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(57) Abstract

A method for making transparent, reflective films (5) includes coating a polymer film (10) with ZnS (12) by charging a set of carbon
crucibles (30) with ZnS cubes or pellets. The crucibles (30) are heated by induction in a vacuum deposition chamber (18) having a supply
roll (20) of the polymer film and a take-up roll (26). The ZnS cubes sublimate at a rate matched to web advance to insure a coating

thickness for colorless films in the range of 1,000 to 2,000

Angstroms. The thickness of the ZnS layer on the film is monitored by visual

observation of color or transmissivity and the rate of transfer of the film is adjusted to control the thickness of the ZnS layer.
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Method for Making Transparent Reflective Films

Cross Reference to Related Application
——=axelllte 10 Related Application

Thisis a continuation-in-part of application Serial No. 08/ 143,542
filed October 26, 1993 which is a continuation-in-part of application Serial No.

08/048,769 filed April 16, 1993,

Field of the Invention

The present invention relates to a method for making transparent
reflective films and products incorporating them, such as, diffraction gratings,
and, more particularly, to a method for applying a transparent, colorless,

reflective layer to a polymer film.

Background of the Invention

Various applications exist for transparent or semi-transparent films
that are reflective when viewed at selected orientations. It should be noted at
the outset that even very clear glass or plastic attenuates light to some degree
and, in this respect, is not completely transparent. Similarly, a transparent,
reflective film which appears transparent at some viewing angles and reflective

at others is not completely transparent, but rather, semi-transparent. In the
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following description, "transparent" is intended to describe a condition that is
perceived by the human eye, viz., the appearance of transparency and includes
semi-transparency and transparency at selected viewing angles. Transparent,
reflective films can be employed as a decorative wrapping paper or as product
packaging, as well as for forming diffraction gratings and holograms.
Holograms have recently come into wide usage as decorative indicia due to the
hologram’s unique capacity to reconstruct three-dimensional images from a
seemingly two-dimensional surface. Holograms are thus readily identifiable as
such, even upon casual inspection, since non-holographic indicia do not create
a three-dimensional virtual image. Diffraction gratings have also become
popular given their capacity to embody bright, colorful, light-reflective patterns,
some of which have an apparent kinetic effect. Diffraction grating patterns also
have attributes that render them more suitable than holograms for decorative
purposes, i.e., they can be seen from more perspectives and are generally
brighter and less sensitive to orientation. Diffraction grating patterns are also
suitable for viewing in diffuse lighting conditions, as opposed to illumination by
a point source. These qualities have given rise to use of diffraction grating
patterns on decorative sheet material, such as, gift wrapping and on other
decorated products like greeting cards. It is, on the whole, less demanding to

produce an acceptable diffraction grating patterned material than to produce
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acceptable holograms. This is due to the narrow optimum viewing parameters
of holograms and to the graphic content of a hologram, viz., a 3D depiction of
a real object or artwork. In contrast, a diffraction grating pattern may be an
arbitrary 2D pattern with a very wide range of viewing angles. Because a
hologram is visible in its entirety from a particular optimum viewing angle, the
integrity (or lack thereof) of the pattern is immediately evident. In contrast,
diffraction grating patterns are often partially viewable from many different
perspectives. Accordingly, it may be harder to discern defects in diffraction
grating patterns than in holograms. The visual effect of holograms and
diffraction gratings derive from substantially the same optical principles,
however. While the respective methods for origination differ, the mass
production of embossed holograms and diffraction gratings is essentially the
same. This production method c'ould be briefly described as embossing a
microtexture into a suitable substrate followed by application of a reflective
layer to the microtexture. Due to these similarities, any references to
"holograms" or "diffraction gratings" that follow in this application are intended
to refer to both unless specifically indicated otherwise.

Apparatus utilized to fabricate holograms and diffraction gratings
are typically complex, expensive and require sophisticated personnel to operate.

Accordingly, their production is a specialty which is engaged in by companies
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which are suitably equipped through substantial capital expenditures. Since
holograms and diffraction gratings require sophisticated apparatus to make and
have readily identifiable, visually perceptible attributes, they have become
commonly employed as a means for verifying or authenticating documents, such
as credit cards, driver’s licenses and access cards of many types.

