1 CLUSTER ARRANGEMENT OF FI ELD EM SSI A&\ M CROTI PS Rel at ed Applications This
is a continuation-in-part of U S. Patent Application Serial No. 08/341, 829,
"Cluster Arrangenent of Field Em ssion Mcrotips on Ballast 5 Layer, "
filed 18 Novenber 1994, and copending herewith. This application includes

. subj ect rratter which is closely related to U.S. Patent Application Seri al
No. 08/ :, ., "Clustered Field Em ssion Mcrotips Adjacent Stripe

Conduct-ors " (Texas Instrunents, Inc., Docket No. TI-18977AA), filed even
date herew t h,‘ which is a continuation-in- part of application Serial No. 10
08/ 341, 740, filed 18 Novenber 1994. Technical- Field of the Invention The
present invention relates generally to flat panel digplays and, nore
particularly, tCLUSTERARRANGEMENICORFIELD HMISSIGNOMICROMIPS.' €5,
wherein a cluster of mcrotips arée formed on or closely spaced 15 froma
conductive plate which is laterally spaced apart froma conducti ve mesh
structure by a resistive nmedium ﬁal‘dﬂﬁiloﬂpﬁliﬁati&lﬁﬂ nventi on The advent of
portabl e conputers has created intense demand for displays which are
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e gat 'I . includes subject matter which is closely related to U.S. Patent Application
Serial No. 08/__, _, "Clustered Field Emission Microtips Adjacent Stripe
Conductors,” (Texas Instruments, Inc., Docket No. TI-18977AA), filed even
date herewith, which is a conﬁnuation-in—part of application Serial No.
10  08/341,740, filed 18 November 1994.

_ Technical Field of the'Invention

"The present invention relates generally to flat panel displays and,
more parﬁcularly, to an arrangement of electron-emissive ¥nicrotip
struétures, wherein a cluster of microtips are formed on or closelj spaced

15  from a conductive plate which is laterally spaced apart from a conductive

mesh structure by a resistive medium.

Background of the Invention

The advent of portable comput'ers. has created intense demand for

_ " displays which are lightweight, compact and power efficient. Since the
20 space available for the display function of these devices precludes the use
of a conventional cathode ray tube (CRT), there has been significant interest

in efforts to provide satisfactory flat panel displays };éving comparable or



i n display, power consunption, etc. These efforts, while producing flat
panel. displays‘that are useful for sone applications, have not produced a
di splay that can conpare to a conventional CRT. 5 Currently, liquid
crystal displays are used al nost universally for |aptop and not ebook
conmputers. I.n conparison to a CRT, these displays provide poor contrast,
only a limted range of view ng angles is possible, and, in color versions,
t hey cofisune power at rates which are inkonpatible with extended battery
operation. In addition, color screens tend to be far 10 nore costly than
CRT's of equal screen size. As a result of the drawbacks of liquid crystal
di splay technology, thin filmfield em ssion display technol ogy has been
recei ving i ncregefisageribt Aizplaycliractidistics Ye.g.Fbrighbeds) radoRiti oy Sertatilityi N9
such technol ogy enmpl oy a matrix-ad,dressa%g a%&a%of ointed, thin-film
col d field emiBHeMaZRITEFLONTEMPHIN Ik, These effortswhile readusngHatpanglng a
phosphor - | uni nAgsIaRS that SR useFaEfoR 8RR Eiitationk) Bavh A6t prodeided'ddisplay

di scovered in the 1950's, and extensive résearch by many individual's,”such
as Charles A thetean compare te g eonvertionall CRRas i nproved the technol ogy to

the extentgthat it Cis I ' t fods sgve,
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" El ect r oni®ourmere\edsilyMhaioORIY of et el isereenadingdes ~and Di spl ay Means by

Cat hodol unm nescence, Exci t Fj el 1 Ssj.on, Usin ai d Source." issued 10

July 1990 to M cheIA%F@ﬁgPpéewq@EﬁnﬁﬁfiéﬂWW%]ﬁw agtechnology; thin

Source W th MEhQ!field emission display technology has been receiving increasing =
attention by industry. Flat panel displays utilizing such technology employ
amatrix-addressable array of pointed, thin-film, cold field emission cathodes

15  in combination with an anode comprising a phosphor-luminescent screen.

The phenomenon of field emission was discovered in the 1950's, and
extensive research by many individuals, such as Charles A. Spindt of SRI
International, has improved the technology to the extent that its prospects
for use m the manufacture of inexpensive, low-power, high-resolution, high-

20  contrast, full-color flat displays_ appear to be promising. :

Advances in‘ field emission display technology are disclosed in U.S.
Patent No. 3,755,704, "Field Emission Cathode Structures and Devices
Utilizing Such Structures,” issued 28 August 1973, to C.A. Spindt et al.;
U.S. Patent No. 4,857,161, "Process for the Production of a Display means

25 by Cathodoluminescence Excited by Field Emission,” issued 15 August 1989,
to Michel Borel et al.; U.S. Patent No. 4,940,916, "Electron Source with
Micropoint Emissive Cathodes and Display Means by Cathodolunﬁﬁesoence
Excited by Field Emission Using Said Source,” issued 10 July 1990 to Michel
Borel et al.; U.S. Patent No. 5,194,780, "Electron Source with Microtip

30  Emissive Cathodes,” issued 16 March 1993 to Robert Meyer; and Us.



30 Emissive Cathodes," issued 16 March 1993 to Robert Meyer; and U._S.'

3 Patent No. 5,225,820, "Mcrotip Tri chromatic Fluorescent Screen," issued
6 July 1993, ‘to Jean-Frederic Clerc. These patents are incor por at ed by
reference into the present application. The present invention relates to
the use of a resistive layer to provide 5 a bal l ast agai nst excessive
current drawn by the electron emtters. In the prior art, there are two
appr.oaches to providing such ballasting3 A vertical resi st or approach is
disclosed in the Borel et al. ('916) patent and discussed in relation to
FIG 1 herein; a lateral resistor approach is disclosed in the Meyer (780)
patent and discussed in relation to FIGS. 2A and 2B herein. 10

Referring initPatént No 5,225,820, TMmretlpﬂ‘riadhmumaﬁicrIﬂuomBsemeﬂariemél1ssﬁedvﬁ a
portion of an il ti ri eId 1 ssi_on fl at_panel
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resistive layer 16 forned over conductive
| ayer 15, and anrmla:hqnﬂ tocFIG. bfhwelmwh&malyeﬂsmmmm&:dlﬁﬂopsdmth@rned

on resistive | uer o A3kes ShEH doRHSd B RIAIGS 16 FIBK 24 ind 3B herein.

electrically c _ _
10 . Referring initially to FIG. 1, there is shown, in cross-sectional view,

a portion of an illustrative prior art field emission flat panel display device
which may be of the type disclosed in the Borel et al. ('916) patent. In this
embodiment, the field emission device comprises an anode plate having an
cathodoluminescent phosphor coating facing an emitter plate, the phosphor.

15 - coating being observed from the side opposite to its excitation.
More épedﬁcally, the illustrative prior art vertical resistor field
~ emission device of FIG. 1 comprises a cathodoluminescent anode platé 10
. and an electron emitter (or cathode) plate 12. The cathode portion of
emitter plafe 12 includes condﬁctive layer 15 formed on an-insulating
20 substrate 18, a resistive layer 16 formed over conductive layer 15, and a
' multiplicity of electrically conductive microtips 14 formed on resistive layer
6. | - |
| A gate- electrode comprises a layer of an electrically conductive
material 22 which is deposited on an insulating layer 20 which overlays
25  resistive layer 16. Microtip emitters 14 are in the shape of cones which are
formed within apertures 34 through conductive layer 22 and insulating layer
20. The thicknesses of gate electrode layer 22 and insulating layer 20 are
chosen in s@ch a way that the apex of each microtip 14 is substantially level
with the electrically conductive gate electrode layer 22. Conductive layer 22

30 is arranged as rows of conductive bands across the surface of emitter plate



material 22 which is deposited on an insulating |ayer 20 which overlays 25
resistive layer 16. Mcrotip emtters 14 are in the shape of cones which
are formed within apertures 34 through conductive | ayer 22 and insulating

| ayer 20. The thicknesses of gate electrode |ayer 22 and insulating | ayer
20 are chosen in such a way that the apex of each mcrotip 14 is
substantially level with the electrically conductive gate el ectrode | ayer
22. Cdnductive | ayer 22 30 is arranged as rows of conductive bands across
the surface of emtter plate 12, and conductive layer 15 is arranged as
col ums of conductive bands across the surface of emtter plate 12, the
rows of conductive |ayer 22 being orthogonal to the colums of conductive

| ayer 15, tha2ehndpenductiveJayet 15xXs adangsk ad cohimans iofreonflucties bands 14 -at

bl at e 10 compierasdng RutfRde A eifet BIR 12, B A Phieoddtife Lo Ripeine -

transparent Rreivxonalierhe colans\$f cohductiveokiyer 0bathetélsi pemtittifg ehatsizt 0de 22
and parall el td&%et : {he_ conductiye L‘i:l m&%é' bei ne&dep sited on the surface
of support 2@dgressed splection of aicroling 14 af the interseehan of @ spav apd eelamn o

may be i gt heoqQapbsting t6 @pixelous coating across the surface of support
26; alternatively, it may be in the formof electrically isolated stripes

conprising three ddodeplate Yheamprsesameloetricallyisondyctive 6ln 28 depogitedce of
10" A1 s0 conpriiyh @éaBbarol planarSapBiis I piadEEboiinddta bk dae Saoal 01,
15 conduct i22 ahdl pa2dlel dheretoo the condudive filoc RBgbeing depusitiedt e jthe
a0 oot 920 okl MR ad Bt e oBBl ARbooll 22" SHGLEIBARISR, ',
the t hr e®0 primay pednlthe fornt ofla cohtinueusicaptingnacross the surface of support 26;
‘ alternatively, it may be in the form of electrically isolated stripes comprising
three series of parallel conductive bands across the surface of support 26, as
taught in U.S. Patent No. 5,225,820, to Clerc. Anode plate 10 also
comprises a cathodoluminescent phosphor coating 24, deposited over
15  conductive film 28 so as to be directly fécing and immediately adjacent gate
electrode 22. In the Clerc patent, the conductive bands of each series are
covered with a phosphor coating which luminesces in one of the three
primary colors, red, blue and green.
One or more microtip emitters 14 of the above-described structure are
20 energized by applying a negative potential to conductive layer 15,
functioning as the cathode electrode, relative to the gate elnect_‘.rode.22, via .
voltage supply 30, thereby inducing an electric field which draws electrons -
from the apexes of microtips 14. The freed electrons are accelerated toward
the anode plate 10 which is positively biased by the application of a
25 subs_t;anﬁally larger positive voltage from voltage supply 32 coupled between
the gate electrode 22 and conductive film 28, functioning as the anode
electrode. Energy from the electrons attracted to the anode conductor 28 is
transferred to the phosphor coating 24, resulting in luminescence. The
. electron charge is transferred from phosphor coating 24 to conductive film
30 28, completing the electrical circuit to voltage supply 32.



One or nore mcrotip emtters 14 of the above-described structure are 20
energi zed by applying a negative potential to conductive |ayer 15,
functioning as the cathode el ectrode, relative to the gate el ectrode 22,
via voltage supply 30, thereby inducing an electric field which draws

el ectrons fromthe apexes of mcrotips 14. The freed el ectrons are

accel erated toward the anode plate 10 which is positively biased by the .
application of a 25 substantially | asger positive voltage fromvoltage
supply 32 coupl ed between the gate el ectrode 22 and conductive film 28,
functioning as the anode el ectrode. Energy fromthe electrons attracted to
t he anode conductor 28 is transferred to the phosphor coating 24, resulting -
in lum nescence. The pirpose oflthdma'legmhwe layensﬂ ebprmstvideoan bﬂlﬂﬁtmmnaiatl ng
24 to conductive film 30 %%etl n r| Cﬁ}' circu L vol t age
supply 32. ©xas Wscﬂfﬁeb‘t&%eﬁh ? (P%ent lb%% BZG 5 Fal | ast
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- cat hode condﬁ%%f:m‘:hlﬁ9 v{ri%%ltaéa?,g§?@; "rqzze’ié(@)q;ﬁmgrgrfr‘?éi7 %er hﬂggé or use as t he
- resistivi® | afew pamperes) in the short circuits will not affect the operation of the
remainder of the cathode conductor.

(

Borel et al. ("916) recommend a material for use as the resistive layer
having a resistivity of between approximately 102 and 10° ohms-cm. More
particularly, they recommend forming the resistive layer from a material

15  chosen from the group including In,0; SnO,, Fe,0, ZnO and silicon in
doped form.

Unfortunately, the problem caused by the appearance of short circuits
between the microtips and the gate electrode is not solved in a satisfactory
manner by a device of the type described in the Borel et .al. ('916) reference.

20 When a particle causes a short circuit of the microtip with the gate
conductor, all of the voltage applied between the gate and the cathode
conductor (approximately 70-100 volts) is transferred to the terminals of the
resistive coating. In order to accept a few short circuits of this type, which
are virtually inevitable in a display panel which may have hundreds of

25  millions of microtip emitters, the resistive coating must be able to withstand
a voltage of approximately 100 volts, which requires its thickness to exceed

- 2 pmeters (microns). Otherwise, it would lead to a Br_eakdown from the
effect of f.he heat, and a complete short circuit would appear between the
gate conductor and the cathode conductor, making the electron emission

30  source unusable. However, a resistive coating as thin as 2 microns is bound



having a resistivity of between apprOX|nater [err] and [err] ohms.cm More
particularly, they recomend formng the resistive layer froma material 15
chosen fromthe group including [err], ZnO and silicon in doped form:-
Unfortunately, the problem caused by the appearance of short circuits
between the mcrotips and the gate electrode is not solved in a
satisfactory manner by a device of the type described in the Borel et al.
('916) ‘reference. 20 When a particle cgquses a short circuit of the
mcrotip wth-the gate conductor, all of the voltage applied between the
~gate and the cathode conductor (approximtely 70-100 volts) is transferred
to the termnals of the resistive coating. In order to accept a few short

circuits of t %Wp%nmeghoﬁbﬁmﬁ défects! whichewill ddaluse izh breakidoprayf thee!
whi ch may have hundr
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woul d | ead to a breakdown fromthe effect of a_conpl ete_short
daﬁi’i"ﬂteﬁemcﬂ!

circuit woul demipeion deviess svhichangyihe e ka&ym e Meyer 7Rt or
maki ng t he el %%Eé&“bseiﬁm # crosAHEAind] Sndl WRPPlck visRRSK TGS zrpeah&tzsve

coating as thirn as mcrons iIs to have "pinhol es” or other
def ect s whi ch respectivals A mibrodirkemissivefcathede dectzon chay%dlsbbseéuhthlhe

fgtsrg?grcgggﬁc gﬁ "{E}Jre %Ic#‘tg Lﬁ? rf#@esl on Fe%c{e&hi%?%f hbe of the
t ype di scl osednésh sﬂmcﬁ\ﬂty,ehhe(rhima)p emittprs being formmed bndhe aes?dhvellayer in
i 551 ve. cat hGHEATRCETOREBR R e psb AN < Fof or once i nol udi ng
cat hode argl/ or gat MeeEbecificallyythieciliustrative fisdd eirission structure 40 of FIGS.
2A and 2B includes a cathode conductor 42 having a mesh-like structure
formed on an optional thin silica insulating layer 44 on a glass substrate 46.
A resistive layer 48 formed over conductor 42 and insulating layer 44
supports a multiplicity of electrically oenductive microtip emitters 50. A
15  gate electrode, comprising a layer of an electrically conductive material 52,

is deposited on an insulating layer 54 which overlays resistive layer 48.
Microtip emitters 50 are in the shape of cones which are formed on resistive
layer 48 within apertures 56 through conductive layer 52 and insulating
_ 'layer 54. Conductive layer 52 is arranged as rows of condﬁctive bands
20  across the surface of ﬁeid emission structure 40, and the mesh-like structure
| comprising cathode conductor 42 is arranged as columns of conductive bands
across the surface of field emission structure 40, thereby permitting matrix-
addressed selection of microtips 50 at the intersection of a row and column
correspondi'ng to a pixel. . “

