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08/ 341,740, "Ficeld Em ssion Mcrotip Clusters Adjacent Stripe Conductors,”
filed 18 Novenber 1994, and copending herewith. This application includes
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No. 08/ , . "Cluster Arrangenent ol Field Enission Mcrotips," (Texas -
I nstruments, Inc., Docket No. TI-18828AA), filed even date herew th, which
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has created i ntense denmand for 20 di spl ays which are |ightweight, conpact
and pover efficient Thslls qg% }:orh(atinuation-in-part of U.S. Patent Application Serial No.
5  08/341,740, "Field Emission Microtip Clusters Adjacent Stripe Conductors,"
" filed 18 November 1994, and copehdjng herewith. This application includes
subject matter which is closely related to U.S. Patent Application Serial No.
08/__,__, "Cluster Arrangement of Field Emission Microtips,” (Texas
Instruments, Inc., Docket No. TI-‘18828AA), filed even date herewith, which
10 is a continuation-in-part of application Serial No. 08/341,829, filed 18
- November 1994.

Technical Field of the Invention

The present invention relates génerally_to flat panel displays and,

more particularly, to an arrangement of electron-emissive microtip

15 structures, wherein a cluster of microtips are formed on or closely spaced
from a conductive plate which is laterally spaced apart from a stripe

conductor by a resistive medium.

Background of the Invention

The advent of portable computers has created intense demand for

20 displays which are lightweight, compact and power efficient. Since the
| space available for the display function of these devices precludes the use

of a conventional caif}mde ray tube (CRT), there has been significant interest.



space avail able for the display function of these devices precludes the use
of a conventional cathode ray tube (CRT), there has been significant

i nt er est in efforts to provide satisfactory flat panel

di spl ays havi ng conparabl e or even superior display characteristics,
e.g., brightress, resolution, versatility I n.display, power
consunptign, etc. These efforts, while producing flat panel di splays .
that are -useful for some applications, have not produced a display 5 t hat
can conpare to a conventional CRT. Currently, Itfquid crysta
di spl ays are used al nost universally for | apt op and not ebook
conputers. In conparison to a CRT, these displays provi de poor

contrast, only- m éﬁ'dmt tul provide saﬁsﬁan@nyrfbataugi&l@ﬂﬂ%@:h@Nbl&comParaﬂ%Q!' in
col or versions, cans S [
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nore costly tham a‘y‘, p&wa%ﬁhum@mnnem These efforts, while pﬂximngaﬁaﬂtpamﬂ the
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eni ssi on di spl 2ASPayR H%@’Lé’éﬁ°%@?k%@ﬁg’%?s?%gpmdmg& ‘ﬁ%ﬂ? fon

by i ndustryg Fl Rﬁﬂ% a'i@'t@)éscdﬁvbhhéhﬂgcmlth technol ogy enploy 15 a
mat ri x- addressa e array of ointed, thin-film cold.field em.,ssi a?lyfor .

cathodes .  in cdwmentlyohanid rergstak displays ape | used almost univers
Phosphor - | umi nefeRy 5A0EBbook computers. HQUPHIREE08 ORT ithbdb &iﬁbfa%"son
was di scovered 1 e 1950's, and extensi ve research b

i ndi vi dual s, suptovade gher cendrast, sphnatlimitedriange of vipwing Ang egrmposn%e,
| mpr oved the teﬁﬂﬁoﬁo&Y Fifer Ei'&ﬁseﬂlﬁe&k%n&ﬁﬁk dh%v‘eﬁ%% ﬁlc?xoarel ﬁ&mﬁ&ﬁblen

t he manuf acture™of” i nexpensive ower reso tion,
contrast., fl0l | - edtloextehded qumynpenqtpwr In @ §epeens tend to be far

Advances in field em e d| scl osed in U S.
Pat ent No: 3, 7580F§%08 *ﬁé’?’ﬁbﬁgéfgﬁ“%a%kg%}/e ructures and Devi ces
Utilizing Such Str ucxxum@sultlosswdra%aommthwazysm dfsﬂaySpéhmﬂogy,thin

25 uU. S. Patent No. 857, 161, Proc e Productian, of .a
means Iﬁ&%l JRission: (—ﬂ%%@aﬁx EPEI ﬁe@m TeCeIvips fl&%‘éﬁ‘

August 1989, attentfbﬁ by 1&?1&&1;&?0 'Ftht Sandl! d:splh’ysguhﬁailﬁ%udﬁecﬂnﬁé@y &h@loy

"El ectron Source wt

cropol nt Em ssi ve _Cat and Di s Means
by Cat hodol¥ni n@mmaddressablgmam nointed dhin-film, ¢ qg%eigﬁwgssz% Eafgeﬁ%e
I ssued 10 July }9UmbehdddH ' Ghith an anode comprising a phosphor-luminescent screen.

The phenomenon of field emission was discovered in the 1950's, and
extensive research by many md1v1duals, such as Charles A. Spindt of SRI
International, has improved the technology to the extent that its prospects

20' for use in the manufacture of inexpensive, low-power, high-resolution, high-
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.;

256 US. 'Patent No. 4,857,161, "Process for the Production of a Display means
| 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 Cathodoluminescence
Excited by Field Emission Using Said Source," issued 10 July 1990 to Michel

30 Borel et al.; U.S. Patent No. 5,194,780, "Electron Source with Microtip



30 Borel et al.; US. Patent No. 5,194,780, "Electron Source with
Mcrotip - ' ' -3 -

Eni ssive Cathodes,” issued 16 March 1993 to Robert Meyer; and U. S

Pat ent No. 5, 225, 820, "Mcrotip Trichromatic Fluorescent Screen," issued 6
July 1993, tcf Jean-Frederic Clerc. These patents are incorporated by

reference~into the present application. 5 The present invention
relates td the use of a resistive |ayer 8o provide a bal | ast agai nst
excessive current drawn by the electron enmitters. In the prior art,

there are two approaches to providing such ballasti ng. A verti cal
resi stor approach is disclosed in the Borel et al. ('916) patent and
di scussed EmissivetGathodes, Fligaued hérMamh 6199§tt9r Robexis Mayer; apgrd#fth is

F1 G2, °5R ang e wERLNG218Hs, 620 *ShicRRE ThoRilindls FRARRRb:R SR’ B0pdls .

shown, in crossdalgcldadiato \Jlean/-Frédénc @lemr tTheseobaBantslémsirrcatporatem bgr

art field emSS| flat eI di s devi ce whi ch may be of the type
di scl osed in thﬁeﬁiﬁn@F‘% 9‘? R}(‘ff%’r‘?f‘ In this enbodi nent, the

field em ssgon devi c'phsgfesbnsﬁsvemomeme@t@ﬂﬁ ﬁw/dm:a%fstﬂr@ layer to provide
cat hodol um nescent _phosphor coati ng facing. an eg;'t | at e, he pr}nst%hor
coating bei ng oddaliast againgt Pﬁ‘ées§%"&e°"6fﬁ5§ %QIPJ

More specifical hyor b thélletﬁrerﬁ&d HFproatits 13 ovmﬁgsaéhbsnaaiﬁg Alvirfical

eni ssi on device of Fl & onprises a cath OJ;O | um nescent anode plate 10

and an el ect r onresistor éPPl(QﬁChéaﬂ!ﬂﬂf@P n she Bopel etral. CO1GH)natenioan: dwcwsex_io
LT ST R p i, MG ey St

substrate 18, a resistive |layer

mul tipli-citlP of mmﬂﬂsehpayent@M@memmmelaqm o FIGS N2 and 2Bshese1m/e

| ayer 16. C e

el ectrically conducti Vféenég:\g mﬁl@ﬁ ?&§2iwqﬂ?ﬁq Jg%b% ﬁgggoﬁé%ogfa]%ew,

I nsul ati ng | ayea pttishiof andllestrative prior artﬁ:eld;emmmd»mﬂat pafiel clibplaytdqsice
emtters 14 are i,n the of conswhlc.h Iy

apertures 34 th™CHEH ﬁﬂﬁﬁfmwgﬁw% eﬁé?ﬂe&ﬁ ﬂjg?nggP rinztb:\s The

thicknesses of gaitRdehest, the field yfiisslen davick Remiprised nl Abde platehavin F
chosen in such a vvay hai the apex of each crotip 14 .is ubs an |y
| evel 30 mthcaﬂ@deweeamﬁl Bher castipg fgsing it ewitter atw%@

Conduct i ve | ay €leofing being observed from the side opposite to its excitation.
More specifically, the illustrative pifior art vertical resistor field
emission device of FIG. 1 comprises a cathodoluminescent anode plate 10
_ and an electron emitter (or cathode) plate 12. The cathode portion of
20  emitter plate 12 includes conductive layer 15_formed on an insulating

sphor

- substrate 18, a resistive layer 16 formed over conductive layer 15, and a

multiplicity of electrically conductive microtips 14 formed on resistive layer
16. ' '

A éaté electrode comprises a layer of an electrically conductive

25 material 22 which is deposited on an insulating layer 20 which overlays

resistive layer 16. Microtip emitters 14 are in the shape of cones which are

formed within apertures 34 throuéh conductive layer 22 and insulating layer

20. The thicknesses of gate electrode layer 22 and insulating layer 20 are

chosen in such a way that the apex of each microtip 14 is substantially level

30  with the electrically conductive gate electrode lé.yer 22. Conductive layer 22



4 is arranged as rows of conductive bands across the surface of
emtter plate . 12, and conductive layer 15 is arranged as col ums of
conducti ve bands across the surface of emtter plate 12, the rows of
conduct.i ve | ayer 22 being © orthogonal to the columms of conductive

| ayer 15, théreby permtting matrix- 5 addressed sel ection of mcrotips
14 at -theyjintersection of a row and colum corresponding to a pixel.
Anode plate 10 conprises an electrlcally4conduct|ve film 28 deposited

on a transparent planar support 26, which is positioned facing gate

el ectrode 22 and parallel thereto, the conductive film 28 being
deposited on-the 10 surface of support 26 directly facing gate el ectrode
22. Conducti ve i ialfang8d as rowsnaf\cohductive hendsoacrosd tbe smfaemobemitwapliang
across the surface aqf s rt .26; - al ter atlv

formof electri |qn§ ?@30“?9388 lay¢r Jads armap es‘{'ﬁa cof tok ggﬁgg? g"’%ag
paral | el conduGicrosd thaRdsfaee bﬂémtct]bﬁpﬁtéﬂapﬂmwfﬂvﬁmhﬂulﬂﬁve bayer 22 bemgught
in US. Patent No. 5,225,8 to c., Anode e.10 .al so 1 | ses
a cat hodol uni n&sthagenaly GPhEE%R?éEPEhyxl ?iédﬂ¥ﬁﬁhype §u95 AR ve
film28 sogs taa&@sdéars%récbﬁbnfommoﬁwu EPekd piteldectiohafentowyaha column
electrode 22. In the Cerc patent, the conductive bands of each series are
covered with a @WBWGd&tar R{i‘%l ch lum nesces in one of the three
primary colors, red, %&H & Prisedan electricallyecontdublive filinGgdépdsited
emtters 14 of the above- escrl d structure are energi zed by

appl yi ng a negaanah'qnspmtaﬂanar &mﬁ&ﬁ,mm;ﬂenoslmoned famngfgaftetelqsmorig as

t he cat hode el t ﬁ“ t age
supply 30, there%f"ﬁnaﬂléqﬁiéll éctprl c ‘gé ch dl‘%\%\lbg H+ i}egngn%le
from t he apexesswifade of'suipppet Zﬁldafébﬂyffaeng gateelectmde% @mmbl@tv&tﬂm £8war d
25 t he anode pl ate ch i I tivel t t f a
substantially |'5P§31‘* "BW?VE °€8|‘{‘)’3§é‘ VO ga %%g %gbepm%oéfos&%oﬁrhg
bet ween éﬂ&-:ﬁ%iv@lﬁ @by dédn 2Re mmh@bmbanylédiﬂed%&lpésJMpnmngg as
t he anode el ect,rod Ene he.el ectrons atiracted to
anode conduct or thrgeperies o Paraﬁfeg%‘{é’r‘:ﬁgﬁ dg perosp she prarface of sub O’Ztlléé] as
resulting in | Uta%mcwws Thgtedf No.clbEas,s20, Cﬁﬁﬂl@rd s Aneds fpatedof alse
phosphor coatl ng to conductive film
comprises a cathodoluminescent phosphor coating 24, deposited. over
conductive film 28 so as to be directly facing 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.

20 : One or more microtip emitters 14 of the above-described structure are
energized by applying a negative potential to conductive layer 15,
functibning as the cathode electrode, relative to the gate electrode 22, via
voltage supply 30, thereby inducing an electric field which draws electrons
from the ai)exes of microtips 14. The freed electrons are accelerated toward

25 the anode plate 10 which is positively biased by the application _of a
substantially 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

30 electron charge is transferred from phosphor coating 24 to conductive film



28, conpleting the electrical circuit to voltage supply 32. The
purpose of the resistive layer is to provide a ballast against

excessive current in each mcrotip emtter and consequently honobgeni ze the
el ectrgon em ssion. Were the application of the field em ssion device is
the 5 excitation of pixels on a display screen, the resistive | ayer makes

it possihle to elimnate excessively brlght spots. The resistive

| ayer al so nakes it possible to ré&duce breakdown risk at the
mcrotips by limting the current and thus prevent the appearance of
short circuits between rows and colums. Finally, the resistive |ayer

allows the short-circuiting of a few 10 mcrotip emtters with a gate
conduct or, thezseéoynﬂﬂeﬁhgetﬁelemkﬁea draditts vélsage supplycm [err] arrpereS) in

the short circuits not af t the operation ., of th rral nder of
t he cathode conduct e Purp"se ° ‘the x]ggl,sgqvggpyg{ 1s o g edreeé e.terl al

for use ats ltheﬁig%‘ééﬁ% bﬁﬁ-gh%i?éacli muF]roH \énﬁﬂte%aiﬁsdoﬁbequdnﬂﬁ?hﬁgﬁmﬁélmhe .
appr oxi mat el y err] an rr] ohms[err]cm particul ar ey .
recomend f or nelegtronemissipn: Wherethe M&nrﬁ%‘? %&fds emlsmo’bﬁ%‘é‘éﬁ“fé&?m t he

group i ncl wdi ngy LplGdd (lﬂil%él?]an asﬂ.g[p?%}‘ ]screﬁﬁ [tﬁﬁrrlzgsﬁfré laye;'iﬁ%aﬁé‘s{jlt%iohélﬁfén in

doped form ortuna I em caused by
appear ance of m@immnate: smesswely bﬂ@&v&?@tﬁ t ﬁlalenreﬁlqu)lamdalmemghe% lt

el ectrode is ngt_s Yat

type descri bed PP |P181ﬂ? Q‘ng?gﬁ#&%ﬁga 2&'l?'erence hpﬂlxﬁuﬁ’ a part | cI e

causes a short andr ¢hus pmévedtetlme cappieapanvet hftdlnortga;immts betweendvewsrandy| |

of the voltage | i ed et e t he.gat e C C

¢ appr oxi mat el y_"% é%’ lralg'gg %Q%Bhﬁ}et er %t'n:alcs' I%’p{aﬁé ¥

\I;\ﬁsl rs] t |2 \5/e pat infigro ﬁmﬁnﬁiﬂl&s wnha!:gaetcondﬁg:wsmervteryhnrmad lealhrfage huﬁenycze,

ic arewrtua newta e .in a.display pane i

hundr eds of few nampe eg dn %%t‘f"ﬁ’“éﬁ Wﬁi %Ot %ﬁ' rf\gs]e g??'i%@ogﬁlﬁheg

nust be abl e t QeiiziRddradfdhe cathodedcotfdhuctide Of appr oximately 100 volts,

which requires its thickness to exceed [err]lmeters (m.cr qnhgleﬁ
eat,

Ot herwi se, it woul d Bozelptiad. G915 é&m@nﬂmﬁﬁﬂ for use ag the pesigfiv
and a conpl et e j5hand 5 QeEi%ﬁkr#g e@w@&?‘;a?gréﬁﬁﬁi&%@lﬁ 13an010° ShS. cRONMéES OF

and the cat hode contuctor t he ron em ssion
15  particularly, they recommend forming the resistive layer from a material

chosen from the group including In,0,, SnO,, Fe,0; ZnO and sﬂ_mon 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

20 | manner by a device of the type described in the Borel et al. ('916) reference.
When a particle éauses 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
res1st1ve coating. In order to accept a few short circuits of this type, which

25  are virtually 1nev1table in.a display panel which may have hundreds of
millions of m1crot1p 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 breakdown from the

effect of the heat, and a complete short circuit would appear between the

30 . gaté conductor and the cathode conductor, making the electron emission



source unusable. However, a resistive coating as thin as 2 mcrons is bound -
to have "pinhol es" or other defects which will cause a breakdown of the '
resistive |layer between the cathode conductor and mcrotip emtters.

