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~PCT/ US96/ 12822 DI SPLAY PANELS USI NG FI BROUS FI ELD
EM TTERS FI ELD OF THE | NVENTI ON

The present invention genrally relates to display panels. In particular,

the 5 i nvenWOHW&ates to display panel s having a suspendBETURSI3S

cat hode cont ai ni ng an electron field emtter.
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| aptrop conputer flat panel 15#%&&8%1&; -ﬁéﬁ&é %crystal s which can
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wei ght and power
reliably produce these displays in sizes larger than those suitable for laptop

computers.
Plasma displays have been proposed as an alternative to liquid crystal
20  displays. Plasma displays utilize tiny pixel cells of electrically-charged gases to
produce an image and require relatively large electrical power to operate.

Display panels having a cathode using a field emission electron source,
i.e., a field emission material or field emitter, and a phosphor capable of emitting
light upon bombardment by electrons emitted by the field emitter have been

25 proposed. Such display panels have the potential for providing the visual display
advantages of conventional cathode ray tubes and the depth, weight and power
consumption advantages of flar pane} displays. U. S. Patents 4,857,799 and
5,015,912 disclose matrix-addressed flat panel displays using micro-tip cathodes
constructed of tungsten, molybdenum or silicon. WO 94-15352, WO 94-15350

30 and WO 94-28571 disclose flat panel displays wherein the cathodes have
relatively flat emission surfaces. '

It has now been discovered that a fibrous cathode provides advantages
over a cathode having a relatively flat emission surface. The fibrous cathode is
supported by a substrate and further improved performance is achieved when the

35 portions of the fibrous cathode addressed, and from which electron emission
occurs, are suspended and not in direct physical contact with the substrate. Asa
result, there is a need for altemative technology for producing high quality and
efficient display panels for all these applications and for producing them in large
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consunpti on advantages of flat panel displays. U S. Patents 4,857,799 and
5,015,912 disclose matri x-addressed flat panel displays using mcro-tip

" cat hodes constructed of tungsten, nolybdenum or silicon. WO 94-15352,
WD 94- 15350 30 and WD 94-28571 discl ose flat panel displ a¥s wherein the
cat hodes hav@O09%M7524r ¢| atjvely fl at enission surfaces. 612822t has
now been di scovered that a fibrous cathode provi des advant ages over a
cathode having a relatively flat enission surface. The fibrous_ cathode is
supported by a suizes whemregpiged; (thes ebjestsndasantages phig prrsent jnventionMilled when
the 35  porti onsetdmd fppafenixoditte siilidddn eheaghtiipon sefekendendlthiemaashedi ch el ectron

em ssi on OGfrhlhi %Qéﬁ hilH Weddider CONt act
with the substrate sﬁfd‘%oﬁlé ﬁ‘ﬁ'&mﬁgre |£hvght?fg§j for alternative
t-echnol ogy for prfm ng hi gh quaI it and eff| ci ent display panels
for all these3appli cat i ons and 2UNNARAL : rge WO

97/ 07524 present invention provides & di comprising a fibrous

PCT/ US96/ 12822 en r UI red. r?§ ec;ts and ant ages of
the present inverfthgde W’F’F‘i f @in the

art upon refer enmmiwmmmsewmasmmmmdapm fremdmmrbmd

description of t B&SMI' Q’Eeﬁ‘@ %dmﬁfﬁ
SUMVARY OF INVENWQH‘“ 1 present n\?:gél on, p?dow es a d| spl ay
panel conpri sifng elecrpRs eRited by the fiberfigld ranis

conprised of a f|théd:oémvﬂwemnﬂwﬁbmusaﬂ;odamsuppomdélymbmlwdnonduct|ve

filmserving as WQG@&@E@@P@M%&J m&ﬂe«ﬁéﬂu&uanmmcat hode,

and a phosphor | ayer abl e.o mtting on_bo nt by 10

el ectrons eni ttec?\éﬁ'ﬁ"taﬁep W‘;?’S e k‘gﬂ ‘F’ﬁ“&? ti oned

adj acent to the%@ﬂ@?dmmwm fibrous cathode |s supported by a
substrate andst he a a regularly undulating surface on the substrate with a first set of

perallel rows of crests and valleys and a second set of parallel rows of crests and
valleys wherein the rows of crests and valleys of the first set are not parallel to the
rows of crests and valleys of the second set;

b. a fibrous cathode consisting essentially of at least one fiber

20 comprised of a field emission material aligned along the length of each of the

valleys of the first set of parallel rows of crests and valleys; and

c. a suspension element disposed along the length of each of the
valleys of the second set of parallel rows of crests and valleys and supporting the
fibrous cathode.

25 Preferably, the parallel rows of crests and valleys of the first set are
perpendicular to the parallel rows of crests and valleys of the second set. It is aiso
preferable to have the substrate coated with an electrically-conductive material
except in the valleys and on the sides of the valleys of the second set of parallel
rows of crests and valleys. This electrically~conductive coating serves as a gate

30 electrode. The suspension element can be comprised of a non-emitting fiber
aligned along the length of each of the valleys of the second set of parallel rows
of crests and valleys. A second non-emitting fiber can be aligned along the length
of each of the valleys of said second set of parallel rows of crests and valleys on
top of said fibrous cathode thereby anchoring said fibrous cathode in place.

35 Another embodiment provides for:

a a regularly undulating surface on the substrate consisting of
parallel rows of valleys and essentiaily flat crests; and
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portions of the fibrous cathode addressed, and from which el ectron em ssion
occurs, are suspended and not in direct physical contact wth the
"substrate. One enbodi ment provides for: 15 a. a
regul arly undul ati ng surface on the substrate with a first set of

paral | el " r ow¥O¥ %8st s and val l eys and a second set of parBFT/HPGAZRR of
crests and val | eys mhereln the rows of crests and valleys of the

first set are not par%IIeI kg tows of cre dvalles of tHe
second set; rons ‘émﬁdﬁ F‘ﬁ?fﬁ'éﬁ ?Jéfs‘FETq ntially of
at | east one f.bmaﬂdmawﬁﬁm@mmiseéofmmmmmmmﬁbmagmed

al ong ]'Ehe I e?gt h s I bn e eggaﬂm]]yﬂztcﬂgﬁhgws@ha{@&dfsh@%d@%oﬁmlpar al ![el
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paral | el rowsJof cres Wﬁﬂ@%‘%@%@ﬂﬂﬁgﬂmﬂewaﬁe&W@%s
g?t{]ﬁgeflrzgt setelr Yng ; and ral Iideef : 1£ gfgls!tgyan
valleys of the s&iRetpepiiclishy et vaiiey %é&&?@ff%?m%%vs%
substrate coat edwwﬁmmwmw crisaliyyeandpetive material dopgpt i n

the valleys and eacﬁ:bwdfrvmseﬁtﬂohaoﬂgihbemm taecresty; Each 548 s of&Heal | el

rows of cres QE %ﬂm ﬁig call tiye t [ves as
a gate 30 tlPectro e ed%;tggggny a%a cang’%éei3 ?é “ﬁ‘?‘ge%’g%

non-em tting fib&mbe mﬁm&ﬁeeﬂmﬂ@hmm | eys of
the second set ofcompﬁﬁdtelhghw\achedmgxomfofﬂimbﬁm&rﬂd’dﬂvhﬂm tod

non- em'ttingfib t@”,qg fqﬂg of ng t he
val | eys of said seco sef pégnﬁa(} u"%\l/s&éo?ﬂ%?{eis lsmdéfn(ﬁo"da eys

top of said fi br&f@%%ftrﬁam gipe aRavatriahty fomm welleyng sees mm
place. 35 15 appheﬁﬂeﬁxh:henﬂammhl)rrent provi des for:

regul arly undul ati ng &F‘Pf%/ f Qﬁe&ﬁg&i{rﬂo&ﬁ%%h%&p&e%muMgaﬁar al | eI

rows of valleys and essen cres
2 electrode can ded to better control the emission of the electrons. It is

especially preferred that the fibrous cathode be comprised of at least one
composite fiber of diamond, diamond-like carbon, or glassy carbon wherein the
20  composite fiber consists essentially of diamond, diamond-like carbon or glassy
carbon on a non-diamond core. It will be understood that the description of the
composite fiber as having a diamond, diamond-like carbon or glassy carbon
coating also includes a coating comprising combinations thereof.
These embodiments provide improved control of electron emission in a

25  display panel.

FIGURE l(a) lllusu'ates an embodunent of the invention wnh a substrate
containing one set of parallel rows of crests and valleys perpendicular to a second
set of parallel rows of crests and valleys.

30 FIGURES 1(b) and 1(c) illustrate orthogonal views of Fig. 1(a) showing
the parallel rows of crests and valleys containing a fibrous cathode between a
suspension element and an anchoring element.

