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REFLEQ?;NG FILM AND REFLECTOR MAKING USE OF THE SAME

BACKGROUND OF THE INVENTION

.a) Field of the Invention

5 ~ This invention relates to a reflecting film
formed'by applying high-reflectance silver as.a
refiectipg layer on a transparent poljmer film, and
also to a reflector making use of the reflecting film;
b) Description of the Related Art

16 | | Reflecting films and reflectors, which reflect
incident light, are used in a variety of applications
such as lamp houses for use es backlights in liquid
crystal displays, reflecting mirrors for use in
printers and facsimile systems, reflecting plates in

15 lighting equipments such as fluorescent lamps, reflect-
ing plates for use in combination with photographic
stroﬂes, and mirrors of makeup compacts. In fields
where a small thickness'and light weight are required
or workability into a desired ehape is needed, reflec-

20 H%ors of the cqnstruction that a metal layer is arranged
’as a.reflecting layer on a'transp5rent polymer film and
light ie allowed to enter from a side of the transpar-
ent film'are wi@ely employed.

Si;ver has a high reflectance to light in both -

25 the visibple range and the infrared range,'and its elec-
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trical and therm&l conductivities are the highest among
metais. Silver_therefore attracts attention as a
visible—light-feflecting materidl, heat reflecting
matefial and electric wiring material. Although silver
is generally free from oxidation in the atmosphere, it
reacts with sulfuf dioxidé gas and sulfur in the atmo-
sphere so that black silver sulfide is formed. Fuf— |
ther, it also reacts ﬁith ozone to form black silver
oxide (Ago). |

" As a method for prevénting the conversion of sil-
ver into the sulfide form in the atmosphere, it is:
knowh to form silver into an alloy. For example, for
_electricgl contacts, silver containing 3-40 wt.% of cCu,
Cd-containing silver and silver containing 10 wt.% of |

Au are employed. Fof dental purpose, silver containing

- 25 wt.% of Pd and 10 wt.% of cu is used. For

ornamentation purposes, silver containing 5-20 wt.% of

Cu is used. Performance of silver in actual use is

.well-known to those skilled in the art. Darely in-

dicating a publication which contains a detailed des-

“cription about the performance of silver in actual use,

- reference may be made, for example, to Yuzo Yamamoto

(1982), "Kikinzoku No Jissai chishiki (Practical Knowl-

edge ‘on Nob1e Méta1s)?, 72-153, The Toyo Keizai Shin-

-pbsha Ltg., Tokyo, Japan.
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. As another method for preventing the conversion

of silver into the sulfide form, it is also known, bes-

ides the above-mentioned alloying method, to cover sil-
ver with a metal layer, a metal oxide layer, a metal
sulfide layer, an alloy-layer, a primer resin layer, a

protective resin layer or the like. For example, Japa-

nese Patent Laid-Open No. 18538/1973 diécloses a method

in whichlsubsequent to formation qflsilver as a film on
glass, an alloy layer composed of Cu and Sn is applied,
followed by application of a resin layer, whereby sil-

ver is prevented from corrosion and enhanced scratch

resistance is imparted. The present inventors also

disclosed in Japanese Patent Laid-Open No. 279201/1989

that a tpin—film silver layer can be protected from

deteriorgtidn by light, heat, gas,and/ér the like by
arraqging metal 1aye:s of aluminum, titanium or the

like on both sides of the thin-film silver layer._

In recent years, high~-reflectance reflectors _

- making use of silver as reflecting layers have been in--

creasing}y employed in prodﬁcts led by lamp reflectors
of backlight sources for liquid crystal-dispiays and
including reflectors of fluorescent lamps. These
reflecting members are so-called reflecting plates
(silQer—pased reflecting plates) having a layer con-

struction of PET (polyethylene terephthalate)/thin-film



10

15

20

25

silver layer/adhesive layer/alumihum plate or so-called
reflectihg shéets (silvéf-based refledtihg sheets) hav-
ing a layer consﬁructioh of PET/thin-filmlsilver layer/
adhesive layer/thin-film aluminum layer/PET/light-'
shieiding layer. In these reflectors, the covering of
silver with PET, a transparent polymer film, and an ad-
hesive layer has succeeded in protecting silver from
its.convgrsion into the sulfide form and oxidation upon
exposure to the atmosphere, said conversion and oxida-
tion having remained as problems for many years, and
hence retaining a high reflection. For example, when
some samples of the above-mentioned silver-based
reflecting plates and silver-based reflecting sheets
were lef; over for 1,000 hours in an constant-
temperature chamber controlled at 80°C, no discolora-
tion ‘into a black or yellow color due to the formation
of the sulfide or the like was observed.and their

reflectances were not reduced. When some other samples

- of these silver-based reflecting plates and silver- -

“hased reflecting sheets were left over for 1,000 hours

in an air-conditioned chamber controlled at 60°C and
85% RH (;elative humidity), neither discoloration nor
réductioﬁ in reflection was bbserved either.

Ih addition, the present invéntors.also conducted

an ultrayiolet (UV) ray exposure test on further
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samplés of the above-mentioned silver-based reflecting
plétés and silver-based reflecting sheets under a "QUV
Testing Equipment" (tréde name) manufactured by Q-PANEL

Corp., U.S.A. As a result, their reflecting surfaces

- were found to be discolored into a purplish red color.

This colpr is apparently different from any
conventionally-known color formed by the conversion of
s11ver 1nto the sulfide form or by oxidation, such as-
black, ygllow1sh brown or yellow color, and is also
different from a color produced through yellowing as a
result of deterloratlon of the PET film itself under
ultraviolet rays. The present inventors therefore de-
cided to call a reduction in the reflectance of a thin-
film silver, which takes place under exposure to_light
(ultravioiet rays), “photodeterioration". .With_a view
to avoiding this photodete:ioratidn, the present in-
ventors gisclosed in Japanese Patent Laid-Open No.
162227/1993 a reflector impro?éd in the durébility

against light (ultraviolet rays), heat and the like

“without any substant1a1 reduction in the reflectance to

visible light. This reflector is obtained by applying

a thin film of a silver-cbntaining metal on one side of

- a flexible substréte having a transmittance of 10% or

lower for light ranging'from 300 nm to 380 nm in

wavelength;
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' The present inventors proceeded with a further
investigétion about UV deterioration of reflectors each
of which had a stacked sﬁructure ofltransparent polymer
film/silyer. As a result, it was surprisingly found
that,' ev:erf ' when .exlposed to visible light from_ which

ultraviolet rays had been eliminated, the reflecting

surfaces became also discolored into a purplish red

color as in the case of exposure to ultraviolet rays. -
Moreover, the above photodeterioration by visible light
was found to proceed very fast at high temperatures al-
though ip proceeded very slowly at room temperature.

Accordingly, this deterioration will hereinafter be

.called "photothermal deterioration®.

FIG. 1 is a transmission electron micrograph
(cross-sFétional TEM picture) of a cross-section of a
sample wpich underwent photothermal deterioration. The
sample is a reflecting film of the construction that a

thin-film silver layer is arranged on PET, and was sub-

Jectea tplan accelerated deterioration test (ac-

celerated photothermal deterioration test) for 300

hours at an exposure intensity of 500 mW/cm? and a
sample temperature of 100°C. The thin-film silver
layer is observed to have parﬁially separated frdmlthe
PET. Further, particles of seﬁera; tens hahometers in

diameter are observed at an interface between the PET
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and the thin-film silver layer, thereby indicating in-
trusion of these particles in the PET. As a result of
an analygié of these.particles by electron probe micro-
analyzer (EPMA), they were found to be silver. In-
cidental;y, a large void which is seen on a right—hand
side in the picture is a void which is containéd in a
resin'usgd for the fixing of the sample.

i Acpording'to the above findings of the present
inventors, charadteristics of photothermal deteriora-
tion can:be summarized as follows: (1) photothermal
deterioration is a deteriorative phenomenon specific to.
an interface between a bolymer fiim.and a thin-film
silver layer:; (2) an analysis of a photothermally-
deteriorgted portion by EPMA does not detect any of
sulfqr,:phlorine and oxygen which are all detected in

conventional deterioration of silver; and (3) no

deterioration is observed in the thin-film silver layer

at any pprtion thereof other than the interface between

.the polypmer film and the thin-film silver layer.

