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REl'LBC~:J:BG l':ILM AlfD REl'LEC'l'OR MAIC:IBG USE 01' THE SAME 

BACKGROUND OF THE INVENTION 

a) Field of the Invention 

This invention relates to a reflecting film 

formed by applying high-reflectance silver as a 

reflectipg ~ayer on a transparent polymer film, and 

also to a reflector making use of the reflecting film.· 

b) Description of the Related Art 

Reflecting films and reflectors, which reflect 

incident light, are used in a variety of applications 

such as lamp houses for use as 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 plat~s for use in combination with photographic 

strobes, and mirrors of makeup compacts. In fields 

where a ~mall thickness and light weight are required 
' 

_or workapility into a desired shape is needed, reflec-
·'"J.. • 

:"'1" 

20 tors of the construction that a metal layer is arranged 

as a reflecting layer on a transparent polymer film and 

light is allowed to enter from a side of the transpar­

ent film are widely employed. 

Silver has a high reflectance to light in both 

25 the visiple range and the infrared range, and its elec-

'·' 

··;.-~.., .. 
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trical aµd thermal conductivities are the highest among 

metals. Silver therefore attracts attention as a 

visible-light -reflecting material, heat reflecting 

material and electric wiring material. Although silver 

5 is gener~lly free from oxidation in the atmosphere, it 

reacts with sulfur dioxide gas and sulfur in the atmo­

sphere sp t~at black silver sulfide is formed. Fur­

ther, it also reacts with ozone to form black silver 

10 

oxide (Ago) • . . 

As a method for preventing the conversion of sil­

ver into the sulfide form in the atmosphere, it is 

known to form silver into an alloy. for example, for 

electric~! contacts, silver containing 3-40 wt.% of cu, 

Cd-contain~ng silver and silver containing 10 wt.% of 

15 Au are e~~loyed. For dental purpose, silver containing 

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

ornament~tion purposes, silver containing s-20 wt.% of 

cu is. us~d. Performance of silver in actual use is 

.well-kno~ to those skilled in the art. Darely in-

20 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 
I 

(1982), "Kikinzo~u No Jissai Chishiki (Practical Knowl­

edge ·on Jtoble.Metals)", 72-153, The Toyo Keizai Shin-

25 ·posha Lt~., Tokyo, Japan. 

.. ' 
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. As another method for preventing the conversion 

of silve~ 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 

5 sulf~de layer, an alloy layer, a primer resin layer, a 

protectiye resin layer or the like. For example, Japa­

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

in which subsequent to formation of silver as a film on 

glass, ap alloy layer composed of cu and Sn is applied, 

10 followed by application of a resin layer, whereby sil-

ver is p~evented from corrosion and enhanced scratch 

resistan~e is imparted. The present inventors also 

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

that a tpin-film silver· layer can be protected from 

15 deterior~tion by light, heat, gas. and/or the like by 

arrangin~ metal layers of aluminum, titanium or the 

like on poth sides of the thin-film silver layer. 

In recent years, high-reflectance reflectors 

making u~e of silver as reflecting layers have been in-

20 creasingly employed in products led by lamp reflectors 
' 

of backlight sources for liquid crystal· displays and 

includin~ reflectors of fluorescent lamps. These 

reflectiµg members are so-called reflecting plates 

(silver-pased reflecting plates) having a layer con-

25 structioµ of PET (polyethylene terephthalate)/thin-film 
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silver l~yer/a~hesive layer/aluminum plate or so-called 

reflectipg sheets (silver-based reflecting sheets) hav­

ing a larer construction of PET/thin-film silver layer/ 

adhesive layer/thin-film aluminum layer/PET/light-

5 shieiding layer. In these reflectors, the covering of 

silver with PET, a transparent polymer film, and an ad­

hesive laye~ has succeeded in protecting silver from 

its conv~rsion into the sulfide form and oxidation upon 
i 

exposure to the atmosphere, said conversion and oxida-

10 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 

15 

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 

i 

of the sµlfide or the like was observed and their 

reflectapces were not reduced. When some other samples 

of these· silver-based reflecting plates. and silver--
__,: 

20 l>ased reflecting sheets were left over for 1,000 hours 

in an ai~-conditioned chamber controlled at 60°C and 

85% RH (~elative humidity), neither discoloration nor 

reductiop in re~lection was observed either. 

In addition, the present inventors also conducted 

25 an ultrayiolet (UV) ra~ ~xposure test on further 
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samples of the above-mentioned silver-based reflecting 
! 

plates aJtd silver-based reflecting sheets under a "QUV 

Testing ~quipment" (trade name) manufactured by Q-PANEL 

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

5 were foupd to be discolored into a purplish red color. 

This colpr is apparently different from any 

conventionally-known color formed by the conversion of ! • 

silver into the sulfide form or by oxidation, such as · 

black, y~llowish brown or yellow color, and is also 

10 diff e~ent from a color produced through yellowing as a 

result of deterioration of the PET film itself under 

ultr~violet rays. The present inventors therefore de­

cided to call a· reduction in the reflectance of a thin­

film silyer, which takes place under exposure to light 

15 (ultraviolet rays), 11photodeterioration11 • With a view 

to avoid~ng thi~ photodeterioration, the present in­

ventors ~isclosed in Japanese Patent Laid-Open No. 

162227/1~93 a reflector improved in the durability 

•9ainst light (ultraviolet rays), heat and the like 
" 

20 without ~ny substantial reduction in the reflectance to 

visible light. This reflector is obtained by applying 

a thin film of a silver-containing m~tal on one side of 

a flexible subs~rate having a transmittance of 10% or 

lower fo~ light ranging from 300 nm to 380 nm in 

25 wavelength. 
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Th~ present inventors proceeded with a further 

investig~tion about UV deterioration of reflectors each 

of which had a stacked structure of transparent polymer 

film/silrer. As a result, it was surprisingly found 
. ... 

5 that, ev~n when exposed to visible light from which 

ultravio~et 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 

10 was founp to proceeq·very fast at high temperatures al­

though i~ proceeded very slowly at room temperature. 

Accordingly, this deterioration will hereinafter be 

called "photothermal deterioration". 

15 

FIG. 1 is a transmission electron micrograph 

(cross-s~ctional TEM picture) of a cross-section of a I . 

sample wpich underwent photothermal deterioration. The 
; 

sample is a reflecting film of the construction that a 
i 

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

.:Jected tp an accelerated deterioration test· (ac-
., : 

20 celerate~ photothermal deterior~tion test) for 300 

hours at· an exposure intensity of 500 mW/cm2 and a 

sample temperature of 100°c. The thin-film silver 
I 

layer is observed to have partially separated from the 

PET. Fu~er, particles of several tens nanometers in 

25 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 analy~is of these particles by electron probe micro­

analyzer (EPMA), they were found to be silver. In-

5 cidental~y, a large void which is seen on a right-hand 

side in the picture is a void which is contained in a 

resin used for the fixing of the sample. 
! . 

Acpording to the above findings of the present · 

inventor~, characteristics of photothermal deteriora-

10 tion can be summarized as follows: (1) photothermal 

deterior~tion is a deteriorative phenomenon specific to 

an interface between a polymer film and a thin-film 

silver l~yer; (2) an analysis of a photothermally­

deterior~ted portion by EPMA does not detect any of 

15 sulfur, ~hlorine and oxygen which are all detected in 

conventipnal deterioration of silver; and (3) no 

deterioration is observed in the thin-film silver layer 

20 

at any pprtion thereof other than the interface between 

,the ~oll1'1er film and the thin-film silver layer. 

SUMMARY OF THE INVENTION 

An object of the present invention is to prevent 

discolor~tion of a reflector by photothermal deteriora­

tion found by the present inventors. More specifical-

25 ly, it i~ an object of the present invention to provide 
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a reflectinq film which can avoid discoloration at its 

reflecti~g surface, said discoloration being clearly 

observed when exposed to liqht at hiqh temperatures, 

and which can hence retain a reflectance of 90% or 

5 hiqher eyen after exposed to light. 

