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= (57) Abstract: A vacuum insulating glass (IG) unit and method of making the same. A plurality of fiber spacers (e.g. glass fibers) are
provided between first and second opposing substrates in order to space the substrates from one another and maintain a low pressure
space therebetween. The fiber spacers may be randomly distributed in a viewing area of the unit, or distributed in approximately
uniform rows and/or columns in different embodiments of the invention. In certain embodiments, the fibers may be substantially
transparent to certain wavelengths of visible light to render the IG unit more aesthetically pleasing.
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VACUUM TG WINDOW UNIT WITH FIBER SPACERS

This invention relates to a vacuum insulating glass
(IG) unit, and a method of making the same. More
particularly, this invention relates to a vacuum IG unit

5 including fiber spacers.

BACKGROUND_ OF THE INVENTION

Vacuum IG units are known in the art. For example, see
U.S. Patent Nos. 5,664,395, 5,857,607, 5,891,536 and
5,902,652, the disclosures cf which are all hereby

10 incorporated herein by refersnce.

a conventional vacuum

=

} 4

lustrac

(]

Prior art Figures 1-2
IG unit. IG unit 1 includes two spaced apart sheets of
glass 2 and 3 which enclose an evacuated or low pressure
space therebetween. Glass sheets 2 and 3 are interconnected

15 by peripheral or edge seal of fused solder glass 4 and an

array of support pillars or spacers 5.

Pump out tube 8 is sealed by solder glass 9 to an
aperture or hole 10 which passes from an interior surface of
glass sheet 2 to the bottom of recess 11. A vacuum is

20 attached to tube 8 so that the cavity between sheets 2 and 3
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can berevacuatéd Lo create a low pressure area. After
evacuation, tube 8 is melted to seal the vacuum. Recess 11
retains melted and sealed tube 8. Chemical getter 12 may be
included.within machined recess 13.

Certain conventional pillars 5 disposed between the
opposing substrates are either too soft (e.g. certain
metals)ror tbo hard (e.g. certain ceramics). These may
cause either heat disturbances in the unit due to high
thermal conductivity, and/or contact damage (e.g. cracks) in
the glass substrate(s). Moreover, certain conventional
sharp or compact pillar shapes may invoke significant peint-
loading on small areas of the glass substrate(s), especially
in the case of pillar height variations, thereby leading to
potential scratching and/or cracking of the substrate(s).

Still further, certain conventicnal metal pillars
appear as colored, opaque, and/or light reflecting dcts in
the viewing area cof the window. Some viewers may believe
this to be aesthetically displeasing.

It is apparent from the above that there exists a neead
in the art for a vacuum IG unit, and corresponding method of
making the same, including improved spacers between opposing

glass sheets or substrates. There also exists a need in the
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art for fiber inclusive spacers for use in vacuum IG window
units.

This invention will now be described with respect to
certain embodiments thereof, accompanied by certain

5 illustrations.

SUMMARY OF THE INVENTION

An object of this invention is to provide a vacuum
insulating glass (IG) unit including a plurality of fiber or
strand spacers horizontally aligned between the oprosing

10 glass substrates.

Another object of this invention is to provide a vacuum

Y

'_l

IG window unit including a plurality of substantial

transparent fiber spacers between the orposing substrates.

“Substantially transparent” means the sracers are at least
15 about 70% transparent to at least some visible wavelengths

of light.

Another object of this invention is to provide a vacuum

IG window unit including a plurality of fiber spacers that

ara at least about 80%, most preferably at least about 90%,
20 transparent to at least some (and most preierably all)

wavelengths of visible light.
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Another object of this invention is to provide a vacuum
IG window unit including a plurality of elongated glass
fiber spacers.
Another object of this invention is to provide a vacuum
5 IG window unit including a plurality of elongated fiber
spacers distributed in either a random or uniform manner
across a viewing area of the unit in order to space the
opposing glass substrates from another.
Another object of this invencion 1s to provide a vacuum
10 IG window unit including a plurality of fiber spacers having
an index of refraction approximately the same as (i.e.
within about 10% of) the index of refraction of at least one
of the glass substrates.
Another object of this invention is to fulfill any
15 and/or all of the above-listed objects.
Generally speaking, this inven=-ion fulfills any or all
of the above described needs and/or objects by providing
a thermally insulating glass panel comprising:
first and second spaced apart glass substrates defining
20 a low pressure space therebetween having a pressure less

than atmospheric pressure;
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a plurality of elongated fiber spacers disposed between
said first and second glass substrates across at least a
portion of a viewing area of said panel for spacing said
substrates from one another in order to maintain said low
pressure space therebetween; and

at least one seal disposed between said first and
second glass substrates for hermetically sealing said low
pressure space.

