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TITLE OF THE INVENTION

OPTICAL DIFFUSER WITH UV BLOCKING COATING USING
INORGANIC MATERIALS FOR BLOCKING UV

[0001] This application is a continuation-in-part (CIP) of U.S. Serial No.
11/314,7385, filed December 22, 2005 (attorney docket number 3691-978), entitled
Optical Diffuser with UV Blocking Coating, the entire disclosure of which is hereby

incorporated herein by reference.

[0002] This invention relates to a diffuser for use in optical devices. In certain
example embodiments, the diffuser includes both diffusing functionality and a coating
for blocking substantial amouﬁts of ultraviolet (UV) radiation. Inorganic UV
blocking material may be mixed with a frit (e.g., glass ﬁjt) matrix in certain example

embodiments of this invention, to make up the UV blocking coating.

BACKGROUND OF THE INVENTION

{0003] Diffusers are known 1n the art. Diffusérs are for widely scattering
and/or spreading light, and are used in many different optical application including
but not limited to wrist watches, projection systems, displays, computer screens,
surgical equipment, optical communication systems, light sensors, fiber optic systems,
microscope i1llumination systems, light guides, and so forth. Ultraviolet (UV)
radiation can damage one or more of the aforesaid devices in which diffusers may be
used. However, unfortunately, conventional diffusers do not block sufficient
ultraviolet (UV) radiation which can lead to damage in one or more of the aforesaid

optical devices.

[0004] Accordingly, it has been found that there exists a need in the art for a
diffuser than can both function as a diffuser and block significant amounts of UV
radiation.

10005] Additionally, it has been found that certain organic UV coatings (with

substantial organic UV blockers) are undesirable in that they are not heat resistént,
and cannot withstand the high temperatures associated with thermal tempering of

glass substrates. In particular, such organic UV blockers may undergo decomposition
]
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at-high temperatures. Such organic UV coatings also suffer from a lack of mechanical
durability, and thus are susceptible to yield loss.. Moreover, in certain applications
where a diffuser or organic coating thereon is subjected to high operating

temperatures over prolonged times, organic based coatings tend to exhibit

discoloration.

[0006] Thus, it will be appreciated that there also exists a need in the art for a
high temperature resistant UV coating that is mechanically durable, and is capableof
withstanding the high temperatures (e.g., from about 580-to 800 degrees C) associated

with thermal tempering of glass substrates.

BRIEF SUMMARY OF EXAMPLE EMBODIMENTS OF THE INVENTION

[0007] A diffuser is provided in an illumination system, where the diffuser is
capable of blocking significant amounts of UV radiation. In certain example
embodiments of this invention, the diffuser includes a glass substrate which supports
a UV coating(s) that blocks significant amounts of UV radiation thereby reducing the.
amount of UV radiation which can makes its way through the diffuser. Optionally,
the UV blocking coating may also perform a light diffusing function.

[0008] . In certain example ernbodiments of this invention, a diftfuser includes a
glass substrate which has a UV coating thereon. Optionally, the UV coating may be
provided on one side of the glass substrate and a diffusing coating on the other side of
the glass substrate. In another example embodiment, a single coating provides both
UV blocking and light diffusing functions. In another example embodiment of this
invention, a diffuser includes a glass substrate including a roughened (e.g., roughened
by etching or the like) surface for diffusing light, and a UV coating provided on the |
glass substrate over the roughened surface. In still further example embodiments of
this invention, a diffuser includes a glass substrate including a roughened (e.g.,
roughened by etching or the like) surface for diffusing light, and a UV coating
provided on the major surface of the glass substrate opposite the roughened surface.
The UV coating .functions to block (absorb and/or reflect) significant amounts of UV

radiation.
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10009] In certain example embodiments of this invention, the UV coating
formulation is based on the incorporation of UV blockers (e.g., UV absorbing
materials) into a high temperature curable glassy matrix such as a glass inclusive frit.
. Example heat resistant UV blockers which may be used in the glassy mairix include
inorganic oxides of metals such as Ce, Zn, Bi, Ti, Sn and/or .Sb. Surprisingly, it has
been found that the use of such inorganic UV blockers in a glassy matrix such as it
results in a UV coating that 1s Highly mechanically durable, heat resistant, and capable
of going through a thermal tempering process along with the supporting glass
substrate without significant degradation. In certain example embodiments, the UV
coating is capable of withstanding the high temperatures (e.g.,. from about 580 to 800
degrees C) associated with thermal tempering of the supporting glass substrate
without significant degradation in UV blocking or transmission characteristics,

thereby providing a temperable glass based diffuser.

[0010] Diffusers according to certain example embodiments of this invention
may be used in an illumination system in any suitable optical application, including
but not limited to applications such as wrist watches, projection systems, display
backlights, computer screens, surgical equipment, optical communication systems,

light sensors, fiber optic systems, microscoPé illumination systems, and light guides.