Another object of the present invention is to 

provide ~ reflector which can avoid discoloration at . . 

its reflectinq surface, said discoloration beinq ciear-

ly observed when exposed to liqht at high temperatures, 

10 and which can hence retain a reflectance of 90% or 

hiqher even after exposed to liqht. 

With a view to resolvinq such problems, the pres­

ent inve~tors have proceeded with extensive research. 

As a resµlt, it has been found that by application of a 

15 surface treatment with a metal-containinq plasma to one 

side of a transparent polymer film and subsequent 

formatio~ of a thin-film silver layer on the thus-. 

treated ~urface make it possible to prevent discolora­

tion; which would otherwise occur at an interface be-

20 tween th~ transparent polymer film and the thin-film 

silver l~yer, and also to realize a reflector havinq a 

reflecta~ce of 90% 9r hiqher even after a 300-hour ac­

celerate~ photo~ermal deterioration-test. The above 

f indinq µas led to the completion of the present inven-

25 tion. 
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The former object of the present invention can 
! 

therefor$ achieved by a reflectinq film havinq at least 

a transp~rent polymer film and a thin-film silver layer 

applied pn said transparent polymer film to reflect 

5 liqht en~ered from .a side of said transparent polymer 

film, wh~rein said reflectinq film retains a reflec­

tance of at .least 90% to visible light even after said 

reflectipq film is exposed for 300 hours at a reflector 

temperature of 100°c and an exposure intensity of 

10 500 mW/9112 to artificial sunliqht from light of 390 nm 

and ~hor~er in wavelenqth has been elimin.ated. 

Fu;rther, the latter.object of the present inven­

tion can be achieved by a reflector comprisinq a base 

material and the above ref lectinq film applied via an 

15 adhe~ive layer on said base material with said thin 

silver l~yer of said reflecting film beinq arranqed op­

posite s~id adhesive layer. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

· Fip. 1 is a transmission electron microqraph of a . 
cross-section of a photothermally-deteriorated reflect-

inq film: 

FIF·· 2 is a cross-sectional view showinq the con­

structio~ of a reflectinq film accordinq to a pref erred 

25 embodimept_of the present invention: 
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FIGS. 3, 4, 5, 6 and 7 are cross-sectional views 
I 

which inpividually show the constructions of reflectors 

accordin~ to pref erred embodiments of the present in-

vention; 

FIG. 8 is an AFM (Atomic Force Microscope) pie-
' 

ture ill~strating the nanostructure of a surface of a 

transparent polymer film not subjected to any.plasma 
I . 

treatment; 

FI~. 9 is an AFM picture showing the nanostruc-

10 ture of a surface of a transparent polymer film sub­

jected to surface treatment with a metal-containing 

plasma; 

FI~. 10 is a graph showing a spectrum of artifi­

cial sun~ight obtained through a UV cut filter whose 

15 transmis~ion limit wavelength was 390 nm; and 

20 

r 

FI~. 11 is a graph illustrating one example of a 

relation~hip between the time of exposure of a reflect­

ing film to light and the reflectance of the reflector. 

DETAI~D DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Among reflecting films according to the present 
• 

invention, one having the simplest construction is 
' 

shown in FIG. ·2 •. The ·reflecting film in FIG. 2 is 

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

25 silver l~yer 30 applied thereon. Of surfaces of the 
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transparf!nt polymer film 10, the surface which forms an 

interfacte with the thin-film silver layer 30 has been 

subjected in advance to surface treatment with a metal­

containipg plasma so that the surf ace has been con-

5 verted to a treated surface 20. Subsequent to the 
I 

formation of the treated surface 20, the thin-film sil-

ver laye~ 30 is deposited on the transparent polymer 

film 10. 

Thf! term_"reflector" or "reflecting film" as used 

10 herein m~ans an object which returns light, said light 

having entered it from a medium such as the atmosphere, 

·back intp the same medium, specifically, an object 
I 

which returns 90% or more of light in the visible range 

back· into the same medium. In the pre.sent invention, 

15 the term "reflector" or "reflecting film" more 

20 

preferably 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 
.. 

acC?Ording to the present invention will be described in 
..... -'i' 

·,. 
Most of light 90 which has entered from a side 
i 

of the t~ansparent polymer film 10 passes through the 

tran~parFnt 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 

25 the treated surface 20 and the transparent polymer film 



- 12 -

10 and tp.en returns back to the same medium. 

Use of reflecting films of the above-mentioned ; 

construction makes it possible to construct various 

reflecto;rs which are suited for a wide variety of ap-

5 plicatiops. 

The reflector which is depicted in FIG. 3 has the 
I 

construction that the reflecting film shown in FIG. 2 

and a metal sheet 50 are laminated together via an ad­

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

10 contiquops relation with the adhesive layer 40. This 

reflecto;r can be fabricated, for example, by applying 

surf ace treatment to one side of the transparent 

polymer film 10 with a metal-containing plasma to form 

a treatep surface 20, depositing the thin-film silver 

15 layer 30 on the treated surface 20, coating the ad­

hesive layer 40 on a $Urface of the thin-film silve~ 
I 

layer 30 and then bonding the adhesive layer 40 and the 

metal sh~et 50 together. In general, the lamination of 

the adhe~ive layer and the metal sheet is conducted in 

20 continua~ion with the coating of the adhesive. As an 

alternative, it is also possible to separately perform 

the coating step of the a.dhesive and the bonding step 

to the m~tal sh~et. For example, when a thermoplastic 

polyeste;r-base adhesive is used as an adhesive, the 

25 bonding can be performed at any desired time by causing 
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the coated adhesive to fuse with a heated roller. I 

Th!! reflector which is illustrated in FIG. 4 has 

the construction that the reflectinq film shown in FIG. 

2 and anpther polymer film 60 are laminated toqether . 
5 via an a~esive layer 40. The thin-film silver layer 

30 is in a contiguous relation with the adhesive layer 

40. ·Thi~ r~flector is similar to the reflector of FIG. 

3 except for the replac~ent of the metal sheet by the 

polymer ~ilm 60. It .can be fabricated in a similar 

10 manner as the reflector of FIG. 3. 
I 

The reflector which is shown in FIG. 5 addi-

tionally includes a liqht-shieldinq layer 70 laminated 

further on the reflector of FIG. 4. The liqht­

shieiding layer 70 can be formed, for example, by coat-

15 inq. 

20 

Th~ reflector which is shown in FIG. 6 has the 

construction that a metal layer 80 is arranqed between 

the adhesive layer 40 and the polymer film 60 in the ! 

reflecto~ depicted in FIG. 5. This reflector can be 

fabricated by depositinq beforehand the metal layer 80 . ! 

on the pplymer film 60 in accordance with vacuum 

evaporation or·the like, arranqinq the polymer film 60 

with tne metal l_ayer 80 located opposite the adhesive 

layer 40, bondinq the reflector to the polymer film 60 

25 via the ~dhesive layer 40, and then forminq a liqht-

/ 
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shieldin9 layer 70. 

Th~ reflector which is depicted in FIG. 7 has the 
; 

construction that a metal layer 80 is arranged between 

the polYJller film 60 and the light-shielding layer 70 in 

5 the reflector shown in FIG. 5. This reflector can be 
I 

fabricated by depositing beforehand the metal layer 80 

on the pol~er film 60 in accordance with vacuum 

evaporation or the like, arranging the polymer film 60 

with the metal-layer-free side located opposite the ad-

10 hesive l~yer 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 

inventiop, polyethylene (PE), polypropylene (PP), 

polystyr~ne (PS), polyethylene terephthalate (PET), 

15 polyethylene terenaphthalate (PEN), polybutylene 

terephth~late (PBT), polyethersulfones (PESs), 

polyethe~etherketones (PEEKs), polycarbonates (PCs), 

polyimid~s (Pis), polyetherimides, cellulose triacetate 

resins, polyacrylate resins, polysulfone resins, 

20 

25 

. ' 

fluorinated resins and the like can be·used. It is 

however to be noted that the usable resin is not 

limited '.to them. Any.desired resin can be used insofar 

as it ha~ transparency and a somewhat higher glass 

transiti~n temperature. 

