.| }e3et4q| . 6T4HO* 10007794-2 29 Cctober 2004 5 TUNNELI NG EM TTER FI ELD OF
THE I NVENTI ON 10 The invention is directed to field em ssion devices. In
particular the invention is directed to the flat field em ssion emtters
<utilizindodgi®P&et tunneling and their use in electronic devices. 15
BACKGROUND OF THE | NVENTI ON Several different field ef?sQ¢tord®A ces have
been proposed and inplenented to create electron em ssions useful for

di spl ays or other el ectronic devices such as storage devices.
Traditionally, vacuum devices with therm onic em ssion such as el ectron
tubes 20 required the heating of cathode surfaces to creatiWﬂMﬁM@mﬁmmen
em ssion. The electrons are drawn in a vacuum space to an re
that is at a predeterm ned voltage potential to attract the el eséisons. For
a display device such as a cathode ray tube, the anode structure is coated
wi t h phosphors such that when an el ectron inpinges on the phosphor, photons
are generated to create a visible i mage. Cold cat hode de%“ﬁ”ﬂmmmﬂmmmg
spindt. tips 25 (pointed tips) have been used to replace t de
technol ogy. However, it has been difficult to reduce the sizecoand integrate
several spindt tips while nuiTUNNELINGEMIEXERi ty. As the size is reduced,
the spindt tip becones nore susceptible to danage from contam nants in the
vacuum that are ionized when an electron strikes it. The ionized

contam nant is then attracted to the spindt tip and collides with it,

t hereby causing i 0 danmage. To increase the |ife of the spindt tip, the
vacuum space mnmust have an iEHW@%gnHEHFIHW@thgﬁhunl Aflat emtter having a
Iargeg1enission surface can be operated 10007794-2 29 Cctober 2004

reliably at |ower vacuumrequirenments. However, for sone appljcations, the
anount of cur rEetinatian is diréatatto deldeorissionrigvices. dn paHeulardhainyentiQp{s K gh

enough to be yseful_ s a_.need..egxi st.s: . t8: el it er that has
hi gh cur r@ﬁf‘egé%g’ﬁf&?t gﬁqifmfs?o'éf%uon% ésm%‘ielipgﬁg%érﬁ%@m?gﬁ J|i g{gllr;q/lg%i frrl1 | ow vacuum
envi r onmef)isronte dMMRERY An emtter has an el ectron supply |ayer and a
tunneling layer formed on the electron supply layer. Optionally, an

insul ator layer is forned on the el ectron supply |ayer 10 and has openi ngs
defined within in which heKdOBNDOF THISINVENTIONED. A cat hode |ayer is
formed on the tunneling Tayer to provide a surface for energy em ssions of
el ectrons and/or photons. Preferably, the emtter is subjected to an

anneal i ng procgss_t hereby.] | Bg,; Rifented el ed from
the el ectron s%dﬁﬁa d‘%’f%%/ﬁ‘{lgg’f'ﬁg&cgﬂ%ggavlggs‘[éﬂr#o 5 %%?EI@DESCRI PTION OF THE
DRAW NGS  Hiege elbctirch eniissions midfalrfor dislays or etherstectyonie deviges spahiag SlOFAgEt er

i ncorporating the 20 invention. .Fig.. is.an ex (Y cotion of the
:J se O]P t hgévtiqgfﬁ.ng{afiﬁgn!g vﬁcgiunngF_%sgﬁﬂ'ﬁzth«%néuomc Sx’ﬁ?ﬁ&l SACK ad élééﬁ%h el

20  required the heating of cathode surfaces to create the electron emission. The electrons are

drawn in a vacuum space to an anode structure that isat a predetermined voltage potential
to attract the electrons. For a display device such as a cathode ray tube, the anode
structure is coated with phosphors such that when an electron impinges on the phosphor,
photons are generated to create a visible image. Cold cathode devices such as spindt tips

25  (pointed tips) have been used to replace the hot cathode technology. However, it has been
difficult to reduce the size and integrate several spindt tips while maintaining reliability.
As the size is reduced, the spindt tip becomes more susceptible to damage from
contaminants in the vacuum that are ionized when an electron strikes it. The ionized
contaminant is then attracted to the spindt tip and collides with it, thereby causing

30 damage. To increase the life of the spindt tip, the vacuum space must have an

increasingly high vacuum. A flat emitter having a larger emission surface can be operated



create a focused electron beam Fig. 3 is an exenplary illustration of an
integrated circuit that includes several tunneling emtters and an opti cal

l ens to create a display device. 25 Fig. 4 is an exenplary bl ock diagram of
an integr ¥d**A rcuit that incorporates multiple tunneling enitters and
control circuitry. Fig. 5 is an exenpkary illustration2oOcteber2fBel i ng
emtter on an integrated circuit that includes a | ens for focusing the
energy em ssions fromthe tunneling emtter. Fig. 6 is an exenplary display
that is created froman integrated circuit that 30 includes nultiple

t unnel i ngretiably belosenvaduan regnivetaents, rHooteverefor beme applisdtions, dhe ggemwbef phot ons.

10007794-2 29 tober 2004 Fi 7 is an exenpl ary .stora deyi ce that

i ncor por aP‘é?nh%"FW g@‘f’&?’é"&“’(‘,‘?’ﬁg‘k%tfmm?ést's f’?ﬁ\‘%@gx%tf’tl b‘?%"ﬂt ﬁ[)rfllﬁse?i ng
emtters {ok &kRAG) BRaeAdlaf &hiREhA%ad MEREWFRAI RRASIHhE faliCable lrpblhae Tedi a.
Fig. 8 is a top view of an exenplary tunneling emtter. 5 Fig. 9 is an
exenpl ar yrelinbly $n bscvacomenvwidopies. t he tunneling emtter shown in Fig. 8.
Fig. 10 is an exenplary block diagram of a conputer that incorporates at

| east One of the electronic devices, a display or storage device, which
incorporate the tunneling enitter SUMMARY i nvention. 10 Figs. 11A-11L are
illustrations of exenplary steps used in an exenplary process to create the
tunneling emtter of the invention. Figs 12A and 12B are charts of