25 This arrangement provides an improvement in breakdown resistance
of a field effect microtip emissive device, without requiring an increase in
the thickness of the resistive layer. The disclosed mesh-like structure of the
cathode conductor (and/or the gate conductor), permits the cathode
conductors and the resistive coating of the Meyer patent to lie eubstanﬁally

30  in the same plane. In this configuration, the breakdown resistance is no



mesh structure, the microtip emtters being forned on the resistive |ayer
in a matrix arrangenment within the nmesh spacings. 10 * More
specifically, the illustrative field em ssion structure 40 of FIGS. 2A and
2B includes a cat hode conductor 42 having-a nesh-like structure forned on
an optional ;thin silica insulating |layer 44 on a glass substrate 46. A
resistive |layer 48 fornmed over conductor 42 and insul ating |ayer 44
supports a nultiplicity of electrically gonductive microtip emtters 50. A
15 gate el ectrode, conprising a |layer of an electrically conductive
material 52, is deposited on an insulating |ayer 54 which overl ays
resistive layer 48. Mcrotip emtters 50 are in the shape of cones which
are forned on ldsmgeirsshisc@ﬂlﬂyecs défecin mh;he thinknewﬁéth!é&esmtmaghamng;dmhéwe

| ayer 52 and ipsul at tive I arran r

of ~conducti ve ¥ B‘éﬁ'ﬁ%‘ éﬁg‘m% 5@‘%? %Eﬁp edc% °§§|°8’ﬂ g‘g"f’ﬁ?'fq?e 40,
and the nesh- |th5&nﬁ:§6ﬁ%&#6ﬁd@9@bbﬂ&iﬂa@ﬁhﬁ@dﬁc&&ﬁd%ﬁnﬂﬂﬂfs thidrafoped as
col ums of conductive bands acrossg the surface of el d em ssi ong@é cture

40, thereby péufiigienhio maiptain 3 shstanse eww%ﬁash de; eqnshuctar et he
i ntersectipn Ghicofip WiEH i§ Adeqlatdtd 9?&%@'H}Gak&b\ﬁ‘n,0w&ﬂb st retaining a aThis

arrangerrent provi des an inprovenent iin breakdown reS|stance of a fi
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hi ck f th I h
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cat hode conduct or or t gate &ermts
conduct ors andatbhea resmtmellayer; oh theyBorel teit al MEYAE) rpﬁareme tthe [thiekness, or
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resi sti vel@oatdurgents i ther Meyaereference, the latsral s;ga.mirg alonigathe rasikiive bprat es
the cathode cq nr%%éeg rthIa li)aﬁ]as_t. The ballast is in the form of a resistive drop such that
* those microtips drawing the most current have the most resistive drop, thus
acting in such a way as to reduce the current per tip. An equivalent circuit
of the ballast arrangements of both references would have each tip in series

15  with an individual buffer resistor to limit the field emission current.

However, as can been intuitively recognized from an examination of

FIG. 2B, the ballast resistance between microtips 50 and cathode mesh
structure 42 varies with the position of the individual microtip 50 within the -
carray. In the illustrated arrangement comprising a four-by-four array,

20. microtip 50, in the corner of the array, will have a lower ballast resistance
than microtip 50, at a side of the array, which, in turn, will have a lower
ballast resistance than microtip 50,, in the interior of the array. The effect :
of the diﬁ‘ere_nce in ballast resistance among the microtips becomes even
more proﬁifunced as the size of the array increases, to the point where, in

25  a five-by-five or a six-by-six array, it is believed that the potential at one or
more interior microtips will be insufficient to stimulate substantial electron
emission. Thus, an arrangement is desired which will permit all of the
microtips to be at a substantially equal potential.

Such an arrangement, however, must be cast within the restraints of

30  the physical and electrical requiremenfs of the system. First, in order to



the mcrotip provides a ballast against excessive current. It is therefore
sufficient to maintain a di stance between the cathode conductor and the 5
mcrotip which is adequate to prevent breakdown, while still retaining a
honmogeni zati on effect for which the resistive coating is supplied. In the
af orenenti oned prior art devices, each mcrotip is positioned atop a
resistive layer. In the Borel et al. ('916) reference, the thickness, or
verticdl dinmension, of the resistive |ayer provides a ballast against
excessive 10 current; in the Meyer reference, the lateral spacing al ong
the resistive |ayer provides the ballast. -‘The ballast is in the formof a
resistive drop such that those mcrotips drawi ng the nost current have the
nost resi stivgrwm,exmwaﬁtﬁgnf?ﬁhgmmmfmdeﬁ?m?hﬁ&ot?r,m@t per
tip. An equivalent circuit o . ba st arrangenents.of .both r rences
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conductive cathode mesh.

15 In view of the above, it is clear that there exists a need for an
improved emitter structure for use in a field emission flat panel display
device which provides ballasting against excessive current in each array of
microtip emitters accompanied by improved uniformity of the electron
emission from each microtip, while also permitting a high -density of

20  microtips on the emitter structure.



prevent excessive current frombeing used by a failed emtter mcrotip, the
di stance fromthe conductive cathode nesh to each mcrotip nust be kept
relatively large, i.e., a highly resistive path nust be mai ntai ned between
the mesh and each tip. Second, an optinal design dictates equal spacing
from5 the conductive nmesh to each microtip so that each tip will have
equal em ssion and degradation characteristics. Opposing the need for equal
di stances fromeach mcrotip to the conductive mesh is the need to pack as
many microtips as possible into a snall area to thereby reduce the eni ssion
current fromeach mcrotip. This 10 need for dense packi ng can best be
realized by having large clusters of mcrotips, with the extrene case being
a conplete array of mcrotipsghhfindiydfdthed evéntish di spl ay pixel.
Unfortunately, the larger the cluster the greater the variation in tip to
tip em ssions due to resistive path differences to the conductive cat hode
mesh. 15 . i cet Vrin ﬁféafn hfont Sigd need
for an inproved em tgét:éér stcreu%?@éfor b;?leégls%f?a f n{sgﬁ{.é%&sm orlll’ﬂlé{e panel

di spl ay devi disclaed hheneibwi ams eleairions emiggion aanparatue cwhiche comprises ian each

array of mic r g
ol ot ron om CHdRFEhi SrAROOTHERRGI Sind MRKGT, WAl PhdRE ARG
of 20  Bi criteyslyospdded fromi they nmshtm-mmre andSeceapyingoh dehtrall megivni on 1 n
accordance Weth:} Be Rlesh%pRei5g. o At Rt P S iris o regietive Jayer

in electrical contact w1th the mesh structure and the conductive plate, and

a plurality of microtip emitters located in the central region.

Further in accordance with the present invention there is disclosed

10. an electron emssmn apparatus which compnses an insulating substrate a

~ conductor formed as a mesh structure on the substrate, the mesh structure

defining mesh spaces, and conductive plates on the insulating substrate
occupying areas within the mesh spaces. The apparatus also comprises a '

layer of an electrically resistive material on the substrate dverlaying the

15 ;nesh'stmctulre and the conductive plates. The apparatus further comprises

an electrically insulating layer on the resistive layer, and é conductive layer

on the insulating layer, the conductive layer having a plurality of apertures

formed therein and extending through the insulating layer. Finally, the

apparatus comprises microtip emitters on the resistive layer, each emitter.

20  formed within a corresponding one of the apertures in the conductive layer.

Still further in accordance with the present i-nventioﬁ, there is

disclosed a__method for fabricating an electron emission apparatus. The

method comprises the following steps: providing an insulating substrate;

depositing a first layer of conductive material on the substrate and forming

25 2 mesh structure and conductive plates therefrom, the conductive plates

. bemg formed within mesh spaces defined by the mesh structure; forming a

layer of an electrit_:ally resistive material on the substrate overlaying the

mesh structure and the conductive plates; forming an el_ectricélly insulating

layer on the xfesistive layer; forming a second conductive layer on the



di scl osed herein an el ectron em ssion apparatus which conprises a
conductive nmesh structure defining a mesh spacing, and a conductive plate 5
| aterally spaced fromthe nesh structure and occupying a central region
within the nesh spacing. The apparatus further conprises a resistive |ayer
in electrical contact with the nesh structure and the conductive plate, and
a plurality of microtip enmtters located in the central region. Further in
accordance with the present inventiontf&ne is disclosed 10. an electron
em ssi on apparatus which conprises an insulating substrate, a conductor
formed as a nmesh structure on the substrate, the nmesh structure deflnlng
mesh spaces, and conductive plates on the insulating substrate occupying

alr eas W tlh: N ihB@ atiRdgtlagen Fesmi 'n'ﬂ'@péi'hm&h ahltheabeand:mndul ictive layému- thé anh
electrically resistive materi ntes rate over nmes
structure and’opaﬂ‘“é \te}ée ‘gﬂ &ﬁ’&{‘lé‘% %PSRW rz8ud 5
el ectrical ly gRsiainidoti Qa‘fﬁ'i;te@@ oh kme FEMistEFd MGel,20t0h, enditEbrIoAed] wikkin ©

| ayer on the i1nsulating [ayer he conductive Iayer haying a plurality of

apert ures { orareerTesmaning shel om«saseﬂgrqm%sqcﬁs caadneityenlpyeryer .
Finally, the apparatus conprises microtip emtters on the resistive |ayer,
each emtter 20 formed within a correspondi ng one of the apertures in the
conductive layer. Still further in accordance with the present invention,
there is disclosed a netho %H" SviAR €M ssion apparatus.
The net ho% conprises the fg?%owl?\g%sﬂtl ps: gﬁ@f’?ﬁg angl nsul ati ng
substrate; deposi t| ng a first layer of conductive nmaterial on the substrate

and form ng 25 st.ruct u aQn Y s _th efrom he
conductive pl at es %‘Pﬁe% {V;Wteﬁ oﬁ%s‘?{%é%%t gnpe(?g“??’ 'é% el%/ r@il
structure; f omﬂmto@dlfmmrthofomlﬁgehwﬂahﬂéwpﬁm rea(bmmmmaiomthhe
‘'substrate overl ayi ng‘pt he, h structyre.and the conductive plates; formng

an el ectri cal e #6505 E8nWhPREIN s stive | ayer: forming.a second
conductive |ayer oFIc. h15‘1s a cross-sectional view of a portion of a field emission device

10  in accordance with the prior art discussed earlier;

FIGS. 2A and 2B are cross-sectional and plan views, respectively, of
a portion of an improved prior art field emission device discussed earlier;
FIG. 3 is a cross-sectional view of a portion of a field emission device
illustrating an emitter cluster within a conductive mesh in accordance with
15 .the present invention; - |
' FIG. 4 is a cross-sectional view of a portion of a field emission device
illustrating an emitter cluster within a conductive mesh in accordance with
a second embodimsnt of the present invention;
. FIG. 5 is a cross-sectional view of a portion of a field emission device
20  illustrating an emitter cluster within a conductive mesh in accordance with
a third embodiment of the present invention; _
FIG. 6 is a plan view of a first arrangement of the emitter clusters of
the present invention; -
FIG. 7 is a plan view of a second arrangement of the emitter clusters
25 of the present invention;
FIG. 8 is a plan view of a first arrangement of emitter clusters in

relation to a conduct.lve column line in accordance with the present



10 insul ating layer; form ng apertures in the second conductive |ayer over
the conductive plates, the apertures extendi ng through the insulating

| ayer; and formng mcrotip emtters on the resistive |layer, each emtter
formed within a correspondi ng one of the apertures in the second conductive
| ayer. 5 Brief Description of the Drawi ng The foregoing
features of the present invention nay be nore fully understood fromthe _
foll owng detail ed description, read in Xbnjunction with the accompanyi ng
~drawi ngs, wherein: FIG 1 is a cross-sectional view of a portion of a field
em ssion device 10 I n accordance with the prior art discussed earlier;
FIGS. 2A and 2B are cross-sectional and plan views, respectively, of -a
portion of aninventiowed prior art field enission device discussed earlier;
FIG 3 is a cross anal wview.of a.portion fi ) n_dgvi-ce
illustrating an erksﬁ EI%#QP VoW Ph 22 88'#8&??&"3& @%e § 1%1:21&%(1 afice with
1f5 -fthﬁdpreéﬁiﬁteﬂ Elusteirs &ﬁdlclﬁhﬁucﬁve goluntxi tines o€ the pnedentum:ﬁiom port i on
of a field em ssiop device illustra mtter within a,
conductive mesh i nPKgMHMSW?W%ﬁg%HF%WMESﬁ

i nventi ong Fl fycprdtingait eAftte? ehidtéwithih a\@oﬁaueuwﬂesnrin%c&dah@é #ith

en ssi on device 20 IllTustrating an emtter cluster within a conductive
mesh i n accor ddawehgmbodiment of pripsenent ipveRtieniand esent invention; FIG 6
is a plan view of ?EF iﬂsa BhaP%eWéf&%édnﬁraﬁbﬂééﬁéﬁ of edoBer
present invention; an view of a second_arrangenent of the

emtter clust elusteas adaacﬁentmnplnebmtcdmﬂmegnn accordance with the present

invention.

10 ' Description of the Preferred Embodiment

Referring now to FIG. 3, there is shown, in cross-sectional view, the

" emitter plate 60 of an illustrative field emission flat panel display device in

accordance with a first embodiment of the present invention. More

specifically, the emitter plate 60 of FIG. 3 comprises a substrate 66 having

15 - an optional thin insulating layer 64 overlaid thereon. Insulating layer 64

may be included to enhance the adhesion of a subsequent layer to substrate

" 66 and to limit diffusion of impurities from substrate 66 to the subsequent

layer. A coating 68 of a resistive material overlays insulating layer 64, and

a mesh-like structure 62 of an electrically conductive material, which may

20  be similar to the type described in the Meyer ('780) patent, is formed over

coating 68, the arr'angement. of the conductive meshes of structure 62
defining spaces enclosed therein.

~ Inaccordance with the present invention, a conductive plate 78 is also

formed on top of resistive coating 68 within the spacing defined by the

256  meshes of conductor 62. An insulating layer 74 covers resistive coating 68,

conductive mesh structure 62 and conductive plate 78, and a c_onduéti_ve

layer 72 oveﬂays insulating layer 74. Microtip emitters 70, illustratively in



FIG 8 is a plan view of a first arrangenent of emtter clusters in
relation to a conductive colum |ine in accordance with the present
invention; FIG 9 is a plan view of an arrangenent of pixels including the
emtter clusters and conductive colum l|ines of the present invention; FIG
10 is a cross-sectional view of a portion of a field em ssion device 5
I.llustrating an emtter cluster within a conductive nmesh in accordance with
a fourth enbodi nent of the present invenfion; and FIG 11 is a
cross-sectional view of a second arrangenent of emtter clusters adjacent
conductive colum lines in accordance with the present invention. 10
Description of the Preferred Enbodinent Referring nowto FIG 3, there is

fshoYvQI in crqne ej!aﬁpé o Bﬁ%tesy h@dvfoﬁiieﬂd exithé eppprt ﬁﬁﬂ'gﬁé)obf:oﬁudﬁ'vle;@hf@% ve
ield em ssi‘on f)]at pane pl evice.ip accordance with a first

embodi nent ofWHqT’Fél Id?‘ﬁsf ¢ extend g’d’@h‘glf‘l “;‘f'h"Fh Y8Fi {€efngd| at'e
60 of FIG 31ﬁgﬂahh§q§y@r 74 dotwnfocplabe 78Vi Ng 15 an optional thin

insul ating | ayer 64 overlaid thereon. Insulatjn Iaéer 64 may be incl uded

to enhance the adfdestsen em:wera#@eqymonpay’l&w &yeths@mtngm it
di f fusi o%%of df’H)ﬁfdttﬂoﬁénﬁél%tﬁﬂtb%hﬂﬁE& fﬁf s MeraRi %‘ g%ﬁf
l'ating l"ayer and

coati ng resistive material over ays | nsu

mesh-1i ke st roa&hqdee & dtheaapplieation cofl Ry second., cmiove: mueve a)OtenhaUtOrray 20

e 112 B PR e G Sl AR b AUGE O
defini ng spamilsofeﬂrelmmemhp bmitters 70 mhbecat@armalvpbtemiﬂbp’r\éﬂmtoﬁthﬁent i on,
a conductive éi &n 78censhe% 38 to conductive plate 78, and their emission
10  characteristics will therefore be substantially more uniform than prior art
approaches. '
The view provided by FIG. 3 illustrates only a small portion of emitter
plate 60. In practiee, microtip emitters 70 are preferably configured in
arrays, typically of the type shown in FIG. 2B; furthermore, emitter plate
15 60 is préferably arranged in a row-and-column matrix for purposes of

selecting md1v1dual pixels of the display. By way of example, the conductive

layer 72 comprising the gate electrode may be arranged as rows of

conductive bands across the surface of emitter plate 60, and the conductive -
~ mesh structure 62 comprising the cathode conductor may be arranged as

20  columns of conductive bands across the surface of emitter plate 60, the rows
of conductive layer 72 typically being orthogonal to the columns of

- conductive mesh structure 62, thereby permitting matrix-addressed selection
of the microtips 70 at the intersection of a row and column corresponding -
to a pixel. . .