No particular limitation is imposed on the thick-



5 

- 15 -

ness of the transparent polymer film. It is however 

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

more·preferably a thickness of about 10 to 100 µm, 

still mo~e preferably a thickness of about 25 to 50 µm. 

As an optical.property of the transparent polymer 

film emp~oyed in the present invention, it is preferred 

to have ~ transmission of 80% or hiqher for liqht whose 
! . 

wavelenq~ is 550 nm. More preferably, the liqht 

transmis~ion for liqht whose wavelenqths ranqe from 500 

10 to 600 l1lD is 80% or hiqher and, still more preferably, . 
the liqht transmission for liqht whose wavelenqths 

ranqe from 400 to 800 nm is 80% or hiqher. A liqht 

transmis~ion lower than 80% leads to a reflectance 

lower than 90% when constructed into a reflector, and 

15 is not p~ef erred from the standpoint of the performance 

as a ref;l.ector. 

Inpidentally, to improve the liqht resistance of 

silver, it is preferred that the transparent polymer 

film has property to absorb ultraviolet rays. This has 

2·0 .already peen disclosed by the present inventors in U.S. 

Pate~t Np. 5,276,600. 

A transparent polymer films havinq a liqht trans­

mittance of 10% or lower for liqht whose wavelenqths 

ranqes f~om 300 nm to 380 nm is a plastic film in which 

25 an ultrayiolet absorber or the like has been in-
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corporat~d or a plastic layer with an ultraviolet ab­

sorber, zinc oxide or the like formed thereon as a 

layer fo~ blocking ultraviolet rays. 

In particular, a PET film containing an ultra-

5 violet apsorber is preferable. Illustrative examples 

of the u~traviolet absorber include benzotriazole 

ultraviolet.absorbers, benzophenone ultraviolet absor-· 

bers and salicylate-ester ultraviolet absorbers. 

As a process ·for the formation of the thin-film 

10 silver l~yer, 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 causing sil­

ver to d~posit in the form of a film from a solution. 

A specific example include a process making use of the 

15 silver mirror reaction. on the other hand, the term 

"dry process" is a term generic to vacuum film-forming 
' 

processe~. Specific examples include resistance­

heating yacuum deposition, electron-beam-heating vacuum 

depositipn, ion plating, ion-beam-assisted vacuum 
I 

20 gepositipn, and sputtering. Among these, vacuum 

depositipn is particularly preferred for use in the 

present invention because it ·permits film formation in 

a roll-tp-roll manner, that is, in a continuous fash-

ion. 

25 · Acpording to vacuum deposition, silver is 
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deposited on a surface of a substrate (polymer film), 
I 

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 heating or 

5 the like, and raising the vapor pressure of silver. 

· Ac~ording to ion.plating, silver is deposited on 

a surfac~ o~ 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-

10 charge, fusing a silver source material by an electron 

beam, re~istance heating, induction heating or the 

like, an~ raising the vapor pressure of silver. 

As a sputtering process, DC magnetron sputtering, 

RF magne~ron sputtering, ion beam sputtering, ECR 

15 (electro~ cyclotron resonance) sputtering, conventional 

20 

RF sputt~ring, conventional DC sputtering or the like 

can be u~ed. Conventional sputtering means a sputter­

ing proc~ss which is performed by arranging parallel­

plate-tYpe electrodes in a vacuum vessel. rn sputter-
.... 
inq, a plate-shaped target of silver can be used.as a 

source m~terial, and helium, neon, argon, krypton, 
I 

xenon or the like can be used as a sputtering gas. 

However, use of ~rgon is preferred. The purity of the 

sputteripg gas -is preferably 99% or higher, more 

25 preferably 99.5% or higher. 
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In the present invention, the thickness of the 
' 

thin-film silver layer is preferably from 70 nm to 300 . : 

nm, more preferably from iOO nm to 200 nm. If the 

thin-film silver layer is unduly thin, the film thick-

ness of silver is not sufficient so that some light is 
I 

allowed :to pass therethrough, leading to a reduction in 

reflectapce •. Even if the thin-film silver layer is un­

duly thipk on the other hand, the reflectance does not 

increase and shows a tendency of saturation and, from 

10 the viewpoint of achieving effective use of silver 

resource, such an unduly large thickness is not 

preferrep.. 

Th~ thin-film silver layer may contain one or 

more met~l impurities to an extent that no adverse ef-
' 

15 fects will be given to the performance. These metal 

20 

impuriti!l!s include gold, copper, nickel, iron, cobalt, 

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 
! 

preferab~y 99.99% or higher. 

Thickness measurement of each film such as the 

thin-fil~ silve~ layer can be conducted using a tracer 

rouqhnes~ meter, a multiple reflection interference 

25 meter, a microbalance, a quartz oscillator or the like. 
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Of these, the method makinq use of the quartz oscil­

lator pe;c-mits thickness measurement of a film in the 

course of its formation and accordinqly, is suited for 

obtaining a film of a desired thickness. Further, it 

5 is also possible to control the thickness of a film on 

the Dasi~ of the f ilm-forminq time by determininq con­

ditions for.the formation of the film, conductinq 

formatiop of a film on a test substrate and then inves­

tiqatinq a relationship between the f ilm-forminq time 

10 and the ~il.m thickness, all, in advance to the forma­

tion of the first-mentioned film. 

In the present invention, it is preferred to app-

ly surface treatment with a metal-containinq plasma to 

a transp~rent polymer film and then to form a thin-film 

15 silver layer on the treated surface. The application 

of such ~urface treatment in the present invention is 

consider~d to prevent photothermal deterioration which 
' 

tends to occur at the interface between the transparent 

polymer film and the thin-film silver layer. This 

20 metal-coµtaininq plasma treatment will hereinafter be 

described in detail. 

A ~etal-containinq plasma can be obtained, for 

example, by int~oducinq a discharqe qas into a vacuum 

appa~atuis, forminq a plasma by a DC qlow discharqe or 

25 an RF qlpw discharqe and then introduc~nq into the 
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thus-formed plasma vapor particles of a metal which has 
I 

been vapprized by an electron beam, resistance heating 

or induc~ion heating. As an alternative, a metal­

containipg plasma can also be obtained by subjecting a 

5 metal halide, hydride or the like to a decomposition 

reaction in a plasma which has been formed by a glow 

discharg~. _As a further alternative, a metal­

containing plasma can also be obtained· by using a 

desired ~etal as a negative electrode and producing a 

10 plasma by a DC.glow discharge or an RF glow discharge. 

As a simpler method, a metal-containing plasma can be 
' 

obtained by conducting sputtering while using a desired 

metal as a negative electrode or by combining a conven­

tional eyaporation process other than those mentioned 

15 above (arc evaporation, laser evaporation, cluster ion 

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

20 

25 

I 

an RF glpw discharge or a DC glow discharge. 

Ex~mples of metals, which are usable for the sur­

.face tre~tment by the metal-containing plasma in the 

'::p~esent ~nvention, include Ti, v, er, Mn,. Fe, co, Ni, 

CU, Zn, Ga, Ge, Y, Zr, Nb, Mo, Rh, Pd, Cd, In, Sn, Sb, I 

Te, Nd, ~m, Eu, Gd, Ta, w, Re, Os, Ir, Pt, Au, Pb, and 

Bi. Amopg these, Ti, w, er, v, Zn and cu are preferred 

from the stan~point of exhibiting the especially ad­

vantageous effects of the present invention. Inciden-. I 
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tally, use of Mq, Al or Si cannot achieve the objects 

of the present invention. 

Th~ surface treatment by the metal-containing 
I 

plasma a~ ref erred to in the present invention can be 

5 achieved by exposinq a surf ace of a transparent polymer 

film to p. metal-containing plasma. Durinq the ~x­

posure, :the.transparent polymer film may be cooled 

through ~he opposite surface (namely, the back side) so 

that 'the temperature of the film can be prevented from 

10 risinq. Further, because.use of a.roll-to-roll appara­

tlis make~ it possible to continuously apply surface 

treatmen:t with a metal-containinq plasma to an 

elonelatefi film, such a roll-to-roll apparatus is 

preferably employed for industrial-scale production. 

