10007763 1 5 13 Oct2005 SILICON-BASED DIELECTRIC TUNNELING ENHTTER 10 FIELD OF
THE INVEN®I@d The invention is directed to field emission devices. in particular the invention is
directed to the flat field emission emitters utilizing direct tunneling and their use in electronic devices.
15 BACKGROUND OF THE INVENTION Several different field emission devices; liyedagen proposed
and implemented to create electron emissions useful for displays or other electronic devices such as
storage 20 devices. Traditionally, vacuum devices with thermionic emission such as electron tubes
required the heating of cathode surfaces to create the electron emission. The electrons are drawn in a
vacuum space to an anode structure that is at 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, 25 photons are generated to create
a visible image. Cold cathode devices such as spindt tips (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 30
contaminant is then attracted to the spindt tip and collides with it, thereby causing damage. To
increase the life of the SPEON-BASEBUDEERICEFRIGTREVNBhINGEMIGRERgh vacuum. A flat
emitter having a larger emission surface can be operated 10007763 2 13 Oct2005 reliably at lower
vacuum requirements. However, for some applications, the amount of

10 FIELD OF THE INVENTION

The invention is directed to field emission devices. In particular the invention is
directed to the flat field emission emitters utilizing direct tunneling and their use in
electronic devices.

15
BACKGROUND OF THE INVENTION

Several different field emission devices have been proposed and implemented to

create electron emissions useful for displays or other electronic devices such as storage

20  devices. Traditionally, vacuum devices with thermionic emission such as electron tubes
required the heating of cathode surfaces to create the electron emission. The electrons are
drawn in a vacuum space to an anode structure that is at 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,

25  photons are generated to create a visible image. Cold cathode devices such as spindt tips
(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

30  contaminant is then attracted to the spindt tip and collides with it, thereby causing
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



current density from conventional flat emitters is not high enough to be useful. Thus a need exists to
create a flab@midtter that has high-energy current density that is also able to operate reliably in low
vacuum environments. SUMMARY An emitter has an electron supply layer and a silicon-based
dielectric layer formed on the electron supply layer2The silicon-based dielectricilaygt 9@referably
less than 10 about 500 Angstroms. Optionally, an insulator layer is formed on the electron supply
layer and has openings defined within in which the silicon-based dielectric layer is formed. A cathode
layer is formeéidbdy ahlo siticuacbewe aliskaicsialiomeveroldteomesapiisetionsitks gmemitsfons of

electrons andior AROONS(Ereerahly, e SIS R SYDISS R0 AN BRASBINAPCgi dereby
increasing the SUpply of electrons tunnelfed from 15 the electron supply layer to the cathode layer.
BRIEF DESER EXTIE M OleaiHEMRRMNIN BBt 20 FhigH-s agerempladyniing tatiinadécahlaneling

emitter incorporatin ?Eeg inyention. Fig. 2 is an ex%mplary illustration of the use of the tunneling
emitter of F} ?ri‘t?oreg IYel \(ﬁ)‘gdgﬁauéae%?%ﬁo esm: Fig. 3 is an exemplary illustration of an integrated
circuit $hat includes several 25 tunneling emitters and an optical lens to create a display device. Fig. 4
is an exemplary block diagram of an integrateg W@t incorporates multiple tunneling emitters
and control circuitry. Fig. 5 is an exemplary illustratio a tunneling emitter on an integrated circuit
that includes a lens for focusing the energy emissions from the tunneling emitter. 30 Fig. 6 is an

exemplary display that is created from an integrated circulit tgat includes.multiple tunngling emitters
2nd an anode sir AR FENHER LAS AT 9RUIRE 5 GASH & BG0 FREAAHT QSEEAtos i o
exemplary stofRoaadsaipalyiNsRIDOTat S |dibagiaidel edteidildhatis petfelaslmsiiigatiinneling
emitters for reading and recording information,onto a .
10 about 500 Angstroms. Optionally, an insulator layer is formed on the electron supply

layer and has openings defined within in which the silicon-based dielectric layer is

formed. A cathode layer is formed on the silicon-based dielectric layer to provide a

surface for energy emissions of electrons and/or photons. Preferably, the emitter is

subjected to an annealing process thereby increasing the supply of electrons tunneled from

15  the electron supply layer to the cathode layer.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Fig. 1 is an exemplary illustration of a tunneling emitter incorporating the
invention.
Fig. 2 is an exemplary illustration of the use of the tunneling emitter of Fig. 1 to
create a focused electron beam.
Fig. 3 is an exemplary illustration of an integrated circuit that includes several
25  tunneling emitters and an optical lens to create a display device.
Fig. 4 is an exemplary block diagram of an integrated circuit that incorporates
multiple tunneling emitters and control circuitry.
Fig. 5 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.
30 Fig. 6 is an exemplary display that is created from an integrated circuit that

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



rewriteable media. Fig. 8 is a top view of an exemplary tunneling emitter. 5 Fig. 9 is an exemplary
cross-sectiomatview of the tunneling emitter shown in Fig. 8. Fig. 10 is an exemplary block diagram of a
computer that incorporates at least one. of the electronic devices, a display or storage device, which
incorporate the tunneling emitters of the invention. £0 Figs. 1IA-1 IL are illustratipng)@f gemplary steps
used in an exemplary process to create the tunneling emitter of the invention. Figs 12A and 12B are

charts of exemplary annealing processes used to optionally improve the tunneling emitters of the
invention. 15 DETAIZED AR SEsuIpla faseerdsrigrhat RPN ArARPERIRATEC I BODIMENTS

The presentjayeRtion. s sieasipriin el RERSioR AEaR RabRIAKITEigRISYIR S emission current

per square centimeter by using a silicon-based dielectric layer 20 that has a sufficient thinness between
about 200 arwmtsablesnediangstroms to create an electric field between an electron source and a flat

cathode surface. G9 y§ri151ig@ UET TSI AYs] IQS)’{ﬁﬁﬁeﬂﬁ‘éeeJ{?me‘?miSSion current per square

centimeter of surfacg area arcl?é Q[%us are not u?able In several applications. The invention uses a thin
deposifion of a_silitignbasededretgdaty ¢ravirtgeitnbvicikfelcthe tunneing enittetshirwwiichiglectrons
can 25 tunngl between the electron source and the cathode surface through the defects within the
dielectric. By using such a material, the emission current can be greater than 10 mAmps, 100 mAmps,
or 1 Amp per squdrézcéftisreetexevmibtryshbonk diegram vireccnguter dhatringprpotricsatheastivaly, greater

than that of ventional.flat emitte éﬂ] lo Sgegd 1y | .&'ﬁsi e i%@‘?ﬂﬁﬁ‘ .upon the design

choices of t%(ig fp%eac%rg%cla(eri{aysés ’o%? mgzglr%;{ ﬁ d ?c?r tﬁe‘ssﬁﬁcog?&@éda %ﬁe ectric aiﬁ . In addition to

electron emiasitons,dhtheiiventiam.is also able to create photon emissions that provides for additional

ligg%;l?}%g]i emittes IncoiRRRing MR Vel Fathen advaniagen and featyier,of ins inyeption wil
create the tunneling emitter of the invention.

