ANBhENEgh&GHT ABSORBI NG FACE PLATE FOR FLAT PANEL DI SPLAY This invention’
rel atessgenerally to i mage display devices and in particular, to inmge

di spl ay devices of the flat panel display type which have transparent face
pl ates including el ectrodes and cat hodol ugi nescent coatings. Background of
the Invention | mage di splay devices, such™as flat panel display devices,
are subject to contrast ratio reduction and glare due to.reflections of

coatings. Various st ubMERLENG EioHER ABSURRINE RAGRYRERTE 2adress thi s
probl em including the provi s%gﬁm rlf’%nf\%}Lrl?ﬁgfﬂYt'es and patterns, to

function as anbient |ight sca I'ng el redi rect reflections of

i ncident ambient |ight away fromthe angle of view of the viewer. Exanples
of such treatnents are given in U S Patent Nos. 4,972,117 and 5, 240, 748.
For liquid crystal displays (LCIB), avai l able viewer view ng angles tend to
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U S. Patent No. 5,206,746 discloses a transparent gptical device conprising

a side-by-side array of trian nyenyigiler posed betmeen spaced

o e oce et Sb, BRI A RS R AR gl el GBI R RO o

channel s beém-agt bpatée PedLOtioH BAHS BlavedBuelEd acfectibid Bf | SHbARRX$ipht at

" transparent face plates and underlying cathodoluminescent coatings. Various
structures and treatments have been used to address this problem, including
the provision of surface irregularities and patterns, to function as ambient
light scattering elements that redirect reflections of incident ambient light
away from the angle of view of the viewer. Examples' of such treatments are
given in U.S. Patent Nos. 4,972,117 and 5,240,748, For liquid crystal displays
(LCDs), available viewer viewing angles tend to be limited, so scattering of

" glare causing reflections out of the field of view has some use; though, the

trend is to increase available viewer angles.. Moreover, though scattering
reduces reflection concentrations at any given angle of reflection, non-
productive light (i.e, light that is not par{:, of the image-formative process) is
still returned to the viewer.

U.S. Patent No. 5,206,746 discloses a transparent optical device
comprising a side-by-side array of triangular prisms that is interposed between
spaced liquid crystal and backlighting components of a liquid crystal display.

The prism bases serve as apertures for admission of incident ambient light

into channels bounded by converging prism side surfaces. The prism apexes



2 (called,"valley bottomportions" in the '746 patent) are covered with

| i ght absorbing material. Anbient |ight incident on the bases of the prisns
is multiply reflected toward the apexes and absorbed by the absorbing
material. On the other hand, light travelipg in the opposite direction from
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planarity. Thaldirgf of sBnilaepebessses forewtiéch shagnpeaks asge ot pbbaingd. aAarade-
curved di splegg/s., as well as thin planar displays, Flat panel displays “of
the so-cal | eoffisj ﬁnerém%sneammégeayeer( PEDNgtansk coveringadrancaiiope or "cuts"

with material for maximum ambient light absorption, and minimizing

obstruction to transmission of image-forming backlighting in the other
direction. Moreover, the size and pitch of the '746 prisms is on the order of
millimeters; thus, careful positioning is required to avoid blocking pixel
rows/columns or introducing moire interference patterns ( see, e.g., discussion
in the '117 patent). |
Flat panel displays are widely used as image display screens for laptop
and notebook computers. In this context, the term "flat" used herein is a
reference to thinness (viz. compared to traditional electron gun cathode ray
tube displays), not planarity. That term is therefore intended to encompass
thin non-planar, curved displays, as well as thin planar displays. Flat panel
displays of the so-called "field emission display" (FED) type, such as described
in U.S. Patent Nos. 4,857,799, 5,103,144 and 5,225,820, have transparent face
plates including anode electrodes and cathodoluminescent coatings. Such
| displays include a matrix array of individually addressable light generating
means. An emitter plate, spaced from the face blate, has a plurality of

conductive stripes, each with a multiplicity of spaced-apart electron emitting



in US. Patent Nos. 4,857,799, 5,103, 144 and 5, 225, 820, have transparent
face plates including anode el ectrodes and cat hodol um i nescent coati ngs.
Such displays include a matrix array of individually addressable |ight
generating nmeans. An emitter -plate, spaced8fromthe face plate, has a
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bl ack. The anode of a conventional FED display conprises a thin film of

el ectricall yimddm:tamleienatli:ghtamamrdleotdamg/mnegﬁatg!aissmails bounderies afithe

face piate. as much as 50% may be reflected by the phosphor layer. This. severely
restricts the contrast ratio available even in an undarkened room. In fact.
under normal outdoor or r(;om lighting conditions, the unlit ("off" condition)
conventional FED screen appears white, rather than gray or black.
| The anode of a conventional FED display comprises a thin film of
electrically conductive material which covers the interior surface of the face
plate. For a monochrome display, the anode film usually takes the form of a
continuous layer across the surface of the face plate. For a color display, as in
U.S. Patent No. 5,225,820, the anode is segmented into three electrically
isolated combs. Each comb comprises a plurality of connected bands or stripes
covered with phosphor particles which luminesce in a different respective one
of the three primary colofs -- red, blue and green. Becatse of the reflective
nature of metal, and in order to be able to view the luminescing phosphor
through the anode, conventional FED designs require that the anode be formed
of a transparent conductive material, such as indium-tin-oxide (ITO). Such
transparent material is, however, less conductive than aluminum and other

traditional non-transparent conductive materials.