In the field of security holograms, it has been recognized that in
order to utilize a distributed hologram over the surface of a substrate and, at the
same time, avoid obscuring other indicia which appears thereon, the hologram
must be at least partially transparent. Mass-produced holograms are typically
phase holograms embossed in optically clear thermoplastic film as a
microtexture which is overcoated with a reflective layer. To achieve
semi-transparency, strategies have been devised relating to the transparency of
the reflective layer. For example, U.S. Patent No. 4,921,319 to Mallik discloses
an embossed phase hologram carrying a relief pattern on one surface having no
reflective coating thereon. Instead, an air gap is maintained between the
hologram and a supporting substrate to cause incident light to be reflected from
the surface relief pattern. Since the refractive index of air is significantly
different from that of the plastic substrate film in which the holographic pattern
is embossed, there is reflection at the interface between the relieved surface and

the air gap. The Mallik '319 patent suggests that the combination of the
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embossed film and the air gap sets up a degree of reflection which is sufficient
to read the hologram but is at least partially transparent to permit the reading of
indicia that is positioned behind the hologram.

U.S. Patent No. 5,044,707 to Mallik discloses a phase hologram
employing a plurality of discontinuous aluminum dots disposed on the embossed
surface as the reflective layer. Because the aluminum dots are discontinuous,
a viewer may view through the hologram, i.e., between the dots, to see indicia
appearing below the discontinuous holographic pattern.

U.S. Patent No. 3,578,845 to Brooks suggests that the reflective
layers of a hologram may be rendered partially transparent by varying the
thickness thereof, namely, from 100 angstroms to 5 microns. Such a thin
reflective layer achieves the desired transparency, as well as reflectivity.

U.S. Patent No. 3,703,407 to Hannan et al. describes a video
playback tape incorporating a holographic relief pattern embossed thereon with
a coating having an index of refraction which is different from that of the tape.
Hannan et al. suggests that the coating should be essentially transparent, sets
forth a few examples and suggests general methods for applying the coating.

U.S. Patent No. 4,856,857 to Takeuchi et al. describes a
transparent holographic effect enhancing layer laminated to a transparent

hologram forming layer. The two layers have differing refractive index.
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Takeuchi et al. suggests numerous potential materials for the hologram forming
layer and for the holographic effect enhancing layer including ZnS and teaches
that the effect enhancing layer can be applied by vapor deposition, sputtering,
reactive sputtering, ion plating, electroplating and coating methods in general.

The foregoing techniques and products do, however, suffer from
certain drawbacks. For instance, the air-gap phase hologram concept requires
an air pocket to be maintained in the card and does not provide adequate
reflectivity to efficiently reconstruct the hologram. The concept of using spaced
aluminum dots to form the reflective layer is disadvantageous because the dots
obscure the underlying indicia, thereby rendering the hologram less transparent.
In addition, the process for producing the spacing between the dots is
inconvenient and expensive. Similarly, the concept of varying the thickness of
the reflective layer, while producing a semi—transparent hologram, is likewise
difficult to achieve using the traditional techniques for depositing metal coatings
upon an embossed polymer substrate; and, like the provision of spaced
aluminum dots, it achieves increased reflectivity only at the expense of
obscuring the underlying indicia. The teachings of Hannan and Takeuchi, while
setting forth plausible compositions and techniques for producing transparent
holograms in the laboratory, are inadequate to enable one skilled in the art to

practice such theories on a production scale.
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Besides the use of holograms for security purposes, the present
application envisions the use of transparent/semi-transparent diffraction gratings
for decorative and security purposes, e.g., on wrapping paper which permit
visualization of an item wrapped therein while still exhibiting the decorative
effect of the grating. The present invention also contemplates a method for
applying high refractive index coatings to smooth films, primarily for decorative
effect. In each of these applications, product must be produced on a large scale
at low cost and to a high degree of precision. To applicant’s knowledge, the
prior art does not disclose a commercially viable method for producing these

products economically, on a large scale and with the requisite precision.

