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'SPACERS FOR TAMGE AREA DI SPLAYS This invention relates to flat panel

and nore particularly to processes for creating the spacer
can provide support against the atnospheric pressure
di splay without inpairing,the resolution of the inmage. It

| at panel displays of thé }i'eld emission cathode type

ed cavity be maintained between a cathode el ectron

and its correspondi ng anode display face (also referred to

odol um nescent- screen, display screen, faceplate, or

display electrode). There is a relatively high voltage differential (e.g.,
general |y above 300 volts) between the cathode emtting surface (al so
referred to as base el ectrode, baseplate, emtter surface, cathode surface)
-and the display screen. It is inportant that catastrophic electrical

br eakdown between the electron emtting surface and the anode display face
be prevented. At the sane tine, the narrow spacing between the plates is
necessary to naintain the desired structural thinness and to obtain high

i mage resolution. The spaci NGRACERSNFOR AARSRIAREA DISPLAYSNSI St ent

This invention relates to flat panel display devices,
and more particularly to processes for creating the spacer
structures which can provide support against the
atmospheric pressure on the flat panel display without
impairing the resolution of the image.

It is important in flat panel displays of the field
emission cathode type that an evacuated cavity be
maintained between a cathode electron emitting surface and
its corresponding anode display face (also referred to as
an anode, gathodolumiﬁescent- screen, display screen,
faceplate, or display electrode).

There is a relatively high voltage differential (e.g.,
generally above 300 volts) between the ‘cathode emitting
surface (also referred to as base electrode, baseplate,
emitter surface, cathode surface) and the display screen.
It is important that catastrophic electrical breakdown
between the electron emitting surface and the anode display
face be prevented. At the same time, the narrow spacing
between the plates is necessary to maintain the desired
structural thinness and to obtain high image resolution.

The spacing also has to be uniform for consistent
image resolution, and brightness, as well as to avoid



i mage resolution, and brightness, as well as to avoid -2- display

di stortion, etc. Uneven spacing is nuch nore likely to occur in a field
em ssion cathode, matri x addressed flat vacuumtype display than in sone

ot her display types because of the high~gressure differential that exists
bet ween external atnospheric pressure and the pressure within the evacuated
chanber between the baseplate and the faceplate. The pressure in the
evacuated chanber is typically less than [err] torr. Small area

di spl ays (e.g t hos whi.ch are approximtely 1".di agonal o.n
requi re spacer s‘?i%?%%% éﬁfsjcso%ﬂr}{g S%Fhi ckn@S <8y %‘Hﬁ? rrgtsel 92‘8ﬂ03%90£ecan
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at nospheri c for%hSE%%Ytgﬁ Petausesof (g high pressurencHddiprential
pressure, spacefgatM &kistaybatweshelidtalrnadl &tnbspheric pressure and the

pressure within the evacuated chamber between the baseplate
and the faceplate. The pressure in the evacuated chamber
is typically less than 10° torr.

Small area displays (e.g., those which are
approximately 1" diagonal) do not require spacers, since
glass having a thickness of approximately 0.040" can
support the atmospheric load without significant bowing,
but as the display area increases, spacer supports become
more important. For example, a screen having a 30v
diagonal measurement will have several tonnes of
atmospheric force exerted upon it. As a result of this
tremendous pressure, spacers will play an essential role in
the structure of the large area, light weight, displays.

Spacers are incorporated between the display faceplate
and the baseplate upon which the emitter <tips are
fabricated. The spacers, in conjunction with thin,
lightweight, substrates support the atmospheric pressure,
allowing the display area to be increased with little or no
increase in substrate thickness.

Spacer structures must conform to certain parameters.
The supports must 1) be sufficiently non-conductive to
prevent catastrophic electrical breakdown between the
cathode array and the anode, in spite of the relatively
close inter-electrode spacing (which may be on the order of
200 pm), and relatively high inter-electrode voltage
"differential (which may be on the order of 300 or more
volts); 2) exhibit mechanical strength such that they
prevent the flat panel display from collapsing under



the structure of the large area, light weight, displays. Spacers are

i npcorporated between the display faceplate and the basepl ate upon which the
emtter tips are fabricated. The spacers, in conjunction wth thtn,
| i ght wei ght, substrates support the atnﬁ%pherlc pressure, allow ng the

di splay area to be increased with little or no increase in substrate

t hi ckness. Spacer structures nust conformto certain paraneters. The
'supports nust 1) be sufficiently non-conductive to prevent catastrophic