FIGURE 2, containing views 2(a), 2(b) and 2(c), illustrates another
possible embodiment of the invention wherein the substrate consists of paraliel

35 rows of valleys and essentially flat crests made from a starting diamond-shaped

The present invention prov1des for a d:splay panel compnsed of a ﬁbrous
cathode in which the portions of the fibrous cathode addressed, and from which

3
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PCT/ US96/ 12822 b. a fibrous cathode consisting
~essentially of a regularly spaced paral l el array of fibers
conprised of an em ssion naterial, wherein the fibers are

supported on Wh¥Mdentially flat crests of the substrate aﬁﬁfmed
above the val | eys of the substrate. I n

this enbodinent, it is preferable to have the s.ubstrate_coated with an
el ectri cal | y- con@EerImeEussiqnAcEurs, are,suspradedand otin dirgct physicab cantage with the o

val | eys of substrate. t he set of par allel rows of vaI | eys and
essentially flat crespg dz#p?a PQ&M Ghis %Ux?:ﬁﬂafe@t ygoat ed
with a continuousg, st rfﬁh ey egt | c@écﬁgct | V a ong

each row of vall 39@“5 9 formed 952 P of é’Panq s’°Each sai d

strip of the § mmmﬂlﬂ:)aqiam¢opﬁdanyﬁmﬂambmd@t-cmgummsmg gat e

| ectrode. Th hi
gﬂggt Losﬁbst rgtg suc%%ﬂgﬁ%ﬁegsent | gTelﬁbr?ﬁsc?tﬁg& %J&&Ml&hﬁ e

correspond to | i &fmatedimmediatsly adiacento %%@P?la@&eml%tW| eys
correspond to bombardment by electeonis emitted\by eliecfiberk ofelgs fibreusadathioie substrat e.

(It wll be Undersm%‘w&ﬂ‘ﬁémﬁeﬁ%dmatme gement Hnd ﬁcﬁf-erﬁ%m%ﬁ&e%d
bui | di ng up terll%hwﬁformvall san estgomr

applicabl e i 10, e 9 1gypyr may v %FPedF"*’PH@‘
above-descri bed Eodmdnpbrﬂlephcaphdréastnmbemmonedameegahwodeandme

el ectrode can bec gk ofl afternSrive) hﬁrmsmu PoliBodd bafheah tiaf hBﬁﬁoﬁhfth rons.

It is speci Ilrxe&rsﬁferre t theflbrous cath de

conpri sed of at F‘E’a@? ay pane. 8§?‘l‘@“1°f‘?)%’rm%‘f’gﬁ?

di anond-1i ke car medmlgﬂmbsﬁy’mﬂlbemm&pﬁbtmcﬂhm meeateeleemdem te
fiber consists eg&ﬁﬁuyabﬁaynseéagmmdmama@&mdhm 5 Roshged gl assy

The o 0" 2 on sy hbyengly w%w%*’*"%‘a*%mw BRI o cor bon

or glassy car bonP“hlsselec“WlYOWaBUMeéF%@QhPmOB@m coat i ng conpri si ng
conbi nati ons t her eof .Flat panel displays are so-called bechiRheyodtd oflly AFOK Snchésalickle

o e A R0 e ol o
illustrates &% effABERdRYIhe Fpecifin applicainm: ThRs. 4f veed ooy the tefms "display
cont ai ni ng one spaneld for [¥3ar phriet Hisploylsentirace piapirand corved burfages gyavefiandtherul ar t o
a second possible geometries.
The anode is an electrically-conductive film on a support piate. Typically,
the support plate will be an optically transparent material such as glass and the
25 electrically-conductive film will be indium-tin oxide. The conductive film is
placed on the side of the anode support plate facing the cathode. The conductive
film may be patterned, and in such an embodiment, the pattemed conductive film
preferably consists of rows of conductive material. The cathode and anode are
typically planar structures aithough the surfaces may be configured to optimize
30 performance of the field emitter. The plane of the anode is essentially parallel to
the plane of the cathode. The cathode and anode are typically spaced apart from
one another by a mechanical spacer. The phosphor layer is one which emits light
of desired wavelength upon bombardment by electrons emitted by the fibrous
cathode. Examples of such phosphors include ZnO, ZnS, doped ZnS and the like.
35 Preferably, the phosphor layer is immediately adjacent the anode and, for
convenience of manufacture, can be deposited directly onto the conducting film.
‘When used, the gate electrode is typically comprised of a pattemed
electrically-conductive material which is electrically-isolated from the fibrous

4
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set. of parallel rows of crests and vall eys. 30 FI GURES

1(b) and 1(c) illustrate orthogonal views of Fig. 1(a) show ng
"the parallel rows of crests and valleys containing a fibrous cathode
bet ween a suspensi on el ement and an anchoring el enent.

FI GURE 2, comt@IMid views 2(a), 2(b) and 2(c), illustrates PCRSHs2822

possi bl e enbodi rrent of the invention wherein the substrate consists of

par al | el rovvs of | eys ,and essentially at crests nade froma
starting di anond °§ ?‘E’aﬁ °“¥ the phosphor layer: 5&? | PTI ON OF
THE PREFERRED ENW@ by deposinm the paltemed elecﬁihdlypwoadtmwe matecial onoan

provides for a dlmﬁm@g the cathode and the Cat hode in
\éml ch the %rg;;)%?g?%m ayer or Béh?n g:;tﬂ resgtgodezgndsxgorngg‘)etwlegn

PCT/ US96/ 12823 8atee1ectredemdnmmne¢h slsmemmm&m@geﬁ:deubsm& not in
direct physi cal ﬂ%h&oﬁb&ﬂmdewheﬁﬂﬁséubﬁfai‘ehasasuuabl fashionedNe di spl ay

panel provided by hi's 1 nv e abl | fibrous
cat hode formed offuda I(ﬁrﬁaf’?‘%{"bg B’é‘f"i“%mggﬂ quge%?épﬂg’é% ssion 5
material; (b) a pwcuedmdudmmofaieltyenlhamxdamtcommwmmlfymconduct ive

filmserving onMs&H%j bR nHink]- GbAEE ningQREPUS Ccat hode;
and (c) a phqgphor er ed.i medi af el d anode
and capabl e g‘?’ % 1‘?5’5‘{‘“'015% ke dﬂ‘ﬁ %‘f@?‘ﬁy‘“’g oﬁgné'ﬁ tted
by the fibers of rmeo:rslnmeus cat hode. It w II be under st ood

that the arr ﬁngem?nt Andhitbla ¢ shédid bé Prow mfeala; 188 bgicd bedween ﬂmsmbef: layer

IS e R B Ao vl by o AR e,
between the cathode and the phosphor layer, All materials in contact with or

15 exposed to vacuum used in forming the display panel must be compatible with
such a vacuum.

The field emitter or field emission material used in the fibrous cathode of
this invention is a field emission electron source. Various fiber or fiber-like
geometries are possible in forming the fibrous cathode which is comprised of at

20 least one such fiber. By "fiber" is meant that one dimension is substantially
greater than the other two dimensions. "Fiber-like” means any stracture
resembling a fiber even though that structure may not be movable and may not be
able to support its own weight. For example, certain “fiber-like” structures,
typically less than 10 pm in diameter, could be created directly on the substrate.

25 The fibers can have any shape fiber cross-section limited only by the means of
manufacture (e.g., design of the die or spinneret). Additionally, variations in the
shape of the spinneret may lead to desirable internal molecular microstructure
within the fibers themselves. Fibers may be bundled together in the fashion of
multiple filaments.

.30 These fibers can be made of the field emitter alone or can be 2 composite
fiber of a non-field emitter core with a thin layer or coating of field emitter
surrounding the core. Preferably, the core material is conductive or semi-
conductive. In another embodiment, the fiber may consist of a more complex
structure, for example, a non-conductive core surrounded by a thin coating of

35 conductive or semi-conductive material with a field emission material
surrounding the coating.

The present invention may employ, for example, diamond, diamond-like
carbon or glassy carbon as field emission materials. The fibrous cathode can be
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cathode or, alternatively, the anode may be positioned between the phosphor

| ayer and the cathode. The display panel can al so contain one or nore
"gate el ectrodes situated typically between the anode and the fibrous
cat hode. The gate el ectrode 15 generally conprises a patterned structure
of conduct i vov@a¥¥824ar r anged subst anti al | y ort hogonal PGY/PSP6{2E2
patterned filmof the anode. Each conductive path is selectively
operably connected to an el ectron source. Fl at panel displays

are so-cal |l ed becosmpesediof diamnopd sfigmyongd-like rasber pralassysarkon compositerfikeys o1 e
general ly planar dbuéxstﬁxglasdeﬁnmyrcmﬂmnd hdistaom-lile carbofi bt glagsq cabosorbton2 0

requi red by the s ?@FH e

"di spl ay ‘ﬁ%ﬁ ' t a"e'lg"(‘ig‘l‘g%f cnds, elri%’rg%%%%vnar aﬁ@urved
surfaces as vveII %@gmcwngmwmoydenmmmbeﬁhe anode
is an electri gal Isynmmim:inazg, ﬁﬂxbmmﬂhoﬁcqihide t Injzhaltématé ¢inbGediinkent, the t he

support plate wl Emgg,;: Q%lﬁg"%)iass and
the 25 el ectrica con uctlve el1n |§{r?}h?1|ln OoXl

conductive film |I’§’Y‘”‘ner nylgn geKevign "P‘?‘é%ﬁ" i5ra regigrened Srademate pBL pl at e
facing the cat hodeoMMMMmpmy,WﬂmoﬁWEbdnpﬂmehmmd in such

an enbodi nent, zﬁﬁxﬂﬁﬂi%r% ?yon tgcurEU Walo] ts of
rows of conductlve mat er |_a e cat hogh;sgn n% e arg a*?g’gl:ac%é |y