This invention further fulfills any or all of the arcove
described needs and/or cbjects by providing a method of

making a vacuum insulating glass (IG) window unit comprising

the steps of:
providing first and second glass substrates;
providing a plurality of fiber spacers between the
first and second substrates for spacing the substrates Srom
one another so as to define a low pressure space
therebetween having a pressure less than atmospheric
pressure; and

forming a seal for sealing the low pressure space

between the substrates.
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IN TEE DRAWINGS

Figure 1 is a prior art cross-sectiocnal view of a
conventiocnal vacuum IG unit.
Figure 2 is a prior art top plan view of the Figure 1
5 vacuum IG unit, taken along the section line illustrated in
Figure 1 with the peripheral or edge seal being shown in
cross-section.
Figure 3 is a top partial cross-sectional and partial
elevation view of a vacuum IG window unit absent its upper
10 substrate according to an embodiment of this invention.
Figure 4 is a side cross-sectional view of the Figure 3
vacuum IG window unit taken along section line 4--4
(including the upper subkstrate).
Figure 5 1s a top partial cross-sectional and partial
15 elevation view of a vacuum IG window unit absent irs upper
substrate according to another embodiment of this invention.
Figure 6 is a side cross-sectional view of the Figure 5
vacuum IG window unit taken along section line 6--6

(including the upper substra:e) .
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DETAILED DESCRIPTION OF
CERTAIN EMBODIMENTS OF THIS INVENTION

Referring now more particularly to the accompanying
drawings in which like reference numerals indicate like
parts throughout the several views.

Certain embodiments of this invention relate to a
vacuum IG window unit including fiber spacers, and/or a
method of making the same. An edge seal as well as fiber
spacers are provided between the opposing glass substrates.
“Peripheral” and “edge” seals herein do not mean that the
seals are located at the absolute periphery of the unit, but
instead mean that the seal is at least partially located at
or near (e.g. within abcout two inches) an edge of at least

one substrate of the unit.

—

Figures 3-4 illustrate a thermally insulating glass

N

panel 31 according to an embodiment of this inventicn (note:
the upper substrate is not shown in Figure 3 for purposes of
simplicity). Because interior space 37 between the opposing
substrates is at a pressure lower or less than atmospheric
in general, this type of panel is often referred to as a

vacuum insulating glass (IG) unit.
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Referring to Figures 3-4, vacuum IG unit or panel 31
includes first glass substrate 33, second glass substrate
35, low pressure or evacuated space 37 between substrates 33
and 35, elongated mineral fiber or strand spacers 39 for
spacing the substrates 33, 35 from one another and
supporting them, an optional pump out tube (not shown)
disposed in a hole or aperture formed in substrate 33 for
evacuating space 37, and peripheral or edge seal 43 that
hermetically seals low pressure space 37 between substrate
33, 35 and which may bond the substrates to one another or
held them together. Substrates 33, 35 ars substantially
transparent to visible light (i.e. at least about 70%
transparent, more preferably at least about 80% Cransparent,
and most preferably at least about 90% transparent) in
certain embodiments of this inventcion; although thev may be
deeply tinted in other embodiments.

In embodiments of this invention when a pump-out tube

or other pump-out structure is utilized, the substrates are

[

assembled around spacers 39 and edge seal 43 formed; and
thereafter a vacuum is hooked up to the pump-out tube in
order to evacuate sealed off space 37. 1In alternative

embodiments where no pump-out tube is used, the vacuum IG
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unit 31 may be assembled in a vacuum chamber so that when
edge seal 43 is formed the sealed off space 37 is already in
an evacuated state.

Vacuum IG units 31 according to different embodiments
of this invention may be used as residential or commercial
windows. The evacuation of space 37 eliminates or reduces
heat transport between glass substrates 33 and 35 due to
gaseous conduction and convection. In addiﬁion, radiative
heat transport between glass sheets 33 and 35 can be reduced
to a low level by providing a low emittance (low-E)
coating(s) on the internal surface of one Oor both of sheets
33, 35. High levels of thermal insulation can thus be
achieved. Low gaseous thermal conduction may be achieved
when the pressure in space 37 is reduced to a level equal to
or below about 0.5 x 10 Torr, more preferably belcw about
0.1 mTorr, or 10* Torr, and most preferably below akout 10°8
Torr of atmospheric pressure. Edge seal 43 reduces or
eliminates any ingress or outgress of gas or air to/from
space 37.