el ectrical br e%&%@&%%{ég&f@t h9$jeeﬁﬁﬁ.ﬁYtaEgthflﬁﬁogﬁdef”eiBbttQ'o(?lf

the relatively ¢C I nter ectrodée spaci ng e, on e or of

200 um), and b¢@b%x¢m%m9 finfe fheE r%P%cV%BHebev%?gﬁﬁﬁtﬂ?f?ErgﬁF Pf

(whi ch may be théhe% &es; of 4 B0Ge@r dﬂ}faﬁbl@“ﬁ) wikhexhnlihgne ¢bakiecalt "
Fer e

strength such that reve t the f S Iay I Lap

under -3- at HoRR 87 e85 LA OB W%peﬂgdc ré%ﬂ’%%&? #éc?;ro%%te

bonbar dnent, sitike migntvamuummbétWEBQﬁnhazﬁantpﬁatea@mdobackplate of the
display; and 5) be of small enough width so as to not to

visibly interfere with display operation.

There are. several drawbacks to the current spacers and
methods. Methods employing screen printing, stencil
printing, or glass balls suffer from the inability to
provide a spacer having a sufficiently high aspect ratijo.
The spacers formed by these methods are either-too short to
support the high voltages, or are too wide to avoid
interfering with the display image.

Reactive ion etching (R.I.E.) and plasma etching of
depositéd materials suffer from slow throughput (i.e., time
length of fabrication), ‘'slow etch fates, ~and etch mask
degradation. Lithographically defined photoactive organic
compounds result in the formation of spacers which are not
compatible with the high vacuum conditions or elevated
temperatures characteristic in the manufacture of field
emission flat panel displays.

One aspect of the present invention is a process for
forming spacers useful in large area displays. The process
comprises steps of: forming bundles comprising fiber
strands which are held together with a binder; slicing the
bundles into slices; adhering the slices on an electrode
plate of the display; and removing the binder.
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t he pixels; 4) be capable of w thstandi ng "bakeout" tenperatures of around
4000C that are required to create the high vacuunlbetmeen the faceplate and
backpl ate of the display; and 5) be of sqa enough width so as to not to
visibly interfere with display operation* There are several drawbacks to
the current spacers and methods. Met hods enploying screen printing,
stencil printing, or glass balls suffer fromthe inability to provide a .
spacer having a sufficiently high aspect ratio. The spacers forned by these
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a process for formng spacers u area displays. The procgess
Dlspos1ng the slices onto a plate whlch supports against

the atmospheric pressure in a flat panel display. The
binder is then removed, thereby creating micro-pillars.

A further aspect of the present invention is a process
for fabricating high-aspect ratio support structures
comprising: prlntlng adhesive on an electrode plate of a
vacuum display; disposing slices on the adhesive, wherein
the slices comprise fibers and subsequently employing some
of the fibers as a physical support in an evacuated display
cavity.

The present invention will be better understood from
reading the following description of nonlimitative
embodiments, with reference to the attached drawings,
wherein below:

Figure 1 1is a schematic cross-section of a
representative pixel of a field emission display comprising
a faceplate with a phosphor screen, vacuum sealed to a
baseplate which is supported by the spacers formed
according to the process of the present invention;

Figure 2A is a schematic cross-section of a fiber
bundle fabricated, according to the process of the present
invention;

Figure 2B is a schematic cross-section of a slice of
the fiber bundle of Figure 2 along lines 2-2, fabricated
according to the process of the present invention;



conprises steps of: formng bundles conprising fiber strands which
are held together with a binder; slicing the bundles into slices; adhering
the slices on an el ectrode plate of the display; and renoving the binder.
-4- Anot her aspect of the present invent?on is a method of manufacturing
mcro-pillars conprising steps of: formng a bundle of glass fibers which
are held together with a binder and slicing the bundles of glass fibers.
The gl ass fibers having ends which are polished, after which the binder

near the ends of th I i.hers i d .S | « Shi to
a plate which suppoﬁgg'gééi:jr\s% t eeag%ggﬁe?%&g?ggésu‘%gé%%g% %ﬁ?ﬁpﬁgﬁw
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hi gh-aspect ratro suppol't structures conprising: printing adhesive on an
el ectrode plate of a vacuum display; disposing slices on the adhesive,
wherein the slices cpiguréses fider schafatibsegoestsyctiph oyt rthe @lectrode

plate of a flat panel display without the slices of Figure
3 disposed thereon;

Figure 5 is a schematié cross-section of an electrode
plate of a flat panel display with the slices of Figure 3
. disposed thereon; and

"Figure 6 is a ‘schematic cross-section of a spacer
support structure, fabricated according to the process of
the present invention.

