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Field of wuoeegwrymnti on This invention rel ates permpsasanre fil ns
whi ch carry netal.-containing reflector |layers on both sides. Mre
particularly, it concerns such double netal - | ayer carrying plastic
films which are |ight transm ssive and which exhibit long- 5 term
stability. Description of Background Material s It is

common practice to enploy partially reflective - partially
transm ssive netal l|ayer bearing filnms in glazing structures. These fil ns

may be applied to the surface of glass w ndow glazing materials. They
may be 10 | am nated into glazing structures. They may be suspended al one
or in conbi nati on W tHOUBEE-SIDED REFLECROR $TLNISESe products

typically have a

This invention relates to plastic films which carry metal-containing
reflector layers on both sides.  More particularly, it concerns such double metal
layer carrying plastic films which are light transmissive and which exhibit long-

5 term stability.

It is common practice to employ partially reflective - partially
transmissive metal layer bearing films in glazing structures. These films may
be applied to the surface of glass window glazing materials. They may be

10 - laminated into glazing structures. They may be suspended alone or in
combination with other sheets of glazing. These products typically have a
plasﬁc film substrate which carries the reflector metal layer adherent to it. As
will be described in more detail, plastic films are often marketed with a
coating, known in the art as a slip coating, on one side to facilitate handling

15  during production and fabrication. The side of the film having the sip coating
is called (not unexpectedly) the "slip” side. The other side is the "nonslip"
sidé. . .

These reflector products, as a general class may be prepared by applying
the reflective layer to the film with a wide range of chemical mirroring

20 methods, vapor deposition processes and sputter deposition techniques. In
sputtering, a plasma is created between two electrodes in a high vacuum
chamber. This plasma causes atoms _bf one electrode (the target) which is
either metal or a metal compound, to be dislodged and drawn toWard the other
“electrode. The plastic film substrate is placed between the electrodes and the

25  material dislodged from the target is deposited upon the substrate.
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10  plastic substrate tends to degrade or discolor prematurely when this is done.

This has been a vexing problem since double-sided materials do possess certain_

theoretical performance advantages.

men he Inv

We have now discovered a way to make stable, durable double-sided

15  double metal-layer containing reflective plastic films using sputter-depositing.

In accord with our invention we have found that a particular regimen of
preglow treatment of the plastic substrate leads to stable, durable double-sided

reflective films. More particularly', we have discovered that if the nonslip side -

of the plastic film is preglowed and the slip side is not pregIOWed prior to

20  depositing their respecti\ie reflective coatings, the resulting product is durable

and more stable and acceptable for commercial application.

Thus in one embodiment this invention provides a method for producing

a reflective composite film. This method applies to plastic film having a slip

side and a nonslip side. It involves applying, by sputtering, a reflective layer

25  to each side of thé plastic film but preglowing only the nonslip side of the film.
This method yields a coated film product which is significantly and
unexpectedly more durable and long-lived than similar double-sided products

made with plastic films preglowed on both sides. -

* In other aspects this invention is embodied as the product of this process

30  or as a double-sided reflective film product per se. This film product has a

mrroring 20
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‘This invention will be further described with reference being made to
‘the accompanying drawing. In these drawings -
FIG. 1 is a schematic cross-sectioned v1ew of a product of this
15 invention;
FIG. 2 and 3 are expanded scale cross-sectioned views of regions of the
~ product of FIG. 1; ' "
FIG. 4 is a diagram showing one type of equipment for carrying out the
_ process and making the products of this invention; '
20 FIG.5isa graph showing the improved resistance to discoloration
~ achieved in products of this invention.

Descripti imen
The present invention prov1des effective long lived double-sided
reflective films. A general representation of such products is shown in Fig. 1
25  as film product 10. Film product 10 includes a plastic film substrate 12. This
plastic film is typically from about 0.5 to about 5 or 10 mils thick, although
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| astic port. This plastic filmhas a nonslip si %& een
Pmdifiedwlgiy%ﬁ%@egl ow treatnent and which carries a sputtz’F- %&&?id nmetal °
containing reflective |ayer adhered to it. It also has a slip side which

has not been significantly nodified by a preglow treatnment and which
also carries a 5 ’“sputter-deposited reflector |ayer. In
yet an additional aspect, this invention provides a plastic film product
whi ch has ref fibmtthickness ahis RO fiotoReh t6 bé i imitdtidA GHthe Upplidabiltydfithe Side with

t hese reflective coatings being such as to permt a plastic

filmstabilizi¥§niemntity of oxygen to permeatetothefllm 10
Det ai | ed Descri pti I ' .Br| cr| ion of the
Drawi ngs %BE ﬁﬁmz @[“h@m‘ ﬂeﬂbleogr %ﬁ W th :

ref erence bei polymetewhich make up phmaﬁmm&idbﬁmodwnﬂatehﬂlst MEffey dr awi ngs
FIG 11552 SCRRIR orgaric Poiymers such as polyhydrocarbons, polyoryhydrochrbons and
- polysulfohydrocarbons, and fluorocarbon and polysulfohydrocarbons, and
fluorocarbon and fluorohydrocarbon materials as well. Representative organic
pblymers include polyesters such as poly(ethyleneterephthalate) ("PET") and
poly(butyleneterephthalate), polyacrylates and methacrylates such as _
10 - poly(methylmethacrylate) ("PMMA’), poly(methacrylate), and ‘
poly(ethylacrylate), copolymers such as poly(methylmethacrylate-co-
ethylacrylate) and polycarbonates. (A further description of suitable polyester
and polycarbonate materials may be found at pages 129-135 of the McGraw-
Hill Encycl ia of Scien d Tech , Volume 14 (1987.)
15  Fluorocarbon polymérs such as Teflon and the various fluorohydrocarbon
polymers such as Teflon and the various fluorohydrocarbon polymeré lmdwn in
the art can be used as well. Polyesters, such as poly(acrylateS),
poly(methacrylates), poly(ethyleneterephthﬂate) (PET) and
poly(butyleneterephthalate) are preferred plastics for the plastic film 12, with
20  PET being the most preferred. _
-Although not a limitation to the application of this invention, clear,
transparent, colorless plastic film materials give attractive final materials.
When used in the context of plastic or polymer materials, the term "clear,
~ transparent, colorless” means a plastic or polymer which, in its configuration of
25  use, exhibits an integrated trans_mission over the visual wavelengths (400-700
Nm) of at least about 75%, i.e., from about 70% to about 95% without marked
absorption or reflection peaks in this range. The polymers described above,
when in typical configurations. of use (i.e., plasﬁc sheets or 0.5 to 5 mil thick
films), commonly have from about 5 to about 20% reflection plus absorption,
30 integrated over the visual wavelengths and thus integrated transmissions in the
80 to 95% range, and can qualify as "clear, transparent, colorless" substrates.
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RO
car bon- based mfPB?tmétFén agpes$ of this invention.
: This plastic film has two surfaces, 14 and 18. One of these surfaces

(14) carries a primer layer or slip layer 16 which is typically thinner than the
film itself but still is on the order of tenths of mils in thickness. Slip layer 16
is commonly selected from acrylate, polyester and other organic polymenc