Figs 12A and 12B are charts of exemplary annealing processes used to optionally

improve the tunneling emitters of the invention.

15 DETAILED DESCRIPTION OF THE PREFERRED AND ALTERNATE
EMBODIMENTS

The present invention is directed to field emission emitters that provide high

levels of emission current per square centimeter by using a silicon-based dielectric layer

20  that has a sufficient thinness between about 200 and about 5000 Angstroms to create an
electric field between an electron source and a flat cathode surface. Conventional flat
emitter type devices have low emission current per square centimeter of surface area and
thus are not usable in several applications. The invention uses a thin deposition of a
silicon-based dielectric having suitable defects, to create a barrier in which electrons can

25 tunnel between the electron source and the cathode surface through the defects within the
dielectric. By using such a material, the emission current can be greater than 10 mAmps,
100 mAmps, or 1| Amp per square centimeter which is one, two, or three orders of
magnitude, respectively, greater than that of conventional flat emitter technology. The
actual emission rate will depend upon the design choices of the type and thickness of

30  material used for the silicon-based dielectric layer. In addition to electron emissions, the
invention is also able to create photon emissions that provides for additional uses for the

emitter incorporating the invention. Further advantages and features of the invention will



13 Oct2005 become more apparent in the following description of the invention, its method of making
and varioup@pplications of use. In the illustrations of this description, various parts of the emitter
elements have not been drawn to scale. Certain dimensions have been exaggerated in relation to
other 5 dimensions in order to provide a clearer illudtration and understanding gfiithetpresent
invention. For the purposes of illustration, the embodiments illustrated herein are shown in
two-dimensional views with various regions having depth and width. It should be understood that
these regid?‘?%‘é‘?l%ﬁ%%l?éhﬁ%gﬂm%ﬁ%g%@“&ﬂ%? nytics, ismathehgfimaking a plurality
of such cellg ayanged.ipadhtegsdimgesional structure. 10 Accordingly, these regions will have three
dimensions, including length, width, and depth when fabricated on an actual device. Further, one
aspect of the invelnids il uhaetions e bihidersairiipns g eenpaitiohtle prutearlanamsibhanin-film

technolooig, Geyerpl AR/ eaiechBRlRgIAR et MR SSYEIBIALINE RIGRGRS SLoRs,and can be

interchanged by those having skill in the art. For 15 example, unless specifically called out, deposition
of matkrialdimstirdpy bherddrdevmanlidsracéeasesiHustnationsap urdivtiangtiogofithg presenical vapor
deposition; [MAIRRHEOPAID piRliaNs ANAIRGARBHERl ARBE ABRANIAN. ML ISOREI A8 Bhg ochemical
vapor deposition, and plasnﬁ)a eposition, to name a few. Additionally, several different etc
technologiés awist isuerisiasal eteavshintd, Wi gpnvhabsgrdepibring wislthtiltshonldbetching, and
plasma etchi uch as barrel pla: i nd planarsplasma etching to_n some of the
possible et%rﬁ%%fgsstt%% %baigg‘ué%e. %%%?Egr gﬁa%%%ﬁ?&%hor%ﬁ%% 8?(190& v(\)/(;flhf1 %%‘E%n" qg?ﬁ)efrﬁ g@‘ﬂg?’used and
cost criteriavhitio nppihehutdcsqhirbimyloiSsachesedinaiang cibigrathreé-aineensitarad strica, preferably a
flat e itter%gr electron and photon emission,, which includes .an electron sour 0. On,the electron
25 sqUlce 1010 5 SHido PEAh SIS LG b CREreioty A TR B R AR e o 20 e
formed fromiesifiteivitadec diefeatitdavideas SiNx, Si3N4 (RI 2.0), SicNY (x:y > 3/4, RI-2.3), and
SiC. Also, F,-SiO)lgan Cy-SiOx are ef=rt11\l/isjone(?. as .b%iPr: .tcad;\)?h Iefqgf use as silicon-based dielectric
layer 20. The silicoRB55ed iR HR Ia)}eelrn[‘)/f:él le%llﬁ?y Ph L SAPNEKARES D ?“3%6%1\’&%%% and
preferably ihedriekheissuts shithiiltheccangl gitabBeveral different technologies exist to perform

several of the process steps and can be interchanged by those having skill in the art. For

15 example, unless specifically called out, deposition of material can be by one of several
processes such as evaporation, sputtering, chemical vapor deposition, molecular beam
epitaxy, photochemical vapor deposition, low temperature photochemical vapor
depositioh, and plasma deposition, to name a few. Additionally, several different etch
technologies exist such as wet etching, dry etching, ion beam etching, reactive ion

20 etching, and plasma etching such as barrel plasma etching and planar plasma etching to
name some of the possible etching technologies. Choice of actual technologies used will
depend on material used and cost criteria among other factors.

Fig.1 is an exemplary diagram of an emitter device 50, preferably a flat emitter for

electron and photon emission, which includes an electron source 10. On the electron

25  source 10 is a silicon-based dielectric layer 20. Preferably, the silicon-based dielectric
layer 20 is formed from a silicon based dielectric such as SiNy, Si3N4 (RI~2.0), SixNy (x:y
> %a, RI~2.3), and SiC. Also, F,-SiOy and C,-SiOy are envisioned as being capable of use
as silicon-based dielectric layer 20. The silicon-based dielectric layer preferably has a
thickness about 500 Angstroms and preferably the thickness is within the range of about

30 250 to about 5000 Angstroms, such as 500 Angstroms or less. The chosen thickness
determines the electrical field strength that the silicon-based dielectric layer must be able

to withstand and the desired emitter emission current. Disposed on the silicon-based



30 250 to about 5000 Angstroms, such as 500 Angstroms or less. The chosen thickness determines
the electricatofieid strength that the silicon-based dielectric layer must be able to withstand and the
desired emitter emission current. Disposed on the silicon-based 10007763 5 13 Oct2005 dielectric
layer 20 is a cathode layer 14, preferably a thin-filmconductor such as platinum; sgeleh guelybdenum,
iridium, ruthenium, tantalum, chromium, or other refractive metals or alloys thereof. Other cathode
layers can be used and are known to those skilled in the art.. Preferably, the thickness of the cathode

layer is 3045 E8BIARYEH S AFRERIE Jeeidd Prfareiva thigfiusra F Sengenlatipsbut 3-10v)
is applied %mpnmmﬁdmﬁaﬁl@m@@ﬁuﬁm%&%}%@:ﬁ&@m%m&r@i%ﬁ%%{&m%ﬁ rom the

substrate 10 (an electron supply) to the cathode layer 14. Because of the defects within the

silicon-bastipuseiecsasd. 19yberxathndedrserschp einsathnsl aie knertroiesthosnekilled im thisastinctuated
with various, 088N dne; IGELOTF AR ISHRSHL Gk 6 UrsacR RtRG AR 12yl dde's greater

than 10 conventional designs. Also, photon emission 18 occurs along with the electron emission 16 to

form the efewseahiaibe2n ﬁr@mhg@mé{eﬁebmnéél@b’r}éﬁaﬁglép%t@al&mté@ld@lwariéﬂus
thicknesseg s fe e dil PR 6-vIFDISHERS 12 1R G eRR d Rl RSB FUiCR¥RLRO- FOr

example, for a Ve 10V, the electric field is equal to 2 x 106 volts/meter for a 500 Angstrom thickness

in the 15 sHicoivbisde srhaetridaneyer TReomisnlihertkassyitbindhsastinarbessdokielsstid dielectric
wil depenqﬁ9& sl dt(ﬁéequé‘fri%”f?élgqg WS RR Wt Y IR ?ﬁ%ﬁg}%ﬁﬁﬁ%‘g@fﬂ é’?

