10015150 1 2 Nov 2005 5 10 INTEGRATED FOCUSING EMITTER BACKGROUND OF THE
INVENTION 15 The present invention relates to the fabrication of lens design for electron emitters,
particularly f16® electron emitters used in mass storage and display devices often incorporated in
many electronic devices. Computing technology continues to become less expensive while providing
more capability. To allow computing technology tolcontinue these positive trendsN20H¥Kpheral
devices such as mass storage devices and display devices must continue to advance. Much criticism
has been voiced in the trade press about the lack of mass storage devices such as disk drives,
CD-ROMs, and DVD drives, to name a few, to increase their data rates up with the advancing speed
of the microprocessors found in contemporary personal computers. However, hard disk drives, for
example have been 25 able to increase their storage density tremendously over the last decade but
are now encountering physical limitations that prevents further progress in this area. Display devices,
such as LCD monitors have had difficulty in fulfilling demand due to the complexity of manufacturing
them with near-zero defects. Further, the use of passive LCD technology has required the addition of
backlights to allow for viewing in 30 different ambient light conditions thereby adding cost and
increasing power requirements. Electron beam technology has been present for many years in
consumer products such as teleyision (TV) tub nitors. These devices use what is
knowﬁoas "hot cathode" eIectkodﬁ%%%#&f&&ggﬁgﬂﬁiﬁm are 35 directed to and focused
on the viewing screen. While research has taken place in a 10015150 2 2 Nov 2005 number of new
technological fields with emission devices, the field of "cold cathode" electron emitters such as

Spindt-tips and flat emitters has attracted the attention of many manufacturers.
BACKGROUND OF THE INVENTION

15 The present invention relates to the fabrication of lens design for electron
emitters, particularly those electron emitters used in mass storage and display devices
often incorporated in many electronic devices.

Computing technology continues to become less expensive while providing
more capability. To allow computing technology to continue these positive trends,

20  peripheral devices such as mass storage devices and display devices must continue to
advance. ‘Much criticism has been voiced in the trade press about the lack of mass
storage devices such as disk drives, CD-ROMs, and DVD drives, to name a few, to
increase their data rates up with the advancing speed of the microprocessors found in
contemporary personal computers. However, hard disk drives, for example have been

25  able to increase their storage density tremendously over the last decade but are now
encountering physical limitations that prevents further progress in this area. Display
devices, such as LCD monitors have had difficulty in fulfilling demand due to the
complexity of manufacturing them with near-zero defects. Further, the use of passive
LCD technology has required the addition of backlights to allow for viewing in

30  different ambient light conditions thereby adding cost and increasing power
requirements.

Electron beam technology has been present for many years in consumer
products such as television (TV) tubes and computer monitors. These devices use
what is known as “hot cathode” electrodes to create a source of electrons that are

35  directed to and focused on the viewing screen. While research has taken place in a



Several problems exist in converting this cold cathode technology to products. 5 One such problem is
the creation of an electron focusing structure that can be used in multiple applications that require a
high density°bf'¢bld cathode emitting devices such as with mass storage and display devices.
Conventionally, dielectric materials are used as spacer material between the electron focusing
structure and the electron emitter. However, the cost and complexity of building teVet@€fton focusing
structure 10 with dielectric material hinders the rapid development of new products using cold

cathode telinaiodr 1o ERIB LT R WIRAUGIAR BAoHr b ki SPg g dailiiode
technology, more cost effective and simpler processes for building electron focusing structures and
ultimately téleatras emstittery svehdisiSypiladt-tipyiaed Satensittdeschab S Saetd AR VtERiDRIEF INVENTION A
method for creatin an electron lens includes the steps of applying a polymer layer on an emitter
surface of g?‘?@(e“@#% %?%ﬂ?é?’and then curing the polymer layer to reduce volatile content. 20 BRIEF

DESCRIPTION Ofevéiil pioiivitiNéstihednvertigntissheie cathddestobdolofy nefpredeedo the
following drawings. The, elements of the drawings are pot necessarily tq scale relative to each other.
25 Rather, QRTTSLIERELTdA4E HEHOBIRG 2N ECAeR AR MESHHERES AR SaB b E hermore, like
reference nunepaiappisigats (e esporcirtggindasigatsddaagiodwimitiagsikiigdsiendtcal, through
the several views. Fig. 1 A is a top view of an exemplary embgdiment of an integrated focusing 30
emitter. 108131 %%@aﬁﬁﬁgi‘i‘&pﬁ% %f‘é{c&’c‘ogggg%?&ﬁgfi@?é 18[;6ﬁggce’$?3}'ﬁ5%&[§fr &mbodiment
illustrated igsddids pabd nehisria xamplaky elasfoadotosial deue utaand thengltvesmbodiment of an
integrated focusing emitter with a direct tunnelin em'tte[a,S F{g. Iglis a perspective view of an

ing the

exemplary SRiBeHiHeMESE, H}gﬁgﬁ; e ramplexity of bui ectron focusing structure

10  with dielectric material hinders the rapid development of new products using cold
cathode technology. In order to further the introduction of new products using cold
cathode technology, more cost effective and simpler processes for building electron

focusing structures and ultimately the mass storage and display devices are needed.
15 SUMMARY OF THE INVENTION

A method for creating an electron lens includes the steps of applying a
polymer layer on an emitter surface of an electron emitter and then curing the polymer
layer to reduce volatile content.

20 ,
BRIEF DESCRIPTION OF THE DRAWINGS

The invention is better understood with reference to the following drawings.
The elements of the drawings are not necessarily to scale relative to each other.
25  Rather, emphasis has instead been placed upon clearly illustrating the invention.
Furthermore, like reference numerals designate corresponding similar parts, though

not necessarily identical, through the several views.

Fig. 1A is a top view of an exemplary embodiment of an integrated focusing

30 emitter.



that incorporates the invention. Fig. 4 is a cross-sectional view of an alternative exemplary
embodiment of a display device that incorporates the invention. Fig. 5 is a perspective view of an
[8%%50 . . . . . . .
exemplary odiment of a mass storage 10 device that incorporates the invention. Fig. 6 is a
cross-sectional view of an alternative exemplary embodiment of a mass storage device that
incorporates the invention. Fig. 7 is a block diagram of an exemplary process usedot4eate an
integrated focusing emitter including the steps to create an electron lens that incorporates a 15

I I . Figs. 8- ' ' lect
polymer spacer lay: 38 e ALE U Hon~ P SRR PIRARTR AIERRIRGEGalg, o eloctron

e electron lens of the inveéntion. Figs. 15-16 are charts that illustrate
exemplary kegnpérature profiles for alternative annealing processes used to create an electron emitter.

20 Fig. 17 s an illigiraign, oL e, applcalion el auRelvmey vt s cleclisnapmilieragee. Fio. 18is
a chart of an exempfary curing process US&d 1o extract volatile -content from e polymer layer shown
in Fig. 17. higegtféd focilkisgratotteofvith aldpesittomnelingoemitective layer on the polymer 25 layer. Fig.