Referring to Figure 1, a representative field emission
display employing a display segment 22 is depicted. Each
display segment 22 is capable of displaying a pixel of
information, of a portion of a pixel, as, for example, one
green dot of a red/green/blue full-color triad pixel.

Preferably, a silicon layer serves as an emission site
on glass substrate 11. Alternatively, another material
capable of conducting electrical current is present on the
surface of a substrate so that it can be used to form the
emission site 13.-

The field emission site 13 has been constructed on top
of the substrate 11. The emission site 13 is a
protuberance which may have a variety of shapes, such as
pyramidal, conical, or other geometry which has a fine
micro-point for the emission of electrons. Surrounding the
micro-cathode 13, is a grid structure 15. When a voltage
differential, through source 20, is applied between the
cathode 13 and the grid 15, a stream of electrons 17 is



of the fibers as a physical support in an evacuated display cavity. The
present invention will be better understood fromreading the follow ng
description of nonlimtative enbodineq%s, with reference to the attached
drawi ngs, wherein below Figure 1 is~ & schematic cross-section of a
representative pixel of a field em ssion display conprising a faceplate
with a phosphor screen, vacuum sealed to a baseplate which is supported by
t he spacers forned according to the process of the present invention;

Figure 2A is a Seengd | CowdR$Sa Sﬁ?ééﬁﬁblofc@aéé&eéc@é&&“fsfabébfééﬁdls is

according to the process of the present invention; Figure 2B 1s a schematic
cross-secti on G #R94ee of the flber bundl e of Figure 2 along |lines 2-2,
fabricated according to the process of the present invention; -b5- Figure
3 is an enlarged Schﬁx@t Iecfl.eccr't:Qr:Sosn Seec'(;t;[:l.lsosr}.o(lj.'{c tsq e 13 is integral with

- substrate 11, and serves as a cathode. Gate 15 serves as

- a grid structure for applying an electrical field potential

to its respective cathode 13.

A dielectric insulating layer 14 is deposited on the
conductive cathode 13, which cathode 13 can be formed from
the substrate or from one or more deposited conductive
films, such as a chromium amorphous silicon bilayer. The
-insulator 14 also has an opening at the field emission site
location.

Disposed between said faceplate 16 and said baseplate
21 are located spacer support structures 18 which function
to support the atmospheric pressure which exists on the
electrode faceplate 16 and baseplate 21 as a result of the
vacuum which is created between the baseplate 21 and
faceplate 16 for the proper functioning of the emitter
sites 13.

The baseplate 21 of the invention comprises a matrix
addressable array of cold cathode emission sites 13, the
substrate 11 on which the emission sites 13 are created,
the insulating layer 14, and the anode grid 15. |

The process of the present invention provides a method
for fabricating high aspect ratio support structures to
function as spacers 18. Briefly, the process of the
present invention is a fiber approach. There are a number
of process steps from raw fiber to assembled spacer 18.

In one embodiment, glass fibers, 25 um. in diameter,
are mixed with organic fibers 27 such as nylon or PMMA and



slice of the fiber bundle of Figure 2A, fabricated according to the process
of the present invention;, Figure 4 is a schematic cross-section of the

el ectrode plate of a f1 at panel display %nthout the slices of Figure 3

di sposed thereon; Figure 5 is a schematit cross-section of an el ectrode
plate of a flat panel display with the slices of Figure 3 disposed thereon;
and Figure 6 is a schematic cross-section of a spacer support structure,
fabricated according to the process of the present invention. Referring to