10  materials suitable for improving the durability, handleability and/or
processability of the plastic film.
Slip layer 16 has a metal-containing reflective layer 20 adhered to it
* while surface 18 of substrate 12 also carries a reflective layer 22. These
reflective layers 20 and 22 are characterized by being partially reflective and
15  partially transparent and by having thin layers of metal in them. Most '
commonly, they are each designed to transmit at least about 20% of the total
radiation present in visible light. The usual reason for incorporaﬁng'layers
such as 20 or 22 in a structure is to differentially transmit and reflect various
portions of the electromagnetic spectrum. Most commonly, it is desired to
20 preferentially reflect long wave lengths (heat) and transmit the wavelengths of
~ visible light so as to achieve varying degrees of thermal control in architectural
. or automotive window settings. ' '
No single reflector such as 20 or 22 i is 100% effective at reflecting any
particular wavelengths. The non-reflected components are then conducted
25 . through the layers 12 and 16 and out the other side of the film structure.
When, as in film iO, a second reflector is positioned on the other side of the
film, it can at least partially reflect the conducted energy and thus improve the
| reflective properties of the overall film. .
While having two reflectors 20 and 22 is a help for optical reflectance
30  performance, prior to this invention, it also leads to problems. In accord with
this invention, surface 18, the nonslip surface, is subjected to a preglow
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' 15  silver or mixtures of metal in which silver predominates because of its excellent

color neutrality but if this is not important, lower cost metals such as copper or
nickel might be preferred.
Often, however,_ better results are achieved if a combination of metal
_ and dielectric layers are employed as illustrated in Figs. 2 and 3. In Fig. 2 slip
20  layer 16 is shown. a _reﬂéctive metal layer 24 is also depicted bounded by
layers of dielectric 26 and 28. These dielectric layers are known to enhance the
performance and selectivity of the reflective layers.
As shown in Fig. 3, a combination of metal layer 30 and diel_ectric layer
32 and 34 can be applied to the lowest nonslip side 18 of the plastic layer 12.
25  The metal layers are from about 30 to about 1,000 A in thickness. The
' dielectric layers aré from about 30 to about 1,500 A in thickness. These
configuration layers are mereiy representation and do not by themselves
constitute the present invention. Other configurations, such as those having

multiple metal layers, can also be employed.
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Most commonly, they are each designed to transmt at |east about 20%
of the total  Representative desoriptionscoftsputtervdeppsiting [propesses apd equipment Bd¥on
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el ectromagnet i c isdoeporated byMesdreoeimonl y, it is desired to 20 '

preferentially reflect |ong.wave | engths (heat) and transpit the
wavel engt hslbf In sputtering, a voltage is applied to a metal or metal compound

sputtering cathode (target) in the presence of a gas to create a plasma. The
action of the sputtering gas plasma on the target causes atoms of the target to
be dislodged and to travel and deposit upon a substrate posiﬁcned adjacent to
the sputtering source. |
15 The thickness of the layer of material laid down is controlled by varying
the voltage and current fed to the electrode targets, the gas flow rates-and, in
the case of continuous systems where the polymér surface and sputtering target
move relative to one another, the 'spee'd at which the surface is _moved past the
target. ' | |
20 ~ Typically, the sputtering gas is a nonreactive noble gas such as krypton
' or afgon or the like. Argon is the most common sputtering gas because of its
relatively attractive cost. In some sputtering processes, known as reactive
sputtering processes, one adds substantial amounts of one or more reactive
gases such as oxygen or tiitrogen during the metal lay down. This results in a
25  compound such as an oxide or nitride being formed and deposited.
~ Fig. 4 shows a continuous web coating sputtering system 40 suitable for
layin_g down these various layers. System 40 includes vacuum chamber 42
which is evacuated via line 44. Contained within chamber 42 is a drive
mechanism for moving a sheet of flexible polymer film 16 past a series of
30  magnetron sputtering stations 80, 78, and 76. The drive mechanism includes
feed roll 48, idlers 50, 52, 54, 58, 60 and 62 and take-up roll 64.
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system is a pre-glow station 82 for treating the nonslip side of the plastic film
10 before coating. Each of these four stations is isolated from each other in space ‘
as a minichamber (see United States Patent No. 4,298,444), thereby producing
a local environment for the containment of the various plasma gases. This
allows separate processes to be carried out simultaneously at each station with
variations in atmosphere from station to station but with minimal cross-
15  contamination among the four sources.
The control and monitoring of the sputtering system are nonnaliy
accomplished using equipment and sensors which are common in machines of
this type. These are shown in Fig. 4 and include: 1) mass flow controllers 90
(MKS) for regulation of gas flow into the cathode minichambers; 2) 5-10
20  kilowatt DC power supplies 92 (Advanced Energy) for all three sputtering
cathodes and a power supply 94 for the preglow station; 3) an optical
monitoring system 96 (I-Iéxatfon[Southwall_ Technologies) which measures both
reflectance and transmission of the film over the spectral region from 360 to
2,000 Nm; and 4) a film motion control system 98 (Drivex) which regulates the
25  tension, speed, and distanoe_ of the film as it moves through the system.

‘ When carrying out the process of the invention there is some latitude in
the order in which the preglow and the various depositions are carried out. for
example, the nonslip surface can be preglowed as a first step followed by
depositing the two reflectors in either order. Alternately, the slip side reflector

30  can be applied followed by the nonslip side preglow and the deposit of the
nonslip side reflector. In addition, when multi-layer reflectors are employed it
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10 In Example 1, the preparation of a material of the invention is

described. In Comparative Examples A and B, the preparation of a single-sided -
* material and a double-sided material not of the invention are described.
In Example 2, the testing of the three materials to determine yellowing
. rates is described. Oxygen-permeability was also determined for various
15  materials and is reported.

 EXAMPLE 1

A film product of the invention was prepared as follows. A supply of 3
mil thick poly(ethyleneterephthalate) was obtained. This commercial material,
marketed by Teijin, had a slip coating of polyester and acrylate on one side.
20  The other side was uncoated.

L This material was converted into a double sided reflector film as
follows. It was loaded into a laboratory' scale'moving web sputtering unit of
the general type shown in Fig. 4. | _

This preparatibn involved a two pass coating operation with a three
25 cathode dielectric / metal / dielectric ("DMD") stack being deposited on both
sides of the substrate. In the first pass, the nonslip side was coated using a dc



7 Exanpl es of dielectric materials include w thout

limtation netal oxides, nitrides and sulfides with netal oxides
such as T@vg?g‘;,oz-}-,[,err] Jerr], ZnO Bi 233, 1n2C8, SNEORrrubbdfing 203,
and m xtures thereof being preferred. The netral -con?'ai ni ng
reflectors are applied to the treated plastic filns 5 usi ng

Sputter-depositing. Sputter-depositing is a conmercial process for
depositing inorganic haterials such as netigl s, oxides, and the |ike on
surf aces. Represent ati ve descriptions of sputter-depositing

processes and pregiqwieldih theasecond pass, tHesslipsideiwhdicddied @ith the DMDReating Nos.
4,204,942 and 4,948,087, which are i ncor porated by reference. 10

In sputtering, UHNg ordcgareglowapplied to a metal or metal conpound
sputtering cathode (target) in the presence of a gas to create a pl asnma.
The action of the sputteri-ng gas plasna on the target causes atons
of the target PassI Depositidneconiditionstged and to travel and deposit upon a
substrate positionegd, adj agept_.to t he sputtering source. 15

The thickness of th meaéfe& §f74n'amé%q°a| laid down is controlled by varying
the voltags and cur sekrateeSidbOndrsfipe! ectrode targets, the gas flow rates
and, in ' the case o contlngous systens where the polynmer surface
“and sputtering targdpproximate stack\desigei 410 AcIn,@, H8@ AaAgthel0 AtIngOspeed at
~which the surface i ved pas. rget . 20

Typically, the sput ?EEI?% gasﬁ@d Qe@oﬁgd’&@t i@GSFGB'Pé’fg"é’é RESHCas krypt on
or argon or the |ike. Argon i39ihgampsd. conmon sputtering gas because of
its relatively attractive cost. In sone sputtering processes,

known as reactive Cathode 1: sindiune sputterest reactivelys to obtaindng(d:. subst ant i al

amounts of,none or nore r t] gases such as oxygen or nitrogen
during théomet al lay domﬁ&'&ﬁ#‘% P& ts in a 25 conpound such as an

oxi de or nitride being f p6aegdcmiydesEeas! t_ed.
4 sccm nitrogen
5 sccm argon
pressure: 4.5-x 10° Torr
15 16.24 A @ 339 V (5.51 Kw)
Cathode 2: Silver dc sputtered.
12.3 sccm argon
pressure: 3.0 x 10° Torr
1.13 A @ 447 V (0.51 Kw)
20 Cathode 3: Indium sputtered reactively to obtain In,O,.
| - 34.4 sccm oxygen
32.6 sccem hydrogen
4 sccm nitrogen
' 5 sccm argon
25 - pressure: 5.2 x 10° Torr
|  18.52A @302 V (5.60 Kw)