An inproved prior art lateral resistor cathode structure for a field 5

em ssion devicce, which nmay be of the type disclosed in the Meyer ('780)
patent, igs illustrated in cross-sectional and plan views in FIGS. 2A and
2B, respectlvely A microtip enissive cathode el ectron source is
disclosed in this reference including cathode and/or gate conductors
which are forned in a mesh structure, the mcrotip emtters being
formed on the resistive layer in 10 a matri x arrangenent within the nesh
spaci ngs. source un\dakles &Imiré\m'aa resistivecidtingsas thinae 2 midrdngis lsmingh

structure 40 of FLGS. , 2B, i t hode n or

havi ng a-mesh-| F?(Mf’rﬁ’l’fltﬂl%s o0 efo‘}‘ﬁg‘%sovgﬁ'ﬁﬁ Hﬂf%ﬁ%ﬁ atciﬁlfe%iég%)chfzthe
i nsul ati ng | ayekedidtivelsyes hatween tlsé cathodd @onductor aAd maivretip emitteyer 48
formed over conductor, 42 and insul ati

| 44 15
multiplicity of el ect {aproyed v t?ﬁaairerrﬁ?lisﬁ’ q‘?‘i"r E&%rﬁ%“rﬁafor a field; o

el ectrode, g,orfp%hﬁhﬂanﬂév?déerwlﬁEh %'Bécéf teatype aivetbeed iinethee! eﬁl( 788)
i s deposited on an insulati r;gﬁtayer

4 which | 8.

Mcrotip enittepatem, i dluspr %W&SSWQ*&A@%W&;’E%%&%S dnd ﬁ
t

;ﬁé' .Sn's\lfat. g fggy&Payg. \%&ﬁb@ﬁ, h Hode/H18486h s&ﬁéyfstdlgaoééwﬁfﬂé@

tlve ayer 52 1s arranged as rows- of
conduct i ve bandseference mh:@ugtm&odﬁﬂnﬂer gate conductorsswhich arerformeddnsp,

and the mesh-1ike : ' _—
arranged as col Jﬂﬁs} %#ﬁ%%%dut(}:l [ v%ﬁh&éﬁ%?@g@e{%% %gscégeoifa@ﬁé?d
em ssi on sti(uct & matfix arhmgdmememthin theymeshrspacings. addr essed sel ection
of mcrotips 50 at t I Nt ersec Iy ng
to a pixel. tﬁore Sﬂerf:@%ﬁ*l a%éﬁgﬂavaﬁygﬁeg%g&% n%&g%npe&%ag

br teﬁkd ?vvn resi stz@ad 2B includés a ddthbde eér&lmhmz rhestviig fmsh-\lfkedﬁruaﬂre

wi t hout requiring an_increas fhe. thicknesg,of the resistive

| ayer. The di sclfoswed HEQQRWBEMWPWW ayeri4 aa @Qﬁ%ﬂﬂﬁ
(and/or the gat eA%Qﬂ;!’!i% ’\a/é'erpﬂﬂrﬁed 9ex APEREA2 aAQ RGNSy dabrt B

resistive coating of th atent to lje substanti.ally,
15  supports a multlphclty of electrically conductive microtip emitters 50. A

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
20 léyer 54. Conductive layer 52 is arranged as rows of conductive bands
across the surface of field 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-
addresse(i selection of microtips 50 at the intersection of a row and column

256  corresponding to a pixel.

. 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

30 conductors and the resistive coating of the Meyer patent to lie substantially



7 ~in the sane plane. In this configuration, the breakdown
resistance is no | onger . susceptible to defects in the thickness of the
resi stive coating; rather, the resistive coating which laterally

separ at.es the cat hode conductor from ‘the microtip provides a ball ast
agai nst excessive current. It is therefore 5 sufficient to maintain a

di stance between the cat hode conductor and the mcrotip which is
adequat e to prevent breakdown, while stilll retaining a honogeni zat i on
effect for which the resistive coating is supplied.: In the

af orenenti oned prior art devices, each mcrotip. s positioned atop a
resistive layer. In the Borel et al. ('916) reference, the thickness, or 10
vertical di menghGhe saind bhaﬁeeSIxSﬂ:hisecohﬁgaramm,VMBreakHaWhamHsmtgmmst no

excessi ve .. current, er re | at er al | ong
the resistive I@‘}ﬁsﬂ*’s“sceph P&?/ﬁﬁgg HJLB %@eﬁgﬁs ¥F c?%gﬁ? ea}f orm
of a resistive ik GRsidted chlithg which mmﬁney gbSaited theltathiods cbh&ucb’mﬁ from
current have the nost resistive

acting in such as to
reduce the cur rtbﬁtmmptlpl Wseﬁquﬁaﬁeﬁgaleﬁ? g%gessive curgent It l?aﬁ?eég%

arrangements ofg RLan Mh&a@@\b@tﬁa&&men:amb@emmmr and Whéh an
i ndivi dual uffer reS| stor to Imt the field em ssion current.

However, as canmimretipi mhmhtm\adeﬂuat% bg prmtfbrsﬁkéﬁww &’ihl]ﬁaﬁlu) Fetsining a

FIG 2B, the bal i c&%@ e mesh
structure 42 VZ‘?‘@ ?%ﬁ}gﬁ%@ﬁ I on o e %ﬂrl\fi?w ual m crot| 50 wi thin
the 20 array. In t]]nel:hel aﬁosemenhm@&pangenbdemmcbl ainpoapoggtmpg ro
array, crot 0c,,in t fqt r
ol | a6t resi st o a resistve Jayke; B8 s BIR @'al, (616Y debtenbh, the'tckriGed, BT |

in turn, wipl hyeigical diduerision, of the kesidth&tlayaspﬂviﬂesea baibastraganmtepceﬁe{verr]
|nthe|nter|or of the .. The, ef fect, of .t _
bal | ast resi st ame%mgﬁ% %yﬁf refsrense %’é’é&t@?‘ @%ﬂng? 41%‘ %ﬁ@Xw%ed as
the size of thepafvides ﬁH%‘Bﬁﬁ%GS‘,I‘hb%allBEt Rdinthe S of almsxstwe drop such that

five-by-five ora5|x by-si x array | s believed, that tia
one or rrﬂmsemmhnﬂrdlmmpgttbgywpmse ¥e,te mog ’Eesf Vset‘i}

substantial el eﬁ&i{;ﬂ%'hn such a Vi 8StPrbdutt Yhe cﬁ‘l‘eﬁfbéﬁ ”ﬁ&ieﬁ&v@f&iﬂcﬁ%uml ch

will permt all mcrotips to be at a su stantlally equal
potenti al . 1530 of the ballast Sprangements ahbethaeferenesisyenld haye each tipyin segiesi n

the restraints (vji;lth an individual buffer resistor to limit the field -emission current.
However, as can been intuitively recogn:izéd 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

20 array. In the illustrated arrangement comprising a four-by-four array,
microtip 50c,. in the corner of the array, will have a lower ballast resistance
than microtip 50g, 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 d1ﬂ‘erence in ballast resistance among the mmrotlps becomes even

25 more pronounced as the size of the array increases, to the point where, in
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.

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



8 ' t he physical and electrical requirenents of the system First, in
order to . prevent excessive current frombeing used by a failed emtter
mcrotip, the di stance fromthe conductive cathode nmesh to each
mcrotip nust be kept relativelylarge, i.e., a highly resistive path
must be mai nt«ai ned between the 5 mesh and each tip. Second, an opti nal
design di¢ctates equal spacing from t he conductive nmesh to each _
mcrotip so that each tip will have equal 8 em ssi on and degradati on
characteristics. Qpposi ng the need for equal distances from
each mcrotip to the conductive nmesh is the need to pack as many _
m crotips as possible into a 10 smal |l area to thereby reduce the em ssion
cur Ir ent de 0 mhea_cthe_ Iiﬂih@éi@‘fal Efxd'laléa'rical reqtﬂmﬂer_iﬂﬂrofd{hﬁssysmﬁﬁiﬁgs@aﬁ ordert tde
realized by havin rge clusters . mcrqti ~Wth.the extrene case
bei ng a conpl et PraY 9‘6?8%' %?‘WPBEE”%b?PEé‘sed%y 3 Z#ﬂ%smﬁtﬁamﬁﬂ@&"?}e

pi xel . Unfortund@istarice fioen thé ¢endiidiiveCédthbds mdih 19 &rhemicrotip mubEbe kept
variation in tip to tip, em ssions, due to resistive pbath differences to the
15 conductive@%’i’@tﬁ@%&ﬁ:e-vahg y resistivep e maintgied between the e
that there i Sifiech B&#dabiptipd"Second, ah BRLYAURIE B¥fatdhlddEhHEFadial fitae | 1
a field emssion flat panel display devi ce Whi ch provides balTastli ng

agai nst excessi hecendugtive rmesh: o :sachymigrotip so thateseh fip wilk daye equal
acconpani ed by i rsg%ﬁw?%%ghgxﬁ%ﬁ}%&éﬁgron 20 -~ emi ssion from each

mcrotip, while also perm y of m crotips on the
emtter structure. Opposing the need for equal distances from each microtip to $he

conductive mesh is the need to pack as many microtips as possible into a

10  small area to thereby reduce the emission current from each microtip. This
need for dense packing can best be realized by having large clusters of
microtips, with the extreme case being a complete array of microtips the size
of the final display pizel. Unfortunately, the larger the cluster the greater
the Qariation in tip to tip emissions due to resistive path differences to the

15  conductive cathode mesh. _

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 cx_irrent in each array of

- microtip emitters accompanied by improved uniformity of the electron

20 emission from each microtip, while also permitting a high density of

microtip's on the emitter structure.



Sumary of the Invention I n accordance with the principles of
the present invention, there is .di scl osed herein an el ectron em ssion
apparatus which conprises an el ongated stripe conductor, and a
plurality of conductive pl.ates, each 5 conductive plate occupying a
region which is laterally spaced fromthe stripe conductor. The
apparatus . further conprises a resistive layer in electrical cont act
with the 8tripe conductor and the conducti%e plate, and mcrotip

emtters | ocated the regions occupied by the conductive plates.

Further in accordance with the present invention there is disclosed 10 an
el ectron em ssion apparatus which conprises an insulating substrate, a
conductor forned as. plural stri Sismetaiyofthednvartionhe stripes being
electrically interconnected at ends thereof, and ‘conductive plates on the

I nsul ating substrate, each conductive plate occupying a space adj acent one
of the stripe condughoicorddiRe 3PRA Rk Usrindiples GIrthel freSerdt inviatiof] tldtelis.
electrically resistive material on the substrate overlaying the conductive
pl ates and in efiselosed hereisn@axc elestron temaispion, appelfqt}lgeym-%@omweat a8

further conpri Sﬁﬁn%ﬂ.\?gl ?ﬂﬂei cahdctbf)Sihadt rkﬂul’ﬁli'@" oprhohaﬁcﬁ\?éip%{e\ég e e

and a_conducti v ayer on the'insulating | ayer overl a‘il ng t ]
conducti ve Pl ateanductive plate ecanpying a regionwhich imlatenglly spacedifromythestripe

apertures for n’e&ntdgt%gl N g?é%‘samg %&&Bﬁ# ??%‘%’?%9% %h:{e%ﬁ‘ﬁnfe rﬁ{s‘%ﬁiﬂ @Rachgﬁ\r/é

Finally, the apparatus conp ers on e resi
| ayer, each eni tonsactf withethenstripencenductor andrthe sppoductive platepantihmicrotip

W th the pr esentei OB P the ¥Skiong occupied by th¥ cohliubtild Bified.¢ BCCOr dance
fabricating an el ectFartheris sccordapnpawdthithe presedd inventidnotheroipdissbssetine
rrst. | ayeltor an AAoR Stisdion FORRTaHA REIA FPGtss o ipsrlA e qubstidte; a

t her ef rom condugdridéRtdit FirBRd asOpkital isti@péd dhether @nbsiphte, (e Sfripdacbeingnd

bus regions interconnecting the stripes a;, the ends thereof; formng
a layer of an electricallycintercann ésﬁ%@%&ﬂ‘@@éi%‘i sonduystive plates, op the

g\éer laying the fopguighd ¥&bstrate, each conductive plate occupying a space adjacent one

of the stripe conductors. The apparatus also comprises a layer of an

15  electrically resistive material on the substrate overlaying the conductive

plates and in electrical contact with the plural stripes. The apparatus

further comprises an electrically insulating layer on the resistive layer, and

a conductive layer on the insulating layer overlaying the conductive plates,

_ the conductive layer having a plurality of apertures formed therein and

20  extending through the insulating layer. Finally, the apparatus comprises

microtip emitters on the resistive layer, each emitter formed within a
.corresponding one of the apertures in the conductive layer.

Sﬁli further in accordance with the present invention, there is

disclosed a method for fabricating an electron emission apparatus. The

25 method comprises the following steps: providing an insulating substrate;

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

therefrom conductive stripes, conductive plates adjacent the stripes, and bus

regions interconnecting the stripes at the ends thereof; forming a layer of an

electrically resistive material on the substrate overlaying the conductive



stripes and the conductive plates; formng an electrically insulating |ayer
on the resistive layer; formng a second conductive |layer on the

i nsul ating | ayer in regions over the conductive plates; form ng
apertures-in the second conductive layer in the regions over the
conductive pkates, the apertures 5 extendi ng through the insulating

|l ayer; and formng mcrotip emtters on the resistive | ayer, each
emtter formed within a corresponding onel®f the apertures in the
second conductive | ayer. Brief Description of

t he Draw ng The foregoing features of the present i nvention

may be nore fully 10 understood fromthe follown L;ij deSfl’Iptlon
read in conj uncstripes ahdithe conductive p&@tgg,@mg@n@ 9;%19,% layer on

FIG 1is acr Oﬁ}%h’%?%{él"g ?@er foii a%e&ﬁftfdo?ﬂu@ﬁv@lzije? ol tBer?s‘iﬂQﬁn%SPA&e‘ie

in accordance W art dr.scussed earlier;
and 2B are crosin segibh®maker dhe mndmcuwevxdatesesfpmng/epyrtums in theaseﬁgpfl, on

of an inproved .art field [ !f'ﬁ‘ﬁie | her

FIG 3 is a cr o&?‘@‘ﬁﬁ?(}ﬂ%‘fr " @T‘ggagﬁggﬁégygﬁéé:ﬁhaﬁ ﬁa@?ﬂé sﬁsl,l%o y e‘\llll‘ege
i1l ustrating anegghirg through ¢he dnsulating layerjland fermingimicnotip conittens @nwi t h
t he present i nva]tlon

portion of a fi Heresigtive ]@P{eﬁe‘?ﬁcbee%ter ﬁoﬁnﬁgt‘?"aﬁ o Se@#’ﬁﬁgo eﬁégj[%]; :

within a conduchpMfur@sin ihe seesd dondictivetlayer. a second enbodi ment of
the present invention; FIG 5 is a cross-sectional view of a
portion of a field em' ssi on device Il lustrating an emtter cluster
within a conductive nmesh in accordance vvi t h a third enbodi nent of

t he present invention; 25 e} | ap view of a first
arrangenent of the enitter cl Bg'ggﬁpegpnptlon o Drazung i nvention;

