WO 02/ 103738 PCT/ US02/ 18436 5 10 | NTEGRATED FOCUSI NG EM TTER BACKGROUND
OF THE I NVENTI ON 15 The present invention relates to the fabrication of

| ens desiwo okan37es ectron emtters, particularly those el @ctrruso2/esiBét ers
used in mass storage and display devices often incorporated in nmany

el ectroni c devices. Conmputing technoIoPy continues to becone | ess expensive
whil e providing nore capability. To all ow conputing technol ogy to conti nue
t hese positive trends, 20 peripheral devices such as nass storage devices
and di spl ay devices must continue to advance. Mich criticism has been
voiced in the trade press about the lack of mass storage devices such as
di sk drives, CD-ROMs, and DVD drives, to nane a few, to increase their
data rates up with the advanci ng speed of the m croprocessors found in
contenporary personal conputers. However, hard disk drives, for exanple
have been 25 able to increase their storage density tremendously over the

| ast decade but are now encountering physical limtations that prevents
further progress in this area. Display devices, such as LCD nonitors have
had difficulty in fulfilling demand due to the conplexity of manufacturing

themw th near-zero defects. Further, the use of passive LCD technol ogy

has reguired the additionnﬁf (?ﬁfs bgliﬁ I viewing in 30
di ffe?@nt anbi ent |i ght con(fT |olri;§ t eégg;m%ﬁméﬂ%st and i ncreasi ng power

requi renents. El ectron beamtechnol ogy has been present for many years in
consuner products such as television (TV) tubes and conputer nonitors.
These devices use what is known as "hot cathode" electrodes to create a

source of el ectrons that BAGKSRQUNBPOEIHBLINVENTEINSed on t he vi ewi ng
screen. Wile research has taken place in a WO 02/103738 PCT/ US02/ 18436 2
nunber of new technological fields with em ssion devices, the field of

Lo N TR O D ShE ST BT e o, o
conver t i ngmithdrs, pagictlackytthodeldctoh rolitteyy used ip medustbmge 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



5 One such problemis the creation of an el ectron focusing structure that
can be used in multiple applications that require a high density of cold
cat hode ewptoRiiggy3gievi ces such as with mass storage and diPSpltg2/tsa9é ces.
Conventionally, dielectric materials are wused as spacer material between
the el ectron focusing structure and t electron emtter. However, the
cost and conplexity of building the el'ectron focusing structure 10 with
dielectric material hinders the rapid devel opnent of new products using

cold cat : . L . i i,on.of .new
product s E@ﬂﬁ%} (%g{égptje@g*ho e1 ? %@ﬁ E}\Vcl)t?%gr;&;} %&ér%(?‘{ewé:eg’gtpe gi%{ngogtj}%éfg cgtrklg d%i npl er
pr ocesseselkatobemltdigick he Spimdntips et BaitSdrs bt dotrf3edihd attbdtionmirfel y the

mass storage and di spl ay devices are needed. 15 SUVWARY OF THE | NVENTI ON A
met hod f o138y BROIRGtUSISel ectron | ens incl udes the steps of applying a

pol ymer | ayer 1 [ S f : 1tter and then curing
Phe ol ymar 1 Sy SObIEh ot dfifrthe B SUFEiG B BN e BRRAPEY G i
DRAW NGS  Dhe sichvgdbleanisitise dreitiorofun driced® Qstuing Btri@iRteacen bousdaanf ol | owi ng
drawings. The elenents of the drawings are not necessarily to scale

rel ative Pltiniepprlicatiens that reguiresy high densityiod coldsathade emifting devigsssse upon
clearly i I I i F v byl reference nuneral s
desi gnat e&%%&?cpélza FS%) ﬁ%féﬁg%%%l ﬁ%\éﬁiaa& d%{;};: efsé?’c{nﬁ%ﬁ%@%ﬁﬁ&élﬁé@g%aé?% Syarf’dent i cal,

t hrough t hedseepicel mateziab betiviegn the Alacto@ fdcaging setictal aan tiexdsgioar y enbodi ment
of an integrated focusing 30 emtter. WO 02/103738 PCT/US02/18436 3 Fig.
IB is a cPHitersHemeserathesoshgndromplexiy efprildipe tetedasizan decusingstnetateed i n

Fi g. A _FEk gy I r S i iew.of an alternative
ol tront i ftiotfotki€ e IR A ale BHASRSSBHI A Enell) U RYs AATLI T
emtter. Gathbde techriotogy. e bffReas furtBemhe MtRduaivneoferpl odudtsiagdt cirat of a
di splay device that incorporates the invention. Fi i

ig. 4is a
cr oss- sectatherd technolpgys mare east effective ord Hxopley Ipéﬂoysséﬁrglidliuﬂéwg elgfetrgn

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.



di spl ay device that incorporates the invention. Fig. 5 is a perspective

vi ew of an exenpl ary enbodi nent of a mass storage 10 device that

i ncor por aWe2t168338 nvention. Fig. 6 is a cross-sectional viPewush2/136
alternative exenplary enbodi nent of a mass storage device that
incorporates the invention. Fig. 7 is_a block diagramof an exenplary
process used to create an integrated 3f ocusi ng emtter including the steps
to create an electron lens that incorporates a 15 pol yner spacer | ayer.