Figure 1, a repsesgRisei ¥8 iéekGrﬁEliSShQ”sﬁbﬁl?l' 1Y @"IHhQ)éb“@Aa SESPlaig 3.
segnment 22 is deplcted Each 7p eﬁ segnen{ 22,1s ca able of dlsplayln
pi xel of i nfor mBR¢ FMMBy %Pﬁﬁﬁw% oRedP §°pw§éntabg af Jd?ég%

dot of a red/gr@ﬁ@ébﬂau@ bettweén! thet gilfsls pf Xoérs szeferabl Y, a si | i con | ayer
serves as an em ssion site on glass substrate 11. Al ternatively, another
mat eri al capable of conducting electrical current is present on the surface
of a substrate so t hfin anotherbembedimentf oanmremovehilesiintegiftiber3 bifder

field emssion gife LRNAT, PR USIAHCHeEt0Re! ¥o1uble wax is added to
hold the fibers 18 together. 1In this embodiment of the
present invention, the fiber bundle 28 is formed with a
dissoluble matrix. Some examples of dissoluble matrices
include, but are not limited to:

a. acryloid acrylic plastic resin in an
acetone/toluene solvent;

b. Zein™ corn protein in IPA/water based solvent,
which is a food and drug coating;

c: acryloid/Zein™, which is a two-layer system;
d. polyvinyl alcohol (PVA) resist in water;

e. polyvinyl alcohol (PVA) with ammonium dichromate
(ADC) in water; and

£. a wax, such as those manufactured by
Kindt-Collins, Corp.

One important issue relating to spacers 18 in field
emitter displays is the potential for stray electrons to
charge up the surface of a purely insulative spacer surface
18 over time, eventually leading to a violent arc discharge
causing a destruction of the panel.

Since the process of the present invention is based on
fibers 18, it therefore lends itself to the advantageous
ability of using coated fibers (not shown), or fibers with



of the substrate 11. The emssion site 13 is a protuberance
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in a bundle 28 or in close proximity. Hence, the spacing
between the fibers 18 comprising the bundle 28 is
accomplished through the use of a removable coating.

The fibers 18 may also employ a permanent coating to
provide a very high resistivity, on the surface, but are
not purely insulative, so that the coated fibers 18 allow
a very slight bleed off to occur over time, thereby
preventing a destructive arc over. Highly resistive
silicon is one example of a thin coating that is useful on
the fiber 18.

In another alternative embodiment, the glass fibers
18, and the acetone soluble PMMA fibers 27 are used
together in a mixed fiber bundle 28. The PMMA fibers 27
provide a physical separation between glass fibers 18, and
can be dissolved after the disposition of the fiber bundle

.slices 29 on the display plate 16, 21.

A 6" X 8" field emission display (FED) with a large
1/2" outer border between the active_viewing area and the
first edge has to support a compressive atmospheric
pressure applied to it of approximately 910 lbs. It is
worth noting that for a single 25 um diameter, 200 um tall
quartz column, the buckle load is 0.006 1lb.

Excluding the bow resistance of the glass faceplate
16, the display would require 151,900, 25 um X 200 um
columns 18 to avoid reaching the buckle point. 'With
roughly 1 million black matrix 25 street intersections on
a color VGA display, the statistical capability of adhering



| ocation. Disposed between said faceplate 16 and said baseplate 21 are

| ocat ed spacer support structures 18 which function to support the

at nospheri c pressure which exists on the el ectrode faceplate 16 and

basepl ate 21 as a result of the vacuum+¥rch is created between the

basepl ate 21 and faceplate 16 for the proper functioning of the emtter
sites 13. The baseplate 21 of the invention conprises a matri x addressabl e
array of cold cathode enmission sites 13, the substrate 11 on which the

em ssion sites 13 are created, the, insulating, Iayerﬁﬁi and the a qQde grid
15. The processtRAtt HMIReE o RE | T30 Ho %Ieélsf hdd f &F K, n@at Png
hir gh aspect reumahﬁmawtmfabléqpfuée§stwiﬁ@®nt|on as spacers 18. Briefly,
the process of the present invention is a fiber approach. There are a
nunber of procéess steps fromraw fiber to assenbl ed spacer 18. In one
enbodi ment, gl ass fiDeespiged fiben hindke 28 off Figutad 24 tis $heansd iceler s

27 such as nylofh@f EBNVR ¥i%cs 29, as shown in Figures 2B and 3. The
bound fibers 28 are sliced to about the desired thickness,
which is approximately .008" to .013". 1In the process of
the present invention, a saw is used to slice the fiber
bundle 28 into discs or slices 29.

Dots of adhesive 26 are provided at the sites where
the spacers 18 are to be located. The preferred areas on
which to apply the adhesion dots 26 are in the black matrix
‘regions 25.