25 By way of illustration, substrate 66 may comprise glass, and
insulating layer 64 may comprise silicon dioxide (SiO,) having a thickness
of approximately 50 nanometers. Resistive layer 68 may comprise
amorphous silicon («-Si) having a thickness of approximately 0.5 to 2.0
microns, and insulating' layer 74 may comprise SiO,, having a thickness of

30 approximately 1.0 micron. Conductive mesh 62 may be made of aluminum,



formed on top of resistive coating 68 within-the spacing defined by the 25
nmeshes of conductor 62. An insulating |ayer 74 covers resistive coating 68,
conductive mesh structure 62 and conductive plate 78, and a conductive

| ayer 72 overlays insulating |layer 74. Mcrotip emtters 70, illustratively
I n 12 the shape of cones, are formed on the upper surface of conductive
plate 78 within apertures 76, which extend through conductive |ayer 72 and
i nsul at’ing | ayer 74 down to plate 78. Eljgrtron em ssion frommcrotips 70
s stimulated by the application 5 of a first potential to the conductors
of mesh structure 62, functioning as a cathode, and the application of a
second, nore positive potential to conductive layer 72, functioning as a
gate el ect rodgolyfdefiuid) ShrorBuflUnddliGh ¢ 'thef1ik8e A HAvEP 8 Rilikig ¢ 70
will be at an edual potential by virtue of their electrical connection to
conduct i ve - pl aprroxignately] 4 micronsnandj ®thickness (ofr apnreximatelys 02 |micrtmer ef or e

b bst ant i ahkya. i ' j . Vi 5 i ded
by Be 5| rOoHadR Wite078! KR Birise oy 0P ARC W ERBoK LA bt O°
practice, ni ceomdugstors; andhavaa thickness bfaphroximateély (L2 emicron. aConductive

typi [ 1 f £h ' EFlLG. 2B: furth ) Lt | at ' 60
2P or of o1 o) yiadFr TSy PeMhdebeiokinfiind Habd & RGeS Bt Adbhabndielie g . P11y
i ndi vi dual pi xé¢renpthe dianskterd. offapedpurea )’ 6oin eomivetive layer T2 atiycClypicallyayer
bands hcr oss phd 4 HRteE: e 7 pre priealy Hads ot REvHRoS @ndeare
structure 62 foed suchOthial@hei dpeses m@uﬁéﬁhﬂm? ROcPwitH

_ stilface
col ums of con uctd' ve bzi\nds across the surface of emtter plate 60, the
nductive layer 72.

r ows ot co
10 A method for fabricating emitter plate 60, in accordance with the

present invention, may comprise the following steps: providing an insulating
substrate 66; depositing a layer 64 of SiO, on substrate 66; forming a layer
68 of an electrically resistive material over layer 64; depositing a layer of
conductive material on resistive layer 68 and forming conductive mesh
15  structure 62 and conductive plates 78 within the spaces defined by the
conductors of structure 62 therefrom, typically by photolithographic and
etching processes; forming an electrically insulating layer 74 overlaying
resistive layer 68, mesh structure 62 and conductive plates 78; forming a
conductive layer'72 on insulating layer 74; forming a plurality of apertures
20 76 in conductive layer 72 over conductive plétes 78, the apertures. 76
extending throilgh insulating layer 74 down to conductive plates 78; and
forming microtip emitters 70 on conductive plates 78, each emitter 70
formed within one of the apertures 76 in conductive layer 72. |
The ;above-desc_:ribed method may be more fully undersfoo‘d by
25  reference to the following illustrative process. A glass substrate 66 is coated
with a thin insulating layer 64, typically SiO,, which may be sputter
deposited to a thickness of 50 nm. A resistive layer 68 is added by
sputtering amorphous silicon (a.-Si) onto the SiO, layer 64 to a thickness of :
approximately 500-2000 nm; alternatively the amorphous silicon may be
30  deposited by a chemical vapor deposition (CVD) process.



of conductive |layer 72 typically being orthogonal to the col ums. of
conductive mesh structure 62, therebypermitting matrix-addressed sel ection
of the mcrotips 70 at the intersectlon of a row and col um correspondi ng
to a pixel. 25 By way of illustration, substrate 66 nay conprise
gl ass, and insulating |ayer 64 may conprise silicon dioxide [err] having a
t hi ckness of approximately 50 nanoneters. Resistive |ayer- 68 may conprise
anor phous silicon (a-Si) having a thickndss of approximately 0.5 to 2.0
.mcrons, and insulating layer 74 may conprise [err], having a thickness of
30 approximately 1.0 mcron. Conductive nmesh 62 may be nade of al um num
13 mol ybdenum chrom um niobiumor the like, and have a w dth of
approxi mately 4 m Ar piferast aacéﬁuxibkﬂésﬁ:a@énﬂopww tyPicallyi dndrise
. Conducti ve plate 78 may ctggrlse Qf t he orenen i ongd net al
conductors, aftuREHm ‘HH-HP&WFFB R?P’é‘?‘é)ﬂveUB‘?Fﬁ%FEYq ve 5
llayer 72 may PRl thicRhbs bOAShroRiRately hoelﬁiﬁsaa my@mémsmsﬁws 0.4
m cron; the dianeters of apertures 6 in conductive | ayer, typlcally
be 1.4 ni cr onspunosroyer phe cendyctive Jayer:toa thieknessiof apprormately. aflm)

f d h t | f
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steps: providin n i nsul A a A 6. [err]
on substrate 8%&0? %b %‘ L"S%%gﬁ%@aﬁ&?qmg[rl ca gibreg%‘s ?\c;aés% gé‘?l al
over |ayer 64jlldstpativé pngﬁtﬂellﬂym)reafstpthedamosué rogibns iazt rennovatdah_mgenl ayer

68.and form n%evgln dlLlllcgt Ist\éle), n%?ctja may comprise soaking the'assembly in a caustic or

0)'

10  basic chemical developer. The developer removes the unwanted photoresist
regions which were exposed to light. The exposed regions of thé conductive
layer are then removed, typically by a reactive ion etch (RIE) process using
sulfur hexafluoride (SF,). In the case of an aluminum conductive layer, the
etchant may comprise boron trichloride (BCl;). The remaining photoresist

15  is removed by dry ashing in oxygen plasma or stripping solutions known in
semiconductor manufacturing processes, leaving the cathode mesh structure
62 and the conductive plates 78 over resistive layer 68. |

An electrically insulating layer 74, illustratively comprising SiO,, is
~ deposited over resistive layer 68, cathode mesh structure 62 and the

20  conductive plates 78 to a thickness of approximately 1000 nm. A second
layer 72 of a conductive mateﬁal, which may typically comprise aluminum,
molybdenum, chromium or nicbium, is deposited over insulating layer 74,
typically by e-beam evaporation, to a thickness of approximately 400 nm.
A layer of bhotoresist is spun on ovér this second conductive layer 72 to a

25  thickness of approximately 1000 nm. A patterned mask is disposed over the
light-sensitive photoresist layer, exposing desired regions of the photoresist
to light, thereby defining an array of apertures 76 which are positioned
directly over conductive plate 78. In the case of an illustrative positive
photoresist, the regions of photoresist which were exposed to light are

30 removed during a developing step. The uncovered régions of the second



15 structure 62 and conductive plates 78 within t-he spaces defined by

t he conductors of structure 62 therefrom typically by photolithographic
-and etching processes; formng an electrically insulating |ayer 74
overlaying resirstive |ayer 68, nmesh structure 62 and conductive plates 78;
formng a conductive layer 72 on insulating |layer 74; formng a plurality
of apertures 20 76 in conductive layer 72 over conductive plates 78, the
apertures 76 extending through insulatipg |ayer 74 down to conductive
plates 78; and formng mcrotip emtters 70 on conductive plates 78, each
emtter 70 formed within one of the apertures 76 in conductive |ayer 72.
The above- described nmethod may be nore fully understood by 25 reference

tothefollo s d with
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structure 62 and the conductive pl at.es In the case of

positive photaderquitingof insuladng 97%%91;%@ ¢tmgen microtip
10 emitters 70 (the cathode electrodes) and conductive layer 72 (the gate

electrode), and it may facilitate better microtip formation at a subsequent

process step in the manufacture of the flat panel display. The remaining

photoresist layer 54 niay then be removed by a dry etch process oxygen
plasma or a commercial stripper solution. '

15 The process of forming microtip emitters 70 may follow the' method

described in the Borel et al. ('161) patent. The microtip emitters 70 are
formed by first depositing a parﬁng layer comprising, e.g.; nickel, by vacuum -

evaporation at a glancing angle with respect to the surface of the structure,

~ thus ensuring that the parting layer material is not deposited on the

20 apertured ioner walls of insulating layer 74. This is followed by the

deposition of a conductive coating compﬁsing, e.g., molybdenum, on the

complete structure at a substantially normal incidence, thereby forming the

cone-shaped emitters 70 within apertures 76. The nickel parting layer is

then selectively dissolved by an electrochemical process so as to expose the

25  apertured conductive layer 72 and bring about the appearance of the

electron emitting microtips 70. L

In subsequent paragraphs, relating to FIGS. 4 and 5, elements which

are identical to those already described in relation to FIG. 3 are given

| identical numerical designators. Those elements which are similar in

30  structure and which perform identical functions to those alreadj described



devel opi ng step, which.may conprise soaking the assenbly in a caustic or 10
basi ¢ chem cal devel oper. The devel oper renoves the unwanted phot oresi st
regi ons which were exposed to light. The exposed regi ons of the conductive
| ayer are then renoved, typically by a reactive ion etch (RIE) process
using sul fur hexafluoride [err]. In the case of an al um num conducti ve

| ayer, the etchant may conprise boron trichloride [err]. The renaining
photor'esi st 15 is renmoved by dry ashi ngei n oxygen plasma or stripping

sol uti ons known in sem conduct or -manufacturing processes, |eaving the

cat hode nesh structure 62 and the conductive plates 78 over resistive |ayer
68. An electrically insulating layer 74, illustratively conprising [err],
s deposi t ed ;0VRafiGS kS HICE 3.24RS offon B PPRBed R MoublpEME GRuAdskd he 20
conductive plates 78 to a thi'ckness of approximately 1000 nm A second :
| ayer 72 of alesignatensiofdhgin counderragks.ch may typically conprise al unmi num
nol ybdenum chrom o)) ' ' - d 4 LRV thé4
typically by e- beaﬁﬁwbe%%?%idgﬁn%%’gﬁ?ﬁtiﬁgﬁgé dgg%#%é}ﬁr?aﬂtg]el y 40%1an A
| ayer of photemittarsplates 68 pofhan illustrative field evussion dladnemel displgy devizet 0 a

25 t hi ckness of approxiaatel ' . a | Sh$HSP over
the light¥ sen® ?ﬁc%&)%ﬁgt%]r S §¥cq£§8g@%&sﬁ é}%ﬁ{fggﬁsggé I?%%‘%o’rs o?j (ﬁ‘%e
phot or esi st tgpekifirally, theasmityerdsihte60'0ofFIGi 4 eomprfisee stbsteste BB hiwing ar e
positioned direct], ver condyctiyve pl.gte 78..).n the ¢ase,of., an
illustrative %QP?‘%/’?% iite P&H“%ﬁ ,ayfggngﬁémiwe%ogﬁw'&eMr e
exposed t ]9 It Lsﬁnom@%lwm?nyraaﬁadc?w inaiaeﬁanee;igbnm;gbéb_ﬁﬁlaﬁ ﬁeﬂ%m@%e; gd
regi ons o e secon conductive | ayer conprising apertures :
are then renodessribeqdgn the ysy(§8$)gg%t@p§é8§%ng! BYPrE}EF\ﬂ)Sa“&%)]@KE% g
sul fur heyafl #LLPEMERE ok tHe nhékhe8 38 structure 62’ defining spaces enclosed
therein. A coating 6_8' of a resistive material overlays insulating layer 64
and conductive mesh structure 62’. '
- In accordance with the present invention, a conductive plate 78 is
formed on top of resistive coating 68’ within the spacing defined by the
15  meshes of conductor 62’. An insulating layer 74’ covers resistive coating

=

68’ and conductive plate 78, and a conductive layer 72 overlays insulating

layer 74’. Microtip emitters 70, illustratively in the shape of cones, are

formed on the upper surface of conductive plate 78 within apertures 76,

' which extend through conductive layer 72 and insulating layer 74’ down to
20  plate 78. | . | '

A method for fab_ricating emitter plate 60, in accordance with the
present invention, may comprise the following steps: providing an inshlating
substrate 66; depositing a layer 64 of SiO, on substrate 66; deposiﬁng a
la&er of conductive material on layer 64 and forming conductive mesh

25  structure 62’ therefrom, typically by photolithographic and etching
processes; forming a layer 68’ of an electrically resi_stivé material over layer
_64 and over conductive mesh structure 62'; depositing a layer of conductive
material on resistive layer 68’ and forming conductive plates 78 therefrom
within the spaces defined by conductor 62’, typically by photolithographic
30 and etching processes; forming an electrically insulating layer 74’ on



of an-al um num conductive layer, the etchant nmay conprise boron trichloride

[err]. 5 Conductive | ayer 72 may then be used as a mask to dry etch
apertures 76 in insulating |ayer 74 down to conductive plate 78 with an
etchant such as [err]. Insulating.layer 74 may then be undercut by a

subsequent wet etch process using with diluted (buffered) HF. This
undercuttlng of insulating layer 74 helps elimnate shorts between mcrotip
10 enitters 70 (the cathode el ectrodes zand conductive layer 72 (the gate
el ectrode), and it may facilitate better mcrotip formati on at a subsequent
process step in the manufacture of the flat panel display. The remaining
phot oresi st | ayer 54 may then be renoved by a dry etch process oxygen

pl asma or a Cgmﬁﬁ%?é%e%te;s'%ﬁﬂ or? St Jhéms 78; formhity R'cBAGE&IWY 1d fm ng

mcrotip emtters t he rre descri’bed in the Borel e

(' 161) patent 721imaln$ﬂla1mg layeniidt; dexming @phuﬁbtm apgrturessi6 xahtpmumnng a
parting | ayer 1596072 Vg cofidl ivd pSRh. 7SRO 6 Althl X tiftofRC| N

angle with res e surface he™ struc ure, thus ensur t the
parting | ayer inmaleting layer 7d! dbsyo$e icenidactivenplates 78a|@exdt foredng misrotipl | s

of insulatjng |ayer Thi s f ol,l he condugti ve
coating cchpri ﬁmﬁ) nec %%H&rﬂ]ﬁ%v%’t 5‘{’ 5?# g‘l’%{?éfm@“%n of
subﬁt antially theri@dmme' lmaﬁmonahaﬁwyajarm ngrhélt;)arncdasha:weiﬁuetrgmrerls 73
within apertures i ckel parti.n n i ssol ve
by an el ectr odRatarial E‘Hg‘agn@dﬂé‘ﬁ%gg {gtnegs 0%? &g]@éfﬁfﬁlct i ve
layer 72 and th’ﬁwi&urébbcaﬁer&ﬁes meﬁﬁ%ﬁ%sqff mweﬁhet@i' rsmmemd 60N end¥ BeOt i ps
70. I n subsequent. paragraphs, relati ng to nts which are

‘identical to teRsdy dﬂt?wddjé@é upderg Elogﬁh? égﬂﬂieseﬁ’;e Riogess of

. identical [} cti]itéoﬁt? el ements which are simlar in 30
struct urel(gngq\aimflc uﬂg%kﬂr m i glﬁlr]t I cal functions to those al ready descri bed
Referrmg now to FIG. 5, there is shown, in cross-sectmnal view, the

('

emitter plate 60” of an illustrative field emission flat panel display device
in accordance with a third embodiment of the present invention. More
specifically, the emitter plate 60” of FIG. 5 comprises a substrate 66 having

15  anoptional thin insulating layer 64 overlaid thereon. A mesh-like structure
62" of an electrically conductive material, which may be similar to the type
described in the Meyer ("780) patent, is formed on insulating layer 64, the
arrangement of conductive meshes of structure 62” defining spaces enclosed
therein.