Summary of the Invention

The problems and disadvantages associated with conventional
methods for making transparent, reflective films are overcome by the present
inventive method which includes coating a polymer film with ZnS by charging
a crucible with ZnS solids; placing the crucible in a vacuum deposition chamber
having a supply roll of the polymer film and a take-up roll; and evacuating the
deposition chamber. The crucible is then heated by induction to sublimate the
ZnS solids into a vapor. After the ZnS vapor is present, the transfer of the film

from the supply roll to the take-up roll is initiated with the film passing in



10

15

WO 96/09125 PCT/US95/11957

proximity to the crucible and the ZnS vapor during the transfer. ZnS vapor is
deposited upon the film to form a layer of ZnS. The thickness of the ZnS layer
is monitored and the rate of transfer of the film is adjusted to control the

thickness of the ZnS layer.

Brief Description of the Figures

For a better understanding of the present invention, reference is
made to the following detailed description of an exemplary embodiment
considered in conjunction with the accompanying drawings, in which:

FIG. 1 is an enlarged cross-sectional view of a film coated with
a reflective layer and fabricated in accordance with an exemplary embodiment
of the present invention; and

FIG. 2 is a schematic depiction of a vacuum vapor deposition
chamber during the coating of a microembossed substrate with a reflective

coating.

Detailed Description of the Exemplary Embodiment

FIG. 1 shows a laminate 5 formed from a polymer film 10, such
as MYLAR brand polyester, and coated with a reflective layer 12. The film 10

is preferably transparent such that light is freely transmitted through the film 10
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to be reflected back from the film 10/reflective layer 12 interface to an observer.
The reflective layer 12 is a coating, e.g., ZnS, having a refractive index which
differs from that of the film 10. The film 10 is embossed along a portion 14 of
the surface in contact with layer 12. This embossed portion 14 may represent
either a holographic or diffraction grating micro-texture. Another portion 16 of
the surface of the film 10 in contact with layer 12 is smooth. FIG. 1 thus
illustrates that the present inventive method may be used to coat various types
of films to yield various products, e.g., smooth films and films embossed with
holograms and diffraction gratings. In appearance, the laminate 5 is
substantially clear but reflective at selected viewing angles. As a result, the
laminate 5 can function as a reflective wrap, diffraction grating or hologram
while remaining transparent.

Assuming a commercially feasible method for producing
transparent diffraction gratings at modest cost, they can be utilized for material
intensivé decorative purposes, e.g., in signage, for wrapping paper, or in product
packaging, as well as for security purposes. Similarly, transparent, reflective
polymer sheeting (webbing) without diffraction grating or holographic

microtextures may be employed for wrapping, packaging and decorating.
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Having set forth certain of the functional attributes of a coated
film in accordance with the present invention, the methods for fabricating it shall
now be discussed with reference to FIG. 2.

The present invention employs a reflective layer 12 formed from
tin tungsten oxide (SnWO4), zinc sulfide (ZnS), or a mixture of the two. When
a mixture of tin tungsten oxide and zinc sulfide is used to form the reflective
layer 32, the ratio can be about 80 % to about 99% by weight of tin tungsten
oxide and about 20% to about 1% by weight of zinc sulfide, it being understood
that the percentages of the two components of the resulting mixture should total
100%. Thus, for example, a suitable and preferred ratio is 90% by weight of
tin tungsten oxide and 10% by weight of zinc sulfide.

FIG. 2 shows a vacuum deposition chamber 18 containing a web
feed roll 20, a first guide roll 22, a second guide roll 24 and a take-up roll 26.
Vacuum deposition chambers of this type are commercially available. In
accordance with the present invention, a reflective layer 12 of zinc sulfide may
be formed on a web 10 of embossable film, e.g., MYLAR brand polyester, as
it is advanced through the vacuum deposition chamber 18 at a vacuum of
approximately 10 Torr and at a feed rate in a range of from about 400
feet/minute to about 600 feetminute. In transferring under tension from the

feed roll 20 to the take-up roll 26, the web 10 of polymeric material, which may

10
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be smooth or embossed with a holographic or diffraction grating microtexture,
passes in close proximity to a carbon crucible 28 containing cubes or pills 30 of
ZnS. The crucible 28 and the ZnS cubes 30 are heated to approximate
temperatures of 1200 and 1000 degrees C, respectively, by an induction heater
32. An induction heater from Inductotherm of Rancocas, New Jersey, Model
No. 75-96R is appropriate for this purpose. A set of three 5.5" diameter by 3"
deep crucibles provide good results for coating a polyester web 10 having
dimensions 24" wide by 15,000’ long. Crucibles of this type may be obtained
from U.S. Graphite, Saginaw, Michigan. Coating the web in accordance with
the present invention’s parameters results in a layer of zinc sulfide having a
thickness in a range of from about 1,000 angstroms to about 2,000 angstroms.