Figs. 8-14 are.il]ustrations.of exe r rocess steps to create an
electron emt 1%'r1]“}tl’r§aﬁ crppsairr iRl é{leﬁggtjéﬁ? %?Fepnfﬂ(i%"y «?F@é’fh”g‘ﬁt F@ﬁga“@ 1% he
inventiomjgHigs. 15-16 are charts that illustrate exenplary tenperature

profiles for alternative annealing processes used to create an el ectron
emtter. 20 Fikjg. 28 ansxamplary cress-sectioml ofew ditancgdetnatiae emboditneat pdny mer

| ayer to.the electron emtter base, Fig, 18. s a chart of an exenplary
curing pﬂﬁ{%g‘?gedtfg’%‘iflﬁ%elﬁﬁef &’&fi" a\fﬁ’feé'lft'iupjéeqm&?m“é?ﬁ fromthe pol ymer |ayer
shownsin Fig. @g4.3% i i j If a

conductive | ay%fz 3o§ a%ﬁégpggﬂl“?rr‘g?w OI%H ?%{/@élwgng%d}zr%&}tg?g%%lpHy%ﬁragt i on of

t he maskitha iscwip@btehihegneéntione conductive |ayer of Fig. 19 to create an
el ectron | ens ening. Fig..21 is an illustration of the result _of a

sel ective et cfﬁqg'g ’ﬁrac%%sssés%‘ftllﬂ{al e @4%@%‘6? mp?wfe&fl@e@;(%%e t he

el ectron gy &viRUhiiaaSorpRBieEiith indention, an il lustration of the result of a
deposition of a emtter cathode layer to finish creating the integrated

f ocusi ng eni t thig..5 MO @2YpeOBR38ePOT AlUSO 843 bodinint Af h masOEGERE PTI ON OF
PREF?RRED ANDé@LTERNATI VE. EMBODI MENTS To reduce costs and all ow for
reduddd plesiee £t pgotrapies thedavenfiglnt i on 5 i ncorporates using a pol ymer

layer as spacqfi%.rws%rér@és-ge@&aiﬁmemaﬁlaﬁ&&lae%l é!&ﬁptl%g eg@glgivrvﬁ Eof PCUSI NG

| ens thereby creating an integrated focusing |ens. or

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 isan 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.



i ncorporation of a polynmer spacer |ayer several problens nust be overcone.
First, polynmer material generally has volatile conponents that can outgas
over tirwO 0Thdx3out gassi ng can be a concern when the el ePCrarsopm4sé er i s
operating in a 10 vacuum typically less than 10-5 Torr of air pressure.
The outgassing of polynmer material can affect the air pressure |evel, thus
requiring an active vacuum punp or getter material to renove the rel ease
vol atile contents. Further, if the volatile contents of the polyner are
rel eased into V. U i rati em jted electron can strike
a portion of tm ﬁﬁggw&ﬂ%mﬁﬁ#%ﬁﬁﬁ%f%m&yﬁ | ar ge
voltage 15 potential between conpanedbsvRishe devices incorporating the

el ectron emtter, the ionized volatile conponent accelerates toward the
cathode of the emtter and collides wth it, thereby causing damage. Thus,

it Is custonary. to,use spacer,.nmaterial that does not outgas. The invention
i ncl udes a curi}fﬂde%ﬁ?c?%tg a’f"g?u‘f‘%gorﬂ?)‘f";? PTOGEISEIS SigPst Mg invelefices

si gni f4 capfchypokdies M&ﬁ@&?b@n&?%@[ﬁs%p@éerhﬁ?crﬁpb%%é MRIRIhBh cBiER ahffat 2
vacuum 20 of 'l ess than 10-5 Torr can be maintai I’leanIt out active vacuum
punpi ng. Bedoewsinglenaitherebyfcrdating amimdegratbd forusing &ms. doallastfer i stics, high

stress interfacets (‘fan Xl st between a I r spacer material and the
conduct i vEREOEFR TGO Y SPRYE AYE ?W@I%gp'égfei‘r&?ﬁg\“éﬁg OVHCHNEh stress
interface can Fﬁauk,&yhﬁr FRUGNI S4HclAGERs @&gtiﬁrc%t ener}tglﬂfab@an%%%e