t}ils ngited using
plasma enhanced chemical vapor deposition (PECVD). By using ect‘F(lacgs as the

silicon-basgapsiié thiclageondahisstion bodeaniheusyniboe HehaaathizdalayacMasaicatat @@nunneling is
done rougl e varips.defectz e fo the slectic fgld aenernicd detigen e electian gource 10
and the cathode fayer i Ig. 21sa exempfnary lagram of a use-for the emitter goerct)]flﬁg. 1. In this

applicationi 6he feieatthe erliggianiditas Maciieactiny amtdeSBostatic focusing device or lens

e

The electron field is calculated for various thicknesses as E = where

tlhiclmess
timickness 1 the thickness of silicon-based dielectric layer 20. For example, for a V=10V,
the electric field is equal to 2 x 10° volts/meter for a 500 Angstrom thickness in the
15  silicon-based dielectric layer. The minimum thickness for a particular carbon-based
dielectric will depend on its dielectric strength.

Préferably, the silicon-based dielectric layer 20 is deposited using plasma
enhanced chemical vapor deposition (PECVD). By using silicon-based dielectrics as the
silicon-based dielectric layer, defective areas throughout the material are achieved and |

20  tunneling is done through the various defects due to the electric field generated between
the electron source 10 and the cathode layer 14.

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
28, exemplified as an aperture in a conductor that is set at predetermined voltage that can

25  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,
26 which magnitude varies for an application depending on the intended use and the

30  distance from the anode structure 30 to the emitter 50. For instance, with anode structure

30 being a recordable medium for a storage device, V, might be chosen to be between 500



28, exemplified as an aperture in a conductor that is set at predetermined voltage that can 25 be
adjusted toletvange 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 béam 32 onto an anode structwe30odhe anode
structure 30 is set at an anode voltage V, 26 which magnitude varies for an application depending on
the intended use and the 30 distance from the anode structure 30 to the emitter 50. For instance, with

anode struéiiftd 088 Nty d hedsrafidashssribe lecion payssipni&by/fammyne Ba eseeinfielde
between 500, L@ggmsage;@@cwga@ggew@m@@mge%asvg%%mmwa@@mission 16

by forming an electric field 34 within its aperture. By being set at a proper voltage from V, the

electrons effffethsInitipdrargsinoted doftihe qamanolidcaprErLst and age furbe sdmdediather
attracted toth@&%@9@%&5@1@‘3@;@’%%f%@‘f6‘3ﬁs@%@£ﬂ Peam 32. 5 Fig. 3 is an exemplary

embodiment of a display 40 having an integrated circuit 52 that includes multiple integrated emitters

100 fodmed in an &tigy3 o$ pixexemplary. entkodimegtatbe displag 4 Tooiamingntsgnatedriirsion I8, a visible

light sourc ' ef ' i : iS yie le as an
image. Pre 2%@?&?@3%% 1el\g}ﬁqs%%gt%?gggt%%gvéiﬁﬁgﬁggrﬁgﬁ%ﬁ?ﬁ%g%ﬁ%ée)?gﬁch as indium
tin oxide, 10ntozalsthemitiecirbis eomiphathoamiseieniifter visibla lightrsewempihtghemfsaivednt of an
integrated '1 i i iptegr | 0 3 r rality of
integrated %ﬁéﬁgﬁggé gl%%%ggzoaém%%ﬁg?ga%%,&]%egmﬁﬁ%iﬁgﬁ%%% ra((:%u%;@% ﬁtgg%%glg’n%%he
integrated iptisitl92rari8 wswdtid spdrateansparcisasindnetingsyrfacel euttey ibdum Sikrigxibeis an

exemplary ?mbo iment of an inteligggggrgi{guit S%épat includes an integrated emitter 100 and a lens
S

t
array 43. Th%cl%?enga?ge(f%Prréﬁﬁlg ormed on a conductive substrate 10, preferably heavily doped

silicon or a condudtigedniateradesuslargenabidinfim chHadimtigmiead eir¢aipfAvibie arlaldsttoneasturce. On
the substiaie 10 Ie iveg sl @ THBWiAR RIS SHIG RS A0 03MRd B NEKO 55 Betisep about 250

in an array. An emitter control circuit 72 is integrated onto the integrated circuit 52 and
used to operate the at least one integrated emitter 100.

15 Fig. 5 is an exemplary embodiment of an integrated circuit 52 that includes an
integrated emitter 100 and a lens array 48. The integrated circuit 52 is formed on a
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 silicon-based dielectric layer 20 having a thickness between about 250 Angstroms and

20 about 5000 Angstroms, preferably about 500 Angstroms although about 250 to about 7507
Angstroms is further preferable for some applications. Different layers of semiconductor
thin-film materials are applied to the substrate 10 and etched to form the integrated
emitter 100. Disposed on the silicon-based dielectric layer 20 is a cathode layer 14,
preferably a thin-film conductive layer of platinum, gold, molybdenum, iridium,

25  ruthenium, tantalum, chromium, or other refractive metals or alloys thereof. 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 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 emitter 100 onto a surface of an anode

30 structure 76. Anode structure 76 is located a target distance 74 from the integrated circuit

52.



20 about 5000 Angstroms, preferably about 500 Angstroms although about 250 to about 750
Angstroms i®dfusther preferable for some applications. Different layers of semiconductor thin-film
materials are applied to the substrate 10 and etched to form the integrated emitter 100. Disposed on
the silicon-based dielectric layer 20 is a cathode layér 14, preferably a thin-film gonsiotiye layer of
platinum, gold, molybdenum, iridium, 25 ruthenium, tantalum, chromium, or other refractive metals or
alloys thereof. The cathode layer 14 forms a cathode surface from which ener?g];n the form of

electrons and photdssd sFebrifragtivhenbedimeay ofs displaysanlicaiiprdiing s atearateim
processing ageintliadssif BRemb Heine vt asendugivealayerrantligned withthsinfegrated

emitter 100 to focus the energy from the integrated emitter 100 onto a surface of an anode 30 structure
76. Anode 8adfetmed dnjgndatasratsd siFptitistafasival fhsmbard §Pgaute pRERg L OMISHOT 283 7 13

Oct 2005 Fig.f.is.30 Beinatye SrRetiIeab b Rutizniav ARALCAiaRFIRIedniaeated emitter 100
of the invention. In this embodiment, a plurality of emitters 100 is arraigned "and formed in an
integraied siroging2 disably d0itreceivitsehs toltedhrpcegeinylisphisspvreDd4 imeds faref displagtron
emissions 16 or.phot ISS] ig. .di e the
cmitied onciby Rty LS BT 6 eherco sl B AT e TR ettty
a phosphowhertestiaicth by chealestpinotorissininéh efrercikgyethisetecibnldisiseiovelys ditplagrgy emission