A screen printing system is used to generate the
pfedetermined adhesion sites 26 in thousands of locations
on the display plate 16, 21. Alternatively, the adhesion
sites 26 are lithographically defined, or formed with an XY
dispense system. Figure 4 illustrates a display plate 16,
21 on which are disposed adhesion sites 26 located in the
black matrix regions 25. The black matrix regions 25 are
those regions where there is no emitter 13 or phosphor dot.
In these sites 25, the support pillars 18 do not distort
the display image.

Dupont Vacrel is an example of a dry film that can be
adapted to a glass substrafe, exposed to a pattern at
approximately 400nm. wavelengths, and developed in 1% K,CO,
solution. This process results in a stencil that can be
used to define the glue dots 26. After removing excess
adhesive, the film is peeled off. This method has the
advantage of being alienable with projector/alignor
accuracy. '



-7- a bundle 28 is fornmed, as shown in Figures 2A, 2B, and 3. The PMVA
fi,bers 27 help to maintain a substantially uniformdi stance between the

gl ass fibers 18. In another enbodi nent, a renovable interfiber binder (not
shown), such as an acetone sol ubl e wax 403dded to hold the fibers 18

together. In this enbodiment of the present invention, the fiber bundl e 28
Is formed with a dissoluble matri x. Sonme exanpl es of dissoluble nmatrices
i nclude, but are not limted to: a. acryloid acrylic plastic resin
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potential for sthay rareyd r ofis 8@0°C- 540°c, and 2) a cement composed of
silica, alumina, and a phosphate binder. This material has
a fair adhesion to glass, and cures at room temperature.

The slices 29 are disposed all about the display plate
16, 21, but the micro-pillars 18 are formed only at the
sites of the adhesion dots 26. The fibers 18 which contact
‘the adhesion dots 26 remain on the plate 16, 21, and the
remainder of the fibers 18 are removed by subsequent
processing.

There are many more adhesion dots 26 than the final
number of micro-pillars 18 required for the display.
Therefore, the placement of the slices 29 upon the plate
16, 21 does not require a high degree' of placement
accuracy. The number and area of the dots 26 and fiber 18
density in the slices are chosen to produce a reasonable
yield of adhered micro-pillars 18. A fiber 18 bonds to the
display plate 16, 21 only when the fiber 18 overlaps an
adhesion dot 26, as illustrated shown in Figure 6.

Figure 5 shows the manner in which the discs 29 are
placed in contact with the predetermined adhesion sites 26
on the black matrix region 25 on the faceplate 16 or in a
corresponding location to the black matrix along the
baseplate 21.

Planarizing may be done at this point. Depending on
how well the previous steps were carried out, the fibers 18
are either all the correct height, or slightly uneven.
Most will be uneven. A 1light polish with 500-600 grit



charge up the surface of a purely insulative spacer surface 18 over tine,
eventual ly leading to a violent arc discharge causing a destruction of the
panel. Since the process of the present invention is based on fibers 18, it
therefore lends itself to the advantagéoids ability of using coated fibers
(not shown), or fibers with a treated surface prior to bundling. A
tenporary coating is enployed so that the renovabl e coating that provides
spaci ng between fibers 18 may be applied to individual fibers prior to

bundling, or t ever fal ' | ?lé@ 28 '
proximty. Hen ea}%éﬁﬁélﬁa]'clsﬁgigétg\fg%ﬁgt fiiég??%%?é;d co?}grﬁ?fﬁgh?hgeégﬁﬁage
28 i s acconpl i Sinepkage Qgh adhesinn Joss s enovabl e coating. The fibers 18
may al so enpl oy a permanent coating to provide a very high resistivity, on’
the surface, but are not purely insulative, so that the, coated fibers g
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surface to - enhance adhesion and the perpendicular
arrangement of the fibers 18 to the plate 16, 21. When the
glass fiber 18 is temporarily adhered, the organic fibers
27 and the interfiber binder material are chemically

removed.

The discs 29 illustrated in Figures 2B and 3, and
which are disposed on a display plate 16, 21, as shown in
Figure 5, are then briefly exposed to an organic solvent or
other chemical etchant which is selective to the glass
fibers 18. . '

Kindt-Collins type K fixturing wax is useful as a
binder in a fiber bundle 28 for maintaining the fibers 18
in their relative posiﬁions during slicing, and subsequent
disposition on a display plate 16, 21. Hexane is used to
dissolve the Kindt-Collins type K fixfuring wax after the
slices 29 have been disposed on the display plate 16, 21.
Hexane may also be used to recess the wax to a level below
that of the ends of the glass fibers 18 in the slice 29,
prior to the slice 29 being dispoéed on the display plate
16, 21 to aid in a more residue-free and more certain
adhesion of the fibers 18 to the diSplay plate 16, 21.