SUMMARY OF THE INVENTION
An object of the present invention is to prevent

discolorgtion of a reflector by photothermal deteriora-

tion foupd by the presént_inventors. More specifical-

ly, it ipg an object of the_present invention to provide
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‘a reflecting film which can avoid discoloration at its

reflecting surface, said discoloration being clearly
observed when exposed to light at high temperatures,
and which can hence reﬁain a reflectance of 90% or
higher even after exposed to light.

Another object of the present invention is to

.provide'g reflector which can avoid discoloration at

its feflgcting surface, said_discdloration being clear-
ly obsefved when expdsed to light at high temperatﬁres,
and which can hence retain a reflectance of 90% or |
higher e&en after exposed to light. |

i With a view to resolving such problems, the pres-
ent inveptors have proceeded with extensive research.
As a result, it has.been found that by application of a

surface treatment with a metal-containing plasma to one

-side of a transparent polymer film and subsequent

formation of a thin-film silver layer on the thus-.
treated surface make it possible to prevent discolora-
tion, which would otherwise occur at an interface be-
tween the transparent polymer film and the thin-film
silver layer, and also to realizé a reflector having a

reflectance of 90% or higher even after a 300-hour ac-

~ celerated photothermal deterioration test. The above

finding has led to the completion of the present inven-

tion.
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The former object of the present invention can

'thereforg achieved by a reflecting film having at least

a transparent polymer film and a thin-film silver layer
épplied on said transparent polymer film to reflect
light entered from a side of said transparent poiymer
film, whereln said reflecting film retains a reflec-
tance of at 1east 90% to visible light even after sa1d
reflectipg fllm is exposed for 300 hours at a reflector
temperature of ioow:and an exposure intensity of
500 mW/cp? to artificial sunlight from light of 390 nm
and shorter in wavelength has been eliminated.
Further,'thé latterlobject of the present inven-
tion can'be achieved by a reflector comprising a base
material and the above reflecting film applied via an
adhesive layer on said base material with said thin
Silver layer of said reflectihg film being arrangéd op-

posite said adhesive layer.

BRIEF DESCRIPTION OF THE bRAWINGS

FIG. 1 is_a transmission electron micrograph of a
cross-section of a photothérmally-deteriorated reflect-
ing film;

FIG. 2 is_a cross-sectional view showing the con~

struction of a reflecting film according to a preferred

- embodiment of the present invention;
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FIGS. 3, 4, 5, 6 and 7 are'cross-sectiohal views
which ingi?idually show the constructions of reflectors
according to preferred embodiments of the present in-
vention;

FIG. 8 is an AFM.(Atomic Forcé_Microscope) pic-
ture illustrating the nanostructure of a surface of a
transparent polymer film not subjécted to any plasma
treafmenp;

FIG. 9 is an AFM picture showing the nanostruc-

_ture of a surface of a transparent_polymer film sub-

jected to surface treatment with a metal-containing
plasma; | |

FIG. io is a.graph showing a spectrum of artifi-
cial sun;ight obtained through a UV cut filter whose
tranémis?ion limit wavelength was 390 nm; and

FIG. 1i is.a graph'illustrating one example of a

relationship between the time of exbosure of a reflect-

ing film to light and the reflectance of the reflector.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Among reflecting films according to the present

invention, one having the simplest construction is

~ shown in'FIG.'z, The reflecting film in FIG. 2 is

formed of a transparent polymer film 10 and a thin-film

silver layer 30 applied thereon. Of surfaces of the
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transparent polymer film 10, the surface which forms an

interface with the thin-film silver layer 30 has been

subjected in advance to surface treatment with a metal-

containing plasma so that the surface has been con-
verted to a treated surface 20. Subsequent to the
formation of the treated surface 20, the thin-film sil-
ver leyer 30 ie deposited on the transparent polymer
film 10. | |
The term "reflector" or "reflecting £film" as used
herein means an ebject which returns light, said light

having entered it from a medium such as the atmosphere,

" back 1nto the same medium, spe01f1ca11y, an object

which returns 90% or more of light in the v151ble range
back into the same medium. In the present 1nventlon,
the term "reflector" or "reflecting film" more |
preferabiy means an object which returns 92% or more of
light in the visible range back into the same medium.

Using FIG. 2, reflection by the reflecting film

.accordlng to the present invention will be described in

%brief. Most of light 90 which has entered from a side

of the transparent polymer film 10 passes through the
transparent polymer film 10 and the treated surface 20,
reaches the thin-film silver layer 30, is reflected

back by the thin-film silver layer 30, passes through

~_the treated surface 20 end the transparent polymer film
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10 and then returns back to #he same medium.

Use of reflecting films of the above-mentioned
construction makes it possible to conetruct various
reflectore which are suited'for a wide variety of ap-
plicatiops. |

The reflector which is depicted in FIG. 3 has the
construction that the reflecting film shown in FIG. 2
and a metal sheet 50 are laminated together via an ad-

hesive layer 40. The thin-film silver layer 30 is in a

contiguous relation with the adhesive layer 40. This

reflector can be fabricated, for example, by applying
surface treatment to one side of the transparent
polymer film 10 with a metal-cenfaining’plasma to form
a treated surface 20, depositing ﬁhe thin-film silver
layef 30‘on the treated surface 20, coating the ad-
hesive 1gyerl4olon a surface of the thin-film silver
layer 30 and then bonding the adhesive 1ayer‘4oland the
metal sheet 50 together. 1In general, the lamination of
the-adhesive'layer and the metal sheet is conducted in
continuaiion'with the coating of the adhesive. As an
alternatiVe, it is also possible to separately perform
the doating.step of the adhesive and the bonding step
to the metal sheet. For'example, when a thermoplastic
polyester-base adhesive is used as an adhesive, the

bondlng can be performed at any de51red tlme by cau51ng
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the coated adhesive to fuse with a heated roller.

The reflector which is illustrated in FIG. 4 has
the construction that the reflecting film shown in FIG.
2 and anpther polymer film 60 are laminated together
via an adhesive layer 40. The thin-film silver layer
30 is in a contiguous relation with the adhesive layer
40. ‘This reflector is similar to the reflector of FIG.

3 except for the replacement of the metal sheet by the

polymer film 60. It can be fabricated in a similar

manner as the reflector of FIG. 3.

The reflector which is shown in FIG. 5 addi-
tionally includes a light-shielding'layer 70 laminated
further on the refiector of FfG. 4. The light- |
shielding léyer 70 can be formed, for example, by coat-
ing. | |

The reflector which is shown in FIG. 6 has the
construction that a metal layer 80 is arranged between
the adhesive layer 40 and the polymer film 60 in the

reflector depicted in FIG. 5. This reflector can be

-fahricatgd by depositing beforehand the metal layef 80

on the polymer film 60 in accordance with vacuum

evaporation or the like, arranging the polymer film 60

‘'with the metal layer 80 located opposite the adhesive

layer 40, bonding the reflector to the polymer film 60

via the adhesive layer 40, and then forming a light-
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shielding layer 70.

The reflector which is depicted in FIG. 7 has the
construction that a metal layer 80 is_arranged.between
the polyﬁer film 60 and the light-shielding layer 70 in
the reflector shoﬁn ih FIG. 5. This reflector can be
fabricatgd by depositing beforehand the metal layer 80
on tﬁe polymer £ilm 60 in acdordande with vacuum
evaporétion or the like, arranging the polymer film 60
with the metal-layer-free side located opposite the ad;

hesive layer 40, and then bonding the reflecting film

to the polymer film 60 via the adhesive layer 40.

