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BACKGROUND OF THE | NVENTI ON 15 The present invention relates to | ens design
for el ectwonmmeirsa ers, particularly those electron emtt@CI/UsSSER4TN NMaSS
storage and di splay devices often incorporated in many el ectronic devices.
Conputing technol ogy continues to becqne |ess expensive while providing
nore capability. To allow conputing technol ogy to continue these positive
trends, 20 peripheral devices such as nmass storage devices and di spl ay
devi ces nust continue to advance. Mich criticismhas been voiced in the
trade press about the lack of nmass storage devices such as disk drives,

CD- ROVs, and DVD drives, to nane a few, to keep up with the advancing
speed of the mcroprocessors found in contenporary personal conputers.
Hard di sk drives, for exanple, have been able to increase the 25 storage
densi ty tremendously over the |ast decade but are now encountering physi cal
limtations that prevents further progress. Al though sonme hard di sk drives
have been mniaturized to operate with portable devices, the high power
requirenents still limt longer termbattery operation. A nore energy
efficient, high density storage device is needed. 30 D splay devices, such

as L{p nmoni t ors have @@t@s .EENS}FC%]I@EtEHﬂﬂdNEgﬂ?‘TERnd due to the
efe

conpl exity of manufacturing themw th near-zero cts. Further, the use
of passive LCD technol ogy has required the addition of backlights to allow
for viewng in different anbient [ight conditions. These backlights

requi re additional power thereby further Iin‘iting}long termbattery

operation. WD 02/ 103740 B&OKESBY) F THEENYENEPNoeam t echnol ogy has been

present for many years in consuner products such as television (TV) tubes
and conputer nonitors. These devices use

15 The present invention relates to 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-ROMSs, and DVD drives, to name a few, to
keep up with the advancing speed of the microprocessors found in contemporary
personal computers. Hard disk drives, for example, have been able to increase the

25  storage density tremendously over the last decade but are now encountering physical
limitations that prevents further progress. Although some hard disk drives have been
miniaturized to operate with portable devices, the high power requirements still limit
longer term battery operation. A more energy efficient, high density storage device is
needed.

30 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 different ambient light conditions. These backlights require additional power

thereby further limiting long term battery operation.



what is known as hot cathode el ectrodes to create a source of electrons
that are directed to and focused on the view ng screen. Wile research has
t aken pl awe mwnox4® nunber of new technol ogical fields, theciiusbzisaf4 cold
cathode electron emtters such as spindt-tips and flat emtters has
attracted the attention of many manufacturers. Several problens exist in
converting this cold cathode technology to products. One such problemis
the creation of an electron focusing structure that can be used in

mul tiple appli [ ' [ ' b fd devi ces such
as with nmass 1%%?%?28%&3%%5 g@%%ﬁ%yﬁggb%gee@?&%{sﬂ% ;?rsqtﬁl ﬁgééelﬂ%rgpl i cations
requi r e aptudgbts eotl agelevisatngitV) aibeb ehdvaemputtrenehites.r Tlesg davcatisag sour ce
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cal | ed anW_ilﬁb'é nOWiNRE ROt Ak © %‘geétto ‘”H%"\?iac:S@E,I,"e_I‘i’\éyl oS BRHAP a very short
di stance Wbl d%&lse&%nMewﬁg@c&a&. NRaGe ré@@h&}}' hadRkin El'aéetiﬁ'&ce makes it

difficult to achieve a consistent (ight focus of the electtons 15 fromthe

cat hod® saumber afintews tetimodomiche fields, the feldoif soldrhthoidghlectracermities sacihasvabl e,
hi gher st or,age,den%i i es.are possi bl e because ?f smal | }elf bit distances.
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Because t RRINGHRS A crdifdo bies Airaeitdhaaiantign of BragkaaragiURsTgh vol t age.
pot ent i al Sevéh) 1FbeEkS O3isAl donvlBhE HiCL AL Aol IRIND Ytk RIBHBOL ENt i 3l
a et ween t ctrve

creates an attractive force em This attr orce creates

addi t i onakughrppbblensis thesqreatioal dfyan wlettiomipeadihg stowigre tieat can BOusellich nust

overcone this force, .such as t.he feﬁ“ a surface .nass .stora]ge devices. In
HE C

fact, a nOriPle aPRlCATPRS ok REUFRHER densfty OF SoHitng devieTPuchativ el BIRSS power ,
ther epy %@g@%@gg@%@y%a.i Tr&uall, tﬁﬁefaapﬁc%ﬁeflmﬁﬁﬁéahigtﬂ Wiggy ay devi ces,

t hi s unwant Could create undesited flexing or ‘torsional stress.
Unl ess t hpsteotiad dstwezblthe elet¢tracginemting eruree (commenhliceadleda cathodé)mati ey t he use

of cold cathopde electron emtting, teghpol ogy 2 be. del ayed. Therefore,
a need ex[¥t& ¢FIeRng éw??@:?gowg]é'tcﬁﬁ%{] df‘% W’% {RE! _f“’ctr active force
bet veen t e, aRoRewaRE &Y RS bk H&%aﬂ&@%ilmfhﬁt@%hé Indd Bladbitbg ThiQ! er ance
to manufacturing process variations. WO 02/ 103740 PCT/US02/ 18474 3 SUMVARY
OF THE | NvikhTdiEhindanmekesdt difficuleosichisvarmsenhsistmt figitifecusgpfeheedeatons from a
cat ho?§ t? an_  anode . . . .
rom the cathode source onto the anode. If a consistent tight focus is achievable,
higher storage densities are possible because of smaller bit distances. Because the
anode and cathode are held at differentially high voltage potentials, an electrostatic
force created by the high voltage potential creates an attractive force between them.
This attractive force creates additional problems, especially with movable components
20  which must overcome this force, such as the media surface mass storage devices. In
fact, a motor controlling the media surface must consume additional power, thereby
affecting battery life in portable products. In display devices, this unwanted force
could create undesired flexing or torsional stress. Unless this undesirable attractive
force is reduced or eliminated, the use of cold cathode electron emitting technology
25  may be delayed. Therefore, a need exists for a new lens structure that minimizes the

attractive force between the anode and cathode structures while also maintaining

tolerance to manufacturing process variations.