Then the glass fibers 18 which did not contact an
adhesion site 26 are also physically dislodged, when the
binder between the glass fibers 18 is dissolved, thereby
leaving a distribution of high aspect ratio micro-pillars
18. This results in glass fibers 18 in predetermined
locations that protrude outwardly from the display plate
16, 21, as shown in Figure 6. Preferably the spacers 18



the fiber 18. In another alternative enbodi nent, the glass fibers 18, and
the acetone sol uble PMVA fibers 27 are used together in a mxed fiber
bundl e 28. The PMVA fibers 27 provide aﬁéhysical separation between gl ass

fibers 18, and can be dissolved after thé& disposition of the fiber bundle

slices 29 on the display plate 16, 21. A 6" X 8" field em ssion display
(FED) with a large 1/2" outer border between the active view ng area and
the first edge has to support a conpressive atnospheric pressure applied to

i t of approxi natal ¥igh8sklS subktant 4N peepehaitlithrf €6 €héiddfacd M
t he buckle load is 0.006 I b. Excluding

di aneter, 200 Amtal,l quart ol unmn,
t he bom/resist§g%e%&FP&ﬁ¥ gﬁ Aeeplate 16, the display woul d require
151,900, 25 pm X 200 pm colums 18 to avoid reaching the buckle point.

Wth roughly 1 mlljigon b K [ix 25 stre i nier tions. . on col or VGA
di splay, the statisF@@alkggﬁﬁg?%?téu%g éH%e%%ﬁg £3n§§§ Hieed 39 iQ a
. significant aid in providing substantially perpendicular

placement of the spacers 18.

All of the U.S. Patents cited herein are hereby
incorporated by reference herein as if set forth in their
entirety.

While the particular process as herein shown and
disclosed in detail is fully capable of obtaining the
objects and advantages herein before stated, it is to be
understood that it is merely illustrative of the presently
preferred embodiments of the invention and that no
limitations are intended to the details of construction or
design'herein shown other than as described in the appended
claims.

One having ordinary skill in the art will realize that
even though a field emission display was used as an
illustrative example, the process is equally applicable to
other vacuum displays (such as flat panel displays), and
other devices requiring physical supports in an evacuated
cavity. '



that nunber of fibers 18 is useful in providing a manufacturabl e process
wi_ ndow. The m xed fiber bundle 28 of Figure 2A is then sliced into thin

di scs 29, as shown in Figures 2B and 3. The bound fibers 28 are sliced to
about the desired thickness, which is appdoxi mately 008" to 013" —+n—+the
process of the present invention, a sawis used to slice the fibe |l e
28 into discs or slices 29. Dots of adhesive 26 are prE ﬂ H‘ﬁ“”ﬂjﬁ[ﬁes
where the spacers 18 are to be |ocated. The preferred

apply the adheﬁéﬁgiggxs 26 are in the black matrix regions 25. A screen
printing syste ed to generate the predeterm ned adhesion sites 26 in
t housands of locations on the display plate 16, 21. Alternatively, the
adhesi on sites 26 are |ithographically defined, or formed with an XY

di spense system Figure 4 illustrates a display plate 16, 21 on which are
di sposed adhesion sites 26 |ocated in the black matrix regions 25. The
black matrix regions125 ageptbesss GHxONfoiEig® EP8EErss USefUn! tig] ﬂé&?&
phosphor dot. In these sites 25, the support pillars 18 do not distort 1he
di spl ay i nage. area displays, said process comprising the steps of:

forming bundles comprising fiber strands, said fiber

strands being held together with a binde;;
slicing said bundles into slices;
placing said slicés on a plate of the display; and
removing said binder.

2. The process for forming spacers, according to
Claim 1, wherein said binder comprises at least one of:
acryloid acryllic plastic resin in an acetone/touluene
solvent, Zein;,, corn protein in IPA/water based solvent,
acryloid/Zeing,, polyvinyl alcohol (PVA_ resist in water,

~polyvinyl alcohol (PVA_ with ammonium dichromate (ADC) in

water; and a wax.