pl ate. For a nmonochrone display, the anode filmusually takes the formof a
continuous | ayer across the surface of the face plate. For a color display,
as in’U S Patent No. 5,225,820, the anode is segnented into three
electrically isolated conbs. Each conb comprises a plurality of connected

bands or stripes covered wth sphor particles which |uninesce in a .
different res pecﬁ??én%%@tg'feef‘hgﬂfﬂggg cﬁﬁrM‘iﬁ@&F&@‘ﬂ? stjréﬁ?s B %ém Myzed in
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However, voltage standoff between different 'color combs at "high voltages is
still a prohbireimgbeFhere i thms] adeo | e aleadetdbpiintmize dpakage bedwsencddizseot
the separate el ectrode depositions .di sposed across the snooth back surface
of the shar é&‘lpﬁ_%@fﬁlpfg?@&%ﬁﬂ}ﬁﬁ%%e is a precursor to arcing. There is,

thus, also a need to mnimze | eakage between adj acent stripes of different
col or conbs.



5 Summary of the Invention The invention provides a transparent face plate
for an image di splay device, the face plate being di nensioned, configured
and adapted for reducing reflections of anmbient |ight incident thereon. The
i nvention further provides a flat panel dgsplay device having a transparent
face plate including an el ectrode and cat hodol um nescent material, which is
di mensi oned and configured to Bwemayuefethe Imveighionanbi ent |i ght
reflectivity and increased interel ectrode are protection. |In accordance

wi th one aspect of the invention, an anode pl ate of an i mage di spl ay device
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and to inprov age st andoff between adj acent e des. "The Shar pened
peak, by a sxde by-side array of prisms. The array acts as a unidirectional optical

filter to block reflections of ambient light incident thereon, without unduly
interfering with passage in an opposite direction of image-formative light. In
a preferred embodiment, discussed in greéter detail below, an array of prisms
is produced in micron-order pitch, with saw-toothed cross-sectional
configuration and light absorbing material covering apexes of sharpened peaks.

A conductive material is deposited on the apexes of the prisms to provide
an electrode. Cathodoluminescént material, such as a phosphor particulate
coating, is deposited over the electrode. A preferred embodiment of
transparent face plate, suitable for use in an FED flat panel display, has a
plurality of electrodes formed on adjacent regions of the saw-toothed surface
and coated with different color emissive phosphor particles.

A transparent face plate and display device formed in accordance w1th
the invention serves simultaneously to improve image contrast ratio and to
improve voltage standoff between adjacent electrodes. The sharpened peak,
micron-order pattern provides preferential directional light transmission, with

reduced image obstruction and minimal pattern/pixel alignment or moire



m cron-order pattern provides preferential directional |ight transm ssion,
wi th reduced i mage obstruction and mninmal pattern/pixel alignnment or noire
6 interference concerns. The sawt oot hed configuration directs incident
anbi ent |ight down convergi ng channels forgabsorption at the peaks, keeping
it anay fromthe reflective phosphor layer. Light emtted by the phosphor,
on the ot herinberfdrence costcephsckiee saw-tdobhed sonfignration wiracts dncidiemb edebient
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FIG 3 is a like cross-sectional view of a nodified enbodi nent of the
transparent face plate of FIG 2; FIG 4 is a bottomplan view of a face
plate as in FIG 3; and FIGS. 5A-5E are schematic views, show ng successive
steps in a nmethod of manufacture of the face plate. - Throughout the
drawi ngs, like elements are referred to by |ike nunerals.: 8 Detailed
Description of Preferred Enbodi nents A flat panel display device in
accordance with the invention conprises a @athodol um nescent anode face
.plate 10, spaced apart in known way across a vacuumgap from an el ectron
emtter (or cathode) backing plate 12. Emtter plate 12 conprises a cathode
el ectrode having a multiplicity of electrically conductive mcrotips 14
formed on an electrically condgﬁgr ﬁeshﬁﬁ%&njo@tﬂé %ﬁwi'ﬁ formed on an upper
surface of an electrically ins . xtraction (or gate)
el ectrode 22 conprises an electrically conductive |ayer of cross-stripes
deposited on an insulating |ayer 20 which serves to insulate el ectrode 22*

and space it fro he,.conduct.ive |ayer ,16. .Mcrotips, 14 are ingthe shape af
cones whi char e PBIRETRRAR Tt Sayehfion bk bER RBCIRoioE PrOtieh HE s aliRf o

i nsul ati ng deseeiptipn, afideareasshawn withareferenes to tdie accompanysngldrawings) athengin:

| ayer 20 and conductive |ayer 22 are chosen to place the apex of each
mcrotip 14 generally at the |level of layer 22. Anode plate 10 conprises an
electrically conductive |ayer of material 28 deposited on a transparent
(viz glrass) subspI@! ¢ i$@ croks-séttionaPoieh 6P#e6ndéiftiondl field emission display (FED)

device of the type to which tlic present invention finds particular application;

FIG. 2 is an enlarged cross-sectional view of an embodiment of transparent face
plate in accordance with the invention, usable in the device of FIG 1;

FIG. 3 is a like cross-sectional view of a modified embodiment of the
transparent face plate of FIG. 2;

- FIG. 4 is a bottom plan view of a face plate as in FIG. 3; and
FIGS. 5A-5E are schematic views, showing successive steps in a method of

manufacture of the face plate.