20 is aé1 iIIustratio%.of e maskin% and etchi %f the clonduc iV .I%?{ gfa@% %%%)ecreate an electron
t

lens opening. Fig. 28 i3 8% MTUShY %‘ﬁe ST rSEUTTEFR SDSTIveEHE I}ng procgs 2'&fches the

polym(_a_r Iayﬁmtmeo{:msaéhmelbﬁ/tmﬁmit_tgr surfacc_a. 30 Fig. 22 is an iIIustrgtion of the result of a
Gevostion o« oot loie o ek el LG (e e S do01o 15042
reduce costissphy diowdaiacidoogdartecdssingeatips, the invention
Fig. 5 is a perspective view of an exemplary embodiment of a mass storage
10 device that incorporates the invention.
Fig. 6 is a cross-sectional view of an alternative exemplary embodiment of a
mass storage device that incorporates the invention.
Fig. 7 is a block diagram of an exemplary process used to create an integrated
focusing emitter including the steps to create an electron lens that incorporates a
15  polymer spacer layer.
Figs. 8-14 are illustrations of exemplary process steps to create an electron
emitter that provides a base for the electron lens of the invention.
Figs. 15-16 are charts that illustrate exemplary temperature profiles for
alternative annealing processes used to create an electron emitter.
20 Fig. 17 is an illustration of the application of a polymer layer to the electron
emitter base.
Fig. 18 is a chart of an exemplary curing process used to extract volatile
content from the polymer layer shown in Fig. 17.
Fig. 19 is an illustration of the deposition of a conductive layer on the polymer
25  layer.
Fig. 20 is an illustration of the masking and etching of the conductive layer of
Fig. 19 to create an electron lens opening.
Fig. 21 is an illustration of the result of a selective etching process that etches
the polymer layer to expose the electron emitter surface.
30 Fig. 22 is an illustration of the result of a deposition of a emitter cathode layer

to finish creating the integrated focusing emitter.



5 incorporates using a polymer layer as spacer material between the electron emitter and the
focusing lens thereby creating an integrated focusing lens. To allow for incorporation of a polymer
spacer Iayér Several problems must be overcome. First, polymer material generally has volatile
components that can outgas over time. This outgassing can be a concern when the electron emitter is
operating in a 10 vacuum, typically less than 10"5%orr of air pressure. The outg?a@ﬁﬁé(}%polymer
material can affect the air pressure level, thus requiring an active vacuum pump or getter material to

remove the reIea%gfm%ﬁ%ﬁg@ﬁrdf:mﬁﬁgﬁgﬁﬁﬁlﬁp&w? are released into
the vacuum during operation, an emitted electron can strike a portion of the volatile content and ionize

it. If there is a large voltage 15 potential bétMEORIMIZIhENts in the devices incorporating the electron
emitter, the ionized volatile component accelerates toward the cathode of the emitter and collides
with it, thereby causing damage. Thus, it is customary to use spacer material that does not outgas.
The invention incliidesducetidossspmd esvofohee dusigdr o eastimgaitepas the doregrgisignificantly the volatile
contents of {ne polyer marcnalsuch hat avacuum 20 ol ssa ban 05 Ton can e majntained
without actVeVBRGUR pun%plnpg. gxelcona’, bt RIS o the matenal interface Charac erls%l%s, high stress
interfaces tarfexisingcoue eresepplyvatingpadatapated i arsintherontioalieevrfmterial used to create
the electron lens. A hig}h tres? interface can result in rou%l surfaces and cracks in the conductive
material thaR$RTGRTALE AP PR ARISE oyt SRRl BT TARES PSR VESEBI includes using
preferably a substpittiaihyyatermaierial fehthialgdeduaiyelclayriporentfahiheaaleatpan devs. Third,
because the polﬁgr material is etc%ed bﬁl usingvfge qpeqin in the.ttconductiv? layer for the electron
lens as a MHER for S ARG BEIGHE PR SART TR RATTS SO EL S BISTEIABR X M2 for an etch
profila gvith vainimms| typidalBUIERgIRMN Woddioine aingrstives|aYae thatissisg dffpotireeziectron lens. Too
much undercuttin 100%&150 5 2 Nov 2005 caexst%s} the conductive Iaé/ier to not have adequate support

and might CAR[E€EEhEAB| e REHREE X e P TS A AR A A At B PPYB B8 Lirth, the etching
process forgdhe pRi¥Kes RAakal s wmstrerRhsioniflicasibsetsls. Further, if the volatile contents

of the polymer are released into the vacuum during operation, an emitted electron can
strike a portion of the volatile content and ionize it. If there is a large voltage

15  potential between components in the devices incorporating the electron emitter, the
ionized volatile component accelerates toward the cathode of the emitter and collides
with it, thereby causing damage. Thus, it is customary to use spacer material that does
not outgas. The invention includes a curing process for the polymer material that
reduces significantly the volatile contents of the polymer material such that a vacuum

20  ofless than 10™ Torr can be maintained without active vacuum pumping.

Second, because of the material interface characteristics, high stress interfaces
can exist between a polymer spacer material and the conductive material used to
create the electron lens. A high stress interface can result in rough surfaces and cracks
in the conductive material that might affect the performance of the electron lens. The

25  invention includes using preferably a substantially gold material for the conductive
layer used for the electron lens.

Third, because the polymer material is etched by using the opening in the
conductive layer for the electron lens as a mask for etching polymer material, the
etching process preferably accounts for an etch profile with minimal undercutting

30  under the conductive layer that is used for the electron lens. Too much undercutting



the conductive layer used for the electron lens or leave residue from the etching 5 process on the
emitter surf%g,les. Any material on the emitter surface, such as traces of the conductive lens layer or
polymer matenal can affect the performance of the electron emitter by changing its emission
characteristics. Fifth and most important, the etch selectivity of the polymer etch process is important
s0 as to not significantly etch the emitter surface which can damage the 10 elecJfeder. Thus, the
etch process of the invention balances the etch conditions to trade off etch rate, etch residue, etch

selectivity of %L%&&%%?%&ﬁ%&%@% lectivity of the emitter surface, and etching power used.
By choosingathe proper paramef1 rs(,atrgrg Eé({:[lg‘ﬁige?eé%%l\l/#ﬁ %‘é%/oegeﬁnté]fam ﬁt;/‘ﬁ%léﬁegrga ?iweé:%?ﬁ%tter surface
greater thaans0o(dcgrecidévmakd SnNnet erspatetpropeny.invention will become apparent in the

following descriptpmkp{ﬁg%rtrc%n rbqo%l%gsr II;i eer‘qbodimentsgif the invgntiogfél’hqé(/sg iconductor

. (4 €r materl ust not si .
devices of the present invention are applicable to BW¥osd range of SERTIRbRENHSPH: echnologies

and can betfatwicatedifrotnyaruasddtfooths etnitmmdensooritaterialdd @O fida fiadletwhigegdescription

dlscusges seveéal Bret%%netll,l\{ ref(;:-%rrrfegeerxkf)lodlment ofﬁ?e semiconductor devices of the present
p e [

invention agrgrcefesra%lylm Emented i si Xo%ast;% azt?éltése, TR ?ﬁbﬂ‘l ARFEREY available

semiconductercdaticesyalenddhyarategolysidicontstibbtzaiagfen dhhperfioshag® araily encountered
applications ,of the%eser%in\gention will involve sjlicon sybstrates. Nevertheless, the present 25
t

invention mAgHIL0 AU Y SRKPE A AN ShaRSIRT S senide, germanium, and other

semiconductor matéftiakmdiacer dinglytatiipthsesensdrniigniamopinardetipledigited to those
devices fabricated in silicon semijco ucﬁ)yr mﬁéﬁrials, but will_include those devices fabricated in one
a

or more of tHE A ANLHIAE A Cb I SF A FATRIR AT HSE SHTRSG YLD SRAAEME8A RS skilled in the art,

for exeonple]dbirodilematetranbisiahé Hich) pasiso kil dminehiolybiisait othe ek solRbiiaias. 10015150 6
2 Nov 2005 It shoul lcé%goted that the drawings are not trye to scale. Further, various parts of the

active elem@rifads BREneiraRmTidrelh wisttivitini dhrsromeyetie lens layer, etch

selectivity of the emitter surface, and etching power used. By choosing the proper
parameters, an etch selectivity between the polymer and the emitter surface greater
than 1000:1 is achieved.