3. A process for fabricating high-aspect ratio

support structures, comprising the following steps of:



Dupont Vacrel is an exanple of a dry filmthat can be adapted to a gl ass
substrate, exposed to a pattern at approxi mately 400am—wavel engths, and

devel oped in 1% K2C03 sol ution. This process result s, 'u hat can
be used to define the glue dots 26. AfTEt~renovi ng\m‘ﬁ‘gﬂ\ﬂm\ t he
filmis peeled off. Thi s met hod has t he advant age rng val isendble with

proj ector/alignor accuracy. -10- Two materials which nmay be used to form
adhesion sites are: 1) two part epoxies are thermally cured fromroom

tenperature to appr?@%% O%QRLﬁ%ConT%ﬁ %ﬁ%c? f%ﬂ@@' 8£09 avaf%mm

term basis from 300 err several are good in the range o
500[err]C—540[err]C;zmujéﬁsﬁqgfnnnt conposed of silica, alumna, and a
phosphat e bi nder. This materi al has a fair adhesion to gl ass, and cures at
roomtenperature. The slices 29 are disposed all about the display plate
16, 21, but the mcro-pillars 18 are forned only at the sites of the
adhesi on dots 26. Thitidpdminmg 18dikiceh cwmt asaid adhesive, said discs

comprising fibers and binding; and
removing said binding, théreby exposing said fibers.
4. A process for forming spacers, useful in
evacuated displays, said process comprising the following
steps of:
forming bundles comprising fiber strands;

slicing said bundles into slices;

disposing said slices on a plate of the display, said

fibers from said slices functioning as spacers.

5. The process for forming spacers, according to
Claim 4, wherein each of said fiber strands have a length

which is at least 5 times greater than width.

6. The process for forming spacers, according to
Claim 5, wherein said width of each of said fiber strands

is less than S50um.



—

t he adhesion dots 26 remain on the plate 16, 21, and the re r of the
fi.bers 18 are renmpved by subsequent processing. There many '
adhesi on dots 26 than the final nunber of mcro-pilTars “‘K{.\\“ r t he
di spl ay. Therefore, the placenment of th&1SMices 29 up ‘s& e 16, 21
does not require a high degree of placenent accura e ‘nunber and

area of the dots 26 and fiber 18 density in the sllces are chosen to
produce a reasonabl e yield of adhered mcro-pillars 18. A fiber 18 bonds to

t he di spl late 164 21 & b dh dot
ZGe a!sSPI ?ﬁsltorgt gd shown |n F| gure%] Elgguft:aoé“ V\%p? %r%gn%EF%%hg\%ﬁ g‘f‘?
the discs 29 areipiacsd ufefQuhashidi 1inbbR B CEELRT S Nedt JUASLOTL LR, 20

on the black matriXx region 25 on t In a correspon
| ocation to thejibl geka®Btr txanl 6ngoshe baseplate 21. Pl anari zi ng may be
done at this point. Depending on how well the previous steps were carried
out, the fibers 18 are either all the correct height, or slightly uneven.
Mbst wi |l be uneven. A light polish with 500-600 grit
8. The process for forming spacers, according to
Claim 4, wherein said fiber strands comprise at least one

of glass and PMMA.

9. - The process for forming spacers, according to
Claim 4, wherein said fiber strands have a coating, said
coating being useful for maintaining a substantially
uniform distance ‘between said fiber strands and for

effecting electrical bleed off.

10. The process for forming spacers, according to
Claim 4, wherein said bundle has a cross-section having a

length substantially in the range of 0.25"-2.0",



paper usually planarizes the bonded mats 29 wi thout causing breakage or
adhesion | oss. The display plate 16, 21 with slices 29 disposed thereon
(Figure 4) may be clanped or forced against a surface 21 to enhance
adhesi on and the perpendi cul ar arrangenent of the fibers 18 to the plate
16, 21. When the glass fiber 18 is tenporarily adhered, the organic fibers
27 and the interfiber binder material are chemcally renoved. The discs 29
illustrated in Figures 2B and 3, and whigh &e ¢ sposed-on a display plate
16, 21, as shown in Figureo5, are then brjefjy é¢xposed to an organic
sol vent or other chenicaylégchamt whi ch i tjve to the glass fibers
18. Kindt-Collins type KrHutufing wax igd ’ & bi nder in a fiber
rel
’

bundl e 28 for naintaininb [ e ffi bers 18
slicing, and subsequent Hip tion on a
used to dissolve the Kinft} ims Lype
have been di sposed on th
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Hexane may al so be used to recess the wax to a | evel below that of the ends
of the glass fibers 18 in the slice 29, prior to the slice 29 being
di'sposed on the display plate 16, 21 to aid in a nore residue-free and nore
certain adhesion of the fibers 18 to the display plate 16, 21. Then the
glass fibers 18 which did not contact an adhesion site 26 are al so