The lens includes a first conductive layer with a first opening at a first
di stance from 5 the cathode. The first conductive layer is held at a first
vol t age. Wba2/1e3140 al so i ncl udes a second conductive | ayer Pairtusozise£ond
opening at a second distance from the first conductive |ayer and a third
di stance fromthe anode. The second conductive layer is held at a second
vol tage substantially equal to the voltage of the anode. The first and
second openi ngs are chosen based on the first voltage, the second voltage,
the 10 first distance, thesgmqﬂﬁydbﬁt}qm;ﬁq@ Tf third distance. The
force created between the cathode an nodeﬁllqs djniﬁnl m zed by the structure
of the lens. BRI EF DESCRI PTI ON OF THE DRAW NGS 15 The invention is better
under st ood wit erence . to ol I.owi n Wi ngs The el engnts of the
drawi ngs are n ‘ii@&régéeé’isln’r ‘5}565130’"5%&11%“& gleditq %fot’fba %%E‘Pfieotf)ﬁérangfel?at her,
enphasi s figs) @28 BhAREY fih fﬁfét blihstd At BeahberbAvent i on.
Furtherm)re e%ngééa re grenge nume?a lrl\ges?grrlatg (:logresponglgnaz[;;1 sflim ar though
not recetiwantiode. eThe:ﬁrspemrtch;lcm‘kerlayghs hdid asefiest adltagee Bhe 106 aE;og lAis atop
vi ew of afghlsmg el ectyon nsfor an el ectron emtter, Fig. 1B is a
cr oss- seciicBKley s¢a08 F‘B}E{‘x@?lﬁ% axpapith 6ﬁeq0@ﬂgpmﬂwcqndgdlstﬂweafr%g the |-
per spect | g ixE dhndddiyb faylr hitPa iR R R HRIR00E! ARl dBd ERTGuddIR!

e |

enconpasses an nvention. 25 Fig. 2B 1s a cross-section
of the fotayeiisgekl a&a&emndhehsgeﬁmbmmaﬂylaqgal tQﬂneadodtage ofithe addel IThe

perspecti ye. Flg. 3.is an ill raélon of eth cu5| g electron | ens shown
in Fig 2BsStAnd B5epdPResiresier ¢ ashd qp el tﬁ%‘?é Pespndipiagedde g. 4

is amdll e flat 30
emi t0A1 cAThaaeeeG R sPes I BEROLE By o) ThPESRL Rt R Ta i on
of a secotig cathode ambatodofs mivemizeddytthostruohitrb ofitheidnsr al ity of spindt-tip’
electron emtters.

BRIEF DESCRIPTION OF THE DRAWINGS

15 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.
Rather, emphasis has instead been placed upon clearly illustrating the invention.
Furthermore, like reference numerals designate corresponding similar though not
necessarily exact parts through the several views.

20 Fig. 1A is a top view of a focusing electron lens for an electron emitter.

Fig. 1B is a cross-section of the focusing electron lens shown in Fig. 1A along
the I-I perspective.

Fig. 2A is a top view of a focusing electron lens that encompasses an
embodiment of the invention.

25 Fig. 2B is a cross-section of the focusing electron lens shown in Fig. 2A along
the II-II perspective.

Fig. 3 is an illustration of the focusing electron lens shown in Fig. 2A in
operation and representative equipotential surfaces.
Fig. 4 is an illustration of a first embodiment of the invention with a flat

30  emitter cathode.



Fig. 6 is an illustration of a third enbodi mrent of the invention used in a
display device. 5 Fig. 7 is an illustration of a fourth enbodi nent of the
i nventi orw0edoi7o a di splay device. Fig. 8 is an il ustr&Crarsowis4a fifth
enbodi nent of the invention used in a nmass storage device. Fig. 9 is an
illustration of sixth enbodi nent of the invention used in a mass 10
storage device. Fig. 10 is a block diagram of an el ectronic device that

i ncl udes devices that enconpass enbodi nents of the invention. DETAILED
DESCRI PTI ON OF..THE . I @ mnimze the
attractive forIél§éEﬁ%ﬁ@%{lﬁg’ggoﬁgﬁgﬁé@%g}cfshgglg%h{s@?ﬁt@& pl aner | ens
and shi eIp[uﬂﬁitjrbfmﬁdtagirﬁaedmntemuérg,el d em ssion device showmn in Figs. 1A
and 1B. Fig. 1Ais atop viewaof the field em ssion device. Fig. IBis a
cross section B phwar jlluptptionios githird erabedimentpftheinventiongisRe #2 i nto the |-
per spectiy: ng with a representative anode 30. A cathode 10 has an
el ectron %1%)19%@?\%«8 di sposed on or within it to create a beam of el ectrons.
Di spoged on t hBige Atihad#lukigatiopfof b €owtt smbodinehtasttthd @vémioarusd@intzp provi de

el ectrical and preferably thermal insulation. On the dielectric |ayer 12
is di spos@éplaYééVlﬁfF-aner | ens 16 and preferably a co-planer shield 14.

