer (32) Which are formed 
over a transparent sheet (31) so as to give a total transmit 
tance of at least 50% to the transparent member. 

19. A transparent member for use as a shield against 
electromagnetic Waves according to claim 18 Wherein a 
broWn to black colored layer (33) is further formed on the 
reticular copper pattern (3P). 

20. A transparent member for use as a shield against 
electromagnetic Waves according to claim 18 Wherein the 
broWn to black colored layer (33) comprises a copper oXide 
or copper sul?de. 

21. A transparent member for use as a shield against 
electromagnetic Waves according to claim 18 Wherein the 
transparent sheet (31) is a thermoplastic resin sheet having 
a total transmittance of at least 60%. 

22. A transparent member for use as a shield against 
electromagnetic Waves according to claim 18 Wherein the 
reticular copper pattern (3P) is a square or rectangular lattice 
pattern having a line Wide of 1 to 25 pm and an opening ratio 
of 56 to 96%. 

23. A transparent member for use as a shield against 
electromagnetic Waves according to claim 18 Wherein the 
conductive transparent thin-?lm layer (32) has a thickness of 
100 to 1500 A. 