22. Alternatively, di -pixel I emission 18 of
energy emissus{?ei)gni XE@ o%angi,%%@b&ljg ﬂ%%ﬁ gllgglghﬁ?éw%t%?%%%%%%%sg\?@wﬁ%&%g %g%' e§9}§ §aiﬁgalte rnative
use of an ir2gratea dmitigh Mpﬂﬂm ﬁ@éost(_bhagtepdiemosziélwiﬁgs exemplary embodiment, an
mtegr%gd circuit (@.E?izﬁhaai%nq%%é#%aﬂg 9 m(ts%!cgr%%g F:e%l} S| sz r?t%%naléenst (%%a d48.of focusing

mechanisms aligned'w egr mitters ns-array 48is use o créate 8 15€used beam
32 that is ugethiosafagilaresabditignsttfandénrgdiadSrdiie die ER ihappliagplaraigafer 56 that positions
1 e M e | e e e R U PES A0 e Shags iR EaR il Mover
integrated emitters 100. The lens array 48 is used to create a focused beam 32 that is used
to affect a recording surface, media 58. Media 58 is applied to a mover 56 that positions
15 the media 58 with respect to the integrated emitters 100 on IC 52. Preferably, the mover
56 has a reader circuit 62 integrated within. The reader 62 is shown as an amplifier 68
making a first ohmic contact 64 to media 58 and a second ohmic contact 66 to mover 56,
preferably a semiconductor or conductor substrate. When a focused beam 32 strikes the
media 58, if the current density of the focused beam is high enough, the media is phase-
20  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

properties of the media. One such phase-change material is In,Se;. Other phase change

[\
wh

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
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,
30  however other shapes can be used. The circular shape is preferable in that the electric

tields generated are more uniform as there are no discrete edges within the shape.



56 has a reader circuit 62 integrated within. The reader 62 is shown as an amplifier 68 making a first
ohmic cont&ét’8% to media 58 and a second ohmic contact 66 to mover 56, preferably a
semiconductor or conductor substrate. When a focuged beam 32 strikes the media 58, if the current
density of the focused beam is high enough, the media is phase 20 changed to ¢cteaderanseffected
media area 60. When a low current density focused beam 32 is applied to the media 58 surface,

different rates of cpire t.flow are de#ecte am Iiﬁier 68 o} g{lgat? Jeac grrg(fet&)ut 7&). Thus, by
e

. r1g.. 4 18 a Cross-sccrion o eX¢E cm n 1tter i
affecting the media fith 'the energy rrom- the emi é’rqé%, information’is's in the e using

structural pitasencinalfige8 1pokpeyiete diti9ermedia AGnbstath]phpsdeciispac ondistiakitale? 5e3. Other

h h terial k to th killed in the art. Fig..8 is a top,view of . |
embodimert UFHLE TRUEHAGH S AR (AL CoALACE0 RN LR PP Sl ERN the
cathode laygy th4t Ehiispatieddeithayan bpdaipledéficalnatiipladiizdad dispesatas eaindhetive layer 82

that is disposed over insulator layer 78. Integrated emitter 100 is shown as preferahly a circular
shape °30 KBURSRP IR ARR ST A lﬁ‘iﬁﬁ .eﬂﬁ?ée&}éup&?]@ﬁ%g@ ?st%‘féfgfﬁ NedR Slectric

fields genefatagpacedig tHyfalitvasiiesaiaiedaclisrieto aagpsrdiiinioetsbapadddfR’763 8 13
Oct2005 Fig. 9 is a cross-section of the exemplary emhodiment qf integrated emitter 100 shown in

Fig. 8 lookiRyShiPtHs sty aking slfsiiicabeontastartiiihe cordpriivaayany OPEPnaligfiy doped

semicondugiiepisyides 30 elaciiaeEuPplyiasHizbbased HiRigatd biayeendfdhahimétiseosed within
an opening defined within an insulator layer 78 and over the 5 surface of i,nsulatoral!ge/er 78. A cathode

layer 14, prétsiatheadihs-meviatidarer 2 dppsnding gadbe paticr ianstedpl rhesandidtectric layer 20

and pggtially, aygrdhe rQnalstly €ofriREi8< [yeredyy making electrical contact with the conductive layer.
Optionally, an adhesion layer 80 can added to provide for a bondin% interface between the conductive

layer 82 and the ifg6ld®isayerxzaatase Rk asiae o 2iearpyalithatdneldidssiar 10 insulator layer
78 and conglygiveJayen83s FitroHsoRn eXRmRIaB: hiast diagsam ot s.cqmsiesafebat ingludes a

devices, a storage device 94 and a display device 92. The electronic devices are coupled
to the microprocessor 96. The microprocessor 96 is capable of executing instructions

15  from the memory to allow for the transfer of data between the memory and the electronic
devices, such as the storage device 94 and the display device 92. Each electronic device
includes an integrated circuit that has an emitter incorporating the invention and
preferably a focusing device for focusing the emissions from the emitter. The emitter has
an electron supply layer with an insulating layer disposed thereon. The insulating layer

20  has an opening defined within which a silicon-based dielectric layer is formed on the
electron supply layer. On the silicon-based dielectric 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 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
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.

30 In Fig. 11B an insulator layer 78 is created, preferably by field oxide growth when
substrate 10 is a silicon substrate. Optionally, the insulator layer 78 can be formed of

other oxide, nitride, or other conventional dielectrics deposited or grown alone or in



microprocessor 96, memory 98, which is coupled to the microprocessor 96, and electronic devices, a
storage devipo%()%}and a display device 92. The electronic devices are coupled to the microprocessor
96. The microprocessor 96 is capable of executing instructions 15 from the memory to allow for the
transfer of data between the memory and the electrogic devices, such as the storags.deyiee 94 and the
display device 92. Each electronic device includes an integrated circuit that has an emitter
incorporating the invention and preferably a focusing device for focusing the emissions from the

emitter. The &RiELAGS IheEAITRARIAR IRSHNINA D BIANg Y REdisRese (ARrRON. The

insulating layer 20 has an opening defined within which a silicon-based dielectric’layer is formed on the

electron supisafsgem @}b%ﬁétgiﬁmaéi%éfﬁé haepsk 4Eathbriareadafimad et sk BlRoptionally,
the integrateg), gifeuit wdth (GG PRI ASRER REHsRR HBHI%%W&KQE ggeRRdNGIRRIiAC easing

the supply of electrons that can tunnel from the electron supply layer to the cathode layer. 25 Figs 1 1A
to | 1 L illustiatetmweand|shpnsrot duslstispsarsed iotegrated smutentl®d wioorporskinfheramentidn. In Fig