[OOIi} In certain example embodiments of this invention, there is provided an
illumination system comprising: a light source for emitting light, the light emitted
from the light source including at lcast visible light and ultraviolet (UV) radiation; a
diffuser positioned so as to receive light from the light source, the diffuser diffusing
visible light received from the light source; and wherein the diffuser comprises a glass
substrate that supports a UV blocking coating, so that the diffuser has a Tyy (UV
transmission) éf no greater than about 20%, and wherein the UV blocking coating
comprises inorganic oxide(s) of one or more of Ce, Zn, B1, Ti, Sn and/or Sb 1n a glass
frit.

10012) In certain examplé embodiments of this invention, the UV blocking

coating comprises, by weight, from about 0.1 to 10% (or from about 0.1 to 5%) of the

inorganic oxide(s) of one or more of Ce, Bi, T1, Sn and/or Sb.
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106013] In certain example embodiments of this invention, there 1s provided an
optical diffuser for use in an illumination system, the optical diffuser comprising: a

glass substrate that supports a UV blocking coating, wherein the diffuser has a Tyvy
(UV transmission) of no greater than about 20%, and wherein the UV blocking

coating comprises at least one inorganic metal oxide for blocking significant amounts

of UV radiation, and wherein the at least one inorganic metal oxide is provided 1n a

frit.

BRIEF DESCRIPTION OF THE DRAWINGS

{0014] FIGURE 1 is a cross sectional view of a diffuser according to an

example embodiment of this invention.

10015} FIGURE 2 is a cross sectional view of a diffuser according to another

example embodiment of this invention.

[0016] FIGURE 3 is a cross sectional view of a diffuser according to yet

another example embodiment of this invention.

[0017] FIGURE 4 is a cross sectional schematic diagram of any of the

diffusers herein used in an example display application.

[0018] FIGURE 5 is a cross sectional view of a diffuser according to another

example embodiment of this invention.

[0019] FIGURE 6 illustrates the make-up of UV blocking coatings of

Examples 1-13 according to different examples of the instant invention.

[0020] FIGURE 7 is a graph illustrating the transmission vs. wavelength
characteristics of Examples 1-3 (B, C and D in the figure) compared to frit alone 1n a

coating (A 1n the figure).

[0021] FIGURE 8 is a graph illustrating the transmission vs. wavelength

characteristics of Examples 4-9.

[0022] FIGURE 9 is a graphillustrating the effect of UV blocking coating

thickness on transmission vs. wavelength characteristics, using a UV coatings of
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Examples 3, 10 and 11 (the curves in Fig. 9 are representative of Examples 3, 10 and

11, respectively).

[0023] FIGURE 10 is a graph {llustrating the effect of UV blocking coating
thickness on transmission characteristics, using a UV coating maternial having the

makeup of Example 3.

10024} FIGURE 11 is a graph illustrating the effect of UV blocking coating
thickness on transmission vs. wavelength characteristics, using a UV coating material
having the makeup of Example 9 (the curves in Fig. 11 are representative of

Examples 9, 12 and 13, respectively).

(0025] ~  FIGURE 12 is a graph illustrating the effect of UV blocking coating
thickness on transmission characteristics, using 2 UV coating material having the

makeup of Example 9.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS OF THE
' INVENTION .

[0026] Referring now more Iaaxticular]y to the figures where like reference

numerals indicate like parts throughout the several views.

]0027] This invention relates to a diffuser for use in illumination systems for
optical devices/systems. A diffuser is provided that both functions as a diffuser and
blocks significant amounts of UV radiation. In certain example embodiments of this
invention, the diffuser includes a glass substrate which supports a UV coating(s) 10
that blocks significant amounts of UV radiation thereby reducing the amount of UV
radiation which can makes its way through the diffuser. Because the diffuser blocks
significant amounts of UV radiation, the amount of UV radiation making its way
through the diffuser and into the active area of the optical device is reduced thereby
reducing the amount of potential damage which can be intlicted on the optical device
by the UV radiation. For example, UV radiation tends to cause certain matenals to
degrade thereby reducing the lifespan of one or more of the optical devices mentioned

herein. Diffusers according to certain example embodiments of this invention thus
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provide for blockage of significant amounts of UV radiation while retaining adequate

transmission of light in the visible region/range.

- [0028] Diffusers according to certain example embodiments of this invention
(see Figs. 1-5) may be used in any suttable optical application, including but not
limited to applications such as wrist watches,. projection systems, display (e.g., liquid
crystal display) backlights, computer screens, surgical equipment, optical
communication systems, light sensors, fiber optic systems, microscope illumination
systems, and.light guides. In certain example embodiments of this invention, the
diffuser is a glass based product that can both block (reflect and/or absorb) significant
amounts of UV radiation and provide glare reduction from one or both surfaces. In
certain example embodiments, the diffuser may acts as a Lambertian or quasi-

Lambertian diffuser.

[0029] Plastic diffusers have been known in the art. However, plastic based
diffusers may be susceptible to high temperatures (e.g., high operating temperatures)
associated with one or more of the aforesaid optical devices. Thus, in certain example
non-limiting embodiments of this invention, the diffuser includes a glass substrate 1
which is more durable and can withstand high temperature applications and which

does not degrade upon UV exposure.