For the transparent polymer film in the present

invention, polyethylene (PE), polypropylene (PP),

polystyfgne'(PS), polyethylene terephthalate (PET),
polyethylene terenaphthalate (PEN), polybutylene

terephthalate (PBT), polYéthe:sulfones (PESs),

' poiyetheretherketones.(PEEKs); polycarbonates (PCs),

polyimidps (PIs), polyetherimides, cellulose triacetate

_resins, polyacrylate resins, polysulfone resins,

héluorinated resins and the like can be used. It is

however to be noted that the usable resin is not
limited ?o them. Any desired resin can be used insofax
as it'has trénsparency'and a somewhat higher gléss
transitipn temperaﬁure.

No particular limitation is imposed on the thick-
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' ness of the transparent polymer film. It is however

preferred to use a thickness of about 10 to 200 um,

more ‘preferably a thickness of about 10 to 100 um,

' still more preferably a thickness of about 25 to 50 um.

~As an optical property of the transparent polymer

film employed in the present invention, it is preferred

to have a transmission of 80%_or higher for light whose
wavelengthlis 550 nm. More preferably, the light
transmisgion for light whose wavelenéths range from 500
to 600 ﬁ? is 80% or higher and, still more preferably,
the light transmission for light whose waveleﬁgths
range from 400 fo 800 nm is 80% or higher. A light"
transﬁisgion lower than 80% leads to a reflectance
lower than 90% when construcfed into a reflector, and
is not preferred from the'standpoint.of the performancé
as a reflector. |

Incidentally, to improve the light resistance of

silver, it is preferred that the transparent polymer

£ilm has property to absorb ultraviolet rays. This has

.already been disclosed by the present inventors in U.S.

Patent N§; 5,276,600,

.A transparent polymer films having allight-trans-
mittance of 10% or lower for light whose wavelengths
ranges from 300 nm to 380 nm is a plasﬁic film in which

an ultraviolet absorber or the like has been in-
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corporated or alplastic léyer with an ultraviolet ab-
sorber, zinc oxidé or the like formed thereon as a
laye£ for blocking ultraviolet rays.

- In particular, a PEi film containing an ultra-
violet apsorber ié preferable. Illustfative examples

of the ultraviolet absorber include benzotriazole

-hltraviolet'absbrbers, benzophenone ultraviolet absor--

. bers and salicylate-ester ultraviolet absorbers.

As a process for the formation of the thin-film

'silver layer, either a wet process or a dry process can

be used. The term "wet process" is a term generic to

plating processes, and means a process for caﬁsing sil-
ver to deposit in the form of a film from a solution.
A'spécific example include a process making use of the

silver mirror reaction. On the other hand, the term

processes. Specific examples include resistance- i

heating yacuum deposition, electron~beam-heating vacuum .

~deposition, ion plating, ion-beam-assisted vacuum

'f'depositipn,'and sputtering. Among these, vacuum

depositipn is particularly preferred for use in the
p:eéent invention because it permits film formation in
é roll-tpo-roll manner, that is, in a continuous fash-.
ion. |

" According to vacuum déposition, silver is : E
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depos1ted on a surface of a substrate (polymer fllm),

'preferably at a pressure of 0.1 mTorr (about 0.01 Pa)

or lower, by fusing a silver source material by an
electron beam, resistance heating, induction héating or
the like, and raising the vapor pressure of.silvet.

. Acoording to ion plating, silvef is deposited on
a surface of a substrate by introducing a gas such as
argon of a pressure of 0.1 mTorr (about 0.01 Pa) or
higher into a vacuum, inducing an RF or DC glow dis—
charge, fusing a silver source material'by an electron
beam, fesistance heating, induction heating or the
like, and raising the vapor pressure of silver.

_As a sputtefing process, DC magnetron sputtering,
RF magnetron sputtering, ion beam sputterino, ECR
(electron cyclotron resonance) sputtering, conventional

RF sputtering, oonventional DC sputtering or the like

can be used. Conventionai sputtering means a sputter-
ing process which is performed by arranging parallel-
plate-type electrodes in a vacuum vessel. In sputter-

ﬁing, a plate-shaped target of silver can be used‘as a

source material, and hellum, neon, argon, krypton,

- Xenon or the like can be used as a sputterlng gas.

However, use of argon is preferred. The purlty of the
sputtering gas is preferably 99% or higher, more

preferably 99.5% or higher.
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In the present invention, the thicknessaof the
thin-film silver layer is preferably from 70 nm to 300
nm, mofe preferably from 100 nmlto 200 nm. If the
thin-film silver layer is unduly thin;.the £ilm thick-
ness of silver is not sufficient so that some light is
allowed to pass therethrough, léading to a.reduction.in
reflectapcé{ Even if the thin-film silver layer is un-
duly thick on the other hand, the reflectance does not
increaée.and shows a tendency of saturation and, from |
the Qiewpoint of achieving effective use of silver
resoﬁrce; such an unduly large thickness is not
preferrep;. | |

' Thé thin-film silver layer may contain one or
morelmet§1 impurities to an extent that nb adverse ef-

fects will be given to the performance. These metal

“impurities include gold, copper, nickel, iron, dobalt,

tungsten, molybdenum, tatalum, chromium, indium,
manganese, titanium and aluminum. The purity of silver

in the tpin—film silver layer is preferably 99% or

“higher, more preferably 99.9% or higher, still more

preférably'99.99% or higher.

Thickness measufement.of each film such as the
thin-film silver iayer can be conducted using a tracer
roughneég meter, a multiple reflection interferehce

meter, a microbalance, a quartz oscillator or the 1like.
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Of these, the method making use of the quartz oscil-
lator:pe;mits thickness measurement of a film in the
course of its formation and accordingly,_is suited for
obtaining a film of a desired thickness. Further, it
is also ?ossible to control the thickness of a film on
the basis of the film—forming time by determining con-
ditions for the formation of the film, conducting
formation of a film on é'test substrate éhd then inﬁés—
tigating a relationship bet#een the film-forming time
and the fiim thickness, all, in'aGVahce to the formé-
tion of the first-mentionéd £ilm.

In the preseht-invention, it is préferred to app-
ly surface treatment'with a metal-containing plasma to
a t:anspgrent polymer film and then to form a thin-film
silver layer on the treated surface. The application
of such surface treatment in the present invention is
considergd to preveht photothermal deterioration which

tends to occur at the interface between the transparent

- polymer film and the thin-film silver layer. This

f;etal-containing plasma treatment will hereinafter be

described in detail.

A metal-containing plasma can be obtained, for

examplé, by introducing a discharge gas into a vacuum

'apparatug, forming a plasma by a DC glow discharge or

an RF glow discharge and then introducing into the
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thuseforped plasma vapor particles of a metal which has
been vaporized by an electron beam, resistance heating
or induction heating. As an alternative, a metal-
containing plasma can also be obtained by subjecting a
mefal halide, hydride or the like to a decomposition
reaction in a plasma which has béen formed by a glow
discharge. As a further alternative, a metal-
containing plasma éan also be obtained by using a

desired metal as a negative electrode and producing a

._ plasna by a DC glow discharge or an RF glow discharge.

As a simpler method, a metal-contaihing_plasma can be
obﬁained by conducting.éputtering while using'a desired
metal as a negative electrode or by combining a conven-
fional eyaporation process other than thoée mentioned
above (arc evaporation, laser evaporation, cluster ion

beam evaboratioh, or the like) with a plasma formed by

an Rf glow discharge orla DC glow discharge.