exenpl ary anneah iefitted h@GaTiRGonSPplytleyenpid adualeliyg lapgrfavedtondhe unnel i ng
emtters of the invention. 15 DETAILhED DESCI?] PTI.ON OF THE PREE‘f D AND
ALTERNATE cessmntpetxiaser ptionallyeah inylaferlayes i tpneg;andhs elertion sypply BYELni i on
et qbS biihasRpithéliclihdditiy &l hiel hé fnhing layebis FStied PAcaltGiielagerc Nt | TEL er
by using a tunneling layer that has a 20 sufficient _thinness of |ess than
about S00 isMogsedranthe tuongling dayer ta pravids ashefece foreneigy caissiopselsleclanse| ect r on
source and fl.at _ca f : : i : ] ype devi ces
have | ow é?r(lg & |h8 Qng'u{?'jr;fe%gﬁf%l%g{e cglg%%rlseqa [c}]éﬁ'?(li %e%?gbn%#‘ﬁéﬂl?? ;%Ee}ﬁge}: ga and t hus
are not usmbdasing thesapyy of elesphs toadeledrfeom ik electronsmpply tryerste shecathiode
deposition of a netal cluster dielectric, preferably between 50 and 250
Angst r oms 1Yk ef er abl y about 100 Angstroms to 25 create a barrier in which
el ectngns can tunnel between the el ectron source and the cathode surface.
By using such a material, the em ssion current can be greater than 10
mAnps, 100 mAnps, or 1 Anp per square centinmeter which is one, two, or
three orders of magnity b‘i:%?ﬁﬁi’j[l‘YﬁﬁbFﬁm}@\ that of conventional
flat emtter technol ogy. e actual emssion rate w depend upon the
desi gn choices of the type and thickness of 30 material used for the

tunneling layer, |n additi.on.to electron em sSsSi.ons he i ntion is also
abl e to creat eElﬁthscﬂ‘? exrpRiayd ‘E“?%%Ofﬁg%WFlH}:gsewg?r ‘%‘Eﬁ’%\?"?‘i‘“&‘ﬁa ®uses for the
emttep jheR@n/94-2 29 Cctober 2004 incorporating the invention. Further

advant ages and_features of the invention w becqonme npre arent in the
fol I owi ng descFigp? s esemplawy illystratign of the yse QM?EWFB m&fm%wﬁgﬁaf]@ vari ous

appl i cat i Qgted folli€d electron beam.
Fig. 3 is an exemplary illustration of an integrated circuit that includes several

tunneling emitters and an optical lens to create a display device.
25 Fig. 4 is an exemplary block diagram of an integrated circuit that incorporates
multiple tunneling emitters and control circuitry.
Fig. § is an exemplary illustration of a tunneling emitter on an integrated circuit
that includes a lens for focusing the energy emissions from the tunneling emitter.
Fig. 6 is an exemplary display that is created from an integrated circuit that

30 includes multiple tunneling emitters and an anode structure that creates or passes photons.



In the illustrations of this description, various parts of the emtter

el ements have not been drawn to scale. Certain di nensions have been
exaggerated in relation to other dinensions in order to provide a clearer
i 11 ustrati®®{#d understanding of the present invention. For the purposes

of illustration, the enbodinents illusgtrated herein arz Obtober 2004
t wo- di nensi onal views with various regions having depth and width. It
shoul d be understood that these region are illustrations only of a portion

of a single cell of a device, 10 which may include a plurality of such

cel I's arrangedig.IV isat éneerplaly storage dmriade tlsdt ingotpurates ah\btegratedicitopit thdtese r egi ons
wi || have, t hree nsi i.ncl | engt h, W dt and dept h when

fabri cat efclydes q% qﬂ\gﬁnﬁ%ers @gan W&éfﬁg’ﬁé@"‘bﬂm{lﬁ&%%venu on is,
that it cR@riR@bikaRaiacat ed using conventl onal integrated circuit thin-fi I m
technol ogi es. Several different technol ogies exist to perform 15 several of
the process sthipd$ iaatbpoaew plan exemplary: éﬁ@fl—!‘lqinb‘;mmbse havi ng skill |n the art.
or ol 2 43 8o B cly Bleclnb e Ut e HRRORIE bfifrdboREGALD, S27 DO

by one of sever processes’ such as evaporation ering, i cal vapor
deposi ti ok, nolecul ar beam epitaxy, photocheni cal vapor deposi tion, |ow

t enper at ure phot qchen cal r ,deposit and asna Qsition;, to nane
a few Additi gﬁ%ﬂqﬁ)}s %W@PMP%@?%W t? E%n%r Hﬁgﬁp{;g?egsaﬂgg(stg?d such as
wet et chi ¢fdhe éleatronic@aviogs, a displap erdtoragecdeivicg, whigbiatorperate e tehmelingig, and

pl asma etching such as barrel plasma etchi ng and planar plasma etching to
nane sonee%ﬁteﬁsﬁétbﬁd%‘?wﬂlb et ching technol ogi es. Choi ce of actual

technp(# ogi es lﬁésdlﬂlth%ﬁﬁMaQ&s@EfeﬁﬁﬂryH@Ms@@ﬁaﬁ%&&mﬁﬁfy ded t3MONQ

ot her factors i's an exenplary diragram of an emtter "device 50,
prefer ablgreaeﬂfemnnemamﬁerfqﬂhezév@fl%tron and phot on em ssion, which

i ncl udes an el n i nnel i ng

| ayer 20. Pr effgg{) an%qgﬁ%?u%n%ret?%@&{Rﬁla@ﬁﬁ%ﬁxﬂ@p@ormeﬁx %[ptor'(r’?ugmﬁl cluster
di el ect r i inprorehthetnidling siittersofitheciavention.r at e (W5 N) or tant al um oxi de
(TaOx), titaniumoxide (TiOx, where x = 0.5 to 2.5). Also, tantalum

al um num oxynitride (TaAl O-Ny), tantal um al um num oxi de (TaAl Ox), al um num
oxyni {4 i de (%ﬁ(&tﬂwnmﬁmmmtommpmmmn{ﬁmEmmmﬁ or
oxynitrides ((TM Ox or (TM OxNy) are envisioned as being capable of use as
tunneling | ayer 20. The tunnel i KMBAPIMENES er ably has a thickness |
0007794-2 29 Qctober 2004 | ess than 500 Angstrons and preferably the
thickness is within the range of about 50 to about 250 Angstrons, such as
100 Angstrons Tie preset.invEhtiorcis dirented thifickdreptissianesmitters thatprovide bighctri cal fiel d
strength that e tunnelin e able to w thstand and the desired
o Ltor clrat et e iy S s ety Sk R eRAf e A PR L Car hode
layera® léhfridéd bifhmed m@ssm’f&a%&mlmm fils @ créat€ B high eReidcifieldn gol d,

nol ybdenum iridium rutheniunm tanta ‘ggé chromum or other refractive

met al s or beiweanas elﬂﬁ'@?'e@flfcelaﬂ‘eﬂﬂﬁ%ﬂ‘?deﬁ c. Hranwentional flat emisteryPhode | ayer is
30 to 150 On Burfedt pAYGuR O AR of WBMhdd%r@hn Huk bt/no¥ O t age V-
(about 3- ié%%ﬁn{svgg%ﬁ ;[10 thef’cat&lﬁode Fa?ero g’re | ect ruon Snlfl)pp| y 10 via
a cont act ushble uemcnafmhcqnamqéfheﬂmmweswm tfea@%thoof(aemetellceeter on supply)
to 10 the [ Li ng | ayer
% GiERLNOTSetb AN G bethibon FPERUSY Alastdis, bR SHOR! ) donekt