15 ThF extent of treatment in the surface treatment 

by the m~tal-containing plasma can be expressed in 

terms of the amount of metal atoms deposited on the 

treated ~urface of the transparent polymer film. The 

_,_amount of a metal which is deposited on the treated 
·;.'(· 
.;;,,.: 

20 >~urface is preferably from 4 x 1014 atoms/cm2 to 2 x 

1016 ato1Ds/cm2, more preferably from 5 x 1014 atoms/cm2 

to 1 x 1016 atoms/cm2 ,· still more preferably from 1 x 

iol5 ato~s/cm2 to 8 x iol5 atoms/cm2, notably from 2 x 

io15 ·ato~s/cm2 to 6 x 1015 atoms/cm2. An unduly small 

25 amount of the metal deposited on the treated surface 
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cannot bring about any sufficient effects for photo­

thermal ~eterioration prevention which is an object of 

the pres~nt invention. on the other hand, deposit of 

the metal in an unduly large amount on the treated sur-

5 face.resµlts in a reduction in reflectance and hence 

fails to achieve a reflectance of 90% or higher, which 

10 

is another object of the present invention. 

Thf! amount of a deposited metal can be measured· 

by a film thickness monitor or the like. However, in 

an amount of metal atoms in a .range such as that men-

tioned apove, a deposited metal layer is not considered 

to be in the forin of a continuous film. In general, 

the amount of a deposited metal is therefore calculated 

from the time of the surf ace treatment in view of the 

·15 time required upon formation of a film having a thick­

ness of ~bout 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 

20 

.under certain specific conditions can be expressed by: 

• • • • • • • • • • • • • • ( 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, I . 

respectiyely, and NA is the Avogadro'~ number. In par-

25 ticular, when nm is employed as the unit of the film 
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thicknes~ o, q/cm3 as the unit of the density p and 

atoms/cm~ as the unit of the amount N of the deposited 

metal, t~e amount N of the deposited metal can be 

determin~d by: 

5 . N := 0.pe6.02 x 1016/M •••••••••• (2) 

To deposit the metal in a desired amount n (atoms/cm2), 

it is th~re~ore only necessary to conduct the surface 

treatment for a time represented by t. (n/N) under the · 

same 'surface treatment conditions. When a film thick-

10 ness monitor makinq use of a quartz oscillator is used, 

a frequency decrease which is required to actually 

deposit ~ metal in an amount as much as n (atoms/cm2) 

can be c~lculated by 6f.(n/N) where N (atoms/cm2) 

represen~s the amount of the metal deposited when an 

15 observed decrease in frequency is 6f(Hz). For a 

specific calculation example, assume that a surface 

treatmen~ time of 1,000 seconds is required upon forma­

tion of ~ film havinq a thickness of 100 nm which is 

consider~d to be a continuous film of titanium atoms 

20 depositep when treatment with a titanium-containing 

plasma i~ applied to a surface of a PET film. From the 

formula (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 

25 of a PET film under the same plasma treatment condi-
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tions, tpe surface treatment time is calculated by 1000 

(sec)•(3 x 1015 (atoms/cm2))/(6 x 1017 (atoms/cm2)) = 

5 (sec). It is therefore only necessary to conduct the 

surface treatment for 5 seconds. 

Th~ following two points can be mentioned as im­

portant ppon conducting surface treatment with a metal­

containing plasma. Firstly, this surface treatment 

should not be conducted to such an extent that the 
i 

reflectapce of a reflector or reflecting film at the 

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

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

trea~ment should be applied to a surface of a transpar­

ent polypier film, said surface being the surface on 

which a thin-film silver layer is to be superposed, to 

15 an exten~ sufficient to prevent photothermal ~eteriora­

tion. 

Incidentally, application of corona discharge 
I 

treatmen~, glow discharge treatment, surface chemical 

·treatmen:t, roughening treatment or the like to a sur-

20 .• ace of ~ transparent polymer film prior to the surface 

treatment by the metal-containing plasma is considered 

to be a routine practice commonly conducted by those 

skilled in· the ~rt as a method for improving the ad­

herence between the thin-film silver layer and the 
I 

25 polymer _film. 
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Details are not clear about how a surf ace of a 

transpar~nt polymer film is changed by applying thereto 

surface treatment with a metal-containing plasma. By 

an atomip force microscope (AFM), the present inventors 

5 have howrver succeeded in determining the nanostructure 

of a surface treated by a metal-containing plasma. The 

AFM detepts_repulsion or attraction which acts between 

a free epd of a probe, said free end having a shape of 

the orde~ of atoms, and atoms in a surface, so that 

10 conditiops of the surface shape can be determined. 

FIG. 8 is an AFM picture showing the nanostructure of a 

PET film surface not subjected to surface treatment, 

while FIF· 9 is an AFM picture of a PET film surface 

subjected to the above-described surface treatment. In 
! 

15 FIG. s, ~ trace like a scratch formed in the surface of 

the PET ~ilm by the probe of the AFM is observed, and 

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

hand, th~re are no scratch made by the probe, and the 

picture was obtained in a clear form. The difference 

20 between the picture in FIG. 8 and that in FIG. 9 may 

intuitivFlY be attributed to a reduction in the pene­

tration pf the probe because of a change to the hard-, 

ness ·of the sur~ace of the polymer film by the surface 

treatmen~. Physically, it may however be attributed to 

25 a change to the force which acts in the neighborhood of 
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the surf~ce between the probe and the surface. A com-

parison was therefore made between a curve of forces, 

which act between a surf ace of a surf ace-treated PET 

film and a probe (force curve), and a force curve of a 

5 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 

prec~pitpus variations in the neighborhood of the sur­

face but that of the treated PET film presents gentle 

10 variations. It has also been determined from FIG. 9 

that the surf ace ruggedness of a PET film is about 10 

nm in height. 

Th~ metal, which has deposited on the surface of 

the polYJller film by the surface treatment with the 

15 metal-co~taining plasma, is considered to be localized 

on the surface because its amount is very small. Even 

if metal atoms are considered to regularly pile up 

layer af~er layer on a planar surf ace in an ideal man-

. _,~er, the metal atoms so piled up are as low as o. 5 

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

several µanometers in height insofar as the metal atoms 

are depo~ited in an amount of 5 x 1014 to 1 x 1016 

atoms/cm~. In ~ontrast, the surface ruggedness of the 

PET film is as much as about 10 nm in height as men-

25 tioned apove. It is therefore more reasonable to con-
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sider th~t in a surface of a transparent polymer film 

subjectep to surface treatment with a metai-containing 

plasma, the metal may be deposited locally {for exam­

ple, on functional groups of the polymer of the film). 

This deposition is considered to be in a rather 
I 

preferrep form. For example, L.J. Gerenser investi­

gated re~ct~on sites for silver atoms on a PET film, 
' 

and concluded that silver atoms tend to react with car-

boxyl grpups {Journal of vacuum Science and Technology, 

10 A(8),· 3682, 1990. 

Th~ amount of the metal deposited on the surface 

of t~e t~ansparent polymer film can be measured, for 

example, by X-ray photoelectron spectrometry {XPS) or 

Rutherfo~d backscattering spectrometry (RBS), induc-

15 tively cpupled plasma ·{ICP) emission spectrometry after 

dissolving the deposited ~etal, secondary ion mass 

spectrom~try {SIMS), laser induced fluorometry {LIF) or 

X-ray fluorescence analysis (XRF). XP.S is preferred 

from ·the practical viewpoint· although use of ICP or RBS 

20 ·is preferred for accurate quantitation. When an actual 

measurem,ent is performed by XPS, the amount of a 

depositep metal is assessed while taking a release 

deptn of photoelectrons into consideration. Now assume 

that subsequent to treatment with a Ti-containing 

25 plasma, ~he surface concentration of Ti has been found 
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to be 80% by XPS. Since the average depth of photo-

electron~ is 2 atom layers, Ti atoms can be assessed to 

have deppsited in an amount of 3 x 1015 (2 atom layers) 

x o.s = 2.4 x 1015 atoms/cm2. Incidentally, an advance 

5 calibration of measurement data of XPS by those of ICP 

makes it possible to improve the accuracy of XPS 

measurem~nt~. 