11 A, a mask 102, of dielectyi photoresist.i a%(%l' ubst 04 pref siligon
semicongguctor subg?rg%%]egftﬁ%g%@s%%s%%%&i%emlg ﬁt 8%?&%%%&%%%%%5? gﬂ (idonductive
substrate. Prefetatolylsytystfateref@didy, shshdlstmedistadh deslktibnlay @020t 0p0Red obimsplentimeter. 30
In Fig. 11B an insulator layer,78 is created. pr yAield gxide.growth.when substrate 10 is a
siicon substa B e R S R B R e
conventionaldibleetski! ed pothteattor Grovih aubased idid 0a6ic 1630203 Qut RO48 cBiah Bidion using

covered by RIS 050 TH S8 SHHCl by 1Lk 205, SRR D S VAl betibiined opengs
within insulatan isipeed dcefitabineatiel heatbooarhsiatiel edttheldgtie? GorMedilitegrbasetemitter 100
10 and msubbHeP I Braarabt e DR MU T P S (C5bpied using plasma
In Fig. 11D, an optional adhesive layer 80 is applied on the silicon-based dielectric
layer 20. The adhesive layer 80 is preferably tantalum when the later applied conductive
layer 82 (see Fig. 11D) is made of gold. Preferably, the adhesive layer is applied using
15 conventional deposition techniques. The adhesive layer is preferably about 100 to about
200 Angstroms thick.
In Fig. 11E a conductive layer 82 is applied on the previously applied layers on
substrate 1 0, 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
20 about 500 to about 1000 Angstroms thick. |
In Fig. 11F 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.
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
25  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
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
30 conductive layer 82.

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

1s used to create an anisotropic profile 108.



enhanced chemical vapor deposition (PECVD). Other deposition techniques are known to those skilled
in the art. The silicon-based dielectric layer 20 is preferably SiC, SINX, Si3N4 (RI - 2.0), or SiXNY (x:y
>3/4, Rl -2.505).07(56[3)ti0nally, Fy-SiO. and Cy SiOX are 10 envisioned as suitable material for silicon-based
dielectric layer 20. The silicon-based dielectric Iaye{(go is preferably about 250 tpzaknquip900
Angstroms thick. In Fig. 11D, an optional adhesive layer 80 is applied on the silicon-based dielectric
layer 20. The adhesive layer 80 is preferably tantalum when the later applied conductive layer 82 (see

Fig. D) is madle gf gold, Frefarablylecadhanive toyenin apalist aing doieansutignal depositon

techniques. The adhesive layer Is preferably about 100 to about 200" Angstroms thi Fig.IlEa
conductive layeic8pésaapp|pldson isandiocasn ugpiriehlaskepsganicumetersts withinwtheas adhesive layer

80 if used. Preferably;, th derctiv i [ i I it] echnigues. The
conductive P e R oo g A T e e e ™ s
patterning |ahepidetsseappitsttain thescpiackotivehayes 2ndrit carxygeoeningtivdonetband itkiitédo define
an etching region for creating the integrated emitter. .Rreferably,.t atterning layer 104 is a positive
photorgsist{l’gg)fi re&eé%ﬁ(flf%r%ot s ?ﬁ%l .afrﬁl]ﬁ%?ﬁ{llﬁ‘ﬁrg%sra a/I)f/‘1 g%v%%%%ﬁ%ﬁé%ggggnége% to create
an openinglfphénefrgenttciikinyendn wiitipet b oparindrmf yemitecoinporetas idgdastypically, the
etching will create an isotrgpic efch profile (let?G as shown in which a portion of the conductive layer is
undercut uﬁﬁ%tral’f‘?er?)‘ﬁﬁg?fii Ry %ﬁlﬁﬁf LB IHE R&PBtch process used does not react with the

adhesive layer 80(pusadil$o Prasaift-dre gistesnaiertal ietin tachifthéhsubslifitef frdopionally, a
Droocess halHE FEAETNE RS i L BT Eh e JOLtF b LA G B4 B0 oM 106, 10007763
10 1310ct29akeminiglald @ift-off process is used to remove patterning layer 104. Preferably,
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,
15  tantalum, chromium, or other refractive metals or alloys thereof, to name a few. The
cathode layer 14 disposed on silicon-based dielectric layer 20 forms the emitter surface 86
within the emitter chamber 114.
Fi‘g. 11K 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
20 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 emitter surface 86 that has substantially parallel
25  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
1s disposed on the emitter surface 86 and the sidewalls of the first and second sections of
the emitter chamber 114. By using integrated circuit thin film technology to fabricate the
30  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



low temperature plasma is used to reactively etch ash organic materials within the patterning layer
104. The g%%oy;%?d Is preferably oxygen in a planer plasma etch process. The processed substrate 10
is place in a chamber and the oxygen is introduced and excited 5 by an energy source to create a
plasma field. The plasma field energizes the oxygepto a high energy state, whigh,dg; s oxidizes the
patterning layer 104 components to gases that are removed from the chamber by a vacuum pump
Optionally, a wet lift-off process can be used in lieu of the plasma lift-off process. The processed

substrate 1§} isdmpeiseddd & privenistipalosiisue bastdsmovethant ansiemingdayer 104. Fig. 11J

shows the application of a cathode layer 14 over the surface of the processed substrate 10. The
cathode lay¥PIEg!Rsl socreiBIsHRAIPLAReFTie AR A8S HiestAu B o RS ATap ibepBbiehas a
thickness of about:j0 1o Rbaut RFPANSRIFASS LURBlaPalRGAR hedisedt iphidthrdsslayger 14 such as

gold, molybdenum, Iridium, ruthenium, 15 tantalum, chromium, or other refractive metals or alloys
thereof, to Hnsasg thocrmissicpgnaaRt grablt Y ossaiter NGO ae e divruias.lalks 20 forms the

emitiersurfaee 6 MRS SELEDAMbALALY s LI URLREn DG ARRISUIaR gl guoathode

photoresist layer 1 t has been applied and patterned to defihe ‘openings where the cathode layer
14 is to be etthengts. 20lis alaneatingtiplecessitmengother bemfitatbelps Rigetieaipbeatssstineeathode
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chamber 114 is the emitter surface p view of the resulting structure is shown in
Fig. 8. The emitterstiifade 86aHarstafimhalrpeofitt d28nshteysotharptosessed hibstaafie shatrerhivles section

interfacing to th itt that tantial 5 sid ithi dhesi
e 1 e SNSRI IR sl aly Rl s el o acheson

layer 80. The emitter ¢ as a secon mber sectio
that higs sideitiaildl thaii slivesr geebchakl apanstgmiparangafseddmiimrtes. Thersthegdasseds larger than

the first area, The cathpde layer 14 is disposed on the emitter surf 86 and the sidewalls of the first
and seconﬁ@é&%%és 8?’ iﬁé’ gv%)i]ﬁgrbéﬁgﬁ%gﬂ’ltﬁgg?ﬂ%ﬁegz eﬁéﬂi@ﬁ&%ﬁﬁ H%(}ﬂsl%(%t%ﬁ%ﬂology to
fabricate thes30igandelniFean BB, integmie thatang prifilé apBishal acie/preveisis fabsigaen conventional

integrated circuits. The int,e%rated circuit with the emitter can be used in displa%/ %ev cgs
including an emitter incorporating the invention heated to a temperature of about 600 C

within 10 minutes and held at that temperature for about 30 minutes. Then, the processed
15  substrate is gradually cooled to room temperature over a period of about 100 minutes.
Those 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 scopé of the invention. By annealing the substrate that includes at least one emitter
incorporating the invention, several characteristics of the emitter are improved.