Shi el d-1 ens spacj . t e - : - pl aner 25
Shi ol d L4 Wt Pitnornar MSERicR P At eh SHRenkiBn A i T 75

whi ch is seede devdicereate an electrostatic field that affects the electron
beam preferably by focusing the electron beamfromthe electron emtter
20 onto an anob- 20s amblustraiiogef sixth ebedigent affhe wyeniondsed e@asss and

co- pl erstglqli gldgvgeﬂf by shield-1ens spacing 24. Preferably, the co-planer
shiel'd 14°T$8ReFd 4t or near the potential of the anode 30 and is used to
30 minim ze thpigal o ivchbloviedibgaecoflataleadnichizvize dde inhdendededshiate 10
structures. Although this structure reduces the attractive force between
t he anodecrBOmPAs wakastimentyef the invsatian PCT/ US02/ 18474

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
15
’ One technique to minimize the attractive forces between cathodes and anodes
is to use a co-planer lens and shield as illustrated in the field emission device shown
in Figs. 1A and 1B. Fig. 1A is a top view of the field emission device.. Fig. IB isa
cross section of the field emission device in Fig. 1A looking into the I-I perspective
20  along with a representative anode 30. A cathode 10 has an electron emitter 20
disposed on or within it to create a beam of electrons. Disposed on the cathode is
preferably a dielectric layer 12 to provide electrical and preferably thermal insulation.
On the dielectric layer 12 is disposed a co-planer lens 16 and preferably a co-planer
shield 14. Shield-lens spacing 22 separates the co-planer lens 16 and the co-planer
25  shield 14. Within the co-planer lens 16 is a co-planer lens opening 18, which is used
to create an electrostatic field that affects the electron beam, preferably by focusing
the electron beam from the electron emitter 20 onto an anode 30 that is separated from
the co-planer lens 16 and co-planer shield 14 by shield-lens spacing 24. Preferably,
the co-planer shield 14 is held at or near the potential of the anode 30 and is used to
30  minimize the attractive force between the anode 30 and cathode 10 structures.

Although this structure reduces the attractive force between the anode 30 and cathode



5 10 structures, an attractive force 26 remains due to the differential

vol tage potential between the co-planer lens 16 and the anode 30. This
attracti weofoenexw4®6 limts the spacing between the anodeP80/sna18324 hode
10. When the anode 30 is a nedia surface, such as with a mass storage
device, the notor used to nove the nedia surface nust 5 exert nore power to
overcone the attractive force 26, thereby consum ng nore power and/or a

| arger notor. If the anode 30 is a display surface, the attractive force

requires ' ' A . Qr _ ﬁq](i ' L.nCcreasi ng
both pr odh@%@%‘% s,%}&ka&éi\réﬁ}.ﬁé %@5%?“%% dtugle% glr?gg@&%uan E%%egjogﬁn(lgg ronic |lens
separ at edbdiyeén thercgeplahies 16l A6 andilel atibd€30.t This atttacted forees Tolimis theowever ,

this large di stance nakes the size of the 10 focused spot on the anode 30
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illustrate the architecture and_design of an electronic lens that 15
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and nore i ri L Qn.nr yvarilat i I o i$ a top
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t he inveniveight. KegpingfBeiadode 30 agishs elettranialens vépavataf by hitardd dstaneeni ssi on
device shown in Fig. 2A along the Il-11 IDers_ective and i ncludes the

st r uct ur emyrmigesdhgrttradiye foseen Stoaverer. Russiagge dstargepakes tersizsrof e | ocat ed 20
on or A t Bl.Nedat e, I i r that is
Focusidl ofvclsidiomerG5uE ek I8y ba et BahdieRaRERT M BRI 0% i o1 o
| ayer 32 gowthetst hbith is affectddhby slanehctutiny procSded. STheosxpeated pat-wegait t he | ens

| ayer 36 and the anqode 30. The Ilens |layer 36 has a | ens opening 38, which
i s used t¥riabiensased by the magwfagiutng rReess limisdhe sept sivp do ggptel han iyer 32 has
a shield ! . y the same dianeter 25 as | ens opening 38
that all ol\%%a?(%g&es ‘z%?lrpg[@ﬁilggégo%g'to pass between through the shield [|ayer 32
onto anode 30. Fipe2A and 2Bdledtraffihe srcHitaipns edd desigi ef #r dédtyonie 1énsthat
dielectric l|ayer 13. The shield |a 32 is _di sg}b(,)se preferably on a

secontf di EPwtinilessiafijastive force, preferd géqséwo-@%l,\]e qu§tcnny; @1BeIRI ¢ | ayer 13
and secong, gi €166 tfﬁﬂrﬁajci@ﬁ'&rocés% vﬁﬁgciotngeF%h balida top view of a field emission

device that incorporates the lens structure of the invention. Fig. 2B is a cross sectional

view of the field emission device shown in Fig. 2A along the II-II perspective and
includes the structure of an anode 30. Cathode 10 has an electron emitter 20 located

20  on or within it. The electron emitter creates a beam of electrons that is focused on
anode 30 using a lens layer 36 that is located between a shield layer 32 and cathode
10. The shield layer 32 is located between the lens layer 36 and the anode 30. The
lens layer 36 has a lens opening 38, which is used to focus the electron beam onto
anode 30. The shield layer 32 has a shield opening 34, preferably the same diameter

25  aslens opening 38 that allows the electron beam to pass between through the shield
layer 32 onto anode 30. The lens layer 36 is disposed on preferably a first dielectric
layer 13. The shield layer 32 is disposed preferably on a second dielectric layer 15.
The lens layer 36, first dielectric layer 13 and second dielectric layer 15 and the shield
layer 32 are preferably integrated onto cathode 10 using semiconductor or display