pl anar st r uctif eonrdianang Kotefad the diamondelike satbog o BiaFsy 5aBpn B MeRe 30
per for mance of trfenﬁudeiydpmpnanenean"ﬁhﬂopﬂmmecdsmt he anode is essenti aI ly
parallel to theﬂ?&n?&ﬂﬂﬂers&ﬂ&ﬁﬁﬁk?%md_r ted Qfleh A HaRsINRaRE

typical ly spaced tt f ne anot h nmechani cal space The
phosphor " | ayer i sg’%ﬁ@‘ ﬁ‘ﬂWl F"Sﬂ‘f g ;s upon

bonbar dnment by elsbuctugof dismiond,dg., ﬂmnéhﬂmmsmsquﬂbdesstmarrpl es of
such phosphorsg i wdqumm&st daﬁaﬁﬁmtmm@subaﬁmonPiﬁéerabl Y,

t he phosphor Iay i at el anode an

conveni ence of ma rmgg %ME‘%@ é%‘a’é‘ﬁ’é‘&i@? We conduct i ng
film mwma agets, Wv%ﬂ%wwwm»ﬁr@mpf sed of
a patterned boﬂi eiothef firin\bf diafbia havisy sERklde sudlmibfincdiméssions is

electrical ly-1 sol hnfibnly @bl ds'ciifié¥er-diamond which has fine grained balls as
20 opposed to a pyramidal structure.

Fibers including diamond-like carbon with an appropriate short range
order, i.e., 2 suitable combination of spZ and sp3 bonding may also provide for
field emission materials with high current densities. By "short range order” is
generally meant an ordered arrangement of atoms less than about 10 nanometers

25 (nm)in any dimensijon. It may also be possible to use fibers, e.g., carbon fibers,
coated with amorphic diamond via laser ablation as described by Davanloo et al.
in J. Mater. Res., Vol. 5, No. 11, Nov. 1990,

Fibers containing glassy carbon, an amorphous material exhibiting Raman

pesaks at about 1380 cm-! and 1598 cm-1, as the ficld emitter material are also

30 useful. "Diamond-like carbon” is used herein to designate the material referred to
in the literature as diamond-like carbon as well as glassy carbon and carbon
containing microscopic inclusions of glassy carbon, all of which are diamond-like
in their performance as fiber field emission materials.

Generally, the composite fibers have a total diameter ranging from about

35 1 micronto about 100 microns, preferably from about 3 microns to about
15 microns. The emission material layer or coating in such a composite fiber can
generally be from about 50 Angstroms (5 am) to about 50,000 Angstroms (5 pm),
preferably from about 1000 Angstroms (0.1 pm) to about 20,000 Angstroms

6
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~PCT/ US96/ 12822 cat hode and the anode containi ng the phosphor
| ayer. This is nost readily acconpl i shed by depositing the patterned

el ectricall ygﬁ%@%%f' ve material on an electrically-jinsulatin
material |oc her between the cathode and the # ayer

or behind the cathode so that the cat hode is positioned between the 5

dibstrate o Coamph St materay Hon 00 RoruSR AT pRIC BemNS s o

sui tably fashi onéHSF!n)AnSSWf ace (e g., could be flat or undul ating).
Ma%elr: al s su;I t aPI e f opiabdbRd e @yMsﬁ&?'l@ﬁKﬁ&ﬂ%t@%kmt Yarivé efeBifon

metal | i ¢ conduct gts. comro as_fi uc such as copper,
gold, al um num Fﬁ'@t‘& §1W alowagﬁm%r?g%?agﬁtﬁfﬁ‘mﬁﬂr one and
the like. TheS paﬁtaepn@uasmmv&lele@am !fﬁnith Piagondylile ofrbon or glassyreasienor
strips. ay preféably Aop&d-ith, B0, Hikoget oPpROSHIRES, toprbvide I €01 ON
bét ween t he cat hode a(it duhet\hephor%g{}gé%a{fﬁ? f:métet ween 't he cat hode
and the anode, i FPOFHRecK9RY I gduce ode and the phosphor
| ayer. Al materials W@WW—MM@WM@U&MMW& n

fTﬁrmfngI Ejhe d|5phd§és§\ﬂ:h€tﬂmt%&iesbﬁ ?sw ent upo: xhthefaiéﬁbnb ato:vacuEmd f
efTle e t er,. Or er e 11 ous cat hode o
this i nvent 6I’l i sdmgm?lal e d em s e‘f}gg x}don tggs“{’%cel

fiber-like gwm%@ﬂmeéwsuostbeéwm@mwmmaybbpmeéat hode

which is conpri saﬂwﬁmﬂkmaﬂuok mte%extﬁatedtb&wb&rmle&taﬂotmrofsm& meant

t hat one di nensi Qn?f h other two

di mensi ons. "Fi bgir}ﬂ(’ﬁ'& nmeans any s d‘?ﬂr'uc‘?tmmc"';gefa1 ﬁés“teslﬁg ?ﬁ)’ﬁ naté gb fiber even
t hough that st ruprcfedthay W%yomwmmmvmymﬁmwcm) develgpine t o
support its @$n wmghirfastiwnwwmigmmﬁmgmmtb&w&mrméwmwm

typically | ess tﬂ@ﬁ"g‘@ Eh,e ggm ? on the
substrat e. e?'{sal'?asg ave a%ng/é?seh pe e?&é?gjsaggegg:c |onk‘?éi mted

only by the rrean diagyond morphologg., f act ure (e.g., design of the die or
spi nneret). Additi onaDh¢mamster bigroviding idianiond composite fibérs fsxo cbatalfibespi nner et

P?%elr gatjhte?rsgle\sllesﬂp{’:@%dgﬁ&sﬂngsh gﬂmt? %%@1 et he?“lgn twt?h nt!las hi on t hl nthe
excitation, radio fréquency excitation or h filament excitation of a feed gas
mixture including a minor amount of a carbon-containing gas such as methane,
ethylene, carbon monoxide and the like and a major amount of hydrogen. The
diamond CVD coating process is slightly modified when graphite is the core of
the diamond composite core, since graphite is known to be a difficult material to

25  coat with diamond via CVD because of the etching away of the graphite substrate
by atomic hydrogen in the plasma. Accordingly, graphite fibers are preferably
pre-treated to increase the density of nucleation sites for diamond upon the
graphite fibers surface. The graphite fibers can be agitated with diamond powder
or grit, in a liquid medium, preferably an organic solvent medium such as

30 methanol, thereby ablating the surface and embedding diamond powder particles
in the graphite.

In Figure 1(a) is shown the substrate 10 used in an embodiment of the
invention in which the substrate contains two sets of parallel rows of crests and
valleys. The first set of parailel crests 11 and valleys 12 (first set) provide the

35 valleys along which the fibrous cathode (consisting essentially of at least one fiber
comprised of a field emission material) is aligned. The second set of parallel -
crests 13 and valleys 14 (second set) is shown perpendicular to the first set, which
is the preferred configuration. Both sets of crests and valleys are shown with
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mul t.iple filaments. 30 These fibers can be made of the field
emtter alone or can be a conposite fiber of a non-field emtter
core with a thin layer or coating of field enitter surroundi ng the
core. Preferably, the core material is conductive or sem -

conductive. | WPRBM enbodi nent, the fiber may consist of PcTosssnzagpl ex
structure, for exanple, a non- conductive core surrounded by a thin coating

of 35 conductive ,or -conductive material with a field em ssion

mat eri al gt‘f’ﬁ%’ tg?)‘é‘ﬁ'ﬁﬂ’ valleys, but sloped or cyrygd spctions,¢an

i nventi on may errplabybeﬂml 1 ravrszofforests autl walleyschrd shown regularly spacehon or
gl assy carbon as iéeihédﬁfﬂl&%e%eﬁﬁﬁ@é&ﬂ&fﬂbﬁméﬂb%ﬁ&‘&e&%m%eﬁ% be

WO 97/ 075
PCT/ US96/ 12822 s of two peighboring valleys is the same within each sete Altsmativeltyy g1 assy
car bon conposi fe memowbmswwgeMMh¢qcmwmmwovma
di amond- | i ke car bgg) ﬂfcﬂuﬁ%ﬂﬁ@nﬂﬁeﬁ&?sacmbev BlpERLE £éd Pers. The

core material can cand car hon_ suc hite or
netal such as tunﬂ@gﬁfm‘g% ?c’fﬁ? ?%ﬁ?’&f"iﬁ’ﬁ B‘T@G‘rcaﬁ”aﬁ“‘%‘gﬂ - 185

sem conductor, e. gachsmqfﬂmpmfmwmvmmbcﬂegmmqmﬁr nat e

enbodi nent, the -ngr‘gngﬁr&faﬁ,sacdmgélag st en
P e g s ol
and Conpany, WI mw@mmptﬁmmwﬁmm@wmyﬁothmmm

di anond-1i ke car bmmsoginaw & TR abou e LOR O

?ﬁgndl am)ndf g(r);rgd %ﬁ‘r"? i a@%ggma nd- I | ke car g&ﬁcfg?‘églr‘&s% %r bon | S
pm to abou 250 pm wide, preferably from about 50 pm to about 150 pym wide.