material that mght affect the perfornmance of el ectron e 25

i nvent i ontiinec [Thdesutgassing cpn b¢ e caideyn whenthstelaotrbm binyttey dd cpematingrinal for t he
conductive |ayer .u f thes.gl eciron | ens. Third, because the pol ymer
mat erf&dl V%cwg%@’dcai@qﬁs‘éﬁﬁ?j‘ ﬂﬁeﬂﬁ%gﬁ‘?lhﬁre?%m? hEhe LherIHOE O BOID’%’S?E_r for the
el ectron LRRSiaPSarPaff®s thelad prElspid IQQel,Hﬁhé’féﬁﬁiriﬁ%?aﬁhb evécgﬁm fabdp N9 _process
preferably accounts for an ‘etch profile with ni mal under cut ti ng 30 under
t he condugttiev endteried to tematveithe redemcke Yaatile kentehtsc Friner] it volatile onrténts

under cuttiﬁ 02/ 1037?8 PCT/ US02/ 1843&? 5 causes the conductive |layer to
not have HEGEAVEIE a5Is<SHata P Kecl ing RPoEeB: FFIFR RECHe B¥con
defor med_afifle §YbriRRASARS vAROR LNt dHRUDAD it! ifnglalh NopiAGesS for the

pol ymer material nust not significantly etch the con %IC'[IV | ayer used for
t he el%¥ct pomntiabstverenlcompenemsindiie déviomitdoep@tidiy thg elecponemiter,ahe t he

emtter surface.. A material on the emtter surface, such as traces of
10nize Volatng component accelerates toward the cat oc{e o?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  of less than 107 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 |l ens layer or polynmer material can affect the performance of
the electron emtter by changing its em ssion characteristics. Fifth and
nost | npowDantg37she etch selectivity of the pol yner etch pPCROSe%18436
inmportant so as to not significantly etch the emtter surface which can
damage the 10 electron emtter. Thus, the etch process of the invention

bal ances the etch conditions to trade off etch rate, etch residue, etch
selectivity of the conductive lens |layer, etch selectivity of the emtter

; | . . |
e L T A R L e S S
1000: 1 i sleas i Bacethe deborived @nd spesiesat©propbity.i nvention wil |l becone apparent

in the following description of fpreferred and al ternative_ enbodi nents of
t he inventi on. Fawdh, theefrhing grrcesrdonibgpelysnes matesial prostroisianificanty etghar e
appl i cabl g .t ] i chn i es and can be
fabricate 16#?3%1“?"\%3&%?%%8%? P{hg E%Q%églggeggtg %)fr%g“r/él[%\éfrd :ﬁgﬁé& tgf)gif &5 ol | ow ng
descr it i proceispnhs emitse veifale. Prmgsedtédial opried a@nitedsefeodiubkad Sace®brt he

sem conductor devjces of the present invention as preferably inplenmented in
silicon sthissepdyciiye lesdever pheolpaponpietialsanaffestdhe pgrforpmanceasfithe seni conduct or
devi ces apgqd ABLIARLE it id SO GHARH AR AN the most commonl y
encount ered applicatIons he present Tnvention will involve silicon
substrates. NeFiiH 4igl B6sS imbhiganrths eth sdBetivity @i theqiblyfay ediSgrocddy ant ageousl y
be enpl oyed in ?al i um ar senj de eﬁ%er mani um and other sem conduct or

mat er i al SIMPYIESE e Agoyiot sigaifisentlsesich the genitershriace weieh ran daverss e  be

limt t S [ I C ' I | ] uct,o terials, but
w11 R FipRr 26, LB UGAbES bEeR st PARMGRREShnIBRE 01 ¢

sen condugttedde oféteh tad,etchindsities; bralsogtpdtyeofahd edidactive leMdiagersdttt | ed in the
art, for exanple, thin-film30 transistor (TFT) technol ogy using

pol ysi | i c¥hecdivityjlofgie espifist yusfes andyeiching 1owrBBseRCHYWbBOosinBHRR@rO®T |t shoul d
be not ed h AW . t . Further. various parts
of the ac#‘%}\% e{grsgﬁagﬁ?gsnlgg%ﬁﬁgﬁeﬁg%eg ﬁﬁgﬁcg&ﬁl ef%%stglgfrélﬁ%ggﬁf%ﬁergr%ﬁt%nsi ons
have beethaglog@eriab@deved. rel ation to other dinmensions in order to provide

a clearer- illustration and understanding of the present invention.
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.



5 In addition, although the enbodinents illustrated herein are shown in
two- dinensional views with various regions having depth and wdth, it
shoul d bewoloeasd7gs under st ood that these regions are illuscrasooma3of only
a portion of a device that is actually a three-dinensional structure.
Accordingly, these regions will have three dinensions, including |ength,
wi dt h, and depth, when fabricated on an actual device. 10 Mreover, while
the present invention is illustrated by preferred and alternative

oot pents o HSBbOE HedoRl bR SRS AN IS S Pugltler BB ! f;dgg

that these il ustratlon on on escoeo

t he pr esepirts sfithahdtde.cldrhentshave@bt bévhehged td fale. Td&ﬁaﬁﬁdﬂn‘éﬁs@ﬁbqla%ec'i ronic
devices of the present invention be limted to the physical structures
i | | ust r at BEED crRggssated pyrslatioado gther dimengigasin eyderdawrestidea eleame 15 utility