20 In accordance with the present invention, a conducﬁve plate 78" is

~ also formed on insulating layer 64 within the' spacing defined by the meshes

of conductor 62°. A coating 68" of a resistive material overlays insulating
layer 64 in the regions separating mesh structure 62” and conductive plate
78%. An inéulating layer 74" covers resistive coating 68”, conductive mesh

25  structure 62" and conductive plate 78", and a conductive layer 72 overlays
insulating layer 74”. Microtip emitters 70, illustratively in the shape of
cones, are formed on the upper surface of cond_ucti#e 'pl;a.te 78" within
apertures 76, which extend through conductive layer 72 and insulating layer
74" down to plate 78”. | °

30 A method for fabricating emitter plate 60", in accordance with the



16 inrelation to FIG 3, are given the prinmed or double-prinmed nunerical
designators of their counterparts. Referring nowto FIG 4, there is shown,
in cross-sectional view, the emtter plate 60' of an illustrative field

em ssion flat panel display device 5 i n accordance with a second :
enbodi ment ., of the present invention. Mre specifically, the emtter plate
60'° of FIG 4 conprises a substrate 66 having an optional thin insulating
.layer 64 overlaid thereon.” A nesh-like 4 ucture 62' of an electrically
conductive material, which my be simlar to the type described in the
Meyer (' 780) patent, is formed over insulating [ayer 64, the 10 °
arrangenment of the meshes of structure 62 defini ng spaces encl osed
therein. A cqiebéis 1ﬁ8entﬁ6n,ana)€&mpmyethﬁbﬂowaig sbeps: Im'ymdmg mhahsulgtihgyer 64

and conductive_ nesh ct ur, nce th en
i nvent i oﬁ ;Vsé’bﬁﬁ'%&?% Léﬁ ‘lélf’ll nga ;%yqro%g%d togpwmsqagg-e%q) S %‘aﬁg Ag 68
within the S Nagér of d8hiaetve mateeial on laRehes a;tid Eonding edintﬁ?ctweAﬂlesh

insulating layer 74" covers resistive coating, égnd COENH ((f te 78,
and a conductsm@ﬂ%ﬁz do%d“ﬁygel tes A" nU‘ e gpace E&B‘i YdRet ters

70, illusgrat gn%@,%ee éaggﬂ,ngﬁ cgﬂaf ace
of conduc |veé %@atel“é}g W thin apertures 76 whi ¢ extend through conductive

| ayer 72 and etobingaprosesseayformiag adayer 68 26 an ¢lpgirically registivermaterial
fabricating e .m@f‘;‘gon
may Icorrplrl ge (ﬁﬁ’?& I(F)O\%iIl %ggfglow s%?%% ﬁfeas# é|tlrill‘s”ts}mgt I@nz; sétnl#naaltL

deposi ting a playes 78% fofmjimg ah dacmmﬁynaselaﬁmg thagrenI4”i otgresmhyeﬂayn‘r
conductive maég,{ Imesﬁ)gtrlua e é“f" gng ﬁﬁm S%Qé‘%“)’?omﬁ a conductive

10 layer 72 on insulating layer 74”; forming a plurality of apertures 76 in
conductive layer 72 over conductive plates 78", the apertures 76 extending
through insulating layer 74" down to conductive plates 78”; and forming
microtip emitters 70 on conductive plates 78”, each emitter 70 formed
within one of the apertures 76 in conductive layer 72. The particulars of

15  illustrative materials and dimensions, and illustrative methods of forming
the layers, structures, apertures and microtips of the emitter structure 60”
may be easily determined from an understanding of the above-described
process of fabricating emitter structure 60.

Referring now to FIG. 10, there is shown, in cross-sectional view, the

20  emitter plate 61 of an illustrative field emission flat panel display device in
accordance with a fourth embodimént of the present invention. More

* specifically, the emitter plate 61 of FIG. 10 comprises a substrate 66 having
an optional thin insulating layer 64 overlaid thereon. A mesh-like strudture
63 of an electncally conductive material, which may be similar to the type

25  described in the Meyer ('780) patent, is formed on insulating layer 64, the
arrangement of conductlve meshes of structure 63 defining spaces enclosed
therein. _

In accordance with the present invention, a conductive plate 79 is also
formed on insulating layer 64 within a space defined by the mesh of

30  conductor 63. A coating 69 of a resistive material overlays insulating layer



25 structure 62' therefrom typically by photolithographic and etching
processes; formng a |layer 68 of an electrically resistive material over
| ayer 64 and over conductive mesh structure 62'; depositing a |ayer of

~ conductive material on resistive |ayer 68 and form ng conductive plates 78 -
therefromw thin the spaces defined by conductor 62', typically by

phot ol i t hogr aphi ¢ 30 and etching processes; formng an electrically

i nsul ating | ayer 74' on 17 resistivggdayer 68" and on conductive plates
78; formng a conductive layer 72 on insulating layer 74'; formng a
plurality of apertures 76 in conductive |ayer 72 over conductive plates 78,
the apertures 76 extendi ng through insulating |ayer 74' down to conductive

pl ates 78; ] o8 h Yti-dktar ) X CtA Snghg .05 78,
each emtter Sgﬁgr rreg g\nletgﬁi n one eq?S{-gﬁ{g g‘{orglrut%ﬁ;’gsrb@%n?% cé)ryn uctl{:/lgél ayer
72. The parlayeulf&reovers resisidve goating G, andapscopdactivedazen s, ovenlays

il i ' e d
meroti ps onnpReiiEiafer v8] pidts 1N Rrpdld $EbUER SondRAle 8y 301
under st andi rgnd indulating dayperd 85 odavie do (the apperofurface of wdmistivee laypredd.tt er

t t 60, Ref | to.FlG.5.,1th ' h | J = ti I
View e orbpeEis 16 deg 3B within the At of lckR Bl 6F SEhY C00
di spl.ay devighovercondactivieplate 01 Mirréthp enhitteioT0,iBoktrativelyeinpihesshaipe

i nvention. Mye specififcal Ix, ”15 emtter ate,60". of Rl G %corr__ rises a
substrat e 66°heRRdy a1e formad o i8R AtPRe; Futagy, PhTeRgtTe, ey $% yarlE; §

thereon. A pe§rgstructure 62" of an electrically conductive material,
which may be simlar to the type described in_the Meyer ('780) patent, is
formed on i nsul atinthip Areangement, copdngiive mpesh struehirg 63 jcomprisesdheof

Struct uig 62.atfl6dd BleetrodB ke cBRdh@Rlayer 72 comprises the gate electrode of
field emission device 61. Electron emission from microtip emitters 70 is
effected by the application of a potential at conductive mesh structure 63
which is positive with respect to the potential on conductive layer 72.

The structure shown in FIG. 10 may include a typical thickness

15 diménsion of resistive layer 69 between microtip emitters 70 and conductive

plate 79 of one micron, and a typical lateral spacing between each

conductive plate 79 and the conductive mesh structure 63 of five microns.

Thus, the arrangement of FIG. 10 provides a relatively small vertical ballast

~ resistance between each microtip emitter 70 and the conductive plate-79

20 thereupder, and a considerably larger lateral ballast resistance between
each conductive plate 79 and the conductive mesh structure 63.

A method for fabricating emitter plate 61, in accordance with the

present invention, may comprise the following steps: providing aninsulating
substrate 66; depositing a layer 64 of SiO, on substrate 66; depositing a
25 layer of conductive material, illustratively aluminum, chromium,
molybdenum or niobium, on layer 64 and forming conductive mesh structure
63 and co_nductive plates 79 within the spaces defined by the conductors of
‘structure 63 therefrom, typically by photolithographic and etching processes;
forming a layer 69 of an electrically resistive material, illustratively |
30  amorphous silicon, on layer 64 overlaying mesh structure 63 and conductive



therein. 20 I n accordance with the present invention, a conductive
plate 78" is also formed on insulating |ayer 64 within the spacing defined
by the neshes of conductor 62". A coating 68" of a resistive materi al
overlays insulating |layer 64 in the regions separating mesh structure 62"

-~ and conduct,ive plate 78". An insulating |ayer 74" covers resistive coating
68", conductive nesh 25 = structure 62" and conductive plate 78, and a
conduct’i ve layer 72 overlays insulating 2cayer 74". Mcrotip enmtters 70,
illustratively in the shape of cones, are fornmed on the upper surface of
conductive plate 78" within apertures 76, which extend through conductive
| ayer .72 and insulating |ayer 74" down to plate 78". 30 A net hod
for fabricati gphtgd7d! firnith@la® ilctricallydnsiatimpiayst 75 dnlResistivedlapbr 8ot

i nvention, may conprise the follow ng steps: providing an_insulating

substrate 66; deRENE| Aglayeragkrcongugtive cmateraal, sillystratively caiohigmsian ng a -
| ayer of condm,stl'% i foRUEL; @&ﬂd& | ) 108 Y-y
structure 62" "an X@%ﬁri@eaﬁ?af{)es 'FS%WI'[ | n&?{?e,f% acegldgae’f"l\&ﬁle y'}z he 5
conduct or s of photalithegrapbi* anchetchingprocessesfarming)g ity of Apertupés 6 and
et chi ng pr.ocesg X ' r " ' hSiiva.
mat or a1 | G BivE 172 S cofifuctile PSR the Betthro P16 Bllebiting
conductive pl thmughihsulbtingilagerdib dowen to resistive laysub9; amdyfdrming miérotip
resistive |layer .68" h structure 62" and conducti v I s_48"; .formng
a conductive fﬁngle’é%/’é 1 'is%ﬂﬁy?c\lg of quqﬁlbd‘fﬁdy Ry O ’,'Sthfv(?ﬁﬂf?fgégg epeh pinifteT, of
apertures 76 70 fopn@dciithén loticcsf the @ypertuded MGoin \e?nduluﬂivésliﬂii', 72.heThe
et es oo AR AT géfh RiSirative ‘mdterials' 248" afmensions 59a° MSsteative
10  methods of forming the layers, structures, apertures and microtips of the
emitter structure 61 may be easily determined from an understanding of the
above-described process of fabricating emitter structure 60. '

Referring now to FIG. 6, there is shown a plan view of a first

_ arrangement of emitter clusters according to the embodiments of the present
15 invention as illustrated in FIGS. 3, 4 and 5. The view shown by FIG. 6 is
similar to that which would be presented by the embodiment of FIG. 3 with
conductive layer 72 and insulating layer 74 removed. FIG. 6 depicts a mesh
structure 80 of conductors, cdnductive plates 82 within the spaces formed by
~ mesh structure 80, a plurality of microtips 84 on each of the conductive
20  plates 82, and regions 86 of resistive material in the spacings between mesh
conductor 80 and conductive plates 82. In this illustrated embddiment,
microtips 84 are formed as a four-by-four array on conductive plates 82, all

of the plates 82 including an equal number of microtips 84.
In this embodfmént, there is an equal resistance between conductor
25 80 and each microtip 84 on a conductive plate 82, regardless of the number
" of microtips 84 on a plate 82. The resistance value is determined by the
lengths of the sides of plate 82, the distance between plate 82 and conductor
80, and the sheet resistance of the material in region 86. Hence, each
microtip 84 on a single plate 82 is at an equal potential, régardless of its
30  position on the plate, apd should display substanﬁally equal emission and



mcrotip emtters 70 on conductive plates 78", ‘each. emtter 70 forned
within one of the apertures 76 in conductive |ayer 72. The particul ars of
15 illustrative materials and dinensions, and illustrative nethods of
formng the 1ayers, structures, apertures and mcrotips of the emtter
structure 60" may be easily determ ned from an -understandi ng of the
above-descri bed process of fabricating emtter structure 60. Referring now
to FIG 10, there is shown, in cross- se%tll onal view, the 20 emtter plate
61 of an illustrative fleld em ssion flat panel display device in
accordance wth a fourth enbodi mrent of the present invention. Mre
specifically, the emtter plate 61 of FIG 10 conprises a substrate 66 -
havi ng an opt4d %PQ& Ei:ﬁ'rf’stti g layer 64 overlaid thereon. A nmesh-Iike
structure 63 0 (fHECtI‘I ca cgonductlve mat eri al , Whl ch may be simlar
to the type 25 M@m@mwntq KGNSy there I@@Pomt arplanj Wewoefradsesond

i nsul ating | ucture 63
defini ng spag%géneéi?ose 1ere| n. Pér}- %3‘?)’%& ce W téﬁ?%ﬂ:s%l&éggh |fr111vént i on,

a conduct i ve peraperti¥@ similak <o that nﬁEIGnG; theuview ofgFIGy 2 illGstrafestd meshspace

et er' o1 Do, 8 HrongiRlgar bt Shasdegralih B Al S8R kB oo

ggd cogduct | epapbsiformed by‘\meshsutfml quOaaep:luﬂeﬂmymlfenm ttps 94 ionceavhaifi ng
, and a conducti ver,| ays | uatln aver 75, ertures 7
are formed t ‘\{E ‘@?Fﬂ}é’f é‘é’nﬁ:%qfﬁ'g Fﬁé%ﬂ?gﬁn DGR t he
upper surf ac%éﬁveéﬁ%héxih &&d@w 96%nd5condﬁeﬁwﬁlaﬁes7@z ang thes Weektyatel n the

space of mesh structure 63 directly above conductive plate 79. Mcrotip
enitters 70, embediment; migrotipg 9f1rﬂ,re§ﬂlaa as a four-by-four array on conductive

10 plates 92, all of the plates 92 including an equal number of microtips 94.
It will be easﬂy recogmzed that "conductive plates 92 may be

positioned symmetrically within the spacings of mesh conductor 90 such

that plates 92 have an equal resistance path from conductor 90. Hence,

there will be an equal resistance between conductor 90 and each microtip

15 94 on a conductive plate 92, regardless of the number of microtips 94 on a

plate 92, the résistance value being determined generally by the lengths of

the sides of plates 92 adjacent conductor 90, the distances between plates

92 and conductor 90, and the sheet rgsistanée of the material in region 96.