Examples of metals, which are usable for the sur-

- face treatment by the metal-containing plasma in the

‘present invention, include Ti, V, Cr, Mn, Fe, Co, Ni,

Cu, 2n, Ga, Ge, Y, 2r, Nb, Mo, Rh, Pd, cd, In, Sn, Sb,
Te, Nd, §m, Eu, Gd, Ta, W, Re, Os, Ir, Pt, Au, Pb, and
Bi. Ahong these, Ti, W, Cr, V, Zn and Cu are preferred

from the standpoint of éxhibiting the especially ad-

- vantageons effects of the'present invention. Inciden-
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tally, use of Mg, Al or Si cannot achieve the objects
of the p?esent invention. o

The surface tréatment by the metal-containing
plasma as referred to in the present'invention_can be
achieved by exposing a surface of a transparent polymer
film to A metal-containing plaSma. During the ex-
poSure, the_transparent'polymer film may be cooled
thfough the opbosite surface (naﬁely, the back side) so
that the temperature of the film can be prevehted from
rising. Further, because use of a roll-to-roll appara-
tus makes it possible to continuously apply éurface
treatmeht wiﬁh a metal-conﬁaining plasma to an
elongateg film,'such a roll-to-roll apparatus is
preferably employed fﬁr industrial-scale production.

Thg extent of treatment in the surface treatment

by the mgtal-containing plasma can be expressed in
terms of the amount of metal atoms deposited on the
treated surface of the transparent polymer film. The

.amount of a metal which is deposited on the treated

'surface is preferably from 4 x 1014 atoms/cm? to 2 x

1016 atops/cmz, more preferably from 5 x 10_14 atoms/cmzl
to 1 x 1016 atoms/cm?, still more preferably from 1 x
1025 atoms/cm?® to 8 x 1015 atoms/cm2, notably from 2 ;
1615-atops/cm2 to 6 x 1015 atoms/cmz. An unduly small

amount of the metal deﬁosited on the treated surface
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cannot bring about any sufficient effects for photo-
thermal geterioration pfevention which is an object of
the present invention. on the 6ther hand, deposit of
the metal in an unduly large amount on the treated sur-
face results in a reduction in reflectance and hence
fails to achieve a reflectance of 90% or higher, which
is another object of the present invention.

Thé amount of a_deposited metal can be measured'
by a film thickness monitor or the like. However, in
an amounf,of metal atoms in a range such as that men-
tioned'above, a deposited metal léyer is not considered
to be in the form of a continuous film. In'general,.
the Ambunt of a deposited metal is ﬁherefdre calculated

from the time of the surface treatment in view of the

time reguired upon formation of a film having a thick-

ness of about 100 nm which is reasonably considered to
mean a cpntinuous film. Described specifically, the

number N of atoms of a metal deposited per unit area

innder certain specific conditions can be expressed by:

" N = DepsNp/M ceccssssssesas (1)

" where D is the thickness of a metal layer deposited

when surface treatment is conducted for a time t, p and
M are the density and atomic weight of the metal,
respectively, and Np is the Avogadro's_number. Ih-par-

ticular, when nm is employed_as.the unit of the film
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thicknesg D, g/cm® as the unit of the density p andl
atoms/Cm? as the unit of the amount N of the deposited
metal, the amount N of the deposited metal can be
determingd by:

"N = Dp6.02 x 1016/ ... ... (2)
To deposit the metal in a desired amount n'(atoms/cmz),.
it is thgrefére only necessary to conduct the surface
treatment for a time represénted by twh/N) under the -
same surface treatment conditions. When a film thick-
néss monitor making.use of a quartz oscillator is used,
a frequepcy decreasé which is required to actually
depdsit g metal in an amount as much as n (atdms/cmz)
can be calculated by.&ﬁ(n/N) where N (atoms/cmz)
represénps the amount of the metal deposited whén an
observed decrease in frequency is sf(Hz). For a
specific caiculation exaﬁple, assume.thét a surface
treatment time of 1,000 seconds is réquired upon forma-
tion of a film having a thickness of 100 nm which is
considered to be a continuous film of titanium atoms
depositeﬁ when treatment with a titanium-containing
piasma is applied to a surface of a PET film. From the
fofmula (2), the amount of deposited titanium is about

6 x 1017 atoms/¢m2. Accordingly,_to'deposit titanium_.

"atoms in an amount of 3 x 1015 atoms/cm2 on a surface

of a PET film uhder the same plasma treatment condi-
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tions, the surface treatment time is calculated by 1000
(sec)«(3 x 1015 (atoms/cm?))/(6 x 1017 (atoms/cm?)) =
5 (sec). It is thefefore:only necessary to conduct the
surface treatment for 5 seconds. |

Thé following two points can be mentioned as im-
portant upon conducting surface treatment with a metal-
containing plasma. Firstly, this surface treatment
should n?t be conducted to such an extent that the
réflectapce_of.a reflector or reflecting film at the .

time of its fabrication, that is, its initial reflec-

- tance becomes 90% or lower. Secondly, the surface

trea;ment should be applied to a surface of a transpar-
- ent pblyper film, said surface being the surface on
which a thin-film silver layer is to be superposed, to
an extent sufficient tolprevenﬁ photothermal deteriora-
tion. |
Inpidentally,'application of corona discharge

treatment, glow discharge treatment, surface chemical
~trea£ment, roughening tréatment or the like to a sur-
f}ace.of a transparent polymer film prior to the surface
.- treatment by the metai-containing plasma is considered
to be a routine practice commbnly cbnduéted by those
skilled in the art as a method for improving the ad-
herence between the thin-film silver layer and the

polymer film.
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' Details are not clear about how a surface of a
transparent polymer film is changed by applying thereto
surface treatment with a metal-containing plasma. By
an atomic force microscope (AFn), the present inventoré
have‘howgver succeeded in determining the nanostructure
of a surface treated by a metalééontaining plasma. The
AFM detects repulsion or attraction which acts between
a free end of a probe,-said free end haviné a shape of
the order of atoms, and atoms in a surface, so that
conditiops of the surface shape can be determined.

FIG. 8 i§ an AFM picture showing the nanostructufe of a
PET film surface not subjected to surface treatment,
while FIG. 9 is an AFM picture of a PET film surface
subjecteg to ﬁhe above-described surface treatment, In
FIG. 8, a trace like a scratch formed in the surface of
the PET film by fhe probe of the AFM ishobserved, and

no clear picture was obtained. In FIG. 9, on the other

hand, there are no scfatch made by the probe, ahd the
picture was obtained in a clear form. The difference

fhetween the plcture in FIG. 8 and that in FIG. 9 may

intuitively be attributed to a reduction in the pene-

_tration pf the probe becéuse of a change to the hard-

ness -of the surface of the poiymer film by the surface

treatment. Physically, it may however be attributed to

‘a change to the force which acts in the neighborhood of
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the surface between the probe and the surface. A com-
parison was thérefore made between a curve of forces,
which act between a surface of a shrface-treated PET
film_and alprobe (force cufve), and a force curve of a
PET film which has not been subjected to the surface
treatment. It has been ascertained that the force
curve of the untreated PET film presents'extremely
precipitpus Qariétions in the neighborhood of the sur-

face but that of the treated PET film presents gentle

'variatiops. It has also been determined from FIG. 9

. that the surface ruggedness of a PET film is abbut 10

nm in height.

The metal, which has deposited on the surface of.
the polyyer film by the surface tréatment with the
metal-containing plasma, is considered to be localized
on the.syrface because its amount ié very small. - Even
if metal atoms are considered to fegulafly pilé up

layer after layer on a planar surface in an ideal man-

kger,_the metal atoms so piled up are'as low as 0.5

‘layer to 10 layers or so, that is, are at most 0.1 to

several nanometers in heighf insofar as the metal atoms
are deposited in an amount of 5 x 1014 to 1 x 1016
atoms/cm?. In qohtrast, the surface ruggedness of the
PET film is as much as about 10 nm in height as men-

tioned apove. It is thérefore more reasonable to con-
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sidef thgt in a surface of a transparent polymer film

subjected to surface treatment with a metal-éontaining
plasma, the metal may be deposited locally (for exam-

ple, on functiocnal groﬁﬁs of thé polymér.of the film).
This deposition is considered to be in a rather |

preferred form. For example, L.J. Gerenser investi-

‘'gated reaction sites for silver atoms on a PET film,

and éoncluded that silver atoms tend to react with car-
boxyl groups (Journal of Vacuum Science and Technology,
A(8), 3682, 1990.