and appli ﬁﬁ‘l%fr&?%n %dtlﬂﬁeﬂ{a?xlﬁ_ﬁ% Ofil%vllﬁggehf) iy esent ly preferred and

alternative nment s op vi‘ew of an exenpl ary enbodi nent

of thesinventi tnadditidn, althéehriaé eabatimehs (llusbatedeReinne showh af &i)-y, but
optionall an electrostatic shield, with_ an electron emtter. In Fig. 1A
the el ect Aigrensionel dpwowitbvarigussieaions badng fenth apdwidth fibsheuktbe dearly a

c0- Pl anet &l eGb0 el 608 ABNEL bl SRRCRR) b or TGusgpll Aner | Lens, 10

is formed on a con VT Ay er a voI age relative

to a cat haddlysathtacdinehsiohs sﬁ*’uﬁﬁiet Accoitifidl @ thed@ regibigs WiNOWRS t1gbe VoI t age
chosen, |ens georretrg and di stance fromthe electron emtter 20
det er m nedimangiogpaBeiudiae lengt gvidiherdsarty when fpuicaisd onanactuel daviccon | ens

. io r h lLaner lens 16 is
2 co T anmkeaber Mhile/f BRI GAUMER Ittt oy e B N SR BURRT | 0
co- pl aner erhE@kﬁmbﬁts direefed t@bdtive ahb ele¢pbiiadeviods, Ith@n&@n@h@dﬂ&hat&ﬁés@' d 14 is
held at about the same voltagg as an anode target for the el ectron beam

em tted bijlusttiondhetimifatiemen thescos. orpRBlicabilily ahde prespet ineentiens Bdar at ed
fr 0 m t he 1%& 181!6?&'63{ thgthtlhg lagtn;e4andt«)a¥ cﬁ‘o %SVI%GSI & tﬁé ﬁvels q’lg é eV!seg h%cﬁ]ing?g Ol at I on.

30 Fig. es a Cross-sec |on Vi ew of of Fig.

1A al ong totthe phydicat egtidtams ilAse@ell NThededutires Arcinbidéed ® dehinstrate ke t ar get
of the electron beam WD 02/ 103738 PCT/ US02/ 18436 7 fromelectron emtter

20. The ey ead applicatien obthe pagsepidnimtion o preyantlyiprefpped and @ivraativea direct
tunnel i ngelﬁg&&l&%{ﬂs' a netal -insulator-nmetal emtter, a netal-insulator-

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



sem conductor emtter, an array of spindt tip emtters, or a single
spindt-tip emtter to nanme a few The electron emtter 20 is fornmed within
and/ or diwpaogam7en a substrate 5 10, preferably a siliconPswhsoz/s4e6 but

ot her substrates such as glass, germanium or gallium arsenide, for
exanpl e can be used instead and still neet the spirit and scope of the

i nvention. Disposed on the substrate 70 is a pol ymer |ayer 12 used as a
spacer for the co-planer lens 16 and co-planer shield 14 forned in a
conductive | aye

. The_ el.ectron mtte the electron emtter 20 are
focused bYORY egfrg%FW%erleﬁehr&eF%Fﬁ%’ﬂe%g‘W% I‘fF‘rhg‘? ARe Pleqeegl YRS Ych 85 and ar e
at tract ed, digect Rn8ReAemifRr, aNAstal msPh Rt hifhg! Qnﬁ%aé—%sumt&b positive

voltage relative to the el'ectron emtter 20. The anode /6 Is disposed an
anode- | erssma¢aduetoreritter,ginaetay @f spiadff ticesiterss pod singletshimdatipdmittdrfio t he | ens

design chosen.is such that t.he anode-I|ens distance 24 requires a small
di st ance PREREY- ’@Tee £GH0g eRuier e‘sgcl’rgteﬁr%‘g"t“éf‘? ondigposed Py & sEbtEe 26, t hen

the cg- pl @) gfefshbiglatili@yatbsthid Sut behe? Bitstaak k¥cis RNk aghidyab, about the
sanme potent ?al as9t he anode 76 to reduce theS ceI ec ro’rs%at ?Jgg?j(’)?f:e 26. |If

t he anodegaflgimn grspieide, fat exanaplo dan bewssd disttadrand sl neetthe tspiait atdscope of

el ectrostatic force.26 i k eno f.or iven application, then
co- pl anertﬁg H}Vg?tboﬁ 15?%“5:8\{3‘%%%@&%?30 IH B&?’gwf E‘yﬁrn&[) ‘FSFgé‘? P_éEE}CSIhE’Sf an
exenpl ar yhelbs-phhet MR €6 bitfcEPlahd@hidd#d fAthel 6 QLORIREES1a98:. ITH.e9r at ed

el ectron lens of the invention to create an integrated ocusing emtter
60. | n t Hlectronbeomtittedity, the blectsarbernittat 20 48 fosuspd bf en alettyicdiedd formed substrate