FIG 7 is a plan view of a second arrangenment of the emtter clusters

The foregoing features of the present invention may be more fully
10  understood from the following detailed description, read in conjunction with
the accompanying drawings, wherein:
FIG. 1is a cross-sectional view of a portion of a field emission device
in accordance with the prior art discussed earlier;
FIGS. 2A and 2B are cross-sectional and plan views, respectively, of
15 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
the present invention; _
FIG. 4 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 second embodiment of the present invention;
FIG. 5 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 third embodiment of the present invention;
25 FIG. 6 is a plan view of a first arrangement of the emltter clusters of
the present invention;

FIG. 7 is a plan view of a second arrangement of the em1tter clusters



of the present invention; - FIG 8 is a plan view of a first

arrangenent of emtter clusters in relation to a conductive col um
line in accordance with the present i nvention; 5 FIG 9 is a
pl an view of an arrangenent of pixels including the . emtter clusters
and conductive colum lines of the present invention; FIG 10

is a crosg-sectional view of a portion of a field em ssion device
illustrating an emtter cluster within a clohductive nmesh in accordance with

a fourth enbodi nent of the present invention; and 10 FIG 11 is a
cross-sectional view of a second arrangenent of emtter ~ clusters

adj acent conductive colum lines in accordance with the present

i nventi on. of the present inventionpDescri pti on of the Preferred Embodi nent
Referring now to FI ,ether el s, ' 5 ' -] .15
emtter plate 60 of qgtlr@iﬂ‘%s ?la |Y/%Qﬂs\€ %&%@ﬁ%&?ﬁ&;@ﬁéﬁ%ﬁﬁgﬁ ag ih
device in ralation dan @e condictivel icolimme rntimeli ine accarflante withsthe present

i nvention. More, .. specifically, the emtter plate 60 of FIG 3 :
conprises a sub@ERREREE having an optional thin insulating |ayer 64

O\éﬁ” ai d t][lsr eon.b 1 nEIG.aB:isgallﬁnﬁrvi@ga of an amgbmehaaié‘tﬁ&dlst m@ﬁﬂgﬁ]g]g&let he
adhesi on of a subsequent |ayer. to sufpstrate 2 6 nd to limt i.usion :
o puri Ll o { PO BBeters PRdceRgUEHES cobEut logs of the Dreedpl IVeRtAs: ( | ng o8

of a resistive naterFrl. TV/R'd évss-bodtitnal vitsy b2y portivh ofifleld emissidnsite | ke
structure 62 of _an electrically conductive material, whic

. . , h may be
simlar to the illystrafinganeettes clustenwithin a-copdyctive mesh in aceordanee withy
coating 68, thegg %fﬁ%mtt&%gw%ﬁ;iiﬂ%ﬂﬂm%@f structure 62 25
defining spaces enclosed therein. ] . n-accordance with the
present -i nd@nt i on, . aFEGanllids p\crogstspctional viewofsa second arrangergeninof expittdr

rltzasi stive coati g 88sWMdilbdhi! dndubaes Bttt 11388 iRVaddbfdance with the present

invention.

Description of the Preferred Embodiment

_ Referring now to FIG. 3, there is shown, in cross-sectional view, the
15  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 compriées a substrate 66 having
an optional thin insulating layer 64 overlaid thereon. Insulating layer 64
may be included to enhance the adhesion of a subse(iuent layer to substrate
20 66 and to limit djiﬂ‘usion of impurities from substrate 66 to the subsequent
layer. A éoating 68 of a resistive material overlays insulating layer 64, and
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 over
coating 68, the arrangement of the conductive meshes of structure 62

25 defining spaces enclosed therein.
In accordance with the present invention, a conductive plate 78 is also
formed on top of resistive coating 68 within the spacing defined by the



meshes of conductor 62. An insulating |layer 74 covers resistive coating 68,
conductive nesh structure 62 and conductive plate 78, and a conductive

| ayer 72 overlays insulating layer 74. Mcrotip emtters 70, illustratively
in * . the shape of cones, are fornmed on the upper surface of conductive
plate 78 5 within apertures 76, which extend through conductive |ayer 72
and insul ating | ayer 74 down to plate 78. El ectron
emission frommcrotips 70 is stinulated t})? t he application of a first
potential to the conductors of nesh structure 62, functioning as a

cat hode, and the application of a second, nore positive potential to 10
conductive layer 72, functioning as a gate el ectrode. Wth this .
configuration, meshesgf¢onsfu %y Andnpylatingtlapers74 govers regigtive coating 68/
potential by vir t hei cturd ' lfc%@ ' t o) '

pl ate 78, and tﬁé#‘?uégrﬁeslglsgl% stru chgggg gOI}ILdS [ CSE%EH)QtS h%?gf%%gﬁg{é%?m
subst anti al | y nbayeriifi dverlaysinsulptinglayert74. Microtipemuittene §0, llustratively ithe

vi ew provided b I 3 i trat snal fel | O f lte :
ol ate 60, in pr 4t piee of et RAL KRR dn D Upier BB B bt g 74,
g(r)ray_s, t}ypi&g: vy theiin hbeguyae owhichn dxténd Z:Brmggh tdor;lnnﬁvee hlybi-t'E? aidat e
is prefera anran | row and-colLum matrix for purposes o
sel ecting indi vﬁﬁﬂﬁﬁﬁﬂgjg?n%‘?d?% t@l@ﬁ%&\?g By way of exanple, the
conductive 20 | ayeE]detroipemidston frobd migotips F0eis istivalalabed b ¢he applition s
rows of corildu tlve—benq(js at&reos_s t he surface of em tége;r pl ate 60, and
t he conductive © a&sﬁ@QFF'“. Joithe conductors,of wesh shimeture 67, funcliopng@sa nay
be arranged as cathode$ AndMbeChppREGIH | ofCa bIIRdAGHESS ﬁobﬂi@qoe&aiafm

emtter plate 60, the rows “of conductive |ayer 72t ygtlﬁcal bei ng
ort hogonal 1 t trendustivalayen 72dunciiening asmaateelentrode.  With thig gonfiguration,

ther ebyperm tting Einiiaﬁg% Rit(Ee =70 %21 be4t iegga?fboﬁeﬁﬁ?gbgrv%ftkgﬁfﬁﬁiﬁt '

the intersection of a row ' correspon
By way of ill ustelegtiionl, enymectione t66 conduetinepr plade gl78s s andndtheir emission

i ckness 30 GPAsRAR SRR IFedirie il aplaBbh 1S B ihien] Bl G
8 s | " |

conprise approaches.

15 The view provided by FIG. 3 illustrates only a small portion of emitter
~ plate 60. In practice, microtip emitters 70 are preferably configured in
arrays, typically of the type shown in FIG. 2B; furthermore, emitter plate
60 is preferably arranged in a row-and-column matrix for purposes of
selecting individual pixels of the display. By way of example, the conductive
20 layer 72 comprising the gate electrode may be arranged as rows of
conductive bands across the surface of émitter plate 60, and the conductive
meéh structure 62 comprising the cathode conductor may be arranged as
columns of conductive bands across the surface of emitter plate 60, the rows

of conductive layer 72 typically being orthogonal to the columns of -
25  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.

By way of illustration, substrate 66 may comprise glass, and
_ insulating layer 64 may comprise silicon dioxide (SiO,) having a thickness

30 of approximately 50 nanometers. Resistive layer 68 may comprise



anor phous silicon ([err]-Si) having a thickness of approximately 0.5 to 2.0
m crons, .and insulating |layer 74 may conprise SiJerr], having a thickness
of approximately 1.0 mcron. Conductive nmesh 62 nay be nade of

al um num mol ybdenum chrom um ni obiumor the |ike, and have a width
of 5 approximately 4 mcrons and a thickness of approximately 0.2 mcron.
Conductive plate 78 may conprise any of the aforenentioned net al

conduct or’s, and have a thickness of approXBmately 0.2 mcron. Conductive

| ayer 72 may be made of niobium and have a thickness of approximtely 0.4
m cron; the dianmeters of apertures 76 in conductive |layer 72 may typically
10 be 1.4 mcrons. Mcrotips 70 are typically nade of nol ybdenum and are
formed such t haimbfstious afiltecrs (@Si) habixigaat thackness exfedpproximatedy (0p te B.0ace
of conductive layer 72. .. ] A et hod for.f | cafl. e pleat e
60, in accor dar@¥TgRsEnd jpsulating nggfmfa?ﬁ\?gﬁﬂrbsﬁaé@éyﬁ%éﬂ i seﬁ%"ﬁéess of
fol | owi ng st epsapprofithaliel 1@ midk6n) Tontdgctive mesh!62 may beGhiadelapalnintinam,a

| ayer 64 of Sierr]. on suhstrate 66; .form ngtﬁ\ l ayer 68 of.. ﬁ: £

el ectrical ly rcaokiidepurm, ehromiugy,niqhiym. az7 the Hke, PPﬂgh&VFaﬁeP“@ 0
conductive et ehhHoxiafely 45 hikforlsauad H&hidkeheko ofi aiproginaately 02 maivhon.
structure 62 and conductive plates 78 within the gp ces,. defin

d by th
conductors of sEpndedtive @latendBemaymcompsiseapry B oRFFEIORY Qﬁ%i’c‘f‘e d 20
etching proces S&@iggl{cwrgi 264 Blve hahidlineas bf abpfuihtely 0.2 vdErot! Ofiductitend

resistive |ayer mesh structure .62 and -conductive plates 78; form n% a
conducti ve | ayelayee 78manbemadenf niehiam aud haye githickneps of approgiraately 0.

aper turog 76 whorony pEBRMIENTof Bdthuics RV aye?&%f“d?m%‘*‘??%ﬁ‘éf ve

pl ates 78; 19nd BB 1.4 amicrony. nMicrotips Zrare dypi anade pfimelyhdenym tazsd g

each emtter 70 . for i £ hin_one_ of £ ' ive

Layer 72. formied suc Hiat ol ieeltB o8 ol AR VB with i B GliEhLS
A

under st ood by . of conductivernay@c72.0 the following illustrative process.

gl ass substrate 66 is coate . .. Wth a,thininsylating | ayer 64
typically Sigerr], ﬁhn@?h‘?éﬁlb?@}ﬁ?ﬂ”& emiiier p&%tﬁoéﬂ’tlé’da r§ G0 Fiihothe of
50 nm A resi st ivgsdRYien?fon| ThatBsbride the following steps: providing an insulating
14 sput tpe% ng ar?or ﬁou_s‘ Si I&i&)con ([er r_b— Sig) Il)’ltO thg 'f'Si Ea,ér r.] Ialyer
64 to a thildknesubsirate 66; depositing a layer 64 of SiO, on substrate 66; fo g a laye

68 of an electrically resistive material over layer 64; depositing a layer of

conductive material on resistive layer 68 and forming conductive mesh

structure 62 and conductive platés 78 within the spaces defined by the

conductors of structure 62 therefrom, typically by photolithographic and

20 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

76 in conductive layer 72 over conductive plates 78, the apertures 76

extending; through insulating layer 74 down to conductive plates 78; and

25 fdrming microtip emitters 70 on conductive plates 78, each emitter 70
forméd within one of the apertures 76 in conductive layer 72.

The above-described method may be more fully understood by
reference to the following illustrative process. A glass substrate 66 is coated
with a thin insulating layer 64, typically SiO,, which may be sputter

30 deposited to a thickness of 50 nm. A resistive layer 68 is added by



approxi mat el y 500- 2000 nm al ternatively the anorphous silicon may be

deposited by a chenical vapor deposition (CVD) process. A | ayer
of a conductive material, which nmay typically conprise 5 al um num

mol ybdenum chrom um or niobium is deposited over resistive | ayer 68

to a thickness of approximately 200 nm A |ayer of photoresist is spun

on over the conductive |layer to a thickness of approximtely 1000 nm

A patterﬁed mask i s disposed over the |idHt-sensitive photoresist |ayer
exposi ng desired regions of the photoresist to light, thereby defining the
10 cat hode nesh structure 62 and the conductive plates 78. In the case of

an Illustrative positive photoresist, the exposed regions are renoved
during a . dputtesipitandriphibus ¥ilicoh (masd) Oﬁm3thes&0§dayem@4 tdna thickmebs yfi n
a caustic or basi ¢ chg ﬁ@b. deve E&ﬁgevel o

unwant ed phot or @pgeximately @g 2 TR & &9 P@ﬁf c%h?agitb%sed

regions of the misdsieédByal&ememe&apﬂreiéﬁamdmﬂprm@s cal | y by a-
reactive ion etch (Rl E)l process USIW%: imHlexafl yorjde (SF[err]).
In the case of an al émlayen ebsdgend qeawten Felon i se
boron trichlgori dﬁuﬁ%#eﬁdl}bde%rﬁﬁﬁhﬂbﬁgonoﬁﬁbﬁhﬁsi§ﬂeposﬁed dver rediBeél by

dry ashing ih oxygen plasne or stripping solutions known

sem conduct or ndapéres te ar’@n;kmsegﬁ appraximately amen@atAlé%DEer rfphoteregist is o
20 62 and the sﬁ;ﬁzﬂd«*hfp}‘éeth o c}%glgyﬁngm ﬁuate 1000

An electrically Ing Tay stratlveyco r|5|ng rr is
deposited over rAespa;temedlmask 168113pmdamerMhhght-wmmee @hommwhéayer,

conductive plates 78, to ckness 0
layer 72 of a coRIEing de raef?gé?r,ls ﬂﬁ%%%%g%?% %ﬁ%ﬁb e n?num
25  nol ybdmumcathémwheuuum 62mand thd epnductivé plates T8s mha'.he mgsé of/an

74, typi c, ooratl to a,thickness of approxi ely
400 nm lhasfrative Dot PRAR Tt B, chPsRd el P s *SmegRg dudl s
conductive | ayerdeldfing step, wh1ch fih&i B&&?n@é sa@mﬂgxuhwdssémblﬁﬁo ardaustic or
patterned mask is disposed qver the ght -sensij tive ggotore5|st

| ayer, exposing brsi¢ ehemicaldevalopar. (Fhe Wﬂ%#@vgﬁ)theﬂbn‘l" ted ph
defining an array %S?Snsaﬂﬁfdl%%% %O%H ﬁhhéﬁte PRS b ig&d%&q'egmns of the conductive

15 di rect’® over conductive platé 78. In the case of an
i |l ustrativabposlayevare then mmmdesymcallx bE arxegictivie iasr etghdREELprocessmsing

wer e exposed to |§“]g‘1“! e"&g“é)&ﬂ? O(Swvﬁdth%%a'sg 9t An FNRLARL Wndhétive 1HYEr, the

uncovered r egl on

etchant may comprise boron trichloride (BCly). The remaining photoresist

is rémoved by dry ashing in oxygen plasma or stripping solutions known in

semiconductor manufacturing processes, leaving the cathode mesh structure
20 62 and the conductive plates 78 over resistive layer 68.

An electrically msulatmg layer 74, 111ustrat1vely comprising Si0,, is
deposited over resistive layer 68, cathode mesh structure 62 and the
conductlve plates 78 to a thickness of approximately 1000 nm. A second

. layer 72 of a conductive material, which may typically compnse alummum,

25 molybdenum, chromium or niobium, is deposited over insulating layer 74,

typically by e-beam evaporation, to a thickness of approximately 400 nm.

A layeér of photoresist is spun on over this second conductive layer 72 to a

thickness of approximately 1000 nm. A patterned mask is disposed over the
light-sensitive photoresist layer, exposing desired regions of the photoresist

30 to light, thereby defining an array of apertures 76 which are positioned



conductive |layer 72, conprising apertures 76, are then renoved, typically
by 5 a reactive ion etch (RIE) process using sul fur hexafluoride (SF6).

