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[57] ABSTRACT

Color transparencies having more than one imaged
dichroic filter, and an imaged neutral density filter,
layered on one side of a single glass substrate, and pro-
cesses for making the same, are disclosed. In one em-
bodiment, the color transparency is produced by a de-
position process including the steps of coating a glass
substrate with a photoresist and developing an image
thereupon, depositing alternating layers of high and low
refractive index dielectrics to form a dichroic layer of a
primary subtractive color, stripping the photoresist
from the glass, preparing at least one additional imaged
dichroic filter on the first, and preparing a neutral den-
sity filter on the substrate on the side having the layered
dichroic filters. A red antihalation coating may be ap-
plied to the lower surface of the glass substrate prior to
exposing the photoresist to prevent undesirable expo-
sure of additional portions of the photoresist layer. In an
alternative embodiment, an etching process is utilized
whereby stop-etch layers are deposited between each
layer of the color transparency. The stop-etch layers
prevent image distortion and uneven coloring during
the etching process such that a high resolution color
transparency is produced.

16 Claims, 2 Drawing Sheets
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PERMANENT COLOR TRANSPARENCIES ON
SINGLE SUBSTRATES AND METHODS FOR
MAKING THE SAME

BACKGROUND OF THE INVENTION

The present invention relates to permanent, full color
transparencies, each having more than one imaged di-
chroic filter and an imaged neutral density filter depos-
ited on a single glass substrate, and methods for making
the same.

Conventional color transparencies generally fade
over time due to the degradation of their photosensitive

organic dyes. The degradation of these transparencies is .

particularly severe when they are used in connection
with high intensity projectors which emit visible and
ultraviolet radiation that is absorbed by the dyes. Thus,
the color balance and intensity of a transparency will
eventually change if it is continuously projected for
long periods at a time, such as those transparencies
which are utilized in amusement park exhibits and the
like. However, it is not uncommon for transparencies
containing organic dyes to obtain uneven color fading
within a short period of time, such as after eight hours
of continuous projection under high illumination. Ac-
cordingly, these transparencies must be replaced as
often as once a week, thereby requiring additional costs
and maintenance to operate.

In order to avoid color fading, it is generally known
in the prior art that a dichroic filter, made from layers of
dielectrics such as metal oxides, can be utilized to gener-
ate a single color transparency on a glass substrate in-
stead of using organic dyes. Unlike organic dyes, the
dielectrics of the dichroic filter are capable of with-
standing the effects of high illumination systems. Color
degradation and fading is avoided since the dielectrics
reflect rather than absorb visible light and ultraviolet
radiation. However, the full color transparencies
known in the prior art which use dichroic filters have
done so using multiple glass substrates. In other words,
the color transparencies having more than one color
must be made from multiple glass substrates each hav-
ing a dichroic filter deposited on its surface. The color
images on these dichroic filters are of low resolution
and are responsible for the hue of the colors. Thus, an
additional fourth glass substrate having a black neutral
density filter, created by a single layer of metal, is neces-
sarily used to regulate the brightness of the image and to
carry higher resolution details of the image. The multi-
ple layers of dichroic filters plus the neutral density

Alter, each on separate glass substrates, are adhesively
bonded together to produce the overall full color trans-
parency. Examples of such transparencies are disclosed
in an article entitled “Nondegrading Color Transparen-
cies,” by van Milligen et al., in Applied Optics, Vol. 24,
No. 4, Feb. 15, 1985.

It has been found, however, that color transparencies
having dichroic filters on multiple substrates are not
acceptable because of their many disadvantages. First,
the use of multiple substrates produces multiple focal
planes which cause interference and misalignment of
colors. Therefore, the image cannot be properly fo-
cused because of the inherent lack of a single focal
plane. Also, in this regard, it is difficult to align images
by adhesively bonding the multiple substrates on which
the images appear within the required tolerances for
high resolution. Further, adhesively bonding the sub-
strates also introduces the potential for delamination
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2

under heating and cooling cycles associated with high
intensity projectors.

In addition, these color transparencies do not provide
high resolution color images in each of the three sub-
tractive primary colors, magenta, cyan, and yellow.
High resolution color images in each of these primary
colors is essential for an overall high resolution color
transparency. This cannot be achieved solely through
the use of a high resolution neutral density filter as
simply described above, and as commonly used in the
prior art.