[0030] In certain example embodiments of this invention, the UV coating 10
formulation 1s based on the incorporation of UV blockers (e.g., UV absorbing
materials) into a high temperature curable glassy matrix such as a glass 1inclusive int.
Example heat resistant UV blockers which may be used in the glassy matrix include
inorganic oxides of one or more of Ce, Zn, Bi, Ti1, Sn and/or Sb. Surprisingly, it has
been found that the use of such inorganic UV blockers in a glassy matrix such as frit
results in a UV coating that is highly mechanically c_lurable, heat resistant, and capable
of going through a thermal tempering process along with the supporting glass
substrate without significant degradation. In certain example embodiments, the UV
coating 1s capable of withstanding the high temperatures (e.g., from about 580 to 800
- degrees C) associated with thermal tempering of the supporting glass substrate

without significant degradation in UV blocking or transmission charactenstics.
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[0031] Fig. 1 is cross sectional view of a diffuser D according to an example
embodiment of this invention. The diffuser D of the Fi g 1 embodiment includes a
glass substrate 1, a UV blocking coating 10, and a diffusing coating 20. The glass
substrate 1 may be a soda-hime-silica based glass subsirate according to certain
example embodiments of this invention, and may or may not be heat treated (e.g,.,
thermally tempered). Each of the coatings 10, 20 may include one or more layers in
different embodiments of this invention. In the Fig. 1 embodiment, the UV biocking
coating 10 functions to block significant amounts of UV radiation that was present in
the incident light from the light source(s) of the illumination system, whereas the
diffusing coating 20 causes the incident light to substantially spread out or scatter as it
moves through the glass substrate 1.. Each of the UV blocking coating 10 and the
diffusing coating 20 do not block significant amounts of visible rays (e.g., no more
than about 25% each, more preferably no more than about 10% each), so that
efficiency of transmission of visible radiation is retained and/or maintained by the
diffuser. In certain e;(ample instances, the optional diffusing coating 20 may be a
coating that includes a frit composition for diffusing purposes, or may be a coating
that includes a plurality of particles (e.g., particles of T102, Al>O3, S10; and/or the
like) suspended in a solution or resin for diffusing visible light. In the Fig. 1
embodiment, the UV coating 10 and the diffusing coéting 20 are on opposite major

" stdes of the glass substrate 1. In certain instances, the coating 20 may be omitted and
the UV coating 10 may include diffusing particles so as to perform the light diffusing
function 1n addition to the UV blocking function.

[0032] Fig. 2 is a cross sectiqnal view of a diffuser D according to another
example embodiment of this invention, Like the Fig. 1 embodiment, the diffuser of
Fig. 2 includes a glass substrate 1 and a UV blocking coating 10. Howe{/er, in the
Fig. 2 embodiment, at least one major surface of the glass substrate 1 1s roughened to
provide a light scattering diffusing effect. In the illustrated Fig. 2 embodiment, the
surface of the glass substrate 1 under the UV blocking coating 10 has been roughened
to provide a roughened surface R for scattering/spreading visible light so that the
product can function as a diffuser. The surface roughening of the glass substrate 1
may be performed in any suitable manner, including but not limited to etching of the

glass using a hydrofluoric acid based solution (HF-etched glass), sand-blasting of the
7
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glass, or any other technique for etching of the glass surface. The incident light is
diffused by the roughened surface R due to the differences in indices of refraction
along the roughened area between the glass and the overlying coating and air. In this
embodiment, the roughened surface R. of the glass 1 and/or the coating 10 provides
the visible light diffusing function, whereas the UV coating 10 provides the function
of blocking significant amounts of UV radiation. Coating 10 may also perform a light

diffusing function in certain example instances.

[0033] Fig. 3 1s a cross éectio:nal view of a diffuser D according to yet another
example embodiment of this invention. Like the Fig. 1 embodiment, the diffuser of
Fig. 2 includes a glass substrate 1 and a UV blocking coating 10. However, mnthe
Fig. 3 embodiment, at least one major surface of the glass substrate 1 1s roughened to
provide a light scattering diffusing effect. In the illustrated Fig. 3 embodiment, the
front surface of the glass substrate 1 (i.e., the surface furthest from the hght source(s)
<.)f the illumination system) has been roughened to provide a roughened surface R for
scattering/spreading visible light so that the product can function as a diffuser. The
surface roughening of the glass substrate 1 may be performed in any suitable manner,
inclﬁding but not limited to etching of thé glass using a hydrofluoric acid based
solution (HF-etched glass), sand-blasting of the glass, or any other technique for
etching of the glass surface. The incident light is diffused by the roughened surface R
due to the differences in indices of refraction along the roughened area between the
glass and the overlying coating and air. In this Fig. 3 embodiment, the UV coating 10
1s provided on the surface of the glass substrate opposite the roughened surface R. In
this embodiment, the roughened swrface R of the glass 1 provides the visible light
ditfusing function, whereas the UV coating 10 provides the function of blocking
significant amounts of UV radiation. While the Fig. 3 embodiment illustrates the
front surface being roughened and the rear surface of the glass substrate having the
UV blocking coating .10 thereon, this invention is not so limited as the positions of the
UV blocking coating 10 and the roughened surface R could be reversed in alternative
embodiments of this invention. In other words, in alternative embodiments the rear
surface of the glass substrate could be roughened and the UV coating 10 could be