Pass I Deposition conditions:
Linespeed: 7.74 mm/sec
Substrate Side: slip side

¥



Fig. 4 shows a continuous web coating sputtering system 40 suitable for

| ayi ng down these various |ayers. System 40 includes vacuum chanber 42
Which is eyaeggs@g via |ine 44. Contained wi thi n chanber 42 plesrisolliiaye
mechani sm for noving a sheet of flexible polynmer film 16 past a series of
30 magnetron sputtering stations 80, 78, and 76. The drive nmechani sm

I ncl udes feed roll 48, idlers 50, 52, 54, 58, 60 and 62 and
take-up roll 64. WO 96/ 07770 11

PCT/ US95/ 11277

The film passes arOmeprommdtestacldﬂmgtdrmbﬂn@,/vml&Agh{ectlﬂlArIn&sses a

pair of nonitors for_determni transn,ttance, a ect ance,
70, bef ore cdHE8RY¥:and ‘gg’si |Sg¢m |¥r’m%}%xa§aﬁﬂr74 after

coating. This tﬂl‘&f Iy sputter-deposit
up to three layers on tﬁd@%hﬁtﬁ\?@éﬁ Fha?n us %b? feHi‘Zeparate DC
magnet ron cat hodes 76, 78361&(30(8ﬂ)oxygen Typically, cathode 76 is used to

|l ay down a first dielect rLéprro%i ng | ayer. Cat hode 78. can be used
to lay do the netal |ay ] can be used to lay down an
overcoating dielectric | aygsom i ired. Also located in the system .

is a pre-glow station 82 for treating the nonslip side of the plastic film -
10 bef ore coat'i ng. Eacl"ﬁéﬁcmm four stations is isolated from each

ot her in space as m ni.chanb ee United States Patent No.

4,298, 444), thereby prod&reﬁb‘re J]a fi f%?al environnment for the

contai nment of the vari OUF6.22 &5 @ 38919265, 50 Kivd “al |l ows separate
processes to be carried out sinmultaneously at each station with
. 10 . Cathode 2: Silver dc sputtered.
12.3 sccm argon _
pressure: 3.0 x 10? Torr
1.14 A @ 441 V (0.50 Kw)
Cathode 3: Indium sputtered reactively to obtain In,0;.
15 _ 33.2 sccm oxygen
31.5 sccm hydrogen
4 sccm nitrdgen
S sccm argon
pressure: 5.2 x 102 Torr

20 18.66 A @ 300 V (5.60 Kw)

COMPARATIVE EXPERIMENT A
| For the purposes of comparison, a single-sided product was produced in |
the same equipment. This material consisted of a single pass, dielectric / metal
~ / dielectric stack deposited using a laboratary scale coater onto the slip side of
25  the Teijin 3 mil PET used in Example 1 with a dc preglow. A three cathode
with preglow process was used.
The dc preglow operating conditions used to prepare this sample were
those which were required in order to deposit silver onio the slip side of PET
with similar optical properties as obtained when the nonslip side was coated. In



variations in atnosphere fromstation to station but with mininmal cross- 15

cont am nati on anong the four sources. The control and
moni t or iwg e7178e sputtering systemare normally ac peiiisdsiefh usi ng
equi pnrent and sensors which are conmon in machi nes of this type.

These are shown in Fig. 4 and include: 1) mass flow controllers 90

(MKS) for regulation of gas flow into the cathode ninichanbers; 2) 5-10 20 .
kil owatt DC power supplies 92 (Advanced HRergy) for all three sputtering
cat hodes and a power supply 94 for the preglow station; 3) an optical

noni tori ng syPedicuias, theeslew velagsoand eirrent were insreased ay required: tormeinimize bot h
refl ectance apg.: lé%ﬂ?dgb jon of the filmover the spectral region from 360
to 2,00 nT an é?d'a filmnmnotion control system98 (Drivex) which
regul ates the 25 tensi on, speed, and distance of the filmas it noves

~through the system, .. When carrying out the process of the

i nvention thehﬁpf’%mg'bﬁ%“qlﬁ?‘lsf ude in the order in which the preglow
and the various de BYWe' ried out. for exanpl e, the nonslip
surface can be pr e%?tgés é?"‘?ﬁnrﬁs step foll owed by depositing the

‘two refleStors in Substeate Sidéeslip sideernately, the slip side reflector 30 ,
can be applied faollowed.by the nonsli i,d regl ow an deposit of the
nonslip side refl edPRFoXiatesack design: 39@.4‘ fﬂz& ?gpfx/ég fg(?z&"@&s are

enpl oyed it VR95L0777 v 2 s . s
PCT/ US95/ 11277 gl 9500 V @ 100 Ma, 8.2 scom of air, pressure 10 x J0°

Torr. . . _
Cathode 1: Indium sputtered reactively to obtain In,0,. (|
10 _ 22.8 sccm oxygen

10.3 sccm hydrogen
4 sccm nitrogen
5 sccm argon
pressure: 3.5 x 10® Torr

15 7.7 A @ 332 V (2.56 Kw)

Cathode 2: Silver dc sputtered.
| 13 sccm argon
pressure: 3.0 x 10? Torr
0.92 A @ 438 V (0.40 Kw)
- 20 Cathode 3: Indium sputtered mcﬁvely to obtain In,0;.

35.8 sccm oxygen |
34.0 sccm hydrogen
4 sccm nitrogen
§ sccm argon

25 - pressure: 5.4 x 10 Torr
17.84 A @ 313 V (5.58 Kw) .

- COMPARATIVE EXPERIMENT B
Also for purposes of comparison, a second double-sided material was
prepared. It was similar to the material of Example 1 and was produced in the



is, at least in theory, possible to divide up the deposition of sone of

t hese | ayers. However, based on manufacture of other products, it

J s usual | ywoosn7770 preferred to have the preglow i nmedi at el PCPUSEHUTT he

| ay down of the nonslip side reflector. 5 The invention
will be further described by the foll ow ng exanples and conparative

experinments. These nerely set forth particular enbodi nents of the

i nvention and are not to be construed as |ilRiti ng the invention's scope
which is ~defined by the claims. . | :
EXAVPLES 10 same equipments bpt hatheachiof itssides prpglowed bafase reflsctirer i al of the
I nvention is sn&%scri bed. In Conparative Exanples A and B, the '
preparation of gepsol &-sided , material and a doubl e-sided naterial-
not of the inventi onTaiscsatpieinvbb@d a two pass coating operatidixaitiplacthfse cathode

testing of the three materials tq determn el | owi n rates,.is
descri bed. Oxygére-plielgetagi/| metpl 2/\6!9?%'?5"(3 s&“&ﬁ(—.&f‘ﬂ%&?@‘g’fd %ﬁcgtﬂ& géthe.
materials agd i t in side of the 3 mil PET used in

EXAVPLE 1 571 Substrate. ﬁfjthegi:fstl Par%sg% E)hgun&nslé? sltdﬁeo iﬂgﬁlerllttui on was prepared as

foll ows. A supplBtample3l was coatediusingld di preglow.c finghecsecond passs thel shipesideres
obt ai ned. This conugrcial material,, . eted by TeLjiin slip
coating of poly&& BET SHBstzAls Was coated, “Gwethgi@&c%agmg %?e"sbﬂz%%lucgﬁé s

uncoat ed. - . ol 2 e ool e Tas
reflector film aTShe de Pregl'twcﬁ:e?ﬁ*ﬁ@ donditiAs usaieth ndtpas:

was required in order to deposit silver onto the slip side of PET with similar

10  optical properties as obtained when the nonslip side was coated.