Further, the processes known in the prior art for
preparing permanent color transparencies commonly
use an etching sequence which is not controlied to pro-
tect the substrates or filters. Among other things, this
may result in non-uniform coloring which is particu-
larly apparent on the magenta layer.

Accordingly, there has existed a definite need for
permanent, full color transparencies which overcome
these problems. More particularly, there is a need for a
permanent, full color transparency on a single glass
substrate which provides a high resolution color image,
having a single focal plane, which will not fade when
projected for long periods of time by high intensity
projectors.

SUMMARY OF THE INVENTION

The present invention provides for permanent, full
color transparencies on single glass substrates, and
methods for making the same.

The color transparency of the first embodiment of the
present invention resides in a glass substrate having at
least two layers of imaged dichroic filters of the primary
subtractive colors, magenta, cyan, and yellow. A high
resolution, imaged neutral density filter is also pro-
vided, preferably as the first layer on the glass substrate,
or in other words, between the glass substrate and first
dichroic filter.

The process for making the imaged dichroic filters of
this embodiment of the present invention involves coat-
ing the substrate (or the previous filter) with a primary
photoresist. The photoresist is then exposed by contact-
ing it with a chrome on glass master, or phototool,
which possesses the image to be generated on the trans-
parency. The latent image on the photoresist is then
developed thereby masking the substrate with respect
to the developed image. The masked substrate is then
placed in a vacuum chamber where alternating layers of
high and low refractive index dielectrics are vapor
deposited to form the dichroic filter layer of the desired
primary color. Typically, 10 to 30 layers of the dielec-
trics are deposited on the substrate to form the dichroic
layer. The photoresist is then stripped from the glass
substrate. The second dichroic filter is similarly pre-
pared to form a glass substrate having at least two im-
aged dichroic filters. (Additional dichroic filters, if de-
sired, can be similarly prepared.) The neutral density
filter is also prepared in the same manner as the imaged
dichroic filters with the primary exception that a single
layer of metal is deposited to form the black filter,
rather than alternating layers of dielectrics.

In another aspect of the present invention, a silicon
coating may be deposited on top of the outer dichroic
filter to provide an abrasion resistant color transpar-
ency.

In a further aspect of the present invention, a red
antihalation coating is applied on the surface of the
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substrate opposite the photoresist. The red antihalation
layer is applied before the first photoresist layer is ex-
posed and developed to prevent second surface reflec-
tion which may undesirably expose additional portions
of the photoresist.

In another embodiment, an etching process rather
than a deposition process (as described above) is used to
create another color transparency of the present inven-
tion. The color transparency produced by this method
has stop-etch layers separating the glass substrate and
the neutral density filter, and all subsequent dichroic
filters.

In this embodiment, each imaged dichroic filter is
made by first coating the substrate (or previous filter)
with a transparent stop-etch layer. Layers of high and
low refractive index dielectrics are then deposited over
the stop-etch layer. A photoresist layer is applied over
the dichroic filter, and is then exposed and developed to
generate the desired image. A dilute acid solution, or
other etching process, is then applied to etch out the
image on the dichroic filter. The stop-etch layer will
prevent the acid solution from “frosting” the glass sub-
strate, thereby preventing distortion of the image and
non-uniform coloring of the dichroic filter. The photo-
resist layer is then stripped.

At least one more imaged dichroic filter is prepared
upon the first imaged dichroic filter. A stop-etch layer,
however, must be coated upon the previous imaged
dichroic layer before the next dichroic filter is prepared.
A neutral density filter must also be provided and is
prepared by the same, or similar, etching process used
for the dichroic filters (with the primary exception that
one layer of metal is used rather than alternating layers
of dielectrics.) The neutral density filter is preferably
provided as the first layer after the stop-etch coating on
the glass substrate. A stop-etch layer must also separate
the neutral density layer from the glass substrate and
any dichroic layer. As with the deposition process, this
embodiment also contemplates the use of a silica coat-
ing, and a red antihalation layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate the invention.
In such drawings:

FIG. 1 is an illustration of preparing an imaged di-
chroic filter layer on a glass substrate by the deposition
process;

FIG. 2 is an illustration of preparing an imaged di-
chroic filter on a glass substrate by the etching process;