provided on the front surface of the glass substrate 1.
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(0034} Fig. 5 is a cross sectional view of a diffuser D according to still another
example embodiment of this invention. In the Fig. 5 embodiment, the coating 10
provides both UV blocking functionality and visible light diffusing functionality. In
other words, both the diffusing and UV blocking functions are performed by the same
coating 10 in this embodiment. Stated another way, the UV coating 10 in this
embodiment has been modified so that the UV coating also acts as a diffuser. This
may be achieved by providing filler particulate material(s) such as silica, alumina
and/or titania in the UV coating 10 with the filler particulate material acting to reflect
and thus spread/scatter visible light rays passing through the coating 10. In certain
example instances, particles of one or more of silica, titania, alumina, or zirconia may
be mixed with radiation absorbing additives such as UV and/or IR (inirared) biockers
1n a compatible binder matrix material to render the resultant coating 10 an effective
scatterer of visible light and blocker of damaging UV and/or IR radiation. In certain
instances, the same particles may function to both block UV and diffuse light in the
coating 10. It is also possible to imprint a fine pattern onto a clear coating 10 to cause
1t to function as a non-glare coating instead of or in addition to a diffusing coating,
This coating 10 of the Fig. 5 embodiment, which functions as both a light diffuser and
uv blocker; may be used in conjunction with any of the other embodiments discussed

herein in certain example instances (e.g., see Figs. 1-4).

[0035] In certain example embodiments, it is also possible to add fluorescent
material(s) to the UV coating 10 of any of the embodiments discussed herein. These
may be selected to absorb UV and re-emit visible light, thereby increasing efficiency

of the illumination system.

[0036] Example UV blocking coatings 10, which may be used in any of the

atoresaid embodiments, will now be discussed.

[0037] In certain example embodiments, UV blocking coating 10 is of or
includes one or more UV blockers provided in a high temperature curable glassy
matrix such as a glass inclusive friz (an Example frit is Ferro frit 20-8099 available
from Ferro Corporation of Ohio). Example heat resistant UV blockers which may be
mixed with the frit include inorganic oxides of one or more of Ce, Zn, Bi, Ti1, Sn

and/or Sb. In certain example embodiments, the UV coating 10 includes from about

9
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0.05 to 15% of UV blocker(s) (e.g., oxide of one or more of Ce, Zn, Bi, Ti, Sn and/or
Sb), more preferably from about 0.1 to 10%, even more preferably from about 0.1 to
5%, and most preferably from about 0.2 to 3%. The UV blocker(s) may or may not
be provided in a suspension such as water in certain example embodiments (e.g.,
colloid). One or more of the aforesaid UV blocker(s) may be provided in a frit matrix
in forming and making up the UV coating 10 according to certain example
embodiments of this invention. Moreover, in certain example embodiments, the UV
coating 10 includes at least about 80% frit, more preferably at least about 85%, even

more preferably at least about 90%, and possibly at least about 95% or 97%.

[0038] In certain example embodiments the diffuser D, including at least the
glass substrate 1 and UV blocking coating 10, has a Tuv (UV transmission) of no
greater than about 20%, more preferably no greater than about 10%, even more

preferably no greater than about 5%, and sometimes no greater than about 3% or 2%.

[0039] In certain example embodiments of this invention, UV blocking
coating 10 prevents at least about 50% of UV radiation (300-380 nm) reaching the
same from passiﬂg therethrough, more preferably at least about 70%, even more
preferably prevents at least about 80% of UV radiation reaching the same from
passing therethrough, and most preferably prevents at least about 90% (or at least
about 95%) of UV radiation reaching the same from passing therethrough. In other
words, UV blocking coating 10 preferably blocks at least about 50% of UV radiation
(i.e., from 300-380 nm), more preferably at least about 70% of UV radiation, even
more preferably at least about 80%, more preferably at least about 90% of UV
radiation, and most preferably at least 95% of UV radiation (e.g., see Figs. 7-12). UV
blocking coating 10 may block UV radiation (from 300-380 nm) by, for example and
without limitation, reflecting such UV radiation, absorbing such UV radiation, and/or
converting amounts of such UV radiation into other type(s) of radiation (e.g., IR),

and/or the like.

[0040] In certain example ¢gmbodiments, the diffuser D has a visible
transmission of at least about 35%, more preferably of at least about 50%, even more

preferably of at least about 60%, and sometimes at least about 70%.