Throughout the drawings, like elements are referred to by like numerals.



extraction el ectrode 22 and parallel thereto. The conductive |layer 28 is
deposited on an inside surface 25 of substrate 26, directly facing gate

el ectrode 22. Conductive layer 28 may be in the formof a continuous single
el ectrode deposited over the surface 25 o§ substrate 26; or, alternatively,
may be in the formof a plurality of electrically isolated el ectrode conbs.
Each comb conprises a fdDetailéd Pestriptioncef Breferred Embeodimentsi ve bands or
stripes deposited in interdigitated positions over the surface 25 of
substrate 26. By way of exanple, conductive |ayer 28 nmay be a transparent
material, such ag 4nd] 130 QX1 1T ' S i

5, 220, 820; or, A %%@Hgg%g%@éy ﬂﬁt"ﬁ‘]éee {p?% add 5 g‘ggéﬁtph'}lj‘sesl‘%‘v"zﬁ? in%ﬁ(l,)\ﬁiptr ey
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of the mcrotip emtters 1I4 can be energi ze I ve

potential tforinedesn Hh uppet isuefsce dfhen eldoteicallgrinslibatingdmbageatei k.a
vol tage supply 30, thereby inducing.,an electric field which draws el,ect.rons

from the m crotifpb exdraqien (prgated eleatrode 23 comprisascin elertrisally FORAECHYSde

arger - posiievee Tofbget s, Sea5ed ol 45 RULERE Bydl' 20, SRIR Fkves '
extraction jgkgfiteasitcidda anddiffce € from the conductive layer 16. Microtips 14

are in the shape of cones which are formed within apertures through

conductive layer 22 and insulating layer 20. The relative parameters of
microtips 14, insulating layer 20 and condﬁctive layer 22 are chusen’ to place
the apex of each microtip 14 generally at the level of layver 22.
Anode plate 10 comprises an electrically conductive layer of material 28
" deposited on a transparent (viz. glass) substrate 26, which is positioned facing
extraction electrode 22 and parallel thereto. The conductive layer 28 is
deposited on an inside surface 25 of substrate 26, directly facing pate electrode
92. Conductive layer 28 may be in the form of a continuous single electrode
deposited over the surface 25 of substrate 26; or, alternatively, may be in the
form of a plurality of electrically isolated electrode combs. Each comb
comprises a pluralif.y of connected parallel conductive bands or stripes
deposited in interdigitated positions over the surface 25 of substrate 26. By
way of example, conductive layer 28 may be a transparent material, such as
indium-tin-oxide (ITO) as taught in U.S. Patent No. 5,22n.820; or, in
accordance with the principles of this invention, it may be any transparent or

non-transparent conductive material, as more fully described helow. Anode



| ayer 28. Energy fromthe electrons enmtted by the cathode el ectrode 16 and
attracted to the anode electrode 28 is transferred to particles of the
phosphor coating 24, resulting in |um nescence. Electron charge is
transferred from phosphor coating 24 to cgnductive |ayer 28, conpleting the

el ectrical circuit to voltage supply 32. SO ip, agcordance wth kno .
t echni ques, Rate A0salsp comprises B spiwramt@ﬁ §44 39@9811323 OXRT Li;Be conductive
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voltage supply 32 coupled between the extraction electrode 22 and conductive

layer 28. Energy from thc_a electrons emitted by the cathode electrode 16 and

attracted to the anode electrode 28 is transferred to particles of the phosphor

'coatirig 24, resulting in luminescence. Electron charge is transferred from
phosphor coating 24 to conductive layer 28, completing the electrical circuit to

voltage supply 32. Also in accordance with known techniques, stripes of

cathode layer 16 and gate layer 22 can be individually matrix-addressed to

provide selective pixel illumination of corresponding phosphor areas, to develop

an ima;ge viewable to a viewer 33 looking at the front or outside surface 85 of

the plate 10. _

All the electronic circuitry of the display, including the voltage supplies,

may be integrated into the emitter plate 12, with the exception of the

conductor 28 comprising the anode electrode, which is included in the anode

plate 10. In the case of a single conductive electrode 28 spread across the

surface 25 of support 26, one electrical connection is required between the

emitter pl?te 12 and the anode plate 10. Where, however, the anode comprises

three electrodes in the form of electrically isolated combs, as taught in the '820

patent, three electrical connections are required between the emitter plate 12



undul at ed backward facing or internal surface 25, presenting a side-by-side
array of steep-walled triangular prisns 36, having apexes 38 extending in
paral-lel lines, laterally or longitudinally across an active inaging region
40 of the surface 25 (see FIG 4). The inside surface 25 of plate 10, thus,
presents a grating of juxtaposed prisns 36 having bases 41 aligned al ong an
i maginary line 42 generally parallel to outside surface 35, and peaks or
apexes 38 aligned along an imaginary line 43 parallel to line 42. Apexes 38
of each prism 36 are coated with a |ayer q l'i ght absorbing material, such
as carbon black material 47, and then coated again with a |ayer of
conductive naterlal such as alumnum48. In the FIG 2 device, suitable
for nmonochr 5ﬂ§d@§” @l 1g.apexes 38 of all prisns 36 are provided wth

l'i ght absor Ing an auctlve material 47, 48. The separate al um num
covered portions of the apexes 38 of the dlfferent prisnms 36 are then
commonl y -connected to forma single anode el ectrode 28 covering
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prisms 36 having bases 41 aligned along an imaginary line 42 generally parallel to

outside surface 35, and peaks or apexes 38 aligned along an imaginary line 43 parallel
to line 42. Apexes 38 of each prism 36 are coated with a layer of light absorbing
material, such as carbon black material 47, and then coated again with a layer of
conductive material, such as aluminum 48. |

In the FIG. 2 device, suitable for monochrome display, all apexes 38 of all
prisms 36 are provided with light absorbing. and conductive material 47, 48. The
separate aluminum covered portions of the apexes 38 of the different prisms 36 are
then commonly connected to form a single anode electrode 28 covering substantially
the whole of the internal surface 25 of face plate 10. The phosphorescent coating 24
is then applied over the conductive .layer 48, as particles 24 in contact with the
electrode 28. Coating 24 can be phosphor particles of relatively uniform composition
which luminesce under matrixaddressed excitation of electrodes, upon suitable voltage

. potential applied to anode 28. If a suitable conductive material is available for use as
the light absorber 47, the use of a separate conductor 48 may not be necessary.