t he e rons tu rough is very strong
and the etreatt abaanerrmsns}utheléb&otfsmamntrfnd sween the etectrommuccetand the chthpdr 14 i s

t th t | d hot 8 I
W Ch Che BFBEE FOHAGTA DR bAERHL B FBIHOR A R Py ST SO 2ARPom (e

emtter 5fho nlﬁ EB%rQ'Aﬁﬂﬁ p@@q\fane&ednm&efc\ahxemlseunedwb Odr threé bidexs of hi cknesses as
E = V where i ckness 1s. the thickness of tunneling IaY 20. For

exanpl e) 'f“égnl‘é}dﬁllesfwvelﬂfﬂeaé‘ffé@rq‘% of canventiogaldighemitiepteghpologyy T3 et er for a
100 Angst £ om LhisGERRRSwille %&e quﬁneldcagn &m&g oftﬁé ekAbhickndsger t unnel i ng

| ayer 20 is sputter deposi using netal cluster dielectrics as the

t unneb® ngmmy@lwedafov@pmpw lereecfnrqdéltlpn &9 Qlectron emigsions e ipeentipnisi ed 2U

bet ween tﬂg z?dlﬁeﬁ)tc'['é% %ﬂ%ﬁus&ﬁnéﬂﬂtﬁg mglohﬁmﬂ s ffnk Bmftfepi €ve hi gher
em ssi on ecause t neta ster trlcs wi t hstand much hi gher
electrical field strength w thout eIectrlcaI breakdown. Fig. 2 is an

exenpl ary diagramof a use for the emtter 50 of Fig. 1. In this
application, the electron emssion 16 is focused by an electrostatic
focusing device or lens 25 28, exenplified as an aperture in a conductor
that is set at predeterm ned voltage that can be adjusted to change the
focusing effect of the Iens 28. Those skilled in the art will appreciate
that | ens 28 can be nmade from nore than one conductor |ayer to create a
de5|red focu5|ng effect The electron en155|on 16 is focused by Iens 28

. D ”~ ~ . o o o, o ”~ —— o o, o ”~




| 0007794-2 2g October 2004 distance fromthe anode structure 30 to the
emtter 50. For instance, with anode structure 30 being a recordable nmedium
for a storage device, Ve mght be chosen to be between 500 and 1000 Vol ts.

< The | ens PBOT¥clises the el ectron em ssion 16 by formng an electric field
34 within its aperture. By being set gt a proper voltageOttobm2084 the

el ectrons emtted fromthe emtter 50 are directed to the center of the
aperture and then further attracted to the anode structure 30 to formthe
focused beam 32. Fig. 3 is an exenplary enbodi rent of a display 40 having
an i nt egr al.stlofting the invadtidn) FurthetGividiepesandifétanlres dNthecigvantion wilhbdcbmes 100
formed in an array of pixel groups, The integrated n‘itgra‘rs 100 emt photon
eni ssi on f@re appatent inthe foilayving desription ofifiednyeption; B%@%'gﬁdi gregandn optical
lens 38 to aufgli():tf%gtgo %g{lgCBZ that is viewable as an imge. The optical |ens
38is pré?’réora %/ coated With a transparent conducting surface, such as

i nditum tin oxindke illustratiopd efithis désetpticnnvarions parte ¢f the omitten elemants haves, t hus
formng a cathode | ayer,on,the lens. H g .4 i J di ment of
an int ggr RplRgeR fpawyiq SC8%- Q?midﬂ‘&ﬁ“a‘(%%f‘ag’% b?eggg?&gggg%iﬁt&e{ga ée)rd emtter

100 but pa@ﬁ&%ﬁim&d@wﬁs@bme ¥ cledrel illua@gtiod & vadérttaeting dfile preseai gned i n an
array. An emtter control circguit 72th i nte ratiﬁd ontglFthe ir}{e rat ed

circuit 5ivaniipnyJerthe pumesss of Hlustrasion,the embod PtRisd Betetn aes 100.
Fig. Sis, e : ; b YEEHus Bdei ' lad vadth QUéHoufddet hat i ncl udes
an integr ér?{(gv(f déi% 163@’{1%%?% a Iggésglcg‘rgpgﬁg?l%? The integrated circuit 52 is
f ormed on uade?foabrhatithdst vegicnuabsillnstrationsonlyfafpertion of a piagle cell ofpfsditesi | i con or
a condyctive material such,as i j t i . rovi de an

el ect ﬂgn §%§‘Eﬁhd’éa.‘y ‘Eﬂu‘%"‘r@%ig%@'torf g‘fctg%lgs %r%sahégldggggg %%? rt‘Jérlme ﬁtrnutsﬁlrgyer 20

havi ng a tAdcsiingEsthede regioms wilicavéhfee Aimysisionsyincludingflengtih wdthirod dept0
Angstrons though SO to 250 Qngl?troms is further preferable for sone

appl i cat i o¥nen fabncated enygn aealdeVicst seoni conductor thin-fil mnaterials are
applied to thepgmhsidndh§edfacnvaation f3liReit can betabridated using egvantidakei t t er
100. Di sposed on the tunneling layer 20 is _a cathode |ayer 14, preferably a
t hi n-fi | mictegrated tiruit thiayfm teghnelogies. Reveralgifferent technolegies fHist forpeafpﬁpn

ruthenium_tantalum chromni el f L W& iR i 1l gRy'S
t her e(r)lfj, ﬁﬁ‘fer%?g{‘l’&r;%"ﬁfxys s%ﬁ%?‘@a%‘ﬁ?’% % Sfléﬁglbﬁ?grggul{' e cat L%c}g?rgyer 14 forms
a cat hode caahplaamidss specificallytatiedoutdepasition f materialehn bt bicenecifsevardl phot ons

are emtted. The lens array 48 is.applied,usi . { thin-film
pr ocessi ndrfREes ﬂ@ﬁﬂﬂ%‘?p%'a “é‘h§p"§t§mb£%eﬁ'3%?l W qoﬁ??%gugrggﬁlcﬁ%ﬂa\ge ayer and

al i gned Webha:@zb%ﬂtcﬂ:h&ﬁf allvagoredpésition, bOQethperitaephotbitemdoabyappr f r om t he

i nt egrated 0

C
07794-2 29 Cctober 2004 emtter 100 ontq..a surface of an
anode st r fepesitionygd B*@fﬁﬂé‘eﬁ‘isﬂl?ét'@r”é‘n?éil?‘% n’}éfh%&“é ’ée‘feéﬁtl agfere&?gt{; nce 74 from
the inf,egr d QU t Sichifl,| i, [oRveah bi¢Ring/YeRdveRAt Oof a display
appl i cn}gti otglcthggf)gllag%ﬁ%g}l{ﬁ%é{%t&ggﬁ%rﬂ%@ioo_ of the ?nventi on. In this
embodi mentetchingphndrpasntaetahingsuih asamelpddma stching andyplarpr plasme echisgitd n an

integrated circuit_b52. h qf the emit . 1 hesion 22
it he. f o PoBF REEF prrelk g enEgld s oY Bl B BOBEARCERIES O7) 22
anode st r Uihstideon rikiterll ased40d cosecritereandngethenfattosd ener gy in display pixel