- Hence, each microtip 94 on a plate 92 is at an equal potential, regardless of

20  its position on the plate, and should display equal emission and degradation
charactensucs ‘ |

The embodiment of FIG. 7 prov1des an advantage of increased density

of microtips over the embodiment of FIG. 6. Because of symmetry

: cohsideraﬁons, all of the conductive plates 92 within each mesh spacing

25  have an equal resistance path to mesh conductor 90. Thus, although the

voltage levels ‘of conductive plates 92 float, they are substantially equal,

differing only as a result of variéﬁons in the emisgion characteristics of

‘microtips 94. The intér-plate spacings _s'.l and Sg can be minimal, and

significantly less than the spacings s; and s, between plates 92 and mesh

30  conductor 90, the latter spacings' establishing the ballast resistance of



of cones, are forned on the upper surface of resistive lrayer 69 within
apertures 76. In this arrangenent,  conductive nesh structure 63 conprises
the 10 cat hode el ectrode, and conduct i ve | ayer 72 conprises the gate
electrode of field emission device 61. Electron emssion frommicrotip
emtters 70 is effected by the application of a potential at conductive
mesh structure 63 which is positive with respect to the potential. on
conductive tayer 72. The structure showea n FIG 10 may include a typical

t hi ckness 15 di mensi on of resistive |layer 69 between mcrotip emtters 70
and conductive plate 79 of one micron, and a typjcal |ateral spacing

bet ween each conductive plate 79 and the conductive nesh structure 63 of
five m crons. miEiiruﬁpsghe arrangenent of FIG 10 provides a rel ativel y smal |
vertical ballast rgsista en.each mcro tt

conductive plate ppm efﬁge'é\? fimléﬁ?f"%? %ﬁﬁ%@%@aﬁgﬁz&dﬁ‘ﬁ&)m

bal | ast resi Séxi’d‘@&ldiﬁiﬁ%%law% (6P (FIGUT)Vi8 apuaslgnmxomd Ahenserdusit e mesh
structure 63. met hod f or fabrlcatlng e terfp te .61, in accordance with
the present i nad by ﬁgfa @ﬁ’ crofiy) reargrizing

insul ating s U@%&‘tﬁ% FelGfive 13,%9& baelﬂsexﬁ:elow%m%ﬁfshaﬁéako fHe SatheldctiddletS;

depositing a ayer, o onductive nmateri al lustratively  al um num
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10  each microtip, as well as minimizing the effects of variations in emission

characteristics among the clustered microtips.

While the embodiments of FIGS. 6 and 7 represent two configurations
in which conductive plates are positioned within the spacings of a conductive
mesh structure so as to provide equal resistance paths between the

15  conductive mesh and each of the conductive plates, it is antxmpated that
many more such configurations may be envisioned, e.g., differences in the
shapes of the conductive plates and differences in the positional
relationships between the plates and the conductive mesh, all of which
provide the same or similar advantages as the illustrated embodiments, and

20 .all  of which accord with the principles of the present invention.
Furthermore, it is recognized that configurations of the mesh structure,
other than the square spacings illustrated herein, may be used without
departing from the principles of the present invention, e.g., rectangular, |
triangular or hexagonal (honeycomb) spacings.

25 Referring now to FIG. 8, there is shown a plan view of an
an‘anéement of emitter clusters in relaﬁo_n to a conductive column line in
accordance with the present invention. In a perspective similar to that of
FIGS. 6 and 7, the view of FIG. 8 illustrates a striped structure 100 of
conductors, a ﬁlurality of conductive plates 102, each adjacent and laterally

30 spaced from a corresponding stripe conductor 100, a plurality of mieroﬁpé



plates 79; formng an electrically insulating |ayer 75 on resistive |ayer
69; depositing a |layer of conductive material, .illustratively niobium on
insulating |layer 75 and form ng row conductors 72 therefrom typically by
phot ol i t hographi ¢ and etching processes; formng a plurality of apertures
76 5 I n conductive | ayer 72 over conductive plates 79, the apertures 76
extendi ng through insulating |layer 75 down to resistive |ayer 69; and
formng mcrotip emtters 70, illustratiwg y of nolybdenum on resistive

| ayer 69, each emtter 70 formed within one of the apertures 76 in
conductive layer 72: The particulars of illustrative materials and

di mensions, and illustrative 10 - nethods of formng the |ayers,

st_r_ulct u& ef, a_pﬁ;,;d %?,egac'me rthgrém:magoé ﬁw%ﬁse}]ﬁz,t gﬁd&tedgwﬁsu_nebsﬁf rasistive f
easily determ ned froman understanding o e.above- de i be rocess o
fabricating enateialsin the gpacipgs heiye ?icﬁﬁéﬂm‘i gtppes ié{] 491£F8“$'é°u§’l‘?om a
plan view of asfhkésioRr AsNUERMNed? torftitictive 'stiipes 160 &r@ﬁﬁbétdhﬂﬁ]clg(i)a&ﬂﬁel |
enbodi ments of” the present 15 invention as 1llustrated in FIGS. 3, 4 and
5. The vi ew shtsweadhyother, and jaresypaced from ongAnaiher By iove sonvughivesplatesy by

the embodi gent g3 H this ik Hsdihe] Arabtipd 100%:b154had baG heuey. 74
renoved. FI'G depi Cts a nesh structure 80 of con uctors, conductive _
pl ates 82 wi t hfourtdreaypa cenddativemlateg 1025 allof the plates 302 inclpdingan equalf
mcrotips 84 on_each of .the. omji_lctive 20 pl ates 82, and regions 86 of
resi stive mat e‘;‘Pﬁﬁ%%FR?FHEé&gn ;90, ngs between nesh conductor 80 and conductive
plates 82. In this Thé eatrentarretdoni thentlustarcofomigetips 04 ohosavhdofathen

four-by-four arr n conductive pl.ates 8 all of the at 82.1.ncliudi ng
an equal 'n'u'nbem‘laﬁ#/u"ﬁlvﬁrpgﬁeﬁ 78 ?ﬁmﬁ‘%"? HiSTarTirnce ﬂ%"@ ‘ﬁzﬂ’ﬁnthéﬂ@*n
resi st ancqobet y&@stos forghed by rédfistivélhyes d 06 bebweet coluign BtripscendiEduIG0 Ve
pl ate 82, regardless_ of th u r of. m.croti 84 on a,plate 82. Th
resistance val %di%“mﬁﬁg?dqgg' g“é;hgé\ﬁ\&%gtgafextamp i §r8?1§¥ﬂn§?é’ > the
di stance bet Wefé‘dﬁla&lfreﬂﬁteﬂ% thedet Asistancabfilaye 108861d divsdmia St the
material in region 86, Hence, each - ) : '
istance between conductive plate 102 and stripe conductor 100, and
inversely related to dimension W, the width of conductive plate 102 adjacent
15  conductor 100. The effect of small spacings s; and s; between adjacent
conductive plates 102 is similar to that discussed in relation to the
embodiment of FIG. 7, but with the additional advantages provided by the
increased density of conductive plates 102 offered by the embodiment of
FIG.8. _ | | _
20 The arrangement described in relation to the embodiments of FIG. 7
and FIGS. 8, 9 and 11, and, to a somewhat lesser extent, the embodiments
of FIGS. 3-5, 6 and 10, allow the density of microtips within a display pixel
to be improved through several design and material tradeoff decisions.

First, the cluster spacings, i.e., the spacings s, through s,, can be made to
25  exceed 2 microns to éllow use of projection printing techniques, or may be .
made smaller than 2 microns to maximize the cluster packing through use’
of stepper printing techniques. Second, the cluster spacings can be made to
exceed 2 microns to facilitate etching of their conductive layer by wet
chemical means, or may be made smaller than 2 microns to maximize the
30  cluster packing through use of plasma etching technologies. Third, the



mcroti'p 84 on a single plate 82 is at an equal potential, regardless of
its 30 position..on the plate, and should display substantially equal

em ssion and 21 degradation characterjstics. Referring nowto FIG 7,
there is shown. a plan view of a second arrangenment of emtter clusters
according to the present invention. In a perspective simlar to that of
FIG 6, the viewof FIG 7 illustrates a nesh 5 structure 90 of
conduct'ors, four conductive plates 92 wi plin each of the spaces fornmed by
mesh structure 90, a plurality of mcrotips 94 on each of the conductive
plates 92, and regions 96 of resistive material in the spacings between
mesh conductor 90 and conductive plates 92. In this illustrated enbodi nent,

rgnZCr olt : pSf 94h&ﬁﬁ;|ei' epadd @m boBét tyzdrd Walﬁ?é r@yam a;mﬂu@mbus akfay tlrﬁiltat esI |
a oteoat in aneq er_o t wi
be easily red8dHnse ‘!?Aétbycawdgb‘? % boid 8? n’ﬁa ?}é"tg] the
symret ri cal | Yool rébidtd, dRiMsIHISL %e@%n@@ﬁ@ﬁ?éeﬁ%oﬂ@u@ﬁ%‘pﬁ%@ﬁOQ lages 92
have an equal resi st ance pat h from conductor 90. Hence, there will be an

equal resi st aﬁ‘w@eb@!wrcéﬂ@u@t F1Go B, amayehe reduged twishaut affggting the
conduct Ve P! flafitidfve Y108 p§ 88 B 8 rekiiive ene‘rﬂlg}:f%&g%hbﬁére?x egf,at e

the r ance va I ng determ ne t he
SI des of pl at&ihﬁﬁleaclglmemammdcghﬂydol)e nmtamlaﬂibducbmm e;iemtbs 92
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of 20 its pamductmmﬁ)amiacmchmmveapidi_;esMI Emh]bplthychtpwdresmteswalueand
degradati on chargc%v{ h 55 oql ne, tofq'LeF G 7r£s§s% (ﬁs an. adl\{ant age

of increased @h
10 Dby enlarging dimension W, the width of conductive plate 102 adjacent

conductor 100 in FIG. 8, while holding the sheet resistance value of the
resistive layer 106 constant.

Referring now to FIG. 9, there is shown a plan view of an
arrangement of pixels including the emitter clusters aﬁd conductive column
15  lines of the present invention. This arrangement illustrates column
conductors comprising stripes 100 and a plurality of conductive plates 102,
each adjacent and laterally spaced from a corresponding stripe conductor
- 100. Asillustrated, conductive stripes 100 are substantially parallel to each
‘ other, and are spaced from one another by two conductive plates 102. Stripe
20  conductors 100 are joined at their upper and lower extremities (outside the
active region of the display) by conductive bus regions 110. Column
conductors 100 and crossed by, and electrically isolated from, row conductors
112 which, as illustrated, are orthogonal to stripe conductors 100. Region
114, compnsmg the intersection of the striped column conductors 100 which
25  are joined by a single bus region 110 at each end thereof (the cathode
electrode) and a single row conductor (the gate electrode) may represent a
single display pixel.- Optional cross-line conductors 116 in the inactive area
between display p.ixels may be added for redundancy and current spreading.
While the embodiment of FIGS. 8 and 9 represent a typical
30  configuration in which conductive plates are positioned adjacent a stripe



“of microtips over the enbodi ment of FIG 6. Because of symmetry
considerations, all of the conductive plates 92 wthin each nesh spacing 25
have an equal resistance path to nesh conductor 90. Thus, although the

vol tage | evel s of conductive plates 92 float, they are substantially equal,
differing only as a result of variations in the em ssion characteristics of
mcrotips 94. The inter-plate spacings [err] and [err] can be mninmal, and
significantly less than the spacings [epg] and [err] between plates 92 and
mesh 30 conductor 90, the latter spacings establishing the ball ast

resi stance of 22 mcrotips 94. The nunber of clustered mcrotips on
conductive plate 82 (of FIG 6) and conductive plate 92 (of (FIG 7) is a
desi gn choi cgendiicthP B uckird o a8 851N THe8QualNrékidtanby pafles HEBYéen the
probability of a failed mcrot recogni zing 5 that the relatively rare

| P . €
occurrence QF%@WW%M%&F}R@Wé’%& ¥ Platepdd ig apticinafed fhabuses a
short circui ingly 8l %hﬁﬁ%hﬁéufdﬁ&ﬁ%a?'ﬁ&é&fisioh@&,ué.%ﬁmﬁ' ngs GigRS! on of
el ectrons fromany of the mcrotips of that cluster. the other hand, a

| arge nunber sbapes cofotthes conductive dplotesesand cdiffarencese ipl dhe positiomal abl e
from a Stﬁndggial%:on%iﬂs%w&ﬂ d)@%%&%tsa#%{ fﬁ‘éé %P@é%dr, rag#bf GlidY phbide :%ﬁ‘ h-

mcrotip, as we as "mnimzing the ef ons 1T n em SSi 0
char act eri st isamesovmimpilan advantiges as the idlustrgied eitfbiodiments, and alliofsiitich of

FIGS. 6 and 7 repre two_ conf i ations_ i.n_whi.ch conductive plates are
posi tioned wif -Wvﬁﬁ%mgﬁpeaﬁiﬁegmtme U4 structure so as to
provi de equal resiAsinetiosdl for Fhloritingesm einitted Plate of thiiembydin@thf MASeach of:

the conductive plates, it is anticipated that pany joore such configurations
Ty bo. envi AR Do.h, accrdamiep oIS the, ITReen: IVeRtion, may comprise the

10  following steps: providing an insulating substrate; depositing a layer of SiO,
on the substrate; forming a layer 106 of an electrically resistive material

over the SiO, layer; depositing a layer of conductive material on resistive
layer 106 and forming therefrom conductive plates 102, conductive column
stripes 100, bus regions 110 and (optionally) cross-line conductors 116,
15  typically by photolithographic and etching processes; forming an electrically
- insulating layer overlaying resistive layer 106, conductive plates 102 and
conductive column stripes 100; depositing a layer of conductive material on
the inéulating layer and forming row conductors 112 therefrom, typically by
photolithbgraphic and etching processes; forming a plurality of apertures in
20  row conductors 112 over conductive plates 102, the apertures extending
‘through the insulating layer down to conductive plates 102; and forming
microtip emitters 104 on conductive plates 102, each emitter 104 formed
wiﬁhin'one of the apertures in row conductors 112. The particulars of
_ il,lustrativeb materials and dimensions, and illustrative methods of forming
25  the layers, structures, apertures and microtips of the emitter plate of FIGS.
8 and 9 may be easily determined from an understanding of the above-
described process of fabricating emitter structure 60 described in relation to |
'FIG.3. | |

Alternatively, another method for fabricating an emitter plate of the

30 . embodiment of FIGS. 8 and 9, in accordance with the present invention,



shapes of the conductive plates and differences in the positional

rel ati onshi ps between the plates and the conductive nesh, all of which
provi de the sane or simlar advantages as the illustrated enbodi nents, and
20 -all of which accord with the principles of the present invention.
Furthernore, it is recognized that configurations of the nesh structure,

other than the square spacings illustrated herein, may be used w thout
departing fromthe principles of the preggent invention, e.g., rectangular,
triangul ar or hexagonal (honeyconb) spacings. 25 Referring now to

FIG 8, there is showm a plan view of an arrangenent of emtter clusters in
“relation to a conductive colum line in accordance with the present

i nvention. | npmybebmipeisel Yise SollbWirg tsepd) aprovidingGan nalgting sdtsstideew of
FIG 8 illustrates a striped §ructur 00 of conduct or aplurallty of

conductive pl é?E%Sl@EQa]éX%Ofé Qucahith traterdgnositing a layerof copdushive
cor respondi ngpgf aﬁoﬁ%wsm anéPQnd formlﬂg%héfe&diﬁ camaawe%lumn%&uﬁ% on

each of the conductive pl ates regl ons 106 of resistive material in

t he spaci ngs B80vkusregionstl( a@déqphq@@%l 1 cxvsgiineceonduetary 416 tpieallydsy  As
Lustrated eRRGHEhoHBPRIA |BRP ctiiinp" sgé&tgésanfo&fﬁhg Baiag}e&ehoéoofa#gz