For the FIGS. 3 and 4 configuration, which is suitable for color display, all
apexes 38 are likewise provided with light absorbing material 47. The



j uxt aposed prisnms 36 whose apexes 38 are |l eft uncovered by conductive
material 48. The different conductive |ayer groupings 51, 52, 53 are then
respectively connected by electrically isolated stripes 55, 56, 57 of the
same or different conductive material depogyted outside of the active

i magi ng region 40 (FIG 4), marginally on inside surface 25 of plate 26.
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transmtt e%rﬁﬁ?ﬁ?gﬁbﬁ’eé&ﬁ%ﬂfb Rbdoemlthe sepirate rbe, praeandblubndl®sanodBy

be < [err], with angles a of ferr] being preferred. And, though isosceles
const ruct i dvanids usexb feredispday 0@ ¢aos dmiags. t ri angul ar cross-secti onal

configurations e al.so possible for_the prisns,36. The saw toothed grating
formed within tHohe nﬁ&sﬁga#eégips%ﬁ% 3 4t figeseles prisths, BAving equal side

surfaces 58, 59 converging rearwardly in an inward direction toward plate 12

at angles of convergence 2, where « is the half-angle taken with reference to
the angle bisector (see FIGS. 2 and 3). In general, the angle bisector will be
normal to the plane of the opposite surface 35. Angles « are chosen to provide
unidirectional light transmission characteristics, whereby ambient light 61
(FIG. 2) incident on external surface 35 and entering plate 10 from the front
will be guided rearwardly through the bases 41 and be trapped by the
converging channels of prisms 36 of rear surface 25. Light generated adjacent
internal surface 25 by excitation of phosphor particles 24, on the other hand,
will be guided forwardly into the conjugate channels of valleys 60 between
adjacent prisms 36, and be transmitted forwardly through plate 10, toward the
viewer 33. Angles & may be < 30°, with angles o of 10° - 25° being preferred.
And, though isosceles construction is recommended, non-isosceles triangular
cross-sectional configurations are alsé possible for the prisms 36.

The saw-toothed grating formed within the imaging region 40 of surface



12 25 functions so that a magjority of the anmbient [ight 61 entering plate
10 through surface 35 (light having incident angles within a range

determ ned based on the refractive indices at the air-glass interface) wll
strike a side 58, 59 of a prism36 and be internally reflected. The sharp
triangul ar- shape of the prism 36 wll pron?ée-nultiple i nternal reflections
of light 61, rearwardly down toward the pri€m apex 38, where it wll
finally be absorbed by the absorbing material 47 at the apex 38. Prisns 36,
thus, function as light traps to prevent incident anbient |ight from
reachlng and being reflected by the granul ar, phosphor 24. Light 63 Snitted
by phosphor 234funghonhsoothatra maieritynof |th@rmblenhélght éﬂe?ﬂtﬁﬁﬂgxpléte 10 through
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risnms 36 and’t
P the forward dlrectlon focusing effect of

to en anceg orwaré dxr%%luvxty ptrg\r/fd%g th
the prisms 36. In a two layered material 47, 48 approach (viz. aluminum coated
carbonized tips), absorption of emitted light 63 by material 47 can be prevented by
using a non-absorbing non-transparent conductor material 48 which, if shiny, will
reflect otherwise unseen rays 64 back into the field of view of viewer 33. The grating
surface thus functions as a unidirectional filter to minimize back reflections of ambient
light and maximize the light reaching the viewer from the phosphor. Since the incident
ambient light is totally absorbed, there is the possibility of having a contrast ratio
exceeding 20x, even though the phosphor particles are wide and granular.

The steepness of the prisms 36 and the unidirectional filtering phenomenon tend
to make the prism coatings 47, 48 unobtrysive to viewer 33. This makes possible the
use of more traditional and more conductive light non-transparent metallic materials
for the electrode 28, rather than less conductive light transpafent materials such as
indium-tin-oxide (ITO). Moreover, the



to make the prismcoatings 47, 48 unobtrusive to viewer 33. This nakes
possi bl e the use of nore traditional and nore conductive |ight
non-transparent netallic materials for the el ectrode 28, rather than |ess
conductive light transparent materials sugh as indiumtin-oxide (1TO.