15 More aspects of the invention will become apparent in the following
description of preferred and alternative embodiments of the invention. The
semiconductor devices of the present invention are applicable to a broad range of
semiconductor device technologies and can be fabricated from a variety of
semiconductor materials.

20 The following description discusses several presently preferred embodiments
of the semiconductor devices of the present invention as preferably implemented in
silicon substrates, since the majority of currently available semiconductor devices are
fabricated in silicon substrates and the most commonly encountered applications of
the present invention will involve silicon substrates. Nevertheless, the present

25 invention may also advantageously be employed in gallium arsenide, germanium, and
other semiconductor materials. Accordingly, the present invention is not intended to
be limited to those devices fabricated in silicon semiconductor materials, but will
include those devices fabricated in one or more of the available semiconductor
materials and technologies available to-those skilled in the art, for example, thin-film-

30  transistor (TFT) technology using polysilicon on glass substrates.



been exaggerated in relation to other dimensions in order to provide a clearer illustration and

understanding of the present invention. 5 In addition, although the embodiments illustrated herein are
. 10015130 . . . . . . . .

shown in two- dimensional views with various regions having depth and width, it should be clearly

understood that these regions are illustrations of only a portion of a device that is actually a

three-dimensional structure. Accordingly, these redjions will have three dimens%h%%‘ﬁﬁ@ﬁléing length,

width, and depth, when fabricated on an actual device. 10 Moreover, while the present invention is

illustrated by prefﬁrgﬁllﬁ;uﬁl@g@gg@ﬁﬁ%@ tﬁé@&’\gl%?%% %Fﬁ{?edtéos gﬁﬁqu:%gggl%gg&ic devices, it is not

intended that these illustration be a limitation orrthe scope or applicabi the present invention. It
is not intepelsidfittethetivetitlenaent chertrontddavitiewntorreghee Seartamvdiniensioadihaived to the

physical spueiuies Justiied, Jhess SRS e lcldstilo domenstiaig e 15 ity and

. . ?n €xXa %rer. . .
application of the pﬁ%sent Invention to presently preferred an rnative embodiments. Fig. 1 Ais a
top view ofldusextondaduadsdrstdimery of teepiesenttiomafitidnintegrates an electron lens and preferably,

but opgionally, an glegliosiatic ahield ' an clection emilier KLEWJApe cleqiian emitter 20 emits
electrons that are 20 focused usmé a co-planer electron’lens (igeﬁavmg al}ens opening 18. The
co-planer tmerdsosaloriews wittavaoiods ctigiota ey anpdeptiedd ditvidvnliagkophidetidtadkative to a

thod f ft lect itter 20,.Th t It h | ometry, and
Citance MURQGEE SROLHBAFEAR HER0E AESINTHEL RO CL AR BERRAL BARAFRLIFLD the co-planer

electron leasnifilyQptessalymensibaassme wendactvadlayby, fasrégtoaewilnaklemsed6 is a co-planer
shield 14 that is held at a different voltage than. the co-planer lens 16. Preferably, the voltage of the
co-planer gr%?&siﬂ’ﬁ% H@%é’f‘%ﬁ?ﬁhﬁg}n@\‘}o‘r@& ﬁ&%éh%&%‘@@b%wm@é%%n beam
emitted by Nieeelee!iahiRNidgrdlnt e aniplrisallishatdd by paganriedrdanietaatbe-planer shield 14
by a gap 22 to provide electrical isolation. 30 Fig. IB includes a.cross-sectjonal view of the focused

emitter of EGPYAITIER HHEHIQABH AR SHRATRRIG ferisesnt denes ISPReIHBALRSE of the electron
beam 1001fdathion bOY RRffation on the scope or applicability of the present invention. It is

not intended that the active and electronic devices of the present invention be limited
to the physical structures illustrated. These structures are included to demonstrate the

15  utility and application of the present invention to presently preferred and alternative
embodiments.

Fig. 1A is a top view of an exemplary embodiment of the invention that
integrates an electron lens and preferably, but optionally, an electrostatic shield, with
an electron emitter. In Fig. 1A, the electron emitter 20 emits electrons that are

20 focused using a co-planer electron lens 16 having a lens opening 18. The co-planer
lens 16 is formed on a conductive layer and is held at a voltage potential relative to a
cathode surface of the electron emitter 20. The amount of voltage chosen, lens
geometry, and distance from the electron emitter 20 determines the amount of focus
performed by the co-planer electron lens 16. Optionally, on the same conductive layer

25  asthe co-planer lens 16 is a co-planer shield 14 that is held at a different voltage than
the co-planer lens 16. Preferably, the voltage of the co-planer shield 14 is held at
about the same voltage as an anode target for the electron beam emitted by the
electron emitter 20. The co-planer lens 16 is separated from the co-planer shield 14
by a gap 22 to provide electrical isolation.

30 Fig. 1B includes a cross-sectional view of the focused emitter of Fig. 1A along

the I-I section. Also included is an anode 76 that is the target of the electron beam



from electron emitter 20. The electron emitter 20 can be one of several types such as a direct
tunneling emitter, a metal-insulator-metal emitter, a metal-insulator- semiconductor emitter, an array of
spindt tip emitters, or a single spindt-tip emitter to name a few. The electron emitter 20 is formed
within and/or disposed on a substrate 5 10, preferably a silicon substrate but other substrates such as
glass, germanium, or gallium arsenide, for example can be used instead and s&IN#eéPtRe spirit and
scope of the invention. Disposed on the substrate 10 is a polymer layer 12 used as a spacer for the
co-planer leps 16, and co-planex shi rmed in a conductive layer. The electrons emitted by the
electron erﬁﬁ(t)g} %chrr%nfgrgditgﬁﬁgy fri]%e%efx%étﬁgr}i%ﬁ@gfrgga%%&ﬂﬂ?ngtﬁsg (Sﬁ% g%lsr?é:?i@sand are
attracted toatHeemn admeltnihedmnist g ef enatalyihaith tiranétig lepisetye mottddastdsadive to the electron
emitter 20. The anaode 76 is islposed an _anad -Itens diﬁtance 24 to achieve a focused spot on the
node. If theF TS AR SHHSEE Pt ol R L I RN LR NEIE PR ETREHS cistance
thereby creatingaddargdieiedtmsiatemiticn2te fatneditinnibocoigpanay ahictdYsyste 14 is 15

optlon%lly ua?d a qld at.about tget Same dﬁm% entlaESs 1'the angde 76 to reduce the electrostatic force

26. If the anodB 76 e Tefi*At & Anode-fens Uistance S aten tha ﬁ%a%ﬁ&?mmo%e 26 is weak

enough for galjivenaagplidatifon etzenpbocptabensiiéididd imdotienessaesphiy.addsespdlostration of an
exemplary direct tunneling.emitter that 20 jncorpqrates an integrated electron lens of the invention to
create an i&@d%@&l%cﬁwﬁﬁa%f Cf’“#f%‘.giﬂﬁ&ﬁ e %hb%ﬂ%ﬁé%aiépﬁ%f bly a silicon
substrate piedesaiiheavily topetlc Syhsikataidld isaitemmativedycanyuetiey1epadurtive material or

substrate that provides a supply of electrons. On substrate 10 a stack of _thin-film layers 38 is applied

I
or process&EEFRRS SRR BYdRE RIRFERR GTRIRES0 are SectsAdmapuslpstisofieldifgsmedd on the

substrate 1qame indrafewiiniigssthag 20arhnasd enke V& NERIAN P RARGELLAR ANgSroms. On

the tunneling layer is disposed a cathode layer 36 of p,referablﬁa thin film of metal such as about 50

to about 100'2RRGsHH¥LRsREFIEeARABRGSSERR emitien 2 Car iscanede 76 & LRBASEEADther metals

include but a8t Hnited 183 do Kidiles m&@@aeﬂmoﬁhm.amwwﬁte&%@ On the stack of
thin-film layers 38 is disposed a polymer layer 12 used to space the electron lens 28 from the electron

emitter. Prefeosgiys s Eiphibe papdeitepedirtance 24 requires a small distance thereby
creating a large electrostatic attractive force 26, then the co-planer shield layer 14 is

15  optionally used and held at about the same potential as the anode 76 to reduce the
electrostatic force 26. If the anode 76 is held at a anode-lens distance 24 such that the
electrostatic force 26 is weak enough for a given application, then co-planer shield 14
is not necessary.