Pass I Deposition conditions:
Linespeed: 17.25 mm/sec
Substrate Side: nonslip
Approximate stack design: 200 A In,0, / 90 A Ag /200 A In,0,
15 Preglow: 1500 V @ 40 Ma, 14.4 sccm of air, pressure
11 x 102 Torr.
Cathode 1: Indium spufl;ered reactively to obtain In,O,.
38.4 sccm oxygen: '
17.4 sccm hydrogen
20 | , 4 sccm nitrogen
S sccm argon _
pressure: 4.7 x 10® Torr
15.90 A @ 345 V (5.49 Kw)
_ Cathode 2: Silver dc sputtered. :
25 12.6 sccm argon
pressure: 3.0 x 10° Torr
22A@544 V (1.15 Kw)
Cathode 3: Indium sputtered reactively to obtain In,O;.
36.2 sccm oxygen
30 ~ 34.4 sccm hydrogen



follows. It was | oaded into a | aboratory scal e noving web sputtering unit i

of the general type shown in Fig. 4. Thi s preparation
i nvol ved WO per7pmss coating operation with a three 25  cadpgeRngdsel ectric
/ metal / dielectric ("DVD') stack being deposited on both si des of '

the substrate. In the first pass, the nonslip side was coated using a dc
WD 96/ 07770 o

PCT/ US95/ 11277 ) 14 10

preglow. In the second pass "the slip side was coated with the DVD coati ng
usi ng no dc pregl ow 4 sccm nftgegen| Deposition conditi ons:

Li nespeed: 7.74 nm sec Substrate Side: nonslip

Appr oxi mat e st ack designésﬁﬁaﬁ%[err]qerr] /90 A Ag '/ 410 A
Inferr]Jerr] ' pressuEEegthm"ToﬂﬁOO V @32.5 mA, 13.6 sccmof air,
pressure . x_10[err] Torr.

‘Cathode 1: Indium sputtetbdd @317 §5 $6KMtain Inferr]qerr]. 10

36. 4 sccm oxygen 16. 4 sccm hydrogen . '

5  Pass IT Deposition conditions:
Linespeed: 6.46 mm/éec
Substrate Side: slip side -
Approximate stack design: 300 A In,0, / 90 A Ag / 550 A In,0,
| Preglow: 2500 V @ 100 Ma, 8.0 sccm of air, pressure 11 x 103 ‘
10 Torr.
Cathode 1: Indium sputtered reactively to.obtain In,0,.
- 22.5 sccm oxygen |
10.2 sccm hydrogen
- 4 sccm nitrogen
15 5 sccm argon
pressure: 3.5 x 10° Torr
7.76 A @ 332 V (2.58 Kw)
Cathode 2: Silver dc sputtered.
13.0 sccm argon
20 _ pressure: 3.0 x 10° Torr
0.92 A @ 437 V (0.40 Kw)
Cathode 3: Indium sputtered reactively to obtain In,0;.
35.2 sccm oxygen
33.5 sccm hydrogen
25 4 sécm nitrogen
5 sccm argon
pressure: 5.4 x 102 Torr
17.90 A @ 311 V (5.57 Kw)



4 sccm nitrogen. 5 sccm argon

pressure: 4.5 x 10[err] Torr 15 16. 242A3@339 V (5.51 Kw
Cat hode 2wbdipae dC sputtered. - _ 12.3 s
pressure: 3.0 x 10[err] Torr _ 1.13 A @ﬁé%%&?ﬁ%l Kw)
20 _ Cat hode 3: Indiumsputtered reactively to obtain
Inf[err](err]. . 34.4 sccm oxygen
32.6 sccm hydrogen 4 ggcm nitrogen
5 sccm argon 25 pressure: 5.2 x 10[err] Torr
18.52 A @302 V (5.60 Kw) PaSExldml'él on Icondl _tljons: o
[ d: 7.7 Substrate Side: slip side
P A “rif §BV A YELLOWING TEST - |
PCT/ US95/ 11277 To determine the rate at which PET based reflector samples yellow

whe_n exposed to solar radiation, an accelerated test was done. In this test
5  sample films were suspended into sealed air filled insulated glass units
(“igu’s”). The igu’s are fabricated using low iron glass (i.e. UV transmissive)
on the exposed side of the unit. As described in ASTM G53-84, samples were
exposed to a UVA-351 bulb through 3mm low iron glass supplied by Schott.
The UV exposure was applied at a 100% duty cycle and a one sun intensity.'
10  During the exposure, the samples were held at 60 °C and a relative humidity of
- 40%.

The results of this exposure for three differenf samples (Example 1, A
and. B) is given m Fig. §. '
Sample B is a double sided reflector on PET. In single sided reflectors

15  in the past the nonslip side of PET is coated with a reflective layer using a dc
preglow to enhance the adhesion of the coating to PET. When the reflective
coating is applied to the slip side using standard deposition conditions, the
visible absorption of the coating is higher than normal leading to reduced
visible transmission. It was determined that this could be corrected by

20  increasing the voltage and current of the preglow. Thus in sample B an intense
dc preglow was used when coating the slip side. As evident from Fig. 5, when
a double sided coating was prepared in this manner, the yellowness index
increase rapidly. (A change of about three in yellowness index is visually

" detectable.) ' :

25 . In sample A, the slip side of PET was sputter coated, just as had been
done in sample B -(i.e. a robust dc preglow was used). However sample A
differed from samplé B in that only one side of the substrate was sputter coated.
As evident from the yellowing data for sample A in Fig. 5, if the front side of
the PET was left uncoated, the coating process used on the slip side of both

30  samples A and B did not lead to a rapid yellowing rate.



11

1.14 A @441
reactively to
31.5 sccm hyd
5 sccm argon
18. 66 A @00
EXPERI MENT A
pr oduct p
of a singgg p
usi ng a | abor
m | PET used

10

15

Approxi mate stack design: 410 A In[err]Cerr] / 90 A Ag /
410 A 1 n203 Pregl ow. off, 11.0 sccmof air, pressure ca 10
x 10[err] Cat hode 1: Indium sputtered to
obtain | %§%%7770 36.8 sccm oxygen E%&ﬁs‘/ﬁk%
~16.6 sccm hydrogen 4 sccmnit rogen
5 sccm argon pressure: 4.7 x 10[err] Torr _
16.22 A @339 V (5.50 va) 10 Caighode 2: :Silver dc sputtered.
12. 3 sccm argon pressure: 3;0:.x 10[err] Torr

V (0. 30 the\dam 3ple of Example 1, halchanify @as Hépﬁsit&l ai?étitlyedrﬁd the

gbt ai n 1 n20 3.2 sccm oxygen
skip side of Teijin PET wrthout a preglows CAﬁqenrqenb@gm Fig. 5, this sample

yelg%w% Bu.‘({'h more slowly thdll fhedthér do%b% ﬁd&ﬁ%&yﬁ%@)

This is thought to be doe tct te increpsedasxygén perimeabilisy fealiaed iwhgh @- si ded
rodu @Q he se%r’re equi pnent . Thi s',d”raterl al consisted
308~ 3‘!}1’ 1 ageat faerHPHlF by Teijin) ig;sputter e9ated. st ack deposi t ed
atory e Teijin 3
1 B8 TR of O fior brk, WIS Sl gfved SodVe, afif oxybei

permeability results reported below, it was concluded that sample B yellowed

quickly because th_; oxygen flow to the PET subst_rate.was severely restricted.
It is believed that this is due to a high qualiry (.e. dense and pinhole free)

sputtered silver layer being on both sides of the substrate ‘

. This explanation is further supported by our observatlon that when a
reflective layer on PET is exposed to UVA radiation in the absence of oxygen
(i.e. in either krypton or argon), the rate of yelloWi_ng is increased.