f bl y..h ily d d. t 10 i | t i vel th
P onddns Dt s PO R e Bhenad e dnbdl Ao el phorbivdiebbttons. on
subst r at &diPp&ithbefditagl relditieno bid él%du%ﬁ%hﬁtt@@zd ST Iﬁpaﬂbii@% %rd:};%{og&f%?Ed to

create the direct tunneling emtter. 25 tunneling layer I's di sposed on
t he substanade-lens distance 24 o adhievabl fpclised spativarths Atpde Afifyhe tansslesipmr e

preferably abaut 10 str . the tunneling layer is disposed a
cat hode QY& lgéu%ﬁtgﬁéggﬁ?%gﬁg“a%tﬁ?‘i‘? | PAEES %@?aéfaigﬁl&q‘? therebyout 50 to
about  10QreaA¥ng $t15:98% R froRhR Atawﬂve%fce%,gﬂae@m%gga{e%ﬁe 3%&6}.433%60'- For
exanpl e, other nmetals include but are not limt to go I ridium

mol yBdenuwptionsliyorsed and held at sl thersan@Po@mntinhes the awddedh to hédueé them | ayers 38
i s dispos ace t | ectron |l ens 28 fromthe

el ectron ei‘%‘it’%?tgoé. ¥‘gf?%?é?ﬁ§$?£n%flﬁ gg%lit“%lré a ?W@ggqsﬁ%@%%ﬁum%ﬁﬁlf%?%
PCT/ US02/ 1 &436tatiS 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
25  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



about 2 to about 12 mcroneters thick or greater. An anode 76 is disposed
at a anode- lens spacing 24. The electron lens 28 is held at a voltage

pot enti alwpekaoi?ee to the cathode |ayer 36 and creates amCalusor/d4e6fiel d
34, which focuses the electrons emtted fromthe electron emtter to
create a focused beam 32. The electric field 34, the |lens 5 opening, and

t he anode-I| ens spacing 24 are chosen o provide a desired spot size on the
anode 76. Fig. 3 is a partial view of an enbodi nent of an exenplary display

device 70. that i ates the.i tion. A cathode | 78 has el ect
o t ¢ or & U 000 12 BB il O BT ATCHRgE d6 B IEHed ighangdm 50 |
Di sposed [gfs §paging 24hade elc2Y6H 1dns 28 isél@elcﬁ’ﬂ]é’mfaﬁlé ﬁ%f&ﬁﬁé@ﬂ%&@é tof He! her has a

| ens | ayer 40 disposed on it. Forned wwthint ens [ayer and the
pol yrmer | cftede 13yenB @ anpenentes)an dlectiiatfichl 34 wiithefoetses themled@asembtd t o exi t
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b @svild
el ectron beam 50 reaches the pixéls 15 72, th% \f)lhosphor S excited
by the eltbetmasles/6and enits photons that create visible light. Fig. 4 is an

alternative enmhodj nent of an iptegrated display device 80 that is
illustrated i [Eg'?%gs@%%?livbw Pgﬁl}ﬁmgﬂﬁm?ﬂ& GReXERPHrRlgy dexiscd) 80 has a
subst r at epdQncorPbiefed tRlinYerionl |4 SARRUR: 78S g th

LiB&tor éhnit i
sem conductor processing to 20 include a staci O?E(%ﬂhl n- Flﬁ mlayers 3 8 that
i ncor por atrdomhesicwitinin thatictaagr @ déctrofifbeamedOe Misprsed oh thecathodd layeeRtae el ect ron

b 50 whi ch t ite displ pi xel 84 d f ph h
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for 25 f dogsitagd tdach pheetst #2om the anvds(7 6 ptefertbiy tidh dipplay sqpéene| The4ixelhe di spl ay

pixel 84 is formed within anode 86 that captures any stray el ectrons. The
i spl ay P BICCTADY R VR HEP ISP dn P oS T B WO SpRG orgBHIbEls 52

pr ef er abl 1@ YI@Ssichlas Md)Efech HAS p%em}ﬁaeg&%hrbl@&rﬁ -Sowfcpg%‘@gﬁhéﬁs I s spaced

fromthe lens layer 40 by a spacer 88 t Is also pre y a hernetic
seal .150pt72p il ghpspheom nadtéred matxicited bythe eBtrons midaameits photansdhdtleesa®0 di splay to
further pra 'ge hernmetic seal or adhesive joint between the display
screen Qﬁﬂﬁ‘? lgthﬁe substrate 10 with its stack of thin-filmlayers 3 8 and

pol ymer |ayer f¢.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

25  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.