30 thin-film technology thereby creating a cathode structure 11. The lens layer 36 is
separated from the cathode 10 by a first distance 48. The shield layer 32 is separated



| ayer 32 are preferably integrated onto cathode 10 using sem conductor or
display 30 thin-filmtechnol ogy thereby creating a cathode structure 11.
The | ens wayenoBd i s separated fromthe cathode 10 by a fCraiSozisgrance 48.
The shield layer 32 is separated WD 02/ 103740 PCT/ US02/ 18474 6 fromthe

| ens | ayer 36 by a second distance 46.. The shield |layer 32 is separated
from the anode 30 by a third distance 24. Preferably, the sum of second

di stance 46 and third distance 24 is within about one to about two tines

the dista I ! . LN : I hadi nent, the
first i ongm e b L 36 6) 8365nd RipdiL 4bTTHANNE 1y 35 RpBERAHIEDT |
each ot hetheanddg3®eay & thiiddintahde24. hi rd di stance 24, which separates the
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shield 32, and the anode 30 create the electrigc field 42. By creating the
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affect t Ao affectihs gttrastiedores 267he first dielectric |ayer 13 and second
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forces created by applying different voltages to the cathode 10, lens layer 36, shield 32

and the anode 30 create the electric field 42. By creating the electric field 42, the field

emission device 20 becomes a focused electron emitter 130. The electric field 42

modifies the direction of the electron beam emitted by electron emitter 20 to create a

focused beam 40 that creates an image spot 44 on anode 30. Preferably, the materials

20  of first dielectric layer 13 and second dielectric layer 15 are chosen to minimally affect
the electric field 42. The first dielectric layer 13 and second dielectric layer 15 can be
the same or different dielectric material.

The electron lens and emitters are preferably fabricated with semiconductor

device technology. The devices of the present invention are applicable to a broad

25  range of semiconductor devices technologies and can be fabricated from a variety of
semiconductor materials. The following description discusses several presently
preferred embodiments of the semiconductor devices of the present invention as
implemented in silicon substrates, since the majority of currently available
semiconductor devices are fabricated in silicon substrates and the most commonly

30  encountered applications of the present invention will involve silicon substrates.

Nevertheless, the present invention may also advantageously be employed in gallium



25 range of sem conductor devices technol ogies and can be fabricated froma
variety of sem conductor naterials. The foll ow ng description discusses
several pwesenod7yo preferred enbodi nents of the sem condu®Corusdrwdces of
the present invention as inplenented in silicon substrates, since the
majority of currently avail able senico?ductor devices are fabricated in
silicon substrates and the nost commonly 30 encountered applications of
the present invention will involve silicon substrates. hbvertheless t he

present inyepii.on. II|u
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to scal e. Susiye Eﬁn di nensi ons have been exaggerated in relatlon to ot her

di mensions in 1§!ﬁ £ t understandlng
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herei n ar aghofthe attitelemelitsrBn®i o Bbenvdrews toMcale. \G%Jirﬂaﬁuﬁnfeﬁﬁbﬁ)d'll’iavhaw ng
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threeygli RS e regions will have three 15
di rrens(?og?ﬂ?s?r%{g@k%ﬁ% M“t%hn g{ﬁ}eg&kéwgepq when fabricated on an
actual device. In Mmﬂ@yelthowgu theembedlpfeﬁeenmstﬂafweﬁfélmreisﬁoi:vhlnuaizd-at ed by
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present i t of the
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20 st ruct uemallys thréddimedsidnilGuderms) sA ¢oatdingliaheskirkdibys wilthapphdeeat i on of

t he present
15  dimensions, including length, width, and depth, when fabricated on an actual device.

Moreover, while the present invention is illustrated by preferred embodiments
directed to active devices, it is not intended that these illustrations be a limitation on
the scope or applicability of the present invention. It is not intended that the active
devices of the present invention be limited to the physical structures illustrated. These

20  structures are included to demonstrate the utility and application of the present
invention to presently preferred embodiments.

Fig. 4 is an exemplary illustration of a first embodiment of the invention using

a flat emitter 21 as an electron source. The flat emitter 21 has a flat emitter cathode
58 that is separated from a substrate 54, preferably a silicon substrate although other

25  conductive substrates are usable, by a insulator layer 56 such as TiOy, SiC, or SiN to
name a few. Several other insulator layer materials exist and are known to those
skilled in the art. An emitter voltage source 62 is connected to the substrate 54
through contact 52 and to the flat emitter cathode 58. The voltage applied is typically
5- 20 volts and this potential creates a tunneling of electrons across the insulating

30  layer 56. A sufficient number of tunneled electrons have sufficient energy to escape

the flat emitter cathode 58 to create an electron emission 50. A lens layer 36 is



invention to presently preferred enbodinents. Fig. 4 is an exenplary
illustration of a first enbodinent of the invention using a flat emtter
21 as an wWDeetoyw source. The flat emtter 21 has a flat @girtuse2/183a¢ hode

58 that is separated froma substrate 54, preferably a silicon substrate

al though other 25 conductive substrates are usable, by a insulator |ayer 56
such as TiOX, SIC, or SiNto nane a few Several other insulator |ayer
material s exist and are known to those skilled in the art. An emtter
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over the &isePisfaralls ﬁhesebleé@ 1aé(elt?r% sl the gnosdecd apucommggpted foxths same Barrle
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connect ed he same ano ge source erably nore

t han 500 vwoeltd. sQOpticmaligxhshielddieu B2 4060 the\anbis30 édptiavaalsiyll Vbh@geShl el d | ayer
32 and the, anode 30 can have a snmall voltage differential to account for
vol t age dfifsgensial toracepunt éyswag%éqopapfeothwelq&féﬁmayaréﬁ@ﬁﬂ@ﬂtb’re@aoumﬁe

fabricati S.