Also, measurements have shown that when _the slip side of PET substrate
is sputter coated with a reflector stack without a p_réglow, the oxygen
permeability of the coating is about three times higher than when the nonslip

. side is coated using a standard preglow. In particular, samples coated on the

20

slip side without a preglow obtain an average oxygen permeability of 0.0563
cc/100 in2/24 hr and samples coated on the nonslip side with a standard

preglow obtain an average oxygen permeability of 0.0179 cc/100 in?/24 hr.

Based on these results, we have determined that a film carrying a pair of
reflector permitting less than about 0.035 cc/100in2/24hr of O, to permeate are
less preferred and that a pair of reflectors together permitting more than 0.035

_and especially from about 0.035 to about 0.1 and more especially from about

25

0.05 to about 0.09 cc/100in?/24 hr of O, (are preferred while these amounts)
constitute preferred film-stabilizing amounts.

-
v

-



"Wi th pregl ow process_was used. ' - The dc preglow operating
condi tions used to prepare thrs sanple vere . . t hose which were

.srequired si de of W th
simlar o‘?o ] ca pr op ned TWSesH;t@;eHﬂg e ggﬂ&é%s’%‘&é’[ I n
WD 96/ 07770 M .

PCT/ US95/ 11277 12 '

particular, the glow voltage and current were increased as required to
m nim ze vi si bl e absorpti on. Deposition conditions:

Li nespeed: 6. 4&V@glasfc 5 '~ Substrate Side: slip side

Approxi mate stack design: 300 A In203 / 90 A Ag./ 550 A In203

Pregl ow. 2500 V & 100 Avmetimdfor produsingaa reflegtor compesitefikm 1egderup| of

Torr. Cat it o i £ Bt e Sl R e pin 93821 1 1 120

hydr ogen: ~ carrying/a AreiRcontaindgereflector layer, comprising 5 sccm
argon 5 a. preglowing the nonslip side of the film
b.  sputter-depositing a nonslip side reflector layer on
the 'pregldwed'nonslip side of the film and
c. sputter-depositing a slip side reflector layer on the

non préglowed slip side of the film.

10 | 2, The method of Claim 1 wherein the sputter-depositing of the
| nonslip side reflector layer in stép b comprises the substeps of:
' bl.  sputter-depositing a first dielectric layer
b2. - sputter-depositing a metal layer and
b3.  sputter depositing a second dielectric layer.

15 3. The method of Claim 2 where the sputter-depositing of the slip
| side reflector layer in step ¢ comprises the substeps of:
cl.  sputter-depositing a first dielectric layer
c2. - sputter-depositing a metal layer and
¢3. - sputter-depositing a second dielectric layer

20 4, The method of Claim 1 wherein the preglow of step a is carried
out with the addition of air,

5. The method of Claim 3 wherein the preglow of step a is carried
" out with the addition of air.

6.  The method of Claim S wherein the metal layer of step b2 and
25 the metal layer of step ¢2 comprise silver.
7.  The method of Claim 1 wherein the plastic film is polyester film.

* c L ] S *




pressure: 3.5 X 19{—eH—]——‘Fe|LH—}5——— 7. TA@32V( 2. 56Kw)
Cat hode 2: Silver Reolaced M 13 sccm argon
pressurew&s&omao[ ER "’mr““ eplaced IS SHEET ag g

0 (1]

P2 A 0 Kw)
Cat hode ttereﬂﬂbm&mv%% 0 Ob%?ﬁlﬁﬁ%@%

35.8 'sccm oxygen  [IRRIRIIWRAL 1N 1N RN) 32T 0Fcon-i)y Bydr'ogen
4 sccmnitrogen 5 sccm argon 25
pressure: 5.4 x 10[err] Torr - 18 17.84 A @313 V (5.58 Kw)
COMPARATI VE EXPERI MENT B ' Al so for purposes of conparison, a
second doubl e- si ded8mat efmelmemﬁd of Claim 'pmpanethepdl eses isi mlar to t he
materi al of Exanple 1 and r oduced - WD 96107770
PCT/ US95/ 11277 We‘hﬁeﬂﬂe@h‘m‘a S 13

9.  The method of Claim 5 wherein the plastic film is polyester film.

10,  The method of Claim 9 wherein the polyester is
5 poly(ethyleneterephthalate). ’

11. A method for producing a reflector composite film made up of _
plastic film having a slip side and ?. nonslip side each side ‘
carrying a metal-containing reﬂectér layer, comprising

a.  preglowing the nonslip side of the film
10 _ . b.  sputter-depositing a slip side reflector layer on the
| non preglowed slip side of the film and
c. sputter-depositing a nonslip side reflector layer on
the preglowed nonslip side of the film.

12.  The method of Claim 11 wherein the sputter-depositing of the

15 slip side reflector layer in step b comprises the substeps of:

bl.  sputter-depositing a first dielectric layer

b2. spu&er—deposiﬁng a metal layer and

b3.  sputter depositing a se_éond dielectric layer and

the sputter-depositing of the nons__lip'side_ reflector layer in step ¢

20 | comprises the substeps of: )

cl.  sputter-depositing a first dlelectnc layer

c2.  sputter-depositing a metal layer and

c3.  sputter-depositing é second dielectric layer

13.  The method of claim 11 wherein the preglow of step a is carried
25 out with the addition of air.

* c L M S L



P

Earre equi pnent, but—had-eaeh—of—ts—srtdes pregl owed before reflector
deposi tion. pRhe involved a two pass-coating

Thi s
Loper at i on wo béiom76 hr S S - (et f
di el ectric) stack be‘iémﬁigm ‘m% n eac E‘i’“@eé &C%é%QEEN gﬁhb)g%srnétzg I'n
the first pass |, the ! [ f thd 3 m"ﬁ‘_ = Exanpl-e
1 was coated using a dc preglow. In the sécond pass, the slip side of
the PET substrate was coated with the DVD ¢%ating al so using a dc pregl ow.

The dc preglow operating conditions used in the second pass was that which
was required in ordeldto Themethodsofl claim b3 whetdim tisd metal layer of s b2vangh

simlar 10 opti cal pro%grt!?ﬁs‘ag% 0, #@P‘fd whan t.he nonslip side was

coat ed. Pass | GRwprise silver. Li nespeed:
17. 25 nmi sec Substrate Side: nonslip .

Approxi mat e stack design: 200 A 1n203 /90 A Ag / 200 A I n{ err]Jerr] 15
Pr egl ow. 1500 V @30 NEhe methodsofcclainr 14 whergin éhesplastic film is polyester

11 x 10[err] Torr. film. . Cat hode 1: Indiumsputtered reactively to
obtain In[err]Jerr]. : .38.4 sccm oxygen

17.4 sccm hydrogen 20 : 4 sccm nitrogen

5 sccm argog . pressure: 4.7 x 10[err] Torr
15.90 A @325 V (5. 41-kw) The method of claim 15 wherrini¢heopolgesterds dc sputt er ed.

25 12. | : 3.0
10[err] Torr Gﬁﬁﬁmﬁé&@i‘?l'ﬂal%e)@mll V (115 Ka) pressure X

17. A method for producing a reflector composite film made up of -
plastic film having a slip side and a nonslip side each side
carrying a metal-containing reflector layer, comprising |

10 ' a. sputter-depositing a slip side reflector layer on the
non preglowed slip side of the film
' b. preglowing the nonslip side of the film and
c. 'sputtér-depositing a-nonslip side reflector layer on
| the preglowed nonslip side of the ﬁlrh.