The deposition chamber 18 is provided with an observation port
34 through which the coating operation can be visually checked. A light 36
may be included in the chamber 18 to facilitate viewing the web through the
port 34. An aspect of the present invention is the recognition that a web with
a suitable thickness of ZnS has a different appearance from one which has an
inappropriate thickness. More specifically, the thickness of the ZnS coating
effects the color of the web due to thin film interference. At thicknesses below
1,000 Angstroms, there is inadequate reflectivity. For thicknesses of 1,000

Angstroms to 2,000 Angstroms, the web appears reflective but almost colorless.

11
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Beyond 2,000 Angstroms, the web exhibits the colors of the rainbow with the
particular color depending upon the thickness of the ZnS coating. This coloring
effect is particularly noticeable when the web being coated, e.g., as shown in
FIG. 2, is illuminated by a light source 36 such as a white fluorescent tube.
When an operator peers through the viewing port 34, the web, which has been
coated with a reflective layer, has a mirrored appearance. Using the mirrored
surface of the moving web, the operator can visualize the light 36, preferably a
white fluorescent tube having a width approximating or exceeding that of the
web, as a reflection in the mirrored web. At coating thicknesses below 2,000
Angstroms, the reflected image of the fluorescent tube appears white. When the
coating thickness exceeds 2,000 Angstroms, the bulb appears colored, e.g.,
yellow or violet. In order to produce an acceptable product in a commercially
feasible manner, it is necessary to be able to control the coating thickness and
color of the resulting transparent/reflective film. Since a small variation in
coating thickness, e.g., 1000 Angstroms, results in unacceptable product, the
coating process must be very precise. For example, it is usually preferable for
the transparent/reflective layer to be colorless as well as transparent/reflective.
The present invention provides a means of achieving a reflective layer that is

colorless by monitoring the thickness of the coating.

12
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The present inventive method may be performed by first
establishing the proper temperature of the induction crucibles (@ 1200 degrees
Centigrade) that generates a sufficient rate of sublimation of the ZnS cubes 30
and resultant gas density to coat a web passing thereby at a commercially
feasible rate of at least 60 ft./min. This temperature is maintained throughout
the coating of the web. The thickness of the ZnS coating is determined
primarily by controlling the web speed over the sublimating compound. The
proper coloration and ZnS thickness for the coated web can therefor be achieved
by monitoring the color through the above-described process and then adjusting
web speed to give the proper coating thickness. Slower web speed corresponds
to greater web thickness. On start up, one can expect to observe colors
attributable to greater thicknesses. As the web speed increases, colors
corresponding to progressively thinner coatings are observed. When all color
disappears but adequate reflectivity is retained, the proper thickness is being
applied. Web speed and temperature is then maintained. It should be noted that
the web speed is typically adjustable in commercially available vacuum
deposition coating machines. Given a sufficient charge of ZnS solids of a
suitable dimension, as shall be described below, an entire roll of polymer
webbing can be processed in this manner without substantial subsequent

adjustments to web speed or temperature.

13
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In addition to visual inspection, a densitometer 38 may be
employed to monitor the coating process by electro-optically measuring the
optical density or transmissivity of the coated web. Densitometers of this type
can be obtained from Custom Fabrication & Services Co., Inc. of Bloomfield,

5 Connecticut. Increasing the thickness of the Zn§S coating decreases transparency
and thus the densitometer may be used to measure the thickness of the coating
by measuring how much light passes through the web. Any indication of excess
thickness of the reflective coating signals that a compensating increase in web
speed is required. Conversely, a high transparency indicates that the web speed

10 should be decreased. With respect to ZnS coatings, it has been observed that
densitometer instruments of this type are far more sensitive to light absorption
in the ultraviolet region, i.e., in a wavelength range of about 300 to 400
nanometers due to the strong absorption of ZnS of light at these wavelengths.