In the case - of an al um num conductive | ayer, the etchant nay conprise

boron . trichloride (Bcd[err]). Conductive layer 72 may then
be used as a mmask to dry etch apertures 76 in insulating | ayer 74 down
to conductive plate 78 with an 10 et chant such as CF[err]. Insulating .

| ayer 74 may then be undercut by a Edbsequent wet etch process using

with diluted (buffered) HF. This undercutting of insulating |ayer 74

hel ps elim nate shorts between mcrotip emtters 70 (the cathode

el ectrodes) and conductive | ayer 72 (the gate el ectrode), and it may

facilitate bet tdirectlycoveri gonfluctive indatea78.a Inuthee garenof ap illusinativespesitiye i n
t he manufact ur f [sat i . kh L resi st
ayer 54 may t EREESRy B0 pOR06, & SRitBeiel GG WAt Mposed toPHRAERES
a commerci al stremowed during aodeveloping step. Thehengovered segiont axf nthegsegond ot i p

emtters 70 may fqllow.the t hod . . described in the Bor et. -al .
161y pat ent - cpnguiiRA BV B Rtrsing goRri 7Y, ek Pret e YeR erBigRVRY (i ng
a parting |myera roagiive fométch €RIE) procedsalsing pulfac hexafluoride (SEypolptheasat a
gl anci ng angleqv#vith respect to the surface of the,structure, . t hus
ensuring that t%eaBalAtWipygy en € lavers the i {RAY JfPrRrise boron
apertured i nnergrid@idridedfBdipsul ating layer 74. This is followed by the
deposition of a conductjve coati ngZ conpri Si nol ybdenum on the 25
a

conpl ete structure &tondustielayer a(3 Mr%ggbﬁgﬁ%@héé,atmﬁkbgﬁ dsy ately t he
cone- shaped erﬁ%}i b eé 7eMd E!ﬁéhl&ﬁﬁ?telg{ré‘zsﬁ Qowh o RbANEUIRAPIIO TS FHM ah S

t hen sel ectivel solved by an e rochem cal process so as to expose

t he . 3Qer tetchantc snchi@si OF,.| alnsulgting dayen 74gmayothen he underautbyea of
th | ect 1Lt i ' ' . . . ‘ .
pa(raagraph'sfa (raglé(;l | ﬁ@s%ﬁ(} Hé&%r g%%:@gs Z’%Pe%rs%t% %‘IIC "(lin (Mél%ayeﬁb' This
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ar e umidercaitiig dfinstlatingdhyen’dd helps @linbieate shorts hefween mideotip 3
are given | dentic UITer j.Ca sj grators. Thgse.el enent tch agre
simlar in e@%@tﬂ# éﬁé%d’at&ﬁdfhg%gﬁg? ‘P‘a%n?f‘g 'mY%ﬁ‘EY?roﬁg%eﬁ?gge
al ready descri bgldctrode), afid it nsdy M@tfb&mﬁmiafﬁmfmﬁdifabaiS‘ﬁbde(ment

| e-pri i cal
doubl e-pri TEd ngrnt;ecaslscg;ep in the manufacture of the flat panel display. The remaining

photoresist layer 54 may then be removed by a dry etch process oxygen
plasma or a commercial stripper solution. '
The process of forming microtip- emitters 70 may follow the method
described in the Borel et al. ('161) patent. The microtip emitters 70 are
20 formed by first depositing a parting layer éomprising, e.g., nickel, by vacuum
evaporation at a glancing angle with'respe(':t to the surface of the structure, |
thus ensuring that the parting layer material is not deposited on the
apertured inner walls of insulating layer 74. This is followed ‘by the
deposition of a conductive cdaﬁng comprising, e.g., molybdenum, on the
25  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‘
apertured conductive layer 72 and bring about the appearénce of the
electron emitting microtips 70. _ _
- 30 In subsequent paragraphs, relating to FIGS. 4 and 5, elements which



5 desi ghators of their counterparts. Referring now to. FIG 4,

there is shown, in cross-sectional view, the emtter plate 60" of an
illustrative field em ssion flat panel display device i n accordance
with a second enbodi mrent of the present invention. Mre specifically,

the emitter ptate 60' of FIG 4 conprises a substrate 66 having 10 an
opti onal th| n insulating |ayer 64 overlaid thereon. A nesh-like structure
62' of an’el ectrically conductive materiallp which nmay be simlar to the

type described in the Meyer (' 780) patent, is formed over insulating
| ayer 64, the arrangenent of the meshes of structure 62" defining
spaces encl osed therein. A coating 68 of a resistive materi al

overl ays i nsul a’raimgdémyml o4 thdse ahmtl}cdlashnheidvm rekationt toidtGr 3 GRe .given

I n accordance WI h.th resent, i,nv.ent cond ctive at.e 78 I.s

fornmed on top of1 ‘?ag ypenigal, dﬁag'gg r@\n tﬁpﬂs‘? e’?ﬁﬁtgl %’“&éﬁrﬁe‘ﬂ%{?ﬁ%

mes hesdof andU@tﬁfcttlﬁ% and%hmspéﬁbmggém@l fallécuam/wﬁmseailﬁadyele@aabé&g
68' and conducti,ve ate 7 a conduc 7 erl.a i nsul atj ng
20 |ayer 74 %Ip’g :g v g’r"iepuéﬁ F‘b%f?r d%"g g s,

are f@g rreqegignhbﬁ-swmélrm%apﬁs conductive plate 78 W t hin
apertures 76, whi ch_ extend through conductive | ayer 72 and insul ating

layer 74' down to  Refersing powdo FIG. 4, there is showm, ip ¢ressrsertippak tep ghe
emtter plate GQIIth\)I‘;eg gﬂﬁfeoéﬁi'%lcﬁ'l‘ﬂl idive fisld eﬂié’sﬁﬁf‘ﬂa‘: paset Hﬁ?lamwce

conpri se the fol steps: providing an 1 nsul trate 66;
depositing a | ayuramdamc&mpbra pemdscmbodlmameﬁ thsmenﬁ inyention. Moreyer

Ctructure 62 { REPEFPRRT, Rk IR d YERIED (SRl Codlitibte 66 having

processes; 10r nmiargoptidrm} dalﬁrﬁﬁisuhthnmlagbem nveﬂ:h:ldytheemm tA veeshelilce stzhctmrer

| ayer 30 64 ang,,oyxer. gonduc ive h str re L t. er of
conductive r& of an e‘ie&nca-ﬂg gesri‘%lt \%glf gweg%ém!\%%%
conductive pl at edeséfibéd i tHe Mayer ('780\) lii:«it}eﬂt ﬁb&mrdﬁéﬂaﬁﬁgﬂayamlthé or

62', typically b hot ol |th graph| et chi,pg processes; an
electiically i ns%‘]r gerent, £ the, meshes of SV’QQr‘Eﬁl §g I & FPageR (gﬂ:iosgd

conductive pl at egheféln, f&&:aaﬂﬁg%sc@m%fsisﬁ&-elxﬁmrnﬁ ovemyerinsﬂaﬁhgtl g& bayer
74" ; form ngﬁa plurality of apertures 76 i.n conductive | ayer 72 over

conducti ve pPat e%nd78°n‘¥‘4¢é‘vaﬁﬁ?ﬁtlhﬁfé'§°%e&?t-endl ng through

In accordance with the present invention, a conductive plate 78 is

’ formed on top of resistive coating 68' within the spacing defined by the
meshes of conductor.62’. An insulating layer 74’ covers resistive coating

_ 68’ and conductive plate 78, and a conductive layer 72 overlays insulating
20 lé.yer 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 insulatihg layer 74’ down to

plate 78. . '

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

256  presentinvention, may comprise the following steps: providing an insulating
substrate 66; depositing a layer 64 of SiO, on substrate 66; depositing a

layer of conductive material on layer 64 and forming conductive mesh
structure 62’ therefrom, typically by photolithographic and etching
processes; forming a layer 68’ of an electrically resistive material over layer

30 64 and over conductive mesh structure 62; depositing a layer of conductive



i nsulating | ayer 74" down to conductive plates 78; and formng mcrotip
emtters 70 on conductive plates 78, each emtter 70 formed wthin one of
the apertures 76 in conductive layer 72. The particulars of illustrative 10
materials and di nmensions, and illustrative nmethods of formng the | ayers,
structures, apertures and mcrotips of the emtter structure 60' may be
easily determ ned from an understandi ng of the above-described process of
fabrlcatlhg emtter structure 60. 17 Referring now to FIG 5,
there is shown, in cross-sectional view, the 15 " enmitter plate 60" of an
Il lustrative fi eld em ssion flat panel. display device I n accordance
with a third enbodi nent of the present invention. Mre specifically,
the enmitter pl anat@ddl af réistivetlayentt! and farmimgstonductiés plates 7§ therefromn

| thi I 4 i ' , - |
optl onal Ui | ONE O SR ey B B W B i
][ ype 224 ?ﬁscrammtchnghprd&g?s, ]gfoitﬁﬁ')g ép?t 31ucmr;ecaile3f Qﬁ?mg??ﬁc%aﬁ?m ' og
ayer : e arra nt ,of co
de1¥i ni ng spaces® %vc?slgae‘gggp ang gn, copft S plates 78 tso TR & gﬁingeiﬂqq t he

present invgntip® onan&ﬂﬁﬁngilaj'@' ' pfoRmifig aiglurality of dlpeftuires 76 én ednductive

| atin Iae thlnth saC|n d ed by the shes
Icgflguctorg y f@ aﬁﬁgeresm % the, AFEFtTes, rF%Fan%&h%ﬁ“igHg

layer 64 in thelﬂs%%ﬁli? 1apRar ot d&bﬂn%s&nﬂh&ﬁ% \P1&te8 2/8; aeﬁﬂi Foraaitiat imi@rolipat €
78". An insulating layer 74" covers resistive coating conductive mesh

structure 62" aﬁ@l@md’&pn\renéuqme phates Zﬁde%plbemm 70 rma@tlemﬂ;_mmmcpfays
i nsul ating | aye dudci | u fﬁ%l]mr? ﬁ%?
30 cones, ar e ﬁelﬂug{oﬂer sﬁ?flég ? coné?é Ive ate h| n
18 : elper t masbsnab andnduhemom@ndwﬂbugtatummtboda@ﬂ faymmg zhmlmsrem.
i nsul ating | aye g,gm tritt ]
fabricating em %‘fmr urF °n accord%lrl‘g7b of tP?l egxh\tter 8 pggéteggt ILQ§ be
i nvention, nay easily dstermlimaed frohoan mpderstpading afitheiabgpveddesarshddproegssHof
substrate 66; degositing a.la of..SiJ err] on substrate 66; depositing
a | ayer of ?%Bﬁmqg?ﬁ?' fE %ﬂl%lm%ﬁot ayer 64 and forning conductive nesh
structure 62;c and coRéfertingendw 86 BIG/ 8, thurk s ie?bhg ﬁpmslsdaf]dmdnbw ﬂhaed
CondUCL O s (S LU UG o JEE i atPhS et R ARG MG
in accordance with a third embodiment of the present invention. More
specifically, the emitter plate 60” of FIG. 5 comprises a substrate 66 having
an optional thin insulating layer 64 overlaid thereon. A mesh-like structure
| 62" of an electrically conductive material, which may be similar to the type
. 20  described in the Meyer ('780) patent, is formed on insulating layer 64, the

.arrangement of conductive meshes of structure 62” defining spéces enclosed

therein.
In accordance with the present invention, a conductive plate 78” is
o also formed on insulating layer 64 within the spacing defined by the meshes
- 25  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 insulating layer 74" covers resistive coating 68", conductive mesh
structure 62" and conductive plate 78", and a conductive layer 72 overlays
insulating layer 74". Microtip emitters 70, illustratively in the shape of
30 cones, are formed on the upper surface of conductive plate 78” within



etching processes; forming a |layer 68" of an el ect rically resistive
material 10 on layer 64 in the regions separating nesh structure 62" and

conductive "plates 78"; formng an electrically insulating | ayer 74"
on resistive |ayer 68", nesh structure 62" and conductive plates 78";
form ng a conductive | ayer 72 on insulating layer 74"; formng a
plurality of apertures 76 in conductive layer 72 over conductive

pl ates 78%, the apertures 76 extendlng 1518 through insul ating | ayer 74"
down to conductlve plates 78"; and form ng mcrotip emtters 70 on .
conductive plates 78", each enitter 70 forned Wi thin one of the
apertures 76 in conductlve | ayer 72. The particul ars.of illustrative

materi al s and diapertsiresisg, velnidh extendithaoughecomduiotivie layfer f78randrigsulating layer

| ayers, structurgs, ert pd microtips of the emtter structure 60" 20
may be easily dgtierdr%%ﬁleg’ Haggn'zgn under st andi ng of the above-descri bed
process of fabricati mgnmﬂmdﬁorfaimnatmgeelﬁitmr plate 607, in acéterflance mgthndhe t 0
FIG 10, there is_sh i,h _Cross-secti |ew

61 of “an i I ust XPRRTYeR ey RACSoRPr e S soll Pt svebe; prowigirilin iy ©
accordance \§ t h sabbtrate B6cdbpukitingta iyer 64 of Si@pbnlsubemﬁs Weposiing a

specifically, the emtter plate 61 qQf. Fl es ,a substrgte 66
havi ng an 18wen ohspndfative redede) g Jaxge 640, Brrie ¥e mesh
mesh-1ike st rUCts‘ﬂﬁﬁ:ture 62” ﬁﬁd%naactmegtartemb*ywﬁaﬁfimé b &eﬁ&i&ﬁeﬁ' y \the ch

may be simlar to the type escribed in the Nesib;g patent S
fornmed on insul atonﬁgcqoaglef s@nctqrné?- therefypm, typicaly etolithegraphiceand s

(ifQ structure 63 é{ﬁ&,hgcﬁgc aﬁ%gﬁw. 3 Q385er368” of BR'dédtrically resistive material

the” present Invention, a conductive
plate 79 isl®Gl son layerfﬁﬁmeme)neglmaemamgngaw @nwtumﬁ?éagplawduehmed

by the nesh of C bi ey %gtlg[
overl ays i nsul ati nbesl 'géld‘{ﬁﬁﬁfnéga é?é(%ﬁgéﬂﬁ ve i‘ﬁﬁaé’?‘fza l?¥1e ar?dﬁa er
conductive pl at 6879 mdhh stm'ucﬂuaelﬁﬁg and comduetiveSplatesc78”;rfesining wecondatcting _
69, and a condu t|ve ayer. erla | nsul at ay r ures
76 are forned t Hb %‘h "ﬁ?‘@'& érr 79‘2’ fo rmmﬁrm P?‘h‘g’&’ n%pq%tége%lﬁovm
to the upper swothauemé layesIMovee cbﬁ&ﬁrftnﬁa@plates 78ﬂrthétapreeﬁm7,§7are&téndiﬁgd
wi thin the ace  of truc ure ,?% rectl (i c%],duct(“[e ate
79, M or ot i 35 on RFeRgh psulpkpg Jeyer fige Plates o
microtip emxtters 70 on conductnve plates 78”', each emitter 70 formed
within one of the apertures 76 in conductive layer 72. The particulars of
illustrative materials and dimensions, and illustrative methods of forming
the layers, structures, apertures and microtips of the emitter structure 60”

-

20 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
~ emitter plate 61 of an illustrative field emission flat panel display device in
accordance with a fourth embodiment of the present invention. More
25  specifically, the emitter plate 61 of FIG. 10 comprises a substrate 66 having
an optional thin insulating layer 64 overlaid thereon. A mesh-like structure
63 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 N
arrangement of conductive meshes of structure 63 defining spaces enclosed
30 therein.