15 Generally, the valleys of the second set are from about 10 pm to about 150 pm

eep, preferably from about 20 pm to about 50 pm deep, and from about 50 pm to
about 125 pm wide and the crests of the second set are from about 600 pm to
about 700 pm wide. The substrate can be made of insulators such as soda lime
glass, pyrex, and glass ceramics.

20 Although the foregoing dimensions are typical of high density television
implementation, those skilled in the art will understand that dimensions will vary
for other types of display panels of lower or higher pixel size or for different
shapes.

Typical ways of forming two such sets of parallel rows of crests and

25  valleys on these substrate materials include etching, using ceramic
GREEN TAPE™ (commercially available from E. 1. du Pont de Nemous and
Company, Wilmington, DE), sandblasting, thick film sequential deposition, laser
ablation and forging, although other means are possible and not excluded from
this invention.

30 The valleys of the second set provide the means for suspending the fibrous
cathode. The fibrous cathode can be placed along the length of each valley of the
first set and be suspended by the surfaces of the valleys of the second set when
these valleys are less deep than those of the first set. Preferably, a suspension
element is disposed along the length of each of the valleys of the second set to

35  support the fibrous cathode. The suspension element can be a continuous
structure, e.g., a non-emitting fiber aligned along the length of each valley and
upon which the emitting fibrous cathode rests. A film extended along the length
of each valley could also be used. The embodiment using a non-emitting fiber
aligned along the length of each valley as the suspension element is shown in
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D anond fibers and fibrous di anond conposites, such as di anond-coat ed
graphite or dianond-coated carbon, preferably include a sub-mcron scale

crystal structure of dianond, i.e., dianond having crystal sizes of
generally less_than 15 about 1 mcron in at |east one crystal dinension.
Wthin the subYOPH8 si zed di amond crystals, such di aR6hAIS86/12822a| s
include at |east sone exposed 111 oriented crystal facets, sone

exposed 100-orien cryst.a c S ot h. Ano her form of -
di anond havi ng suﬁ%’fﬁ ¥§) r#gwgﬁ ?ﬁg“qﬂs"mdtg% referred to
as caul i fl ower - di Zigsweil %.Moqqé!seﬁhr%qgﬂraﬂmmogmmdoambmmpdsed to a

pyrani dal struct Elpecferableto hweﬂmsubﬁa&%&ed%h@ﬂbﬁ&tddé@%ﬂ&%b&&a&ﬁﬁmp with
an appropriate s s combi nation o
spl[esr] and sp erg’f&é& glg@} ly"IQJS(’(E){g erow eatefaﬂé?éieémchgﬁ ﬁ{ %si on
materials with ﬂﬁiyﬂmﬁmﬁym\emn géhmmﬁstrrss 1(b)

general | y neant am@l@ﬁr'ﬁféoﬁ ctrivallp oSrithictive mdtériih cdabstbe substiate,Ratdpt kthe

nanoneters 25 qh]:!P DRSS 0 use
fibers, car ban a@der sﬂé 6%0‘5*%#&@%?%8%%”%3% #a I aser
abl atlon as "descr § myomd/umemﬂelamyofconmwsmwmcmm Vol . 5,
No. 11, Nov. 1990conductrvematcnal Ec}bmstﬁpai thisPafille]HrR§ SorveésdsaGate an

sTosaos Tt g5 2L i e 1 oo Ll )

"Di anond- | i ke car BEwmingteropghepch xalleyof the serond §eta Adsorshewnistasepand nof erred t o
in the literat ureemnnkﬁhwdﬂahgdedatmgldmiemhmabhaﬁthgbﬂmyyom ﬁHaandaied

car bon cont QRN ﬁﬁFR
whi ch are di armnd%m sﬁh%ﬂﬁg Sedlel‘ |g)e¥i rrrange ggﬂ?ﬁ% ‘1{)8 em SSI on
mat eri al s. ﬁll‘iﬂ‘? ajopg the Jensdiy pheact; ‘Pflih'?‘éalh gegong set

di aneter rangihg bntopciisaid fibBis catliodeitiereby mmqﬂngu&dﬁﬁfbmﬂhmsnpnbeém ably

fromabout 3 mcr %béﬁseﬁ%sus?emmn:k?adﬁle@w&m%%ﬂhy %gg? OBl a%out | ayer

or coating in suc conposite Tiber can 50
Angstronms (5 nm Tabout 50, 000 Angstroms (5 [err]m, preferably
from about 1000 Angst r Sltematiyely, the suspaysionslerhent canty, 0@omtinpons siragture

6 comprised of a series of pedestals or films on each valley of the second set at each

20  intersection with a valley of the first set. The use of a suspension element is
required when the valleys of the second set are as deep or deeper than the valleys
of the first set.

One or more additional gate electrodes can be further provided to better
" control the emission of electrons.

25 In another embodiment of the invention, the display panel has a regularly
undulating sutface on the substrate consisting of parallel rows of valleys and
essentially flat crests. In this embodiment, the fibrous cathode consists essentially
of a regularly spaced parallel array of fibers, wherein the fibers are supported on
the essentially flat crests of the substrate and suspended above the valleys of the

30 substrate. For example, the undulating surface can formed by etching a smooth
substrate such that the essentially flat crests commespond to lightly etched regions
of the substrate and the valleys correspond to more heavily etched regions of the
substrate. Substrates with this type of structure can also be formed by the
methods provided for the first embodiment above, including laser ablation.

35  Preferably, the fibers of the fibrous cathode are essentially perpendicular to the
parallel rows of valleys and essentially flat crests. It is also preferabie to have the
substrate coated with a continuous strip of an electrically-conductive material in
the valleys and on the sides of the valleys of the set of paraliel rows of valleys and
essentially flat crests (i.e., to have the substrate coated with a continuous strip of
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WD 97/ 07524

PCT/ US96/ 12822 (2 [err]m, nore preferably from about 1000
"Angstronms (0.1 [err]m to about 5,000 (0.5 [err]m Angstrons.

D anond typically has several |ow index facets of |ow or negative electron
affinity, e.gve(,’ aceted dianond with a low affinity whe SHA3822 acet ed
5 di anond has a negative electron affinity. Dianond-Iike carbon or gl assy

gﬁz)ts)gﬂor us, to pr“%\[’ﬁm m)re e ec@%pens and&r 3%(}% tt'iy‘h\f\’ggﬁgfunctlon of

the material . mw&%a.smﬁﬁw%w fhepwrllel ayer

preferably has rmylot]cagmussmpsofeﬁgmalﬁumdumm ionssuch steipialoag and

val l eys is preseucm%fmfe E‘"ﬁﬁ? gro w&&ghbe@c&owr In
esults

di anond coat i su face rm
m crocrystal | Bne ’sﬂ"r‘ﬂ%{ F&% Lyvhigh run trangyers t"il‘b?’g}"’éi“fred
that a m nor amﬂubughfwlgclmhhﬁbasbﬁthsﬁbmsmdahMen at Ieast a portion of
Iy also be . - R erere Ul Kt e é“‘f‘%“é”%ﬁf’*ﬁ*ﬁ?”'“

y als |
deposi ti on ( CVD) MW‘W’ B’ﬁhaﬁ’ &i?’gf?f\ﬁ@‘ﬂ ?*{“&E"gr& I i gnnent
bet ween t he growmmbysdmsowﬂ'hewcommuom&%ﬂgmmnteglmofﬂimqumrmte t he
devel opnent Bfong OHEtH theoRitRa: @W@wﬁﬂ%wccessmﬂf@%}gams@ﬁ
One manner of pr%ml d|n mnggqsggng Sl bers 1s to coat ﬁ? ber-
shaped substrate & Wﬁ Wﬁ%?’l?c‘%‘g% sypplyRe  owave 20
excitation, radi sufacevandromthecothértsides of both ofithese flat regions are pthex egionsalag a f eed

gas . thUf%ﬁdﬁ%ﬁ&ﬁ&ﬁuﬂ%ﬂ%g%%ﬁmﬁiw | Eﬁ&éﬁsﬁﬂtﬁn yiflatdas sucht
as net hane ene r bon .nonp n i ke..an of amun
of hydrogen. Thecmsts ‘Efr%\dr%?cﬁ‘ %"E ?ﬁ‘é‘g Ys Ei\“ ’I“?“ﬂﬂ%‘?.
when gr aphi t d5i s valleys anst esseatially flat crestychawexertiely arsmobesntiouoss raws, Bitnce

graphite is knownmﬁ@(bewsdnfailmﬁemﬁemsm edaaaguw:ﬁ:brvdkmgd vi a

CVD because of th hd @gz gg@/ y atomc
hydrogen in the p%as 3 ﬂstBQ&l ap &thgflltgg?:egare re ‘é’r”att ly
pre-treated to |HEF?§‘a¥ ‘F“‘hm’ﬁ egibedimentds sheWRABNd upon

t he gr aphi Figute bemgurea(a)ahms alpjossible aqnhpitferii o thesutare obtheagi tated with
di amond powdefy  sypstrate. This pattern could be used to form the valieys and essentially flat

crests. Figure 2(b) shows the areas of the substrate that would be etched and

Figure 2(c) shows the depth profile along the 21-22 line of Figure 2(b). The

fibers of the fibrous cathode would be aligned along lines such as the 21-22 line

of Figures 2(b) and 2(c).