44, made up of display suR-pixels 42. Di.splay sub-plx 42 is.breferably a
phosphor nat er iFi§! tsr?ﬁtex%"f‘fgﬁ‘g'ééagﬁf‘fb?éﬁse"v\%gﬂe‘é‘fergéc%'gt%a k’hae&%tleg% ¥ g‘% eni ssi on
| 6 ofeNEli@¥of MEHoRM efdssiol, Which acluded 3h elédtrbiionyce 10. Subhgeleaion42 can be a
transl ucent opening to all ow photon em ssion 18 of energyaﬂn ssion 22 to

pass t hr oughrce h@ isdi tupnelips lageri29r Panferably, thtyrnsting jayesi29gs foppef fromag 5,
alternative us f .t : b Pk i evice. In
this exenﬂgw?%%gggﬁgﬁtsﬁgg% I Stggklg%cg{(f ‘%@?Q&Sw{’ Ii:lté!)nﬁggn ﬁ,gef ﬁggéﬁpl urality
of i nt egr aitgduavkide ¢TiO, 0kerdias 065 th@rf3. Alspagntdlgmatuniipem okynjtridechani sns

aligned wth jntegrated emtters ; . ' to
cr egt e a f@éﬁ@ﬁybé’ﬁ%‘@ﬁt‘ﬂ‘g{“ﬂ} ¢ u°s®2&d)’§%é%@§x’ﬁgég¥%?§@‘hé 3? a%e, medi a
58. Mesl a tefsitiSnaap pletab (TN poxidesoy exynBifidds(EM)Or of (TMY&N})Faee enyidicnedas wi t h

respect to the integrated emtters 10Q.opn | . Prefe . ver 56
has a r ead@ﬂ“gcﬁaP%’hﬁ &r‘@?aq IHP’&&‘P%faéﬁf%?ﬁ &Hf ﬁ:pn%wg%q,y‘g%ggra%%ag agﬁ%ﬁggs an
anplifier 68 making a first ohmc contact 64 to nedia 58 and a second ohm c
contact 66 to nover 56, 20 preferably a sem conductor or conductor
substrate. Wen a focused beam 32 strikes the nedia 58, if the current
density of the focused beamis high enough, the nedia is phasechanged to
create an effected nedia area 60. Wien a | ow current density focused beam
32 is applied to the nedia 58 surface, different rates of current flow are
detected by anplifier 68 to create reader output 70. Thus, by affecting the
media with the energy from25 the emtter 50, information is stored in the

o . Y o e~




1 0007794-2 29 Cctober 2004 however other shapes can be used. The circul ar
shape is preferable in that the electric fields generated are nore uniform
as there are no discrete edges within the shape. Fig. 9 is a cross-section
-of the ex@M3l*rly enbodi nent of integrated emitter 100 shown in Fig. 8

| ooking into the 9-9 axis. A substratg 10, preferably 20 Oowber@004e | ayer or
a highly doped sem conduct or provides an electron supply to tunneling |ayer
20 that is disposed within an opening defined within an insulator |ayer 78.
A cathode |ayer 14, preferably a thin-filmconductive |ayer is disposed
over the fessingl smmdga«@ﬁsaﬂm&amgmammsmmme mngdofcﬂbnuteﬁOltayer 82

t hereby nmaking el ectrical contact wthtg gﬁg cti Ia¥ Cﬁtlonally an
adhesi on #bay 508’9‘8@"5‘??“%6‘&‘@@5t80ﬁf‘8ﬁﬂ°ﬂ’é°f FS- ot G SRR AEEPREES bet ween
the condugti el‘ég‘m ARl &én o ﬁk@rdnﬂamg%ﬁf mbaxberablz% ARReaQ A den t he
particul ar ral’s chosen tor i1nsulator layer 78 and conductive |ayer 82.
Fig. 10 idesied emietopdnsisgioriumeit. dispgsesranghe @Wﬁ&l@b’@rﬂb@af:ﬁh?del Ia¥er udes a

m crop oc sor. ocessor

and el Rfeéer%gwgggﬂlécowg?t\éme& a'é at [p%and&la Y suﬁﬁla&ir gﬂén ce 92. The
el ectr onl ﬁxtld:ﬁwnﬁ Emtahire, chmmhmdormar mftabmennmls)prailow&meo a’reﬂmbly,

m cr oprocessqr, 96 i s ca Ie of, e i,ng_.insteuctiQn fro menory to
al | ow forthFFI‘BCW%ﬁ%fF}E’rc '&Y"’J “bﬁ%@gh Sémﬁjéh% é’vaﬁ?% $0 ronic

devi ces, fHHY A%nlifte v%h%re eAdatbay3-16vHid a %ﬂﬁd td e Cathgiledayet] Waxﬁleal&ﬁ'on Each

el ectronlc deV| ce Includes an integrate CII‘CUIt t hat has anpfmtte

i ncor por asupnly ¥0na 4 enntast l%ﬁlﬁawswleﬁ%ﬂ? sabstrate 1 Qi(FLIEREOR SWPPIIMO £ ocusi ng

t he ne Sslh%’& {;Jeo@e} he 80 Lée%fmegﬁﬁﬁ&m&x@&m?aﬁxg%eam hetdchEend PPl y | ayer
i NSu ayer |spose ereon. The |nsulat|ng | ayer has an

opem ng defwhieldﬂmnetebwnsmrﬂmughmwemsngns angdhe dlectrop empisgion 6 fiem the ect r on

supply | aye nnel e Y, erably but
optional | ,rFaFﬁg?‘ﬁfazlé?déll%ﬁr nggﬁe%%é {hmltlgont% @éﬂlﬂ?éﬁrﬁg’ Bﬁ&ﬁﬁsubj ected to
an anneal bA@siBh 98 6&sard dMigalith theele@amientssiond 6seifoph theodnergyentissind2t hat  can
tunnel fromthe electron supply layer to the cathode |ayer. 25 'The

anneal i ngfrpmgbeemittar ¥b reduces the contact resistance between netal |ayers
t hereby enhanci ng conductivity of electrons to the_em trer. Figs 11A to 11L
il lustsate exem decyrop fielddsaladagkfotsetug tbloknﬁsﬁSGSdﬁF?-m—t-t sthetenc or por ati ng
the invention. In Fig 11A, a mask 102, of dielectrics #tesphotoresist is
applied to a subst e 10 | n o ubstrat e,