WO 02/103738 PCT/US02/18436 9 Fig. 5 is a partial view of an exenplary
enbodi nent of a nmass storage device 90 that incorporates the invention. In
t hi s enbowloreen03738 he nass storage device 90 has at | east PCruSe2/ss4bst r at es,
a substrate 10, a rotor substrate 92, and a stator substrate 94. The
substrate 10 has a stack of thin-film|l|ayers processed on it that contains
active 5 devices such as electron enitfers 20. Di sposed on the stack of
thin-filmlayers 38 is a polyner layer 12 that provides spacing for

el ectron Ienswr‘z‘& The elﬁgt.ronfj ens 28 creates a focused beam 32 that is
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stri kes an_ apor phous ot t he ampunt of. current, which flows to the
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crystal | i pRdf Reon hBEGHEGMIe 92, AROVRAL g jeyy &GOr di ng
format is used toI1 record inf gr mat | oﬁ@e:a;naJ %&enfegé)?éaﬁ%gy%}%deﬁl’&k@an anor phous
spot, a hipldsesharggyndtetalskat cheaxist is eghesenygdlitoot dveorphofsatae of t he nedi a
96 for,a short.tinme and all owed to. cool 20 rapidly. Tq renpve the

armor phbus ASHHing o S e ing ARoHatRLEReRY espepded OB (e e bossesiedectroph e

anor phousyspet [ | | 8hx r : al | owned
to cool slow }’@%{} agloo %gﬁ}g%ﬁgeaﬂ]gﬁgﬁd;@ﬁydo%g? ﬂéﬁg g%ﬁtgér%l% %%}%%932. Fig.
6 i s an exetepblactyorismiredetattedlinths sotat swbstepge B2 by a ecatlédcitduito8i Mhergmicat es t he
invention jllustrated in croflis-sse tional form Anztﬁbstrat% 10 has a stack
of thi n-f PFFH 1@@3@?%“%’813&1 B~ H Seiseis dhee iRt ndPe EtPioTibeate Per s 20.

Di sposed g&weBe nithfonfict d Nhditt fipkits BYREG 998 Wike ath@ﬁiaﬁggarbea& 12.

Di sposed on the polyner |ayer 12 1s an el ectronnl ens ayer used to

f ocusl®l estrikenan dmarphehespbt BH thermnduat of @@rennwhich fovs ts dat dogdifieB2.  The

substrate 10 .and.its stack of thin-filmlayers 32 and pol yner |ayer 12 are
att ached c¥gl1515?1§tfgpnt§h%wpg} @eg%cuﬁi‘i %%Qﬂﬁ@"e?a agstallige ateai 89 to provide

an evacuapgflerably, 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
25  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 10° Torr. The rotor substrate 92 has a movable

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



30 environnent, preferably | ess than 10-5 Torr. The rotor substrate 92 has
a novable portion containing nedia 96. The novable portion is attached to
t he rot orwewbkaoy7at e WO 02/ 103738 PCT/ US02/ 18436 10 92 usipag/usprisags 152,

preferable formed and etched fromrotor substrate 92 using

m cr o- mechani cal machi ni ng techni ques. _The rotor substrate 92 is attached

to a stator substrate 94 by seal/adhéglve 158. Electrical contact is nade
by inter-substrate contacts 156. The stator substrate 94 and the rotor
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pur pose Ofyohd e SBESK Bhftter 201 O provide a 20 source of el ectrons and also to
provide a stable platformfor further processing of a stack of thin-film

| ayers that coﬁt@ﬂnsaﬂewehmofmmmpﬂamgerwmipakxssmdeétqncmatesual ng of the

|ntegrated el ect ron l ens 02, an isolation |layer is created on the
substrateq}iﬁ?glT foquélggﬁnﬁdﬁ%rlngggﬁg%} FPS AR FICRE UFLCIBR IS YFINER t he el ect ron

emtter 'li_}nﬁ? sp¥er Byt MBeHo:O¥epIcande 1915316%?0?1%?1‘ itk St iRk drdt C .
naterlals a silicon substrate, the isolation layer 1Is preferablyfleld
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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  ordepositing 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



depending on the isolation |ayer used, an adhesive |ayer such as tantal um
can be placed (disposed) on the isolation layer to allow for better

adhesi on wD 0a/163786t 30 conductive |ayer that is applied i ®RCTIESp2/18286 | n
step 108, the first conductive layer is patterned, preferably with
photoresist, to create an opening for the well of the electron WO 02/103738
PCT/ US02/ 18436 11 emtter. In step 116, the first conductive | ayer is
etched in the opening, preferably a wet etch to create an ani sotropic

fil | th th hni be . . tituyted h d
lon. 1o SPUPr Bostep RR0.3he Bt Seneegliore Tdhod BARS omrpe prstgab VD cr oat e
an i sotroRjefeteh & blefte aﬁ{&ﬁs@fﬁ&ﬂb Bﬁ)f‘ﬁé ?IIR%gﬁ%%? kich t%ﬁﬁﬁﬁleé éa]nrb%t performed of
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substrate with the polyner |layer is conditjoned by curing the polyner
I ayer{(?o PERBYEegy g the ueg ﬁtpgaléﬁ%; lﬁéﬁﬁ‘b‘@g(ﬂ@ ﬂverwhs&r%@ Bon yner
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sur f at®e oftep h24,eheptocess sehsttatewithittichpgbyre¢rdapenliy/cdnditioned byodérgcthe under t he
electron lens. |n step 134, a.third conductive |ayer is deposited 25 over
the seconBO¥BIHIYEY todemayyolaiily campanghts #l qoamouBdeRIRAhOPOIYRET sur f ace of

the 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

. 25  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.