Mor eover, the - 13 corrugated grating surface 25 provides .
irregul ar seorfagetedegrating surface8d provides regulansuidace terrain sdbl mavltiple

regi ons 54 between adj.acent .el ectrode bands 2, 53 f(see FI,GS. nd 4)
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prot ect agaiRaingtéanestheduetacspathitsstndlentleotitbdss, ihereby deerekming stiefhce
unintentionally in regions 54. The linear grating presented by the prism

structure ileakbgeghndsenablingpgneateroanade beoltages dnbmulii-electrede designs.
hol h hni . h th .d i bed i idi et _al.,o "Miltipl
Exposur o | el SAcviY ZlEe Fotct Fepi S CPReY enucEHe mtpri 48 wiich 'Ba§
M croli t'hog(;&,gpae th“iw%%ﬁnte&wnéﬂ%e? rﬁg}g;ﬁes‘i ed. 1994). Such

t echni ques can produce sharp prisns, pitches on the order of 1

m cron and pri snTHefdikeax peing presdrted by tise prisnd Stneqtaratindhe)glags hebdeen
1 and 3 microns, corresponding tq half-angles of hetween Jerr] and [err]
respect i velplated0 eamparformed bydnierdersnse holography teghnigiescapely as_these

mrons |0 SLATELE il O, PORGRURE TGS TrlbHerhSRUTE DRupgfty.
gchgatsgs 2,5%135332?19?@ Wﬁ&amsye@mcﬁmwogﬁﬂ)ﬁwm%ﬁr869 @B TROE A BRGNS
ed. 1994). Such techniques can produce sharp prisms, with peak pitches on the
order of 1 micron and prism depths (peak-to-valley line 42, 43 separations) of
between 1 and 3 microns, corresponding to half-angles of between 26° and 9°.
respectively. For comparison, the phosphor particles are typically 5-10 microns
in diameter so that oﬁe phosphor particle will reside on one or more prism
~ apexes. Such structure is very corrugated and thus greatly decreases surface -
conductivity and should allow lateral voltage standoffs of up to 2,000 volts.
One method of forming the plates 10 of FIG. 2 or FIGS. 3 and 4 is
illustrated schematically with respect to FIGS. 5A-5E (not to scale).

- An inside surface 25 of a transparent rectangular glass plate 26 is
uniformly coated with a layer- of photoresist 70. The photoresist 70 is exposed
using interference holography and developed to remove portions of photofesist
70, leaving a grating 72 of longitudinally or laterally extending bands 73 of
unremoved portions of photoresist 70, separated by intervening gaps 75, as
illustrated in FIG." 5A. One or more additional layers of photoresist (not
shown) may be applied in separate masking steps to form the marginal areas

away from the active imaging region for the purpose of constructing driver



One nethod of formng the plates 10 of FIG 2 or FIGS. 3 and 4 is
illustrated schematically with respect to FIGS. 5A-5E (not to scale). An _
i nside surface 25 of a transparent rectangul ar glass plate 26 is uniformy
coated with a | ayer of photoresist 70. Thggphotoresist 70 is exposed using
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hal f -angl e a,” di scussed above. he interference hol ography s p orned to

gi ve a pitclesiredeypebbptedvaliey odepilst and half-angle «, discussed above. The
interference holography is perfofmed to give a pitch of developed photoresist
band 73 equal to the pitch of prism structures desired in the ending contour
of surface 25.

Next, another layer of photoresist 78 is spun onto surface 25 to partially
fill the V-shaped valleys 60 to approximately 3/4 of the valley depths (i.e., to
3/4 of the prism base-to-apex height). The layer 78 may also be used to
completely or selectively match portions of the marginal regions, as required.
A laver of light absorbing carbon material 47 is then deposited by evaporation
over surface 25 to cover the exposed tips at the peak apexes 38 of prisms 36.
At this point, the active imaging region 40 (see FIG. 4) appears as shown
schematically in FIG. 5B (not to scale, With‘ prism and deposition layer
dimensions exaggerated relative to thickness of plate 26). For a single anode
electrode construction, as descfibed above in reference to FIG. 2, the conductive
material layer 48 (viz. alumir}um) may now be deposited (viz. sputtered)
directly over the carbon layer 47. For the three electrode color display
configuration of FIGS. 3 and 4 however, another masking step is first

undertaken in order to create the isolation regions 54 between adjacent



band 73 equal to the pitch of prismstructures desired in the ending

contour of- surface 25. Next, another |ayer of photoresist 78 is spun onto
surface 25 to partially fill the V-shaped valleys 60 to approximtely 3/4
of the valley depths (i.e., to 3/4 of the pggsm base-to-apex height). The
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configuration o and owever, anot maski ng” step is first

under t aken istriped &1, 68, 68 evdiichtwill camitituito the ¢hiremndiffetreht cokeramutjesslectrode
15 el ectrode bands _51, 52, 53 (see FIGS. 3 and 4). As illustrated in FIG
SC, anot her combs. Margipedr segionsg@res nuagkad tiay aewn: Heaysr tacbrodde the
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portions, |eaydig a photoresist covering defining the isolation regions 54.

Regions 82 are |eft uncovered by |ayer 80 to define the )
As shown in FIG. 5D, a layer of conductive aluminum 48 is now

deposited by sputtering over the surface 25. This results in deposition of
conductive material 48 over the carbon material 47 in the regions 82 defining
stripes 51, 52, 53 that are not covered by photoresist layer 80. The carbon-
covered tips of prisms 36 located in regions 54 covered by Iéyer 80 are shielded
from aluminum deposition. Layers of photoresist 78 and 80 are then lifted off
by solvent or other known mechanisms, and different colored phosphors 24a,
24b and 24c¢ deposited by electrophoretic deposition onto respective stripes 51,
52 and 53 of the electrode combs. The prisnis 36 in regions 54, which were
covered by photoresist layer 80, have no conductive material covering their
apexes, S0 serve to electrically isolate electrode stripes 51, 52 and 53 from each
other. The final structure is illustrated schematically in FIG. 5E. It will, of
course, be appreciated  that relative dimensioning of elements has been
distorted and numbers of repetitive features have been kept to 2 minimum for
clarity and ease of illustration, and that, in particular, each anode 51, 52, 53
will have a multiplicity of phosphor particles 24a, 24b, 24c and many more
prisms 36 will occupy each anode stripe 51, 52, 53 and isolating region 54.