10
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[0041] In certain example embodiments of this invention, the UV blocking
coating 10 may be of or include a colloidal electro-conductive oxide solution having
both infrared (IR) and ultraviolet (UV} blpcking characteristi.cé.' In certain example
embodiments of this invention, for UV blocking coating 10, a substantially.
transparent composite oxide coating is provided that includes a silica matnx, zinc
antimonite, and a UV blocking material, thereby permittingo the coating (e.g., apphed
via a coating sol) after application to block significant amounts of both IR and UV
radiation. In certain example embodiments of this invention,’a UV and IR blocking
coating comprises each of cerium oxide and zinc antimonite in the form of
nanoparticulate, and silicon oxide (e.g., Si0;). It has surprisingly been found that
such coatings are effective at blocking both UV and IR radiation, and also are
resistant to high temperatures as spectral response remains substantially unchanged 1n
certain example instances after one or two hours of substantial heating (e.g., to about
400 or 450 degrees C). In certain example embodiments, the coated article has
transmission for a wavelength of 2300 nm, of less than 10%. In certain example |
embodiments of this invention, the sol type coating comprises from about 15 to 50%
cerium oxide (more preferably from about 20 to 45%, and most preferably from about
30 to 40%), from about 30 to 70% zinc antimonate (more preferably from about 35 to
65%, and most preferably from about 40 to 55%), and from about 5 to 35% silicon
oxide (more preferably from about 10 to 30%, and most preferably from about 12 to
25%). It has been found that these amounts of such materials in the sol type coating
provide a coating that is effective at blocking both UV and IR radiation, and is also
are resistant to high temperatures. In the case where the colloidal antimony oxide is
antimony oxide sol, the method of producing electroconductive anhydrdous zinc |
antimonate inclusive coatings according to certain example embodiments can be
produced by, inter alia, mixing antimony oxide sol and a zinc compound, and then
calcining the mixture at 300 to 680 degrees C after drying. The zinc compound
which can be used in certain example embodiments is at least one zinc compound
selected from the group consisting of zinc hydroxide, zinc oxide, inorganic acid salts
of zinc and organic salts of zinc. The inorganic acid salts of zinc include zinc
carbonate, basic zinc carbonate, zinc nitrate, zinc chlonde, zinc sulfate and the like.

The organic acid salts of zinc include zinc formate, zinc acetate, zinc oxalate and the

11
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like. These zinc compounds may be those put on the market as industrial chemicals.
When zinc hydroxide and zinc c;xide are used, it 1s preferred that they have a primary
particle diametg:r of 100 nm or less. In particular, the salts coz‘}taining acids that |
vaporize upon calcination, for example, carbonate salts and organic acid salts, are
preferred. They may be used alone or as admixtures of two or more of them. The
colloidal antimony oxide which can be used is antimony oxide havinga prirﬁary
particle diameter of 100 nm or less and includes diantimony pentoxide sol,
hexaantimony tridecaoxide sol, diantimony tetroxide hydrate sol, colloidal diantimény
trioxide and the like. The diantimony pentoxide sol can be produced by known
mgthods, for example, a method in which Fiiantimony tnoxide 1s oxidized, a method in
which an alkali antimonate is dealkalized with ion exchange resin, 2 method in which
sodium antimonate is treated with an acid, and/or the like. The hexaantimony
tridecaoxide sol can be produced by a method in which diantimony trioxide is
oxidized and the diantimony tetroxide hydrate sol can also be produced by a method
in which diantimony trioxide is oxidized. The colloidal diantimony trioxide can be

produced by a gas phase method in certain example instances.

[0042] Fig. 4 1llustrates an example embodiment of this invention, where any
diffuser D discussed above (e.g., see any of Figs. 1-3 and 5) or any diffuser in an
Example discussed below is used in an illumination system of a display such as a
liquid crystal display. The illumingtion system includes a light source(s) 50 for
directing collimated or non-collimated light toward the diffuser D. The light from the
source(s) 50 is considered incident light on the diffuser D. The light from the
soruce(s) 50 includes both visible anid UV radiation, and possibly IR radiation. The
diffuser D (see any of Figs. 1-3 and 5) scatters/spreads the visible light from the light
source(s) 50 and causes a significant amount of the UV radiation from the source(s)
50 to be blocked. Thus, the light which makes its way from the diffuser D toward the

display panel 52 has less UV radiation therein and is diffuse in nature.

[0043] In certain example embodiments of this invention, the UV blocking
coating 10 1s from about 1 to 15 pm thick, more preferably from about 1 to 10 um
thick, and most preferably from about 2 to 8 um thick.

12
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EXAMPLES 1-13

10044] Examples 1-13 are for purposes of example only and without
limitation. In each of Examples 1-13, a UV blocking coating 16 was formed on a flat
glass substrate. Fig. 6 illustrates the make-up of the coatings 10 of Examples 1-13. In
Fig. 6, “Frit 99” refers to Ferro 20-8099 glass frit, and the “thickness” refers to the
thickness of the coating iO.