Fig. 2 is an illustration of an exemplary direct tunneling emitter that

20 incorporates an integrated electron lens of the invention to create an integrated
focusing emitter 60. In this embodiment, the substrate 10 is preferably a silicon
substrate preferably heavily doped. Substrate 10 is alternatively any other conductive
material or substrate that provides a supply of electrons. On substrate 10 a stack of

thin-film layers 38 is applied or processed to create the direct tunneling emitter. A

o
wn

tunneling layer 30 is disposed on the substrate 10 and is preferably less than 500
Angstroms, more preferably about 100 Angstroms. On the tunneling layer is disposed
a cathode layer 36 of preferably a thin film of metal such as about 50 to about 100
Angstroms of platinum, although other metals can be used. For example, other metals
include but are not limited to gold, iridium, molybdenum, chromium, and tungsten.

30 On the stack of thin-film layers 38 is disposed a polymer layer 12 used to space the

electron lens 28 from the electron emitter. Preferably, the polymer layer is between



10015150 8 2 Nov 2005 about 2 to about 12 micrometers thick or greater. An anode 76 is disposed at
a anode- lens spacing 24. The electron lens 28 is held at a voltage potential relative to the cathode
layer 36 and’tré4tes an electric field 34, which focuses the electrons emitted from the electron emitter
to create a focused beam 32. The electric field 34, the lens 5 opening, and the anode-lens spacing 24
are chosen to provide a desired spot size on the &node 76. Fig. 3 is a partial vieWef dA%mbodiment
of an exemplary display device 70 that incorporates the invention. A cathode layer 78 has electron

emitters 20, dj [ ithi . legtro 04.Disposed on the cathode
layer is a 1?)%%3%%?3@915{%%%;% %%#ep r%‘gge éﬁllgﬁgs%egye% (§:§e§g§§% %%pﬁgﬁ%?ﬁae%n\?wﬁi in the lens
layer 40 anldrtheppoiygizt.|ahter dectnen dpmtigitdat alloltagepekentialréletives®dtheto exit and reach
pixels 72 on the anode 76, preferably the, displ en.. The pixels are preferably made up with
phosphor rﬁé&%:r,]ae’f regrgifa\[lgl éje rchrgara\tggﬁpo%lweeft%cgﬁ ?ﬁ% tipl‘ghf:co ofr8 e 5rfﬁ§u%ﬁc§rs°?83, F%egn blue. When
the electrotirbmatie s0:cemahesitive ixetatta @ ued pbas@or Thatdsetris fxkited] thetlmelectrons and

emits @hotons that Creffé&?e ws@l%&gh&. Elgd 4 I3 aarg_fazll%ternatlve embodi enté)f an integrated display

device 80 thAT1S SnaSHratsd i Crogs: SBEHOR fzorm. 85Frﬁé(épar?ev Siéap %%/“8 VRY 86928 a substrate 10,

preferably éhsiinodesifhstrate that is processed with semiconductor processing to 20 include a stack of
thin-film layers 38 that incorporate electron emjtteys 20. The electron emitters 20 create electron
beams 50 which r@ééﬁ%éj"&ét@lﬁﬁﬁ ?‘;ﬁ&&i’l"éﬁ“‘ﬁﬁ‘é& Br it ﬁ@’ré‘?@f‘?‘?ﬁféﬁ&f? ésposed on the
stack of thitniilindaysseis theinpetivar layathbdéhaydias hassisgrooainw e BrURpdeams 50 to pass

through to lens layer 40 disposed on the polymer layer 12, The lens layer 40 has openings for 25
focusing (e ROV HRR RS SRR elipray prear 89, Hieparepiay Pixsrewss lrsithitPwithin anode

86 thap capuremanyyap elechintfer has dispiaxyiuisidpaed onededithadaxdinipgrd on the display
screen 82, preferably a glass or other transparent sulstrate. The anode 86 is spaced from the lens

layer 40 by P8 REEMEF NI RRASEP Brirrabh A RBTRE SShr BB ARy ARt e Seal 86 is
placed aroyhnexi@nd reach pixels 72 on the anode 76, preferably the display screen. The pixels

are preferably made up with phosphor material, either in a monochromatic or multiple
color order, such as red, green, blue. When the electron beam 50 reaches the pixels
15 72, the phosphor material is excited by the electrons and emits photons that create
visible light.
Fig. 4 is an alternative embodiment of an integrated display device 80 that is
illustrated in cross-section form. The integrated display device 80 has a substrate 10,
preferably a silicon substrate that is processed with semiconductor processing to
20 include a stack of thin-film layers 38 that incorporate electron emitters 20. The
electron emitters 20 create electron beams 50 which are used to excite display pixel 84
made of phosphorous material. Disposed on the stack of thin-film layers 38 is a
polymer layer 12 that has openings to allow electron beams 50 to pass through to lens

layer 40 disposed on the polymer layer 12. The lens layer 40 has openings for

)
[94]

focusing the electron beam 50 onto the display pixel 84. The display pixel 84 is
formed within anode 86 that captures any stray electrons. The display pixels 84 and
anode 86 are disposed on the display screen 82, preferably a glass or other transparent
substrate. The anode 86 is spaced from the lens layer 40 by a spacer 88 that is also
preferably a hermetic seal. Optionally, an alternative seal 86 is placed around the

30  display to further provide a hermetic seal or adhesive joint between the display screen

82 and the substrate 10 with its stack of thin-film layers 38 and polymer layer 12.



30 display to further provide a hermetic seal or adhesive joint between the display screen 82 and the
substrate 10 with its stack of thin-film layers 38 and polymer layer 12. 10015150 9 2 Nov 2005 Fig. 5 is
a partial vieW'0Fan exemplary embodiment of a mass storage device 90 that incorporates the
invention. In this embodiment, the mass storage device 90 has at least three substrates, a substrate
10, a rotor substrate 92, and a stator substrate 94 The substrate 10 has a stackb¥HARIm layers
processed on it that contains active 5 devices such as electron emitters 20. Disposed on the stack of

thin-film layers 38.is a .polymer. layer 12 that provides spacing for electron lens 28..The electron lens
28 creates a focuIé‘?e% %(lasa%{)gél?ﬁgﬁg Sgéﬁ 0 ?@gmrﬁéﬁﬁérn%giigﬁoﬁ Sessotfﬁ%ecge(‘)’fc?nedia 96 on
the rotor sulistiatd drjdratesehiéasunition. idpthieeaiipdimete, uheahasspitaagctarige 90aterial that can

exist in either a crystalline or.amorphous, state 10 depending on the time and amount of energy
expended %ﬁﬁ%gﬁ%&’dﬁﬁ%ﬁ%féﬁﬂﬁ%éﬁ%@ ]\,@h% ﬁ&%o%%&%&%r &S%%WESH@&% to read the
crystalline o amb¢Ehbssastalchalacksodndiddiaates dfs e deiadsstbRttaie adina daader circuit 98.
The reader _circuit 98 incluges an amplifier 95 that detects the current in the rotor substrate 92
B e e e R T NS e
amorphouspspah&3ldher amensniped ddeespasinie folletstioienanmlifae lscwdnsedif@gent than when the