dlfferentl aﬁhg %%E&%Ig% %%%%&t §%?e¥%%5§§%§&§% qﬁkag%ﬁquggghe f ocusi ng
can be flhemtemm&ﬂ: sh&ydlawnnganﬂfanbhm(sme&balsirgyﬁnbaﬁnaMeahay&moﬂg | ayer 30
at substanti al I% t he. sane vol tage potential,  _the amount of electrostatic

attrablivehershieddlayer e theanodsdaper 30 gt wstaptiallyithe same voltage potential,

the amount of electrostatic attractive force between the anode and cathode is

minimized to allow for the close anode 30 to shield layer 32 third spacing 24.
Fig. 5 is a second embodiment of the invention in which the electron emitter is
a group of one or more spindt-tip emitters 60 to create the electron emission 50. The
20 spindt-tip emitters 68 are created on substrate 54, preferably silicon, using any of
several processes known to those skilled in the art. The substrate 54 has a contact 52
for providing a reference point for setting the voltages on the spindt-tip emitters 68,
lens layer 36, shield layer 32 and anode 30. The spindt-tip emitters 68 are set to an
emitter voltage 62, preferably about 5-20 volts. Because of the pointed shape of the
25  spindt-tips, the electric field is increased and electrons are drawn to the tip and
emitted to create the electron emission 50. The lens layer 36 has an opening 38 in
which the electron emission 50 passes through and is focused to form a focused beam
40 on anode 30, preferably to a spot size of less than 40 nanometers in diameter, and
more preferably to less than 10 nanometers. The opening 38 is preferably about 7.2
30  micrometers in this exemplary embodiment. The lens layer 36 is held at a lens voltage

potential 64, preferably about 0 volts but other values can be used depending on the



mnimzed to allow for the close anode 30 to shield layer 32 third spacing
24. Fig. 5 is a second enbodi nent of the invention in which the el ectron
emtter IWO01ga7¢up of one or nore spindt-tip emtters 60PCH/USOEH4RS t he

el ectron em ssion 50. The 20 spindt-tip emtters 68 are created on
substrate 54, preferably silicon, usi any of several processes known to
those skilled in the art. The substrate 54 has a contact 52 for providing
a reference point for setting the voltages on the spindt-tip emtters 68,

| ens | aye; TRl r i: 1lters 68 are
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di nensi ons c e construction o em ssion device. Due to
the diffeleenas dnto thelstufge qfahedd 3l Thpievas Blechestatinmtrha@iparbeBbgentthe shi el d
| ayer 32, the anode 30 and the s in,d}-tip emtters 60, an electric field
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500V and npore preferably about 70QV. This anode voltage potential 66
attracts fiEncefelopdhe leaﬁ?ftyef e %%ﬂrﬂé’é%a@? 2&@&9&&%@@3@’&&3@% nkhe

el ectrost ati G; i . G onents, a
shield | a;f/ﬁeslrta génltcé %%%%ngﬁggﬁggh mggﬁlefeﬁgﬂ)ﬁg%g& ?L%Qf%rg@rd@gﬁtén t he anode
30. The skdcehd distanee isIzethmblyasubkbtnrtiadlydhe sanmgas3le firsetistaabé,\5 t he sane

geonefry and size as, | ens, opening. 38. The shield, layer 32 is spaced a
secont ~ drugrgmeters gngd F@ﬁﬁﬁ 1SFa€ﬁ%ISIPé9f€’fa%5/ Oatiimqramaieg%.%ﬁiew 24 fromthe

anode 30 |ayer FigTBQS a third alternative embodiment of the invention in a conceptual

display 70. The display is made up of preferably an array of pixels 72, which further
preferably are arranged in a red, blue, green order but could also be a monochromatic
color. The pixels 72 are formed on screen 74. An emitter substrate 78 has one or

20  more electron emitters 20, shown as rectangular shaped flat emitters, which are
individually controlled to create electron emissions 50. The electron emissions 50 are
focused using a lens layer 36 preferably made of a conducting layer of material such
as aluminum, gold, or other metal or semiconductor thin-films. The lens layer 36 is
disposed between the screen 74 and the emission substrate 78. Typically, the screen

25 74 1is held at a voltage potential greater than 500 volts, such as 700 volts for example,
to attract the electron emissions 50. The lens layer 36 has a lens opening 38 that
focuses the electron emissions 50 onto a spot size on pixels 72 on screen 74. The lens
layer 36 is held at a voltage potential relative to the emitter surface, such as a negative
20 volts, to create an electric field around and in the lens opening 38 to create the

30 electronic lens. The difference in voltage potential between the screen 74 and the

emitter substrate 78 and lens layer 36 creates an electrostatic attractive force, which



first distance is preferably about 5 mcroneters for a preferred

enbodi nent. The second distance is preferably substantially the sane as
the firstwoiogtnedtee, 5 15 mcronmeters, and the third di st amce/uss2/p4ef er abl y
about 2 mcroneters or less. Fig. 6 is athird alternative enbodi nent of
the invention in a conceptual display,70. The display is nade up of
preferably an array of pixels 72, mhlc% further preferably are arranged in
a red, blue, green order but coul d al so be a monochromatic color. The

pi xel's 72 caHSES ho5Eh ?4‘% Eiucly At to tﬁ@le‘ﬁ?laﬁ{éﬁ6 A éérﬁﬁ%; gvgc{s%&a e or 20

nore el ectron emtters wn as rec emtters, which
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em ssions 50 are _focused ns |ayer 36 preferably made of a
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STy