After the application of the surface treatment to 

the tran~parent polymer film with the metal-containing 

10 plasma and the subsequent formation of the thin-film 

silver l~yer on the treated surface, it is effective -

for the ~rotection of the thin-film silver layer and 

also for the improvement of the sliding property of the 

film - t~ deposit a single metal such as chromium, 

15 nick~!, ~itanium, aluminum, molybdenum or tungsten or 

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

stainles~ steel or duralumin in the form of a layer to 

a thickn~ss of 10 nm to 30 nm· on the thin-film silver 

layer.· 

20 

25 

The reflectance of the reflecting film or ref lec-, 

tor according to the present invention fabricated as 

describe~ above is preferably 90% or higher, more 

preferably 92% or higher, 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 upless otherwise specifically indicated. 

To investigate the degree of deterioration of 

each reflector subsequent to its exposure to light, the 

5 reflectiµg film is exposed at an exposure intensity of 

500 mW/cpi2 to artificial sunlight from which light of 

390 nm and ~hort~r in wavelength has been eliminated. 

The term "artificial sunlight" means light having a 

spectrum similar to outdoor sunlight on a cloudless 

10 day. De~cribed specifically, artificial sunlight is 

obtained by combining a xenon lamp with an optical fil­

ter. To eliminate light components of 390 nm and 

shorter in wavelength from the artificial sunlight, a 

UV cut filter is used. By eliminating light of 390 nm 

15 and shor~er in wavelength and adjusting the setting so 

that the intensity of exposure to the UV-free artifi­

cial sunlight became about 500 mW/cm2 on a surface of a 

sample, fin accelerated photothermal.deterioration test 

20 

25 

.was conducted as will be described below. By conduct-! 

·i\nq an apcelerated photothermal deterioration test un-

der such conditions, it becomes possible to cause, in a 

short ti~e, photodeterioration which occurs at an in­

terface petween_a transparent polymer film and a thin­

film ~ilyer layer and may pose problems in industry. 

It should however be noted here that, although 
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the light irradiated in. the accelerated photothermal 

deterioration test has been described to be artificial . . 

sunlight of the irradiation intensity of 500 mW/cm2 

from which rays of 390 nm and shorter in wavelength 

5 were eli~inated, artificial sunlight actually employed 

in each accelerated photothermal deterioration test was 

artifici~l ~unlight of an irradiation intensity of 

10 

500 mW/c~2 from which ultraviolet rays had been cut off . 
by using a uv·cut filter whose transmission limit wave-

length w~s 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 

wavelen~h of 550 nm when the reflector is maintained 

at the t~perature of 100°C and is exposed at an ex-

15 posure iptensity of 500 mW/cm2 to artificial sunlight 

from which ultraviolet rays have been cut off by using 

a UV cut filter whose transmission limit wavelength is 

39o·nm. 

The term "transmission limit wavelength" is often I 

20 expresse~, for example,. in terms of a middle value be-, 

tween a ~avelength AA at which the transmission becomes 

A% a~d apother wavelength AB at which the transmission 

becomes~% (for.example, a middle value between a wave­

length a~ which the transmission becomes 72% and a 

2.5 waveleng~h at which the transmission 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 ~hich are actually eliminated. FIG. 10 il­

lustrate~ the spectrum of artificial sunlight employed 

in subsequent examples, which was obtained through a UV . I 

cut filt19r whose transmission limit wavelength was 

390 nm. In view of this spectrum, the irradiation 

light em~loy~d herein can be practically defined as 

light wi:thout ultraviolet rays of 360 nm and shorter. 

Ex~mples of the UV cut filter whose transmission 

limit wayelength is 390 nm include "Sharp cut Filter 

#SCF-50S:-39L" (trade name: manufactured by Sigma Koki 

K.K.: transmission limit wavelength: 390 nm: transmis-

sion at ;360 nm wavelength: 1% max.) and "Sharp cut Fil-

15 ter L-39 11 (trade name: manufactured by Toshiba Kasei 

Kogyo K.~.: transmission limit wavelength: 390 nm1 

transmis~ion at 360 nm wavelength: 1% max.). They are 

substantially the same in optical characteristics. 

Whichever UV cut filter was employed, substantially the 
::~~~-~ . 

· 2 o -,:~iame test results were obtained. 

Th~ accelerated photothermal deterioration test 

was dondµcted by exposing each sample to the above 

light while hea~ing the sample at l00°c. Deterioration 

is accelierated further by heating the sample at 100°C. 

25 The heating of the sample was conducted by arranging a 



5 

- 32 -

plate-shpped heater underneath an aluminum plate, on 

which th~ sample was held, and controlling the tempera­

ture ·of the heater while measuring it by a thermocouple 

disposed in close contact with the aluminum plate. 

Th~ reflector according to the present invention 
' 

has been formed by fixing the above-mentioned reflector 

of this inv~ntion on a base material, which typically 

comprise~ a metal sheet or polymer film, via an ad­

hesive l~yer. The adhesive layer is composed of an ad-

10 hesive o~ bonding material. Examples of the adhesive 

employed for the lamination with the metal sheet or 

polymer film, which also include bonding materials, in­

clude polyester-base adhesives, acrylic adhesives, 

urethane~base adhesives, silicone-base adhesives, 

15 epoxy-ba~e adhesives and melamine-base adhesives. It 

is howev~r borne in mind that the adhesive is not 

necessarily limited to the above-exemplified ones. Any 

desired ~dhesive or bonding material can be used in­

,sofar as it can provide practically-sufficient adhesion 

20 strength. As the adhesion strength, it is sufficient . 
if a mea~urement value of·l80° peel strength is 100 

gf/cm, with 500 gf/cm being preferred and 1,000 gf/cm 

being more pref~rred. Unduly small adhesion strength 

is not.preferred, because a problem like upward separa-

25 tion of ~he transparent polymer film from the metal 
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sheet or polymer film.may occur when the reflectinq 

member is bent as a reflectiriq device at a curvature of 

radius of from 1 mm to 5 mm or so. 

Th~ thickness of the adhesive layer is preferably 

0.5 µm t~ 50 µm, more preferably 1 µm to 20 µm, still 

more preferably 2 µm to 10 µm. An unduly larqe thick~ 

ness results in a hiqher production cost in view of a 

hiqher material cost and is hence not preferred. On 
! 

the othe~ hand, an unduly small thickness cannot pro-

10 vide sufficient adhesion strenqth. 

As a coatinq method of the adhesive, bar coatinq, 

Mayer ba~ coatinq, reverse coatiriq, qravure coatinq, 

die coatinq or the like can be mentioned. These coat­

inq methpds are sel~ctively used in view of the kind 

15 and viscpsity of the adhesive to be used, the coat 

weiqht, ~e coatinq speed, the surface conditions to be 

obtained, etc. 

Th~ reflector accordinq to the present invention 

may be provided with a transparent protective layer on 

2Q one side of the transparent polymer film, said one side 

beinq otper than the surface on which the thin-film 

silver l~yer is arranqed. By such a protective laye+, 

effects ~f exte~nal environmental factors to the sur-

f ace hardness, liqht resistance, qas resistance, water­' . 

25 proofnes$ and the like of the reflector can be reduced 
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further. Illustrative materials usable for the forma­

tion of ~uch protective layers include organic 

material~, e.g., acrylic resins such as polymethyl 

methacrylate, polyacrylonitrile resin, polymethacrylo- _ 

s nitrile resin, silicone resins such as polymers avail­

able from ethyl silicate, polyester resins, fluorine 

resins; ~nd.inorganic materials such as silicon oxide, 

zinc oxi?e and titanium oxide. Lamination of a pro- · 

tective layer which can prevent and limit the transmis-

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

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

less is pref erred from the standpoint of prevention of 

photodet~rioration (ultraviolet deterioration) of the 

silver l~yer. 