25 It should be noted that in the embodiments of the invention, the axis of
each fiber of which the fibrous cathode is comprised lies essentially in the plane
of the cathode. Thus, electron emission from these fibers occurs along the length
of the fibers utilized and not from the fiber tip or end.

As noted above, the substrate can be made of insulators such as soda lime

30 glass, pyrex (borosilicate glass) and glass ceramics. The valleys and essentially
flat crests can be formed by well-known etching techniques. In one example,
glass substrates were cleaned with a detergent (Sparkleen® commercially
available from Fisher Scientific) and rinsed well with deionized water. The water
was removed in an isopropyl alcohol vapor drier. The side of the glass to be

35 etched and patterned was coated with a 50 nm layer of chrominm followed by a
200 nm layer of gold using an electron beam coater. Positive photoresist (EPA
914E2-30 commercially available from Hoechst Celanese) was spun onto the gold
surface and baked at 100°C for 30 minutes. Exposure of the photoresist was
carried out using a Colight vacunum contact printer and the image was developed
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or grit, inaliquid nedium preferably an organic sol vent nmedi um such as
30 nethanol, thereby ablating the surface and enbeddi ng di anond powder

particles in the graphite. In Figure 1(a) is shown the
substrate 10 \Q'%%ﬂ’g'}s? an enbodi ment of the invention in which the
substrate con fwo sets of parallel rows of crests and PCTUSSY/ 8 ey s .

The first set of parallel crests 11 and valleys 12 (first set) provide the
35 val | eys alon ch t L Qr ous cagf.hode onsj stin essentlally of at
| east one fiber M% ?&éﬁg X a}t&' Fmags e piehed imdo/Kf | gned.
The second set of%l%&ecmm"@ﬂmssdmwhmlwaay@sg@WMmet) is
shown per pendi culmcmoinleezuéu e efpdsed YlatsGihs etched in'HF $olifioR t6 bithine d

configuration. g%%ée%cﬁfnﬁinsﬂxggﬂs val | eys are shown with

7- . \/\097/0
PCT/ US96/ 128225 mm:nmmmmmmmmmmmm| eys, but

sl oped or curved deeaibedﬁtsmewego cription, xbﬁﬂL&QﬂdeJ&SdSﬁﬂﬁééﬁﬂeﬁ%Of

crests and vall ey re space i € d| tance
bet ween the cent e%sﬁétf%?&gmr%el éﬁ%b’?a"leé“ﬁ'é’é?“é"%?f"% ?%ewa‘ﬁ‘é“ centers
of two nei ghborungmm@wwghméemmm@mmsmambmﬁmly, 5

when several phosmaman,anefeﬁﬁeaﬂswﬁdqﬁmmmﬁe %Ia%fn&%é}%wﬁs%etg
provide a H’%%X t he di ons in the fjrst set can be
varied to corr%)oens%?eég#’ﬁg#% Qn %ﬁcqé% ‘é&f’ ¢ TVEOPes of the

di fferent phosphors. In that case, each tri ad, Le., each set of
three pair of cests and valleys, will be regularly spaced.

The val l eys of the second set are typically narrower and | ess deep than the
10 val l eys of the first set as shown in Figure 1(a). Generally, the
val l eys of the first set are fromabout 25 [err]mto about 250
[err] m deep, preferably fromabout 100[err]mto
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about 150 [err]m deep, and from about 10 [err]mto about
preferably from about 150 [re mn.io about 250 [erJ "‘Hzl

crests of the first set are from EUI&SHEFTH |arrimto abowt

wi de, preferabl(z from about 50 [drr]m 33»‘ Bfer r ] m wi de.

General ly, t h&" s of the secontwset:wa rom about 10 prmsmzm 150
[err]m deep, prefeably from about 20 Terr{A to about 50 [err]m deep,
and from about SOW about 125 [err]mw de and the crests of
the second set aré Trom abo t 600 r] mto about 700 [err]m w de.
The substrate can be maae of afibreys-cathogdef of at lepstss

pyrex, and gl ass mﬁmr@mpﬁadofafwldenﬁssidmmyndhaefwmg@i-a@mﬁﬁhons are

typi cal of high d@&%ﬂ‘gﬁshﬁhﬁ&d& lled in
the art wll der st and @h%% di sLons “GF“’X Tnfﬁ' g?ﬁ irﬁtypes of
di spl ay panel s of Iy ?’ﬁ'ﬁﬁqﬁmgf’?ﬁ thy elscrons eayitted

shapes. ﬁwrfﬂanmdewmmgaMnﬁwmmemﬁﬂh@ | el
rows of crests angipdons bt | ude

et ching, using ce(ri'ia mﬂ&ielxg 'Il'JX% errlsa%’ n&é’?@”gﬁy avﬂé{;\fabl e from
E. I. du Pont de I@%‘g?dﬁﬁﬁwd WE‘E adting,
thick film sequenmmhdctegq»hysmbcmtdcamﬂuhesubstratablvmremmeaﬂﬂlafy@&@lﬂiﬁﬂ\er

al though ot henpnmeagspdes POssi bl e and not excluded from this
i nvention. 30 The vaI I eys,of t secgﬂ&d set prow de the means for
suspendi ng the fibrous “5"51@'% phstrate spithiacfiost sgt e 4

along the length efmd&hmmldfegcstaindweysandasécmdbetsaépardluﬂrdm&u&mnded by
the surfaces of t G vl Mexeﬁﬂiehewwf&é&%a%ﬁwm%f el 'S fior (RLEYS are
| ess deep than thgoazﬁ%()f tt%e fi F‘%[L et P@gf era %{ smqsftijrgtpeny on 4
element is dis b’?‘ﬁy’ $¢he vall eys of the second
set to 35 gport t he f| &oa&dﬁhlohowmd&'hmsuapms&manydammneﬁberbe a
cont i nuous Sdrhpiikb 8! 6fa fidld emissin Hiaidrigl Alighd Sth bPORA ofih@ng t he

rests A i1m ext Syl o °*E’%a5¥i“ et o B y te#ry?fawﬁi"ﬁiufé‘t al's0 be
used. The enbodi ment using °a Asyrpensioniclement dxmed alongthalengheﬂeawhoﬁglet he

| ength of each valdlleys afsaidisecond 3@ paralic] edvey 6Rtcsts Snd P48Ks ind supporting

8 20  said fibrous cathode.

2.  The display panel display of Claim 1 wherein said substrate is
coated with an electrically-conductive material, except in the valleys and on the
sides of the valleys of said second set of parallel rows of crests and valleys,
thereby providing a substrate coated with a parallel array of continnous strips of

25  electrically-conductive material, each said strip serving as a gate electrode.

3.  The display panel of Claim 2 wherein said fibrous cathode is
comprised of at least one diamond, diamond-like carbon or glassy carbon
composite fiber consisting essentially of diamond, diamond-like carbon or glassy
carbon on a non-diamond core.

30 4.  The display pane] of Claim 1 wherein said suspension element is
comprised of 2 non-emitting fiber aligned along the length of each of the valleys
of said second set of parallel rows of crests and valleys. |

5.  The display panel of Claim 4 wherein a second non-emitting fiber
is aligned along the length of each of the valleys of said second set of parallel

35 rows of crests and valleys on top of said fibrous cathode thereby anchoring said
fibrous cathode in place.

6.  The display panel as in any of Claims 2-5 further comprising at
least one additional gate electrode.

This Sheet Has Been Reﬂlaced
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WD 97/ 07524
PCT/ US96/ 12822 . Figures 1(b) and 1(c) are t ml!l!ﬂ M“M!LI”'“
views of the substrate of Figiar SHEETDIAS EEEN e the fi

posi tioned onvwﬁé‘g’%)strate it ip REP @ er ablfe to have the substrate
coated with an 4 cal | y- condum_v-e-uaiﬁ-l—a-l——%-e—' prdﬂwm to
apply a voltage and create the electric field necessary for em ssi on.
Such an electrically- co uckd v terl 15 is s, 1(

and 1(c). The electri cal [y- Ié%% t”é??ya?mé’g%ﬁé g‘g‘ﬁ“?‘ Q"&@cept
in the val | 8%8 Oﬁm%ﬁﬂmﬂ%@e@dﬁmwex&mewmmmmmWssét

t her eby provi di ng mstsmdvall@ubﬁﬁdicﬁieeom ed with a parallel away of

continuous strips of el gc mgué congductive nateri Each said
strip of this parallel array =R}y panel of CGlatm, np%&‘m SFREPS fi brous
cathode 16 i s shovidditienaligatg clestredee non emtt| ng fiber 17 runni ng

t hrough each valley of whe Tecdissla

Sk afi st
emtting fiber 18 th 0 th vaIIesosftthe
second set on t’gﬂ%g?‘ﬁ Fig“f”gmg‘igg ad[c%g? Z?\ tsaid
fi brous cathode i rSIBMEE °;Ah°°1'°313 ofrmlﬁrmetmgoma@em %Intgwa!bomlﬁligpm he
| ength of each of vhﬂeﬂﬂdlégé&f@&dk%&ﬂ&%&ﬂhbo%mpﬂﬁoMt 040 1 deleyf | DT OUS

cat hode therebl a Iac al'so be
used when susp}gns:ag‘ﬁ IS achi e dk%{bgrreangmégi‘r"@ %aﬁmgr’?ﬁ"f‘fiﬁ
fiber. from ahopt-6Q0nm ta-4 Wamwideensi on eI enent can be a

di sconti nuous structurdo. medispmrpaaadafoimmwm:ﬂévm?@@ﬂsaid&&a&eﬂ | ms

on each val | ey of Maw%us t@ab&afkqmdeép%%%s,c&msmwm ayall ey of

the first set. ggﬁ ensi on en the
val l eys of the se HF‘%%%’%@P‘W“H&‘HWH@\?&PP@}@W of

the first set.5s wxde,andthevalle@nefmdmoxﬁmddeﬁombummalwﬁm can be
further provided etter control the em ssion of electrons. 25