10 of cones, are forned on the upper surface of resistive layer 69 within

apertures. 76. . I'n this arrangenent, conductive nmesh structure 63
conprises the cat hode el ectrode, and conductive |ayer 72 conprises

t he gate el ectrode of field em ssion device 61. Electron em ssion
frommcrotipremtters 70 is 15 effected by the application of a
potential at conductive nmesh structure 63 which is positive with
respect td the potential on conductive |a}@r 72. : The structure
shown in FIG 10 may include a typical thickness . di mensi on of
resistive layer 69 between mcrotip emtters 70 and conductive pl ate
79 of one mcron, and a typical |ateral spacing between each 20

conductive plate 79 hyatcp wdtie wmhnyenmenm@mcbﬁeblafé 79is alnos.

bl ast o " RS, o nBhfBarkf R b Bieked H Bpbke e by B kit of

conduct i ve pl at eoritiuctor 63. Ahwatingds of ar&tlmmteimlaiﬁeylabrangsﬂahagéayﬁr
bal | ast resistapge b t|v t ndthe
conductive nmesh%st¥ Q}ﬁu‘&ﬁgeéﬁgshzgtm%urew ﬁ%ﬁi\?e 513@67?, c%f‘r

plate 61, i § acwedauﬁ:eomsrrem&ve coaungres,emdlamamum;e mr mveﬁ@yst he
foll ow ng steps; ovrd i nsulatin ' su rat 66 deortr

| ayer 64 of Si i@??ﬁaﬁ}‘ e@%"e%gﬁ@g?lf?%e‘g qOQQBfm ayer 12
conductive mat ehh&'mshld Icifer VEH uoahum theTuppér etifite of reslsmvelmiaéieaym or
ni obium on layer 64 and form ng condyc g]ie mesh structure 30 63 _and

conduct i ve pl at &peyawap (76 are fumgd mathi riacsyof; mesh stenetury 63 girectly
20 St Ui ofituioios B1aRT9. MairoplsinitieraTol AhidtADIcHP 1 Ehd SKupe

etching processes; formng a | ayer of an electrical l y resistive
mat eri al-, 110 us©of £onewm| gre formmppﬂtmgpnelr isstace f resjatives layerc69

mesh structureg %’%g pgductive plates 79; ‘formng an electrically
i nsul ating Iayer on re5|st|ve | ayer 69; 5 depositing a |l ayer of
conductive material, Itblsstarraetngemeptncmhiumeomesh struoterd 68i compriyer thi

and formng row ¢ ctors 72 refro Dy.
phot ol i t hogr aphi® 38% e&?@ﬁ?(ﬂ %E%Q@g‘"'"t"ﬁ?saf’lﬁ gats el&f)%?‘ti%f’fés
76 i in condfizld \emlbﬁyﬁrc}e%i’ceoelalr El@ﬁﬁdﬁtecxlmesmha&em ﬁ'ﬁcrohbeel mm:tsgrgmss 73
ext endi ng ul at ay Q sistive |a an
Form ng mi cHb i Aieeted Yoy it applioghion pf aerariolry Cordurt gL R-dstire
resistive layer yifich48pbsieivelwith respect to the potential on conductive layer 72.

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

dimension of resistive layer 69 between microtip emitters 70 and conductive

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

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

25 A method for fabricating emitter plate 61, 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; depositing a
layer of conductive material, illustratively aluminum, chromium,
molybdenum or niobium, on layer 64 and forming conductive mesh structure

30 - 63 and cortducﬁve plates 79 within the spaces defined by the conductors of



70 formed within one of the apertures 76 in conductive |layer 72. The
particulars of illustrative materials and di nensions, and illustrative

nmet hods of forming the |layers, structures, apertures and mcrotips of the
emtter.structure 61 nmaybe easily determ ned from an understandi ng of the
15 above-descri bed process of fabricating emtter structure 60.
Referring nowto FIG 6, there is shown a plan view of a first

arrangenent of emitter clusters accordi ng20o the enmbodi nents of the present
invention as illustrated in FIGS. 3, 4 and 5. The view shown by FIG 6 is
simlar to that which would be presented by the enbodinent of FIG 3 with
20 conductive layer 72 and insulating |ayer 74 renoved. FIG .6 depicts-a
mesh st r ugttucture@3chersfranctypicallydbyphotolithegraphie and 2tohibg processes;
spaces forned by.. . sh structure 80. .a.nluralj.ty of m.croti 4 on
each of the con%?i'i‘ﬂn\ge .anfayer &%I gé &g 8%%%& §§§18h¥¥8@a&n$lésﬁﬁf§.@ﬁ?2wefy
mlat erial in the m@ha?@silliebumrﬂd ayesg4 overlayihgmmest struétfire 68 amdmtbn;iﬁhﬁtﬁea
plates 82. In, this i strated e i gent . i crotips 84 are, for as
o bt our - Rlptes 1o fgng A olopieaTBLngslating Thyer 75§ rédiasiVe avet 8o
i ncl udi ng arp equRposititigea YaydF @FOkdrtfucide material, illustrativdl{i hichibadi sEent

there is an equal resjstance between conduct or 80 and each mcrotip
84 on a conduct iinsulgtingdager 75 agd, forming sew carductary2 therefrom, typagadly;

|
on a plate 82. | +] ) 3 BEtLR
t he sides of pl te@%ﬁbﬁ%ﬁ?gﬁ%ﬁmgﬁmﬁﬁ&g} gﬁ%ﬂggaﬁgmg%mg%&r . & 7

21 80, arid cohductivedayer¥2 ovenrvonduttivéplates €9, the aperturgs 36 e8tndingice,
each -~ m Ccroty ' ' ' a ial. .
Fegar di essof 1 ttough Hbufhever P Bofiniif sbdisf Mk Bof and Bl hicrotip
subst anti al 1§ ecpmitters78sillustratively of molyhdenian; amresistivedayer 69,icash efitter -

Referring now t LG 7, there is wn | an A4 ew of 1a secend
arrangenent of e tf?lé?edc I“ﬂ@f’gr gneagigzrﬁai%p}rﬁgei; h'}e/é bﬁve%ﬂ?c?ﬁ?@%"o?- Irll:hﬁ
perﬁpect ive si _rriliaaﬁctﬂmgobhet iﬂﬁgﬁhﬁveGmdtbﬁf' aléi augofdiﬁbﬁsiof‘is,i Idndgténa_maﬁae
nmes structure of conductors, fqur .conductive plates,92 withi
Cach of the ‘el af TopRites e SR GRSEreS g, BiGDy PRl the
mcrotips 94 on Qaftferridurd SENY B Ksily Aciiratifcd drdm an dmdesitandindtofthe

resistive material in the ;‘f{)aci ngs . . between nmesh conductor 90 and
conducti ve pPat edboys-deseribed progeps, of fahricating emittar sametre 60ni croti ps 94

are formed as a four-myfeb9tg fw 3% PRGCBNAHESd Y€ shown a plan view of a first
‘arrangement of emitter clusters according to the embodiments of the present

invention as illustrated in FIGS. 3, 4 and 5. The view shown by FIG. 6 is

| similér to that which would be presented by the embodiment of FIG. 3 with

20  conductive layer 72 and insulating layer 74 rembved. FIG. 6 depicts a mesh

structure 80 of conductors, conductive plates 82 within the spaces formed by

mesh structure 80, a plurality of microtips 84 on each of the conductive.

84

' plates 82, and regions 86 of resistive material in the spacings between mesh

- con_ductof 80 and conductive plates 82. In this illustratéd embodiment,

25  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 embodiment, there is an equal resistance between conductor

80 and each microtip 84 on a éonductive plate 82, regardless of the number

of microtips 84 on a plate 82. The resistance value is determined by the

30 lengths of the sides of plate 82, the distance between plate 82 and conductor



plates 92, all of the plates 92 including an equal nunber of mcrotips 94.
It will be easily recognized that conductive plates 92 may be 15 '
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. resi stance between conductor 90 and each microtip
94 on a conductive plate 92, regardl ess of the nunber of mcrotips 94 on a .
platée 92, the resistance val ue being dete2in ned generally by the | engths of
20 the sides of plates 92 adjacent conductor 90, the distances between
pl at es 92 and conductor 90, and the sheet resistance of the materi al
in region 96. Hence, each microtip 94 on a plate 92 is at an equal
potential, regaB@l asd thé sheet registance ift thenmaterihk ip|region 86.d Hened, ceach

di spl I . SS i d ' . LS ... Th
crvod, went o ey BE0S LU BIAR RS io ot o IBHAE bRl fegafdless of itg, T'°
m croti ps over pésitienioadherplate)fand shoubd dipiay sebsthnsinliyetoqual emission and

consi derations, ,all ,of. the conductive plates 92 within each nesh spacing
have an equal r@&esradarien "?Fr%?'ﬂ'sﬂ’éssh conductor 90. Thus, although the

vol tage |evgls of coRefeetingendw abePIM27f tinse, ist svyvinacpRubeiewniof al kycopdual ,
30 differing only as arisul,t of ,v riationajnint&e em Sssj on )
char act eri st i csagjangement of emitter clusters according to the present invention. Ina

mcrotips 94. Therdpabtdée Biniler CPEEHITFIE. @, the ¥y of F1G] 7GRAUsRALN & inhdih
and significantly | ess than the spaci ngs Slerr] and S[err] between

pl ates 92 and némcture 9¢ gf gondegtony four conduetiste plates 93s within inachefnthe he
bal | ast resista f ' | : @ i red
m croti ps on con ug if%m% gyexﬁg% %ﬁcﬁﬁ&%@))a plurallltyan c%ggﬁgpi‘%{eng églts(t‘éfEQZ
(of (FIG 7P i sthe cawiugtive plates 92/andirggiond 9610f resistive mategiad im thenephdimgspar t
by the small pr L1 f ' L erothp . .1 e | &bN . s the
relatively rar eg?)@g%ern r ]t'e&récszfeg cgﬁd{&@%‘?}ﬁoﬁx% cgﬁ%t??he‘;(f ﬁ%ghg%ﬂe“h&?eﬂé@% i'ée

ef fectivel y causmbodimémt, microtips 94 afe farmed aw @ foyrsby-fourtratray bnsoaductive
resulting in 10 no ,en §si of el rons,.fromany.of the g crotj.ps,of
hat ol uster. Rt o2, il of 3indnafen 3 fndfaine o el Russber, o B FtBS of.
clustered on- each colgugilli b8 phsilye recognizéd thasi ¢orlduetite oplatess (92N dpgy 'He Of
reduci ng th]t%nt otal, em gsi on requi each (;thcroti as well a

m ni m zi ng ¥he @PF’@@f‘EacﬁyﬂV&P ﬁg'iﬁ%néhﬁﬁwgs mesh cohductor 90 su
that plates 92 have an equal resistance path from conductor 90. Hence,
there will be an equal resistance between conductor 90 and each microtip
94 on a conductive plate 92, regardless of the number of microtips 94 on a
plate 92, the resistance value being determined generally by the lengths of

20 - the sides of plates 92 adjacent conductor 90, the distances between plates
92 and conductor 90, and the sheet resistance of the material in region 96.
Hence, each microtip 94 on a plate 92 is at an equal potential, regardless of
its position on the plate, and should display equal emission and degradation
characteristics. .

25 The embodiment of FIG. 7 provides an advantage of increased density
of microtips over the embodiment of FIG. 6. Because of symmetry
considefations, all of the conductive plates 92 within each mesh spacing
have an equal resistance path to mesh conductor 90. Thus, althoﬁgh the
voltage levels of conductive plates 92 float, they are substantially equal,

30 differing only as a result of variations in the emission characteristics of



characteristics anong the clustered mcrotips. 15 Whil e the
enbodi ments of FIGS. 6 and 7 represent two configurations I n which
conductive plates are positioned within the spacings of a conductive

mesh structure so as to provide equal resistance paths between the
conductive nmesh and each of the conductive plates, it is anticipated that
many nore such configurations may be envisioned, e.g., differences in the
20 shapés of the conductive plates and X ferences 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
all of which accord with the principles of the present invention. :
Furthernore, it migratinso9#i zEhetimder-platé ispacimgsohsand sheanmbehminimal; and 2

ot her than the &ﬁgp ' i herai n, |
departing from ?@%rl ncl gsggﬁ%# tbge%b%?%lggnsf’ %ﬁv%n?%?ﬂilgés%y\e%%g%%ﬁhar ,
triangul ar or hesaduotet 90hdtheyladter) spaeimgan gstablishing the ballagéfresistampencfv t o

FIG 8, there i§.m.sh wn & pl an view of an . arrangenent of emtter
clusters in rel ati-oMir o % conductive colum line in 30 accordance with

t2 ge pr esent I?I g\éent i oThe;mmbhétedfsdlﬁﬁfe_ rederdierotips 8 _ lrontcbnﬂhativ@i)late 82 (og FIG. 6)

: an .t Vi illustrates a striped, . .
structure 100 o@n% cony &%ﬁ%ﬁ@%@’gﬁ f%/ao‘#esl‘,% QiES-y AT 1RPeK ligb is
each adj acent agétérmhigedihYpart by tidahall probabifity 6f 4 Cailsd 8l otip] Fdddfnizing

conductor 100, a_plurality of ‘mcrotips . 104 on _each of _the caqnductive
pl ates 102, and thagthazelatyvelprarengcarrepee of a migroin shorted tothe gate ¢lggfzode

bet ween conduct igffclibélyR@hsddR sROE SRUHGH IV Microtipsith TS clhBir, ASulting in

iIlustrated, conductive stripes 100 are substantially parallel” - to each

other, and ¥e dSaemissionoof elactronsfnom apy of tbe doicmetips obthatgluster. On the.

In this illustr | ) | ;Jgfefrg | e

four array on c%&ﬁ%@%ﬁ—ggs’n ,rqglr%f)'%ﬁg p a‘t%slgﬁ cl%gﬁlcﬁ% {&%ﬁ%ﬁe
equal 10  nunbds desirabbr frioinpa standpoint of reducing Tthe totalremissivar reéquiredoby he
cluster of mcrotins 104.0n C t.he . . t] es. 102.i s
function of the S i%’?‘%ﬂ%ﬁ’ 6%%"&2‘ % THATARS, ﬂf’?%%%s 69/‘%@%@2’?50?1 ﬁ%%éby
resistive |ayer. chaattetistienamohgthe slustpedomictatipsr 100 - . and
conductive plate 102gif e b hbdihadt S pidE Bhsa PidblesbPbnd SiifeorakioSs

in which conductive plates are positioned within the spacings of a conductive

mesh structure so as to provide equal resistance paths between the
conductive mesh and each of the conductive plates, it is anticipated that

many more such configurations may be envisioned, e.g., differences in the
20 shapes of the conductive plates and differences in the positional
' relationships between the plates and the conductive mésh, all -of which
provide the same or similar advantages as the illustrated embodiments, and
all of which accord with the principles of the present invention.
Furthermore, it is recognized that configurations of the mesh structure,
| - 25 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.