physi cal | y di sl odged, when the binder between the glass fibers 18 is

di ssol ved, thereby |leaving a di stri buti onZof hi gh aspect ratio
mcro-pillars 18. This results 40 gl ass fibers 18 in predeterm ned

| ocations that protrude outwardly fromghe display plate 16, 21, as shown
in Figure 6. Preferably the spacers 18 <J12- are disposed substantially
perpendi cular to the surface of the display prate 16, 21. The inventive use
of the bundle slices 29 is a significant gj idi ng substantially

per pendi cul ar pl acenent of the spacers 28 aients cited
herein are hereby :

FIG. 2A

FIG. 2B

18

222

FIG. 5



I ncorporated by reference herein as if set forth in their entirety. Wile

the particular process as herein shown and disclosed in detail is fully
capabl e of obtaining the objects and advantages herein before stated, it is
to be understood that it is nerely illustrative of the presently preferred

enbodi nents of the invention and that no limtations. are intended to the
details of construction or design herein dhown ot her than as described in

t he appended clains. One having ordinary skill in the art will realize that
even though a field enission display was used as an illustrative exanpl e,
the process is equally applicable to other vacuum di splays (such as fl at
panel displays), and ot her devices requiring physical supports in an
evacuated cavity. -J3- CLAIMS: 1. A process for form ng spacers,

useful in large T\




I

area di splays, said process conprising the steps of: form ng bundl es
conprising fiber strands, said fiber strands being held together with a

bi nder; slicing said bundles into slices; placing said slices on a plate of
the display; and renoving said binder. 2. The process for formng
spacers, according to Caim1l, wherein said binder conprises at |east one
of : acryloid acryllic plastic resin in an,acetone/toul uene sol vent,
Zein[err], corn protein in | PA water baseg sol vent, acryloid/ Zein[err],

pol yvi nyl al cohol (PVA_resist in water, polyvinyl alcohol (PVA_wth
ammoni um di chromate (ADC) in water; and a wax. 3. = A process for
fabricating high-aspect ratio support structures, conprising the follow ng
steps of: appl yi ng adhesive on an el ectrode plate of a vacuum di spl ay;
di sposing discs on said adhesive, said discs conmprising fibers and
bi ndi ng; and

25
25

26

FIG. ©
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removi ng sai d binding, thereby exposing said fibers. 4. A process for
farm ng spacers, useful in evacuated displays, said prepcess.conprising
‘the follow ng steps of: form ng bundl es conprising fiber tﬂﬁQQ§EE$QA§é§EN
said bundles into slices; disposing said slices on a platg of t -'ggﬁay,
said fibers fromsaid sli ces functioning as spacers. 5. .
form ng spacers, according to Caimd4, wherein each of said fiber strands
have a | ength which is at Ieast 5 tlnes greater than width. 6. The
process for form ng spacers, Iﬂﬁ%a gﬁggga aid width of
each of said fiber strands is Iess than g‘&g& SSrhe process for
form ng spacers, according to Caimb5, wherein said |l ength of each of said
fiber strands is greater than 0.005". 8. The process for form ng spacers,
according to ABSTRACT

A process is provided for forming spacers useful in
large area displays. The process comprises steps of:
formlng bundles comprising fiber strands which are held
together with a binder; slicing the bundles into slices;
adhering the slices on an electrode plate of the display;

and removing the binder.

Fig. 1
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Claim4, wherein said fiber strands conprise at |east one of_glass and

PMVA. 9. The process for form ng spacers, according to d aiRFPﬂACE‘MEN?ié?‘IEET
said fiber strands have a coating, said coating being usefy
mai ntai ning a substantially uniform distance between said fi] bgfs. s]t4amzlg ng

for effecting electrical bleed off. 10. The process for forisng-—spacer

according to daim 4, m%PAGER‘SFbR%&R@;ﬁ‘A%EAﬁIQ?{AW“0” having a

| ength substantially in the range of

ABSTRACT

A process is provided for forming spaces (18) useful in large area displays.
The process comprises steps of: forming bundles comprising fiber strands
which are held together with a binder; slicing the bundles into slices; adhering
the slices on an electrode plate (21) of the display; and removing the binder.

Fig. 1