15 

20 

As· a method for the formation of the transparent 

protectiye layer, a conventional method such as coating 

or lamin~tion of a film can be mentioned. The trans~ 

parent p~otective film is required to have such a 

-tbicknes~ that it exhibits protecting effects without 

_;irl:~ering the light-reflecting ability and impairing the 

flex1:bility. The thickness can vary depending on the 

material of the protective film and/or the application 

purpose. 

Ex~mples of the metal sheet employed as a base 

25 mate~ial include an aluminum sheet, aluminum alloy 
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sheets, a brass sheet, a stainless steel sheet, and a . 
steel sheet. The base material is not necessarily 

limited to them, and a desired base material can be 

selected depending on the application purpose of the 

s reflecto~. For example, aluminum is light in weight 

and excellent in workability and owing to its high 

thermal pon~uctivity, can effectively dissipate into 

the atmo~phere heat applied to the reflector when 

employed as a base material. Aluminum can therefore be 

10 suitably 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 and high in mechanical strength, so 

that it can be suitably used in reflectors which also 

15 serve as striictural members. Stainless steel has high 

mechanical strength and excellent corrosion resistance, 

so that it can be suitably employed in reflectors for 

outdoor use and also for applications where a reduction 

in the thickness of a material is needed. Brass, that . .,_·. I 
··= .... 

20 ;:-l,11', a copper-zinc alloy has high. mechanical strength 

and on tpp of this advantage, f~atures easy soldering, 

so that it is suitably used in reflectors which require 

electrical grou~ding. A steel sheet has a low price, 
i 

so that it is. suitably employed for applications where 

25 the manufacturing costs have priority, for example, in 
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reflecto~s for fluorescent lamps and the like. 

Regarding the thickness of the metal sheet as the 
I 

base mat~rial, a smaller thickness is preferred from 

the viewpoints of a reduction in production cost and 

5 readines~ in bending. On the other hand, from the 

viewpoints of handling ease and shape r~tainability 

upon lamina~ion 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 5 

10 mm, with 0.1 mm to 1 mm being more preferred and 0.2 mm 

to o.s ~ being still more preferred. 

Ex~mples of the polymer film employed as the base 

material include films which are made of homopolymers 

or copolymers such as polypropylene, polyethylene 

15 terephth~late (PET), polyethylene naphthalate (PEN), . 
~olybutylene terephthalate (PBT), acrylic resins, 

methacrylic resins, polyethersulfones (PESs), 

polyetheretherketones (PEEKs), polyacrylates, 

>polyetheit"imides and polyimides. Particularly preferred 

20 is a polyethylene terephth~late fiim. When this 

25 

polymer film is positioned as an outermost layer when 

construc~ed as a reflecting member, a white polymer 

film is preferred from the standpoint of an external 

appearan~e. 

Regarding the thickness of the polymer film as 



the base material, a smaller thickness is prefe~red 

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 

5 upon lamination with a thin-film silver layer or the 

like, a larger thickness is better. The preferred 

t~icknes~ o~ the polymer film ranges from 5 µm to 500 

µm, with 10 µm to 200 µm being more preferred and 15 µ111 

to 100 µ~ being still more preferred. 

10 As the thin-film silver layer 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 

layer and a light-shielding layer are used to block 

15 such ligp.t. 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 layer, Al, Cr or the like is used. As 

the light-shielding layer, a white coating formulation 

20 containipg a white pigment dispersed in a resin can be 

used. E;x:amples of the white pigment include alumina, 

titania (titanium white), lead oxide (lead white), zinc 

oxide (zinc whit~), calcium carbonate, barium car­

bonate, parium sulfate, potassium titanate, and sodium 

25 silicate. Examples of the resin as a dispersion medium 



- 38 -

for the pigment include acrylic resins, polyester 

resins apd urethane resins or·the like. 

A description will hereinafter be made of certain 

representative evaluation methods for the constructions 

5 and compositions of reflecting films and reflectors as 
' . 

products of the present invention. The thickness of 

each of ~ tµin-film silver layer, an adhesive layer and 

a base material can be directly measured by observing · . . : 

its cros~-section through a transmission electron mi-

10 croscope (TEM). An analysis of the material of a 

polymer film can be conducted by performing an infrared 

(IR) speptrometric analysis. Further, an analysis of 

the material of an adhesive can be conducted by peeling 

off the ~hin-film silver layer and the base material to 

15 expose tpe adhesive, dissolving the adhesive in an ap­

propriat~ 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 

20 X-ray fluorescence spectrometry (XRF). In addition, an 

electron probe microanalyzer (EPMA) can perform an 

elemental analysis of a smaller area than X-ray fluo­

rescence spectrometry (XRF). If the thin-film silver 

laye~ is exposed by peeling off the polymer film with 

25 the thin~film silver layer formed thereon from the ad~ 
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hesive l~yer, the composition of the thin-film silver 

layer can be analyzed by Auger electron spectroscopy 

(AES) an? its thickness can also be known by determin­

ing its ~epth profile. 

There are various methods for the measurement of 
' 

a reflectance. In the examples to be described sub­

sequently herein, reflectances were measured by provid-. . . 

ing a sp~ctrophotometer with an integrating sphere. 

Further, the light transmittance of a transparent 

10 polymer film or the like can be measured, for example, 

by proviµing a HITACHI automated self-recording . . 

15 

spectroppotometer (model: U-3400) with a film holder 

(model: 210-2112) and holding the transparent polymer 

film as p sample on the film holder. 

Th~ present invention will hereinafter be des­

cried ba~ed on the following· examples. 

Each accelerated photothermal deterioration test 

was condpcted by using, at an exposure intensity of 

500 mW/~2, artificial sunlight from which light of 

2o 3:90 nm apd shorter in wavelength had been eliminated. 

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

light so~~ce, a solar simulator (model: YSS-505H; 

manufact~red by_Yamashita Denso K.K.) was used. In ad­

dition, fl."Sharp cut Filter L-39 11 (trade name; manufac-

25 tured by Toshiba Kasei Kogyo K.K.) was used to 
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eliminat~ liqht of 390 nm and shorter in wavelenqth. 

The reflectance of each reflector was measured by 

providing the HITACHI automated self-recordinq spectro­

photomet~r (model: U-3400) with an inteqrating sphere 

5 whose diameter was 150 mm. As a reference, a standard 

white plfte made of aluminum oxide was used. 

Th~ l~qht transmittance of each transparent 

polymer film was measured by providinq the HITACHI 

automate~ self-recording spectrophotometer (model: u-
lO 3400) with the film holder (model: 210-2112) and hold­

ing the transparent polymer film as a sample on the 

film holder. 

15 

Example 1 

Argon of 99.5% purity was introduced as a dis-, 

charge g~s to 2 x lo-3 Torr in a vacuum vessel, fol-

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

. charqe. At that time, titanium was used as a negative 

electrod~ so that a plasma atmosphere containing 

,titanium was produced. Using the titanium-containing 

20 plasma, fl transparent polymer film [polyethylene 

terephthplate (PET) film,_ product of Teijin Limited; 

"Tetron Film Type HB3" (trade name): thickness: 25 µm: 

light tr~:msmitt~nce: 87.3%] was subjected· at one side 

thereof-~o s~rface treatment so that titanium was al-

25 lowed to deposit in an amount of 5 x 1Ql4 atoms/cm2 on 
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the ~urf~ce 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 .~urface by vacuum evaporation. The reflectance 

5 (namely, initial reflectance) of the sample so obtained 

was measured from the side of the transparent polymer 

film. The reflectance was found to be 95.5%. After an ' . 

accelerated photothermal deterioration test was con-

ducted fpr 300 hours, the reflectance was measured 

10 again. The reflectance was found to be 91.5%. 

