; e3eDxD. $6$TxW 010012050 10 FOCUSI NG LENS FOR ELECTRON EM TTER BACKGROUND
OF THE | NVENTI ON 2 Novenber 2004 15 The present invention relates to | ens
design for electron emtters, particularly those electron emtters used in
mass st oragessand di spl ay devi ces often incorporated igNnag%meb&Ptronic

devi ces. Computing technol ogy continues to becone | ess expensi ve whil e
providing nore capability. To allow tonputing 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. Miuch criticismhas been voiced in
the trade press about the | ack of mass storage devices such as disk drives,
CD- ROVs, and DVD drives, to nane a few, to keep up with the advanci ng speed
of the mcroprocessors found in contenporary personal conputers. Hard disk
drives, for exanple, have been able to increase the 25 storage density
trenengously over the |ast decade but are now encountering physical
limtations that prevents further progress. Al though sonme hard disk 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 nonitors have i 1 i N ) grmand due to the
conpfggity of nanufagaﬁspﬁg&%%§§$$FFﬁﬂﬁgg$#?gFgﬂggfects. Further, the use
of passive LCD technol ogy has required the addition of backlights to all ow
for viewng in different anbient |light conditions. These backlights require
addi ti onal power thereby i 'ﬁ#ﬁgnhﬂﬁfn m battery operation

i ooi zoso 2 Novenber 2004”%$%§F£%ﬂh%§g echno o%@rhas been present for many
years in consuner products such as television (TV) tubes and conputer

nonitors. These devi ces use what |Zernkgown S h?rt cat hode Iefc}rodes to
s deEndealcy arfied

creat 85a sour cEhoppresenbiayenbiag relaies to PBERRE™ BEULED Yon the

view ng s iflnﬁtte{ SRakCRafabrigB kRIdiRIACRvicss éfieh invorgoeatebin new

t echnol ogiﬁ{cog?afclt}eélﬁ S, trﬁe fi elgl of rf’rcggl d cgﬂt hode el ectron emtters such as
spi ndt - t i pmnppldctfdnid devieks.t ers has attracted the attenti on of many

manuf acturers. .Several  pr eX] j LisRe WiieHr&fdifl; cat hode
technol ogy to 8?‘6‘8&&%‘?@%@% ‘gﬁ;?r-sz‘f)?ééﬁﬁ”?%%tlﬁ‘@ csr eati.o;prof anh el ectron

f ocusi ng %Jrél&%ulﬁiﬂtyt ITatallo@romputimgaethhologptb copinge thegs nositive berdst hat require a
hi gh density of em tting devices such as w.th ss. 1 r .and di spl ay
devi ca8. DeuRhera) devigrs SWhas HapLsiptp vygﬁ\ﬁ\”pgplggﬁfvd%es\%ﬁ{ cg)aggg'ot?enti al

bet ween t hg Al eoHaNARRA! Kk bo vofed ifthé GaieTRdtl yhousdhk itk af masthode) and t he
media or view ng surface (conmonl ﬁcal | ed an _anode). Wen _naki ng conpact

devi ces, hsowaedryiceshsh as diskrdyivesh 6P R@Ms¢and DVRMAryesdapame 2 £ A2 anode and
cathode. This short dista b o Ol f Lol ShEaN&as consi stent
tight focu§*hofP ‘F’ﬁléghgIag\(':atmr:lglg.gpe%@tg?@%%ﬂﬁrﬁég%gsﬁ#o%%ﬁ&éggr ce %n?lg the anode. |If
a consi st edtsotidl ghrhpifters.uHaidsliskatives, &ivlergmytie, inerbesn ehlatpeineteassihei es are