It has been observed that the form of the ZnS, i.e., the size of the

15 particles, the method for heating them, as well as, the temperature and the rate
of web advance are all critical to successful commercial production. It should
first be understood that in order to be commercially feasible, the costs of
production of a product must be controlled. With respect to coating an

embossed web with ZnS, the factors having a large impact on cost are

20 throughput, waste and energy expended. In order to be commercially expedient,

14
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throughput must be at least 60 ft. per min. Each reduction in throughput results
in a corresponding cost increase. Energy input is another large contributor to
cost of a product. Given that the sublimation of ZnS requires a lot of "clean"
and expensive energy, i.e., electrical power, it is essential that the duration of
energy use be minimized. One must also have a rate of sublimation which
creates a vapor of sufficient density to coat a web moving at a rate of
approximately, e.g., 500 ft/min. to a coating thickness of about 2,000
Angstroms. Further, the sublimation must be relatively even, i.e., if the vapor
density fluctuates, the constantly moving web will be coated to varying
thicknesses along its length depending upon the varying vapor densities. Thus,
one must also obtain a method of heating the ZnS in a manner which provides
a constant sublimation at a rate which is matched to the moving web in order
to apply a consistent coating. As noted above, the web speed must be
adjustable. It has been determined that the best apparatus for sublimating ZnS
is by induction with the ZnS contained in carbon crucibles. This is because
induction provides a sufficient quantity of heat to generate an adequate gas
density to coat a web moving at a commercially feasible rate. Resistance heaters
would be far too expensive for this task due to excessively high power
requirements and energy consumption. Tantalum boats utilized in resistance

heaters are simply not designed to receive a sufficiently large charge of ZnS for

15
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operation over an extended period, i.e., a period sufficient for the processing of
a roll of plastic film. If a tantalum boat were used, the heat required to sublime
the ZnS for an extended period eventually oxidizes and melts the tantalum.
Heavier gauge boats are not a solution to this problem. The heavier gauge boats
merely increase the amount of current required to create sufficient resistance and
heat and thus result in excessive use of electrical power. In addition, the shape
of a resistance boat having a receptacle for holding a charge of ZnS would result
in a discontinuity in electrical resistance and heat buildup, e.g., in areas of high
curvature. On the other hand, carbon crucibles utilized in an induction heating
method are quite suitable in that there is no oxidation or melting under the
conditions required for sublimation nor any observable reaction between the ZnS
and the crucibles.

The form of the ZnS is important to the operation of the method
disclosed herein because the degree of comminution effects the surface area
sublimating, the rate of sublimation, the weight of the individual particles and
their resultant stability when subjected to the expansion of gases resulting from
sublimation. If powdered ZnS is used, the rate of sublimation is increased due
to the small size of the individual particles and increased overall surface area,
however, the small particles tend to pack together closely such that the

sublimation occurring at lower levels in a charge generates gases that force the

16
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upper layer particles up and out of the crucible in which they are contained.
Thus, at the required commercial rates of sublimation, powdered ZnS blows
itself out of the crucibles. On the other hand, if a large, singular mass of ZnS
is employed, an insufficient rate of sublimation is encountered due to insufficient
surface area. Thus, a balance must be struck between sublimation rate and
particle stability. It has been determined that ZnS cubes having dimensions in
a range of about 1/8" to 3/8" on a side exhibit a workable compromise between
surface area and mass, such that a charge of such cubes having a total weight
of about 6 kilograms deposited into a set of 3 carbon crucibles having a total
volumetric capacity of about 160 square inches and heated to a temperature of
about 1200 degrees C results in a suitable sublimation rate and a resultant gas
density in an area above the crucibles for a period of about 30 minutes. This
has been found sufficient to coat a web 24" X 15,000 feet moving at
approximately 500 ft/min. at a proximity of about 12" from the lips of the
carbon crucibles with a coating about 2,000 Angstroms thick in about 30
minutes and using approximately 30 kilowatts.

A much larger volume of ZnS must be sublimed as compared
to a metal, such as Aluminum, for forming a reflective layer. For example,
approximately 6 kilograms of ZnS is required to coat a 24" wide X 15,000’ roll

of substrate web. In contrast, about 1 pound of Aluminum is required to coat

17
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a similar web with Aluminum metal. It should further be observed that the
quality of the reflective layer is far less critical for smooth reflective films and
diffraction gratings than for holograms due to the unitary, integrated composition
of a hologram as compared to a fragmented diffraction grating pattern or the
absence of a pattern. This has an impact on the degree of precision of coating
thickness required for the respective products. In general, however, holograms
diffraction gratings and unpatterned film are maximized by a ZnS thickness of
about 2,000 Angstroms.