al t hough Lnitest }sgﬁct °fD° m‘%'hgl&g%?%z)go% ﬁéc){a}ln@f% o E?? fm aegerecfr&or a
conduct i vaemubec;uaabao’ Rﬂﬁifnmteﬂfbxya K0 sigstedne thidknésa én the tinoelingrlayer.st ance of

about 100 to 0,0Q0 ns ce Q77 9 29 .2004 In Fig.
11 B an i nsul aF’G? nglgeeé-g.[)ésospuﬁrglp i%q ﬁa)bvlqg'n(%:%lcg% de growth
when SUbsﬁgeﬁ:E%c}Qs t'hénﬁn&ldg'l&)@f‘ aSeRgiighedl@tricid anrapthan bdppliasul at or | ayer
78 can be fornmed of other "oXide, nitride, or other conventjaonal dielectrics

deposi2f ed beweesr ﬂmleetrmum 19 anchtherpathedeilayer P AehievsNEIT FBISEPYsemi conduct or
processes bec-lz;nsee wa%ls;terld?e\fé%.&cz SvithStand much higher electrical field strength

without electrical breakdown.

Fig. 2 is an exemplary diagram of a use for the emitter 50 of Fig. 1. In this
application, the electron emission 16 is focused by an electrostatic focusing device or lens
25 28, exemplified as an aperture in a conductor that is set at predetermined voltage that can
be adjusted to change the focusing effect of the lens 28. Those skilled in the art will
appreciate that lens 28 can be made from more than one conductor layer to create a
desired focusing effect. The electron emission 16 is focused by lens 28 into a focused
beam 32 onto an anode structure 30. The anode structure 30 is set at an anode voltage V,

30 26 which magnitude varies for an application depending on the intended use and the



5 created on substrate except in areas covered by mask 102. The area

defined by mask 102, and thus the resulting voids or defined openings

wi t hin insul ator Iayer 78 determ nes the |ocation and shape of the latter
fornmed i nt®@Fat%d enitter 100 when mask 102 is removed. In Fig. 11 C an

optional adhesive layer 80 is appliedgon the substrate2dOctabet 2006 ul at or

| ayer 78. The adhesive layer 80 is preferably tantal um when the |ater

applied 10 conductive |layer 82 (see Fig. 11D) is nade of gold. Preferably,

t he adhesive layer is applied using conventional deposition techniques. The

adhesi ve Uiwaée frem fHeahedesstuptusei30uo the@ittep Sabﬁmrtinmﬁe,mgmodﬁmmﬂurec k but can

be any thickness depe d|n on.t he nat rLaI ch Fi 11D

conduct i véo Papes '°§2’dP 81 r ?)ﬁmiaﬁ‘é e&c‘g @ﬁ@:e c&ﬁfepé%li’?%%?eg 5@8 15

subst r at e 5] 00BUIs AFhSRAELZY f6ustathe EleCbnl cimissfond 6 blyrf@ﬁmimi dlectrideld onduct i ve

| ayer is fornmed using conventional deposition t eq@@§> The gonducti ve

| ayer is pfsfthindtsiaperiise.oBy heing setataRseper xejtpes @'mabou nREgterons t hi ck.
In Figsllh.g tﬂ?%r?\ﬁn{gﬂs%gg hﬁ%&{dtta% cbﬁtemmw HERE afdBes RREHCGktRGYer 82 and

an opening I's to define an etching region for creating the
i nt egr at ememﬁbddmucmwmoﬁmthbfoyusedhemp&lter ning layer 104 is a positive

phot oresi st |ayer, of about. 1 um t.hi ck 8 f a wet
etch process i BEusEREE BRI g‘%mgﬂto ﬁ‘g‘“"a?%a? Eﬁﬂn&&.ﬁn {eﬂ a@te)ézy& within
the openi gt fclud&Eming Ib%itégrﬁlﬁd érﬁ&iers lwﬂonn}’tj/twmahhyofmm ga:iuphl'l‘ig will create
an isotropic etch profile 106 as s own+ thl P} a %’F n offthedconductlve
| ayer is Hﬁ%?‘é%?mﬁ‘ﬁﬁépofﬁél)ga fOR EMSFIAR 1§ aiblq Heht s ‘éef’é" By OFWE et et ch
procesy UsEh aﬂ%ﬁﬁczﬂ'%s 5£ R fovistdbdai3 2adiiesvivwablegsan ifitge. The optieal, to prevent
the etch material fromreaching the substrate 10, Optionally, .a dry etch

process c@nsﬁg1sugefarabbrcggtgﬁmtheﬁé@ﬁﬁer&&ttqoo@lcp%g/%lrfa@zsucpﬁsm 14% preferably
a dry etch L9 ﬁ)ﬁhiﬁ al ed to
create an éﬁ ??pﬁ'%r%gﬁ%trr%ré ef‘&@%\(‘ﬁé‘ggﬁ“mﬁ a’.qp a%t lﬁgﬁ lﬁ%r:ogglﬂgf 20 of
preferabl yem3. hi gh dielectric strength material such as netal cluster

di el ectrics, T| Ox, . TaOx, Wb

10007794-2 i oFiE: @lscﬂeteéff@l’la@’mf’g‘A it F&eﬁﬁ‘%fw"“ﬁég%%%‘d%%i‘e o3t e

surfagg ofgnt hﬁegpart&p&ﬁ&&doa%hgﬁreﬁiaelyhfblmlty bﬁmtb@falﬁreﬂhﬁ@s l(amfmgh% and
openings in insulator |ayer

The tunneling Itg ﬁ s% bly
deposi t ed ibgn apayt ﬁ@rqﬂhﬁcrt‘:%‘“’r’rﬁt"&}“ Briginteerates g % ! |trogen to
formeihe Qi BShirk theht fealidh h‘fﬂe“ggafte@ém{t@lsl%ot han about 500 Angst rons,
to

preferably en about out 250 Angstroms, such as about 100
Angst rons. Fig. Sisan exemplary embodiment of an mtegrated circuit 52 that includes an

integrated emitter 100 and a lens array 48. The integrated circuit 52 is formed on a

20 conductive substrate 10, preferably heavily doped silicon or a conductive material such as
a thin film conductive layer to provide an electron source. On the substrate 10 is disposed
a tunneling layer 20 having a thickness of less than 500 Angstroms, preferably about 100
Angstroms though 50 to 250 Angstroms is further preferable for some applications.
Different layers of semiconductor thin-film materials are applied to the substrate 10 and

25  etched to form the integrated emitter 100. Disposed on the tunneling layer 20 is a cathode
layer 14, preferably a thin-film conductive layer of platinum, gold, molybdenum, iridium,
ruthenium, tantalum, chromium, or other refractive metals or alloys thereof, but preferably
substantially platinum. The cathode layer 14 forms a cathode surface from which energy
in the form of electrons and photons are emitted. The lens array 48 is applied using