-{0045] Example 1 relates fo a diffuser as shown in Fig. 5. The diffuser D of
Example 1 was made as follows. A composite shurry was made by mixing 99%, by
weight, of Ferro 20-8099 frit (glass frit) with 1%, by weight, of a colloidal dispersion
of 10-20 nm particle size cerium oxide (CeO,) particles (Nyacol nano cerna) obtained
from Nyacol. Nyacol supplied the digspersion of cerium oxide particles in water (i.e.,
the colloidal dispersion). The cerium oxide acts as a UV blocker. The UV blocking
coating was applied on a 3 mm thick glass substrate 1 by using a screen printing
technique using screen. with a mesh size 140. The coated glass substrate was then .
subjected to heat treatment at about 625 degrees C for about 5 minuies, thereby
providing a thermally tempered diffuser including a glass substrate 1 with a scratch
resistant UV blocking and light diffusing coating 10 thereon. The optical spectrum of
the diffuser D of Example 1, including the tempered glass substrate 1 and UV
blocking/diffusive coating 10, ts shown by curve (B) in Fig. 7, and the diffuser had a
Tuv of about 2.3% and a T,;s of about 38.5%. For purpose of comparison, curve (A)
in Fig. 7 illustrates a Comparative Example diffuser with a glass substrate and a
coating of only Ferro 20-8099 frit (with no UV blocker irg the coating) prepared under
the same conditions. It can be seen that the diffuser of Example 1 ((B) in Fig. 7) had
a much better (lower) transmission in the UV range (i.e., from 300-380 nm) compared
to the Comparative Example ((A) in Fig. 7). Moreover, the Comparative Example

diffusc;r, with no cerium oxide in the coating, had a Tuv of about 22.3% and a Ty;; of
about 57.3%.

'[0046] Example 2 relates to a diffuser as shown in Fig. 5. The diffuser D of
Examﬁle 2 was made as follows. A composite slurry was made by mixing 99.8%, by
weight, of Ferro 20-8099 frit (glass frit) with 0.2%, by weight, of a colloidal
dispersion of 20-40 nm particle size zinc oxide (ZnO) particles (Nano Z) obtained
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from Buhler. The casfing method and heat treatment were the same as 1n Example 1,
with the glass substrate being the same thickness. The optical spectrum of the
diffuser D of Example 2, including the tempered glass substrate 1 and coating 10, 1s
shown by curve (C) in Fig. 7, and the diffuser had a Tuv of about 27.1% and a T\;s of
about 59.6%. Fdr purpose of comparjson, curve (A) in Fig. 7 illustrates a
Comparative Example diffuser with a glass substrate and a coating of only Ferro 20-
8099 frit (with no ZnO in the coating) prepared under the same conditions. The
Comparative Example diffuser, with no zinc oxide 1n the coating, had a Tuv of about
22.3% and a T,js of about 57.3%. Thus, it will be appreciated that the zinc oxide
particles in the coai:ing of Example 2 did not result in any improvement in UV

blockage.

- [0047] Example 3 relates to a diffuser as shown in Fig. 5. The diffuser D of
Example 3 was made as follows. A composite sturry was made by mixing 905/0, by
weight, of Ferro 20-8099 frit (glass fiit) with 10%, by weight, of a colloidal
dispersion of 280 nm particle size titanium oxide (e.g., T10,) particles obtained from
Elementis. The titanium oxide acts as a UV blocker. The UV blocking coating was
applied on a 3 mm thick glass substrate 1 by using a screen printing technique using
screen with a mesh size 140. The coated gliass substrate was then subjected to heat
treatment at about 625 degrees C for about 5 minutes, thereby providing a thermally
tempered diffuser including a glass substrate 1 with a scratch resistant UV blocking
and light diffusing coating 10 thereon. The optical spectrum of the diffuser D of
Example 3, including the tempered glass substrate 1 and UV blocking/diffusive
coatiﬁg 10, 1s shown by curve (D) in Fig.. 7., and the diffuser had a Tuv of about 2.2%
and a T,;s of about 46.1%. By comparning Example 3 ((D) in Fig. 7) with the
Comparative Example (A) in Fig. 7), it can be seen that the diffuser of Example 3 had
a much better (lower) transmission in the UV range (i.e., from 300-380 nm) compared

to the Comparative Example.

[0048] Example 4 relates to a diffuser as shown in Fig. 5. The diffuser D of
Example 4 was made as follows. A composite slurry was made oy mixing 91.9%, by
weight, of Ferro 20-8099 frit with about 8%, by weight, of a colloidal dispersion of

280 nm particle size titanium oxide (e.g., TiO») particles obtained from Elementis,
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and 0.1% by weight of 1 um niobium pentaoxide particles obtained from Aldrich.
The UV blocking coating 10 was applied on a 3 mm-thick glass substrate 1. The
casting method and heat treatment were the same as in Example 1. The optical
spectrum of the diffuser D of Example 4, including the tempered glass substrate 1 and
UV blocking/diffusive coating 10, is shown by curve (A) in Fig. 8, and the diffuser
had a Tuv of a:bout 3.5% and a T;; of about 42.5%.