Thg amount of the metal deposited on the surface

.of thé transparent'polymer film can be measured, for

example, by X-ray photoelectron spectrometry (XPS) or
Rutherford backscattering spectrometry (RBS), induc-
tively coupled piasma-(ICP) emission spectrometry after
dissolvipg the deposited métai, second&ry ion mass
spectrometry (SIMS), Iaser induced fluorometry (LIF) or

X-ray fluorescence analysis (XRF). XPS is preferred

from the practical viewpoint- although use of ICP or RBS

'?18 preferred for accurate quantitation. When an actual

measurement is perforﬁed'by XPS, the amount of a
deposited metal is aséessed while taking a release
depth of-photoelectrons into consideratioﬁ. Now assume
that subséquént to treatment with a'Ti-containihg

plasma, the surface concentratién of Ti has been found
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to be 80% by XPS. Since the average depth of photo-'
electrons is 2 atom layers, Ti atoms can be assessed to
have deppsitéd in an amount Qf 3 x 1015 (2 atom layers)
X 0.8 =2.4 x 1015 atomS/cmz; Incidentally, an advance
calibration of measurement.data of XPS by those of ICP
makes it possible to improve the accuracy of XPS
measurements.

- After the application of the surface,ﬁreatment to
the tran?parent polymer film with the metal-containing
ﬁlasma and the subséquent formation of thé thin-film
silvgr lgyér on the treated surface, it is effective -
for the érotection-of the thin-film silver layer and
also for the improvement of the sliding propérty of the
film - to deposit a single metal such as chromium,

nickel, titanium, aluminum, molybdenum or tungsten or

an alloy such as Inconel, Incoloy, Monel, Hastelloy,

stainless steel or duralumin in thé form of a layer to
a thicknéss of 10 nm to 30 nm- on the thin-film silverl
layer.

The reflectance of the'reflecting film or reflec-
tor according to the present invention fabricated as
described above is prefefably 90% pr higher, more
preférab;y 92% or highé:,'still more preferably 94% or
higher. |

Inpidentally, the term "reflectance" as used
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herein means a value for light whose wavelength is
550 nm unless otherwise specifically indicated.

To investigate the degree of deterioration of
each‘:eflector subsequeht td its exposure to light, the
feflecting film is é#posed at an exposure intensity of
500 mW/c#z to artificial sunlight from which light of
390 nm and shorter in wavelength has been eliminated.
The ée:mj“artificial sunlight" means light having a
spectrum similar to outdoor sunlight on'a cloudless
day. De§cribed specifiCally, artificial sunlight is
obtained by combining a xenon lamp with an optical fil-
ter. To'eliminafe light components of 390 nm and
shorter in wavelength from the artificial sunlight, a
UV cut filter is used. By_elihinating light of 390 nm
and shorter in anelength and adjusting the.setting so
that the intensity of exposure to the UV-f:ee artifi-
cial sunlight bécame about 500 mW/cm? on a surface of a

sample, An accelerated photothermal deterioration test

.was éondpcted as will be described below. By conduct-

fihg an accelerated photothermal deterioration test un-

der such conditions,'it becomes possible to cause, iﬂ a
short timé, photodeterioration which occurs at an in-
terface petween;a transparent polymer film and a thin-
fiim silver layer and may pose problems in industry.

It should however be noted here that, althoﬁgh
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the light irradiated in the accelerated photothermal
deterioraticn test has been described to be artificiald
sunlight of the irradiation intensity of 500 mW/cm?
from which rays of 390 nm and shorter in wavelength
were eliminated artificial sunlight actually employed
in each accelerated photothermal deterloratlon test was
art1f1c1al sunllght of an irradiation 1nten51ty of

500 m.W'/cm2 from whlch ultraviolet rays had been cut off

by using a UV cut filter whose transmission limit wave-

_length was 390 nm. Accordingly, the reflecting film

according to the present invention is a reflecting film
which retains a reflectance of at least 90% at a
wavelength of 550 nm when the reflector is maintained
at the temperature of 100%:and is exposed at an ex-
posure intensity of 500 mW/cm2 to artificial surlight
from which ultraviolet rays have been cut off by using
a UV cut filter whose transmission limit wavelength is
390 nm. |

The term "transmission limit wavelength“ is often

expressed, for example,_in terms of a middle value be-

tween a wavelength Aa at which the transmission becomes
A% and another wavelength \g at which the transmission

becomes B% (for example, a middle value between a wave-
length at which the transmission becomes 72% and a |

wavelength at which the tranemission becomes 5%). As
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is known to those having ordinary skill in the art,

these values are different from the values of wave-

lengths which are actually eliminated. FIG. 10 il-

lustrates the spectrum of artificial suniight employed
in subséguent examples, which was obtained through a UV
cut filter whose transmission limit wavelength was

390 nm. In view of this spectrum, the irradiation

- light employed herein can be practically defined as

light without ultraviolet rays of 360 nm and shorter.
Examples of the UV cut filter whqse fransmission
limit wavelengfh is 390 nm include “"Sharp Cut Filter
#SCF-508739L“ (trade name; manﬁfactured by.Sigma_Koki'
K.K.; transmission limit wavelength: 390 nm; transmis-
sion at 360 nm wavelength: 1% max.) and "Sharp Cut Fil-
ter ﬁ-39“ (trade name: manuféctured by Tbshiba Kasei
Kogyo K.k.; transmission limit wavelength: 390 nm;
transmisgion at 360 nm wavelength: 1% max.).  They are
substantially the same in optical characteristics. |
Whichever UV cut filter wﬁs employed, substantially the -
same test results were obtained. |

The ébcelerated photothermal deterioration test

-was éondpcted by exposing each sample to the above

light while heating the sample at 100°C. Deterioration
is accelerated further by heating the sample at 100°C.

The heating of the sample was conducted by arranging a
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plate-shaped heater uﬁdefneath an aluminum plate, on
which thé sample was held, and controlling the tempera-
ture -of the héater while measuring it by a thermocouple
disposed in cibse'contact with the aluminum platé.'

| Thg reflector according to the presenf invention
has been formed by'fixing the above-mentioned reflector
of this invention on a base material, which typically
comp;iseg a metal sheet or polymer film, via ah ad-
hesive layer. The adhesive layer is compbsed of an ad-
hesive or bonding material. Examples of the adhesive
employed for the lamination with the metal sheet or
polymer film, which also include bonding materiais, in-
clude polyester-base adﬁesives, acrylic adhesives,
urethane-base adhesives, silicone-base adhesives,
epoxy-base adhesives and melamine-base.adhesives. It

is however borne in mind that the adhesive is not

_necessarily limited to the abové-exemplified ones. Any
"desired adhesive or bonding material can be used in-
.. sofar as it can provide practically-sufficient adhesion

strength. As the adhesion strength, it is sufficient

if a méagurement value of 180° peel strength is 100
gf/cm, with 500 gf/cm being preferred and 1,000 gf/cm

being more preferred. Unduly small adhesion strength

is nbt_pfeferred, because a problem like upward separa- _

'tion_of the transparent polymer film from the metal
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sheet or polymer film may occur when the reflecting
member ie bent as a reflecting device at a curvature of
radius of from 1 mm to 5 mm or so.