20 What is claimed is:



10007763 1 1 13 Oct 2005 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.
Fig. 12A fblaéj]%gB are charts of exemplary annealing processes which are used to increase the
emission current capability of an emitter embodying the invention. The 5 annealing process also
increases the device yields and quality by allowing the emitters to last longer. The ag@ealpogprocess,
among other benefits, helps to decrease the resistapce of contacts of dissimilar metals thereby
increasing the current flow to the emitters. In Fi . a first thermal profile 120 shows the processed
substrate that includes an emitter incorporatinéﬁ@gntion first elevated to a temperature of about
400 C 10 within 10 minutes then held at this temperature for 30 minutes. Then the processed
substrate, is slowly cpoled back to room temperature (about 25 C) over a period of about 55 minutes.
In Fig. 1218, ns@é%ﬁﬁ'}%m%?rp?‘m@rﬂﬂ%hows the processed substrate including an emitter
incorporating thenmelettomrsbgeligd to a temperature of about 600 C within 10 minutes and held at that

temperature for about 30 minutes. Then, the processed 15 substrate is gradually cooled to room
temperature ovér’ ﬂﬁSP@&sc?ﬁaﬁﬁe%)ﬁ?IIﬁJ]%BSf 9%&18@@31&%%%%“@ I%lllg’\iaﬂfgjjappreciate that the
elevated tempeeatatieodadbifee dédgosdd avoliregidrorbeaseadiiedctricialyer;exemplary processes
described and stilrl1 rpeﬁtﬂt‘he Isg{ptnand ?cogf ofn t_tse in&ﬁnﬁri?ort\r..B}/ anngﬁl'n%%hhg spbstrrﬁte that includes
at least one emi{{er %cor%gr% m% e mven ES% VT A Earac et L OF e mITaT ary ?mproved. 20
What is diaemedbigci(o anct dsa gy M& 43 @at2e0aio-portusiopkningsiitie cathyaledagr. an
electron supply; a silicon-based dielectric layer disposed on the electron supply; and a cathode layer

disposed on the silicon-based dielectric layer;
2. The emitter of claim 1 wherein the silicon-based dielectric layer is selected from the group

consisting of SiC, SiNy, SizNa, SixNy, Fy-SiOy, and Cy-SiOy.

3. The emitter of claim 1 wherein the cathode layer is selected from the group consisting of
platinum, gold, molybdenum, ruthenium, tantalum, iridium, other refractory metals and alloys

thereof.

4. The emitter of claim 1 operable to provide an emitted energy with an emission current of

greater than 1 x 102 Amps per square centimeter.

5. The emitter of claim 1 operable to provide an emitted energy with an emission current of

greater than 1 x 10" Amps per square centimeter.

6. The emitter of claim 1 operable to provide an emission current of greater than 1 x 10°

Amps per square centimeter.

7. The emitter of claim 1 wherein the silicon-based dielectric layer has a thickness about 250

Angstroms.

8. The emitter of claim 1 wherein the silicon-based dielectric layer has a thickness less than

about 500 Angstroms.



wherein the electron supply, silicon-based dielectric layer, and cathode layer have been subjected to
an annealing process to create nano-porous openings in the cathode layer. 2. The emitter of claim 1
wherein %gogggon-based dielectric layer is selected from the group consisting of SiC, SiNg, Si3N4,
SiNy, Fy-SiOx, and Cy-SiO.. 3. The emitter of claim 1 wherein the cathode layer is selected from the
group consisting of platinum, gold, molybdenum, ruthenium, tantalum, iridium, other3r€fcaetny metals
and alloys thereof. 4. The emitter of claim 1 operab$ to provide an emitted energy with an emission

current o ater than 10-2 Amps. per square centimeter. 5. The emitter, of claim 1 operable to
orovuice ah SR R L T Do st e o RGP e G e
centimetesnge dhebemited of abaim S00p&AdEEdmarovide an emission current of greater than 1 x 100
Amps per square centimeter. 7. The emitter of claim 1 wherein the silicon-based dielectric layer has a
thickness about 250 Angstroms. 8. The emitter of claim 1 wherein the silicon-based dielectric layer
has a thidkneas lessgthiad civoaitt &@0phsgsroms. 10007763 13 Oct 2005 13 9. The emitter of claim 1
wherein the silicon-ﬁﬁgﬁd dielectric layer has a thickness within the range of about 250 to about 5000

Angstroms. 10. A Fated circuit, comprising: a substrate; the emitter of claim 1 disposed on the
substrate; and dinewitnyttirof péaatiiglibeoseditie tiosulesirate thedsubstrate with the emitter. 11. An

Ciructore capab o1 B AL Bt v e g P B R e response o
receiving the emitted energy and a second effect in response to not
11. An electronic device, comprising:
the emitter of claim 1 capable of emitting energy; and
an anode structure capable of receiving the emitted energy and generating at least a
first effect in response to receiving the emitted energy and a second effect in response to not

receiving the emitted energy.

12. The electronic device of claim 11 wherein the electronic device is a mass storage device
and the anode structure is a storage medium, the electronic device further comprising a

reading circuit for detecting the effect generated on the anode structure.

13. The electronic device of claim 11 wherein the electronic device is a display device and
the anode structure is a display screen that creates a visible effect in response to receiving the
emitted energy.

14. The electronic device of claim 13 wherein the display screen includes one or more

phosphors operable for emitting photons in response to receiving the emitted energy.

15. A storage device, comprising:

at least one emitter to generate an electron beam, the emitter having a silicon-based
dielectric layer having a thickness between about 250 to 5000 Angstroms, and a cathode layer
disposed on the silicon-based dielectric layer, the at least one emitter subjected to an
annealing process to create nano-porous openings in the cathode layer;

a lens for focusing the electron beam to create a focused beam; and



receiving the emitted energy. 12. The electronic device of claim 11 wherein the electronic device is a
mass storage device and the anode structure is a storage medium, the electronic device further
comprrsrng@] tgeadlng circuit for detecting the effect generated on the anode structure. 13. The
electronic deV|ce of claim 11 wherein the electronic device is a display device and the anode structure
is a display screen that creates a visible effect in response to receiving the emitted18r@tgg00%3. The
electronic device of claim 13 wherein the display s¢#een includes one or more phosphors operable for

itti hot t th { 15. A t
st on ot} HPRRATRHIAN BEAE PRRITIONS Or o eRLoTte T UREOR AL AR tayer

having a lthidky ewcbe@e/ema abingtid oM ¢ b P ANGE UDsteatwrepecediridred dykirnditipnsestah the
silicon- bas g?? lectric Ia er, the at least one emitter subjected to an annealing process to create
nano- por&u i s fr? he cathode layer; a lens for focusing the electron beam to create a focused
beam; arsddDMAT 763 13 Oct 2005 14 a storage medium in close proxrmrty to the at least one emitter,

the storage mediu ving a st e are in,one o li states to represent the
information storgﬂnﬁqa ?5'%63 ﬁ&f %e%ﬁ %?ngn % l%al WH%% e focused beam
bombards the stheagegaitaie ﬂfehaag‘emmm)eridhereﬂfmcstaiemmmsmrage &eeantithe storage area; and

the information tore |rnt est gdemt rread b nlreraSL?i é}g the uma nrtude oft eeffe&t 16. The
storage device O EI5i% T81RR he'Bf Ot RERSR R M5 ,&n P H1pr|srng an

electron stiipply layer; an msulator layer formed on the electron supply Iayer and having an opening
defined

16. The storage device of claim 15 wherein the effect is a signal current.

17. An emitter, comprising:

an electron supply layer;

an insulator layer formed on the electron supply layer and having an opening defined
within;

a silicon-based dielectric layer formed on the electron supply layer in the opening and
further disposed over the insulator layer; and

a cathode layer formed on the silicon-based dielectric layer;

wherein the emitter has been subjected to an annealing process to create nano-porous
openings in the cathode layer and to increase the supply of electrons tunneled from the

electron supply layer to the cathode layer for energy emission.
18. The emitter of claim 17 capable of emitting photons in addition to the electron emission.