Those skilled in the art to which the invention relates will appreciate



stripes. 51, 52, 53 which will constitute the three different col or anode

el ectrode conbs. Margi nal regions are masked in known ways to provide the

i nterconnections 55, 56, 57 (see FIG 4) anong the respective bands of each
series. As shown in FIG 5D, a layer of ggnductive alum num 48 is now

deposited by sputtering aver. the surf 25. This results in, deppsitjon of
cogqu_ct ive %_h@ ther @B‘%EVE‘FU?IH% ag HH?aﬁiC‘ﬁﬁté‘?qsalcaE7{"’r‘ nmf’h% @e&%pr&s%‘?beg
defining st} Reim ntﬁﬁisthggttgr@pgrn@ﬁg AR 16O YRNEaRY 666 8f ¢ Btvdritieh ad0.

The carbon- covered ti g | ocated in regions 54 covered by

| ayer 80 ar defihied|byethd claimalbetawium deposition. Layers of photoresist 78
and 80 are then lifted off by solvent or other known nechani sns, and

di fferent col ored phosphors 24a, 24b and 24c deposited by el ectrophoretic
deposition onto respective stripes 51, 52 and 53 of the el ectrode conbs.
The prisns 36 in regions 54, which were covered by photoresist |ayer 80,
have no conductive material covering their apexes, so serve to electrically
i solate el ectrode stripes 51, 52 and 53 from each other. The final
structure is illustrated schematically in FIG 5E. It wll, of course, be
appreci ated that rel ative dinensioning of elenents has been distorted and
nunbers of repetitive features have been kept to a mninmumfor clarity and
ease of illustration, and that, in particular, each anode 51, 52, 53 wll
have a multiplicity of phosphor particles 24a, 24b, 24c and many nore
prisns 36 w || occupy each anode stripe 51, 52, 53 and isolating region 54.
Those skilled in the art to which the invention relates wll appreciate
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t hat ot her substitutions and nodifications can be nade to the descri bed
enbodi ment, wi thout departing fromthe spirit and scope of the invention as
defined by the clains bel ow 17 What- is clained is J\I A conputer inage
di spl ay device, conprising: a first substrate; a cathode eme\
including a nultiplicity of electrically conductive m m

said first substrate; a second substrate spaced froms "ﬁ m mf e;
sai d second substrate having an inner surf&ée facing todard sal | ps
and an outer surface facing away fromsaid mcrotips, and said second
substrate being transparent at |least in an imaging region; said inner
surface having a surface contour formng a grating of prisnms in said

i magi ng r egiVhat Brolaisssddispy i sms havi ng apexes; a conductive materi al
covering a plurality of said apexes; said conductive material covering

di fferent ones of said apexes being electrically connected to forman anode
el ectrode conb; dnd akanmmwpmymme,mommmgz ed in said inmaging
region on said any {ﬂ?ﬁ} gde comb. 2. a device as in Claim1, wherein
sai d conductive rrat erl al” 1's 7al um num and sal cat hodol um nescent materi al

i s phosphor. 3. acathofesleetrede ingluding mmultiphicityeaf elegtpeally sgnductivgmicrotips

absor bi ng MfgRhédonCGAKE firsiosubRtrdtel| Ural ity of said apexes; said conductive

material being | OC%E:&?d Substra sf;jaced from said first substrate; said second substrate having
an inner surface facing toward said microtips and an outer surface facing away from
said microtips, and said seé@‘nd substrate being transparent at least in an imaging
region; said inner surface having a surface contour forming a grating of prisms in said
imaging region; and said prisms having apexes;

a conductive material covering a plurality of said apexes; said conductive
material covering different ones of said apexes being electrically connected to form
an anode electrode comb; and

a cathodoluminescent material deposited in said imaging region on said anode
electrode comb.

2. a device as in Claim 1, wherein said conductive material is aluminum
and said cathodoluminescent material is phosphor.

3. A device as in Claim 1, further comprising a light absorbing material
covering said plurality of said apexes; said conductive material being located over said
light absorbing material.

4. A device as in Claim 3, wherein said light absorbing material also covers
a second plurality of said apexes different from said first plurality of apexes.



|'i ght absorbing material. 4. A device as in Caim3, wherein said |ight
absorbing- material also covers a second plurality of said apexes different

fromsaid first plurality of apexes. 18 5. A devicT ,
wherein said second substrate conprises a transpare --and said
cat hodol um nescent material is a phosphor coati ngaﬂumymmﬂﬂﬂa%llwm
conductive material. 6. A device as in Uaimb5, whtre nisam i

conpri se isosceles prisns having equal sidE converging at angl es of
convergence in a direction toward said mcrotips. 7. A device as in Claim:
6, wherein said prisns have hal f-angl es_defined between said sides and, a

bi sect or of sai doangl As dgvicgons &n , 3sayherein said, speeadpabsirate comprises Fo

degrees. 8. transpAréftvilass phateahd 3aid éathoblohmhinescentl hatkfiab i0h gshospRomcbating
a range of 10.to 25 degrees. 9. Atdrgz},/l' ce as in Caim1, wherein said
conduct i ve #RRlES ayer sid Gonductive matstitle  nree electrically isol ated anode

el ectrode conbs; and wherein said cathodol um nescent material conprises
three materials that l'um nesce at different colors of |ight respectively
deposited on different gnes of said anode el ectrode, conbs. 10. , A device as
in Caim9, furtfler cénfevisesyin Clayntd,wberein saidprisns spmpsise Asesgelesiprisms

plurality Oﬁaﬁﬂ};%c?ﬁ??sﬁﬁs &ﬂi\/ér%'ﬂgd&t%ﬂglés IS @rivtgdiee 18 4 ARiclen NoVard Fafll
| i ght absorbl.ng Jraterial. 11. evice as in claim 10, wherein said |ight
absor bi ng *al so .