Referring now to FIG. 8, there is shown a. plan view of an
" arrangement of emitter clusters in relation to a conductive column line in

30  accordance with the present invention. In a perspective similar to that of



15 is directly related to the sheet resistance of |ayer 106 and di nensi on
L, the . di stance between conductive plate 102 and stripe conduct or
100, and i nversely related to dinmension W the wi dth of conductive
pl.ate 102 adj acent conductor 100. The effect of small spacings S err]
and S[err] between adjacent conductive plates. 102 issimlar to that
di scussed in relation to the 20 enbodinment of FIG 7, but with the
addi ti onal advantages provided by the 23 increased density of conductive
pl ates 102 offered by the enbodi nent of FIG 8. The
arrangenent described in relatioon to the enbodinents of FIG 7 ' and
FIGS. 8, 9 and 11, and, to a sonewhat | esser extent, the enbodi ments 25

of FIGS. 3-5, 6FKAS. 60andi(7, dhe tviewfnBIG 8 dllustrates apﬂém\nieflrﬁbnu%tum d60zsf

pi xel to % cotflifieki a EF&%

deci si ons. &LAI S, ﬁl‘h}émgtggr spac?lﬁ g&élb.ﬁﬁz ggé:l ngs s errl}'

through s[err], spmedtfeommieom'espondmz emp;aadormuemn b@& a ohmamyvoﬁsmcmtlps .
t h

o Taxi m ze t ho LR SR o R oRidRYe Wates 162808 MFRAL 108 Wirgmidhivd O"°

t echni ques. 5Sec mutenhhmd:hasémahehmnmdheumcumpes 100 and conductive

§3 et eéﬁgﬁf%? qh:g'a%fs to ng;:d | it e%ﬁgﬂ% theE{) Icon.I deCt | vgn layer

maxim ze the o ebhiotidr, mﬂkafegsﬁdbéd fedmUgRe ghothlegbybtwd ebhddctive plates

technol ogies. Third, t : aci ngs nmy set_ to zero yal pe,
creating a cont il Haoégtgwyw ‘fl}tn@%mlﬁ)%ret fqemg ﬁr%ﬁ%gy'bf

the pixel. Fourigh, ihay bﬁ%hhuaivéﬂ%tes 102, afﬂmherplﬁﬁalmtzthlum?aﬁleaaak

t he di stance between conductlve 8 ate 102 stripe conductor 100 in
FIG 8, mlle muamherpfunicnetips 304ecting the resi stance val ue by use -

of a resistive layer t

| ayer .or a nore |ightly nggé naterlgcftﬁ% E‘?‘Pgﬁ I n %%8%%#1){“&?4

dinmension L is Icondmtdre platenl®2 i atfynctien bf ﬂaﬁ(mﬁancewahtaeoﬁ\ﬁmﬂamﬁlpe

conduct or 100 a'}g?lﬁﬁﬂqﬂxcn% q'legits v&?{)ﬁar'z (J,tﬁﬂr'erafxbwpllﬁL 5&?&\? I(Y(fll ue
Wi ec the clus

can be reduced out |ng er reS| I mensi on
L, by enl zar@ amgddchwplata 102. thd:hmmubtratechexainple; ﬂasp‘esnsemikﬁz}ralue

adj acent duc n,.Fl whi | é h d| n eget r.esist.ance

val o of tHEP 1515 SHECHE PR 1 e St serisianie of 1ayer 108 Snd diSendics L, e

' . distance between conductive plate 102 and stripe conductor 100, and
1nverse1y related to dimension W, the width of conductive plate 102 adjacent

conductor 100. The effect of small spacings s, and s; between adjacent
conductive plates 102 is similar to that discussed in relation to the
20 embodimén_t of FIG. 7, but with the additional advantages provided by the
increased density of conductive plates 102 offered by the embodiment of

FIG. 8.
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
25  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, throﬁgh 8, can be made to
exceed 2 microns to allow use of projection printing techniques, or may be
made smaller than 2 microns to maximize the cluster packing through use
30  of stepper printing techniques. Second, the cluster spacings can be made to



Referring nowto FIG 9, there is shown a plan view of an ar r angenent
of pixels.,including the emtter clusters and conductive col um . lines
of . the present invention. This arrangenent illustrates colum

conductors conprising stripes 100 and a plurality of conductive plates 102,
20 each adjacent and |aterally spaced froma corresponding stripe

conduct or 100. As illustrated, conductive stripes 100 are
substantially parallel to each ot her24 and are spaced from one anot her
by two conductive platés 102. Stripe conductors 100 are joined at
their upper and | ower extremties (outside the active region of the
di spl ay) by conductive bus regions 110. Colum 25 conductors 100 and
crossed by, andetdeedt2 ima:i-tbx)s its daeifl itatef emhmg@m‘/ﬂminjumdnmve layer]h;Z wéti ch,
as illustrated, Jare, o onal to r conduct,ors,100. Re . 114
conprising the f }i‘ﬁ%’t"gie ﬁ Fﬂ% fh?"c%ﬁ&’&&?’b“r ‘ﬂi‘d“%ﬁ

alre j oi ge;i bydaclsmml lﬁadklilﬁg rthgough 16 mlﬂam aﬂmlﬂghwchnbldgiése @hikd)dihe

el ectrode) an i ngl e row conductor (the gate el ectr resent a
30 single di s?:‘l“ﬂ?rrﬁp?@ngsﬁ?}'gﬁ#t@ég@‘f He %ﬁﬁ%@o@%’@x‘ﬁﬁ that
Inactive arga ijg 11m1ted only by the dimensions of the p:xel Fourth, the len@ﬁ of the

bet ween di spl aypﬁaéxe s may he added_faqr redund and current: spr.eadi ng.

Wi | e the enbodFiuster resistrcaimensiom Ly thegistansabetueq pogaetive plate 102 and
configuration i g Chnd@deH C00Y $n PFHD.C8, Ay DEStddueed witBlbas Qtfecting! fHee

conductor structure so as to provide equa resi stance paths betweenthe 5
conductive stri pesistange valye hyfusernf axesistiveil :@rmﬁh@ghqnshegtmstgn%p@

'([jll’]fa]'E er enCErSTain% ?ﬁ{hﬁnﬁ&qggﬁi(;a;és%?% hgﬂﬁg%C?l ve ai es acg Hq?f er enc s in

the positi difal of dimemdion ilmsslhnpmdbef mse,thyethellateakdm fidld btetweep:testrlpzd I
of which provide t

embodi nent s, &"ﬁ‘?‘f“’tg’f 19\% Pﬁﬁecfga %&hﬁt&e \?ha g%w&%&%&s dgﬁoﬁgft

present i nvent l Qﬂnbereduced withodt aﬁ‘édfﬁngreng-tﬁabmm{xmgresimm dihﬁnsi.drﬁl.,e of

t he enbodi rrent f FIGS. I n anc
i nvention, nﬁ?lraé'%‘ngh@‘mens“’ngwgl% ‘P@%ﬁt@g aﬂ)% A lﬁcﬁ"t‘fr ng

substrat e; depo%bhﬂﬁ&oﬁ leYi%r FUG. 8] QISle holding the @héétere%mﬁhé@wué of Hhe'g a
| ayer 106 of an el ectrlca I resistive material 15 over the Sigerr]

| ayer; depokf ti wgsigtivejayerckiO6epnstant: ve material on resistive | ayer
106 and formng ther ¢ rgm O oV §18). 2L $hdf¥ is CHMWAE L & VEIGLVIER of an

arrangement of pixels including the emitter clusters and conductive column

b

lines "of the present invention. This arrangement illustrates column
conductors comprising stripes 100 and a plurality of conductive plates 102,
20 each adjacent and laterally spaced from a corresponding stripe conductor
100. Asillustrated, conductive stripes 100 are subétantially parallel to each
other, and are spaced from one another by two conductive plates 102. Stripe
conductors 100 are joined at their upper and lower extremities (outside the
active reg;ion of the display) by (_:onductive bus regions 110. Column
25  conductors 100 and crossed by, and electrically isolated from, row conductors
112 which, as illustrated, are orthogonal to stripe conductors 100. Region
114, comprising the intersection of the striped column conductors 100 which
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
30  single display pixel.' Optional cross-line conductors 116 in the inactive area -



stripes 100, bus regions 110 and (optionally) cross-line conductors 116,
typi cally. by photolithographic and etching processes; formng an
electrically . insulating |ayer overlaying resistive |ayer 106,
conductive plates 102 and 20 conductive columm stripes 100; depositing a
| ayer of conductive material on the insulating |ayer and form ng row
conductors 112 therefrom typically by phot ol i t hographi ¢ and etching,
processes’ forming a plurality of aperturesin row conductors 112
over conductive plates 102, the apertures extending t hrough the

i nsul'ating | ayer down to conductlve pl ates 102; and form ng 25 mcrotip
emtters 104 on conductive plates 102, each emtter 104 forned W thin
one of the aper between display p_imidumlx)bsaddéﬁ fo‘f}redmdaricwlamlmmént spreadmg
illustrative materialg .and,di nensi,o v met hods of .for

the | ayers, structur @,“ﬁ'a&&et ﬁf’g‘fdgi gk ¢ gdgﬂ} ge’FﬁR’F%‘?n Iaatf’gp

FI GS. - 8 ar&dnﬁgnmy:ioheixemﬁély cdﬁhmtivenmtésr afe positiotled Hidiacimc efripdie

above- 30 descri bed s of fabricat emtter struct 60 descri bed
inrelation to conc? s c% ure so as to provi e equal resistance pat'h begwggen %lge

FIG 3. 5 conduéﬁﬁeeéﬁ‘ﬁieb\@id’ each 6 R coridubide teﬁahrlb%\ﬁ:l 2t that

emtter plate of nbodi_nment . of FIGS. 8 an I n accor ance with
the present |nvé¥\WJbﬁl°1'e suchﬁapﬁgemﬂqr@em@né’efeﬂmmpﬁ@ &g.e Jitferansos in he an

i nsul ating substghahes n%ﬂen:eﬁaam apiawsera&i Siffdrehidds G th %id@ﬁioh%le'

dep05|t| ng a | ayer o? co ctive terial on the SiJerr| [ayer and

f ormi ng t her ef r oelationabins hatween the mlat&swyi the stnnem allofswhighi previde theind

(opti-onal ly) cr
phot ol i t hogr aphfﬁ%%énm%?%%%ﬁ{a?géégghé?@#sﬁ?ﬂtkdeﬂ#)a ermﬂ% o?auofw}nch
electrical l10r esacsbnd/mthdherpmmmplesroftthe Iﬁeﬁ[mrmyenmgmr and conducti ve

colum 10 stripes- 100 epRSitld N a

resistive |layer 106 ]A tﬁj%(ﬁ 'f’ﬁgeh ﬁé ﬁ&f‘? ‘Is“ﬂeé% °f8:§GS
t?/pl cal | yI :Jy pha cinidt Bpgna@éa:b fdancel wxﬂ:ndhetpxhsém; Dimﬂbﬁelsmafrocrdﬁé%ﬁs@ﬁhe
electrically in atln er overl a sisti.ve |a 1
conductive pl ate@ amwﬂ&l%aﬁa&éﬁlatwg S&S“a%ﬁam?& Ear*ﬁY%"r? 10gn,
the insulating |ayeghe Eﬁﬁhtfﬁé”fdiﬁnhg% %F&umwaﬁaﬁje?e&ﬁcanﬁ%ﬁ%ﬁemmatenal
typically bX photolitho raph| c and etching processes; formng

plurality olbapevenrths $1Q, dayer; denositinga %@r&f@néemimatenpl angesistive
tcgﬁ duct i veaB?; WaGer $06 GRA! FBFmidY ShtaBEbREcIitiFE pidtel 208! colfifEtive column
stnpes 100, bus regions 110 and (optionally) cross-line conductors 1186,

typically by photolithographic and etching processes; forming an electrically
insulating layer overlaying resistive layer 106, conductive plates 102 and

20  conductive column stripes 100; 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 102; and forming

25  microtip emitters 104 on conductive plates 102, each emitter 104 formed
within one of the apertures in row conductors 112. The particulars of
illustrative materials and dimensions, and illustrative methods of forming

the layers, structures, apertures and microtips of the emitter leate of FIGS.

8 and 9 may be easily determined from an understanding of the above-

30  described process of fabricating emitter structure 60 described in relation to



102; and formng mcrotip emtters 104 on conductive plates 102, each
emtter 104 formed within one of the apertures in row conductors 112. 20
Referring nowto FIG 11, there is shown a cross-sectional view of an
emtter. plate 118 enbodying a second arrangenent of emtter clusters

adj acent conductive colum |ines in accordance wth the present invention.
In a perspective simlar to that of FIG 10, the view of FIG 11
illustratés a substrate 120 having a® optional thin insulating |ayer
122 overlaid thereon. 25 A plurality of stripe conductors 124, extending
per pendi cul ar to the draw ng sheet, are |ocated on |ayer 122, as are
a plurality of conductive plates 128.. The rel ative positioning of
stripe conductorpi@2g¢ and conductive plates 128, is the sane as for
FIG 8, wherein plates 128 are each adjacent,k a lLaterally ' spa%ed
from a correspondi ng Alferngkivelys anether method fog fapricaiing an gmittenplate of the
resistive materighpsiifidn® %t FIGR! §bha%,! iRy fécordznceSwithPthe" Predeat Yventich, and
27 conductive plates 128. An insulating | ayer 130 covers resistive
coating 126, maynepppriem dibet fallowing esteps? pyowiding san ringnlatingg sphsteate; 30.
Apertures 136 ar sgs : U V) : %1% g
| ayer 130 do%vn t%eqoﬁgnégﬁgﬁgﬁglﬁigﬁrg?é@ggo %%é?g%?\g/%ﬁf%%lra@%gf ertl&?es
136 are fornmed dnaterialyonithe SiOglayer amd forming fiexefromicoaduttive ealiimnestrripeer s

curface of resi S0P 2YEPng 310 gHARBRBaa) Kilen B8 et 16, Wikt by

t hi s arr angenent phatblithugrapitiduanhdr stchig cmopesses; tfoeming lindayer 106 of an

el ectrode, and cgnducti,ve |ayer 132 ¢ ri ses ate el.ectrpde of field
10  enission dé g@cfyg_reg}ségpr}gﬁgeémag&e n&r%ﬂf‘rﬁ’é’%ﬁnﬁl %%‘ﬁ'ﬁﬁ?’% CpIFIP
ef fected byibhe &pipes ﬁ@bt Aepaositing adﬁyae“ﬁ d»iwona_hctfi% iate ﬁﬁhdﬂ'_@ésiﬂ;ivé.%eii\hgs h
IS positive th .respect to t otentia n, con tive er .
The structure sh_@ﬁw_qug, erf%?%ﬁowﬁ’f%ﬂaé’?%;ﬂ?cgﬂ”ﬁ%mﬁ ograpmec
di mensi on of resjgd 'e‘lﬂ&lihé)ﬁﬁbceséé’s@ nf Bn E16dtPichll Yﬁfﬂ:ﬁ]hﬁh% l&?ér B%i'léﬁng

conductive plate 128 of one m cron, a typical Tateral spacing between
each conductive pisigtivel Jgyemnd0fhanddpanduetivet plates cHZjudepnsiting aflaypr of
m crons. Thus, t IAelsYe u#ﬁﬁ)% } B &R
vertical ball ast&%edgllrc{s'lt%gnce ﬁrg%%gﬁé{eiasc m %e?%igzo{ffie@*féﬁég‘ncf i qrgllz
15  therefrom, typically by photolithographic and etching processes; forming a

Py

plurality of apertures in 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 within one of the apertures in row conductors 112.