focused beam 32 strikes rystallinﬁ?zr,ea. Preferably, a conventional dlf:ﬂ?tal media recording format

is used to rkaIEF IBFHISHGITARN thre AL AT SRS S AR S Bt SRt nergy focused
beam is preseditegetethBeseitacRiniine nedmdméaiassitact ioraadniionad tp egal 20 rapidly. To

remove the amorphous spot and return the media 96 to a crystalline state, the amorphous spot 93 is
heated wittPBeRfghanas Gipterielsbatisan s Brithrodvad 8l nsorsInoRPRusIS#s changing the energy
of theﬁPCU%%gémﬁg 88 thd irRel SR SRIRPORAINSHRIRHINASS RIByaRE fdelicq 4@PHbAL incorporates

the invention illustrated in cross-sectional form. A substrate 10 has a stack of thin-film 25 layers 38
that incorpdiids aeleclpshrowriclestoriieyndsdss thacadtie SIFHlNaOmIBIT®YS a polymer

layer 12. Digprsef QRHIROMBERIPHPIE 2dRARBIREIOTIBYS: 1BY&, 2R URPIFIOTREYSRIGCIrons from
electron emitters 20 into a focused beam 32.
circuit 98 includes an amplifier 95 that detects the current in the rotor substrate 92

between media contact 91 and substrate contact 97. When the focused beam 32
15  strikes an amorphous spot 93 the amount of current which flows to the amplifier
circuit is different than when the focused beam 32 strikes a crystalline area.
Preferably, a conventional digital media recording format is used to record
information in the media 96. To make an amorphous spot, a high-energy focused
beam is presented to the surface of the media 96 for a short time and allowed to cool
20  rapidly. To remove the amorphous spot and return the media 96 to a crystalline state,
the amorphous spot 93 is heated with a high-energy focused beam 32 and allowed to
cool slowly by slowly changing the energy of the focused beam 32.
Fig. 6 is an exemplary integrated mass storage device 100 that incorporates the

invention illustrated in cross-sectional form. A substrate 10 has a stack of thin-film

o
wn

layers 38 that incorporates the electron emitters 20. Disposed on the stack of thin-film
layers 38 is a polymer layer 12. Disposed on the polymer layer 12 is an electron lens
layer 28 used to focus electrons from electron emitters 20 into a focused beam 32.

The substrate 10 and its stack of thin-film layers 32 and polymer layer 12 are attached
to a rotor substrate 92 using a spacer 88 and seal 89 to provide an evacuated

30 environment, preferably less than 107 Torr. The rotor substrate 92 has a movable

portion containing media 96. The movable portion is attached to the rotor substrate



The substrate 10 and its stack of thin-film layers 32 and polymer layer 12 are attached to a rotor
substrate 92 using a spacer 88 and seal 89 to provide an evacuated 30 environment, preferably less
than 10-5 18 >t he rotor substrate 92 has a movable portion containing media 96. The movable
portion is attached to the rotor substrate 10015150 10 2 Nov 2005 92 using springs 152, preferable
formed and etched from rotor substrate 92 using Yfhicro-mechanical machining fetikig0@s. The rotor
substrate 92 is attached to a stator substrate 94 by seal/adhesive 158. Electrical contact is made by

nter-subSUBIG, SRIVAAIRL T, ThersIAY FhEOIS .08 MG PRk ubsiaie B gprol the movement

5 of the movable e rotor substrate 92 by the use of an electrostatic stepper motor 154.
The electrosiaticrateppaicah otocHibih isterhidqaedy Tevmitte substiatt 9D d atadied tirestabor but some

embodiments may limit the moyemen a.single djrection.. B oviding for movement of the media
96, each efé@tsr%%}%gnq:t rsﬁﬁi%anerség?jjv%%teﬂfeé\{/%% 88&%9\@%%%%%% %,s'tlllﬁgggaﬁ?oviding for
increased dematiys abmforheatianrldibiatag 04 hhé helyrnar datyeral9rovides {theé sepaméan of the

electron lens layer 28, from the electron emitter 20. Eig. 7.js a flowchart of an exemplary general
procegjs] us%?otkfg %‘éﬂ%{%ﬂomf)é’g?féa RS té?ﬁ?t@rg? (:tﬁfzdﬁs@ ?\gg%fi%%r?&t@%a%%ﬁ’glectron lens
using a palysnar iSEacEhdalestrstate peppesmetepshiz prefonghbymeorablsviiadigesaddifferent 15
technologies for (r:ﬁgeating 351 iIntegrate f%écusin emi r.ﬁiin%conventi%]al .segiﬁi)nductor processing
techniques R HS tHER DU ARIRE S AR UM R dPut e FEQU SR L IR R &IPS UM the selection
of a substrateppyeigirabiyrsiicosniuit othte mebiiFicsahelsoaon émitasrskiledadrshiteart and can be
substituted and still meet the spirit and scope of the g;vention. The purpo G%t‘((?ﬁf the substrate is to

provide a 265t iQF s QRgREdih do bl PIrdia8 IPLinRTERS T SN B P HIRIOEMBHO e ssing of a stack

of thipgfilm Jaygss thatCsuliaiite/alacting B aNtRIraBpaalse i MroeRsENYIShheydnidgrated electron
lens. In steg 102, an isolation layer is created on the substrate with at least one opening to define the

location of gleptemieiidas by masking and growing 25 or depositing dielectric materials.
For a silicon substrgte; {he iRlRYRAR BYSE &emplary general process used to create an

integrated focusing emitter including the steps to create an electron lens using a
polymer spacer layer. These process steps can be implemented with several different

15 technologies for creating an integrated focusing emitter using conventional
semiconductor processing techniques known to those skilled in the art. The integrated
focusing emitter begins with the selection of a substrate, preferably silicon but other
substrates are known to those skilled in the art and can be substituted and still meet
the spirit and scope of the invention. The purpose of the substrate is to provide a

20  source of electrons and also to provide a stable platform for further processing of a
stack of thin-film layers that contain the electron emitter and also the processing of the
integrated electron lens.

In step 102, an isolation layer is created on the substrate with at least one

opening to define the location of the electron emitter such as by masking and growing

25 or depositing dielectric materials. For a silicon substrate, the isolation layer is
preferably field oxide growth (FOX) or other dielectrics such as thermal oxide, silicon
nitride, silicon dioxide, or silicon carbide to name a few. In optional step 104,
depending on the isolation layer used, an adhesive layer such as tantalum can be
placed (disposed) on the isolation layer to allow for better adhesion of a first

30 conductive layer that is applied in step 106. In step 108, the first conductive layer is

patterned, preferably with photoresist, to create an opening for the well of the electron



preferably field oxide growth (FOX) or other dielectrics such as thermal oxide, silicon nitride, silicon
dioxide, or silicon carbide to name a few. In optional step 104, depending on the isolation layer used,
an adhesivE8y8r such as tantalum can be placed (disposed) on the isolation layer to allow for better
adhesion of a first 30 conductive layer that is applied in step 106. In step 108, the first conductive layer
is patterned, preferably with photoresist, to creatélan opening for the well of thé &e¥t#8H10015150 11
2 Nov 2005 emitter. In step 110, the first conductive layer is etched in the opening, preferably a wet

etch to create. Jﬁ-n a isotroqilcop{ fiﬁrgtltho%agtg[pfer etch teﬁ%gi%ut S can be SUbfoStit(E ed such as a dry

etch. In steef)nﬁ 5 the Ahesive gyer |sc°pnre erablyaﬁ%ltsatectﬁe 10 Cre R UG ef)? rBfile. The