74 and th st on substra pi cal e screen Is held at a
vol t age pibk@iphitht sigelddayer 32 bathe36@ev BhL S, such as 700 volts for exanple,

to attract the_el ectron em ssiqgns 50. The |ens |ayer 36 has a | ens opening
38 that focusBi& ?ﬁ%a@ua‘é@}twaam @@b%@es@fdbﬁ@@ﬁ@ad@ﬂm Emefapi xel s 72 on
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the emitter Ssur suc as a neg Create an electric
field ar om]qbrﬁhﬂtbly‘a $ilieon| sbstraypbini apgiodAlst anodreeeytpe of keanidBbndricegtor oni ¢ | ens.
The d|fference |n vol tage potential between the screen 74 and the emtter
subst r at eAltegnativgly eglass S&?%’fat% 6oVEEh PRsible subsiptes olstugh mategials afgt i ve for ce,

whi chy \WO 18%%9%7‘:&9 P%Ef g’%@ﬁ{e o Mhe chbhod ‘fﬁ%%ﬂﬁ!‘%ﬁﬁia&g Qesign hid aPs‘%% Lract ed

to the | ens layer emtter su strat mze

attracti vef thir-fien lz@zesmSQ:lrchtécbgteuheaathbde th. sPleseatkhdtviadilnt lagerse8een 74 and
the lens |ayer 36. The shield | a fyer 32 has shield openings 34, preferably
the same INGIEREALTSPrafERbYy atearsy qf spiadisH emiferses. OFspwanapﬁeraép e on

em ssi ons, rﬁgtf‘tern 11§ittt1gr gé}s%g‘?\r h&hﬂedﬁ&@ﬁs% Qsﬁn?ﬁesﬁ tg# Fig. 7

is a fourt lve odi ment o e |nvent|0 In an
| nt egr at echct iphyel plioshhut 84 b8Omothian ohegimdteip s myse@l&perq&xeBO [ s fornmed of
A O e ohoy A Fatls Spiddi lip 68 is Saphbls oF ereaiing ah alection emisaon’50 hatis c ' YPe
focused with a lens layer 36 embedded within the stack of thin-film layers 28 and
disposed between the screen anode 86 and the cathode 10. Also within the stack of
thin-film layers 28 is a shield layer 32 that is substantially the same dimensions as the
lens layer 36 but held at a different voltage potential, preferably the same as the screen
20  anode 86 voltage potential to reduce electrostatic attraction forces that act upon the
screen 82, preferably made of a thin glass or other transparent substrate. The shield
layer 32 is interposed between the lens layer 36 and the screen anode 86. The screen
82 is spaced apart from the stack of thin-film layers 28 by a spacer 88 to an anode-
shield spacing distance 24. Spacer 88 is selected and fabricated from several optional
25  materials known to those skilled in the art. Preferably, spacer 88 also provides an
airtight seal but optionally, an alternative seal 89 or an adhesive can be applied around
the periphery of the integrated display device 80.
Fig. 8 is a fifth embodiment of the invention used in a conceptual mass storage
device 90. Conceptual mass storage device 90 is exemplary illustrated as preferably

30  having three substrates arraigned in a vertical stack. An cathode 10 has a stack of

thin-film layers 28 formed on one surface that includes electron emitters 20, a lens



alternatively a glass substrate. Several possible substrates of such
materials are 10 known to those skilled in the art. The cathode 10 in this
exenpl ar ywoegiigat4has a stack of thin-filmlayers 28 create€d/usn2/id3e4 cat hode
10. The stack of thin-filmlayers 28 incorporates preferably an array of
spindt-tip emtters 68, or optionally an array of flat emtters. The
spindt-tip emtters 68 are iIIustrateé here as being a single spindt-tip
for each pixel phosphor 84, but nore than one spindt-tip may be present
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provides an airtight seal but optionally, an alternative seal 89 or an
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exenpl ar ythelnheddd siataed hastine ef amahl ty thedétystalline geateh mgﬁex&uﬁﬁdxy aled&iabiy ai gned
in a vertical stack. An cathode 10 has a stack of thin-filmlaye rs 28

formed oneamansin tehueds (3Te) and trissy allestbasd e rAnather exemp
02/103740 g 1&11%(3%(41{]1?16 %g:n u?n%%ﬂﬁ%e rSe@Qamﬂex%ﬂagé &ghgéé Iglraﬁtegél ta%tg?n&lrf ctron

emtters reates a focuse creates a

smal | spoto thosesskilfpdeih elicodat andl @adelstibutitutod nahounelcpirfing foahthascajecmt 10
nanoneters, .on a media surface 96 on a rotor substrate 92 di sposed between

the clax howititef theinventemt Hhe retos subsiipte Yuaand thestatersubstaie P4cenam on r ot or

electronic circuitry to enable rotor substrate 92 to move in a first and preferably
second direction to allow a single electron emitter 20 to read and write multiple
locations on the media surface. To prevent the rotor substrate 92 from being attracted
to the cathode 10, the stack of thin-film layers includes a shield layer 32 disposed

20  between the lens layer 36 and the rotor substrate 92.

To read from the media surface, a lower-energy focused beam 40 strikes the

media surface on media that causes electrons to flow through the media substrate 90
and a reader circuit 98 detects them. The amount of current detected is dependent on
the state, amorphous or crystalline, of the media surface struck by the focused beam

25  40. The operation of an exemplary reader circuit 98 is shown as having a first contact
91 connected to the media surface 96 and a second contact 97 connected to the media
substrate 92. Current that flows within the substrate is converted to voltage by
amplifier 95 to create a reader output 99. Other reader circuits are known by those
skilled in the art and can be substituted without departing from the scope and spirit of

30 the invention.