30  conventional thin-film processing and includes a lens 28 defined within a conductive

layer and aligned with the integrated emitter 100 to focus the energy from the integrated



In Fig. 11 | alift-off process is used to renove patterning |ayer 104 and
that portion of tunneling |ayer 20 that is disposed on the patterning |ayer
104. Preferg% y, low tenperature plasnma is used to reactively etch ash
*organi c nBPE* S s within the patterning | ayer 104. The gas used is
preferably oxygen in a planer plasma etch process. The291October@2884%ed
substrate 10 is place in a chanber and the oxygen is introduced and excited
by an energy source to create a plasna field. The plasma field energizes

t he oxygen to a high-energy state, which, in turn oxidizes the patterning

| ayer 104emictepiientosa sunfaggacfas andretstrogtere 76.miuneds stmetnretds lokatedbetargey a vacuum
punp. Because qf their.proxim.ty.and difference in volune ratios, sone of

t he conpo é‘ﬁ?@c%éff‘%ﬁé’eﬁg?ﬁféfﬂlﬁé“ﬁgyer 104 during 15 lift-off react with
constituents ipigle1eah Aidindtive Bmbbdigentay £dispay sbiptipaiaadsing tielintegrateti er ni ng

| ayer 104. For exanple, carbon nonpxjde released . fromthe.patterning |ayer
104 r eact gmifier 0ok ghednysgtion.i iy this empgdiment.a plyp ‘?Sﬁﬁ@&'e glrbﬁéggfm%gto form

co2 g . hed ih B hdpRITV@tult $2VERS ofithe BRitteraTUDEMitsQRhergy eraitsibh@2 sur f ace
of th?cg%{gﬁtgﬁvel nger 82 Tﬁus the tunneli ngsl ayer 20 dispgsed on the

pat t er ni nip thefoem of eldctien epdssinms il 6ot photaspmissipns b8 (B Figol) iAnangds process.
After the lift-qff, prpcess is C S | : tion of

t unnel i ngStT% ‘f’(a%la?ﬁg’treﬁcéveﬁl eﬁ%’g@gee\g/‘m&%ﬁn‘ﬁ% p(%ééﬁ?’%&g B?ﬁ‘é@%t or |layer
78 remai Ngub-gidlé 4N abisplay qubvsikel U is prefedably a phesphoromateriizd thas erdatesptioloss of t he
plasma |ift-off process. After ,thﬁs&unnel i nig | a%(fr %0 .S @p{)l bed to the
surface oMh¢ by. the slegtran graission L6 of gnergy,emsipfi 4 ALeriVeN> SR8 sed in a
sol veny t Qatoiiilsb Y6 d trBRicér? Bpehngtth BllqvabRotdr Unilgsidra)8df chdy eiskibns keepi ng
the tunneling layer 20 di sposed within the opening of insulator |ayer 78.

Fig. 11J skbtapestibrongpthe display A0 &r diregtphofgR¥ieViBer 14 over the surface of the
processed Subsifa € o Gherfdiiie G0 S1AH Sub MBI enlifted RORVREPAMNSHagt dolien- {1 || 1

metallic |ayer as platinumand preferably has a thickness of about 50
to about REfisArgsplayrmbodintest, amiegratedrimuib@CLEBhavinga plurehly @€ | ayer 14 such

as gold, polybdenum iridiu r ut heni 30 tant . Clhwom um or ot her
refracti vitsEEted nifers AM g’f&%ﬁﬁé&?&%“@éf%@%@%ye‘ﬁﬁ 4‘%H 10007794-2 t t
29 Ccyobe PR Ghiane360! THE [basunay 48 usairorrea® affocused bdam Xrthattieusedur f ace 86
within the emtter chanber 114, Fig. 11K jllustrates th |ication of a
cat hode piecaffseientieearding yurface, racdig 3. %ﬂﬁga Heis apriis 9 %@03?{363%??%%% to define

openi ngs i $%6wi W Rlegrhttdietitiers 100 oRC B0 Pieterkbly, 90d mbver mul ti pl e
emtters %%eﬁleagskﬁ‘y)lsﬁ?{re Te 10. lFiegg;?‘1 _1lei Ilustrates the cajt’ hode | ayer 14
after it Bébasheemiertinhi®2antcgrated withinh Jherepdrs 62 isshpwp as aampSTe8. ~ Wt hin

the emtter, chanber. 114 is t en,i ter f op view of
the resul ﬂahlé‘g§?$§8Pﬂfcecopt§°tsér}§9mﬁmfhﬁ Sgiaa‘fygef: g@ﬁoﬁg%%ﬁégﬂ‘gﬂdg 6 has a
first2ar epeefelitly € hntit GidubieoriRendutos sitasata Whersd fochardibeam 32 strikethé nt er f aci ng

;[Mpt L,hﬁ 3 g@%g‘i@%tggiirf g%%;fgg;gﬁew% top 31% f&%ssed%lélgg Es%%hl l?nlolu ,Bl%rrgtl, iae ils pﬁzlisg-e wal |'s

changed to create an effected media area 60. When a low current density focused beam
32 is applied to the media 58 surface, different rates of current flow are detected by

amplifier 68 to create reader output 70. Thus, by affecting the media with the energy from

the emitter 50, information is stored in the media using structural phase changed

1~
(9]

properties of the media. One such phase-change material is InoSe;. Other phase change

materials are known to those skilled in the art.

Fig. 8 is a top view of an exemplary embodiment of the invention of an integrated
emitter 100 that includes an emitter area 84 within the cathode layer 14. The cathode
30 layer 14 is electrically coupled to and disposed on conductive layer 82 that is disposed

over insulator layer 78. Integrated emitter 100 is shown as preferably a circular shape,



The em tter chanber 114 has a second chanber section fornmed in the
conductive |l ayer 82 that has sidewalls that diverge to an opening having a
second arqanghg second area is larger than the first area. The cat hode
‘layer 14 i S disposed on the emtter surface 86 and the _sidewalls of the
first and second sections of the emttser chanber 114. %3CE§P 0

integrated circuit thin filmtechnology to fabricate the emtter, it can be
integrated along with traditional active circuits found on conventi onal

integrated circuits. The integrated circuit with the emtter can be used in
di splay ddwwees other shapesage bejuse.c Ehe cirsuler $hapaig preferahde inrthatdle eleatris er abl vy,

after fabrication he emtt i t | process to

i ncrease tﬁﬁgg%‘gﬂ%?&%?mé)ﬁ? %nsllﬁ’?)nrllaﬁstrl%%] ﬁe}{écg%re{tfee%@s \%ﬂﬁ%e-sﬂ A and 12B are
charts of exenplgas ¥ #drosakitivy of theeransiay elmbadimantef irtegatedernitter Hse t he

em ssion current_capabilit f an emtter enhodyLng,the i,nvention. The
anneal i ng Sb‘?‘tﬁ‘b@sl:ég'%lg‘ﬂ‘.‘?%‘(?%e‘g%%g e Aosé‘gsftf?ée i’@%étféaq’éyn‘ﬂc"d'ﬂ&‘f"i"f YByPral | owi ng
the emist t Q$gHIPddpes berhidtdattor prodideyuneiicirtifsupply e fminelinglayer 20 theyis benefi ts,
hel ps to decrease the resistance of contacts of dissi met al s thereby