etching of thetatiiesiwedagemnianisitpepio prigileafl honghisehiétbely pibingd wdlagive layer is not used or
applied in step 104. In step 116, a tunneling layer is preferably deposited op the exposed substrate
oftace and RGO HE Pk Stel ATGEd o CrABETEr SR e L Sve and
adhesive layeféattiagteptdic pisitiabiha didfigupersalifesisedaierempeypdieraridesn material and
to lift off the tunneling material that was_disposed on the patterning material 10 withqut removing the

tunnelihg nsassRititheg b adbesiysaven bepotised o sRplisddhierotedisindientifeable lift off
Process usgmadliagager @&%ﬁm&%ﬁitd& &QBC%&B&WM@W t%b;ected to an

annealing process that increases the emission current dengity of the electron emitter. In step 122, the

polymer layif RetigimBRisriahssd foretedhe Qrsaingdn Fsdirst cardugtiyq aod adbesi¥eess substrate

with the pojyeey. [ayatds condifierbpatiTioe HiecdehyusidayesineRvaieiaiesaponents and
compounds from the polymer material. The actual curing process used will depend on the type of

polymer mafstia lidhefhe wanelinginaterial thatvwashisenrd riythepatsseingsaaieridle polymer layer for
use in greafing dhe slrclne InPsandiprtianrs el 128 PGP B dGHaaRNdFopnductive layer is

masked and patterned to create the focusing lens. In step 130, the second conductive layer is etched
within the [Rstsétite @bemrfggssw@é&réembl?elm% M PHAsESSTHEH an Srygen3IBhLish pEARRSetch is performed

on the polymer laygrsfo 1R SHIEH6 RLBE SRS YRt RIS IR iPocess that

increases the emission current density of the electron emitter.
In step 122, the polymer layer is deposited on the processed substrate. Then is

15 step 124, the process substrate with the polymer layer is conditioned by curing the
polymer layer to remove volatile components and compounds from the polymer
material. The actual curing process used will depend on the type of polymer material
chosen. In step 126, a second conductive layer is deposited on the polymer layer for
use in creating the electron lens and optional shield.

20 In step 128 the second conductive layer is masked and patterned to create the
focusing lens. In step 130, the second conductive layer is etched within the pattern
openings to create the lens opening. Then in step 132, a selective etch is performed
on the polymer layer to the surface of the electron emitter with preferably little

undercut under the electron lens. In step 134, a third conductive layer is deposited

o
wh

over the second conductive layer and within the lens opening on the surface of the
electron emitter to create a cathode layer on the tunneling layer of the electron emitter.

Figs. 8-22 are exemplary illustrations of the processing of a substrate 10,
preferably a silicon substrate, to create an integrated electron emitter using specific
embodiments of semiconductor processing steps. The process steps shown are by way
30  of example to make clearer an understanding of the invention in a specific

embodiment and are not meant to limit the methods of making the invention.



undercut under the electron lens. In step 134, a third conductive layer is deposited 25 over the second
conductive layer and within the lens opening on the surface of the electron emitter to create a cathode
layer on th&'t r‘lsr(feling layer of the electron emitter. Figs. 8-22 are exemplary illustrations of the
processing of a substrate 10, preferably a silicon substrate, to create an integrated electron emitter
using specific embodiments of semiconductor préessing steps. The process stéPVsH¥Wn are by way
30 of example to make clearer an understanding of the invention in a specific embodiment and are not
meant to limit the methads of making the | ti ) 05 Fig. 8 shows substrate
10 having a FOX-fr!;]11 S Sflz? Vggtstlé%f%%q ?hleﬁrie{%ﬁ% ggﬁ%%cﬁi%ﬁ%’%%e&ﬁéﬁ?oﬁ é%?ﬂ%ra surface.
Preferably beafaxforabk di¢dsenleanidtaraskiasacP mfeaabiptetfobmasls 44 machel mpslotoresist. Fig. 9

shows the gi&mgg O]:i}e f{gldb%(iggoag]od fhé rem%\)/%l ofithe FOX-mask 5 44 from Fig. 8. The field oxide
thickness is yplca?ly Within the range olfg o & , 0 ﬂ’ngstroms. Fig. 10 shows the application of an

optional adhesiveRiyer sHdwar die raiokytharftale fie]drotide R et moities Sthe FSamask over the
surface of t ubstrate 10, Preferahly the adhesive layer 48.is.applied usin Fgéapos't'on process to
a thickhess ST Mt SUB AL IEHE (EEPIodR SRCEIS AIBAE aEa Th D e Agbr 25,
preferably gelgsaorrp of the adhesive layer 48. The preferred thickness of the first metal layer 52 is
about 2000 Angsjroms, If a fir is,chgsen that has dhesjon properties. to the

st metal.layer 52 is, ood
insulating layer cHd&eh4s ﬂvfﬁéi’ﬁd‘ﬁgﬁl 1?8\@/%%9{8‘@}%'?}@ fraye ‘?fiigipf g es the results of

etching of tagthrsthmaiahtayerdandrehifer adifies veetayeves taeluifrctosMmubeiahicg1 dirst a first metal

photoresist is applied on the first metal layer 52 and patterned to define an opening where etching is
to occur. ﬁ{éfsﬁé?m&qﬁ@hssmgéfm&&égdﬁ@ﬁkﬁ@%@?&%}?%gﬁ&&%&@ﬁﬂ@%ﬁﬁﬁ@%urface

defingd in theym@¥onaigstebmshe first conductive layer is preferably wet etched to 20 form an
anisotropic profile in which the portion of the first metal layer 52 next to the first metal photoresist 54

is undercut from thit2opbalyviohtisnaligatenof sispragigblayer 52, preferably gold on top
of the adhesive layer 48. The preferred thickness of the first metal layer 52 is about

2000 Angstroms. If a first metal layer 52 is.chosen that has good adhesion properties
to the insulating layer chosen then the adhesive layer 48 is not required.

15 Fig. 12 illustrates the results of etching of the first metal layer 52 and the
adhesive layer 48. To perform the etching, first a first metal photoresist is applied on
the first metal layer 52 and patterned to define an opening where etching is to occur.
The opening in the first metal photomask is preferably aligned over the emitter surface
defined in the FOX material. The first conductive layer is preferably wet etched to

20  form an anisotropic profile in which the portion of the first metal layer 52 next to the
first metal photoresist 54 is undercut from the opening. Optionally, a dry etch process
can be used. If an adhesive layer 48 is used, then the adhesive layer 48 is preferably
dry etched to form an isotropic profile having substantially parallel side walls from the
first metal layer 52 to the substrate 10 surface. The etching of the first metal layer 52

[\
(9]

and the adhesive layer 48 creates the emitter well 68.

Fig. 13 illustrates the result of a deposition of the tunneling layer 30 on the
processed substrate 10. The tunneling layer 30 is applied to and disposed on the
surface of the first metal photomask 54 and the exposed surface of substrate 10 within
the emitter well 68. Preferably the tunneling layer 30 is applied to a thickness of
30  about 50 to about 100 Angstroms using a high dielectric film such as TiOy, WSIN,
TaAlOy, AlOy, AIONy, and TaAlONy, but preferably TiOy to about 100 Angstroms.