The thickness of the adhesive layer is.preferably
0.5 um to 50 um, more preferably 1 m to 20'pm, still
more preferably 2 ﬁm to 10 gm. An unduly large thick-

ness resﬁlts in a higher production cost in view of a

‘higher meteriai cost and is hence not preferred. On

the other hand, an unduly small thickness cannot pro-.
vide sufficient adhesion strength.

| As a coating method of the adhesive, bar coating,
Mayer bar coating; reverse coating, gravure coating,
die coating or the like can be mentioned. These coat-
ing methods are selectively used in view of the kind
and viscosity of the adhesive to be used, the coat
weight, the coating epeed, the surface conditions to be
obtained, etc. |

' The reflector according to the preSent invention

may be provided with a transparent protective layer on

one side of the transparent polymer film, said one side

being other than the surface on which the thin-film
silver leyer is arranged. By such a protective layer,
effects of external environmental factors to the sur-
face har?ness, light resistance, gas resistance, water-

proofness and the like of the reflector can be reduced
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further. Illustrative materials usable for the forma-
tion of such protective iayers include organic
materials, e.qg., acrylid resins such as polymethyl
methacryiate, bblyacfylonitrile resin, polymethacrylo-
nitrile resin, silicone resins such as polymers avail-
able froﬁ ethyi silicate, polyester resins, fluorine
resins; and inorganic materials such as silicon oxide,
zinc oxide and titanium.oxide, Lamination of a pro-
tective ;ayer which ¢an prevent and limit the transmis-

sion .of light having wavelengths of 400 nm and shorter,

preferably, of 380 nm and shorter, desirably, to 10% or

less is preferred from the standpoint of prevention of
photodétgrio:ation (ultravioiet deterioréfion) of the
silver lgyer.

As a method fof the formation of the transparent
protéctiye layer, a conventional_mefhod such as coating
or lamination of a film can be mentioned. The trans-

parent protective film is required to have such a

“thickness that it exhibits protecting effects without
.ilowering the light-reflecting ébility and impairing the

.flexibility. The thickness can vary depending on the

material of the protective film and/or the application

 purpose.

Examples of the metal sheet employed as a base

material include.an'aluminum sheet, aluminum alloy
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sheets, a brass sheet, a.Stainless steel éheet, and a
steel sheet. The base material is not necessarily
.limiéed to them, and a desired base material can be
selected depending on the aéplication purpose of the
reflector. For example, aluminum is 1ight in weight
and excellent in workability and owing to its high '

thermal conductivity, can effectively'dissipate into

- the atmogpheré heat applied to the reflector when

employed as a base material. Aluminum can therefore be
.suitabiy employed in reflectors which are used in back-
lights of liquid crystal displays (LCDs) for portable
personal computers and the like. .An aluminum alloy is
light in weight ahd high in mechanical strength, so
that'it can be suitably used'iﬁ reflectors which also
serve as structural members. Stainless steel has high

mechanical strength and excellent corrosion résistance,

" so that it can be suitably emplbyed'in reflectors for

outdoor use and also for applications where a reduction

in the thickness of a material is needed. Brass, that

;fé} a copper—zinc alloy has high mechanical strength

and on top of this advantage, features easy soldering,

. so that it is suitably used in reflectors which require

electricgl grounding. A steel sheet has a low.price,'
so that it is“suitably employéd for applications where

the manufacturing costs have priority, for example, in
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- reflectors for fluorescent lamps and the iike.

Regarding the thickness of the metal sheet as the
base material, a smaller thickness is preferred from
the viewpoints of a reduction in production cost and

readiness in bending. On the other hand, from the

viewpoints of handling ease and shape retainability

upon lamination with a thin-film silver layer or the

like, a larger thickness is better. The preferred

thicknes? of the metal sheet ranges from 0.05 mm to §
mm, with 0.1 am to 1 mm being more preferred and 0.2 mm
to 0.8 mm being still more preferred.

Examples of the polymer film_employed as the base

‘material include films which are made of homopolymers

or copolymers such as_polypfopylene, polyéthylene
terephth?late (PET), polyethylene naphthalate (PEN) ,
polybutylene térephthalate (PBT), acrylic resins,
methacrylic resins, polyethersulfones (PESs),

polyethe;etherketones (PEEKs), polyacrylates,

“polyetherimides and polyimides. Particularly preferred

is a polyethylene terephthalate film. When this

| polymer film is positioned as an outermost layer when

constructed as a refledting member, a white polymer

film is preferred from the standpoint of an external

appearance.

Regarding the thickness of the polymer film as
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the base material, a smaller thickness is preferred
from the viewpoints of a reduction in prqductioﬂ cost
and readiness in bending. On the other hand, from the
viewpoints of.handling ease and shape retainability
upon 1amination with a thin-film silver_layef or the
like, a 1arger-thickhess is better. The_prefefred
thickness of ﬁhe pdlymer film ranges from 5 um to 500
pm, with:10 pm to 200 pym being ﬁore preferred and 15 unm
to 100 um being'still moré'preferred.'

| As the thin-film silvér iayef contains defects
such as pinholes, light may transmit therethrough al-
though the transmission is very limited. When a
polymer film is employed as a base material, a metal
layef and a light-shielding layer are used to block

such ligpt.' To prevent reflection of light,which has

. entered the reflector from the side of the base

material, a light-shielding layer can also be employed.
For the metal léYer, Al, Cr or the like is uéed; As
the light-shielding layer, a white coating formulation
containing a white pigment dispersed in a resin can be
uséd; E?amples-of the white pigment include alumina,
titania (titanium ﬁhite), lead oxide (lead white), zinc
oxide (zinc white), calcium carbonate, barium car-
bonate, parium sulfate, potassium titanate, and sodium

silicate. Examples of the resin as a disﬁersion medium
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for the pigment include acrylic resins; polyesﬁer
resins and urethane resins or the like.

A description will hereinafter be made of certain
represéntative evaluétion methods for the constructions

and compositions of reflecting films and reflectors as

products of the present invention. The thickness of

each of a thin-film silver layer, an adhesive layer and
a base mgterial can be diréctly measured by observing
its crosg-section.through a transmission electron mi-
éfoséopé (TEM) . An_analysis of the-material of a
polymer film can be conducted by performing an infrared
(IR)'spéptrometric anélysis.' Further, an analysis of
the material of an adhesive can be conducted by peeling
off the thin-film silver layer and the base material to
expose the adhesive, dissolving the adhesive in an ap4
proptiatg solvent to prepare a sample, and then per-
forming an infrared'(IR) spectrometric analysis of the

sample. Analyses of the materials of the thin-film

silver layer and the base material can be conducted by

X-ray fluorescence spectrometry (XRF). 1In addition; an
electron probe micrbanalyzer (EPMA) can.perform an
elemental analysis of a smaller area than X-ray fluo-
rescence spectrometry (XRF). .If the thin-film silver

layer is exposed by peeling off the polymer film with

lthe thinffiim'silver layer formed thereon from the ad-
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hesive layer, the composition of the thin-film silver
layer can be analyzed by Auger electron spectroscopy |
(AES) and its thickness can also be known by determih-
ing its depth profile.

There are various methods for the measurement of
a reflectance. "In the examples to be described sub-
sequently herein,-reflectances were measured by'prcvid-
ing a spectrophotometer with an integrating sphere.
Further, the light transmittance of a transparent
polymer film or the like can be measured, for example,
by proviging a HITACHI automated self-recording
spectrophotometer (model: U-3400) with a film holder
(model: é10-2112) and holding the transparentlpolymer
film as a sample on the film holder.

The present-invention will hereinafter be des-
cr1ed based on the follow1ng examples.

Each accelerated photothermal deterioration test

was conducted by using, at an exposure intensity of

500 mW/cm2, artificial sunlight from which light of
:390 nm and shorter in wavelength had been eliminated.

'Further, each reflector was heated at 100°C. As a

light source, a solar simulator (model: ¥SS-505H;
manufactured by Yamashita Denso K.K.) was used. In ad-
dition, a,"sharp cut Filter L-39" (trade name; manufac-

tured by Toshiba Kasei Kogyo K.K.) was used to
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eliminate light of 390 pm and shorter in wavelength.

_ ' Thé reflectance of each reflector was'measufed by
providiné the HITACHI automated self-recording Spectro-
photometér (model: U-3400) with an integrating sphere
whose digmeter wés 150 mm. As a reference, a standard
white plgte'made of aluminum oxide was used.