. ot her, space om one anot WO condu | at e
this il I ust r aekuttricallyrenistive magerial psezime O, ﬂ@yexednds:oadﬁcm bglunfmur

array on condugtiv

nunber of i cPBL el%?eﬁ%lm%u éjefgggéﬂr}ﬁle#va%‘?#%l er o?qﬁ}%g g‘ﬁj
104 on each ohnﬂtfmmmgtherwanpbndam\mﬂates HZ, mymahybyfphommegraﬂ:&mce
val ue of the thi,n m 10 resipstar for bet ween

esi s
col urm stri pe aggnqﬁmpwssses, orming an e ectnéélf tmg aner over ying
10 resistive layer 106 and conductive plates 102; depositing a layer of

conductive material on the insulating layer and forming row conductors 112
therefrom, typically by photolithographic and etching processes; forming a -
plurality of apertures in row conductors 112 over conductive plates 102, the
apertures extending through the insulating layer down to conductive plates
15  102; and forming microtip emitters 104 on conductive plates 102, each
- emitter 104 formed within one of the apertures in row conductors 112.
Referring now to FIG. 11, there is shown a cross-sectional view of an
emitter plate 118 embodying a second arrangement of emitter clusters
| adjacent conductive column lines in accordance with the present invention.
20  In a perspective similar to that of FIG. 10, the view of FIG. 11 illustrates a
substrate 120 having an optional thin insulating layer 122 overlaid thereon.
A plurality of stripe conductors 124, extending pérpendicular to the drawing
sheet, are located on layer 122, as are a plurality of conductive plates 128.
The relative posmomng of stripe conductors 124 and conductive plates 128,
25  isthe same as for FIG. 8, wherein plates 128 are each adjacent and laterally
spaced from a corresponding stripe conductor 124. A coéﬁng 126 of a
resistive material overlays insulating layer 122, stripe conductors 126 and
conductive plates 128. An insulating layer 130 covers resistive coating 126,
and a conductive layer 132 overlays insulating layer 130. Apertures 136 are
30 formed through conductive layer 132 and insulating layer 130 down to the



and conductive plate 102. In the illustrated exanple, this resistance val ue
Is directly related to the sheet resistance of |ayer 106 and di nension L,
‘the distance between conductive plate 102 and stripe conductor 100, and
inversely related to dinension W the width of conductive plate 102

adj acent 15 conductor 100. The effect of small spacings [err] and [err]
bet ween adj acent conductive plates 102 is simlar to that discussed in
relation to the enbodinment of FIG 7, byt with the additional advantages
provi ded by the increased density of conductive plates 102 offered by the
enbodi rent of FIG 8. 20 The arrangenent described in relation to

t he enbodi nents of FIG 7 and FIGS. 8, 9 and 11, and, to a sonewhat | esser

ext ent t he @ﬁmdt SRS lot)freﬁls@'e l3yér, 126. arldpéz@ure'sl 136Vairb FortaBai dlyeom‘y d
mcrotips w ay .pi xe e i oV, u sever gn an
material tradleecC Q!'g’ldﬁcg veplates; 7‘%é I‘?%"@Li’ﬂlg ng gﬂ tl?éay’f‘h e

spaci ngs [ er ghagddéfefbs, E&é&‘&vmé‘@@nmeﬁﬁﬁ&étﬁfa"é ofrssisﬁeélla&ewmemhﬁp al I ow

use of projection printing techniques, or may be made smal’ler than 2
m crons to napemviwas 136 cl uster pack| ng through use of st epper printing

t echni qugs. Secon ﬁﬁ!aﬂ% &’listFs ons to
facilitate etchi nglo therr cong'u’ctl ﬁer c ﬁé@%ﬁ%ﬁ%ﬁ@&ﬂ may .
be made snal klectrotenard reonductive lBMXl?rﬂ mmpmesﬁthe galte sl entrqsiecof ﬁgld hr ough

gzesgI Itol)aig??lé?é? v&rea glng%gg&%o {gmgﬁ n%‘?mt%{ 'gh ‘r%"?(aa%ho Syml;l);i

t he di nensi oaﬁ‘eetédtuyethel ageplicabionrdfta pbtentiaélagtstnpé cbmabmlm which & or,

0TS o L ghyd R PR S5 RS S 1, o 1 condcto

10 The st:'ucbure shown in FIG. 11 may include a typical thickness
dimension of resistive layer 126 between microtip emitters 134 and

~w

conductive plate 128 of one micron, and a typical lateral spacing between

each conductive plate 128 and the adjacent stripe conductor 124 of five

microns. Thus, the arrangement of FIG. 11 provides a relatively small

15 vertical ballast resistance between each microtip emitter 134 and the

conductive plate 128 thereunder, and a considerably larger lateral ballast

resistance between each conductive plate 128 and the adjacent stripe
conductor 124.

A method for fabricating emitter plate 118, in accordance with the

- 20 present invention, may comprise the following steps: providing an insulating

substrate 120; depositing a layer 122 of SiO, on substrate 120; depositing a

layer of a conductive material, illustratively aluminum, chromium,

molybdenum or niobium, on the SiO, layer 122 and forming therefrom

conductive i)lates 128, column stripes 124, and bus regions and cross-line

- 25 conductors of the type shown in FIG. 9, typically by phbtolithographic and

etching processes; forming a layer 126 of an electrically resistive material,

illustratively ammjphous silicon, over conductive column stripes 124 and

conductive plates 128§ forming an electrically insulating layer 130 overlaying

_resistive layer 126; depositing a layer of conductive material, illustratively

30 niobium, oninsulating layer 130 and forming row conductors 132 therefrom,



5 resistance value by use of a resistive layer wi th higher sheet
resistance, e.g., a thinner layer or a nore lightly doped material.
Reduction in the length of -dinension L is limted, of course, by the
breakdown field between stripe conductor 100 and conductive plate 102.
-Finally, the cluster resistor value can be reduced without affecting | ength
- of the cluster resistor, dinmension L, 10 by enlarging dimension W the
~width of conductive pl ate 102 adj acent 28onductor 100 in FIG 8, while
hol di ng the sheet resistance value of the resistive |ayer 106 constant.
Referring nowto FIG 9, there is shown a plan view of an arrangenent of
pi xel s including the emtter clusters and conductive colum 15 |ines of
the present typtea:ll)'r bylphoﬂiﬁithomphngan&ntc}hhg psbceasess fmmhmgrn phdlicy of s
eonpri sing st r and a I ur conduct i o at 10 :
adj acent and P (@65’&158 1"?5 {Boﬂkgs%‘?fdlcﬂﬁxg‘ft ﬁdg%q °.LOO As
il Ihust rat gd a mgmfﬁndiﬂg ﬂﬁﬁugﬁ(inaﬂatmgbmyaﬁmagl dm&baiehﬁhvbcllg é&g
other, and are s Jom gne, anot conduc tes tripe
20 conduct 8£8 mgomaa Qte’{” fﬁﬁp@uaﬁa BV EYe? ’é‘?iﬁéﬂ*ﬁ‘%s"
(outsi degt heré’éiéﬂn‘/@lageﬁ 196, ééchtémtﬁaramqu}mea VAR el 0f Eh O B ertsbOTEE 110.
Col um conductors -10Q and cr ossed by, and electrically isolated from row
conduct ors 131 T GERC uq:grq IBZstrated, are orthogonal to Stri pe conductors
100. Region 114, 'ﬂiﬁ)&ﬁfes'oﬂﬁ‘é%f‘e%% imbg?xa%'b'eeﬁﬁe

conductors 100 whic are | oi ned st ngl e bus region at each end

t hereof (t hemﬂ;nm@a@wgm ﬂmﬁmctgmsgﬁmlmsvhqurﬁsrdosndhemm,mwﬂl

| ectrod
conductor s 105 TeEEA thaty ?b@gé?eﬁhﬁ%%%enﬁ%%y kb BRI Rrc  ¢ o1
redundaridy arnbe invention. %mdpmgfthﬁhnbenﬁbm1ﬂﬁaﬂtemhdmfbeﬂﬁﬁied&oam 9

represent a LUl JRuonfl At GRS BlHILE RAQRINGL LGl SLERAES

positioned a
gauged by the breadth of the claims which follow.




25 conductor structure so as to provide equal resistance paths between the
conductive stripes and each of the conductive plates, it is anticipated
that many nore such configurations may be envisioned, e.g., _differences in
“the shapes of the conductive plates and differe i onal
rel ati onshi,ps between the plates and the stripes, i vi de the
sane or simlar advantages as the illustrated enbﬂi“‘&mmsmwmlﬁ of which
accord with the principles of the presem invention. nme _ '
fabricating an emtter plate of the enbodinent of FIGS. 8 and 9, in
accordance with the present invention, may conprise the 10 follow ng
steps: providing an insulating substrate; depositing a |layer of [err] on
t he substrat eWHAMIS CIAITMED I$06 of an electrically resistive materi al
over the [err] layer; depositing a |layer of conductive material on
resistive layer 106 and form ng therefrom conductive plates 102, conductive
columm stripes 1003, mMﬁgbm&igppgﬁtﬁg%mﬁlhg) cross-line conductors .
116, 15 typically by photolltho ra nd etching processes; formng an
el ectrically insul acppdu g"l"ﬁ&-‘ﬁ PE & ResSR BpaENEHG, conductl ve
plates 102 and CQ”?%EHM&:%’? ‘téx‘aﬂl?s d fieRP3hid Mibsh 42U

sulatin

conductive material on the | er and formng row con uctors 112

therefrom typtawying 8 eeptral aeglpmgtbxpmaédams SPRING processes formng a
plurality of apertyr Eﬁ-‘ﬂ%‘! I4#n ane& es
102, the apertur esgel’é?lsggfggy? h%ggleh t e%lto%swﬁtatl ngéﬁgayer downb‘%(fr

conductl ve pl aaﬁscoiﬂﬂphuﬂplateramhg mcrotip emtters 104 on conductive

pl ates 102, each e ur in row
conductors 112. Thg]pg’éﬂe’{ht&tﬂ%%’wge &Q lglggeed){nna%%?itgﬁgagﬁagﬁflnensions,

and illustrative nmethods of formng 25 the | ayers, structures, apertures
and mcrotips of the emtter plate of FIGS. 8 and 9 may be eaS|Iy
determ ned from an under st andi ng of t he above-

2. The electron emission apparatus in accordance with Claim 1
- further including a conductive layer electrically isolated from said
conductive mesh structure, said conductive plate and said resistive layer,

said conductive layer having apertures formed therein, each of said emitters
‘being formed within a corresponding one of said apertures in said conductive
layer.

3.* The electron emission apparatus in accordance with Claim 2
further including means for applying a potential between said conductive
mesh structure and said conductive layer. |

4. The electron emission apparatus in accordance with Claim 2
wherein said mesh structure comprises a cathode electrode and said
conductive layer comprises a gate electrode.

5. The electron emission apparatus in accordance with Claim 2



descri bed process of fabricating enitter structure 60 described in relation
to FIG 3. Alternatively, another nethod for fabricating an emtter plate .
of the 30 enbodi nent of FIGS. 8 and 9, in accordance with the present

i nvention, 26 may conprise the follow ng stepsi providing an insulating

~ substrate;, depositing a | ayer of [err] on the subst ; tni a |layer
of conductive material on the [err] |ayer and form'nnﬂmuﬂummmHMLiucti ve
col umm stripes 100, bus regions 110 arsb (optional[y)* crross-| Fne® cdnduct ors
116, typically by 5 phot ol i t hographi ¢ and etchi ng processes; formng a
| ayer 106 of an electrically resistive material over the [err] l'ayer and
conductive colum stripes 100; depositing a | ayer of conductive material on
resi stive | ayherdi06aitapertures gre fremeldr ionsaid reduductiee fyveres droarrayypi cal | y
by photolithographic and etching processes; formng an electrically
i nsul ating | ayer overlaying 10 resistive |layer 106 and conductive plates
102; depositing agl afhe eléctromdumission apparatas innatdoedanceuivith Oiainay?r and
form ng row conductors 112 thecefr .typi.cakly b hot ol 4.t hogr aphi c, and
~etching proc® é%‘?%érﬁpﬁﬁt‘ﬁe?)%ﬁﬁﬁg‘ﬂ?déﬁgﬁé‘?f T HE FHPer 112
over conduct g Rictbtip ethitters e Fohieidllyesorxdleip@ddng t hrough the insul ating
| ayer down to conductive plates 15 - 102; and formng mcrotip emtters 104
on conductive plates 102, each emtter 104 formed - within one of the
apertures in row conductors 112. Referring now toFIG 11, there is shown a
cross-sectional view of an emitter plate 118. enbodyi ng a second _arrangenent
of emtter clustefls Fheaclepronpraission, apparaius inj aecordancec vathiLlamwl th t he
present i nveqiddtin &fla rektideAEyePaiibrifes dutbitodshilib. Of FI G 10, the

view of FIG

8. The electron emission apparatus in accordance with Claim -1

wherein said microtip emitters comprise molybdenum.

9. The electron emission apparatus in accordance with Claim 1
wherein the material of said conductive plate is selected from the group
comprising aluminum, chromium, molybdenum and niobium.

10. The electron emission apparatus in accordance with Claim 1
. wherein the material said conductive mesh structure is selected from the

group comprising aluminum, chromium, molybdenum and niobium.

11. The electron emission apparatus in accordance with Claim 2
wherein said conductive layer comprises niobium.



substrate 120 having an optional thin insulating |ayer 122 overlaid
thereon. A plurality of stripe conductors 124, extending perpendicular to
the drawi ng sheet, are located on |ayer 122, as are_a plurali-ty—of—

- conductive plates 128. The rel ative positioning of 124
and conductive plates 128, 25 1is the sanme as for. mﬂemmﬂagﬂmm ates
128 are each adjacent and laterally spaced froma ¢ sStL¥1 pe
conductor 124. A coating 126 of a resis3¥ve material overlays insulating
| ayer 122, stripe conductors 126 and conductive plates 128.- An i.nsul ating
| ayer 130 covers resistive coating 126, and a conductive |ayer 132 overl ays
insul ating |ayer 130. Apertures 136 are 30 formed through conducti ve

| ayer 132 and i nsdBRatElegtroneniisdisfl appapatus dolngprising? upper surface of
resistive |ayer 126 rIureﬁ % Eieare formed directly above conductive
plates 128. M cr o3 illustratively in the shape of cones,

~are fornmed on them&cﬁwmmm&aﬁ 6higuid babstrate6 W t hin apertures
136. 5 In this arranggrent e condyctors 124 conpri ;e th&
el ode of

" cat hode el ectrodea%ﬁ’éuﬁfaﬁ%i tP\Pélqaé é &@?tec Bin aspacing forme

field em ssi qaea?ytrﬁet&é%ndﬁlee&{@n qsalaﬁé@eheré&em mcrotip emtters 134 is
effected by the application of %'ent lal at stri pe conductors. 124 which -
is positive with rderefslive Bi}teﬁeovﬁﬂaé’ﬂ!g gpidopondiictivet plate jangcin eleptricad

The structur %n e a typical thickness dinension of
resistive Ia;e/cgr It;Hs\gi/eflr?ergnillcrot| ér#tqters 134 and conductive plate 128
of one mcron, anc plurpbty af mmqtumlengptam g said wesistive dayen adddocatedpl at e

128 and the gacﬂ%%é%qisﬂpdr\%\%v%@gﬁgtor 124 of five mcrons. Thus, the

arr angemnent arelatively small

13. Thé electron emission apparatus in accordance with Claim 12
wherein the distance between said conductive plate and said mesh structuré
is substantialiy greater than the thickness of said resistive layer overlaying
said conductive plate.

<

14. The electron emission apparatus in accordance with Claim 12
further including a conductive layer overlaying said resistive layer and
electrically isolated therefrom, said conductive layer having apertures
'forme_d therein, each of said emitters being formed within a corresponding

one of said apertures in said conductive layer.