can be used. If an adhesive layer 48 is used, then the adhesive layer 48 is preferably dry etched to
form an |s%5%)g profile having substantially parallel side walls from the first metal layer 52 to the
substrate 10 surface. The etching of the first metal layer 52 25 and the adhesive layer 48 creates the
emitter well 68. Fig. 13 illustrates the result of a deposmon of the tunneling layer 30 on the processed
substrate 10. The tunneling layer 30 is applied to'and disposed on the surface A% 288 metal
photomask 54 and the exposed surface of substrate 10 within the emitter well 68. Preferably the
tunneling layge 30 SBRPURILIRR HIFINGSROL 3B AROHEsE HeRRANIQRIMARIRIMRBSEY @ high
dielectric film such as TiO, WSIN, TaAlO,, AlO,t, AIO,Ny, and TaAIONy, but preferably TiO, to about
100 AngstRbei SDABgsEons PRFIN 299§@th9‘%§§?é¢é‘8@é‘&ﬁ€am#ﬁ5%ﬂdgér§ﬂm based
dielectrics syel) AR ARRH AR RRAMANNARSS IR 5 HiDsRdIRIEQier dielectrics that can be
used to create a metal insulator semiconductor emitter are known to those skilled in the art. Fig. 14 is
an illustration of aFlig: dff pr@@e&%sumft@fémﬁ\ﬁéﬁh@ﬁﬁm medenoa@m@v@rémﬁrmd the tunneling
layer 30 th Oaﬁﬁ oJe tal photoresist
54 an§ the%é?ﬁ%%ﬁﬁiﬁe%gﬁgglﬁgn%q%%%t e flrst %%étcfre%fgtg gg&% téflrg%ﬁy the process
used is dwe&tiomaisghtmgmmmdt@ﬁecmh@lgﬂm@m@l&tlﬁrmd@lmm@ Qﬁhc)gadminmge emitter well
68. Figs. 1 a t r vey L ter e ealin rocesses 140
and 142, r(fasype%'t(?{/% y{%?zragtgl%%r Ig(gt(e%t%ge%}eesrr%ttz)rrr%:%lf?gﬁr@g%@%glse?%ﬁter (’]f |Ig1;o the processed
substrate b@@f@rtmecmstﬁfettﬂlﬁpﬁlgomﬁstmdgdaaenéﬁ]prsm@ofth@emitwrtmnlb&ﬁ)ut 10 minutes

and held there for, utes the ss suhstra IS sl WIy brought back to room
temperature (aboEagSS %%ve af)oulf m|n |g ibﬂ eet%rré?:tggéaeﬁvg&gn rg1 ?nglo is raised from

rooml 5 tepnpeiatisr &4 aiiﬂbLAZi@é)sﬁbm‘admmsm mmutemsaﬂté leﬁi'dtelmtmﬁm oo 180 minutes. Then
the processed subst te slow ac om te r the co se of about 100
minutes. PR EEiEs DR e PR e LS hd Skl b FHeed &
temperature of 400 C within about 10 minutes and held there for about 30 minutes.
Then, the process substrate 10 is slowly brought back to room temperature (about 25
C) over about 55 minutes. In Fig. 16, the processed substrate 10 is raised from room
15  temperature to about 600 C in about 10 minutes and held there for about 30 minutes.
Then the processed substrate 10 is slowly brought back to room t.emperature over the
course of about 100 minutes.
Fig 17 illustrates the application of polymer layer 56 onto the stack of thin-
film layer 38 on the processed substrate 10. The polymer layer 56 is preferably applied
20 using a positive photoresist such as novolac based resist although it is anticipated that
SU8 material would work. Preferably the resist is spin-coated to about 5.5 to about
6.5 microns thick and baked on a contact hot plate at about 125 C for 2 min. The
thickness of the polymer material is determined by the lens design and can range

usually between about 2 microns and about 12 microns. Because polymer material

2
N

may have volatile components, the preferred process is to perform a curing of the
polymer material to remove most of the volatile content.

Fig. 18 is a chart of an exemplary curing process to remove the volatile content
from the polymer layer 56 material. The processed substrate 10 with the applied
polymer layer 56 is placed in an over and the temperature is ramped up from room
30  temperature (about 25 C) to 180 C in about 1 hour. Then the polymer is cured at 180

C for about 4 hours before the substrate is ramped down back to room temperature in



film layer 38 on the processed substrate 10. The polymer layer 56 is preferably applied 20 using a
positive phl%('g(lnrl(?osist such as novolac based resist although it is anticipated that SU8 material would
work. Preferaf)ly the resist is spin-coated to about 5.5 to about 6.5 microns thick and baked on a
contact hot plate at about 125 C for 2 min. The thickness of the polymer material is determined by the
lens design and can range usually between abodf 2 microns and about 12 microNevB&9ause polymer
material 25 may have volatile components, the preferred process is to perform a curing of the polymer

material (o gemove mostgt he:yalafile.content; Figsh& s fhesul ANBKEMAIZEY curing process to

remove the volatile content fromthe polymer layer 56 material. The processed substrate 10 with the

applied pcﬂ%&ﬂh&@b@ﬁs@@@i@éﬁjn@%ﬁéﬁ%@% Yéﬂ?ﬁbﬁa‘tm’@l@m%ﬁ,from room 30
temperaturg (3bouf éi’u% DG Ut '5‘@a@.ﬂtﬂnlo?QQ'IEh%PpganX%ﬁfd&ﬁ{é@gsﬁ{g]O@xg C for about 4

hours before the substrate Is ramped down back to room temperature in 10015150 14 2 Nov 2005
about 1 hopelyhier baréngProcess is easily adjusted to account to optimize for different polymer

materige. Using Ui 9SASSAMLD e 0atelas hessscesish o PVICSR! oalsalion e vacuum of

x 10"8 Torr can bé faintaine using the polymer lustrates s of an
applicationoafthespalynibchayduttveddysradgnohybe by mearfagebd®emethaseadeds layer. The

interface between.the secqnd conductive.layer 58 and polymer should have a low stress to provide a
smooth sur%%%%ucélﬁgi@lﬁfg\r/geﬁ%o é%@%rr? ({/}é%lsl?grﬁg?&:% Fesgt%ﬂéj R4 |(c%1f'lessn%ﬁ3%ss%f§c§old, which is
malleable, 4od toessenndrackhrativeitisy ibfipcal/idamgunticatoswisttesmmpoaioehith ther malleable

conductive layers or mefpls.and semisanduciors (bt hays 3 Jempsiaiure cxpansion coefficient
substantial'i?/ Siftar 10 the poﬁ/mer hateTial chvden Ran & used A ie S&€ond conductive layer 58.

Thus] the auiual raalkelidsn ohdattvialajerstbemeabnshdosticiivdutayer tisadkpenaent on the choice of

polymer material used to create the spacer petween the emitter, and the lens layer. 15 Fig. 20
ustrates 58 PO A AT AR RSB A FE e polynet Thatera chosen

can be used as the second conductive layer 58. Thus, the actual selection of material
for the second conductive layer is dependent on the choice of polymer material used to
create the spacer between the emitter and the lens layer.

15 Fig. 20 illustrates the result of an etch of the second conductive layer 58 to
create a lens opening having a lens diameter 64. To perform the etch, a second
conductive mask 62, preferably photoresist, is applied to the surface of second
conductive layer 58 and patterned to provide an opening where the second conductive
layer 58 is etched. The opening is determined by the desired lens geometry but is

20  preferably centered over the emitter surface in the emitter well 68. The lens opening
is also used to perform an etch of the polymer layer 56 thereby exposing the tunneling
layer 30 on the substrate 10 surface.

Fig. 21 illustrates the result of the polymer layer 56 etch. The etch is
preferably done in DryTek 384T. Preferably the second conductive mask 62 is left on

9]
(o]

the second conductive layer 58 to prevent the second conductive layer becoming
partially etched during the polymer etch process. During the polymer etch, the O,
level is about 200 sccms, the pressure about 2500 mT, the power set to about 85
Watts, the He pressure set to about 10 Torr and the top temperature to about 20C and
the bottom temperature to about 12C. The etch process takes about 135 minutes to
30 clear about 6.5 microns of resist. The etch recipe generates about 95 V of DC bias.