The light transmittance of each transparent
polymer film was measured by providing the HITACHI
automated self-recording spectrophotometer (model: U-
3400) wi£h the film holder (model: 210-2112) and hold-
ing the transparent polymer film as a sample on the
film holder. | |
Example 1 |

Argon of 99.5% purity was introduced as a dis;
charge gas to 2 x 10™3 Torr in a vacuum vessel, fol-

lowed by the production of a plasma by a DC glow dis-

- charge. At that time, titanium was used as a negative
electrode so that a plasma atmosphere contéining
Ttitanium was produced. ‘' Using the titanium-containing

_1ﬁ1asma, a transparent polymer film [polyethylene

terephthglate-(PET) film, product of Teijin Limited;

"Tetron Film Typé HB3" (trade name}: thickness: 25 um;
light tr?nsmittance: 87.3%] was,shbjected'at one side'
theredf-p§ surface treathent'so that titanium was al-

lowed to deposit in an amount of 5 x 1014 atoms/cm? on
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the surface of the film. Using silver of 99.9% purity

as a material to be vaporized, silver was then caused

to deposit to a thickness of 150 nm on the plasma-
treated .surface by vacuum evaporation. The reflectance
(namely, initiallreflectance) of the sample so 6btained
was measp:ed from the side of the trahsparent'polymér
film. The reflectance was found to be 95.5%. After an
accelerated photothermal deterioration test was con-
ducted for 300 hours, the reflectance was measured |

again. The reflectance was found to be 91.5%.

: Exémple_z

A sample was produced in a similar manner to Ex-
amplé 1 except that the tfeatment was conducted to
deposit fitanium in an amount of 5 x 1015/cm? on the
surféce. The reflectance of the sample so obtaihed was
measured from the side of the transparent polymer film.
The reflgctahce was:found to be 95.4%. After an ac- |

celerate§ photothermal deterioration test was conducted

-for 300 hours, the reflectance was measured again. The

'reflectapce was found to be 94.7%.

»

Example 3

A sample was produced in a similar manner to Ex-

ample 1 except that the treatment was conducted to
deposit titanium in an amount of 1 x 1016/cm? on the

surface. The reflectance of the sample so obtained was
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measured from the side of the transparent polymer film.
The reflectance was found to be 91.1%. After an ac-
celerated photothermal deterioration test was conducted

for 300 hours, the reflectance Was_measured again. The

refléctance was found to be 91.0%.

Example 4

Argon of 99.5% purity was introduced as a dis-

charge gés to 2 x 10”3 Torr in a vacuum vessel, fol-

lowed by'the production of a plasma by a DC glow dis-
charge. At that time, titanium was used as a negative
electrode so thét a plaéma atmosphere containing
titanium was produced. Using the titanium-containing |
plasma, a transparent polymer film (a PET film, product

of Teijin Limited; "Tetron Film Type HB3", trade name;

thickness: 25 pm; light transmittance: 87.3%) was sub-

Jected at one side thereof to surface treatment so that
titanium wés-allowed tb deposit in an amount of 5 x
1015 atops/cmz_on the surface of the film. Uéing sil-
ver of 99.9% purity as.a target and argon of 99.5%
purity as a sputtering gas, silver was then caused to

deposit to a thickness of 150 nm on the plasma-treated

surface by DC magnetfon sputtering.' The reflectance -

(namely, initial reflectance) of the sample so obtained

was measured from the side of the transparent polymer

film. The reflectance was found to be 95.6%. After an
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accelérated photothermal deterioration test was con-
ductéd fpf 300,hours,.the reflectance was.meésured
aéain. ihe reflectance was found to be 95.4%.
Example 5

A sample was produced in a similar manner to Ex-
ample 4 éxcept that as thé transparent polymer film (a

PET film, product of Toyobo Co., Ltd., "Type A4100",

~trade name; thickneés: 25 um; light transmittance:

87.6%) was used. The reflectance of the sample so ob-
tained was meaéured from the side of the transparent
polymer film. The reflectance was found to be 96.0%.
After an accelerated phbtothermal deteriération'teét

was conducted for 300 hours, the reflectance was

measured again. The reflectance was found to be 96.0%.

Example 6
A sample was produced in a similar manner to Ex-

ample 5 except that vanadium of 99.9% purity was used

instead pf the tltanlum._ The reflectance of the sample
8o obtalned was measured from the side of the transpar-

1ent polymer film. The reflectance was found to be

94.7%. After an accelerated photothermal deterioratién
test was conducted for 300 hours, the reflectance was
measured again. The reflectange ﬁas found to be 94.3%.
Example 7

A pample was produced in a similar manner to Ex-
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ample 5 except that chromium of 99.9% purity was used
inétead of the titanium. The reflectance of the sample
so obtained was measured from the.side_of the transpar-
ent polymer film. The reflectance was found to be
95.7%. After an accelerated photothermal deterioraticn
test Was.conducted for 300 hours, the reflectance was
measured again. The reflectance was found to be 91.6%.
Example 8 _

A sample was produced in a similar manner to Ex-
ample 5 gxcept that coéper of 99.99% purity was used
instead of the titanium. The reflectance ofithe sample
so oﬁtained was.measured ffom the side of the transpar-
ent polymer film. The reflectance was found to be
95.2%. After an acceleraﬁed phétothermal deterioration
test was conducted for 300 hours, the feflectance was
measured again. The reflectance was found to be 95.0%.
Example ?

A sample was produced in a similar manner to Ex-

Sampie 5 except that zinc of 99.9% purity was used in-

stead of the titanium. The reflectance of the sample

so obtained was meaéured from the side of the transpar—
ent polymer film. The reflectance was foﬁnd'to be
95;03. After an accelerated photothermal deterioration
test was conducted for 300 hours, the reflectahce was

measured again. The reflectance was found to be 94.7%.
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Example 10

A sample was produced in a similar manner to Ex-
ample 5 éxcept ﬁhat fungsten of 99.9% purity was used._
instead of the titanium. The reflectance of the sample
so oﬁtaiped was measured from the side of the transpar-
ent polymer film. The reflectance was found to be
95.5%. After an accelerated photothermal deteribratioh
test was conducted for 300 hours, the reflectance was'
measured.again. The reflectance was fouhd to be 95.4%.
Comparative Example 1 |

Using silver of 99.9% purity as a material to be
vaporizeﬁ, silver was caused to déposit_to a thickness
of 150 nm by vacuum evaporation on a transparent

polymer film (a PETIfilm, product of Teijin Limited;

 "Tetron Film Type HB3", trade name; thickness: 25 um;

light trpnsmittance: 87;3%). The reflectance of the
sample so obtained was measured from the side of the

transpargnt polymer film. The reflectance was found to

-pe 96.0%. The initial reflectance.wés hence 96.0%,

" that is, sufficient. However, after an accelerated

photothermal deterioration tést was conducted for 300
hours, tpe reflectance was found to be as low as 51.2%.
The sample was theréfore no longer sﬁited.aé-a réflec—
tor. | |

Comparative Example 2 .
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Using silver of 99.9% purity as a target and
argon of 99.5% purity as a sputtering gas,.éilver was
caused to deposit to a thickness of 150 nm by DC mag-
netron sputtering on a transparent polymer filﬁ (a PET
film, prbduct of Toyobo Co;, Ltd.:; "Type A4100", trade
name; thickness: 25 um; light transmittancei 87.6%).

The reflectance of the sample so obtained was measured

- from .the side of the transparent polymer film. The

reflectance ﬁas found to be 96.1%. After an ac-
celerateg photothermal deterioration'tést was conducted
for 300 hours, the reflectance was measured again. The
reflectance was found to be 60.2%. Although the ini-
tial refiectance was as high as 96.1%, that is, suffi-
cient, the reflecfance after the'accelerated
photothermal deterioration test was as low as 60.2%.
The sample was therefore no longer suited as a reflec-
tor. |

Comparative Example 3

;-A sample was produced in a similar manner to Ex-

ample 1 except that the treatment was conducted to

deposit titanium in an amount of 5 x 1016/c.:m'2 on the
surface. The reflectance of the sample so obtained ﬁas
measured from the side of the transparent polymer film.
The reflgctance,was found to be 82.9%. The initial

reflectance was so low that the sample was not suited
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as a.reflector.'
Comparative Example 4

A sample was produced in a similar manner to Ex-
ample Sngcept that magnesium of 99.9% purity was used
instead pf the titanium. The reflectance of the sample
so obtained was measured from the side of the transpar-
ent polyper_film. The reflectance was found to be
95.8%. After an accelerated photothermal deterioraﬁioh

test was conducted for 300 hours, the reflectance was

'measured again. The reflectance was found to be 31.2%.