[0049] Example 5 relates to a diffuser as shown in Fig. 5. The diffuser D of
Example 5 was made as follows. Example 5 was the same as Example 4, except that
the niobium pentaoxide was replaced with about 0.2%, by weight, of 1 pm cobalt
oxide particles obtained from Aldrich, The optical spectrum of the diffuser D ot
Example 5, including the tempered glass substrate 1 and UV blocking/diffusive
coating 10, is shown by curve (B) in Fig. 8, and the diffuser had a Tuv of about 6.5%
and a T,;s of about 41.3%. ’

[0050] Example 6 relates to a diffuser as shown in Fig. 5. The diffuser D of
Example 6 was made as follows. A composite slurry was made by mixing 97.4%, by
weight, of Ferro 20-8099 frit with aboﬁt 2%, by weight, of a colloidal dispersion of
20-40 nm particle size zinc oxide particles obtained from Buhler, and 0.6% by weight
of colloidal dispersion of 280 nm titanium oxide particles obtained from Elementis.
The coating was applied on a 3 mumn thick glass substrate 1. The casting method and
heat treatment were the same as in Example 1. The optical spectrum of the diffuser D
of Example 6 is shown by curve (C) in Fig. 8, and the diffuser had a Tuv of about
37.9% and a T,;s of about 59.7%. Again, it can be seen that the zinc oxide did not
block much UYV.

[0051) Example 7 relates to a diffuser as shown in Fig. 5. The diffuser D of
Example 7 was made as follows. Example 7 was the same as Example 6, except that
there was selectively changed the weight percentage of colloidal dispersion of 280 nm
titania to 0.8%. The optical spéctrurn of the diffuser D of Example 7 1s shown by
curve (D) in Fig. 8, and the diffuser (including the glass and UV blocking coating)
had aoTuv of about 6.9% and a T, of about 48%. It can be seen that the small

increase in titania, compared to Example 6, resulted in a much improved (lower) UV

transmaission.
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[0052] Example 8 relates to a diffuser as shown in Fig. 5. The diffusef}_') of
Example 8 was made as follows. A composite siurry was made by mixing about
00%, by weight, of Ferro 20-8099 frit with about 8%, by weight, of a colloidal
dispersion of 280 nm particle size titanium oxide (e.g., T10,) particies , and 0.1% by
weight of 4-10 pm silicon dioxide particles (TS 100) obtained from Degussa. The
UV blocking coating 10 was applied on a 3 mm thick glass substrate 1. The casting
method and heat treatment were the same as in Example 1. The optical spectrum of
the diffuser D of Example 8, including the temperéd glass substrate 1 and UV
blocking/diffusive coating 10, is shown by curve (E) in Fig. 8, and the diffuser had a
Tuv of about 2.2% and a T,;; of about 46.1%.

[0053] Example 9 relates to a diffuser as shown in Fig. 5. The diffuser D of
Example 9 was made as follows. A composite slurry was made By mixing about
90.3%, by weight, of Ferro 20-8099 {rit with about 2%, by weight, of a colloidal
dispersion of 20-40 nm particle size zinc oxide particles, 7% colloidal dispersion of
280 nm titanium oxide-particles; and 0.7% by weight of 10 um aluminum oxide
particles obtained from Aldrich. The UV blocking coating 10 was applied on a 3 mm |
thick giass substrate.l. The casting method and heat treatment were the same as 1n
Example 1. The optical spectrum of the diffuser D of Example 9, including the
tempered glass substrate 1 and UV tlocking/diffusive coating 10, is shown by curve
(F) in Fig. 8, and the diffuser had a Tuv of about 5.6% and a T,;s of about 46.3%.

[0054] Example 10 is the same as Example 3, except that the screen with
mesh size 140 was replaced with a screen with mesh size 158. The optical spectrum
of the diffuser D of Example 10, including the tempered glass substrate 1 and UV
blocking/diffusive coating 10, 1s shown in Fig. 9, and the diffuser had a Tuv of about
1.2% and a T.; of about 48.2%. Fig. 9 illustrates different mesh sizes for screens, and
the results thereof on transmission in visible and UV spectrums. In particular, the

curves in Fi1g. 9 are representative of Examples 3, 10 and 11.

[0055] Example 11 is the same as Example 3, except that the screen with
mesh size 140 was replaced with a screen with mesh size 380. The optical spectrum
of the diffuser D of Example 11, including the tempered glass substrate 1 and UV
blocking/diffusive coating 10, is.shown in Fig. 9, and the diffuser had a Tuv of about
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5.2% and a T,;s of about 57.4%. Fig. ¢ illustrates different mesh sizes for screens, and
the results thereof on. transmission in visible and UV s;pectrums. In particular, the
curves in Fig. 9 are representative of Examples 3, 10 and 11. Fig. 9 shows that larger
mesh number sizes resulted in higher visible transmission characteristics, with the

highest mesh size also resulting in a higher UV transmission in certain areas.