An important aspect of the present inventive method is to deposit
a coating of optimal thickness. Optimal thickness is that thickness which is
minimum while still providing acceptable optical properties. It has been
observed that coating thicknesses in excess of 2,000 Angstroms exhibit color
rather than being colorless. Thicker layers do have the beneficial effect of
increasing the reflectivity of the reflective layer but also cause a corresponding
decrease in transparency. For the foregoing reasons, it has been determined that
for clear coatings, a thickness between 1,000 and 2,000 angstroms is optimal to
provide acceptable reflective effects without a significant loss of transparency.
Furthermore, a thickness of about 2,000 angstroms is achievable in accordance
with the foregoing technique at a web rate of about 500 ft./min. and an energy

input of about 30 kilowatts.

18
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In certain applications, it is desirable to produce a film having a
color attributable to the ZnS layer, e.g., red or green. The present invention
provides this result if desired. More specifically, if the thinnest layer of ZnS
which appears green is desired, one would proceed as before to obtain a clear
but reflective surface. The web rate would then be slowly decreased until green
is first observed to appear. At that point, web speed would be stabilized. One
could obtain green with a thicker layer of ZnS if the web rate were gradually
reduced again, whereupon the sequence of rainbow colors would be observed
and upon the reperception of green, the change of web speed stopped. Cycling
through the rainbow colors with increasing thickness of ZnS (slowing of web)
continues until there is a disappearance of color at what is estimated to be about
5,000 to 10,000 Angstroms. This thickness is generally not desirable due to
slow web speed, high usage of ZnS and loss of transmissivity.

It should be appreciated that the rate of sublimation of the ZnS
and the rate of advancement of the web must be coordinated, not only to assure
a proper coating thickness, but to insure that the web will be exhausted before
the ZnS cubes. The alternative, namely, to run out of ZnS in the middle of a
web results in a great deal of wasted material located interiorly to the roll. This
requires the roll to be rerolled with the waste being cut therefrom and the roll

spliced. Control of the sublimation rate, initial charge weight and charge

19
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particle size all determine whether the aforesaid undesirable occurrences can be
avoided.

A reflective layer 32 may be formed in accordance with the
above-described process from tin tungsten oxide on a web of embossable film,
e.g., MYLAR, by advancing the web through a vacuum deposition chamber held
at a vacuum of approximately 10° Torr and at a feed rate in a range of from
about 50 feet/minute to about 250 feet/minute. The tin tungsten oxide is
evaporated onto the MYLAR film at a temperature of approximately 1000
degrees C.

A reflective layer 32 may be formed in accordance with the
above described process from a mixture of tin tungsten oxide and zinc sulfide,
on a web of embossable film, e.g., MYLAR, by advancing it through a vacuum
deposition chamber at a vacuum of approximately 10 Torr and at a feed rate
in a range of from about 400 feet/minute to about 600 feetminute. The zinc
sulfide/tin tungsten oxide mix is evaporated onto the mylar film at a temperature
of approximately 1000 degrees C.

Tin tungsten oxide, zinc sulfide, and mixtures thereof are
non-toxic substances which are readily available and relatively inexpensive if
used prudently. For this reason, diffraction gratings, transparent reflective film

and phase holograms fabricated in accordance with the present invention may
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be mass produced rapidly and without extensive processing, environmental
and/or health and safety concerns.

The present invention provides a method for producing transparent
reflective films, holograms and diffraction grating materials on a commercially

feasible basis, as can be appreciated from the following example.

Example A.

A roll of polyester material having dimensions 24 inches by
15,000 ft. was loaded onto the feed roll of a induction vapor deposition chamber
containing a set of 3 carbon crucibles having the dimensions 5.5" in diameter by
3" deep disposed along the width of the web. A charge of 6 kilograms of ZnS
cubes having dimensions 1/2 inch on a side was placed in the crucibles. The
chamber was evacuated to a pressure of about 10° Torr. A Varian induction
heater control was set at 30 kilowatts for 15 minutes whereupon the take-up roll
was activated and the protective shutters opened. The web was observed
through a port window for color. Web speed was gradually increased to about
500 feet per minute whereupon a loss of web color was observed. The web
remained reflective. The web was fed past the crucibles at a height thereabove

of approximately 12". These conditions were continued for about 30 minutes.
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Approximately 1/4 pound of ZnS solids remained in the crucibles after the
15,000 foot run.