15 18.  The method of Claim 17 wherein the sputter-depositing of the
' slip side reflector layer in step a comprises the substeps of:
“al.  sputter-depositing a first dielectric layer
a2.  sputter-depositing a metal layer and
a3.  sputter depositing a second dielectric layer and
20 ' the sputter-depositing of the nonslip side reflector layer in step ¢
comprises the substeps of: '.
"~ cl.  sputter-depositing a first dielectric layer
c2.  sputter-depositing a metal layer and
c3.  sputter-depositing a second dielec;ric layer

25 19. The method of claim 18 wherein the preglow of step b is carried
out with the addition of air.

1N O S



Cat hode 3: I ndium sputtered reactively to obtain In[err]Jerr].

36. 2 sccm oxygen 34. 4 sccm hydr ogen WD 96/ 07770
PCT/ US95 /VJ(;'367(77770 Th Sheet Has Been Replaced PCTIUSORA1277
o OO N s

pressure: 5.4 x 10] "REPLACED ' [[17.54 A @317 V (5.56 Kw)
5 Pass |1 Deposition conditions: I =i nespeed: 6.46 mi sec
Substrate Side: slip side APpr oxi mate stack design: 300 A
In203 / 90 A Ag / 550 Aln[err](err]  Preglow. °~ 2500 V@
100 Ma, 8.0 sccm of 2@i r, The emthodeoficlaim 19 wherefn theOmetal layer of step a2 and

Torr. Cat hgde 1:. I ndi tered reactively to obtain
Inferr]err]. °memmyer$jfr;‘?£g55 ﬂ'@ﬁr g
10. 2 sccm hydr ogen 4 sccm i trogen

21.  The method of claim 20 wherein the plastic film is polyester

film.
5 22.  The method of claim 21 wherein the polyester is
~ poly(ethyleneterephthalate). |
23. A double-sided reflector composite film produced by the method ‘
of claim 1. |

24. A double-sided reflector composite film produced by the method
10 " of claim 11.

25. A double-sided reflector composite film produced by the method
of claim 17. |

26. A double sided reflector plastic film product comprising:
a plastic film having a slip side and a nonslip side, the
- 15 o - ~ nonslip side having been modified by preglow

treatment and the slip side not having been
modified by preglow treatment,

‘a sputter-deposited first reflector layer adherent to the slip
side of the film, and

20 | " a sputter-deposited second reflector 1ayer adherent to the
| ' nonslip side of the film.

27.  The film product of Claim 26 wherei_n the plastic film is
polyester. |

TR O O R '



715
10[err] Torr
. Cat hode 2w0$6}

pressure: 3.0 x 10[er

Cat hode 3: I ndi um spumﬂﬂml

35.2 sccm oxygen
4 sccm nitrogen

5 sccm argon pressure: 3.5 X

‘This Sheet Has Been Re V2R 8 KY) ~
THIS SHEET HAS BEEN (| pegiisadtem 20
ﬂmu m “ REPLACED' 92 A[l[@437 V (0.40 Kw)
er to optar i 2o :

sccm hydrogen 25
5 sc@ﬂn argon

pressure: 5.4 x 10[err] Torr ' 17.90 A @311 V (5.57 Kw)

WD 96/ 07770
PCT/ US95/ 11277
EXAMPLE 2

28.  The film product of Claim 27 wherein the polyester is
15

THE wpﬂyﬁhﬂmﬁ&\"ﬁ‘ﬁéﬁ“ﬁ) | To deternm ne the

rate at which PET based reflector sanples yell ow when exposed to

sol ar radiati on,

an_accel erated test was done. In this test
29. A double sided reflector plastic film product comprising:

polyester film having a slip side and a nonslip side and
reflective layers adhered to each of said sides with said
reflector layers being permeable to a film stabilizing

_ quantity of oxygen when exposed to air.

A



°5 sanple filns were suspended into sealed air filled insul ated gl ass

units ("igu's"). The igu's are fabricated using Iow iron glass (i

; WV tr ansmyesdei®470 on the exposed side of the unit. ;

ASTM Gb3- 84, sarrpl es were exposed a UVA-351 bul b t roE{]H

iron glass supplied by Schott. Th exposure was applied at a 100%
duty cycle and a one sun intensity. .10 During the exposure, the sanples
were held at 60 [err]C and 20cel ative humidity of 0%

The results of this exposure for\three’ different sal Ies Exarrple 1, A -
and B) is given in Fig. 5. .. do,uble heged
reflector on PET. In singl€ Sy( e pag the nonslip
side of PET is coate@ Wy il’ Y, Wy pHEgl ow to
enhance the adhesion WM ------ —-”’éy : MM 16

;:gatl ng is appl |bed t ‘F”M”mm ongit+ dgs
toereduced Vil ‘l% _- ““"Em%‘&}q‘ W copl ng

- be corrected by .-o - RO} OW. ,
Thus in sanple B-a - “qur vver- - vv S -= O the )
slip side. Asewdent S|ded 03 g was
prepared in this nan , ease rapl y. (A
change of about thi@e in yeI I owne@ ndex is vi sual det ect abl e.)
25 In sanple A the slip side of PET was puttgr coated, just as
had been done in sanple B (IEiG bust dc pregl ow was used)
However sanple A . differed fr anpfe B in that only one side of the
substrate was sputter coated. As evident fromthe yellow ng data for
sanple Ain Fig. 5 if the front side of the PET was | eft uncoated,
the coating process used on the slip side of both 30 sanples A and B did
not lead to a rapid yellowing rate. - ~..

FIG. 2

FIG. 3

RECTIFIED SHEET (RULE 91)



‘WD 96/ 07770
PCT/ US95/ 11277

Jn the samwoss/@r7Exanpl e 1,

sanple
(i sanpl e B).

Teijin) is sputte

results given above,
it was concluded that sanple B yell owed

flowto the PET s

that this is due to

sputtered silved
Thi-s expl anati on
reflective | ayer

oxygen (i.e
i ncreased.

si de of PET subst
pregl ow, the oxyg

hi gher than when

In particular, sa
obtai n an average
and sanpl es coate
an -aver age oxygen
Based on these re

S;i\

16

t he coating was dep05| ted di reatd'xyussmmv he
S|Ip side of Teijin PET without a preglow. As evident fromFig. 5,

this

yell ows nuch nore slowy than the other double sided sanple

This is thought to be due to the increased oxygen

r coat ed.
and oxygen

ubstrate
ual ity (i
er
f urt her

| ay|
suppor

ei t her
Al so,

rely restricted.
. €.
on bofth sides of the substrate.
ed by our observation that when a

PET is exposed|to UVA radiation in the absence of

the rate of yellowing is
meagur enents have shown that when the slip

krypt ¢n or argon),

pernéablllty realized when a 5 2/30n- gl owed slip agent (as suppl i ed by
In I'ight of our prior work,

t he

perneability results reported bel ow,

I t
dense and pi nhole free)

fate 15 1S sputter Cc

bated with a refl ector

Cll

hr\l hf\h(‘l i n
T

o t.ael

stack w thout
perreabriity of the coating is about three times

PSP P N

gui ckly because the oxygen
is believed

10

a

nples coated on the
oxygen perneggil i &

sul ts,

n
L= AV A w3 mJ vuUUl UU qu ||U Ol QL C{IIUC{

gbip side wthout a pf
63 cc/ 100 in[

a standard preg

00 in[err]/24 hr.

rrying

78/

d pregl ow.
egl ow

err] /24 hr
ow obt ai n

A pair of
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refl ector permtting | ess than about 0.035 cc/100in[err]/24hr of 02 to

perneate are

< perm tti RgowEHE7é han 0. 035

| ess preferred and that a pair of

hr of Jerr] (are preferred while these anounts)
~filmstabilizing anmounts. _
1. A nethod for producing a reflector conposite film

- CLAI M5
made up of
carrying a

-metal -containing reflector |ayer,

refl ectors together

and especially from about about
0.1 and nore especially fromabout 25 3805 to about O. OQPQEI?'F%&I?”

nferr]/24
constitute preferred
17

plastic filmhaving a slip side and a nonslip side each side

preglowing_the nonslip side of the plastic filmthereby formng 5

a preglowed filmhaving a preglowed nonslip side and a
nonpr egl oped slip side b.
regl owed nonslip side

| ayer on

formng 4
nonpr egl opwed
reflector
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tthe 15 ndnslig side reflector |ayer

- bl

2. The nethod of Clag

sputter dSiting a WPRLBNTEL

" sputter-de 05|t|ng a netal |ayer on t e I'T st dlelectrlc | a er
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(57) Abstract

desued long life.