15. The electron emission apparatus in accordance with Claim 14
further including means for applying a potential between said conductive
mesh structure and said conductive layer.

16. The electron emission apparatus in accordance with Claim 14



15 vertical ballast resistance between each microtip enmitter 134 and the
conductive plate 128 thereunder, and a considerably larger |ateral ballast

resi stance between each conductive pl ate 128 and t—h&—adj-acaﬂ——st-r‘r‘per‘
conductor 124. A nethod for fabricating emtter pI ance
with the 20 present invention, nmay conprise the f mﬂgﬁ“@! Hﬂ ;ﬁmﬂ
providing an insulating substrate 120; depositing a [err] on
substrate 120; depositing a | ayer of a 3®nductive.material, il I ustratively
al um num chrom um nol ybdenum or ni obium on the [err] Iayer 122 and
form ng therefrom conductive plates 128, columm stripes 124, and bus

regions and cross-line 25 conductors of the type shown in FIG 9,
typically by \ph@teomsa:dgmpm structiiret cmpigsen oc sathade flactiodg anﬂawd 126

of an electri g [ H:ﬁE atively anorphous silicon,
over conducti ve co gﬁ%é}%% c}‘ﬁl EZ# g’hﬁ éﬂ”&gﬁ%‘{. ve plates 128; form ng an

electrically insulating Iayer 130 overlaying resistive Iayer 126;

depositing a Iayer f u raI i.obi,um on
i nsul ating | ayer gﬁ% &8‘%5#1?1%&&%%8 %J ‘(.)'*8 iSnl g?%ef dl] H
typically by ﬁheteihlshm)epamres aredoeinediingapd conductire Fagverrasgmaaﬂhyr al i ty
of apertures 136 in row conductors 132 over conductive plates 128, the
apertures extending through insulating |ayer 130 down to resistive | ayer
126; and formng mcrotip emtters 134, illustratively of nolybdenum on 5
resistive layer 126 each emtter 134 fornmed within one of the apertures
136 in row conduct H-s Theelecimon emiggion aprarptussin pceordance wath Claimdd on
have been denphgtdialsath ﬁff)éﬂup@srﬁi SiitdonbBeRvS 14 Rr e g%h@ww&ﬁéumwt hods

di scl osed herein, 1t wl
: said microtip emitters are generally cone-shaped.

~19. The electron emission apparatus in accordance with Claim 12
wherein said resistive layer comprises amorphous silicon.

20. The electron emission apparatus in accordance with Claim 12

wherein said microtip emitters comprise molybdenum.

_2_1.. The electron emission apparatus in accordance with Claim 12
wherein the material of said conductive plate is selected from the group

comprising aluminum, chromium, molybdenum and niobium.

22. The electron emission apparatus in accordance with Claim 12
wherein the material said conductive mesh structure is selected from the

group comprising aluminum, chromium, molybdenuin and niobium.



be recogni zed that vari ous departures may be undertaken in the practlce of
10 the invention. The scope of the invention i

limted to the particular structures and mnet hods ' but
shoul d i nstead be gauged by the breadth of the cl ﬂﬂﬂ@ﬂi ﬂi i
VWHAT |S CLAIMED'IS: 1. Electron em ssi @3 appar at conduct | ve

mesh structure defining a mesh spacing; a conductive plate laterally spaced
from sai d nesh structure and occupying a central region within said nesh
spacing; a resistive layer in electrical contact with said nesh structure’
and sai d conducti 28. gThé elecm‘uix emjidsiorn bppyratiis incactordarmei withr Gldiecaged in
said central |.0n é The el ectron em ssion lzPa. aratus in accordance with
Claim1l furt ﬁ"ebre 5414 9gdyciive, iCORPILEGE IQ rically isolated from
sai d conductive mesh structure, said conductive plate and said resistive

| ayer, said conductive |ayer having apertures forned therein, each of said
emtters being formed wthin a correspondi ng one of said apertures in said
conductive |ayer. 23. RlaeaShShhisidnSAPpatatiis GRRAFHAIHES | N accordance with
Claim2 further including nmeans for "applyrng a potential between said
conducti ve nesh stapt}@tsulﬁammw@mtebonductlve | ayer. 4. The el ectron

enmi ssi on apparatu ture
conprises a cat ho?eéo?'\dﬁ8 fggﬂgﬁ sal CW ?&9 s%{,Z’cl'leonpg?|S£3}531e(§’f[e%g‘at e
el ectrode.  structure deﬁmng mesh spaces;

conductive plates on said insulating substrate occupying areas within
said mesh spaces; ' _

a layer of an electrically resistive material on said substrate
overlaying said mesh structure and said conductive plates;

an electrically insulating layer on said resistive layer;

a conductive layer on said msulatmg layer, said conductive layer
havmg a plurality of apertures formed therem and extending through said
insulating layer;

mic_rotip emitters on said resistive layer, each emitter formed within

a corresponding one of said apertures in said conductive layer.

25. The electron emission apparatus in accordance with Claim 24
“wherein each of said mesh spaces is substantially square.

26. The electron emission apparatus in accordance with Claim 24

wherein each of said conductive plates includes an equal number of
emitters.

&

27. The electron emission apparatus in accordance with Claim 24
wherein each of said conductive plates are substantially equally spaced from

said conductor.



5. The electron em ssion apparatus in accordance with Caim-2 30 wherein

said apertures are formed in said conductive IaW :

el ectron em ssion apparatus in accordance with wherein s

-apertures in said conductive |layer are generally mmmm‘ mcrotip
emtters. are generally cone-shaped. 7. The el ect rﬁ““ \ atus in
accordance with daim1l wherein said resistive |ayer torf'prl ses anor phous

‘'silicon. 8. The electron enission appar¥us in accordance with aim1l
wherein said mcrotip emtters conprise nolybdenum 9. The el ectron _

en ssi on apparatus in accordance with aim21 wherein the material of said

conductive plate is selected fromthe group conprising alumnum chrom um
mol ybdenum and ni @8, uThe ldlectFbis eatiesibh Gipparatus N aepdantewithn Ciaieo2dance

with Caiml erein_the mater sai d orﬂ%uctlve S struturels
sel ected fronVReEeR e distange bf* ﬁ&h sgif] ¢an K?E%se

ni obium 11. JdfRuetorss %ﬁﬁsﬁmﬁﬂmeaf&&hahlthe ithick@ess opaia fesi@ﬁvalaydfl 2
wher ei n said conduct [ ve I a conpr i sesgin obi um 31 12. Electron

eni ssi on appa%ﬁr F\@d condugtive 3%8% substrate; a conductive mesh
structure on said subst.rate

29. The electron emission apparatus in accordance w1th Claim 24
wherein each of said emitters has a substantlally equal resistance path to
its adjacent conductive plate.

30. The elecu'on' emission apparatus in accordance with Claim 24
wherein each of said conductive plates has a substantially equal resistance
path to said conductor.

31. The electron emission apparatus in accordance with Claim 30
wherein each of said emitters has a substantlally equal resistance path to
its adjacent conductive plate.

- 32. The electron emission apparatué in accordance with Claim 31
. wherein the resistance path between each 6f said conductive plates and said
conductor is substantially greater than the resistance path betﬁeen each of
said emitters and their adjacent conductive plates.

l - 33. The electron emission apparatus in accordance with Claim 24
- further including means for applying a potential between said conductor and
- said conductive layer. |



a conductive plate on said substrate within a spacing fornmed by said nesh
structure and electrically isolated therefrom a resistive |ayer overlaying
sai d conductive plate and in electrical contact with said nesh structure;
and a plurality of mcrotip emtters on said resistive |ayer and | ocated
above sai d conductive plate. 13. The el ectron em SSion apparatus in _
accordance with Claim 12 wherein the di stance be m mmﬁu tive plate
and said nesh structure is substantial I3p greater”mmmlm u ss of said
resistive layer overlaying said conductive plate. *14¢ The "l éctron eni ssion
apparatus in accordance with Caim12 further including a conductive |ayer
overlaying said resistive layer and electrically isolated therefrom said
conductive |layer having apertures formed therein, each of said emtters

being forned wthi oryespondi ng. ' ' | 1.SAq

conductive | ayer. ':3?5%3{%:?13)&? na%éognpgggéﬂa%%ggr a Eé&!{ln%gadg@gfggag\?e%ﬁ th

C ai m 14 f ur Wimreimsdiddionducteeceniprisea zptathode @leptrostet ard shidk eoraluctized

conductive sh structure an aid conductive |ayer. 16. The el ectron

eni ssi on appafEFULTRISRSAEE %]&"Wﬁ‘ﬁ Claim 14 32 wherein said nmesh

structure conprises a cathode el ectrode and said conductive |ayer conprises

a gate el ectrode. 357. Ahanethedt faynfabricating, amprlectrens ¢missiosorappacatus t h

Cl ai m 14 whergi | r are formed in said conductive |ayer as an

array. 18. Th@h&%%ggﬁggin%s&gn apparatus in accordance with Caim 14
providing an insulating substrate;

depositing a first layer of conductive material on said substrate and

forming a mesh structure and- conductive plates therefrom, said conductive
plates being formed within mesh spaces defined by said mesh strut.:ture;'

forming a layer of an electrically resistive material on said substrate
overlaying said mesh structure and said conductive plates;

forming an electrically insulating layer on said resistive layer;

- forming a second conductive layer on said insulating layer;

forming aperturesin said second conductive layer over said conductive

plates, said apertures extending through said insulating layer; and
" forming microtip emitters on said resistive layer, each emitter formed

within a corresponding one of said apertures in said second conductive layer.



.wWherein said apertures in said conductive |ayer are generally circular and
said mcrotip emtters are generally cone-shaped. 19. The el ectron em ssion
- apparatus in accordance with Claim 12 wherein sai dTresistive Tayer

conpri ses anorphous silicon. 20. The el ectron em ssj '
accordance,wth Claim12 wherein said mcrotip em t“mmmﬂmmmu l“l

mol ybdenum 21. The el ectron emi ssion apparatus in aecofdance wsth*Cl aim 12
wherein the material of said conductivesplate is selected fromthe group
conprising alum num chrom um nolybdenum and ni obium 22. The el ectron

em ssion apparatus in accordance with C aim 12 wherein the material said
conductive nmesh structure is selected fromthe group conprising al um num
chrom um nol ybderdén Bledtsonodrmission appirafiths cobhprisingct ron  emi ssi on

apparatus in accorydance wth Caiml14 ergin said conductive | ayer

conpri ses ni GhFERAY 9@%&\5‘1‘?%”&’&% 8@’6‘& e‘ﬁ‘b‘l’ﬁﬁ”ié‘leﬁ"gqn’gxﬁ

i nsul ating subst r at@ndactiee deshostrheture datdialy Brized tfrormat sui@ plates Biych
substrate, said nesh structure defining nesh spaces; conductive plates on
sai d i nsul at refsBY®EANeRt e occupying areas within said nesh spaces; a |ayer
of an electrically resistive material on said substrate overlaying said
mesh structure and said conductive plates; an electrically insulating |ayer
on said resistive layer; a conductive layer on said insulating |ayer, said

conductive layer gy The electron emission apparatus in accordance with Claim 36

wherein said conductive plate and said conductive mesh structure are
positioned adjacent the same surface of said resistive layer.

38. The electron emission apparatus in accordance with Claim 36
wherein said conductive plate and said conductive mesh structure are
positioned adjacent opposite surfaces of said resistive layer. .

39. The electron emission apparatus in accordance with Claim 36
further including a conductive layer overlaying said conductive plate and
spaced apart from said mesh structure and said plate, said conductive layer
having apertures formed therein, each of said emitters formed within a

corresponding one of said apertures in said conductive layer.

40. The electron emission apparatus in accordance with Claim 38
wherein said conductive plate is positioned over a spacing of said conductive
mesh structure.

" 41. The electron emission apparatus in accordance with Claim 37
wherein said conductive plate is positioned within a spacing of said



having a plurality of apertures formed therein and extendi'ng through said
insulating layer; mcrotip emtters on said reswm tter
formed within a corresponding one of said apertures in said conductive

| ayer. 25. The el ectron emission apparatus in aci umwﬂmm;ﬁm' m 24
wherein each of said mesh spaces is substantiall el ectron
em ssion apparatus in accordance with Caim 24 wherei n sach &f %aid
conductive plates includes an equal nunbgy of emtters. 27. The el ectron
em ssion apparatus in accordance with C aim 24 wherein each of said
conductive plates are substantially equally spaced from said conductor.

34 28. The el ectron emi ssion apparatus in accordance with C ai m27 ‘wherein
t he di stance %ﬂﬁsﬁ: ¢, conductive plates and said conductor is
substantially ‘géeat er Q&ﬁéﬁrﬁl ckness of said resistive |ayer overlaying
each of said conductive plates. 29. The el ectron em ssion apparatus in
accordance with C aim 24 wherein each of said emtters has a substantially -
equal resistance path to its adjacent conductive plate. 30. The el ectron
em ssi on appar at us42n "Bl eledtrnoncemissionChppanatds ﬁsheacetbndamehvimh Claid 39
conductive pI has.a,subst ant i,al | y ;equal at h

conduct or . gr b‘f%‘é%@&ﬁ?% for, ﬁtll?ge?ﬁagﬁ cfﬁ'n%?é ﬁ“@"é‘f m 30
wher ei n each ﬁieghagtﬁ_uﬁ{ﬂ'é aad safhsolhwtivetlagéd. al | y equal resistance path to

43. The electron emission apparatus in accordance with Claim 39
‘wherein said mesh structure comprises a cathode electrode and said
conductive layer comprises a gate electrode.

44. The electron emission apparatus in accordance with Claim 39
wherein said apertures are formed in said conductive layer as an afray.

45. The electron emission appai‘atus in accordance with Claim 39
wherein said apertures in said conductive layer are generally circular and

said microtip emitters are generally cone-shaped.

46. The electron emission apparatus in accordance with Claim 36

wherein said resistive layer comprises amorphous silicon.

47. The electron emission apparatus in accordance with Claim 36
wherein said microtip emitters comprise molybdenum.



its adjacent conductive plate. 32. The el ectron em ssion apparatus in
accordance wth Caim31 wherein the resistance path between each of said

~ conductive plates and said conductor is substantially greater—than—the

resi stance path between each of said emtters and their uctlve
pl ates. 33. The el ectron em ssion apparatus in accor amiiﬁ M
further including nmeans for applying a potenti al bet ue or and
sai d conductive | ayer. 35 34. The el esgron em ssion apparatus in
accordance with O aim24 wherein said conductor conprises a cathode
el ectrode and said conductive-layer conprises a gate electrode. 35. A
nmet hod for fabricating an el ectron em ssion apparatus conprising the steps

of : providing an 4ssumé bMtr%ﬁbé‘ths%i(ﬁl aﬁﬁﬂﬁﬁhﬁ l1ﬂ§he@01fdah%é Wit Cladth 36
conducti ve rrat erl al sai d gstr d, formng tsrpr ucture and
conducti ve pFe¥ Eﬁtﬁ‘ﬁ?lsg VﬁeplﬁF%ltl%§e Eﬁegg Bt HaQ) SFPUIh| n
mesh spaces @%bmméomﬁhﬁﬁr?&ﬁoﬁﬁﬁwwybdéxﬁwm AiobfMA! Of an
electrically resistive materi al on sai'd substrate overl aying said mesh
structure and said conductive plates; formng an electrically insulating
1ayer on said resistive layer; formng a second conductive |layer on said

insulating |layer; formng apertures in said second conductive |ayer over
sai d conductive pHat €Ehe slectronpemissias appaxatus rig adeoxslagice swith (Bltaiml 38ing

Layer; and f Qi g M bk ar Bhid! EriiuBvE ShékH SHShird s 'sBlettea BAED (BT 11T

f or med _
group comprising aluminum, chromium, molybdenum and niobium.