w
.0

7. A device as in Claim 6, wherein said prisms have half-angles defined
between said sides and a bisector of said angles of convergence, said half-angles being
less than 30 degrees. '

8. A device as in Claim 7, wherein said half-angles are within a range of
10 to 25 degrees.
9. A device as in Claim 1, wherein said conductive -material is connected

to form three electrically isolated anode electrode combs; and wherein said
cathodoluminescent material comprises three materials that luminesce at different
colors of light respectively deposited on different ones of said anode electrode combs.

10. A device as in Claim 9, further comprising a light absorbing material
covering said plurality of said apexes; said conductive material being located over said
light absorbing material.

11. A device as in claim 10, wherein said light absorbing material also
covers apexes of ones of said prisms located between conductive material covered
prisms of the separate anode electrode combs.



covers apexes of ones of said prisns |ocated between conductive materi al
covered prisns of the separate anode el ectrode conbs. 19 12. An anode

plate for a cathodol um nescent image display devi_ce,__sai_d_a_uodﬁ_p]_aie

conprising: a plate having oppositely facing frdnt ~Sur f

pl ate being transparent at least in an inaging re l!!l'ij & H“Hﬂﬂﬂurface
havi ng a surface contour formng a grating of pr|

regi on; said prisnms having apexes; a |lightl®bsorbing material covering a
first plurality of said apexes; a conductive naterial covering a second
plurality of said apexes, said first plurali ty of apexes including at |east
sai d second plurdRity Axn aapdmdates&»rdacqaﬂmﬂﬂﬂmmmmet@r image; display glevice, said
di fferent oRgsd& laqglcg » being electrically connected to form an anode
el ectrode conb; and a c tho ol um nescent material deposited on said plate

over said conductive material. 13. An anode plate as in Caim12, wherein
said plate is a gl phie Having appositely fazing drdntnamb yean tsurfaces;i sdidi plaae being

phosphor na [

e soscel BEngpire Fﬂhgasﬂﬁlgféﬁﬁﬁeﬁ it g i e foce BRARE B, ST ORGE:
in a direct formngay grating ok paismsdntsaidiimagiag region; saig pslsmrs lmym&uagem
bei ng characterized by half-angles defined between said sides and bisectors

of said angl es of nver sai.d. hal f ; an | ess than 30 degrees.
15. *an anode. ot ABEHERSARORE AIEHAl QAL SHSLPPAOLAGFEE RSN { hin o

a conductive material':,"covering ‘a second plurality of said apexes, said first
plurality of apexes including at least said second plurality of apexes; said conductive
material covering different ones of said apexes being electrically connected to form
an anode electrode comb; and

a cathodoluminescent material deposited on saxd plate over said conductive
material.

13.  An anode plate as in Claim 12, wherein said plate is a glass plate and
said cathodoluminescent material is a phosphor material.

14.  An anode plate as in Claim 13, wherein said prisms are isosceles prisms
having equal sides converging at angles of convergence in a direction away from said
front surface; said angles of convergence being characterized by half-angles defined
between said sides and bisectors of said angles of convergence; said half-angles being
less than 30 degrees.

15. An anode plate as in Claim 14, wherein said half-angles are within a
range of 10 to 25 degrees.

16.  An anode plate as in Claim 12, wherein said light absorbing mntorinl is
carbon and said conductive material is aluminum.



range of 10 to 25 degrees. 16. An anode plate as in Claim 12, wherein said
| i ght absorbing mtorinl is carbon and said conductive material is

al um num 20 17. In a field em ssion innage display device having a
transparent anode plate with front and rear surfaces, a first anode defi ned
by conductive material deposited on a first region of said rear surface,
second anode spaced laterally fromsaid first anode aiﬂ“ﬂ

conductive material deposited on a second region of ‘s uwmmmmm,
first cathodol um nescent material deposited over said first andbe,® and a
second cat hodol um nescent material deposited over said second anode, said
first and second cathodol uni nescent mat eridls respectively |um nescing at
different colors; the inprovenent conprising: said rear surface having a
surface contour with a side- by-side array of prisms |ocated between said
first and second regions of said rear surface; said prisns being

di mensi oned and &@nfi fnaditld enﬂéﬁmmmdispwymiw hmdngaitthnsparens anbddeplate
bet ween sai ' eqt

wherei n sai gllgir @bt gﬁ 8 r?&?%éﬁ?cgésr g‘céfsqgﬁoflégiegﬁlzg} | r s‘ﬁ'{%n%a{s%lca?ﬁ% b%&gd
regi ons, saPd qoﬁrsémegm/efh@ldgemw acg, b sacond M@espamd knderablysfromgsaid first
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1mprovement compnsmg

said rear surface having a surface contour with a side-by-side array of prisms
located between said first and second regions of said rear surface; said prisms being
dimensioned and configured to discourage leakage along said rear surface between said
first and second electrodes.