In certain embodiments of this invention, edge seal 43
may be made of or include any of the following materials:

solder glass, indium (In), Indalloy No. 53 available from
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Indium Corp. in paste or wire form having a composition of
67% Bi and 33% In (% by weight), Indalloy No. 1 from Indium
Corp. in paste or wire form having a composition of 50% In
and 50% Sn, Indalloy No. 290 available from Indium Corp. in
paste or wire form having a composition of 97% In and 3% Ag,
Indalloy No. 9 from Indium Corp. in paste or wire form
having a composition of 70% Sn, 18% Pb and 12% In, Indalloy
No. 281 available from Indium Corp. in paste or wire form
having a composition of 58% Bi and 42% Sn, Indalloy No. 2086
available from Indium Corp. in paste or wire form having a
composition of 60% Pb and 40% In, Indalloy No. 227 available
from Indium Corp. in paste or wire form having a composition

cf 77.2% Sn, 20% In arnd 2.8

o\®

Ag, Indalloy No. 2 available
from Indium Corp. in paste or wire form having a ccmposition
of 80% In, 15% Pb and 5% Ag, Indalloy No. 3 available from
Indium Corp. in paste or wire form having a composition of
90% In and 10% Ag, or any other suitable material.

Still referring to Figures 3-4, an array of elongated
fiber spacers 39 is provided between substrates 33 and 35 in
order to maintain separation of the two approximately
parallel glass sheets 33 and 35 against atmospheric

pressure. Fiber spacers 39 are horizontally aligned or

10
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oriented in low pressure space 37 between the substrates, so
that they are aligned approximately perpendicular to the
direction of normal light flow through vacuum IG window unit
31. In certain embodiments, each pillar may have a height,
diameter, or thickness of from about 0.05 to 0.30 mm, which
thus determines or relates to the thickness of low pressure
space 37.

During manufacturing of vacuum IG unit 31, glass fiber
spacers 39 may be fused onto substrates 33 and/or 35. In
alternative embodiments, fibers 39 may be acdhered to the
substrate(s) 33, 35 by ion diffusion/exchange. Glass fiber
spacers 39 may be fused to the opposing substrates during
the formation of solder glass edge seal 43 or at any other
suitable time during the manufacturing process.
Alternatively, spacers 3% may have a low friction diamond-
like carbon (DLC) or other coating thereon so as to be at
least partially slidable relative to the glass substrate(s)
in the final product.

As shown in Figures 3-4, the plurality of approximately
parallel elongated fibers 39 function as spacers which
maintain separation of substrates 33 and 35. The shape and
distribution of fiber spacers 39 across the viewing area of

11
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window unit 31 enables the loading or weight distribution to
be approximately evenly distributed across the interior
major surfaces of the substrates under evacuation of space
37.

In certain preferred embodiments, spacers 39 may be of
or include glass fibers (e.g. silica fibers, multi-component
glass fibers, fiber glass, or the like). In such
embodiments, spacers 39 include glass and optionally glass-
forming or modifying components. In certain embodiments,
fiber spacers 39 may be of a glass fiber material such as
that used by Guardian Fiberglass, Albion, Michigan.

Thermal properties of the spacer material which are of
significance in vacuum IG units, such as thermal expansion
coefficient and temperatures related to the glass transition
interval, may be controlled and/or adjusted by varying the
glass composition makeup of fibers 39. For example, the
hardness of glass fibers 39 may be approximately the same as
that of substrates 33 and 35, thereby reducing the potential
for point or contact scratching, shear, and/or indentation
damage to substrate(s) 33 and 35 by the spacers when or
after space 37 is evacuated. Glass fibers or strands 39

conduct little heat between the oprosing substrates.

12
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Moreover, the thermal expansion coefficient and Ty

( ) of multi-component glass fibers 39 may be

designed to closely match that of substrates 33 and 35,
again reducing the likelihood of substrate(s) 33, 35
cracking. Another advantage of the use of glass fibers as
spacers 39 1is that such fibers may be substantially
transparent to visible light, and have a refractive index
approximately the same (i.e. within about 10% plus/minus) as
the refractive index of glass substrate(s) 33 and 35. These
characteristics render glass fibers 39 more invisible to
viewers in the viewing area of window unit 31 than
conventional opague metal or ceramic spacers. In sum, many
aesthetic characteristics of vacuum IG unit 31 may be
improved through the utilization of elongated glass fibers
39 as spacers.

In still further embodiments of this invention,
elongated fiber spacers 39 may be made of or include the
minerals brucite and/or chrysotile. These materials may
also be substantially transparent to certain wavelengths of
visible light in some embodiments.

Figures 5-6 illustrate a vacuum IG unit 51 according to

another embodiment of this invention. This embodiment is

13
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gimilar to the embodiment of Figures 3-4, except that in
Figures 5-6 additional and shorter elongated fiber spacers
39 are provided. 1In Figures 5-6, fiber spacers 39 are
provided in a plurality of aligned rows and cclumns across
the viewing area of window unit 51 to space the substrates
33 and 35 from cone another against atmospheric pressure.
Fiber spacers 39 provided in the same column are thus
aligned approximately coaxial to one another; while many
spacers 39 in the same and different rows are aligned
approximately parallel to one another in this embecdiment.