[0056]} Example 12 is the same as Example 9, except that the screen with
mesh size 140 was replaced with a screen with mesh size 158. The optical spectrum
of the diffuser D of E;(ample 12, including the tempered glass substrate 1 and UV
blqcking/diffusive coating 10, 1s shown in Fig. 11 (see mesh size 158 curve in Fig,

1 1), and the diffuser had a Tuv of about 3.9% and a T\;; of about 53.6%. Fig. 11
illustrates different mesh sizes for screens, and the results thereof on transmission 1n
visible and UV spectrums. In particular, the curves in Fig. 11 are representative of

Examples 9, 12 and 13.

[0057] Example 13 1s the same as Example 12, except that thg screen with
mesh size 140 was replaced with a screen with mesh size 280, The opftical spectrum
of the diffuser D of Example 13, including the tempered glass substrate 1 and UV
blocking/diffusive coating 10, is shown in Fig. 11 (see mesh size 280 curve n Fig.
11), and the diffuser had a Tuv of about 9% and a T,is of about 63%. Thus, Fig. 11
illustrates the effect of screen mesh size on the thickness of the coating 10 and the
optical properties of the coatings containing 90.3% frit, 2% zinc colloids, 7% titania

colloids, and 0.7% alumina powder.

[0058] It is noted that the coatings 10 of Examples 1-13 contain additives that

both scatter hight and fluoresce in the presence of UV radiation.

[0059] While the invention has been described in connection with what is
presently considered to be the most practical and preferred embodiment; it is to be
understood that the invention is not to be limited to the disclosed embodiment, but on
the contrary, 1s-intended to cover various modifications and equivalent arrangements

included within the spirit and scope of the appended claims.
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CLAIMS

1. An illumination system comprising: |

a light source for emitting light, the light emitted from the light source
including at least visible light and ultraviolet (UV) radiation;

a diffuser positioned so as to receive light from the light source, the
diffuser diffusing visible light received from the light source; and

wherein the diffuser comprises a glass substrate that supports a UV
blocking coating, so that the diffuser has a Tyy (UV transmission) of no greater than
about 20%, and wherein the uv blocking coating comprises inorganic oxide(s) of one

or more of Ce, Zn, Bi, Ti, Sn and/or $b in a glass ffit.

2. The illumination system of claim 1, wherein the UV blocking coating
comprises, by weight, from about 0.1 to 10% of the inorganic oxide(s) of one or more

of Ce, B1, T1, Sn and/or Sb.

3. The illumination system of claim 1, wherein the UV blocking coating

comprises, by weight, from about 0.1 to 5% of the Inorganic oxide(s) of one or more
of Ce, Bi, Ti, Sn and/or Sb.

4. The 1llumination system of claim 1, wherein the UV blocking coating
comprises, by weight, from about 1 to 5% of the inorganic oxide(s) of one or more of
Ce, B1, Ti, Sn and/or Sb.

5. The illumination system of claim 1, wherein the UV blocking coating

comprises, by weight, at least about 80% frit.

6. The illumination sysiem of claim 1, wherein the diffuser has a Tyvy of

no greater than about 10 %.

7. The illumination system of claim 1, wherein the diffuser has a Tyv of

no greater than about 5 %.
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8. The illumination system of claim 1, wherein the diffuser has a Tyy of

no greater than about 3 %.

0. The illumination systern of claim 1, wherein the UV blocking coating

1s 1n direct contact with the glass substrate.

10. The illumination systern of claim 1, wherein the glass substrate is

thermally tempered.

11.  Theillumination system of claim 1, wherein the UV blocking coating
comprises silicon oxide: from about 5-35%, cerium oxide: from about 10-50%, and

ZINC aqtimonate: from about 30-70%4.

12.  The illumination system of claim 1, wherein the diffuser has a
transmission at 325 nm of less than 15%, more preferably less than 10%, and most

preferably less than 5%.

13. The illumination system of claim 1, wherein the diffuser has a visible

transmission of at least about 35%.

14. The illumination system of claim 1, wherein the UV blocking coating

contains no or substantially no organic material.

15. ©  An optical diffuser for use in an illumination system, the optical
diffuser comprising: °
a glass substrate that supports a UV blocking coating,
wherein the diffuser has a Tyy (UV transmission) of no greater than
about 20%, and wherein the UV blocking coating comprises at least one inorganic
metal oxide for blocking significant amounts of UV radiation, and wherein the at least

one inorganic metal oxide is provided in a frit.
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16.  The diffuser of claim 15, wherein the UV blocking coating comprises,
by weight, from about 0.1 to 10% of the inorganic oxide(s) of one or more of Ce, Bi,

T1, Sn and/or Sb.

~17.  The diffuser of claim 15, wherein the diffuser has a Tyv of no greater
than about 5 %.

18.. Thediffuser of claim 15, wherein the glass substrate is thermally

tempered.

19, The diffuser of clail:n 15, wherein the UV blocking coating é:ornprises

at least one of* (a) cerium oxide: from about 10-50%, and/or (b) zinc antimonate:
from about 30-70%.

20. The diffuser of claim 15, wherein the diffuser has a visible

transmission of at least about 35%.
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