20 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.
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.-

25  Aplurality of .stripe conductors 124, extending perpendicular to the drawing
sheet, are located on'layer 122, as are a pluré\litj of conductive plates 128.
The relative positioning of stripe conductors 124 and conductive plates 128,
is the same as for FIG. 8, wherein plates 128 are each adjacent and laterally
spaced from a corresponding stripe conductor 124. A coating 126 of a

30 resistive material overlays insulating layer 122, stripe conductors 126 and



conductive plate 128 thereunder, and a considerably |arger |ateral ball ast
20 resi stance between each conductive plate 128 and the adjacent stripe
conductor 124. A nmethod for fabricating emtter plate 118, in
accordance with the present invention, may conprise the foll ow ng
steps: providing an insulating substrate 120; depositing a |ayer 122
of SiJerr] on substrate 120; depositing a 25 | ayer of a conductive
material, illustratively alum num chrom uspy nol ybdenum or ni obi um
on the SiJerr] layer 122 and form ng therefrom conductive pl ates
128, colum stripes 124, and bus regions and cross-line conductors of
the type shown in FIG 9, typically by photolithographic and . et chi ng
processes; for nhaﬂd@dvexﬂate‘sz&mfm instileing Lol 1B0rcoverd tesistivetcoating 1280

illustrativel | duc | t 124 d
25 o Coma ot agstne 1998 198 AP prlAYe SFLAtOu FVERIPY ARSERTE 136 PEH or
130 over | ayi NG _formed GhiosighenliauEve l36r 10gRaml risutnting w 190 ddvsthye

material, illustrativel ni obi um on. |nsulat|nglaé 0 and_form ng
row conduct ors BPPer Wé‘!’éicﬁd?ﬁ resistive layer 126, Apernges |18 getly

et ching progessegyyd b ﬂ%ﬁ&@ pldtegi12By Mficr'éuﬁ GRALST B, %ﬁﬁstranww in the

conductors 132 over uctive plates apertures ext’endi ng :
t hrough i nsul at ishgpe aﬁmneaaatt@medonrtbg uppEY eurfageef resistive layer HaGwithimi ng

mcrotip emtter }flﬁ‘e Liléust ratively of nol ybdenum on resistive
layer 126, each er 4 formed within one of the apertures 136 in
row conductors 132. 1A this arrawgerhent, lstripeicondptiess 5f24t hemprise cthie cathede i on

have been denonstrate i th rtic r_regar “t he ructur d
ot hods. di scl os RN and ponfiicfivBAaber {32 copBiiled i bl Dfpie'of held
departures 1y lmnigsidar desiee 118. trmepnrantémﬁsimh from midpetip nemitteren134 tie
scope of the inveptio not i.ntendeg to,be.l.imted to the
particul ar str uc&?ﬁ“&épg}‘uih Ri}ﬁ%t"?ﬂg P Rotentf rg string condpctary 124 syhich is e
15 gauged by thRitFER# rédbeét® tHepdtEntilll 61 cbddctive layer 132.
The structure shown in FIG. 11 may include a typical thickness
dimension of resistive layer 126 between microtip emitters 134 and

15  conductive plate 128 of one micron, and a typical lateral spacing between
eaeh- conductive plate 128 and the adjacent stripe conductor 124 of five
microns. Thus, the arrangement of FIG. 11 provides a relatively small
vertical ballast resistance between each microtip emitter 134 and the
conductive plate 128 thereunder, and a (_:onsiderably larger lateral ballast

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

A method for fabricating emitter: plat.e 118, in accordance with the
present invention, may comprise the following steps: providing an insulating
substrate 120; depositing a layer 122 of SiO, on substrate 120; depositing a

25 layer of a conductive material, illustratively aluminum, chromium,
molybdenum or niobium, on the Si0O, layer 122 and forming therefrom
conductive plates 128, column stripes 124, and bus regions and cross-line
conductors of the type Shown_ in FIG. 9, typically by photolithographic and
| etching processes; forming a layer 126 of an electrically resistive material,

30  illustratively amorphous silicon, over conductive column stripes 124 and



29 VWHAT | S"CLAI MED | S: 1. Electron emni ssion apparatus

conpri si ng: a conductive plate having a plurality of mcrotip
emtters thereon;, a conductive |layer overlying said conductive plate
and spaced apart fromsaid plate, said conductive |ayer having apertures
formed therein, each of said emtters fornmed within a correspondi ng one of

said apertures in said conductive |ayer; .a stripe conductor laterally
spaced fromsaid plate; and - a resis??ve | ayer electrically .coupled to
said stripe conductor and said plate; 2. The electron em ssion

apparatus in accordance with Caim1 wherein said conductive plate and said
stripe conductor are positioned adjacent the same surface of said resistive

| ayer . - Zonduciivepatesd28pformitig an glestricallydnpulatingd apembd0 everlaydrgi m
1 wherein said [ ot 53l ' SRR ki
adj acent opposi % g&gﬁ% %é(/;geg Iolo ’ gg?égyggiag{a%%b?%er ) R'rgtrﬂﬁte?fa} iﬁy dtg}%%i
el ectron em ssi axiokipps atinsulatingdsyeritd{candforning aspwnedndustorsecl33 thelrefitomg
means for applyi,ng. a0t ent i alk..bet n [ tri gt or and, sal
conductive | ayerf‘.yglcallg ?’y Pm@‘*ﬁ’?‘%&ﬂ%@n&éﬁf‘gﬁgﬁ&ggﬂgé?‘a' ik gﬁﬂ%?g}' Hince
wi-gh da 3i m Jsdmh@;;mmllmaimasﬁni Yo ceomductons I?Tﬁmwésa:bnduem&\qﬂaml 428, dhe
clectron ot ssi PSR SRIRAIRE SBETIeR. RuIalias, AeF, O, down to reststive fayer
126; and forming microtip emitters 134, illustratively of molybdenum, on
resistive layer 126, each emitter 134 formed within one of the apertures 136
in row conductors 132. '

PO

10 While the principles of the present invention have been demonstrated
with particular regard to the structures and methods disclosed herein, it will
be reéognized that various departures may be undertaken in the practice of
the invention. The scope of the invention is not intended to be limited to the
particular structures and methoas disclosed herein, but should instead be

15  gauged by the breadth of the claims which follow.



_—

wherein said apertures are formed in said conductive-layer as an array. -
30 S 7. The electron em ssion apparatus in accordar‘ \mmlﬂll E“‘ r“é!“
wherein said apertures in, said conductive |ayer are general m )

said mcrotip emtters are generally cone-shaped. 8 * The'el ectron
em ssion apparatus in accordance with Claim 1 wherein said resistive |ayer
conpri ses anor phous silicon. 9. The electron em ssion apparatus in
accordancé with aim1 wherein said m cro??p emtters conprise nol ybdenum
10. The el ectron em ssion apparatus in accordance with Claim1 wherein the
mat eri-al of said conductive plate is selected fromthe group conprising

al um num chrom.u nol. ybdenum and. ni obi um 11. The el ectron

em ssi on appar at RIGLAIMIR IH:th Jaim 1 wherein the material said
stripe conductor is selected fromthe group conprising alum num chrom um
mol ybdenum and. ni obi um . 12. The el ectron_em ssion apparatus in
accordance with O ai h Elgpieeniemissipy appazaiasi comprisiag: conpri ses ni obi um

:sL:tibs . FL?EE ron.em ssi Qrboﬁﬂ{l@lﬁ@é phaté miﬁgs hWurality of anﬁ:Poﬁﬁ' %HL&H‘Q thereon;
i a conductive layer overlying said conductive plate and spaced apart
from 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; |
a stripe conductor laterally spaced from said plate; and -

a resistive layer electrically coupled to said stripe conductor and said
plate.

2. The electron emission apparatus in accordance with Claim 1
wherein said conductive plate and said stripe conductor are positioned
adjacent the same surface of said resistive layer.

3. The electron emission apparatus in accordance with Claim 1
wherein said conductive plate and said stripe conductor are posiﬁoned

adjacent opposite surfaces of said resistive layer.

- 4. The electron emission apparatus in accordance with Claim 1
further including means for applying a potential between said stripe
conductor and said conductive layer.

5. The electron emission apparatus in accordance with Claim 1
wherein said stripe conductor comprises a cathode electrode and said
conductive layer comprises a gate electrode. '

6. The electron emission apparatus in éccordance with Claim 1

_ wherein said apertures are formed in said conductive layer as an array.



material, said stripes being electrically interconnected; can
plates on said layer of electrically resistive material, each conductive
pl ate occupying a region |aterally spaced fromone of said stripe '
conduct ors; : _ 31 an
electrically insulating |layer on said condd8tive plates; a conductive
| ayer on said insulating |layer overlying said conductive plates, said
conductive layer having a plurality of apertures fornmed therein and
extendi ng through said insulating |ayer; ~ mcrotip emtters on said
conductive plates, each emtter formed within a correspondi ng one of said
apertures in said copd |ve |ayer. . . 14, The el ectron em ssion
apparatus in accordgﬂcgféft quéf ﬁﬂ?‘%eﬁpaaﬁa‘é%ﬁ Hlsato"?régng%r?&%t@raéma}e
substanti al | y pwhetdinlsaid apertureslin sadiicontlactiveolayeriare igenergiyaciagular and
accordance with Claim 13 wherein each of_said p ura&i ty of conductive

pl ates i ncl udesS3f TIFHOHP sHiters are genqrally conesshaped. 15 The el ect ron

em ssi on apparatus in accordance with Cl aim 13 wherein each of said

plurality of conduct i.ve@gl ates are substantially equally spaced fromthe
correspondi ng adj ace®t £ i Qlectyem sipisgipn apparatus in accoidange withoglaim dsi on

appar atus i n - acqpef@Rt@idirkiishdidhed SomliRiseh Ark@phol siftofl, Pl urality of

conductive-plates has a substantially equal resistance path to the
correspondi ng adj acent stripe conductor.

9. The electron emission apparatus in accordance with Claim 1

) - -_\
a layer of an electrically resistive material on said substr ﬂ””ll :
conductor- fornmed as plural stripes on said |ayer of electric ' ‘Hﬂll”@ﬂg"/
wC .

wherein said microtip emitters comprise moljbdenum.

10. 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.

11. The electron emission apparatus in accordance with Claim 1
wherein the material said stripe conductor is selected from the-group

comprising aluminum, chromium, molybdenum and niobium.

12. The electron emission apparatus in accordance with Claim 1

wherein said conductive layer comprises niobium.

13.  Electron emission apparafus comprising:

an insulating substrate;

a layer of an electrically resistive material on said substrate;

a conductor formed as plural stripes on s8aid layer of eleétrically
resistive material, said stripes being electrically interconnected;

 conductive plates on said layer of electrically resistive material, each

‘conductive plate occupying a region laterally épaced from one of said stripe
conductors; -



T
18. The electron em ssion apparatus in accordance with C ai
i ncl udi ng means for applying a potential between said stri pmmej'@Bm,e’Hm
sai d conductive |ayer. - 19. The el ectron em ssi on apparat u s 1%
accordance with Caim 13 wherein said stripe conductors conprise a cathode
el ectrode and said conductive |ayer conprises a gate el ectrode.
32 . _ 20.. The el ectron em ssion apparatus in accordance with Caim
13 whereih said enmtters are forned on eadl of said conductive plates as an
array. 21. The el ectron em ssion apparatus in accordance with Claim
13 wherein said apertures in said conductive |ayer are generally circular
and said mcrotip emtters are generally cone-shaped. 22. The
el ectron eni ssi on appardedeically ansudatingdayen ¢ saidacondi8tive platen; sai d
electrically resistive terial conprises ampLphous silicton. . 23,
The el ectron eni ssi off °8§§3?‘5Y‘h ayeh © csc%‘ib%]fﬁguﬁf? kol (i 4 a?\lélrcé’flﬂugtﬁY%
mcrotip enttengdats id sonduttivelayerhaving a plurdlity dhapatesisiformeditheretn
D I oo oo estasdile through Sad insulatiag layar onauctive Taver

microtip emitters on said conductive plates, each emitter formed

‘within a corresponding one of said apeftures in said conductive layer.

14. The electron emission apparatus in accordance with Claim 13
wherein said stripe conductors are substantially parallel.

15. The electron emission apparatus in accordance with Claim 13
wherein ea_éh of sa_id plurality of conductive plates includes an equal number
of emitters. '

16. The electron emission apparatus in accordance with Claim 13
wherein each of said plurality of conductive plates are substantially equally
spaced from the corresponding adjacent stripe conductor.

17. The electron emission apparatus in accordance with Claim 13
wherein each of said plurality of conductive plates has a substantially equal
resistance path to the corresponding adjacent stripe conductor. -

18. The electron emission apparatus in accordance with Claim 13 _
further 'ihcluding means for applying a potential between said stripe
conductors and said conductive layer. '

19. Th_e electron emission apparatus in accordance with Claim 13
wherein said stripe conductors comprise a cathode electrode and said
conductive layer comprises a gate electrode. "



25. The el ectron em ssion apparatus in accordance wwth C aT‘anm‘éF‘érrTT—ﬁE—— :

mat eri al of said conductive plate is selected fromthe grou “‘“‘
al um num chrom um nol ybdenum and ni obi um 26. Thg‘“ﬂﬂml ﬂl‘l

em ssi on apparatus in accordance with d ai m 13 wherein the neteri ab shi ¢
stripe conductors is selected fromthe group conprising alum num chrom um

nol ybdenum and ni obi um 27. Electron enission apparatus

conpri si ny: an insul ating substratgi ra conductor formed as
plural stripes on said substrate, said stripes being electrically

I nt er connect ed; 33 a

| ayer of an electrically resistive material on said substrate in electrical
contact with said stripe conductors; conductive plates on said

resistive layer, each.c uciive plate occupyi a regign | aterally. spaced
from one of said strE?)eqﬂ%ﬁ cirgpsemission a Bﬁx" 'g%t“?i g‘?(la?‘“ (hﬁﬁnplg%/ er
on sai d conduct iglRréinad:d emitters ate Forded onvéachayfesaid moﬁduehwpldtaé aBGn

| ayer overlying said conductive plates, said conductive |ayer.having a

plurality of ap&W¥afes forned therein and extending through said insulating

| ayer; mcrotip emtters on said conductive plates,:each enitter
formed within a correspondi ng one of sai.d apertures in said conductive
| ayer. 28. TR3. The elestromemigsinn appavatug dnjaccerdasee sith Glaim 18 ai m

27 wherei n -sai d g LALAANPrhIES ifs8id bbb ahyd wgéﬂemy circular and
said microtip emitters are generally cone-shaped.

22. The electron emission apparatus in accordance with Claim 13
wherein said electrically resistive material comprises amorphous silicon.

23. The electron emission apparatus in accordance with Claim 13

wherein said microtip emitters comprise molybdenum.

24. The electron emission apparatus in accordance with Claim 13

wherein said conductive layer comprises niobium.

25. The electron emission apparatus in accordance with Claim 13
wherein the material of said conductive plate is selected from the group
comprising aluminum, c}iromium, molybdenum and niobium.

26. The electron emission apparatus in accordance with Claim 13
wherein t;he material said stripe conductors is selected from the grdup

 comprising aluminum, chromium, molybdenum and niobium.

27. Electron emission appar.atué comprising:

an insulating substrate;

a conductor formed as plural stripes on said substrate, said stripes
being electrically interconnected;



29. The el ectron em ssion éppar atus in accordance wth C

each of said plurality of conductive plates includes an equal .
emtters. : 30. The electron emi ssion apparatus in ajm%ﬂﬁ“m\ml“\“\
Cl ai m 27 wherein each of said plurality of conductive plates' . m s ¥
substantial |l v equal |l y -spaced fromthe correspondi ng adj acent stripe

conduct or. 31.- The electron em ssion apparatus in accordance.with

Cl ai m 27 twherein each of said plurality df3 conductive plates has a
substantially equal resistance path to the correspondi ng adjacent stripe
conduct or. 32. - The el ectron em ssion apparatus in accordance with

C aim 27 further including means for applying a potential between said
stripe conductors ardlayerdofc andelectricallyayesistive material on said substrate in

34 : 33&?@{@‘.‘&1 8091% .s%ﬁ(gﬁ'iP@%’@& .in accordance with daim
l

27 wherein sai pe conductors conpti-se a cat hode el ectrode and said
conductive | ayer corpndsetiven piaiiee e esztid orsistive layer, 3achTeendbictiver plate

em ssi on apparatus_i.n accordance with Claim 27 wher el aid emtters are
formed on each YFYBEPH %Bﬁ%‘aﬁf%@h Q%@ﬁﬁ]"’é‘nm?r? a%}’.la steips cm%iéc.t‘”ﬁﬂe

el ectron enission apfpéletically insalntiiylagervoh kafid somduttivelidatdsp sai d
apertures in said conductive Layer are qen rally circul ar. and, _ ]

_ a conductive layer on said insula ayer overlying 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.

28. The electron emission apparatus in accordance with Claim 27
wherein said stripe conductors are substantially parallel.

29. The electron emission apparatus in accordance with Claim 27
wherein each of said plurality of conductive plates includes an equal number
of emitters. '

30. The electron emission apparatus in accordance with Claim 27
wherein each of said plurality of conductive plates are substantially equally
spaced from the corresponding adjacent stripe conductor.

31. The electron emission apparatus in accordance with Claim 27
wherein each of said plurality of conductive plates has a substantially equal
resistance path to the corresponding adjacent stripe conductor.