ossi bl e because of smal|er bit distances, Becaus -and cat hode
gr e held éfor?ﬁele'é“t“@ﬁ’anﬁP‘h}’Slﬁioéﬂ t%olﬁtgﬁcé’g%%‘ftgrﬁnf%gll egl,C&g{r?]er@Eggﬁ %gt at c force
created byisieoh Wit p}x‘&ﬂeﬂt@ﬂﬁﬂﬁﬂﬁrﬁﬁ&isg?lmbl@twﬁxe aﬂg[diskrda&tsi hage b @nlc e bet \r/1vee n
them This amactive force creates .additio robl ems y Wt
novabl e cdawpBHrEsd © OPGY%WW%@F dB‘(}%eISC‘hﬁ@g? ﬁﬁg)@erfr%?uérgnergggﬁﬂégitt he nedi a

surface Mag%esleRh %Q&’erfiga@rmﬁ: Al tort 86drgy dfidTRit Oiglcdenkitodtbrageglevhe isTedi a
surface nust consune additional power, there by affecting battery life in

portabl e preedtdcts. In display devices, this unwanted force; could create
undesi{ed FLaxi A6iRE shaf S1TRnositdrSRsve hdddiffRal fi fElfungeRinaabi @ @t tractive
force llos r%l%iﬁg}le%@lg? esf“lglrm nat (_ad,0 trﬁe_uge of col)f:l cat hode_ el ectfr on emtting

t echnol ogth®m1ﬂ§mbe{fd@h'af?@Hﬂng’Fh@Fé‘ﬁ‘br“éﬁf'zﬁrorpégﬂtsef}“élfeé’ s new | ens
structure Spta\%%\; 1k dTh AR Sy HAE redhi-d AL hddRichQF saKhgkRaMoWTs: kedg and cat hode
structure 11e al so mai'nt ai ni ng tol erance to manufacturing process

vari at i onsin disreatmhiendigbsendpions. ol herechpalclightgaetuire paditions! B¥Y¥t er with a | ens
| ayer and ter int.e he | ens | ayer and an anode. The

pur pose oftﬁ?r bey{\%ﬁérlfélrngf I%Bﬁg%gr}l%?é&fgﬁrﬁnﬁﬁm ze the spread of the electrom
beamemtted fromthe cathode and reduce gate current. t 0ooi zoso



3 SUMVARY OF THE | NVENTI ON 2 Novenber 2004 An election lens is used for
focusing electrons froma cathode to an anode. The lens includes a first
conductive layer with a first opening at a first distance from5 the

cat hode. THhE%first conductive layer is held at a first I\YOl tage, The | ens
al so includes a second conductive layer with a second 2op°é’ﬁr|nl?lg a(t)f" a second
di stance fromthe first conductive |dyer and a third distance 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 chibston bagedchonlognbasteprspresgpl fPRGanY YeAs R EWSHIY ol t age; the 10

first distance, the cond di i {eSd @GR he force
created bé’lr%glétﬁ S?Weasieg?vﬁ%o e&éﬁéﬂg%%@ ﬁlguran{etr?i%%lwzréejdﬂl@éthe Ss}tls-r{ucture of the
| ens. BRI EfaPERaRVPT KN cifodEEcDRRVWINGSitd 2 ®uideef elacteans thshaties bet t er

understood with reference to the. foll ow dr aw X l nts of the
drawi ngs aliciadio aud derusedrqn the yigwing Sreen &Y X5 rssgeaﬁcgggszf%lﬁe-ﬁg)? %EFI?QERat her,

enphasiss haspeNStefdea618giPdI TR, thdReld 6f @M taghode klestronadniitiers std as nvent i on.
Furthernore, |ike reference nuneral s designate correspondi ng simlar though

not ne](c:eswhidt-gipssmddlat graitters hagatsariad thaastenqpai grany aCBESE g, 1 Ais a top
vi ew of a focusi el ect.r.on i actdl 1 Bis a
cross- sect eKﬁag?rQ@ﬁlgs )8%6%for{llg‘;’g@?%gh?;rcgﬁd]?agiﬁgggea%@‘rﬁé I?SHCts‘l: (%\wal e ny the

| -1 per speth Meblefni i the2Aaticn & ahefpcworefaciingatricen dhat gardtedised @n | ens t hat