electron emtter to create a cathode | ayer on the tunneling |ayer of the
electron emtter. Figs. 8-22 are exenplary illustrations of the processing
of a subswpabaoiz8y preferably a silicon substrate, to creaCe/mn/isasegrat ed
el ectron emtter using specific enbodinents of sem conductor processing
steps. The process steps shown are by way 30 of exanple to neke clearer an
under st andi ng of the invention in a specific enbodi nent and are not neant
tolimt the nmethods of making the invention. WO 02/103738 PCT/ US02/ 18436
12 Fig. 8 sho | X- 4 tterned thereon to
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adhesive | ayer 48 is applied using a deposition process to a thickness of
10 about AEBUARSstrons. Fig. 11 shows the application of a first metal

| ayer 52, pref I . t I 48 e preferred
t hi ckness of t}ﬁgaﬂ grﬁgt%r%%%bhf:&a{?/oenroq%?Ogsogagggﬁésyédé%\{%%’g%rﬁe{)ag . I f a first
met al | ayedtaloth, o8 e POXmnd katittérasrfcodeadiesthe Ruffiudihd &bstrdte 10he

i nsul ati r}g I%er chgosen then the adhesive |ayer 48 is not required. 15 Fig.
12 i || usthrafeebly the adhesiyerlayes8ds applisd using eilebesition pragasafo 2 espofand t he
adhesiyve erformthe etching, first a first netal photoresist
IS a§B| i g%@%tﬁiooflﬁnegsﬁ%lgt netal |ayer 52 and patterned to define an opening

wher e et chi ng Fig. T1shoes e applibsticesa fitgt thetal lagerfI2r piefermlakoldhnitopask is
preferably aligned over the emtter surface defined in the FOX material.
The fir stofélaﬁmﬂ)éﬁlwhaypa%rThesprefegﬁé thgimessyeftthe fisth atal daypn52 israbouh

ani sot r opy rofi i I t.] t first tal |layer 52 next
fo the  PoBgPridiiis, Mol eud) 0k sl ol g AR B Blmrp Ry BEs

Opt i onal Ity thedinslilytirgt lakerphosshen thaadigivededdr 48 fis @ rafineg ve | ayer 48 is
used, then the adhesive |ayer 48 is preferably dry etched to form an

i sot 18pi ¢ pr ofliigd 2nidustraiessthe sasaliy platehing af the syt nsqtélléamaﬁ? end them t he

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

25  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,
TaAlOx, AlOy, AlOxNy, and TaAlO,Ny, but preferably TiOx to about 100 Angstroms.



first metal layer 52 to the substrate 10 surface. The etching of the first
nmetal |ayer 52 25 and the adhesive | ayer 48 creates the emtter well 68.
Fig. 13 iwbwatexises the result of a deposition of the tunmeriusg2isager 30 on
the processed substrate 10. The tunneling layer 30 is applied to and

di sposed on the surface of the first getal photomask 54 and the exposed
surface of substrate 10 within the emtter well 68. Preferably the
tunneling layer 30 is applied to a thickness of 30 about 50 to about 100
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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
SUS8 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

25 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



6.5 mcrons thick and baked on a contact hot plate at about 125 C for 2
mn. The thickness of the polynmer material is determned by the |Iens

desi gn amdomanoizange usually between about 2 m crons andPpPalbaisp2/19361 crons.
Because polyner material 25 may have vol atile conponents, the preferred
process is to performa curing of the, polymer material to renove nost of
the volatile content. Fig. 18 is a chart of an exenplary curing process to
renove the volatile content fromthe polyner |ayer 56 material. The
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Fig. 19 illustrates the_resuylts of .an applijcation of a _second conductive
| ayer 58 ° ePW@“ﬁBiW%ﬁgPﬁaé‘ﬁ adens ey ige tqrage betaypen thersgeondnt er f ace
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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

25  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 scems, the pressure about 2500 mT, the power set to about 85
Waits, 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, etch residue, and power to maintain as small a