~ 50. The electron emission apparatus in accordance with Cla1m 39
wherem said conductive layer comprises niobium.



Wi thin a correspondi ng one of sai d apertures in sai d second conducti ve
| ayer. 36 36. Electron em ssion apparatus conprising: a conductive plate
having a plurality of microtip emtters thereon; and a conductive nesh

structure laterally spaced fromsaid plate by a resistive+tayer-—37. The

el ectron em ssion apparatus in accordance with Caim 3 i ' _
conductive plate and said conductive nesh structure arglma“mlmgmlmmicent
the sanme surface of said resistive |layer.388. The el ec Nc €em s om *
apparatus in accordance with C aim 36 wherein said conductive plate and

sai d conductive nesh structure are positioned adjacent opposite surfaces of
said resi.stive layer. 39. The el ectron em ssion apparatus in accordance

with C-aim36 furthgf iEeirsh @&i&i@aﬁﬁﬁf‘iﬁg compisiny-e’ | ayi ng said
ro

conductive plate and spaced apart - sald nesh structure and said plate,
sai d conductive | ayan ingnlptingsubstratess forned therein, each of said

emtters formed wt gi_c&ﬁ@l%&gf hﬁ-@n&%‘é’é B9 SstPhctdpd On 38 Lilditatksaid Hes

conductive layer. 4 ectron em ssion apparatus 1 n accordance wth
d ai m 38 wher estrushire defindog mesh gpages; i s positi oned over a spacing of said

accor dance wiih O APty gb i Eurieally AR SRl Dar BakH |edhetrats ¢ i n
a spaci ng of saverlaying said mesh structure; ' '
| conductive plates on said resistive layer occupying areas overlaying
said mesh spaces;
an electrically insulating layér on said conductive plates; |
a conductive layer on said insulating layer overlaying said conductive
plates, said conductive layer having a plurality of apertures formed therein
and extending through said insulating layer; '
" microtip emitters on said conductive plates, each emitter formed

within a corresponding one of said apertures in said conductive layer.

52. The electron emission apparatus in’ accordance with Claim 51
wherein each of said mesh spaces is substantially square.

53. The electron emission apparatus in accordance with Claim 51
wherein each of said conductive plates includes an equal number of
emitters. .

54. The electron emission apparatus in accordance with Claim 51
wherein each of said conductive plates are substantially equally spaced from
said conductor.



37 conductive mesh structure. 42. The el ectron em ssion apparatus in
accordance with Claim39 further including neans for—_applying a pot enti aI

bet ween said conductive mesh structure and said conductive |aye e
el ectron em ssion apparatus in accordance with C aim me,m uﬂﬂi ﬂlnre
structure conprises a cathode el ectrode and said cond ri ses
a gate electrode. 44. The el ectron emnission apparatus in accor dande Wth
C ai m 39 wherein said apertures are formd in said conductive |ayer as an
array. 45. The electron enission apparatus in accordance with C aim 39
wherein said apertures in sai.d conductive |ayer are generally circular and
- said mcrotip emtters are generally cone-shaped. 46. The el ectron em ssion
apparat us | n accosdanthe Wlédirdl a%ﬁ&xm?ﬁms&&i sooopdiiiel Wi Elgin 51
~conprises anorphous sili e ron enj ssi p aratus in

accor dance. wRETEIpARtuef Giid conducty elﬁ?%sr%%m SBh B aal regstance
ol ybdenum  55tB304R8id k&St ron em ssion apparatus in accordance with
Cl ai m 36 mhereln the material of said conductive plate is selected fromthe
group conprising alum num chrom um nolybdenum and ni obium 49. The
el ectron emi ssion apparatus in accordance with Caim36 wherein the

mat eri al said conductive nmesh structure is selected fromthe group
conpri sing al uni néi®. Thewlecnon entigtioe apparakusinodéendane. witheCliiaxflon

em ssi on appag ahls ﬁ&u&ﬁfg%gﬂfﬁr%ﬂh% g'p%al between said conductor and

said conductive layer.

57. The electron emission apparatus in accordance with Claim 51
wherein said conductor comprises a cathode electrode and said conductive
layer comprises a gate electrode.

58. The electron emission apparatus in accordance with Cldim 51
wherein said emitters are formed on each of said conductive plates as an
array.

59. The electron emission apparatus in accordance with Claim 51
wherein said apertures in said conductive layer are generally circular and
said mxcrohp emitters are generally cone-shaped

- 60. The electron emission apparatus in accordance with Claim 51
wherein said electrically resistive layer comprises amorphous silicon.



wherein said conductive | ayer conprises niobium 51. El ectron em ssion
apparatus conprising: an insulating substrate; a conductor forned as a nesh
structure on said substrate, said nesh structure defining nesh spaces; a

layer of an electrically resistive naterial on sdid substrate—evertaying
'said nmesh structure; conductive plates on said resi pyi ng
areas overlaying said mesh spaces; an electricall y”mm Mmgll on said
conductive plates; a conductive |ayer onggaid insulatin ayersov Iayln
sai d conductive plates, said conductive |ayer having a plurallty of

apertures forned therein and extendi ng through said insulating |ayer;
mcrotip emtters on said conductive plates, each emtter forned within a

correspondi ng one gf gHedolad@bh WnSiSsion %&aﬁ%‘ﬁvﬁwﬂah@é’ﬁ\ﬁth ®aind 52
el ectron em ssion apparatus in accordance with ai m 51 wherein each of

sai d mesh spawberein saithmieretinemitters omprispm eBUBLt r on eni ssi on

apparatus .in accordance with C aim51 wherein each of said conductive
pl at es i ncl udes an equal nunber of emitters. 54. The el ectron- em ssion
apparatus in accordance with C aim51 wherein each of said conductive

plates are substang alghy, SQUALHYerIRBGE e} SRS EORMUREE With Claim 51

~wherein the material of said conductor is selected from the group compﬁsing
aluminum, chromium, molybdenum and niobium.

.63. The electron emission apparatus in accordance with Claim 51
wherein the material of said conductive plates is selected from the group

comprising aluminum, chromium, molybdenum and niobium.

64. The electron emission apparatus in accordance with Claim 51

wherein said conductive layer comprises niobium.



40 55. The el ectron em ssion apparatus in accordance with C aim51 wherein
each of said conductive plates has a substantially equal resistance path to
sai d conductor. 56. The el ectron -em ssion apparatus in accordance with
Claim51 further including neans for applying a potential between said
conductor and said-conductive layer. 57. The electro tus in
accordance with C aim51 wherein said conductor corrpnlmuﬂm“uuﬂﬂggnr

el ectrode and said conductive |ayer conprazes a gate tl ectrodé. 58.* The

el ectron em ssion apparatus in accordance with Claimb51 wherein said
emtters are formed on each of said conductive plates as an array. 59. The
el ectron em ssion apparatus in accordance with Claim51 wherein said
apertures in said céfdEléctih bmissiornappaenas abmyrizingul ar and said microtip
emtters are generally cqgne-shaped., K 60. The el ectron em ssion apparatus in-
accordance with O aﬁf’ﬂs}‘? Fﬁs*é'ﬁﬁzl electrically resistive |ayer

conpri ses anor phOUSaiég}ércdffhn elecﬁioall?\‘ésfﬂtﬁ%tﬁlﬁfbrﬁﬂ\diﬁbﬁ& subBfadé;Us in
accordance with Claimbl wherein said mcrotip emtters_conprise

mol ybdenum 62. Theae&préuston farmed ps 2 msshraireebure, opcadd aasistivempatetiali m 51
wherein the magaqi g L'IQE ilﬁ%%eshss piebgcted fromthe group

conpri sing al um num romum no denum and 'ni obi um 63. The el ectron

eni ssi on ‘appar at us tonductive Mdates oni gmdqegismvglmatenal occupying areas within

said mesh spaces and spaced from said mesh structure;

an electrically insulating layer on said conductive plates; .
a conductive layer on said insulating layer overlaying said conductive
* plates, said conductive layer having a plurality of apertures formed therein
and extending through said insulating layer;
microtip emitters on said conductive plates, each emitter formed
within a corresponding one of said apertures in said conducﬁve layer.

66. The electron emission apparatus in accordance with Claim 65
wherein each of said mesh spaces is substantially square.

67. The electron emission apparatus in accordance with Claim 65
wherein each of said plurality of conductlve plates includes an equal number
of emitters.

¢

68. The electron emission apparatus in accordance with Claim 65
wherein each of said plurality of conductive plate_s are substantially equally
spaced from said conductor.



wherein the material of said conductive plates is selected fromthe gr oup
conprising alum num chrom um nol ybdenum and ni obi um 64. The el éctron
eni ssion apparatus in-accordance with Caimb51 wherein said conductive

| ayer conprises ni obium 42 65. Electron. em ssi WI ng

an insulatjng substrate; a layer of an electrically re5| St
sai d- substrate; a conductor forned as a nesh struct m |ve

material, said nesh structure defining mssh spaces; ates on
said resistive material occupying areas within said nesh spaces and spaced
fromsaid mesh structure; an electrically insulating |ayer on said
conductive plates; a conductive |ayer on said insulating |ayer overlaying

said conductive phl efho SREoAUiiNGIon\ Spkaitis B2 icBSrdhmbl With (Olird 65

apertures formed therein and extendi ng rough-said insulating |ayer;

mcrotip eni whereinmachaf gaidalurality\ef conductive plates bas 2 sebstantigly egnahi n
correspondi ng (msngé §m 2R doha ggmgn sai d.conductive layer. 66. The"-

el ectron em 521 oA apparatus 1 n accordance with C aim 65 wherein each of

sai d nmesh spaces is substantially square. 67. The el ectron em ssion

apparatus in accordance with C aim65 wherein each of said plurality of

- conductive plates includes an equal nunber of emtters. 68. The el ectron
en ssi on appar at u30J MThe elvctioncemisision Spparatas intercerdanea atith fClaitndss

plurality of ﬁcxrtﬂo gzl'J frfci&/dcimg ﬁléa%% rappslgubnsé & B})t!.e%ltfay bé ueaelnl gaid conductor and

said conductive layer.

71, The electron emission apparatus m accordance with Claim 65
wherein said conductor comprises a cathode electrode and said conductive
layer comprises a gate electrode. S

72. The electron emission apparatus in accordance with Claim 65 '
 wherein said emitters are formed on each of said conductive plates as an

array.

73. The electron emission apparatus in accordance with Claim 65
wherein said apertures in said conductive layer are generally circular and
said microtip emitters are generally cone-shaped.

74. The electron emission apparatus in accordance with Claim 65
wherein said electrically resistive layer comprises amorphous silicon.



spaced from said conductor. 69. The el ectron em ssion apparatus in

accordance with C aim65 wherein each of said pl ur;aJ_LLy_m‘_cmlducLuLe

pl ates has a substantially equal resistance path to said conductor.

el ectron eni ssion apparatus in accordance with C alljlm rlﬂl"! j ud| ng
nmeans for applying a potential between said conduct ct| ve
| ayer. ,71. The el ectron em ssion apparatus in accordance Wi t al ‘m 65
‘wherein said conduct or conprises a cathodd el ectrode and said conductive .
| ayer conprises a gate el ectrode. 72. The el ectron em ssion apparatus in
accordance with C aim65 wherein said emitters are formed on each of said

conductive plates as an.array. 73. The el ectrorl em ssion apparatus in
accordance w th C #.mTie eleetronemissibrogpparatas in aceaddance with tCldin 68/ er
are generally c¢ircul ar,,and sai d rotl em tt(ﬁrﬁ are general ly

cone- shaped.  VAereinsaid microiip gt FPraprse JMQIXDACPUIRE o dance with O ai m

65 wherein said electrically resi stl ve | ayer conprises anorphous silicon.
44 75. The el ectron eni ssion apparatus in accordance with C aim 65 wherein
said mcrotip emtters conprise nolybdenum 76. The el ectron em ssion

apparatus in accor ¢gnophdVeldttlonbitiddion apparatus in accordance with Claim 65
. wherein the material of said conductor is selected from the group comprising
aluminum, chromium, molybdenum and niobium. '

77. The electron emission apparatus in accordance with Claim 65
wherein the material of said conductive plates is selected from the group

comprising aluminum, chromium, molybdenum and niobium.

78. The electron emission apparatus in accordance with Claim 65

wherein said conductive layer comprises niobium.



wherein the material of sai'd conductor is selected fromthe group
conprising alum num chrom um nol ybdenum and ni obium 77. The el ectron

en ssion apparatus in accordance with Caim65 wherein the material of said
conductive plates is selected fromthe gr oup corrprl sin rom um
nol ybdenum and ni obi um 78. The el ectron emi ssiorm apparat us_| rdance
with ¢ aim®65 wherein said conductive |ayer conpri m“m (\m

met hod for fabricating an el ectron eni s4iSon appar aﬂ e steps
of : providing an insulati'ng substrate; forming a | ayer® of " an el ectricall y
resistive material on said substrate; depositing a | ayer of conductive
material on said resistive |ayer and form ng therefroma conductive nesh -
structure and con@ct iA/&npthﬁdesfor stabricating uai i slectrbat emidtom gapgaratek Wi t hin
nmesh spaces defined b Qg duct ors of said nmesh structure; formng an
electrically® ?IHEHP%%@’T 9%10 ‘on said conductive plates; forning a
conductive |ayer pioviding ddftthdéting shamgteg)verl ayi ng sai d conductive

pl ates; formng agerture id conductive, | ayer ov%&] said conductlve
pl ates, said apertFdRga %%IPE@J ele yI&pigtive material gnisaid substrates or ni ng

M croti p emtter Sdéﬁbsfﬁb@' adaper 6f borfiuRtivh SRatePR %neéﬂl&tr@hsﬁ% 'i@ﬂer"!ﬂcf' n-a
correspondlng one of said apertures in said conductive
orming therefrom a conductive mesh structure and conductlve plates, said
conductive plates being formed within mesh spaces defined by the
‘conductors of said mesh structure; -
forming an electrically msulatmg layer on said conductwe plates;
forming a conductive layer on smd insulating layer overlaying said

conductive plates;

forming aperturesin said conductive layer over said conductive plates,
said apertures extending through said insulating layer; and

forming microtip emitters on said conductive plates, each emitter
formed within a corresponding one of said apertures in said conductive
layer. '



46 80. A method for fabricating an el ectron em.ssion apparatus conprising
the steps of: providing an insulating substrate; depositing a first |ayer
of conductive material on said substrate and formng a nesh structure

-therefrom said nmesh structure defining mesh spaces;—formng a fayer of an

el ectrically resistive material on said substrate sh
structure; depositing a second | ayer of conducti Veﬂ'ﬁ“!fmnumumuallr
resistive layer and forning conductive peates therefrom ogver ayiny said
mesh spaces; forming an electrically insulating | ayer on said conductive

pl ates; form ng a conductive |layer on said.insulating | ayer overlaying said

conductive plates; formng apertures in said _conductive |ayer over said

conductive plat 63805aIA‘| RBfiddIfes fakiriRath ggahhéwéwﬁnséhﬁsm&ﬁuéﬁswué ayer;
and formng mcrotip emtters_on said conductive plates, each emtter

formed withi ﬁorap@@mgeﬂwfephgﬁone of said apertures in said conductive
layer. providing an insulating substrate;

depositing a first layer of conductive material on said substrate and
forming a mesh structure therefrom, said mesh structure defining mesh
spaces; '

forming a layer of an electrically resistive material on said substrate
overlaying said mesh structure;

depositing a second layer of conductive material on said resistive layer
and forming conductive plates therefrom overlaying said mesh spaces;

- forming an electrically insulating layer on said conductive plates;

forming a conductive layer on said insulating layer overlaying said
conductive plates; _

forming apertures in said conductive layer over said conductive plates,
said aﬁertures extending throdgh said insulating layer; and

forming microtip emitters on said conductive plates, each emitter
formed within a corresponding one of said apertures in said conductive
layer.