enconpasses an enbodi nent of the invention. .25 Fi i - i
of the focB¥fiRl sgplEetoyhA! é‘i‘iglres?'ng‘&ﬂYif”rﬁ’tﬁ?g?m’%&géilf"q%%ﬁ%ﬂeﬁIvfltlﬁqf&%:r :ng:!t ve.
Fig. 317 s @4tadd ndRAspRYdNIcRS Uslnglyf thesd applgatiine edquera highsoldgown in Fig. 2A in

operation and representative equipotential surfaces. Fig. 4 is. an
i |1 ust rat | ptendihl betviden she edaphioRBRSFAING FOUTGSd CQPRHY Fﬂgf?d\mci‘%%) F’i“g‘theso emtter

cat hode. mg:'cgg lorz\ggvging sﬁfa%lgt/c%ma?ornlyzcgﬁéh an anode). When making compact
devices, however, only a very short distance will separate the anode and cathode. This
short distance makes it difficult to achieve a consistent tight focus of the electron:;

15 from the cathode source onto the anode. If a consistent tight focus is achievable,
higher storage densities are possible because of smaller bit distances. Because th:
anode and cathode are held at differentially high voltage potentials, an electrostat ¢
force created by the high voltage potential creates an attractive force between themn.
This attractive force creates additional problems, especially with movable compoaents

720  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, there by
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 technolo 3y

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.

US Patent 5,850,120 to Okamato describes an emitter with a lens layer ard a
ternary interposed between the lens layer and an anode. The purpose of the ternary
30  layer is to minimize the spread of the electrom beam emitted from the cathode ard

reduce gate current.



Fig. 5is an illustration of a second enbodi nent of the invention with a
plurality of spindt-tip electron emtters. Fig. 6 is an illustration of a
third enbodi nrent of the invention used in a display device. 5 Fig. 7 is an
il lustrati@®fi®of a fourth enbodi nent of the invention ] i spl ay
device. Fig. 8 is anillustration of a fifth enbodi rre;?ﬁ%fhlgﬁgoqinventi on
used in a nass storage device. Fig. ® is an illustration of sixth

enbodi ment of the invention used in a nmass 10 storage device. Fig. 10 is a
bl ock di agram of an el ect[onj A i des devi ces that enconpass
embodi ment's of the invent$@wﬁ‘bdg§ﬂl{-§f£ww OF THE PREFERRED

EMBODI MENT 15 One technique to mnimze the attractive farces between

cat hodes and anodes is to use a co-planer lens and shield as illustrated in
the field en sAnerctubaénsas mé@rﬁequwngﬁlg@troniﬂoaﬁcfaﬁlesie 0jaganqdk- i s a top view
of the fi end ssi.on device. .F| B : $e5hisRcofohhe field

eni ssi on ﬁgé‘s]le%semf deiagfrgtfﬂg 58 %l%yéerhtﬁgft tgp‘?{ Ik berspect i ve 20 al ong with a
r epr esent @k iciBoden e fizdconductistetim@eis bldrns fishvatage t Thedensisot er 20 di sposed
on or withinit to create.a beam.of el ectrons.  Di ddie cathode is
pr ef er abl Ycldes aeﬁeé‘lﬂdr‘ﬁoﬂ‘sch‘)’/% y?i‘“?’oa Sﬁcroc’)l\%f) S Ef %Bg(g?}gtgﬁ% pdr?'ef erabl y

ther mal i s Wratbucti@lajehendli hiré distanee fray e ad@lei Thelsespubeddective- pl aner | ens