In still another embodiment of this invention, a
plurality of fiber spacers 39 may be randomly distributed or
positioned across at least a portion of the viewing area of
the window unit between glass substrates 33 and 35.

However, fiber spacers 35 are preferably oriented so as to
not overlap one another between the substrates 33 and 35. A
random distribution of fibers 39 may decrease costs
associated with production of the vacuum IG unit.

In each of the embodiments discussed above, elongated
fibers 39 are oriented in a horizontal (or laid down)
position and maintain the gap of low pressure space 37.
However, in alternative embodiments of this invention, each

14



10

WO 01/36774 PCT/US00/31157

of a plurality of spacers may be comprised of a plurality of
fibers bunched or adhered together (e.g. a spacer may be
comprised of a member including multiple glass fibers bonded
or otherwise adhered to one another in the shape of a
sphere, rectangle, cylinder, or the like).

In preferred embcdiments of this invention, glass
substrates or sheets 33, 35 are thermally or chemically
tempered prior to the step of sandwiching thé pillars
therebetween. However, in alternative embodiments, glass
substrates 35, 35 need not be tempered.

Once given the above disclosure, many other features,

modifications, and improvements will become apparent to the

[

skilled artisan. Such other features, mcdifications, and
improvements are, therefore, considered to be a part of this

invention, the scope of which is to be determined by the

following claims.

15
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WE CLAIM:
1. A thermally insulating glass panel comprising:
first and second spaced apart glass substrates
defining a low pressure space therebetween having a pressure
less than atmospheric pressure;

a plurality of elongated fiber spacers disposed
between said first and second glass substrates across at
least a portion of a viewing area of said panel for spacing
said substrates from one another in crder to maintain a gap
of said low pressure space therebetween; and

at least one seal disposed between said first and
second glass substrates for hermetically sealing said low

pressure space.

2. The glass panel of claim 1, wherein a plurality of

said spacers comprise glass fibers.

3. The glass panel of claim 1, wherein said spacers

are substantially transparent to at least certain

wavelengths of visible light.

16



[

WO 01/36774 PCT/US00/31157

4. The glass panel of claim 1, wherein said plurality
of fiber spacers are aligned in a plurality of rows and

columns in said viewing area.

5. The glass panel of claim 1, wherein a plurality of
said spacers extend across a substantial dimension of said
viewing area of said panel and are aligned approximately

parallel to one another.

6. The glass panel of claim 1, wherein at least some

of said fiber spacers are positioned randomly between said

substrates.
7. The glass panel of claim 1, wherein said fiber
spacers include at least one of: silica based glass,

brucite and chrysotile.

8. The glass panel of claim 1, wherein a plurality of

said fiber spacers have approximately a circular or oval

shape in cross section.

17
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9. The glass panel of claim 1, wherein a plurality of
said fiber spacers comprise glass fibers and have a
thickness or diameter of from about 0.05 to 0.30 mm in at

least one portion thereof.

10. The glass panel of claim 1, wherein said at least

one seal is a hermetic edge seal.

11. The glass panel of claim 10, wherein said hermetic

edge seal comprises one of solder glass and indium.

12. The glass panel of claim 1, wherein said low
pressure space has a pressure no greater than about 0.5 x

103 Torr.

13. The glass panel of claim 12, wherein a plurality
of said fiber spacers are horizontally oriented and
transparent to at least about 70% of certain wavelengths of

visible light.

18
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14. The glass panel of claim 13, wherein a plurality
of said fiber spacers are transparent to at least about 90%

of all wavelengths of visible light.

15. The glass panel of claim 13, wherein a refractive
index of a plurality of said spacers is approximately equal
to a refractive index of at least one of said glass

substrates.

16. A vacuum IG window unit comprising:

first and second spaced apart substantially
transparent glass substrates having a low pressure space
therebetween with a pressure less than atmospheric pressure;

a plurality of fiber inclusive spacers disposed
between said first and second substantially transparent
glass substrates for spacing said substrates from one
another in orxder to maintain said low pressure space
therebetween; and

at least one edge seal disposed between said first
and second substantially transparent glass substrates for

sealing said low pressurs space.

19
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17. The window unit cf claim 16, wherein a plurality
of said fiber inclusive spacers comprise elongated glass
fiber spacers which are transparent to at least about 70% of

visible light rays.

18. A method of making a vacuum insulating glass (IG)

window unit comprising the steps of:

providing first and second glass substrates;

providing a plurality of horizontally oriented
fiber spacers between the first and second substrates for
spacing the substrates from one another so as to define a
low pressure space therebetween having a pressure less than
atmospheric pressure; and

forming a seal for sealing the low pressure space

between the substrates.

19. The method of claim 18, further comprising

performing the recited steps in the order in which they are

recited.

20
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