FIG. 3 is a cross-section illustration of the color trans-
parency of the present invention prepared by the depo-
sition process, showing generally the imaged dichroic
filters and neutral density filter layered upon a single
substrate; and

FIG. 4 is a cross-section illustration of an alternative
color transparency of the present invention prepared by
the etching process, showing generally the imaged di-
chroic filters and neutral density filter separated from
each other by stop-etch layers and layered upon a single
substrate.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention is embodied in permanent, full
color transparencies on single glass substrates, and
methods for making the same. -

As shown in FIG. 3, the color transparency 10 of the
first embodiment of the present invention comprises a
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single glass substrate 12 having at least two, and prefer-
ably three, imaged dichroic filters (14, 16, 18) and an
imaged neutral density filter 20. A dichroic filter is
made from alternating layers of high and low refractive
index dielectrics, such as metal oxides, to generate one
of the primary subtractive colors, magenta, cyan, or
yellow. A dichroic filter which transmits a primary
subtractive color is also capable of reflecting a compli-
mentary color. Specifically, a dichroic filter which
transmits magenta is capable of reflecting green, one
which transmits cyan is capable of reflecting red, and
one which transmits yellow is capable of reflecting blue.
It should be appreciated that the formation of a dichroic
filter (also known as a dielectric filter or stack) to gener-
ate particular colors is well known in the art.

The steps of the process for generating an imaged
dichroic layer with respect to the first embodiment of
the present invention are illustrated in FIG. 1. With
particular reference to step A of FIG. 1, a heat-resistant,
glass substrate 12 (or a previous filter if applicable) is
coated with a primary photoresist 22 or photosensitive
material, such as a formulation containing acrylic mon-
omers commonly used in the photographic and elec-
tronics industries. The primary photoresist may be ap-
plied to the glass substrate as either a liquid or dry film.
However, it is preferable in connection with the present
invention to use a liquid, photoimageable, negative
primary photoresist. If a liquid photoresist is used, it
should be placed in an oven to dry it by driving out a
portion of the solvent which it contains.

The photoresist 22 is then exposed by contacting it

" with a chrome on glass master, also known as a photo-
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tool, which possesses the image desired to be generated,
and then subjecting it to ultraviolet light in an exposing
chamber. The photoresist is exposed utilizing highly
collimated radiation from a Xenon arc lamp. A highly
collimated beam will strike the mask and penetrate the
photoresist layer in straight lines. This is necessary for
high resolution. The chrome on glass phototool should
be placed in contact with the photoresist in a vacuum to
provide for optimum contact. (It should be noted that a
separate chrome on glass master or phototool must be
made for each separate dichroic filter of the color trans-
parency of the present invention.) The latent image is
then developed. The glass substrate 12 is now masked
by the photoresist with respect to the image that is
generated (as illustrated by step B of FIG. 1).

The glass substrate 12 is then placed in a vacuum
chamber where alternating layers of high and low re-
fractive index dielectrics are vacuum deposited on the
masked glass substrate to form a dichroic filter layer 14
of one of the primary subtractive colors (magenta, cyan,
and yellow). See step C of FIG. 1. Other techniques,
such as sputtering, may be used to deposit the dielec-
trics. Typically, it will be necessary to deposit 10-30
alternating layers of the high and low refractive index
dielectrics on the masked glass substrate to form the
dichroic filter. In accordance with the present inven-
tion, either silicon dioxide (SiO;, n=index of refrac-
tion=1.53), magnesium fluoride (MgF2, n=1.38), or
cyrolite (Na3AlFs, n=1.35) may be utilized as the low
refractive index layer, and either titanium dioxide
(TiO3, n=2.55), zinc sulfide (ZnS, n=2.2), or zirconium
oxide (ZrO2, n=2.0) as the high refractive index layer.
It should be appreciated by those of ordinary skill in the
art that the refractive index and thickness of the top and
bottom layers of the dielectric stack should be carefully
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. chosen so that they are compatible with the color sepa-
ration of the next dichroic filter layer to be prepared.

Once the alternating layers of dielectrics have been
deposited on the masked substrate, the photoresist 22 is
then stripped using an appropriate organic solvent (such
as glycol ethers or xylene) depending on the particular
photoresist used. After the photoresist is stripped, only
the imaged dichroic filter layer 14 will remain on the
glass substrate 12 (or previous filter if applicable). See
step D of FIG. 1.