5 substrate 92 is preferably made of a phase-change material that is
affected by the energy of the focused beam 40. The phase-change materi al
is able twooRasmyeo froma crystalline to an anorphous st aPeTABILB4GEI Ng a
hi gh power | evel of focused beam 40 and rapidly decreasing the power |evel
of focused beam 40. The phase-change terial is able to change from an
anor phous state 93 to the crystalline state by using 10 a high power |ever
of focused beam 40 and sl owWy decreasing the power |evel so that the nedia

surface has ti _qu leg&%&ﬁ?%&%ﬁ (ﬁ)ﬂ%%@éﬂtiioﬁl‘?]lhgs;%{e ;’Zé‘g egﬁl’ﬁ e.ry mat eri al

IS germaniumt uri ternary a Anot her
exenpl ar yintegedted haks stsrapedévica B8l eThenmdgkat&bmassSeoregeadevide 190 ipdladsy- change
materials are known to_those skilled in the art and can be substituted
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| ocations on the media surface, To prevent the rqtor substrate 92 from
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t hrough the nedia substrate 90, and a reader circuit 98 detects them The
anmount  of 108 fFbricating| thednqy lei%edd%ﬂgfd?ﬁéﬁé- on the state, anorphous or

crystg line, ofdBeaGki: 6 é?&e%&%&%ﬁb%%t%% QYRR ﬁgm@éﬁ . The

operation of an exenplary reader circuit s shown as ving a tirst
contact pdforordéyicedtatts 106 eProfdhly suvdrndie 86l HSdittactes dondiccubdacike 97
connected to the nedia substrate {99;1 Cuﬁ%ren_t that flows within the
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subst r at 71 & 108 Al sERstialy %(ﬂn_ldﬁ%fe (the ingsriog tp lesp ep&xratedr eader
out put gg%nvgoﬂﬁfen{ %ﬁg rth@in@égﬁtéénﬁgsest&agé’\@e\}?é/e ltdop%qso Y IJsluﬁgrdtQ9% ﬂe art and
St eparting fr

can be su tuted w thout m the scope and spirit of 30 the
I nvent i onattadhrdD&y chfihad 00 RehE WSPRet 88 bt isl@soFprgferdbly an dir-tiphttsealenbodi ment of
the | 1nSve n ipt?gnailllyl, gns ;Etlrce?lge?tiq'e Bgal %8 cg1)1( %ggéeadrigstead of or in conjunction with spacer
88 to adhere and/or seal cathode 10 to rotor substrate 92.
Cathode 10 includes a stack of thin-film layers 28 that are preferably applied
using conventional semiconductor processes. The stack of thin-film layers 28 include
a set of electron emitters 20, shown here as flat emitters but spindt-tip emitters could
20  also be used, that are focused using a lens layer 36 that creates an electric field 42 that
creates the focused beam 40 on the media surface 96 to a spot size of preferably less
than 40 nanometers and more preferably less than 10 nanometers. The lens layer
preferably has a lens opening of about 7.2 micrometers. Preferably the space between
the cathode 10 and the rotor substrate 92 is evacuated of air to preferably less the 107
25  Torr to prevent the electrons emitted from the electron emitters 20 from colliding with
gas or other particles which could damage the electron emitters 20. The electron
emitters 20 are held at a first voltage potential to create the electrons preferably by
tunneling techniques. The first voltage potential is preferably less than about 25 volts.
The lens layer 36 is held at a second voltage potential, preferably about 0 volts with

30  respect to ground to create the electric field 42 used for focusing the electrons. The

media surface 96 is preferably held to a third potential preferably greater than 500



i ntegrated mass storage device 100. The integrated nmass storage device 100
includes three substrates: a cathode 10, a rotor substrate 92, and a
stator suWetRaexr4®4. The rotor substrate 92 has at | east PeRASAY 4 sur f ace
on a portion of the substrate that is able to 5 nove in preferably a first
and second direction using electrostaiic circuits 104, preferably in a
step notor type function. The novabl e nedia surface 96 is supported by
springs 102, preferably formed by etching the rotor substrate. Several

di fferent [ to those
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field 42 use Focusi ectrons
the med1a surface 96 on the anode, the spacing between the media surface 96 to the

surface of the cathode 10 can be kept to a minimum distance, such as less than 2
micrometers, to allow for spacer 88 to be deposited using conventional thin-film
20  sputtering technologies.
Fig. 10 is an exemplary block diagram of an electronic device 110, such as a
computer, video game, Internet appliance, terminal, MP3 player, or personal data
assistant to name just a few. The electronic device 110 includes a microprocessor

112, such as an Intel Pentium Processor ™

or compatible processor although other

25  processors exist and are known to those skilled in the art. The microprocessor 112 is
connected to a memory device 114 that includes computer readable memory that is
capable of holding computer executable commands used by the microprocessor 112 to
control data and/or input/output functions. Memory 114 can also store data that is
manipulated by the microprocessor 112. The microprocessor 112 is also connected to

30 either a storage device 116 or display device 118 or both. The storage device 116 and

the display device 118 contain an embodiment of the invention as exemplified in



media surface 96 is preferably held to a third potential preferably greater
than 500 WD 02/ 103740 PCT/ US02/ 18474 13 volts, for exanple about 700

vol ts, towetoenesssothe el ectrons emitted fromthe el ectronPCenisnt/ess34 20. The
difference in voltage potentials between the nedia surface 96 and the |ens
36 creates an attractive el ectrostatig force that tends to pull the novable
medi a surface of the rotor substrate 92 towards the cathode 10. The
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power, adghi¢lgecwathitid nk syieturd 3f the ibwgtishack of thin-filmlayers between
the lens layer 36 and the nedia surface 96 anode, mnimzes this

el ectrostati c Hisheadibeweteddhatdt waildbe ohwioys to thesestkillsddn theyest thamany hel d at
10 about . I . i [ 41N hield | r has

pr ef er abl %}ﬁ@ﬁggn%&ogfg%g%@%ir%g}&?gﬁgdegtﬂ esélgégsggéemebﬁégmﬁs Wﬁgg]ﬁens | ayer to
m ni msze dvetaafiflelepaftidg feors Medhvedtiay e Alloguch Raridtimy sedmeliEThfie Ream 40,
preferably to a force less than 0.03 Newtons/cnR per electron emtter 20.
Pr ef er abl Jitendpd tq bpincludpd herels wigpa ithe ssape plote prrsentdneestiomassetiforteins by a
first dis nr bly about 5 mcroneters, and the shield 15 | ayer
separ at ed&??@%}wﬁg%ﬁ%ﬁg | ayer by a second distance, preferably equal to the
first distancwhaBy @ggrdtd:ally elimnating the el ectrostatic force between
t he cathode 10 and the nedia surface 96 on the anode, the spacing between
the nmedia surface 96 to the surface of the cathode 10 can be kept to a