Duraﬁle-long lived plastic .ﬁlms (10) carrying sptmer-deposiwd metal layers (20 and 22) on both sides are disclosed. The slip side
(14) of the plastic film is not preglowed. The nonslip side (18) is preglowed. This combination of glowing and not preglowing leads to the




wherein the netal

5. The nmethod of Claim3 wherein the preglow of step a.is
carried out with the addition of air.

conprise silver. 5
filmis polyester

the polyester is

| ayer of step b2 and

6. The nethod of Cdaim5

t he net al

| ayer of step c2

7. The nmethod of Claim1l1 wherein the plastic

film

8. The nethod ofr daim7 wherein

pol y(et hyl enet er epht hal ate) ..
met hod of Claim5 wherein the plastic filmls polyester

10. - The method of Caim9 wherein the polyester is
pol y(et hyl enet er epht hal ate) .

refl ector conposite film mde up
a nonslip side each side carrying a 15 - netal
a. preglowi ng the nonslip side of the plastic film

conpri sing

t hereby form ng

9.

10 film

The

11. A method for producing a
of plastic filmhaving a slip side and

-containing reflector

| ayer,
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a preglomed pIastrc frlnthaV|ng a preglomed nonslrp si de’ 5,'37;'5:"7 -anqki

a.slip side ;. - b. sputter-deépositing a slip side refFEE Dhal e o '
the:slip. si dé of 20 . :waq_ the preglowed plastic frlntkggtgeﬁhﬁ%ﬁh§ _EE

reflector-1ayer ",.~f -'_- carryrng plastic film havin pr egl owed:

nohslip si.de and.- = . c. sputter dgpositing a nonslipjsi denqefARegggr

| ayer. on the. nonsllp S srde of . the reflectordl yer- carryrng
plastic film ' < .12, The nethod of

the sputter- deposrtrng of . the sIrp si de refl ector | ajer in. step b’

conpri ses -t he subst eps of: : : i K ter- deposrtrng a.firrst . .
dielectric layer. =~ = b2 sputter dep a metal- ‘| ayer on the first-
dielectric tayer . . 5 ~and - - b3 sputter depositing.a -
second drelectrrc Iayer on the metal:. ' ‘l-ayer ‘and the . .-

sputt er - deposi gj, A mhkthod f&?*’tﬁ"dd@lc‘fﬁ&ea Féﬂééfdr%omposlte film made up. of
C plastic film. having .a slip- side and a nonshp stde each sude carrymg a
metal-contalnmg reflector: Iayer, comprising . -
L oA preglowmg the nonslip side of the. plastrc ftlm thereby formrng
5 - '.._ . -apreglowed film having a. preglowed nonshp srde and a e
: .- -nonpreglowed slip side: " - =
b sputter-deposmng a nonslip side reflector Iayer on the
" preglowed nonslip- side-of the preglowed film thereby
- . forming a reflector-layer carrying plastlc filmhavmg a
10 " nonpreglowed slipside and . ,
- C. sputter-depositmg a slip side reflector Iayer on the o

?::npreglowed Sllp S|de of the reflector—layer carrymg' plastlc
ilm. . . ] .

o -2, The method of Clalm 1 wherein the sputter-deposrting of the
15 nonslip side reflector layer in step b comprises the substeps of:

b1. sputter-depositing a first drelectrlc layer

b2. sputter-deposrtlng a metal layer on the frrst dlelectrlc |ayer

“and
_ b3. sputter deposxtmg a second drelectnc Iayer on the metal
.20 Iayer.' o : :
3. . ' The method of Claim- 2 where the sputter-

depositing of the slrp side reﬂector Iayer in step c compnses the :
substeps of:

c1. sputter-deposutrng a ftrst dretectnc layer

- 25 - ¢2, _sputter-depositing a metal layer on the first dielectric Iayer
and
c3. sputter-depositing a second drelectnc layer on the metal
layer.

4, The method of Claim 1 wherein the preglow of stepais .
30 carried out wrth the addition of alr .

-
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| ayer .in step c. conprlses the substeps of . :"[. eifa

sput ter- dep05|t|ng a first di-electric Iayer - 10 ¢2. %Etheﬁwﬁﬁﬂbgﬂfﬁm .i.

a netal ‘layer on.the first. dielectric Iayer _ : el

c3.. sputter- depOS|t|ng a. second dlelectrlc layer . on the egt al” ‘W9 _

Iayer - .0 .13, .-The nmethed of .clgjm 11 V\herel n the ple QI%W‘%f Step
15 carrled out with fhe addition air. T ..r ~of

clalntls mhereln the net al Iayer of step b2 - -"and t he I Iayer of

step'c2 conprise silver. ..- . .15 The nethod of - cI" i

the plasticc-filmi's polyester " fl|n] 20 " .16, The nethod “of - cla|n115
wher ei n' t he. pal yester is poly(ethyleneterephthalate) S F1T A -
met hod- for: producing-&.r.efl ector. conposite fil'm-mde- up ZL : of plastlc". '
filmhaving a slip side and a nohslip side. ‘each si de carrylng a S
net al - cont ai ni ng refl ector:tayer, conprising 25 .. a, .

sputter- deposngrmkh slla151de refl'ect or l-ayer. on the,- .- ¥ :"fff'f'
nonpr egl owed s 8:p. Ehelenethod of fChitri 8 WHarelt'¢Fi ﬁggw o
side is ncﬂamedgbm\ﬂmﬂlﬁﬂi@faﬂd'ﬂéﬁlolﬂaﬁ' non- preg L Bt%tep 2 ls .

reflector Iayer bearing film -

-6, The: method of Clalm 5 wherem the metal [a er ofs b 9
te b2
y the metal layer of step 02 compnse sllver. o B y i p. and

: .5_ | : fllm 7 _. The method of Clalm 1 wherem the plasttc fllm |s polyester

T, 8 The method of Claxm 7 wherem the ol est |
poly(ethyleneterephthalate) - p y er o

e .frlm. :H The method of C.Iarml 5 wherem the plastlc fllm ls polyester

~10.- 'Th_e method of Claim' 9 w'hereinﬂthe polyester is‘
- poly(ethyleneterephthalate) , -

11, A method for producing a reflector composite film made
of plastic film having a slip side and a nonslip srdepeach side carryln;pa
15 metal-contamlng reflector layer, comprising .
: a. preglowing the nonslip side of the plastic film, thereby formmg
- a preglowed plastic frlm havnng a preglowed nonslrp s1de
and a slip side :
‘b, sputter-deposltlng a sllp Slde refleotor layer on the sllp side of
the preglowed plastic film: thereby forming a reﬂector-layer
carrying plastic film having a preglowed nonslip side and.
. c Sputter-depositing a nonslip side reflector layer on the nonslip.
slde of the reflector-layer-carrymg plastrc fllm

20

Lo,

NI LR



fllntthe$eby forntng a preglo med reflector-layer bearlng _ -
pl astic filmhaving a pregtowed nonslip side and"’ T
sputt-er-depositing a nonslip side reflector Jayer PLA@ENE%“TSHBET U

preglomed nonslip. side oi the preglomed reflector-l N
bearing plastic film - .. 18..:The nmethod: 'f'-CI@ rgpgg@njgerei the - -
sputt-er- dep05|t|ng of . the sl'ip- S|de ef | ector : l-gqyqr -In-step. a conprises

t he subst eps of: < . al . sputter- dep05|t| g L f.rstju.cueetiic j?'"