After the foregoing process was completed, the resulting roll of
material was unwound and tested along its length and width for coating
thickness and optical properties. The following results were found to obtain: a
clear colorless film of ZnS of approximately 1,000 to 2,000 Angstroms had been
deposited on the web. Thin section transmission electron microscopy was used
to ascertain the thickness of the ZnS layer.

It should be appreciated by those skilled in the art that the present
invention can be practiced with certain variations and that the detailed
description of the preferred embodiments is presented for purposes of clarity
without an intent to imply limitations to the scope of the invention. All
functional equivalents to the above described invention which are within the
realm of the normally skilled artisan are considered to be encompassed by the

claims herein.
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L CLAIM:

1. A method for coating polymer film with ZnS, comprising
the steps of:

(a) charging a crucible with ZnS solids;

(b) placing said crucible in a vacuum deposition chamber having a supply
roll of said polymer film and a take-up roll;

(¢) evacuating said deposition chamber;

(d) heating said crucible by induction to sublimate said ZnS solids into
a vapor;

(e) initiating the transfer of said film from said supply roll to said take-
up roll, said film passing in proximity to said crucible and said ZnS vapor
during said step of transfer, said ZnS vapor depositing upon said film to form
a layer of ZnS;

(f) monitoring the thickness of said ZnS layer; and

(8) adjusting the rate of transfer of said film to control the thickness of

said ZnS layer.
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2. The method of Claim 1, wherein said deposition chamber
is evacuated to a pressure of 10° Torr during said step of evacuating and said
crucible is heated to a temperature greater than or equal to 1000 degrees
Centigrade.

3. The method of Claim 2, wherein said crucibles are Carbon
and said ZnS solids have a surface to volume ratio approximating a cube with
dimensions ranging from about 1/8" to 3/8" on a side.

4, The method of Claim 3, wherein the rate of transfer of
said film from said supply roll to said take-up roll is greater than or equal to 60
ft/min.

5. The method of Claim 4, wherein said ZnS layer is
substantially colorless and the thickness of said layer is in a range of about 1000
to 2000 Angstroms.

6. The method of Claim 5, wherein said ZnS solids have a
combined weight of about 6 kilograms and said polymer film has a width of
about 24 inches and a length of about 15,000 feet.

7. The method of Claim 6, wherein the rate of transfer of

said film is greater than or equal to 500 ft./minute.
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8. The method of Claim 7, wherein said roll of polymer film
is substantially entirely coated on one side with ZnS using about 30 kilowatts
of electrical power.

9. The method of Claim 4, wherein said polymer film has a
microtexture on at least one surface thereof representing a diffraction grating.

10.  The method of Claim 4, wherein said polymer film has a
microtexture on at least one surface thereof representing a hologram.

11.  The method of Claim 3, wherein said step of heating is
conducted for about 15 minutes prior to said step of initiating the transfer of
said film.

12, The method of Claim 3, wherein said crucible temperature
is raised to about 1200 degrees Centigrade during said step of heating.

13.  The method of Claim 3, wherein said crucible is a
plurality of crucibles having a combined volumetric capacity in excess of about
150 square inches.

14.  The method of Claim 3, wherein said film passes to within
about 12 inches of said crucible during said step of transfer.

15.  The method of Claim 1, wherein said step of monitoring
is performed by monitoring the transmissivity of light through said film and said

ZnS layer.
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16.  The method of Claim 15, wherein said transmissivity is
measured for wavelengths of light in the range of about 300 to 400 nanometers.

17.  The method of Claim 1, wherein said step of monitoring
is performed by observing the reflectivity and color of said film with said layer
of ZnS coated thereon.

18.  The method of Claim 17, wherein the color and reflectivity
is monitored by visualizing the reflection of a light from a surface of said film
after said film has passed said crucibles during said transfer of said film.

19.  The method of Claim 18, wherein said light is a white
fluorescent tube having a length approximating the width of said polymer film
and disposed perpendicular to the direction of transfer of said film.

20.  The method of Claim 1, wherein said step of adjusting
includes increasing the rate of transfer of said film to decrease the thickness of

said ZnS layer.
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