) ) 1 | ar
i ncr easi nglisppsed sithinean openisgdelined pathinandnsulator layer 18, Acp .0@293(,“ Khtirst
t hermal profd < thuBndli | es an emtter
i ncor pora |Jggﬁgﬁé%ﬁﬂmﬁ%ﬁaﬁeﬁéﬁggslsfg{?g%eg&b?otﬁa te%g?ag%ﬁdeﬂgf about 400 C
wi t hi n 10 paitially eeer thesondietide hyert8dithereby mpkingteleckicileontda@ withthe es. Then t he

processed supstrate is slomy c led b tQ mte r at.ur about 25 O
over a peFPB‘g'cBYealﬁ%uf)pﬁ?'HWY’eag.aﬁ%mf‘ =] .caffée(ago gr&‘f@ggortahbé)? mé profile
122 shows jhBfadebemees 8 contdusiivedbyer BD ald tHé ingulator lagert78 depentingopeeat i ng t he

i nvention heated to a tenperature of abqut 6(%8 Cwthin 10 | 000~~9a-a 29
Oct ober  2@edicianmatetals phpseriog ingulatoplayer/8 apd condystive a3pr 8404t 30 i nut es.
Then, the procegsedissiRRimahsy btk AaBtlfatoRBREAID hat ihQ@iBs henper at ure over
a period of abo 100 mnutes. Those skilled in the art will appreciate
that the ehiewptogessersifpmenpryrss, whigh isreupled to the micoaprgcassor U apdelegiionici ed from
t he exenplary_ processes.descr.i Idh | L cope of
the i nventﬁ‘é‘%?s‘?%f/togﬁ%eaﬁlﬁeﬁ% ﬁg‘agsﬁ%g? efvz‘{eedzt r’%ﬁ?%ﬁﬁﬂﬁcﬁeﬁicgﬁ "Lf gﬂ%%eﬁone

em ttes i nedieptit@dprodessdrvs. iThe aridrbfrocesse 9€ isschpablecnfagtcatinginstogtiofis t he emitter
are inproved. Wat is clained is: 10007794-2 | 3 CLAI NS, 1. emtter (50,
100y | "B ot he gremonp oA dpde Binstr PLAARIEA e fogors gttt SREFBh04 5 o
anneal ed idagedsafuRh al M Qfordgé AdviéeIavRd tRMidply devibesd. eRhcR kREtkdnid devitdr ce and
havi ng an openi ng defined W thin; an annealed tunneling |ayer (20) forned
on the anrecdidss arintagratestrissuiy giayhas 4p emitienincorporgting the ipvertion a8 anneal ed

cat hode | . . ' e he
emtter ( %ﬁ%@%%g‘?&g’l&g? %@&%@?Mﬁéﬁgﬂéﬁaﬁb g%ih(@: g?h%ée ca%}gpgreh%;t S
phot org® ( Bfklecnornshpplyilayer with et metlating layer disposed th@29n. The insulating layer

has an opening defined within which a tunneling layer is formed on the electron supply

layer. On the tunneling layer is a cathode layer. Preferably but optionally, the integrated
circuit with the emitter has been subjected to an annealing process thereby increasing the
supply of electrons that can tunnel from the electron supply layer to the cathode layer.

25  The annealing process also reduces the contact resistance between metal layers thereby
enhancing conductivity of electrons to the emitter.

Figs 11A to 11L illustrate exemplary process steps used to create an emitter
incorporating the invention. In Fig 11A, a mask 102, of dielectrics or photoresist is
applied to a substrate 10, preferably a silicon semiconductor substrate, although substrate

30 10 might be a conductive thin-film layer or a conductive substrate. Preferably substrate

10 has a sheet resistance of about 100 to 0.0001 ohms centimeter.



3. The emtter (50,100) of claim1 wherein the anneal ed tunneling |ayer
(20) is a netal 15 cluster dielectric. 4. The emtter (50,100) of claim1l
wherei n t he.fgneal ed cathode | ayer (14) has an emission rate greater than
“about 0.01 Anps per square centineter. 20 5. The emtter (50,100) of claim
1 wherein the anneal ed tunneling |laye® (20) is a netal29%cPawbar2084 el ectric
selected fromthe group consisting of TiOx, TaOx) WS N) TaAl OxNy, TaAl OX
and AIO ~Ny. 6. The emitter (50,100) of claim1 wherein the anneal ed

tunneling | ayer l%20) has a 25 thickness between about 50 Angstrons and
about 250 Angsivldgsl!Ban insulatardayer 1&is crepteditnreferably by figldiaxide@uwth@den on an

el ectron " b SNl t ' I ve | ayer
(80, 52) ¢ SRATRE 0 il IRb e %P‘*P‘%fif‘?%@aﬁ%f?%ﬁ%%j%n tE el cctron
sour ce, t bther orddd, aitxide, bagther cdavfentionatdiglectopedeposited or giewnaloacbrion suppl vy;
applying a rgﬁtterni n Ia%eé Oﬁ%i on c&he (():%rgg Cfﬂ\égultl?r%' 78f 0007794.2 |1 4
29 Oct obeF B E icﬁ'b ) on%tsee ?106“(1 ?fé’)rcl?] #he epast ae%lnlyﬁf; afld conducti ve
Ia%/ter 50 Eheletee bﬁﬁlﬂfsgﬂe ﬁﬂdﬂpﬁﬁ ;a;eapaivyieggy atlir02eThegred defined _()ﬁﬂ)sikomer t he
patterning |ayer and the gpen ;. and, etchi.ng the patternping, | ayer