| ayer .10° az2 sputter dep05|t|ng a netal Tayer on the first | -~ T

di el.eétric |ayer : and - SR a3-3_ TLTer . deposi ting- atos
second di el ectric Iayer on’ the et al.- AR _ Iayer and the PR

sputter - dep05|t|ng of - t he: nonsl i p. S|de reflector ',;--- : : “| ayer in L

step.c conprises the substeps of: 15 - . = cf, Sputter- dep03|t|ng a first.- -
dielectric layer - - - ... c2. sputter dep03|t|ng a netal Iayer on- the R

flrst dlelectrlc | ayer ..
o “12. The method of Ciaim 11 wherein the sputter-deposltrng of
the sllp side réflector layer in step b comprises the substeps of
- _ bl ._sputter-deposntmg a first dielectric fayer - - SR
5‘_ o .b2 _ -spgtter—deposrtmg a metal Iayer on the frrst dlelectrlc iayer
R .'.-b'3.- sputter deposntmg a second dieiectnc Iayer on: the metal
~ layer and the sputter-deposating of the nonslip- side reflector
3 layer in step c comprises the substeps of: '
.- el _ sputter-depositing. a first dielectric layer - ‘
| 0. .c2.'~._ 'sp;tter-deposrtmg a.metal Iayer on the frrst dielectrlc layer -
: S T an
- 3. -lsputter-deposnmg a second dlelectrlc Iayer on the metal
ayer. _ .

- 13. The method of clarm 11 wherem the preglow of step a is _
15 carried out w:th the addrtlon of air, = ™

| 14 The method of c!arm 13 wherein the metal layer of step b2
and tho metal layer of step c2 comprise srlver

fI 15. The method of clalm 14 whereln the plastlc fllm is polyester
ilm. -

.20 18, The methad of claim 15 wherem the polyester is
' poly(ethvleneterephthalate) :

S 17 A method for producmg a reflector composnte film made up
- of plastic film having a slip side and a nonslip side each slde carrylng a
| metal-contammg reflector layer, comprising .. Lo
25 .. - a.sputter-depositing a slip side: reflector layer on’ the fo :
- nonpreglowed slip side of the plastic film wherein the shp
side is not preglowed thereby forming a non-preglowed
reflector layer bearing. film

* c L M S *



and ' c3.° sputter deposltlng a second d|eIectr|c Iayer on the netal-
| ayer. 20 o 19. The nethod of ‘claim 18 were the pre - ~.-qred _

out - with:the addition of air. 20. The'nethpa,onCEWﬁgﬁh“‘thm erei n .
the metal |ayer. of step a2 ," and the netal 1 ayer jotostep "-C:t'* .
silver. . - = . -21. - The..met-hod’ of:" ¢t.aj m 20. wher eijn the _ ais
polyester e 22. The nethod cﬁ 2ﬂ a|n121 mhereln stvr |s

pon(ethyIeneterephthalate)

b, preglowmg the nonshp sade of the reflector Iayer-beanng plastlc o
~ film thereby forming a preglowed reflector-layer: beanng
- plastic film having a preglowed nonslip side and. - S
¢. sputter-depositing. a nonslip side reflector layer on the _
5 . . preglowed nonslip side of the preglowed reflector-layer
E beanng plastic ftlm L .

18 The method of Clalm 17 wherem the sputter-deposntmg of
“the slip side reflector layerin-step a comprises the substeps of'
. - -al. sputter-depositing a. first dielectric layer
10 a2, _spztter-deposating a metal layer on the flrst dlelectric Iayer N
= . an -
. ad. _'.sputter deposlttng a second dlelectnc Iaver on the meétal .
' layer and the sputter-depositing - of the nonslip side reflector -
-layer in step ¢ comprises the substeps of: —

15 - cl. Sputter-depositing a first diefectric layer . -
: . €2, sputter-deposutmg a. meta! |ayer on the flrst dlelectrlc Iaver
" and
c3. sputter-deposmng a second dlelectnc Iayer on the metal
: layer. . _ . L _
20 . - 19, The method of clatm 18 wherein the preglow of step bi is

. carried out wnth the add|t|on of air.

20, The method ‘of claim 19 whereln the metal Iaver of step a2
~ and the metal Iayer of step c2 comprise sﬂver ' _

e @ 21 . Th_e method of clalm 2-0__where|n' the plas.tic film is"polyester'

22. The method of clalm 21 wherein the polyester is
poly(ethyleneterephthaIate)

||!Il||j -



quantlty of oxygen mhen exposed to a|r . 4'.:, 24, The nethod of Clalnt'
23. wherei.n said nonslip side reflector' - 5 Iayer_a_Q,sapd—& - -
reftector layer together pernit nore.than about . ip ut 'l 30

inferr]/24 hr of Jerr] to. perneate 25. The nefhe

sai d -nonslip side reflector - ‘layer 2€d said slip 51d

t oget-her: perntt nore than about O 035 /100 in[err]

perneate. 10 26. The nethod of. O aim 25 whereih ka

reflector _. .. .. .layer and said slip side reflector |k

more t han 0, 035 cc/ 100 in[err]/24 hr of Qferr] Wo=t ' S
27.- A doubl&- si ded retlector conp03|te fllntproduced by the s -~ met hod. of
any of c¢laims 1-26." .. 15 :: . ~28. A double-sided reflector plastic film.
product" conpr|3|ng : SRR a plastlc filmhaving a slip side and a
nonslip side, the- nonsllp : . ‘si de havi ng. been.nodified by
pregl ow treatment .and 't he Sllp :.“ -si de not .havi ng been nodified by

reglow treat t r r flec 0 a -
pregl ow nzs The meth P@f égaams 1998 Githff éﬁ%é\o o
a sputter%g &i gec! gider qayfé ar&dﬂ%ﬁ@ t{J@fﬂahzjtatyhzmg .
side of tH ﬁ gt? oxygen when exposegoto fife film product of Craim 24 h
mhereln the plastlc filmis. . . polyester. L
_ . The method of- Clalm 23 wheérein. said nonsllp srde reflector

5 layer and said slip side reflector layer together permlt more than about
- 0. 035 €c/100° |n2124 hr of 0, to permeate. e ¥

_ 25, The method of Claum 24 wherem sald nonsllp side reflector _
- layer and said: slip side reflector layer together permtt more than about
0. 035 ¢c/100 in*/24 hr of 0, to permeate o

10 26 The method of Clalm 25 wherem said nonslnp srde reﬂector
layer and said slip side reflector layer. together permlt mofe than 0. 035
cc/100 |n2124 br of O, to permeate. - -

3]

27. A double-suded reflector comp05|te film produced by the
~ method of any of clalms 1-26 : .

15 | 28 A double-S|ded reﬂector plastic fllm product comprlsing

a plastlc film havmg a slip side and a nonshp sude, the nonslrp
side having been -modified by preglow treatment and the shp
side not having been modified by preglow treatment,

' a sputter-deposited first reflector layer adherent to the slip side of
20 the plastic film, and
- a sputter-deposited second reflector layer adherent to the nonslip
side of the plastlc film. :

29. The fllm product of Clalm 24 wherein the plastlc film is
polyester.

I



30.. ‘The .-f'i'l m-.produc,t_ of Oai m 25 V\her'ei-n the pol yest er.',i's
pol y(-et hyl enet erepht hal ate) 31.. -A doubl e-sided ref [ecte
product conprising: pol yester filmhaving a sli RB’PEKC@ ,
side--and.refl ective l-ayers 5. adhered to each of sai ¢.§Tdés w th sai{ o
reflector 1ayers being permeabl:e to a filmstabi|l ilzigewarmeoibdtyjol -
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