I n anot her enbodi nent hﬁ’& the display panel has a regularly
undul ating surface on ?ﬁue S %P “E‘gr‘?g gﬁgherﬁammnaﬂat#w)sonsfxam | eys
and essent i glertyode|and whersint the pirallel noves efivsaiane nilleys bfsafd firsxsdsare at hode
consists essenti ab&gsenmcuxm&ﬁxe%a{aﬁa%aﬁ b creRriadalds 3k b sedbdfosr.Of fibers,
wherein the f'hBers are iUppﬁetd?sp
laypanel of Claim 11 in which the valleys of said first set
are from about 25 pm to about 250 pm deep and from about 10 pm to about
350 pm wide, the crests of said first set are from about 25 pm to about 250 pm
wide, the valleys of said sccond set are from about 10 pm to about 150 pm deep
and from about 50 pm to about 125 pm wide, and the crests of said second set are
25  from about 600 pm to about 700 pm wide.
13.  The display panel of Claim 12 in which the valleys of said first set
are from about 100 pm to about 150 pm deep and from about 150 pm to about
250 pm wide, the crests of said first set are from about 50 pm to about 150 pm
wide, and the valleys of said second set are from about 20 pm to about 50 pm
30 deep.

14.  The display panel as in any of Claims 1 or 11-13 wherein said
fibrous cathode is comprised of at Ieast one diamond. diamond-like carbon or
glassy carbon composite fiber consisting essentially of diamond, diamond-like
carbon or glassy carbon on a non-diamond core.

35 15. A display panel comprised of a fibrous cathode formed of at least
one fiber comprised of a ficld emission material, an electrically-conductive film
serving as an anode and spaced apart from the fibrous cathode, and a phosphor
layer capable of emitting light upon bombardment by electrons emitted by the
fiber field emission material and positioned adjacent to the anode, wherein the

13 o
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the .essentially flat crests of the substrate and suspend
val l eys of the 30 substrate. For.exanple, the undul ati Ig m El gﬂj'”!!l

formed by etching a snooth STHIS 1SHEEE !'ﬁ%cﬁf:'él\h t the essen
crests corresgv nd to Ilghtly etched regg bf t he substrate and the
val l eys corre % nore heavi [ pf t he PCT/USO§/12822at €.

Substrates with th|s type of structure can also be forned by the

met hods provided for th irst e i ment above, including | aser ablat |.on
35 Preferably, %“&Pﬂ%@gﬁ B FubgiEate. and fheeortiens of said fbrous | v

per pendi cul ar to Waﬁm%mmmmmmmmm arsanpended dogd fI at

crests. It is al srbtpidifeet pysicallcOntad whithithiesubstrate, wﬁskﬁxttﬁ@&iﬁp%
continuous strip c%?ggesel ectrically-conductive materi al

val | eys and on the es of the valleys of the set of paral l el rows of
valleys and 3  essenti afl yaTegularly pdlating surface on widsebstrad witlsa fisst sent e

goat ed wit CV agg?g&f Sows 6f dlest and valleys and a second set of parallel rows of crests

PCT/ US96/ 12822 oy whetein the rqws of gy and Yplleyaf spid st sgt areroteacallel o\, of
val | eys but not dpthegowsef crests andy of said secaridset andalet wlleys Tif said sdeemcd by
provi des a subst rﬁ@m&kq&p&%mr&k&msc‘ anarray of continuous strips

o Féiﬁtr%ﬁ?'sf%afgﬁjgft % " s R P B tent aneeR on
(i.e., each sai d alignadsl %@gnﬂbﬁcﬂghpéﬂlewéwwﬂe}dﬁmmfm!ﬂdmsvferse to
the vall eys crési3ratid ghlleph i subpendéd Byakicsubfacds o8 the valiéyy of &aid 2061 skt

A variation of t ij"gﬁgi g"vmﬂ n provide better control of the
el ectron em ssi onh# I'S o?le 1N ﬂleegal I egs and the essentially flat
crests occur in pows'nﬁﬁ“l’ﬁﬂé’é'@elﬂ whereinsgid: subrirateds cqated with her e
is a region df thaebumm)acmdﬁsﬂxvemmméptﬁhhéhﬂlewﬁmﬁdwwﬂieatl ng

with a successi OQa@Jst;f‘ Al&mt ns vfnav%t caean dw% ﬁe@%&%

either side of this reglon ar re
a subs: mg w(iethap el array of continuous strips of electrically-

conductive material, each said strip serving as a gate electrode.
17.  The display panel of Claim 16 wherein said fibrous cathode is
20  comprised of at least one diamond, diamond-like carbon or glassy carbon
composite fiber consisting essentially of diamond, diamond-like carbon or glassy
carbon on a non-diamond core.
18.  The display panel of Claim 17 wherein a non-emitting fiber is
aligned along the length of each of the valleys of said second set of parallel rows
25  of crests and valleys on top of said fibrous cathode thereby anchoring said fibrous
cathode in place.
19.  The dispiay panel as in any of Claims 16-18 further comprising at
least one additional gate electrode.
20.  The display panel as in any of Claims 16-18 in which the parallel
30  rows of crests and valleys of said first set are perpendicular to the parallel rows of
crests and valleys of said second set.
21.  The display panel of Claim 20 in which the valleys of said first set
are from about 25 pm to about 250 m deep and from about 10 pm to about
350 pm wide, the crests of said first set are from about 25 pm to about 250 pm
35 wide, the valleys of said second set are from about 10 pm to about 150 pm deep
and from about 50 pm to about 125 pm wide, and the crests of said second set are
from about 600 pm to about 700 pm wide.
22. The display panel of Claim 21 in which the valleys of said first set
are from about 100 pm to about 150 pm deep and from about 150 pm to about
14
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surfaces and on the other sides of both of these flat r re ot her
regions al ong whi ch the surface is undul ating vm't BB F ﬂﬂu”m
val | eys and essentially flat Tgﬁgmﬁ gggr\a,cordr g d
enbodi nent, there are still paraljl ﬁtﬁ al l eys and essent i all y
flat crests; WOREVEM they are ndi_con ACED e but | rcrn,samz(l)

rows of valleys wherei n the valleys are pl aced at reqgular intervals al ong

each row, and(2) pmfwdg gx@&s@{éﬁd%@ stz H,‘gbthteo SEY iLally flat

crests pl ace W °S0Ch 2 Péhbodi ment —
i's shown in widp,pnd ghey, F@%W%WME?%@*%@H‘Mern on

the surface of thaep0 substrate This pattern could be used to formthe
val | eys and essenti al | {Kai F ‘9% éng as of
the substrate that wou d be e%he'cf 3 I gur.e p@ﬁ?’ epth
profil e al ong % heslestrogeand; whereis thepasailel rov of cregtpand valleys p ﬁ’é‘?@sbﬂ fifte
fibrous cathode vperpetdibsiartoitigpacilial ong of trests and villleyssof tshié sétbnd set] | ne

of Frgures 2(b) and 2(g) t;larﬁr 1o rt}?lud

enbodi ments of the i nvent I on, d”fp%%’pmel()f hg%qv eac tﬁ'%agg“r'st Whi ch t he
fibrous cathode iase &pmnePeutdd P ta abeis 280 um deey) and from abayt 20,um to about 5t { he
cat hode. Thus, elmmmmmsmoﬂmmsmhohﬂbsumqmmabmwow Iength

(r)IIJt tegea]l;io\?gr Jgﬂ%‘strate fﬂ%g g @?ﬁéﬁ%tor@gﬁgﬁmlsowgﬁp ne 30

gl ass, pyrex (bor to)abopt L 29 wide Spqond setamy
essentially frddnaboutﬁ@ﬂsﬂmto;d:oum;xmwm by wel I - known et chi ng
techni ques. I n one exaysp SoF CRURSIar a
detergent (Sparkl eeg&a% Bﬁ x lig&%%hw@r seﬁgr S ﬁ%ttsa
Scientific) and rh yl ?Q%‘Bdﬁﬁi pm to & °“§Nas

renoved i n anls sd50gpywide) thotrests efsaisk firs secare fibmeabointi® pud totdboutfiS@pm t 0 be 35

etched and patt erdad 4@ theVandyR df Wid fecand@e ROHoRY fouPl0 i iPdbodi B yh| owed by
a 200 nm | a%er of gold using an el ectron beam coater. Positive

phot or esi st (EPA 914E2- 30 conmmerci ally avail able from Hoechst
Cel anese) was spun ont2§. t hEheydisply panel as injarfyef €laimd 15 ok 823 whegidsaidr | C f or

30 m nutes. EXPOYibiréus@hthbiitis BoiRires of flleddBéne diamondf &hnb@Hlitd dardéhiodg a
fg I ght vacuuy coplaclarbi QbnpbsifHbet CinsisiRikSscliin, & SR8 diamond-tike
carbon or glassy carbon on a non-diamond core.