(Rl o111, Sedhle e fesaiine roighoAraged CRRBnGNBR fyaios ot 1 deaioss Beenovi ng
the tun ne'ldc?ﬁbd &M%ﬁaﬁa%mmﬁwmed fhtdaPfedRARMrN 0 Wheh hik RRfis fehfdted. he

conductive layer. 8. e nethod of clfaim 7 further conprising the step of
anneal i ng (120In Fig ) C; #reoptiond @dhesive dayet §is applied pu thesukstiated Otapdinel i ng

cutyent. oy JAB AP FAOM Sl o MR et iRl e bobpgld 1) Lol
7 furtlber comuptivedayeg82 (see Eigepl )fis mpqel ofignly. Rreferablpdbe adbpsive lagotis on 15 the
E ! 2 neling a;lapq%g r1151$1g2 Qgriveﬁti%hé deébs'ibf';]on' t@t‘:’hﬁ{q'uc'abf‘si.1 T%Q %dhAe'sfe‘/g lziy'ebi?/i% ';Aa‘r'cfe'?‘zﬁ)ly éb‘%up GIk+CZj w
100 to about 200 Angstroms thick but can be any thickness depending on the materials
chosen.
In Fig. 11D a conductive layer 82 is applied on the previously applied layers on
15  substrate 10, such as adhesive layer 80 if used. Preferably, the conductive layer is formed
using conventional deposition techniques. The conductive layer is preferably gold that is
about 500 to about 1000 Angstroms thick.
In Fig. 11E a patterning layer 104 is applied on the conductive layer 82 and an
opening is formed within it to define an etching region for creating the integrated emitter.
20  Preferably, the patterning layer 104 is a positive photoresist layer of about 1 um thickness.
In Fig. 11F preferably a wet etch process is used to create an opening in the
conductive layer 82 within the opening of the patterning layer 104. Typically, the etching
will create an isotropic etch profile 106 as shown in which a portion of the conductive
layer is undercut under the patterning layer 104. Preferably the wet etch process used
25  does not react with the adhesive layer 80, if used, to prevent the etch material from
reaching the substrate 10. Optionally, a dry etch process can be used to etch the
conductive layer 82.

In Fig. 11G preferably a dry etch process that is reactive to the adhesive layer 80 is

used to create an anisotropic profile 108.

L3
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In Fig. 11H a tunneling layer 20 of preferably a high dielectric strength material
such as metal cluster dielectrics, TiOy, TaOy, WSIN, TaAlOxNy, TaAlOx or AIOcNy, but
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high-energy state, which, in turn oxidizes the patterning layer 104 components to gases
that are removed from the chamber by a vacuum pump. Because of their proximity and
difference in volume ratios, some of the components of the patterning layer 104 during
15  lift-off react with constituents in the thin tunneling layer 20 disposed on the patterning
layer 104. For example, carbon monoxide released from the patterning layer 104 reacts
with the oxygen in a TiO layer of tunneling layer 20 to form CO; gas which is then
removed leaving a small amount of Ti on the surface of the conductive layer 82. Thus
the tunneling layer 20 disposed on the patterning layer 104 is essentially removed in the
20  lift-off process. After the lift-off process is complete, essentially only that portion of
tunneling layer 20 that is disposed within the openings of insulator layer 78 remains.
Optionally, a wet lift-off process can be used in lieu of the plasma lift-off process.
After the tunneling layer 20 is applied to the surface of the processed substrate 10, the
substrate 10 is immersed in a solvent that will swell and remove the patterning layer 104
25  thus keeping the tunneling layer 20 disposed within the opening of insulator layer 78.
Fig. 11J shows the application of a cathode layer 14 over the surface of the
processed substrate 10. The cathode layer 14 is preferably a thin-film metallic layer such
as platinum and preferably has a thickness of about 50 to about 250 Angstroms. Other
metals can be used for cathode layer 14 such as gold, molybdenum, iridium, ruthenium,

30  tantalum, chromium, or other refractive metals or alloys thereof. The cathode layer 14
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Fig. 1 1K illustrates the application of a cathode photoresist layer 116 that has been

applied and patterned to define openings where the cathode layer 14 is to be etched to
5  isolate multiple emitters on the substrate 10.

Fig. 11L illustrates the cathode layer 14 after it has been etched and the cathode
photoresist 116 removed. Within the emitter chamber 114 is the emitter surface 86. An
exemplary top view of the resulting structure is shown in Fig, 8. The emitter surface 86
has a first area. The emitter chamber 114 has a first chamber section interfacing to the

10  emitter surface 86 that has substantially parallel sidewalls within the adhesion layer 80.
The emitter chamber 114 has a second chamber section formed in the conductive layer 82
that has sidewalls that diverge to an opening having a second area. The second area is
larger than the first area. The cathode layer 14 is disposed on the emitter surface 86 and
the sidewalls of the first and second sections of the emitter chamber 114. By using

15  integrated circuit thin film technology to fabricate the emitter, it can be integrated along
with traditional active circuits found on conventional integrated circuits. The integrated
circuit with the emitter can be used in display devices or storage devices as previously
described. Preferably, after fabrication, the emitter is subjected to an annealing process to
increase the amount of emission from the emitter.

20 Fig. 12A and 12B are charts of exemplary annealing processes which are used to
increase the emission current capability of an emitter embodying the invention, The
annealing process also increases the device yields and quality by allowing the emitters to
last longer. The annealing process, among other benefits, helps to decrease the resistance
of contacts of dissimilar metals thereby increasing the current flow to the emitters.

25 In Fig. 12A, a first thermal profile 120 shows the processed substrate that
includes an emitter incorporating the invention first elevated to a temperature of about
400 C within 10 minutes then held at this temperature for 30 minutes. Then the processed
substrate is slowly cooled back to room temperature (about 25 C) over a period of about
55 minutes.

30 In Fig. 12B, a second thermal profile 122 shows the processed substrate including

an emitter incorporating the invention heated to a temperature of about 600 C within 10
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skilled in the art will appreciate that the elevated temperature and the rate of cooling can
be modified from the exemplary processes described and still meet the spirit and scope of

5 the invention. By anhealing the substrate that includes at least one emitter incorporating
the invention, several characteristics of the emitter are improved.

What is claimed is:
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1. An emitter (50, 100), comprising:

.an annealed electron source (10); _
5 an annealed insulator layer (78) formed on the annealed electron source and
having an opening defined within;
- an annealed tunncling layer (20) formed on the annealed electron supply layer in

the opening; and

an annealed cathode layer (14) formed on the annealed tunneling layer.

10 I

2. The emitter (50, 100) of claim 1 wherein the annealed cathode layef emits photons (18)
in addition to clectron emission (22). '

3. The emitter (50, 100) of claim 1 wherein the annealed tunneling layer (20) is a metal
15 cluster dielectric.

4. The emitter (50, 100) of claim 1 wherein the annealed cathode layer (14) has an
emission rate greater than about 0.01 Amps per square centimeter.

20 5. The emitter (50, 100) of claim ! wherein the annealed tunneling layer (20) is a metal
cluster dielectric sclected from the group consisting of TiO,, TaO,, WSIN, TaAlO.N;y,
TaAlO, and AIO:N;,.

6. The emitter (50, 100) of claim 1 wherein the annealed tunneling layer (20) has a
25 thickness between about 50 Angstroms and about 250 Angstroms.

7. A method for creating an emitter (50, 100) on an electron source (10), comprising the
steps of:
applying a conductive layer (80,82) to adhere to an insulator layer (78) disposed
30 onthe electron source, the insulator layer defining an opening to the electron supply;
applying a patterning layer (104) on the conductive layer;
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10. The method of claim 7 further comprising the step of applying a cathode layer (14) on

15 the tunneling layer (20).