A second imaged dichroic filter 16 (as shown in FIG.
3) is then generated upon the first imaged dichroic filter
14, in the same manner as described above and as graph-
ically illustrated in steps A~D of FIG. 1. The second
imaged dichroic filter is typically generated so that it is
of a primary subtractive color other than that of the first
dichroic filter. However, it should be understood that
the color of the dichroic filter may be chosen depending
on the overall color scheme and image desired to be
created on the color transparency. Further, in accor-
dance with the present invention, a third imaged di-
chroic filter 18 (as shown in FIG. 3) may be generated
upon the second dichroic filter 16, also in the same
manner as described above for the first and second
dichroic filters. The third dichroic filter typically will
be of a primary subtractive color other than that of the
first or second dichroic filters.

In addition, a high resolution neutral density filter 20
(as shown in FIG. 3) is required for the color transpar-
ency of the present invention. The neutral density filter
is generated by the previously described process with
the exception that only a single layer of metal is depos-
ited over the masked substrate rather than alternating
layers of dielectrics. Chrome is preferably the metal
used to form the neutral density filter as the first layer
immediately next to the glass substrate 12, since the
neutral density filter may be of higher resolution than
the dichroic filters (14, 16, 18). However, the neutral
density filter may be positioned between any of the
imaged dichroic filters or on top of the dichroic filters
to form the color transparency of the present invention.

In another feature to the present invention, after the
photoresist 22 has been added and dried (Step A, FIG.
1), a red antihalation coating 23 is applied to the oppo-
site or lower surface of the glass substrate 12 and is
permitted to air dry. The red antihalation coating pre-
vents second surface reflection from the lower surface
of the glass substrate. Without the red antihalation coat-
ing, some of the ultraviolet radiation might be reflected
from the second surface exposing additional portions of
the photoresist. This may result in a ghost image giving
the effect of poor resolution. The red antihalation layer
is removed by the use of scotch tape before the latent
image on the photoresist is developed. The red antihala-
tion coating should be applied after every layer of pho-
toresist, since the dichroic layers may be transparent to
ultraviolet radiation. -

Finally, in accordance with the first embodiment of
the present invention, a silica coating 24 (FIG. 3) may
be vacuum deposited on top of the outer filter to make
the completed transparency abrasion resistant.

The present invention is also embodied in a color
transparency on a single glass substrate prepared by an
etching process rather than the deposition process as
described above. The permanent, full color transpar-
ency 25 prepared by the etching process (FIG. 4) is
very similar to the transparency 10 generated by the
deposition process (FIG. 3), with the primary exception
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6

that a stop-etch layer 26 is provided to separate each
layer of the transparency, as will be described below.
As mentioned above in connection with the deposition
process, it is preferred to apply the neutral density filter
as the first layer on the glass substrate (but after a stop-
etch layer 26 is applied in accordance with this embodi-
ment.)

The sequence of the etching process of the alternative
embodiment of the present invention is generally illus-
trated in FIG. 2 of the drawings. As shown in step AA
of FIG. 2, a heat-resistant glass substrate 12 (or previous
filter if applicable) is coated with stop-etch layer 26 to
protect the glass substrate during the etching process
(as discussed below.) The stop-etch material may be
vapor deposited on the glass substrate in a vacuum, or
may be applied by another technique such as sputtering.
In accordance with the present invention, it has been
found that a 1600 nm thick coating of thorium fluoride
may be utilized as the stop-etch layer when dilute hy-
drofluoric acid (HF) is used as the etching solution.

As further illustrated in step AA of FIG. 2, a first
dichroic filter 28 is then deposited upon the stop-etch
layer 26. As with the deposition process, the dichroic
filter is created by depositing alternating layers (typi-
cally 10 to 30) of high and low refractive index dielec-
trics (respectively TiO; and SiO;, for example) upon the
stop-etch coated surface. The dielectric layers may be
vapor deposited in a vacuum, or can be applied by
another technique such as sputtering.