27. A display panel comprised of a fibrous cathode formed of at least
one fiber comprised of a field emission material, an electrically-conductive film
serving as an anode and spaced apart from the fibrous cathode and a phosphor

25  layer capable of emitting light upon bombardment by electrons emitted by the
fiber field emission material and positioned adjacent to the anode, wherein the
fibrous cathode is supported by a substrate and the portions of said fibrous
cathode addressed, and from which electron emission occurs, are suspended and
not in direct physical contact with the substrate, wherein the display panel further

30 comprises:

a. aregularly undulating surface on said substrate consisting of
parallel rows of valleys and essentially flat crests; and

b. said fibrous cathode consisting essentially of a regularly
spaced parallel array of fibers, wherein said fibers are supported on said

35  essentially flat crests of said substrate and suspended above said valleys of said
substrate.

28.  The display panel of Claim 27 wherein said substrate is coated with
an electrically-conductive material in the valleys and on the sides of the valleys of
said set of parallel rows of valleys and essentially flat crests thereby providing a

15 -
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\IggT?ZJlsgg?igSZZ . with Utramac M- 96 devel oper. ) ilm“ﬁlgggls ﬁll!l““l
e+t chro

i mage was etched in I[er]/KI éﬁg ﬁph%nu

this etching was subsequently et ronme Etch. The exposed
gl ass was et cWOP”OT24E sol uti on obt BEFHACED  apbr opri at e BSTAMI6EA8Rhs i n

the glass. 5 Al though particul ar enbodrments of the present
i nvention have be '913 g@”g L LdiRdrd,ON: it will
be under st ood by %Eose S - Lﬁ &J&,&@gﬁ}&%;{g |nver¥t|on S
capabl e of nuner o G¥ARERN dlpog cachrry aid sEip Seyag ANt s

wi t hout departi ngagatesiectoades pir i t or essenti al attrl but es of the
invention. Reference shoul mwwgcﬁ,@w@ﬁ&gﬂsﬁhmcm% than to

the 10 1 or eqo ng gRecl bf A1l:8fine Gaikdbd, bt 151055 SPSasd) ot "Vt O
composite fiber consisting essentially of diamond, diamond-like carbon or glassy
carbon on a non-diamond core. _

30. The display panel of Claim 29 in which said undulating surface is
formed by etching a smooth substrate, wherein said essentially flat crests

10  comespond to lightly erched regions of said substrate and said valleys correspond
to more heavily etched regions of said substrate.

31. The display panel of Claim 27 wherein said fibrous cathode is
comprised of at least one diamond, diamond-like carbon or glassy carbon
composite fiber consisting essentially of diamond, diamond-like catbon or glassy

15 carbon on a non-diamond core.

32.  The display panel as in any of Claims 27-31 wherein said fibers of
said fibrous cathode arc essentially perpendicular to said parallel rows of valleys
and essentially flat crests.

33. The display panel as in any one of Claims 28-31 further comprising

20  at least one additional gate electrode.

34. The display panel as in Claim 33 wherein said fibers of said fibrous
cathode are essentially perpendicular to said parallel rows of valleys and
essentially flat crests.
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11 GR- 9729 CLAI M5: 1. A display
panel conprised of a fibrous cathede forned of at |east one
“fiber conprised of a field em ssion material, an electrically-conductive
film serving as an anode and spaced apart fromthe fibrous
cat hode, and"¥P {8¥bhor 5 layer capable of emittiPgr¥§A?2Lpon
bonmbardnent by el ectrons emtted by the
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FIG.1b

FIG.1c
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fiber field em ssion material and positioned adjacent to the anode, wherein

t he fibrous cathode is supported by a substrate and the
“portions of said fibrous cat hode addressed, and from which

el ectron em ssion occurs, are suspended and not in direct
physi cal con™f@974%24h t he substrate, wherein the display paREFUSW/I2$ar

10 conpri ses: a. a regularly undul ating
surface on said substrate with a first set of parallel rows of

crests and valleys and a second set of pa%yleﬂ rows of crests
and val l eys wherein the rows of crests an 3élleys of said first set are
not parall el to the rows of crests and vall eys of /&4

set; 15 b. said fibrous cathogs '
essentially of at Ieyr A ber conpr i g
eni ssion material alfZg 7
val | eys of said firsfZ 432;23=//x,;,
c. neans for suspendf :,// é%%é%?

; - //,/.;///4 v
di spl ay panel of d g%?” n the means for suspegjé%gz ;/V
fibrous cathode is tz;/sur'%ghs of the valleys of 27NN
paral l el rows of / 4 crests and valleys
the second set are not as deep as the
set. v 2 The di splay panel Vo
means for suspendi ng fibrous cat hodeZ
el enent di sposed aloy;
second set of parall§g
sai d fibrous cathodef
ofdmnBLSmeh/ ;%wumeis

- . . / .
el'ectrically-conductiYe matefi al, except in the vall ez
sides of the valleys of said second set of parallel
val | eys, 30 t hereby providing a substrate coated with a2darall el

array of continuous iAS el ectricall d ive
material, each said E.:LG .sﬁﬂi ng as a gate el ect rode.FbI(G ,L?b

5. The display panel of Caim4 wherein said fibrous cathode is
conprised of at |east one dianond, dianond-|ike carbon or glassy carbon
conposite fiber consisting essentially of dianond, dianond-1ike carbon or
gl assy 35 carbon on a non-di anond core. 6.
The display panel of Claim3 wherein said suspension elenent is

conprised of a non-emtting fiber aligned along the | ength of each of the
val | eys of said second set of parallel rows of crests and
val | eys.

‘/ I3 Oy
"4 o -
4. The ®&4%

SUBSTITUTE SHEET (RULE 26)



égci%j?:r)in- emtting fiber " Th?sdi’if‘mgﬁgdp:lnglngoz hglﬂumﬂ“mu muﬂuf

t he val |l eys of m_second set of parall el rows *of ‘crest’s dnd*
val |l eys on top d fibrous cathode thereby anchoring said
fibrous cathode in pllhce.A display panel comprigsd of aHibr eformesd afgt leastany of

Caims 4-7 furtg grﬁb%f)@&%ﬁ@eagf Qtﬂ%ﬁieer%iissgorr haashl ARl tally-RBAductaé Glm

el ectr ode. pl ay panel as in any one of C ains

f
4-7 in which tiserviag af danenode and spagesi@pagirom therlbrgpirafhndecdid phosphl i r st

set are per gendidll Oofted@irthar 1adht 8pod SWMEha@dment by elediros emitteddby\tad | eys of
sai d seconste'gﬂ.a'yce&l1(%5%11 f fo.aéh %o 4 7

L. , e di splay papel,, of aim9. further
conprising at [fthssfielgrmission mategialpnd, H?ﬁ‘é‘lon%g?"ﬁa‘%n&ﬁtpﬁaﬁg < wherein the
11.  The di spl Hpro@y@ithodt iQ@gm}t&i byna Wiselite bhé thegddrigs affsakldfitdods r st set
are from about 2 errlmto abqut 250 rrlmdee r [err]m
to about ca}%gge f“é‘l‘?ﬁsﬁg’\ﬁn gfforrg i cg%g% nswlség’ln?]&? ﬁssggggggéeél dom
about 25 [err] mot in dibsmuphyRbal fentadt mithibe subsirate, whereinvhe Hispky phned dughesecond
set are fr?@ about 10 [err]mto about 150 [err]m deep and from about

50 [err]m al98ﬁ’tpnf?2% [err]mw de, and the crests of said se,cong;i set are
from about 600 [err]m toaabeueguiaty prdulgtingsieface on said substrate with a st set The

di spl a anel ' ' [ f ] ' are
tr oPn a%ogt 10 O%F pat Eohd o‘é’ RBrelfd a%ﬁ? VAl uad h 8¥con@fsetSdt frdllel fwsSoflcrests

2bolt 20 250 ShAnAleHSHHEn thoBP S SRS SRIPIFIOT SHALEY BT PPOAFHBL 50
[err] mto abouty #R0rolv8of kidsts and valleys @€ said Betohdigetyal | eys of said second set
st fyom apeut 20°Ler ]y o oo RhS Libaiop ooty pgone o 13,
el ectrode and wbeipeised dfefigld ealidsein matesalaliguedoalong thedength bEgashof theai d fir st
ai d second. soyeleyy Ot atirst e b Bl Budor FEUERRLABEPS R BTC TR YR T
the valleys of said first. sateans for suspending the fibrous cathode.
2. The display panel of Claim 1 wherein the means for suspending the
20  fibrous cathode is the surfaces of the valleys of the second set of parallel rows of
crests and valleys and wherein the valleys of the second set are not as deep as the
valleys of the first set.
3.  The display panel of Claim 1 wherein the means for suspending the
fibrous cathode is a suspension element disposed along the length of each of the
25  valleys of said second set of parallel rows of crests and valleys and supporting
said fibrous cathode. _
4. The display panel display of Claims 1-3 wherein said substrate is
coated with an electrically-conductive material, except in the valleys and on the
sides of the valleys of said second set of parallel rows of crests and valleys,
30  thereby providing a substrate coated with a parallel array of continuous strips of
electrically-conductive material, each said strip serving as a gate electrode.
S.  The display panel of Claim 4 wherein said fibrous cathode is
comprised of at least one diamond, diamond-like carbon or glassy carbon
composite fiber consisting essentially of diamond, diamond-like carbon or glassy
35  carbon on a non-diamond core.
6. The display panel of Claim 3 wherein said suspension element is
comprised of a non-emitting fiber aligned along the length of each of the valleys
of said second set of parallel rows of crests and valleys.
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are fromabout 25 [err]mto about 250 [érr]m deep and from about 10 [err]m
t o "about 350 [err]mwi de, the crests of said first set are from