- Although the initial reflectance was as high as 95.8%,

that.is, sufficient, the reflectance after the ac-
celerated photothermal deterioration test was as low as
31.2%. The sample was therefore no 1onger_suited as a

reflector.

Comparative Example 5

A sample was produced in a similar manner to Ex-
ample 5 exceﬁt thet aluminum of 99.9% purity was used
instead Pf the titanium. The reflectance of the sample
so obtaiped was measured from the eide of the transpar- |
ent polyper film. The reflectance was found to be
96.2%. After an accelerated photoﬁhermal deterioration
test ‘was conducted for 300 hours, the reflectance was
measured again. .The reflectance was found to be 24.9%.

Although the initial reflectance was as high as 96.2%,
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that is, sufficient, the reflectance after the ac-
celerateg photothermal deterioration test was as low as
24;9%. rhe_sample.was therefore no'longer suited as a
refle'ct.o;r. |
Comparative Example 6

A sample was produced in a similar manner to Ex-
ample 5 except that silicon of 99,9% purity was used
ihstead of the titanium. The reflectance of the sample
so obtained was measured from the side of the trahspar-
ent polymer film. The reflectance was found to be
96.2%. After an accelerated photothermal deterioratiqn
test was édnducted for 300 hours, the reflectance was
measured again. The_reflectance was.found to be 29.2%.
Although the initiallreflectance waé as.high as 96.2%,
that is, sufficient, the reflectance after the ac-

celerated photothermal deterioration test was as low as

'29.2%. The sample was therefore nd lbnger suited as a

‘reflector.

The results of the above examples and comparative

-@Xamples are summarized in the following table:



Table

Metal uged in Amount of | L ..., Reflectance after
plasma surface | deposited metal reflectance | accelerated photothermal
treatment (atoms/cmz) ' deterioration test
Ex. 1 Ti 5 x 1014 95.5% 91.5%
Ex. 2 i . 5.x 1013 95..4% 94.7%
Ex. 3 Ti 1 x 1016 91.1% 91.0%
Ex. 4 Ti 5 x 1015 ' 95.6% - 95.4%
Ex. 5 Ti 5 x 1015 96.0% 96.0%
EX. 6 v 5 x 1015 94.7% 94.3%
Ex. 7 Cr 5 x 1015 95.7% 91.6%
Ex. 8 cu 5 x 1015 95.2% 95.0%
Ex. 9 Zn 5 x 1015 95.0% 94.7%
Ex. 10 W 5 x 1015 95.5% 95.4%
Comp. Ex.1 None - 96.0% 51.2%
Comp. Ex.2 None .- 96.1% 60.2%
Comp. Ex.3 Ti 5 x 1016 82.9% -
Comp. Ex.4 Mg 5 x 1015 95.8% 31.2%
Comp. Ex.5 al 5 x 1015 96.2% 24.9%
comp. Ex.6 si 5.x 1015 96.2% 29.2%

_67_
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From the above results, it is understood that the
treatment'of a surface of a transpareht polymer film by
a pldsma containing Ti, V; Cr, Cu, Zn or W can sﬁbpress
a reduction in refiectance due to photothermal deterio-
ration and can maintain a reflectance of 90% or higher
even aftér an acceleréted photothermal deterioration
test is conducted for 300 hours. With respect to the |
samples obtained in Examples 5 to 10 and Comparative
Ekampie 2, variations in reflectance were investigated

along the passage of time in their accelerated

-photdthermal deterioration tests. The results are’

shown in FIG. 11, in which élapsed test time is plotted
along ﬁhg abécisSa while réflectance is plbtted along
the ordinate. It is appreciated form the diagram that,
as a metal for use in'the.surface treatment with a
metal-containing plasma, W and Ti are the best and are

followed by Cu,'V, Zn and Cr.
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WHAT IS CLAIMED IS:

1. A reflecting film having at least a transpar-
ent polymer film and.a thin silver layer applied on
said transparent polymerlfilm to reflect light entered

from a side of said transparent polymer film, wherein

said reflector retains a reflectance of at least 90% to

visible light even after said reflector is exposed for

300 hours at a reflector temperature of 100°C and an

exposure intensity of 500 mW/cm? to artificial sunlight
from which light of 390 nm and shorter in wavelength
has been eliminated.

2. A reflecting film according to claim 1,

 wherein the reflectance to visible light is a whole

light reflectance to light having a wavelength of 550
nm. | |

3. A reflecting film adcording to claim 1,
wherein said transparent polymer.film is a polyethylene
terephthalate f£ilm. |

4. A reflecting film éccording to claim 1,
wherein said transparent polymer Film is subjécted on
one side thereof to surface treatment with a metal-
containing plasma to provide a treated surface and said
thin Silverllayer is then formed on said treated sur-
face. |

5. A reflecting film according to claim 4,

T
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wherein an amount of metal atoms deposiﬁed per unit
area on said treated surface of said transparent
polymer film by said surface treatment ranges froﬁ 4 x
1014 atoms/cmz_to 2 x 1016 atoms/cmz.

6. A feflecting film according to claim 4,
wherein.an.amount of metal atoms déposited per unit
area on said freated surface of said transparent
polymer film by said surface treatment ranges from
1 x 1015 atoms/cm? to 8 x 1015 atoms/cm2.
| " 7.. A reflecting film according to claim 4,
wherein said metal is a metal selected from titanium,
vanadium; chromium, copper, zinc or tungsten.

8. A refiecting,film according to claim 5,
whereinigaid metal is a metal selected fromltitanium,
vanadium, chromium, copper, zinc ér tungsﬁen. |

9. A reflecting film according to ciaim 7,
wherein said metal is titaniﬁm or tungsten.

10. A refleéting film according to claim 8,
wherein said metal is titanium or tungsten.

11. A réflecting fiim écco:ding to claim 1 or 4,
wherein said transparént pblymer film has a light
transmittance of 10% or 1owe? to light having
wavelengths of 300 nm and higher and 380 nm and lower.

12. A reflector comprising a base material and a.

reflecting film according to claim 1 or 4 applied via

* ¢ L M s %
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an adhesive layer on said base material with said thin
silver layer of said reflecting film being arranged op-
posite séid adhesive layer. |

13. A reflector according'to claim 12,.wherein
éaid'basp méterial is a metal sheet or a polymer film.

14. A reflecﬁor accbrding to claim 12, wherein
said base material is a base material selected from an
aluminum sheet, a brass sheet, a stainless steel sheet
orla ste?l sheet.

15. A reflector comprising a reflecting film ac-
cording to'ciaim 1 or 4, an adhesive layer, a polymer |
film and a 1ight—shie1ding layer stacked one over an-
other in this order with said thin silver layer of said
reflector being arranged opposite said adhesive layer.

i6. A reflgctor.comprising a reflecting film ac-
cordiﬁg to claim 1 or 4, an adhesive léyer, a metal
layer, a polymer film and a light-shielding layer |
stacked one over another in this order with said thin
silﬁer layer of said reflector being arranged opposite
said adhesive layer. |

17. A reflector comprising a reflecting fiim ac-
cording to claim 1 or 4, an adhesive layer, a polymer
film, a metal layer and a lith-shielding layer stacked
one over another in this order with said thin silver

layer of said reflecting film being arranged opposite

o S - T :
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said adhesive layer.

18. A reflector according to claim 12, wherein
said transparent polymer film has a light transmittance
of 10% or lower to light having wavelengths of 300 nm

and higher and 380 nm and lower.
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