19. The emitter of claim 17 wherein the cathode layer has an emission rate greater than about

0.01 Amps per square centimeter.

20. The emitter of claim 17 wherein the silicon-based dielectric layer is selected from the
group consisting of SiC, SiNy, SizsN4, SixNy, Fy-SiOy, and Cy-SiOx.



within; a silicon-based dielectric layer formed on the electron supply layer in the opening and further
disposed over the insulator layer; and a cathode layer formed on the silicon-based dielectric layer;
wherein t%go itter has been subjected to an annealing process to create nano-porous openings in
the cathode layer and to increase the supply of electrons tunneled from the electron supply layer to
the cathode layer for energy emission. 18. The emitter of claim 17 capable of emitting @tio2005 in
addition to the electron emission. 19. The emitter g#iglaim 17 wherein the cathode layer has an

emission jate_greater tha out, 0.01 Am er.square centimeter. 20. The emitter of claim 17
herein G SRR DEb A0 AT, DA EooH L G Aot o U eSS, sian,
SixNy, Fyhan@00amag§lyeBix. 10007763 13 Oct 2005 14a 21. The emitter of claim 17 wherein the
silicon-based dielectric layer has a thickness less than 500 Angstroms. 22. The emitter of claim 17
wherein the silicon-based dielectric layer has a thickness between about 250 Angstroms and about

5000 An@2trorhe eadttér disglEyndawales reompeisiligorabastelgtialectido dayeimadsiditigcheesmitter of claim
17, wherein the emitter.creates a_visible light rce; and a lens for focusing the visible light source,
wherein ﬁ\egvygﬁg ?ISB%lé)?a%gg %ﬁ%ﬁ%&ﬁ@%ﬁ%@ﬁ%ﬁ% " Race to capture electrons emitted from the
emitter. 24. A storage device, comprising: an integrated circuit including the emitter of claim 17

wherein %étltserl acregae?s an r%IerclsStlrr?n_ beam current; and a storage medium in close proximity to the
emitter, the' sto agDe h %lu?ﬁ’ﬁgwﬁg a %torage area being in one of a plurality of states to represent the
information storeul iimdbhedtestonagé arelading the emitter of claim 17, wherein the emitter creates a

visible light source; and
a lens for focusing the visible light source, wherein the lens is coated with a

transparent conducting surface to capture electrons emitted from the emitter.

24. A storage device, comprising:

an integrated circuit including the emitter of claim 17 wherein the emitter creates an
electron beam current; and

a storage medium in close proximity to the emitter, the storage medium having a
storage area being in one of a plurality of states to represent the information stored in that
storage area;

such that:

an effect is generated when the electron beam current bombards the storage area;

the magnitude of the effect depends on the state of the storage area; and

the information stored in the storage area is read by measuring the magnitude of the
effect.

25. An electronic device, comprising:
an integrated circuit including the emitter of claim 17; and

a focusing device for converging the emissions from the emitter.

26. A computer system, comprising:
a microprocessor;

the electronic device of claim 25 coupled to the microprocessor; and



such that: an effect is generated when the electron beam current bombards the storage area; the
magnitude of the effect depends on the state of the storage area; and the information stored in the
storage alro%@ﬁ%read by measuring the magnitude of the effect. 25. An electronic device, comprising:
an integrated circuit including the emitter of claim 17; and a focusing device for converging the
emissions from the emitter. 26. A computer system, comprising: a microprocessor;1theeiecubnic
device of claim 25 coupled to the microprocessor;Jand 10007763 13 Oct 2005 14b memory coupled to
the microprocessor, the microprocessor operable of xecuting instructions fr mihe memory to transfer
data between tHOHONGRRIRH o8 CASEIRECER P 4 MHAIMI R RAL PRSI S PRI wherein the
electroni¢ndervistinis frehothgendmadpetBarisier catahetarsy shermemolsiamadthebietioriiedeldctronic
device is a display device. 29. An emitter, comprising: an electron supply surface; an insulator layer
formed on the electron supply surface and having a first opening defined within; a silicon-based
dielectricdayamocoraputer tystede of olaisup lwfeyeinwhthétethiohirstevipe msregsemagbuddvacalisposed on
the insulator layer; an adhesion layer disposed on the silicon-based dielectric layer, the adhesion layer
defining a second opening aligned with the first opening; a conductive layer disposed on adhesion
layer and28efiriagariirtdraystema abpived2 6uithetien fibst e ectreetodel apan i dispiayddaviedhode layer
disposed on the silicon-based dielectric layer and portions of the conductive layer, wherein the portion
of the cathode layer on the silicon-based dielectric layer

29.  Anemitter, comprising:

an electron supply surface;

an insulator layer formed on the electron supply surface and having a first opening
defined within;

a silicon-based dielectric layer formed on the electron supply layer within the first,
opening and further disposed on the insulator layer;

an adhesion layer disposed on the silicon-based dielectric layer, the adhesion layer
defining a second opening aligned with the first opening;

a conductive layer disposed on adhesion layer and defining a third opening aligned
with the first and second openings; and

a cathode layer disposed on the silicon-based dielectric layer and portions of the
conductive layer, wherein the portion of the cathode layer on the silicon-based dielectric layer

is an electron-emitting surface having nano-porous openings.

30. The emitter of claim 29 wherein the electron emitting surface has an emission rate of

about 0.1 to about 1.0 Amps per square centimeter.

31. The emitter of claim 29, wherein the silicon-based dielectric layer is selected from the
group consisting of SiC, SiNy, SizNa, SixNy, Fy-SiOy, and Cy-SiOx.

32. The emitter of claim 29, wherein the silicon-based dielectric layer has a thickness
between about 250 Angstroms to about 5000 Angstroms.