2ot are ft om sbout ig?’l[:terf "ibA bl of Clpim ¥ tiftreih A biSerflnp e b 000"
50 [err]mto abselignemlong i dengtluef eadndf the ealteysof saidfsesmiddesefqarniieket are
from about 600 r ] . -1 The

di spl ay panel O%Wéogg}rﬁs f%fﬁ P%Hf\}\;# gﬁ t%ifl!éf%/a.gq ﬁ‘ggs (C)%th%%‘l tgerfe W grtlchgrelgxgsaxd are
from about 100 fspyy ¢athasiednalace-150 [err] m deep and from about 150 [err]mto

about 5250 [err]gn V“'Pi%diﬁﬁl@yﬁd’n@ﬁésﬁn%i{ﬁﬁtﬁiézéﬂsﬁﬁﬁtﬁér&{ risidgy about 50
[err]mto about 150@(%(34#1'?@?5 lede and the valleys of said second set
are from about 6%tp ’r“i ¢ gﬁtﬁﬁe"g@d"ferr] m deep. 16.
The display panel as 9.n ahe diépldy pineFashn anponelSF Chainbé7ah witel @e paralel
[1brous cathodg, 8 of QR .38 Yaifdys B saif A% s'MFe SeBoRicliardo HORTale: m%vs%afgf’ggsy
carbon conposi teeests dielrvatloysofsaidsgeasisent i al | y of dianond, dianond-Iike

Carbon o fhessy car[on SR oo 9 s e widfoe A

fi ber eonpri sedddriogakgatg ele@tradési on naterial, an el ectrically-conductive

film 5 serving as aﬂ.aanﬂﬁd%wfmaédmagmH{wﬁﬁh&tfv%géeps%i&ﬂ@me and a
1t L] I ght upon bo rd y

phosphor | ayer capabl e of "em tting ment
el ectrons eni t GEGITPRR 30RBE 25 Lm to AbIR 25¢ i3} dpep dnd Sognabeut &0 e toabauHosi t i oned

adjb a;:enz to Ij h?ﬁ@@%’ﬁ?d&%@%ﬂs éﬂ‘sgid fu'gtset ﬁﬂeb‘fdﬁﬂﬁb&ﬂ?ﬁ@ﬂ@td é(})oﬁﬂmﬁﬁled 3y a
Supstrate rcr,pns .sal | DIr O al hode, a Lessed, an
From vt o T8 e RECHAIRES P id BoPad el Bora sbonrd DU ot TG BEr Gen T o
physi cal cont aetd fiothatone 58 phstorabvet, 1 26hen eiide, hhd thei csestagf Jaahetorfdret frer

conpri ses: Jkarly undul ating surface on said
substrate consisti %%ou(t)fSOO pm to abo@raqopé{rﬁg)géé of valleys and essentially flat

crests: and 12.  The dispﬁz?frpanel of Claim 11 in which the valleys of said first set
are from about 100 pum to about 130 pm deep and from about 150 um to about
20 250 um wide, the crests of said first set are from about 50 pm to about 150 pm
wide, and the valleys of said second set are from about 20 um to about 50 um

deep.
13.  The display panel of Claims 1-3 further comprising at least one
gate electrode and wherein the parallel rows of crests and valleys of said first set
25  are perpendicular to the parailel rows of crests and valleys of said second set.
14.  The display panel of Claim 13 in which the valleys of said first set
are from about 25 pm to about 250 pm deep and from about 10 gm to about
350 um wide, the crests of said first set are from about 25 pm to about 250 um
wide, the valleys of said second set are from about 10 pm to about 150 pm deep
30 and from about 50 um to about 125 um wide, and the crests of said second set are
from about 600 pm to about 700 pm wide.
15.  The display panel of Claim 14 in which the valleys of said first set
are from about 100 pm to about 150 pm deep and from about 150 um to about
250 um wide, the crests of said first set are from about 50 pum to about 150 pum
35  wide, and the valleys of said second set are from about 20 um to about 50 pm
deep.
16.  The display panel as in any of Claims 1-3 or 13-15 wherein said
fibrous cathode is comprised of at least one diamond, diamond-like carbon or
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b. said fibrous cathode consisting:essentially of a regularly 15 spaced
parallel array of fibers, wherein said fibers are supported on said

essentially flat crests of said substrate and suspended above said valleys
of said sy catben composite fiber consistigg essemtigdlyrfstitragng dipmongrlike) ai m 17

wher ein said S%ﬁrﬁa&r%éésg%ﬁﬁﬁﬁﬁgn%Bfﬂ-diamond cBfe.el ectrically-conductive

material in the valle d on the sides of thﬁ?valle 20 id set of

paral l el rows of val leys Adispiayapslicampysed ofia f@‘*ﬁ%“?ﬁ‘%@%@%%‘?fd\?'%‘%g a

Z :J 2 it ; ?tc gl Ic oat gheWitel compadedl dialfieR] éraisioh nfatital, Rl tridailyRBndictive film

- . conductive, mate I I

val | eys, eaéh SETA0S 2 AAnode e, spage apart ﬁ‘?rg 3 %Iogf g”ég&%o%‘.%%‘hph%gp o'
gg.rrpr_ Thg d:c spltla%/err@aﬁ&uie M%Mgﬂgﬁﬁgmb@hbmdmbﬂwaemscaﬁmm the 25

I sed of at.,l| east, one .di anon | -1 b
conposite fi berﬁ@éﬁgfds‘?‘?‘lﬁﬁo’égg‘geﬁlta} "gﬁ @,@g@ﬁﬁ gﬁgcnegl?{og@g%é\%ﬁ? P@E%Y%%?Lognor
gl aslsy g c dtvous arthaiennsuppoaedbyia sastrate and the portions of sl fibroghe di spl ay
panel o aim | ' Saj t 1 | ARy
etching a smotc%&ggg_sawggé?’ d%ﬁ%%iéﬁggggﬁfl gﬁ?/&ﬁsétamcs}li sths 30
correspond 100 Inogkr diyect phyrienl compes ithghe substrateywherein e divglay pagel furthesy s

correspond 1Pisbore heavily etched regions of said substrate.

. -CO ! , _ _ _ :
corpri sed of at I cast ond dixREHIEY WG RS PHFBbABHEGI 2885 e bon
;Fgggfll gg fi ggﬁpﬁgﬁﬁﬁﬁ&? df(@)vr?félgiﬁeﬁmﬁie@édnﬁalﬁf flaticeevednd di anond- 1 i ke carbon or
panel as in any of Cains 17*—3"51162{%‘%0%%% g?%fi%tilnﬁeers%en(t)i?lly 6fa reggfaglﬁg 19: Em)ﬁg
cat hode ar é5es spatedglaralieparpeoffiten, ahetein sid Gberaaes supporteshen #id val | eys
and ess erlt Hall %sg«slnﬁhllf BESSsts of said substrate and susperkfed above said valleys of said

substrate.

18.  The display panel of Claim 17 wherein said substrate is coated with
an electrically-conductive material in the valleys and on the sides of the valleys of
20  said set of parallel rows of valleys and essentially flat crests thereby providing a
substrate coated with a parailel array of continuous strips of electrically-

conductive material, one strip along each row of valleys, each said strip serving as

a gate electrode.
19.  The display panel of Claim 18 wherein said fibrous cathode is

25  comprised of at least one diamond, diamond-like carbon or glassy carbon
composite fiber consisting essentially of diamond, diamond-like carbon or glassy
carbon on a non-diamond core.

20.  The display panel of Claim 19 in which said undulating surface is
formed by etching a smooth substrate, wherein said essentially flat crests

30  correspond to lightly etched regions of said substrate and said valleys correspond
to more heavily etched regions of said substrate.

21.  The display panel of Claim 17 wherein said fibrous cathode is
comprised of at least one diamond, diamond-like carbon or glassy carbon
composite fiber consisting essentially of diamond, diamond-like carbon or glassy

35  carbon on a non-diamond core.

22.  The display panel as in any of Claims 17-21 wherein said fibers of
said fibrous cathode are essentially perpendicular to said parallel rows of valleys
and essentially flat crests.

—— 14
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23. ° The display panel as in any one of Cains 17-21 further conpri sing

at | east one additional gate el ectrode. The di spl ay
panel as in Cla|m23 )Nhe |n s id fibers of said fjbr cat hqde are
essential |y perpendi#l ar YoPaBEtlr"éI”F 8y ¢ (Blﬁl%ﬁléﬁumcgnpnsmg

essenti al | y fl at Ieasmte&ddmonal gate electrode.
24.  The display panel as in Claim 23 wherein said fibers of said fibrous
cathode are essentially perpendicular to said parallel rows of valleys and
5  essentially flat crests.
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