32. The electron emission apparatus in accordance with Claim 27
further including means for applying a potential between said stripe
conductors and said conductive layer.



i S5l on apparatus. in accor dance wi th O'ai m 27 wherein sai d o NN

resistive material conprises anorphous silicon. 37. Tht lettran s =
em ssion apparatus in accordance with Claim 27 wherein said mcrotip _
emtters conprise nol ybdenum 38. The el ectron em ssion appar at us

I n accordance with Caim27 wherein the material of said conductive plate
is selectéd fromthe group conprising al ## num chrom um nol ybdenum and
ni obi um 39. The el ectron em ssion apparatus in-accordance with
Claim 27 wherein the material said stripe conductors is selected fromthe :
group conprising alum num chrom um nolybdenum and. ni obi um 40. A
met hod for fabricati38g The elestronemission apparaiyarint agsordaneg rwith{glaime2%t eps
O vt a1 DOt Ui N3HE! LiRRE EBhrise a cathd R Blddfkofle! AE'sald 27
electrically resistive material on sald su rate; -

35 depoaidtictive layenygemprises arghtetelectrod®t eri al on'said resistive

| ayer and form ng therefrom conductive stripes, conductive plates laterally
spaced fromsaid stripes, and bus regions interconnecting said stripes at
the ends thereof; 34. Therelectpornendbsion rappakatnsi insadcardapel withr Cladms2¥ d -

fg;glrjcf)l,\e/ﬁ ;P,: ﬁgv?rééﬁeg! said L%trapsgal% fo%% C<§r|1 \égcl!m o Ghi Qorﬁﬁcgvle r}ﬁgi;eastellsngn
array. ) '

85. The electron emission apparatus in accordance with Claim 27
wherein said apertures in said conductive layer are generally circular and
said microtip emitters are generally cone-shaped.

36. The electron emission apparatus in accordance with Claim 27

wherein said electrically resistive material comprises amorphous silicon.

37. The electron emission apparatus in accordance with Claim 27

wherein said microtip emitters comprise molybdenum.

38. "The electron emission apparatus in accordance with Claim 27
wherein the material of said conductive plate is selected from the group

comprising aluminum, chromium, molybdenum and niobium.

- 39. The electron emission apparatus- in accordance with Claim 27
wherein the material said stripe conductors is selected from the group

comprising aluminum, chromium, molybdenum and niobium.

40. A method for fabricating an electron emission apparatus
comprising the steps of:
providing an insulating substrate;

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



conductive pl ates; form ng apertures in said conductive | ayer—over

sai d conductive plates, said apertures extending through sai ,
| ayer; forming microtip emtters on said conductive pl g'"ﬂimgm“mim " llll
emtter.formed within a correspondi ng one of said apertures in sa s x
conductive | ayer. 41. A nethod for fabricating an el ectron

em ssi on appar at us conprising the steps of: providing an i nsul ati'ng
substrat e; depositing a first | aye?r5 of conductive naterial on said
substrate and form ng therefrom conductive stripes and bus regions

I nterconnecting said stripes at the ends thereof; formng a | ayer of
an electrically resistive material on said substrate In electrical contact
with said stripe condﬂnwdng a layer of ehpmductive materighb ensaid sgsistivd layenandt i ve
material on saig_r y :ﬁﬁﬂ d S
lateral ly spaceg)r ”“?n g I? S'Jn vg%ﬁbg? &Jriﬁ%ﬁ\l%gﬁr?’elﬁg%t }rb%*ﬁ\iﬁl Spded

i nsul ating | ayefrounswdl strxpea,dami bue rpgmnesnberconnechngrsmd]gtlmesoatdumtendg

| ayer on said i Qiul ﬁtgl ng | ayer overlying said “conductive plates;

form ng apertur ’sai d conductive | ayer over said conductive pI ates,

sai d apertures extenﬂizmnglaumlgm-mallymsdahngilageﬂ oy anid conductxvéqﬂat'eag

mcrotip emtters ong sai.d conducfH )'??Iates ﬁ ﬁnite{ dvmth.ldna
correspondi ng one of XHRE & & YEL O WBRJDE ayer Overiying sai

36 layer. conductiFe plateat at us conpri si ng: an elongated stripe
conductor; a plurality of condugtive plat , each g¢ondugtive Iate
occupying a region mﬁnreqmg@PM?Semsyliw@@eﬁw ez gver sald copductive

said apertures extending through said insulating layer;

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

41. A method for fabricating an electron emission apparatus
comprising the steps of:

providing an insulating substrate

depositing a first layer of conductlve matenal on said substrate and
forming therefrom conductive stripes and bus regions interconnecting said
stripes at the ends thereof;

~ forming a layer of an electrically resistive material on said substrate

in electrical contact with said stripe cbnductors;

depositing a second layer of conductive material on said resistive layei'
and forming therefrom conductive plates laterally spacgd from said stripes;

forrﬁing an electrically insulating layer on ;aid conductive plates;

forming a conductive layer on said insulating layer overlying said
conductive plates;

forming apertures in said conductive layer over said conductive plates,
said apértures eitending through said insulating layer;

forming microtip emitters on said conductive plates, each emitter

formed within a corresponding one of said apertures in said conductive



a resistive layer in electrical contact with said stripe conductor and sai d
plurality, of conductive plates; and mcrotip electron e

| ocated in said regions occupi ed by said conductive plates. ”"l"f"ll"ﬂ"l"“””"l
apparatus in accordance with Caim42 further including a condtict¢ve: | &ayes =
electrically . solated fromsaid el ongated stripe conductor, said conductive
pl ates and said resistive | ayer, said conductive |ayer having apertures
fornmed thérein, each of said electron emggers forned within a

correspondi ng one of said apertures in said conductive |ayer. 44,
The apparatus in accordance with O aim43 further including neans for

appl ying a potentlal between said stripe conductor and said conductive

| ayer. - lagbr. The apparatus in accordance with C aim43 wherein said
stripe conductor conprises a cathode el ectrode and said conductive | ayer
conprises a gate el ectrode. 46. The "apparatus in accordance with
Claim43 wherein sai4. App'ai-amgscoﬁf;ﬁisﬁﬂg-ned in said conductive |ayer as an

array. 37 47. The
apparatus in accor da elopgated#txing oPRARAE n said apertures in said

conductive layer arep gpaaiiy!of &haﬁutheé ss@adﬁ Gorfduetive phes béipyMp &t er s
are*general | y cone-shaped, (flr atus i n accordance with
Cl ai m 42 wher ei Fegien which is laterally spaced from sal stnpe conductor;
a resistive layer in electrical contact with said stripe conductor and
said plurality of conductive plates; and |
~ microtip electron emitters located in said regions occupied by said

conductive plates.

43. The apparatus in accordance with Claim 42 further including a
conductive layer electrically isolated from said elonggted stripe conductor,
said conductive plates and said resistive layer, said conductive layer having
apertures formed therein, each of said electron emitters formed within a

corresponding one of said apertures in said conductive layer.

44. The apparatus in accordance with Claim 43 further including
means for applying a potential between said stripe conductor and said
conductive layer.

45. The apparatus in accordance with Claim 43 wherein said stripe
conductor comprises a cathode electrode and said conductive layer comprises
a gate electrode.

46. The apparatus in accordance with Claim 43 wherein said
apertures are formed in said conductive layer as an array.



resistive layer conprises anorphous silicon. 49. The apparatus in
accordance with Claim42 wherein said mcrotip electron emt lm) I,uﬂﬂ"l"l
nol ybdenum ' 50. The apparatus in accordance with d a

the material of said conductive plates is selected fromthe group

conprising alum num chrom um nol ybdenum and ni obi um 51. The
apparatus in accordance with Caim42 wherein the material said stripe
conductor’is selected fromthe group conpsizsi ng al um num chrom um '

nmol ybdenum and ni obi um -52. The apparatus in accordance with C aim
43 wherein said conductive | ayer conprises niobium 53. Apparatus
conpri si ng: a conductive plate having a plurality of mcrotip

electron enitters thdfeorThe apparatustin pecardadoetwith Elainn|43y veparend shidbm

said plate; and a, resi,sti in_electrical. cqgnt act, wi.th_sai.d
stripe conduct oPPEFATESIRY S%‘&n‘??&éf‘f’é XE? Cidl- ik geriohdif cirl3k 35 Sid ittty
38 54. elgtroraémittaagrei gemiegally cone-sltdpesl. ongat ed stri pe conductor;

a conductive plate occupying a region which is laterally spaced from said
stripe conductor;

48. The apparatus in accordance with Claim 42 wherein said
resistive layer comprises amorphous silicon.

49. The apparatus in accordance with Claim 42 wherein said microtip
electron emitters comprise molybdenum. '

" 50. The apparatus in accordance with Claim 42 wherein the material
of said conductive plates is selected from the group comprising aluminum,
chromium, molybdenum and niobium.

51. The api)aratus in accordance with Claim 42 wherein the material |
said stripe conductor is selected from the group comprising aluminum,

chromium, molybdenum and niobium.

52. The apparatus in accordance with Claim 43 wherein said

conductive layer comprises niobium.

53. Apparatus compnsmg

a conduct1ve plate having a plurality of microtip electron emltters
thereon;

a stripe conductor laterally spaéed from said plate; and

a resistive layer in electrical contact with said stripe conductor and
said conductive plate.



a resistive layer in electri cal contact with said stripe condy |
conductive plate; and a plurality of mcrotip elect roﬂlH m‘&ﬁ “ﬂﬂ\ |‘
| ocated in said region occupied by said conductive plate. c ns

El ectron em ssion apparatus conpri sing: an insulating substrate;

a conductor f.ornmed as plural stripes on said substrate, said stripes being
electrically interconnected at ends thereof; conductive plates on
sai d substrate, each conductive plate occ@Pying a region laterally spaced
fromone of said stripe conductors; a layer of an electrically
resistive nmaterial overlying said conductive plates and in electrical
contact with said plural stripes; an electrically insulating |ayer

on said | ayer of .resbhét Appanatusrdoniprising: a conductive | ayer on said
i nsul ating | ayer overl yj | on ive. pl-ates, said conductive |ayer
having a plurality o#é%oggﬁgeﬁegt%r%@‘tcérei n and extending through said
i nsul ati ng | ayer; a condudtiveoplape ecoupyirgsa vegisni which\is latefaliy spaded\feom
material, each em.tter for q;ovyit‘hi n a correspondi ng one of said apertures
in sai d conduct %A §UEAPgcONdUCtT; 56 The ol ectron eni ssion apparatus in
accordance w th d ai g.rebistifel&ydr inoeldctical pentaot dith sdid dfipessohdtiotoriadid v
paral lel. . . ] . 39 57. The
el ectron eni ssi Sﬂda‘fi’ﬁ‘gﬁ‘ﬁ‘?ﬁ%piﬁeaﬁgrdance with Caimb55 wherein each of
said conductive pl at gsphiralitl T Aicrotipd eldetrohe enfiftefsl1béEd - in said reghh
The el ectron em ssion_ apparatus_in accordance with C aim55

occupied by said conductive plate. '

55. Electron emission apparatus comprising:

an insulating substrate; _

' a conductor formed as plural stripes on said substrate, said stripes
being electrically interconnected at ends thereof;

conductive plates on said substrate, each conductive plate occupying
a region laterally spaced from one of said stripe oondﬁctors;

a layer of an electrically resistive material overlying said coniductive
plates and in electrical contact with said plural stripes;

an electrically insulating layer on said layer of resistive material;

a conductive layer on said insulating layer overlying said conductive
plates, said conductive layer having a plurality of apertures formed therein
and extending through said insulating layer; o

niicrotip emitters on said layer of resistive material, each emitter
formed wﬂ;hm a corresponding one of said apertures in said conductive
layer. '

56. The electron emission apparatus in accordance with Claim 55
wherein said stripe conductors are substantially parallel.



wherein said conductive plates are substantially equally spacedfroman— __
adj acent stripe conductor. 59. The el ectron em ssi c1 | n '
accordance with Caim55 wherein each of said conductive pl MHM'H]W””"I
substantially equal resistance path to an adjacent stripe cdnddctor.wa g "'

60. The el ectron emi ssion apparatus in accordance with Caim55 further
I ncl udi ng means for applying a potential between said stripe conductors and

sai d conductive | ayer. - 61. The el #3tron enission apparatus in _
accordance with Claim55 wherein said stripe conductors conprise a cathode
el ectrode and said conductive |ayer conprises a gate el ectrode. 62.

The el ectron em ssion apparatus in accordance with Caim55 wherein said
enitters are formed &R. ¢Ehe elfcteny emission eppaxatys dncaccardange with\Claim 55
63. The electron, g.881an 0P A6 Lli%naﬂc@@ecgﬂgﬁgcﬁuﬁx&& Qna'eﬁhéﬁ A T gf
said apertures in sard conductive layer aré€ generally circul’ar and sai

m croti-p 'em tt eresnidvers.general | y cone- shaped. 64. The el ectron
em ssion apparatus in accordance with Claimb55 wherein said electrically
resistive material conprises anorphous silicon:

40 58. The electron emission apparatus in accordance with Claim 55

wherein said conductive plates are substantially equally spaced from an
adjacent stripe conductor. '

59. The electron emission apparatus in accordance with Claim 55
wherein each of said conductive plates has a substantially equal resistance
path to an adjacent stripe conductor.

60. The electron emission apparatus in accordance with Claim 55
further including means for applying a potential between said stripe
conductors and said conductive layer.

 81. The electron emission apparatus in accordance with Claim 55
wherein said stripe conductors comprise a cathode electrode and said

conductive layer comprises a gate electrode.

62. The electron emission apparatus in accordance with Claim 55
wherein said emitters are formed on each of said conductive plates as an
-array.

63. The electron emission apparatus in accordance with Claim 55
wherein said apertures in said conductive layer are generally circular and

said microtip emitters are generally cone-shaped.

64. The electron emission apparatus in accordance with Claim 55

wherein said electrically regisﬁve material comprises amorphous silicon.



65. The el ectron em ssion apparatus in accordance wth C aim 55 whereirAi——.

said mcrotip emtters conprise nolybdenum . 66. The
em ssion apparatus in accordance with C aim55 wherein said ’mﬂﬂ WN"H 'l””"’
| ayer conprises niobium 67. The el ectron em ssion apparatu
accordance wi.th C aim55 wherein the material of said conductive plate |s
selected fromthe group conprising alum num .chrom um nolybdenum and
ni obi um ° 68. The el ectron em ssi o#Qapparatus in accordance with
Cl aim 55 wherein the material said stripe conductors is selected fromthe
group conprising alum num chrom um nolybdenum and ni obi um

69. A nmethod for fabricating an el ectron em ssion appar at us
conprising the st ep3654c :The electl;mnvmcﬂsngl appalrastuB anjaegorsiaipse rwithk ;Claim 55
depositing a fi r substrate and
formng therefro eé'SEyd%{clfll vé’%ﬁg u\;tef‘s 6“:1' ?\l%&g'f’ elgnl aterally spaced
fromsaid stripes, and bus regl ons | nt erconnecting said stripes at the ends

th f; f ' f ., ect II t mat erial
said substrate overl PengThd FipcemBRFRIEE eppRial i AciidrhEs Tt ¢ pim 55

S—u

pl at es; ~ f afléreth @ﬂd&ioﬁahéhwldyerlmmﬂrmebﬂﬂoﬁlamr on said resistive
| ayer, formng a second conduct.ive layer on said insulating |ayer in
regi ons over said conductive plates; form ng apertures in said second

conductive layer in i dﬂ@%ﬂ&%@%ﬁﬁsa&ﬁ'aﬁpﬁ@dtﬁﬂﬁh‘ FRoR13ic8 SwithaCRim 55
apert ures extending through said insulating |ayer
wherein the material of said conductive plate is selected from the group

comprising aluminum, chromium, molybdenum and nicbium.

68. The electron emission apparatus in accordance with Claim 55
. wherein the material said stripe conductors is selected from the group
corhprising aluminum, chromium, molybdenum and niobium.



. . \
forming mcrotip emitters on said resistive |ayer, each emit

e—
within a.co rrespondi ng one of said apertu-r es in said secondwﬂ,@mm#”,l””!ﬂ

| ayer :
41

69. A method for fabricating an electron emission apparatus
comprising the steps of: |

providing an insulating substrate;

depositing a first layer of conductive materiai on said substrate and
forming therefrom conductive stripes, conductive plates laterally spaced
from said stripes, and bus regions interconnecting said stripes at the ends
thereof; ' '

forming a layer of an electrically resistive material on said substrate
overlying said conductive stripes and said conductive plates;

forming an electrically insulating layer on said resistive layer;

" forming a second conductive layer on said insulating layer in regions

over said conductive plates;

forming apertures in said second conductive layer in said regions over.

said conductive plates, said apertures extending through said insulating
. layer; '

forming microtip emitters on said resistive layer, each emitter formed
within a co rresponding one of said apertures in said second conductive
layer.