Example 2 

A sample was produced in a similar manner to Ex­

ample 1 ~xcept that the treatment was conducted to 

deposit ~itanium in an amount of 5 x 1015;cm2 on the 

15 surface. The reflectance of the sample so obtained was 

measured from the side of the transparent polymer film. 

The reflectance was found to be 95.4%. After an ac-

celerated photothermal deterioration test was conducted ' . 

for 300 pours, the reflectance was measured again. The. 

20 reflectaµce was found to be 94.7%. 

Example 3 

A ~ample was produced in a similar manner to Ex­

ample 1 ~xcept that the treatment was conducted to 

deposit titanium in an amount of 1 x 1016;cm2 on the 

25 surface. The reflectance of the sample so obtained was 
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measured from.the side of the transparent polymer film. 

The refl~ctance was found to be 91.1%. After an ac­

celerated photothermal deterioration test was conducted 

for 300 pours, the reflectance was measured again. The 

5 refl~cta~ce was found to be 91.0%. 

Example 4 

Argon.of 99.5% purity was introduced as a dis­

charge g~s to 2 x 10-3 Torr in a vacuum vessel, fol­

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

10 charge. At that time, titanium was used as a negative 

electrode so that a plasma atmosphere containing 

titanium was produced. Using the titanium-containing 

plasma, ~ transparent polymer film (a PET film, product 

of Teijin Limited; "Tetron Film Type Ha3", trade name; 

15 thicknes~: 25 µm; light transmittance: 87.3%) was sub­

jected at one side thereof to surface treatment so that 

titanium was allowed to deposit in an amount of 5 x 

1015 atoms/cm2 on the surface.of the film~ Using sil-. . . 

ver of 9~.9% purity as a target and argon of 99.5% 

20 purity a~ a sputtering gas, silver was then caused to 

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

surface by DC magnetron sputtering. The reflectance · 

(namely, initial reflectance) of the sample so obtained 

was measured from the side of the transparent polymer . : 

25 film. The reflectance was found to be 95.6%. After an 
I 
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accelera~ed photothermal deterioration test was con­

ducted f~r 300. hours, the reflectance was.measured 

again. The reflectance was found to be 95.4%. 
I 

Example 5 

A ~ample was produced in a similar manner to Ex-

ample 4 except that a_s the transparent polymer film (a 

PET film, pi;-oduct of Toyobo co., Ltd., "Type A4100", 

trade na~e; thickness: 25 µm; light transmittance: 

87.6%) w~s used. The reflectance of the sample so ob'"'! 

10 tained·was measured from the side of the transparent 

polymer ~ilm. The reflectance was found to be 96.0%. 

After an accelerated photothermal deterioration test 

was conducted for 300 hours, the reflectance was . f 

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

15 Example ~ 

A ~ample was produced in a similar manner to Ex­

ample 5 ~xcept that vanadium of 99.9% purity was used 

instead pf the titanium. The reflectance of the sample 

so obtaiped was measured from the side of the transpar-

20 ent polymer film. The reflectance was found to be 

94.7%. After an accelerated photothermal deterioration . . 

test was conducted for 300 hours, the reflectance was 

measured again. The reflectance was found to be 94.3%. 

Example 7 

25 A ~ample was produced in a similar manner to Ex-
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ample 5 ~xcept that chromium of 99.9% purity was used 

instead of the titanium. The reflectance of the sample 

so obtaiped was measured from the side of the transpar­

ent polyPter film. The reflectance was found to be 

5 95.7%. ~fter an accelerated photothermal deterioration 

test was conducted for 300 hours, the reflectance was 

measured again. The reflectance was found to be 91.6%. 

Example 8 

A ~ample was produced in a similar manner to Ex-

10 ample 5 ~xcept that copper of 99.99% purity was used 

instead of the titanium. The reflectance of the sample 

so o~taiped was measured from the side of the transpar­

ent polY!Rer film. The reflectance was found to be 

95.2%. ?'fter an accelerated photothermal deterioration 

15 test was conducted for 300 hours, the reflectance was 

measured again. The reflectance was found to be 95.0%. 

Example ~ 

A $ample was produced in a similar manner to Ex­

. ampie 5 ~xcept that zinc of 99.9% purity was used in-

20 stead of the titanium. The reflectance of the sample 

so obtaiped was measured from the side of the transpar­

ent polymer film. The reflectance was found to be 

95.0%. ~fter a~ accelerated photothermal deterioration 

test was conducted for 300 hours, the reflectance was 

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

A ~ample was produced in a similar manner to Ex­

ample 5 ~xcept that tungsten of 99.9% purity was used 

instead ~f the titanium. The reflectance of the sample 

s so obtained was measured from the side of the transpar­

ent polyPier film. The reflectance was found to be 

95.5%. ~ft~r an accelerated photothermal deterioration 

test was conducted for 300 hours, the reflectance was· 

measured again. The reflectance was found to be 95.4%. 

10 Comparative Example 1 

Using silver of 99.9% purity as a material to be 

vaporized, silver was.caused to deposit to a thickness 

of 150 nm by vacuum evaporation on a transp·arent 

polymer film (a PET film, product of Teijin Limited; 

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

light tr~nsmittance: 87.3%). The reflectance of the 

sample sp obtained was measured from the side of the 

transpar~nt polymer film. The reflectance was found to 

20 

·be 96.0%. The initial reflectance was hence 96.0%, 
··.:..·:i:: 

'.:'. ih.at is, sufficient. However, after an accelerated 

photothe;rmal deterioration test was conqucted for 300 

hours, tre reflectance was found to be as low as 51.2%. 

The samp;le was therefo.re no longer suited as a reflec­

tor. 

25 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, silver was 

caused tp deposit to a thickness of 150 nm by DC mag~ 

netron sputtering on a transparent polymer film (a PET 

5 film, pr~duct of Toyobo Co., Ltd.; "Type A4100 11 , trade 

name; thickness: 25 µm; light transmittance: 87.6%). 

The refl~ct~nce of the sample so obtained was measured 

from:the side of the transparent polymer film. The 

reflectance was found to be 96.1%. After an ac-

10 celerated photothermal deterioration test was conducted 
' 

for 300 hours, the reflectance was measured again. The 

reflectance was found to be 60.2%. Although the ini­

tial reflectance was as high as 96.1%, that is, suffi­

cient, tne reflectance after the accelerated 

15 photothepnal deterioration test was as low as 60.2%. 

20 

The sample was therefore no longer suited as a reflec-

tor. 

Comparative Example 3 

····:.: 
·.A ~ample was produced in a similar manner to Ex-

ample 1 ~xcept that the treatment was conducted to 

deposit ~itanium in an amount of 5 x 1016;cm2 on the 

surface. The reflectance of the sample so obtained was 

measured from ~e side of the-transparent polymer film. 

The refl~ctance was found to be 82.9%. The initial 
' 

25 reflectance was so low that the sample was not suited 
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A ~ample was produced in a similar manner to Ex­

ample 5 ~xcept that maqnesium of 99.9% purity was used 

5 instead of the titanium. The reflectance of the sample 

so obtaiped was measured from the side of the transpar­

ent polyPter .film. The reflectance was found to be 

95.8%. ~fter an accelerated photothermal det~rioratioh 

test was conducted for 300 hours, the reflectance was 

10 measured aqain. The reflectance was found to be 31.2%. 

Alth~uqh the initial reflectance was as hiqh as 95.8%, 

that is, sufficient, the reflectance after the ac­

celerate~ photothermal deterioration test was as low as 

31.2%. The sample was therefore no lonqer suited as a 

15 reflecto~. 

Comparative Example 5 

A ~ample was produced in a similar manner to Ex­

ample 5 ~xcept that aluminum of 99.9% purity was used 

instead pf the titanium. The reflectance of the sample 

20 so obtaiped was measured from the side of the transpar­

ent polYlller film. The reflectance was found to be 

96.2%. ~fter an accelerated photothermal deterioration 

test 'was conducted for 300 hours, the reflectance was 

measured aqain. The reflectance was found to be 24.9%. 