Once the dichroic filter layer 28 has been generated,
a photoresist layer 30 is applied upon the dichroic filter
(as shown in step BB of FIG. 2). The application of the
photoresist layer 30 of the etching process is prepared in
accordance with the preparation of the photoresist
layer 22 of the deposition process discussed above. Sim-
ilarly, the photoresist layer 30 is exposed or on-contact
imaged by the use of a chrome on glass master, or
phototool, and then developed (step CC, FIG. 2), as
explained above in connection with the deposition pro-
cess. The dichroic filter layer 28 is now masked by the
imaged photoresist layer.

After the image has been developed, a dilute solution
of hydrofluoric acid (HF), or other suitable etching
material, is applied to the masked substrate to etch out
the corresponding imaged portion of the dichroic filter
28 down to the stop-etch layer 26 immediately on the
glass substrate 12 (see step DD of FIG. 2.) Alterna-
tively, other known etching processes, such as, for ex-
ample, reactive plasma etching and ion beam etching
may be used. As mentioned above, the stop-etch layer
26 will protect the substrate from the etching solution
Without the stop-etch layer, the etching solution will
“frost” or distort the glass substrate resulting in defo-
cusing and low image resolution or quality. The stop-
etch layer also prevents non-uniform coloring of the
dichroic filter, particularly with a magenta filter. The
next step in the sequence is to strip the photoresist layer
30 from the imaged dichroic filter layer 28 with an
appropriate organic solvent. See step EE of FIG. 2.

A second imaged dichroic filter layer 32 is then cre-
ated on the first imaged dichroic filter layer 28 in the
same manner. However, in accordance with the present
invention, it is important to provide a stop-etch layer 26
on the first imaged dichroic layer before creating the
second dichroic layer, for the reasons stated above.
Similarly, a stop-etch layer 26 must be provided on top
of the second dichroic filter if a third dichroic filter 34
is generated (FIG. 4). As with the deposition process,
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the colors and order of the dichroic filters may be ar-
ranged in accordance with the overall desired image
color of the transparency.

A neutral density filter 36 is prepared by the same
etching process as explained above, with the general
exception that a single layer of a metal, such as chrome,
silver or nickel, is used to form this filter rather than
alternating layers of dielectrics. Also, hydrochloric acid
(HCI) is used as a preferred etching solution in prepar-
ing the neutral density filter, rather than HF. Prefera-
bly, the neutral density filter is placed adjacent to the
stop-etch layer 26 next to the glass substrate 12 and
before the dichroic layers (28, 32, 34), since the neutral
density filter may be of higher resolution than the di-
chroic filters Nonetheless, it is important that a stop-
etch layer 26 be provided between the neutral density
filter and the glass substrate, or between the neutral
density filter and any other dichroic layer of the color
transparency 25 in order to achieve the objectives of the
present invention.

In another aspect of this embodiment of the present
invention, the creation of an imaged photoresist and its
subsequent etching should be carried out two to three
times per dichroic filter color to improve image quality
by preventing undercutting and loss of structural detail.

In a further aspect of the invention, a silica coating 24
(FIG. 4) may also be applied on the outer filter to make
the color transparency abrasion resistant.

In yet a further aspect of the present invention, a red
antihalation coating 23 is applied on the lower surface
of the glass substrate (opposite the surface with the
filters) before each photoresist layer is exposed to pre-
vent undesirable additional exposure of the photoresist
layers, as discussed above. The red antihalation coating
is removed with scotch tape before the image is devel-
oped.

While a particular form of the invention has been
illustrated and described, it will be appreciated that
various modifications can be made without departing
from the spirit and scope of the invention. Therefore, it
is not intended that the invention be limited, except as
appended by the claims.

We claim:

1. A process for preparing a color transparency hav-
ing a single substrate comprising:

coating a glass substrate on one surface with a photo-

resist;
developing an image on the photoresist;
depositing alternating layers of high and low refrac-
tive index dielectrics on the imaged photoresist to
create a dichroic filter of a desired color;

stripping the photoresist from the glass substrate
whereby a first imaged dichroic filter layer is pro-
duced;
preparing at least one additional imaged dichroic
filter layer in the same manner as the first; and

preparing an imaged neutral density filter on the side
of the substrate having the dichroic filters, the
neutral density filter being prepared in the same
manner as for the imaged dichroic filters with the
exception that only a single layer of metal is depos-
ited on the imaged photoresist rather than alternat-
ing layers of high and low refractive index dielec-
trics.