20 preferably centered over the emtter surface in the emtter well 68. The
| ens opening is also used to performan etch of the polyner |ayer 56

t her eby ewpagitogg3g he tunneling |ayer 30 on the substratePCO/s0risase. Fig.
21 illustrates the result of the polymer |ayer 56 etch. The etch is
preferably done in DryTek 384T. Prefergbly the second conductive nmask 62 is
|l eft on 25 the second conductive Iayer 58 to prevent the second conductive
| ayer becom ng partially etched during the polynmer etch process. During the
pol yner epyty, I ut 2500
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12C. The etch process takes about 135 m nutes to 30 clear about 6.5 m crons
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be chosen to pr evenﬁl t he second conductive | ayer 58 from sputtering, thus
causi ng r BYcarsehs fig S?@“&iﬂf}’fhe&"ﬂﬁeﬁl the,polumexand t %?%Plélkﬂ hyeraaterialyuchng et ch
profile c or about
each 5 6. é§ﬁ(§x§8ﬁ[&éh§?§éﬁ %(r?géfseltalgﬂ; %rha;te%g %%@#%e?ﬂ%l éftrpﬁ&g@% ?/&,um ng a
pol ymer etlmhthemtajmmtﬁ/hﬁ forttadprefined tprodetsyis BBSWESO00 1 hereahy that thend t he
tunneling | ayer material, such as TiQt is highl )f sel ective, preferably
great er t R&A TAHERF PPIyIESHIB AbQui 000Q Angstecsy i A TiPreis leshéhanabRuisk| ect i vi ty
for the pn§l gg&&@g%‘grocess i s about 6000:1, neaning that the etch rate for
polyner is ou 00 Angstroms/mn and the TiOX is less than about 1 10
Angstrom m n. Figy22ZRustdated shid fiptisaticnefapathodatayeini ©fo the sltdtodetHeayer 36 to
the surface of the tunneling |ayer 36, sidewalls of the emtter well 68,

and the stHnglieg lyer3fe sidewathaof the prifter well 08agit ths surfacef ﬂ%@n?éc%@cond

duct ,
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36 include iridium gold, and tungsten just to nane a few, but preferably
pl at i hum 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:



It should be noted that it would be obvious to those skilled in the art
that many variations and nodifications may be nade to the disclosed

enbodi menwe oai103terit 20 substantially departing fromthe i meegniSOom43Al | such
variations and nodifications are intended to be included herein within the
scope of the present invention, as set jforth in the follow ng clains. Wat
is clained is: WO 02/103738 PCT/ US02/ 18436 16 CLAIMS 1. A focused emtter
(60), conprising: a tunneling layer (30) |less than about 500 angstrons in
thi ckness disposed on a 5 semni conduggammubstrate (10); a pol ymer spacer

| ayer (12) disposed on the sem conductor substrate (10) and defining a

first openi i sed, o the tunneling |ayer (30); a focusing lens |ayer
(28) di spode %%ﬁ fﬁé’nﬁgf""y@@} COWREENE ayer (12) and defining a second

openi ng di sposed nguRl pag,lt D pgs“'hg Iaﬁéﬁ 063 er (36)
di sposed on the tunnelPlén ° g}ygr g fsocug%sgog{r}nq?%}g?ﬁ’( g%?tglg%gdf)g%m 1
wher ei n5 t heemicbydretorspbstete (18)er (12) is between about 2 mcrons and about

12 m t hi ck. The, f t 60), of cl 1 wh th
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and the spac al’ly the sane tenperature
expansi on 20 coefiédusingriens 15yer,(\28j&hdfpoeledmthelpe@trriangpalr Byaqi2ad ens,

conpri si ng t he steps of applying a poly er (122) on an emtter
surface;  EEHIAG? ERONE OPGHEE d}sa 0("?&2@?@6131*% @ (Bsand| e content. 25
appl yi afirs Y ynmer |ayer; applying a
phOtOI’{e]éSJI st layéf&%ﬁ@%’%&éﬁ@%?ﬁ}g é&%tﬁ%evtg eth% 1‘%%Lpatterni ng the

photoresi st |ayer (128) to define an el ectron | ens; and etching the first
conductive |l ayer (130) to create an openi n%
2. The focused emitter (60) of claim 1 wherein the polymer spacer layer (12) is

between about 2 microns and about 12 microns thick.

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

cured to remove volatile content.

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

20  coefficient.

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

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

30 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 layer.



30 6. The nethod of claim5 wherein the step of patterning the photoresist
| ayer (128) includes the step of patterning the photoresist |ayer to
define a wbiceha7’Bayer. WO 02/ 103738 PCT/ US02/ 18436 17 7. pCrassowidass of
claim5, further conprising the step of etching the polynmer layer wthin
the opening with a selective etch (132)_such that the ratio of etching of
the polyner layer to the emtter surfate is greater than 1000:1. 5 8. The
met hod of claim7 wherein the photoresist |layer is not renoved before the

step of etchin h 0 | ayer with the selectiye etch, 9. The nethod
of 01 ar m 71-vhag BetpOR B i Eompicsu B st ok iangristhe PEIVERE 198 Dol ance
the condi tdvmﬁtﬂ@s%&ﬁﬂg@&ﬁla ERESve QUFN30FSIH hingof@d m ni mum
DC 10 bias. 10. e et hod of cleae'fimgl \Aﬁerce:{ﬁattt eﬁtel?gli;g%}n{) iTe has an
under cut afolabeulnydr toitler amnittet surfioe ist grated thamb@00pkr about 6.5 mnicrons of
etch depth. 15 20

5 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.
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

10  bias.

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.
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