25 Althouqh the initial reflectance was as hiqh as 96.2%, 
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that is, sufficient, the reflectance after the ac­

celerate~ photothermal deterioration test was as low as 

24.9%. The sample was therefore no lonqer suited as a 
. . 

reflecto~. 

5 Comparative Example 6 

A ~ample was produced in a similar manner to Ex-
' 

ample 5 except that silicon of 99.9% purity was used ; . 

instead of the titanium. The reflectance of the samp1e 

so obtained was measured from the side of the transpar-

10 ent polypier film. The reflectance was found to be 

96.2%. ~fter an accelerated photothermal deterioration 

test was conducted for 300 hours, the reflectance was 

measured aqain. The reflectance was found to be 29.2%. 

Although the initial reflectance was as high as 96.2%, 

15 that :is, sufficient, the reflectance after the ac-

celerateµ photothermal deterioration test was as low as 

·29.2%. The sample was therefore no longer suited as a 

reflector. 

Thf! results of the above examples and comparative 

20 ···•amples are summarized in the following table: 

25 



·Metal u.-d in 
plasma ~t:f ace 

tr,atment 

Ex. 1 Ti 
-Ex. 2 -Ti 
Ex. 3 Ti 
Ex. 4 Ti 
Ex. p Ti 
Ex. 6 v 
Ex. 7 Cr 
Ex. 8 Cu 
Ex. 9 Zn 
Ex. 10 w 

Comp. Ex.l None 
Comp. Ex.2 None 
Comp. Ex.3 Ti 
Comp. Ex.4 Mg 
Comp. Ex.5 Al 
Comp. Ex.6 Si 

Table 

Amount of 
deposited metal 
· (atoms/cm2 ) 

5 x 1014 

.. 5 .. x .10 15 

1 x 1016 

· 5 x 1015 

5 x 1015 

5 x 1015 

5 x 1015 

5 x 1015 

5 x 1015 

5 x 1015 

-
-

5 x 1016 

5 x 1015 

5 x 1015 

Sx 1015 

Initial 
reflectance 

95.5% 

95-.4% 

91.1% 

95.6% 

96.0% 

94.7% 

95.7% 

95.2% 

95.0% 

95.5% 

96.0% 

96.1% 

82.9% 

95.8% 

96.2% 

96.2% 

Reflectance after 
accelerated photothermal 

deterioration test 

91.5% 

94 .• 7% 

91.0% 

95.4% 

96.0% 

94.3% 

91.6% 

95.0% 

. 94. 7% 

95.4% 

51.2% 

60.2% 

-
31.2% 

24.9% 

29.2% 

.Ila 

'° 
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From the above results, it is understood that the 

treatmen~ of a surface of a transparent polymer film by 

a plasma containing Ti, v, Cr, cu, Zn or W can suppress 

a reduction in reflectance due to photothermal deterio-

5 ration apd can maintain a reflectance of 90% or higher 

even aft!3r an accelerated photothermal deterioration 

test .is conducted for 300 hours. With respect to the 

samples pbtained in Examples 5 to 10 and Comparative · 

Example 2, variations in reflectance were investigated 

10 along the passage of time in their accelerated 

photothe;rmal deterioration tests. The results are .· 

shown in FIG. 11, in which elapsed test time is plotted 

along the abscissa while reflectance is plotted along 

the ordipate. It is appreciated form the diagram that, 

15 

20 

25 

as a metal for use in the surface treatment with a 
. ' 

metal-co~taining plasma, Wand Ti are the best·and are 

followed by cu, v, Zn and Cr. 
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WHAT IS CLAIMED IS: 

.1 1. A reflecting film having at least a transpar-

2 ent polYJRer .film and a thin silver layer applied on 

3 said transparent polymer film to reflect light entered 

4 from a side of said transparent polymer film, wherein 

5 said reflector retains a reflectance of at least 90% to 

6 visible ligh:t even after said reflector is exposed. for 

7 300 hour~ at a reflector temperature of 100°C and an 

a exposure intensity of 500 mW/cm2 to art~ficial sunlight 

9 from whi~h light of 39o·nm and shorter in wavelength 

10 has been eliminated. 

1 2. A reflecting film according to claim 1, 

2 wherein the reflectance to visible light is a whole 

3 light reflectance to light having a wavelength of 550 

4 nm. 

1 3. A reflecting film according to claim 1, 

2 wherein said transparent polymer film is a polyethylene 

3 terephthalate film. 

1 

2 

3 

4 

5 

6 

1 

4. A reflecting film according to claim 1, 

wherein ~aid transparent polymer film is subjected on 

one side thereof to surface treatment with a metal-

containing plasma to provide a treated surf ace and said 

thin silver laye_r is then formed on said treated sur-

face. 

s. A reflecting film according to claim 4, 

1: 1111111" 111111.11111 11111111111 · 
* C L M S * 
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2 wherein ~n amount of metal atoms deposited per unit 

3 area on said treated surface of said transparent 

4 polymer film by said surface treatment ranges from 4 x 

5 1014 atoms/cm2 .to 2 x 1016 atoms/cm2. 

1 6. A reflecting film according to claim 4, 

2 wherein an amount of metal atoms deposited per unit 

3 area on said treated surf ace of said transparent 

4 polymer film by said surface treatment rang~s from 

5 1 x 1015 atoms/cm2 to 8 x 1015 atoms/cm2. 

1 · 1 •. A reflecting film according to claim 4, 

2 wherein said metal is a metal selected from titanium, 

3 vanadium·, chromium, copper, zinc or tungsten •. 

1 8. A reflecting _film according to claim 5, 

2 wherein !3aid metal is a metal selected from titanium, 

3 vanadium, chromium, copper, zinc or tungsten. 

1 9. A reflecting film according to claim 7, 

2 wherein said metal is titanium or tungsten. 

1 10. A reflecting film according to claim a, 

2 wherein ~aid metal is titanium or tungsten. 

1 11. A reflecting film according to claim 1 or 4, 

2 wherein ~aid transparent polymer film has a light 

3 transmittance of 10% or lower to light having 

4 wavelengths of 3_00 nm and higher and 380 nm and lower. 

1 12. A reflector comprising a base material and a 

2 reflecti~g film according to claim 1 or 4 applied via 

: : 111111111111111111111111111111 
* C L M S * 



- 53 -

3 an adhesive layer on said base material with said thin 

4 silver l~yer of said reflecting film being arranged op-

s posite s~id adhesive layer. 

1 13. A reflector according to claim 12, wherein 

2 said base material is a metal sheet or a polymer film. I 

3 14. A reflector according to claim 12, wherein 

4 said base material is a base material selected from an 

5 aluminum sheet, a brass sheet, a stainless steel sheet 

6 or a ste~l sheet. 

1 15. A reflector comprising a reflecting film ac-

2 cording to.claim 1 or 4, an adhesive layer, a polymer 

3 film and a light-shielding layer stacked one over an-

4 other in this order with said thin silver layer of said 

s reflector being arranged opposite said adhesive layer. 

1 16. A reflector comprising a reflecting film ac-

2 cording to claim 1 or 4, an adhesive layer, a metal 

3 layer, a polymer film and a light-shielding layer 

4 stacked one over another in this order with said thin 

s silver l~yer of said reflector being arranged opposite 

6 said adh~sive layer. 

1 

2 

3 

4 

5 

17. A reflector comprising a reflecting film ac­

cording to claim 1 or 4, an adhesive layer, a polymer 

film, a metal layer and a light-shielding layer stacked I • . 

one over another in this order with said thin silver 

layer of said reflecting film being arranged opposite 

:- ·11111111:111111 111111111111 1111 
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6 said adh~sive layer. 

1 18. A reflector according to claim 12, wherein 

2 said trapsparent polymer film has a light transmittance 

3 of 10% or lower to light having wavelengths of 300 nm 

4 and high~r and 380 nm and lower. 

111111111111111111111111111111 
* C L M S * 