2. The process for preparing a color transparency
having a single substrate as in claim 1, wherein the
neutral density filter is positioned as the first layer adja-
cent to the glass substrate.
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3. The process for preparing a color transparency
having a single substrate as in claim 1, wherein the
image is developed on the photoresist after exposing the
photoresist by contacting it with a chrome on glass
phototool and subjecting it to ultraviolet light in an
exposing chamber.

4. The process for preparing a color transparency
having a single substrate as in claim 1, further compris-
ing the step of depositing an abrasion-resistant silica
coating on top of the outer filter layer.

S. The process for preparing a color transparency
having a single substrate as in claim 1, further compris-
ing the step of coating the glass substrate on the surface
opposite the photoresist with a red antihalation layer
before any image is exposed on the photoresist.

6. A color transparency having a single substrate
comprising:

an imaged neutral density filter deposited on one

surface of a glass substrate;

an imaged first dichroic filter deposited on the neutral

density filter; and,

at least one additional imaged dichroic filter depos-

ited on the first dichroic filter.

7. The color transparency having a single substrate of
claim 6, further comprising:

a second imaged dichroic filter deposited on the first

dichroic filter; and

a third imaged dichroic filter deposited on the second

dichroic filter.

8. The color transparency having a single substrate of
claim 7, wherein the first dichroic filter is green reflect-
ing or magenta transmitting, the second dichroic filter is
blue reflecting or yellow transmitting, and the third
filter is red reflecting or cyan transmitting.

9. A process for preparing a color transparency hav-
ing a single substrate comprising:

coating a glass substrate on one surface with a stop- .

etch layer;

preparing a first dichroic filter on the stop-etch layer

by depositing alternating layers of high and low
refractive index dielectrics thereupon;

depositing a photoresist on the first dichroic filter;

developing an image on the photoresist to mask the

first dichroic filter;

stripping the photoresist whereby an imaged

dichroic filter is produced;

preparing at least one additional imaged dichroic

filter in the same manner as the first, including
coating the previous filter layer with a stop-etch;
and

preparing an imaged neutral density filter on the side

of the substrate having the dichroic filters, the
neutral density filter being prepared in the same
manner as for the imaged dichroic filters, including
a stop-etch layer between the neutral density filter
and any other layer, except that only a single layer
of metal is used to create the neutral density filter
rather than alternating layers of high and low re-
fractive index dielectrics.

10. The process for preparing a color transparency
having a single substrate as in claim 9, wherein the
neutral density filter is positioned as the first layer adja-
cent to the stop-etch layer coating the glass substrate.

11. The process for preparing a color transparency
having a single substrate as in claim 9, further compris-
ing the step of depositing an abrasion-resistant silica
coating on top of the outer filter layer.
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12. The process for preparing a color transparency
having a single substrate as in claim 9, wherein the steps
of creating an imaged photoresist and its subsequent
etching should be repeated at least twice for every
imaged dichroic filter prepared in order to improve
image quality.

13. The process for preparing a color transparency
having a single substrate as in claim 9, further compris-
ing the step of coating the glass substrate on the surface
opposite the photoresist with a red antihalation layer
before any image is exposed on the photoresist.

14. A color transparency having a single substrate
comprising:

a stop-etch coating deposited on one surface of a glass

substrate;

a imaged neutral density filter deposited on the stop-

etch layer; '

a second stop-etch layer deposited on the neutral

density filter;
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a first imaged dichroic filter deposited on the second

stop-etch layer; and

at least one additional imaged dichroic filter depos- .

ited on the first imaged dichroic layer, with the
requirement that a stop-etch layer separate any
added dichroic filter from the previous dichroic
filter.

15. The color transparency having a single substrate
of claim 14, further comprising:

a second imaged dichroic filter deposited on the sec-

ond stop-etch layer;

a third stop-etch layer deposited on the second im-

aged dichroic filter; and

a third imaged dichroic filter deposited on the third

stop-etch layer.

16. The color transparency having a single substrate
of claim 15, wherein the first dichroic filter is green
reflecting or magenta transmitting, the second dichroic
filter is blue reflecting or yellow transmitting, and the

third filter is red reflecting or cyan transmitting.
* * * = *