The etch process balances the etch rate, ¢tch residue, and power to maintain as small a



create a lens opening having a lens diameter 64. To perform the etch, a second conductive mask 62,
preferably ngq%esist, is applied to the surface of second conductive layer 58 and patterned to
provide an opening where the second conductive layer 58 is etched. The opening is determined by the
desired lens geometry but is 20 preferably center?gj over the emitter surface in the emitter well 68. The
lens opening is also used to perform an etch of the polymer layer 56 thereby e%dﬂ@}h%‘)@% tunneling
layer 30 on the substrate 10 surface. Fig. 21 illustrates the result of the polymer layer 56 etch. The

etchis prefprahly dopenurry Tk &ighd-REGaREMhRseraRtrandiotiemBaskGas left on 25 the

second conductive layer 58 to prevent the second conductive layer becoming partially etched during

the polymefreattsiprbee sevushnyla dpehpssartefisyent the ssoadisadsat voryachidrene pressure
about 250Q M the RANELRRHR RBRIE 3R AR R { 2EvS ViR ELN PRRYLIA QYT and the top

temperature to about 20C and the bottom temperature to about 12C. Thé etch process takes about
135 minutesido B0 ftle sreatrsancisdenievbAs BiatasizhoThbteborspeigrensfarabessiachs V of DC bias.

The eteh progess NAIBNFRRINR QIOF RIS BR/EHSs BRAROWESS (8B NRAHRS sall @ 10015150 15

2 Nov 2005 DC bias as possible. The higher the power, the faster the etch rate but more residue
created. Threqsessehsktnbldebec vy datiwepnashe polmecavhthe timnebingd dzigemsBhiansushuttering, thus
causing residue-that.is difficult to remove. Preferably,the Iting._etch profile creates an undercut 61
that s about 1 0o e P s T o TR e s
etched. Bythsinheaohlpebartvich fqrdeepsforeediptvsaie ttiatiyu 6006 dn) tieagialy tharthad the tunneling

layer material, such. as TiQ, is.highl tive, preferably greaterthan 1000:1. Empirical test results
Show that 110 S GERONT 1oL OR0 hesrae A TG s PR e otch rate for
polymér is Abgstr@&faiAngstroms/min and the TiO,, is less than about 1 10 Angstrom/min. Fig. 22

illustrates the application.of a cathgde layer 36 to the surface of tunneling layer, 36, sidewalls of
the emitter well 6 ,l%n%li:hﬁeuglrfrl?g%g%ﬁ R%I%aenc%nn a Gathode ayert?gtol%ﬂe Surtdee O the

tunneling layer 36, sidewalls of the emitter well 68, and the surface of the second
conductive layer 58 after the second conductive mask 62 is removed. Preferably, the
cathode layer 36 is deposited to a thickness of about 50 to about 150 Angstroms of

15  platinum, more preferably about 100 Angstroms. Other materials for the cathode
layer 36 include iridium, gold, and tungsten just to name a few, but preferably
platinum.

It should be noted that it would be obvious to those skilled in the art that many

variations and modifications may be made to the disclosed embodiments without

20 substantially departing from the invention. All such variations and modifications are
intended to be included herein within the scope of the present invention, as set forth in
the following claims.

What is claimed is:



conductive layer 58 after the second conductive mask 62 is removed. Preferably, the cathode layer 36

is deposited i[gof%%ckness of about 50 to about 150 Angstroms of 15 platinum, more preferably about
100 Angstroms. er materials for the cathode layer 36 include iridium, gold, and tungsten just to
name a few, but preferably platinum. It should be noted that it would be obviou killed in the
art that many variations and modifications may be M de to the disclosed embodiments without 20
substantially departing from the invention. All such variations and modifications are intended to be
included herein within the scope of the present invention, as set forth in the following claims. What is
claimed is: 10015150 16 CLAIMS 2 Nov 2005 ]iépf ed emitter (60), comprising: 5 a tunneling
layer (30) less than about 500 angstroms in thickness disposed on a semiconductor substrate (10); a

polymer spager ﬁyggu%ﬁ)emﬁ&s}%g)ggogﬂ%@ﬁﬂﬁponductor substrate (10) and defining a first opening

disposed over the tunneling laye g lens layer (28) disposed on the polymer spacer layer

(12) and 10 defining Wrebimlayssdi) esibesdlond S0 angrieimg imiiekBess, dignosethane first and

second oper&jggﬁlﬁ%@i&[}pg{]&{&g\ ingle opening; and a cathode layer (36) disposed on the
tunneling layer. 2. The tocused emittgr 60) of claim 1 wherein the polymer spacer layer (12) is 15

between about 2 midPEHATEAERABBILIAY 2 HicFoHEPESRKOB g RbicaBEECEN RUSFIBE) E08iim 1 wherein
the polymer ém%glgyfﬁgt(a%éﬁ@? d%%@eﬁ%@éjr Eﬂergmgé(ﬁnéq@gp(ggxtent. 20 4. The focused emitter

(60) of claim 1 wherein the focusing lens layer (28) and thé polymef spacing layer (12) have
substantially the satf@GestseientleyexpAhslisnosesaitibaiolymer spacer layer (12) and

10  defining a second opening disposed over the tunneling layer (30), wherein the first
and second openings are aligned to form a single opening; and
a cathode layer (36) disposed on the tunneling layer.

2. The focused emitter (60) of claim 1 wherein the polymer spacer layer (12) is

15  between about 2 microns and about 12 microns thick.

3. The focused emitter (60) of claim 1 wherein the polymer spacer layer (12) has

been cured to remove volatile content.

20 4. The focused emitter (60) of claim 1 wherein the focusing lens layer (28) and the
polymer spacing layer (12) have substantially the same temperature expansion

coefficient.

5. A method for creating an electron lens, comprising the steps of:
25 applying a polymer layer (122) on an emitter surface;
curing the polymer layer (124) to reduce volatile content.
applying a first conductive layer (126) on the polymer layer;
applying a photoresist layer on the first conductive layer;
patterning the photoresist layer (128) to define an electron lens; and

30 etching the first conductive layer (130) to create an opening.



5. A method for creating an electron lens, comprising the steps of: 25 applying a polymer layer (122)
on an emitteio%%g e; curing the polymer layer (124) to reduce volatile content. applying a first
conductive layer (126) on the polymer layer; applying a photoresist layer on the first conductive layer;
patterning the photoresist layer (128) to define an electron lens; and 30 etching él}\elg(i;%?egnductive
layer (130) to create an opening. 10015150 17 2 Noy2005 6. The method of claim 5 wherein the step
of patterning the photoresist layer (128) includes the step of patterning the photoresist layer to define

a shield layeg. lai I S} ' er layer 5
within the of)% rﬁ Rg %v%t@gbg %L%Erﬁege%}?ﬁ@;ﬁ %3%%%%%@?&% %@Fﬁ%@?&%g@g@r layer to the
emitter surfaiogliglgsdbesitanan 1OBOMNGERhotengsitt Byerdotefinterghielthdageiotoresist layer is not
removed before the step of etching the polymer layer with the selective etch. 10 9. The method of

claim 7 wherein the polymer etch process conditions are set to balance the conditions between etch
rate, etch regiddde @ethpeadile]ambniiitheraaDEribiag thesiap, afrriohisthibe pelbiaien AYeherein the etch

profile has apnderR-g APt TUEORiVe AR SRR IRPHAAH LF etdmsEBIHY etch depth.

polymer layer to the emitter surface is greater than 1000:1.

8. The method of claim 7 wherein the photoresist layer is not removed before the step
of etching the polymer layer with the selective etch.

10
9. The method of claim 7 wherein the polymer etch process conditions are set to
balance the conditions between etch rate, etch residue, etch profile, and minimum DC

bias.

15  10. The method of claim 7 wherein the etch profile has an undercut of about 1 micron

to about 2 microns per about 6.5 microns of etch depth.