18.  The improvement of Claim 17, wherein said array of prisms is located
also on said first and second regions, said prisms having apexes; said anode plate
further has light absorbing material deposited on said apexes of said prisms in said
first and second regions and on said apexes of said prisms located between said first
and second regions; said first anode is formed by said conductive material deposited
over said light absorbing material on said apexes of said prisms in said first région;
and said second anode is formed by said conductive material deposited over said light
absorbing material on said apexes of said prisms in said second region.

19. The improvement of Claim 18, wherein said conductive material is a
light non-transparent material; said first cathodoluminescent material is a first
phosphor material that luminesces in a first one of red, blue and green colors; and
second cathodoluminescent material is a second phosphor



absorbing material on said apexes of said prisns in Wﬂ@é@ﬁd region. 19.

The inprovenent of C aim 18, wherein said conductive " ﬂ,’”“
non-transparent material; said first cathodol un nescen "Ffl rst

phosphor material that | umi nesces in a firsl one of red, bI ue ancf green
colors; and second cat hodol um nescent material is a s d phosphor

material that materiesshat [ymipesgesnyasssond ongiof 3?&411'9 é‘ﬁ’(ﬁls &e@grf:olors.
colors. 20. A nethod of naking an anode plate for an |nage di spl ay devi ce,
sard net hod conprising the steps of: applying a first |ayer of phot or esi st
over a surface of a20ranApmetind of miaking enmriodg platd forren hagadisplay device,

| ayer of photoresjist to, forma,fi maski.ng pattern of separated bands of
phot or esi st ; %‘a’ﬁ‘@ thed W@BF‘?H&{;%%P&? fwith said first masking pattern
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configuration having alternating peaks and valleys; renoving said first
| ayer of phot oresi stemuviag brtiebfisaid firséclayer | ofy photskesisbttor formsa Svet

sai d sawt oot hed: ¢ oss- ecti naI ur,at i,o 0 at Ieast partially fill
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exposed tips; thOéh@blcﬁgs%%ﬁc@O%bGﬁﬂflg@gﬁémmefm suetrcst saist epnfiguration

having alternating peaks and valleys,

removing said first layer of photoresist material;

applying a second layer 6f photoresist over said sawtoothed cross-
sectional configuration to at least partially fill said valleys leaving tips of said
peaks exposed;

applying a layer of light absorbing material over said exposed tips; -

applying a layer of conductive material over said light absorbing
material over at least some of said exposed tips; and

. removing said second layer of photoresist material.

21. A method as'in Claim 20, wherein said method further comprises

the step of applying cathodoluminescent material over said conductive

material.

22. A method as in Claim 20, wherein said method further comprises
the step of exposing said first layer of photoresist using interference

holography to form said bands .

23. A method as in Claim 20, wherein said method further comprises



21.. A method as in Caim20, wherein said nethod fu ther Wt‘he
step of applying cathodol um nescent material over $ "m eri aI
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define a plurality of electrically isolated stripes wherein sai.d

met hod furt hestripesnprises the 'step of applying different

cat hodol um nescent materials which |lum nesce at different colors to
respective different ones of said electrically isolated stripes. 25. A
light transmitting ®f.ectA mi@thphleaseimcta:im SBnqheféxﬁrHaxdtrsdcdr&hmakiﬁ@pa'a‘tem

sai d rear surface heing, configured with a gratjng conprising a si y-si de
array of pri srigconfigurest F%g@tlilh%ﬁi ralith @-gaﬁﬁl%ﬂaﬁéﬁl@?‘fﬁwes’ and whrein

said method further comprises the step of applymg_ different
cathodoluminescent materials which luminesce at different colors to respective

different ones of said electrically isolated stripes.

25. A light transmitting electrode plate comprising:
front and rear surfaces, said rear surface being configured with

a grating comprising a side-by-side array of prisms, said prisnis having acute-
angle apexes; and

material deposn:ed on said apexes, said material being light absorbing
and electrically conductive, and being connected to form at least one electrode
comb; _ _

said prisms providing preferential transmission of light in a direction

from said rear to said front surface.

26. A unidirectional light filter coﬁpﬁsing:

a plate with front and rear surfaces, said rear surface Being configured
with .a grating comprising a side-by.—side array of prisms, said prisms having
acute-angle apexes;

light absorbing material deposited on said apexes; and



materi al deposited on said apexes, said material beipg—-ght- abse#bmg%nd
el ectrically conductive, and being connected to form rode
comb; said prisms providing preferential transm SSI on mmgwgm E ﬁm

direction fromsaid rear to said front surjgce. i ght
filter conprising: a plate with front. and rear surfaces said rear surface
being configured with a -gr at i'ng“tonpri sirg. a si- de- by S|de array of prismns,
sai d prisms having élEéttrf‘ca@l@%ﬁdﬁ@ﬁ%@ﬁtat&hgf‘&eﬁb@&@fi%% 1854 ok of $8RPSHRA

on sai d apexes; and el ectrically conductive material deposited on at
| east some of everdaigight abeerrbmﬁmlaﬂer@h,t saif) etectringllymorductive maiterial being

electrically conduc ter cted, to format |east one
el ectrode conb: onélgc%dpf @a %‘ %}%CEE#SEQIBR of light fromsaid front
to said rear surfacgid qjﬁhrﬁ@bﬂocmxhgs PFaridasissi08 JfN 1 frofi Saidofroht S saitlr @y

said rear to said front surface.
surface, and said prisms passing transmission of light from said rear to said

front surface.