33. The emitter of claim 29, wherein the silicon-based dielectric layer has a thickness less

than about 500 Angstroms.



is an electron-emitting surface having nano-porous openings. 30. The emitter of claim 29 wherein the
electron emitting surface has an emission rate of about 0.1 to about 1.0 Amps per square centimeter.
31. The %rdj) 3of claim 29, wherein the silicon-based dielectric layer is selected from the group
consisting of SIC, SiNx, Si3N4, SixNy, Fy-SiOx, and Cy-SiOx. 32. The emitter of claim 29, wherein the
silicon-based dielectric layer has a thickness between about 250 Angstroms to abalg 6602005
Angstroms. 33. The emitter of claim 29, wherein thdsilicon-based dielectric layer has a thickness less

than aboyt 500 Angstroms. 100Q7763 13 Oct 2005 14c 34. The emittey. of claim 29 wherein the
clectron S AU DB RS Py G A R ST 1661 aboct
0.001 Oftragicg atshreteresibaridee Eahitier 100da ahc2® MG @hritsecettotmeremitting surface also emits
photon energy. 36. An emitter, comprising: an emitter surface having a first area and nano-porous
openings; a first chamber having substantially parallel sidewalls interfacing to the emitting surface;
and a se@snd’ hbamitter iotetéqei2g tohdreifinslediecthbareamtting sundassials@mbmidsveiigion éne@y.opening
having a second area larger than the first area. 37. The emitter of claim 36, further comprising a
cathode layer disposed on the emitting surface, and sidewalls of the first and second chambers and

wherein & efnitaTiters dueaprisnpjected to an annealing process thereby increasing the emission

capability of the emittﬁ{é 38. The emitter gf claim 36(¥vherein the first chamber is formed within an
€

adhesion layer. LThEs uﬂc é:reor}agllgﬁ’na HS\}V%@%?H e SE R8N 2 RRABEFIs formed within a conductive

layer. 40. An intefgrstteithoibenibadnypsisisigraidkby shoile lesinitiealds icheifad6g 44 the disfitingdevice
comprising at least pne emitter of claim 36. 42. A storage device comprising at least one emitter of
. sﬁ age anpO o N
claim 36.”43.”An integrated circuit, comprising:
a second chamber interfacing to the first chamber and having sidewalls diverging to

an opening having a second area larger than the first area.
37. The emitter of claim 36, further comprising a cathode layer disposed on the emitting
surface, and sidewalls of the first and second chambers and wherein the emitter has been
subjected to an annealing process thereby increasing the emission capability of the emitter.
38. The emitter of claim 36 wherein the first chamber is formed within an adhesion layer.
39. The emitter of claim 36 wherein the second chamber is formed within a conductive layer.
40. An integrated circuit comprising at least one emitter of claim 36.
41. A display device comprising at least one emitter of claim 36.
42. A storage device comprising at least one emitter of claim 36.
43. An integrated circuit, comprising:

a conductive surface to provide an electron supply;

at least one emitter formed on the electron supply including,

an insulator layer having at least one opening to define the location and shape of the

least one flat emitter device,



a conductive surface to provide an electron supply; at least one emitter formed on the electron supply
including, an insulator layer having at least one opening to define the location and shape of the least
one flat elr(%t% device, 10007763 13 Oct 2005 14d a silicon-based dielectric layer disposed within the
at least one opening of the insulator layer and further disposed over the insulator layer; a conductive
layer disposed over the silicon-based dielectric layer, the conductive layer having at3€ast2008 opening
in alignment with the at least one opening; and a dafthode layer disposed over the silicon-based

dielectric layer and, parti rth nductive layer athoge layer havin porous
openinge. 4. 1ASEGERE SREH S G At B JFeb AR PHRICGAE I or s 2
thlcknessrtaslatthaawbaud SOehandistoses odér. ﬂibenm&@oalaylec;rwt of claim 43 wherein the
silicon-based dlelect has thlccgess bout @51 (EF% r ms nda out 5000
Angstroms. 46. ThEt @ cliYs s Aeneste e s SEouhrR SHRlesH ausr e o %%R)éer is selected
from the @ynumwﬂnglatlttgsobﬁe&p&ﬂmg |Sa{I§yn@rﬁNAtH:lﬁe8Nha@nde®péﬁtmg, 4/@d The integrated
circuit of claim 43 erel the nte (éd cir UIt as b o an gj roc? S.48. A
method for creatt 6 AT B O S0 o R e DR P TR & Sheon-based
dlelectrlcoendttem\uslargﬁsethumattmaietmyﬁnhaangIayaospmmthneopmnngm supply, at least one of the
thin-film layers being a film characterized as a silicon- based dielectric tunneling layer with a thickness
of less than 500 Angstroms; applying a cathode layer on the silicon-based dielectric tunneling layer;

and anneaJiﬁ'gtehetegnmmt tarénitrebskithel unheléng thasiitboflibee e didterthy kenemtitag mano- porous

openlngst |cmt%s%a}tersg%?alnaé{t?(gut‘lgooo‘ﬂngnt'}(%% created by the process of claim 48. 10007763

45. The integrated ciruit of claim 43 wherein the silicon-based dielectric layer has a
thickness between about 250 Angstroms and about 5000 Angstroms.

46. The integrated circuit of claim 43 wherein the silicon-based dielectric layer is selected
from the group consisting of SiC, SiNy, SixNy, SisN4, Fy-SiOy, and C,-SiO.

47. The integrated circuit of claim 43 wherein the integrated circuit has been subjected to an

annealing process.

48. A method for creating an emitter on an electron supply, comprising the steps of:

forming a silicon-based dielectric emitter using semiconductor thin-film layers on the
electron supply, at least one of the thin-film layers being a film characterized as a silicon-
based dielectric tunneling layer with a thickness of less than 500 Angstroms;

applying a cathode layer on the silicon-based dielectric tunneling layer; and

annealing the emitter to increase the tunneling current of the emitter by creating nano-

porous openings in the cathode layer.

49. An emitter created by the process of claim 48.



13 Oct 2005 14e 50. The method of claim 48 wherein the step of applying the silicon-based dielectric
layer further comprises the step of applying a silicon-based dielectric from the group consisting of
SiC, SIN)% §.,L%l}l4 SiXNy, Fy -SiO,, and Cy-SiO,. 51. A method for creating an emitter on an electron
supply , comprising the steps of: applying a silicon-based dielectric tunneling layer over an insulating
layer disposed on the electron supply, the insulator layer defining an opening to thelglexireoosupply;
applying a conductive layer to adhere to the silicomtmsed dielectric tunneling layer; applying a

tt tiv tin th tt tive | t
the siicothatie MR AL AP AR g B RD AEA G W A0S by bt romm the
conductl\fertayecorappkyemmastqufdwamg(arsllmamrasmmaedtdwiamrlmagmebrl@mammgmﬂ

annealing the_emit rt ase the tunneling_current by creating nano-porous openings in the
cathode %1@ SikG 4,§ ﬁys'g g%x an &-SIBX.

51. A method for creating an emitter on an electron supply , comprising the steps of:
applying a silicon-based dielectric tunneling layer over an insulating layer disposed
on the electron supply, the insulator layer defining an opening to the electron supply;
applying a conductive layer to adhere to the silicon-based dielectric tunneling layer;
applying a patterning layer on the conductive layer;
creating an opening in the patterning and conductive layer to the silicon based
dielectric tunneling layer;
etching the patterning layer to remove it by lift-off from the conductive layer;
applying a cathode layer on the silicon-based dielectric tunneling layer; and
annealing the emitter to increase the tunneling current by creating nano-porous

openings in the cathode layer.