m ni rum di stance, such as less than 2 mcroneters, to allow for spacer 88
to be deposited using conventional thin-film 20 sputtering technol ogies.
Fig. 10 is an exenplary bl ock diagramof an electronic device 110, such as
a conputer, video gane, Internet appliance, termnal, MP3 player, or
personal data assistant to nanme just a few. The el ectronic device 110
includes a m croprocessor 112, such as an Intel Pentium ProcessorTM or
conpati bl e processor although other 25 processors exi st and are known to
those skilled in the art. The m croprocessor 112 is connected to a nenory
device 114 that includes conputer readable nenory that is



capabl e of hol ding conputer executable commands used by the m croprocessor
112 to control data and/or input/output functions. Menory 114 can al so

st ore datwotohae37ues nani pul ated by the m croprocessor 112PCThisS02/18474

m croprocessor 112 is also connected to 30 either a storage device 116 or
di spl ay device 118 or both. The storaggsdevice 116 and the display device
118 contain an enbodi nent of the |nvent|on as exenplified in WO 02/ 103740
PCT/ US02/ 18474 14 earlier described figures and text showing field

eni ssion devices that are focused angy asiicel ded with the |lens structure of
the invention. It should be noted that it would be obvious to those skilled
inthe art that many variations and nodifications may be nade to the

di scl osed enbodi nents without 5 substantially departing fromthe invention.

Al such var \add1@Bmidh meffblc&&mg% Bk ed b&%&&&ie&ns Bn BEahdifecl(96led herein

within the scope of the present invention, as set forthin the f ol | owi ng

cl ai ns.5 Whetimprssing:ai ned is: WO 02/ 103740 PCT/ US02/ 18474 15 CLAIMS 1. A

field em ssion devj cg for eatlng i\ focused el ectron_heam on an anode
fode e

(30), 5 conpri &F3#E° a@ﬁt vingAd feaghgie oRgmiter (@¥st one el ectron
emtter (20); gﬁ&gg ? a?(ggﬂ dﬁ%ﬁﬁ including, a lens layer (36) disposed

on the cathode | ayer leld layer (32) interposed between the
| ens | ayer (36) and a[tmlséatwdé%)ﬂ&pééﬁﬁ)onvthecaihasﬂetlh&reél@pmd)stati c attraction

b he | | (36 h 30 d . 2. The field
e 851 0 devi g6 of o SPRICIEAS D FOTRESCOR BFH 1 T8O FAED ABOIRGBAIS he
lens | gy erg@f’?%lsfeﬂgtﬂet}?ec biatiatt 3% e éenatﬂgletng é/gf Q%Z%E@thg %L%ﬁfee(ggj he

shield | ayer 15 and the anode (3 et we one out two
ti mes the dirsdiwnde between the

2. The field emission device of claim 1 wherein the sum of the distance between the
lens layer (36) and the shield layer (32) and the distance between the shield layer (32)

15  and the anode (30) is between about one to about two times the distance between the
lens layer (36) and the cathode layer (10).

3. The field emission device of claim 1 wherein the distance of the lens layer from the
cathode layer and the distance of the shield layer from the lens layer are substantially

20  equal.

4. The field emission device of claim 1 wherein distance of the lens layer (36) from

the cathode layer (10) is about 5 micrometers.

25 5. The field emission device of claim 1 wherein lens layer (36) and the shield layer
(32) include an opening (34, 38) for creating the focused electron beam, the openings

(34,38) having substantially the same diameter.

6. The field.emission device of claim 1 wherein the diameter of the opening (38) in

30  the lens layer (36) is about 7.2 micrometers.



| ens | ayer (36) and the cathode |layer (10). 3. The field em ssion device of
claim1l wherein the distance of the lens |ayer fromthe cathode |ayer and
t he di st awoe206378hhe shield | ayer fromthe lens |ayer are abgatSarmissadly 20
equal . 4. The field em ssion device of claim1l wherein distance of the |ens
| ayer (36) from the cathode |ayer (10)4is about 5 microneters. 25 5. The
field em ssion device of claim1l wherein |lens layer (36) and the shield
| ayer (32) include an opening (34, 38) for creating the focused el ectron
beam the PpGRIMAS emisitbntiediceMRKIalt 1SHRA %&éeycréd?ﬁiwg theBEhsde 6. The
field.em ssion device of claim1 wherein the dianeter of t%e openi ng (38)
in 30 thelayer(30) andethe 6B6Je (36) Rbess than. 0T Newwmmear’s. WO 02/ 103740
PCT/ US02/ 18474 16 7. The field em ssion device of claim1l wherein the
force created between the cathode |ayer (10) and the anode (30) is |ess
t han 0. 03 e t el 1L.SSi L L al wherein the
focused el gg?%%ﬂé@géﬁss(l%?&hge éﬁ%%?‘e%a}ég@gg g(?ﬁg%%%l&fsq@eb% %I?A{)&O)of | ess t han
40, manbnetrestss afodubel sroosiee (81 )of 1e9s thihd0 hksdretersiomshomadie\3®e of claim 1
wherein lens |ayer (36) and the shield layer (32) have a voltage potenti al
di fference greater than 500 volts. 10 10. The field em ssion device of
claim1l whegrgj j shi el s . e anode
(30) 15 equatei @ empsHRrleFLIRR? il ek 1k Be5and bt Shicfiyby”

(32) have a voltage potential difference greater than 500 volts.

10  10. The field emission device of claim 1 wherein the distance between the shield layer

(32) and the anode (30) is equal to or less than about 2 micrometers.