16 and preferably a co-plaper shield 14. Shield-1ens..spacin 2 separates
the co- pl Hers h%%gt alSSC‘é’ﬁ‘detﬁ’és &%‘gl}?e‘?quﬁlgo iVage £ Fhe\%’?dnei ﬁT%he co- pl aner
lens 16 iﬁrs@mﬁ&ewrﬁ%gémhg%%e QHOSIR Hagkd R theMirktololthge, the eekohd veltagattee an
electrostatic field that affects the el ectron beam preferably by focusing

the ellect fishdisenss fheserond distanescand dhe third distanceo Fho,fores cEated P30 that is
separated fro he .co-pl.aner. | r shield 14 by shield-Iens
spaci ng 24%¢ Cﬁ?&#"é’r“&ﬁf‘%‘? lfﬂlgm%%z?gﬁ}é%‘grs g%lngﬁfjtmi%ﬂgs hel d at or near the
potential of the anode 30 and is used to 30 mnim ze the attractive force
bet ween the anode 30 a t hough this structure
reduces the attracti ve&%&%mﬁg\t@ﬁ{)ﬁm{é@@b nd cat hode goo ~zo0so 2
Novenber 2004 10 structures, an attractive force 26 remains due to the
differential voltage potential between the coﬁg&lagﬁr lens 16 and the anode
30. ThPs attr athd ipeentipn isdetie qnfi?ﬁtf’%d‘t"’rﬁ]@z’e?ﬁ%ﬁ?i’ 6 llgeing #&"&hode 30 and
cat hode 19, W1G0yd Bfin@atihedOrelrd: ecBREHIB WAL Aiflive Wi el Lh & masS
storage déevi Ce, & motor used to move the medi a surface nust S exert nore
power to Bukegemphdsiichaninsteateen platairupen Sl6arlytiHestratiyg the myemoig nore power
and/or a lLarger nmotor._I|f the anode. 30 is a di.splay. the attractive
force reqtiPtEEmes; lélﬁfe‘FfeEﬁngep?'ﬁVré]h SlePaf 8%rrec§?°nr?11)"%esﬁ’}s{%azg{eofru&? rrg ferial,

i ncr easi Ngedaghhilylkad Beits tiRtkh Bdevsril gietvs. Keepi ng the anode 30 and the

el ectronic | ens s%)ar ated by a | arge di st?nc m nign%zes the attractive
f or ce 20 However Figt K & 4 19p YieWef @ forysine Rigen lensdordn #iecEon ¢t o f ocused spot

on the anode 30,V ¥ S808IsbdtiR of fhe Mclfihg M&dilof dn Bifowr In FiE 1AeNmgand shi el d
geonetry, which is affected by manufacturing processes. The expected

part - t o- péetl-lparspertiven caused by the manufacturing process limts the spot

size to great e{:ig'.[ 5‘& Ky a{ t%p O,%%doefq fI)chléing gl‘é%o%' lerg%ﬁlt E&%Hp%@s 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.



Figs. 2A and 2B illustrate the architecture and design of an electronic

|l ens that 15 results in less attractive force, preferably |less than 0.03
Net wons/ cn2, and nore tolerance to fabrication process variations. Fig. 2A
is atop V& of a field em ssion device that incorpo&q%ﬁémkpgm%ens
structure of the invention. Fig. 2B is a cross sectional view of the field
eni ssion device shown in Fig. 2A alohg the I1-11 perspective and includes
the structure of an anode 30. Cathode 10 has an electron emtter 20 |ocated

20 on or within it. The electron emtter,. cr a{ﬁs.a bteam.g{ el ectrons t hat
i s focused on Hfouis anglusEatiog of aserqad pmbadimeps of e inVeRUn Al 44 et ween a

shield | aglg%ggzofgpﬁﬁggﬁ bedfonlihittelie shield layer 32 is located between the
and"t

| ens | aye e anode 30. The; lens layer 36 has %,I ens openi ng 38,
which is used Eig.6isauﬁlllsh@ioéllOéétﬂrl@rﬁﬂli?@éme@h‘?féhfa‘ﬁw’é‘ogex t™he shield | ayer 32
has a shia.}léq ogeni ng 34, preferably the sane diameter 2 as | ens opening 3 8
that al | o8P Phe™¢%ct ron beamto pass between through the shield | ayer 32
onto agmode 30.Figheislaaitustratjoarof 3Gourth etibodiowethfde ipyention ngsdyn & f i r st
dielectric |layer 13. The shield layer 32 is disposed preferably on a second
di el ect ri €isPlaYE5Vi%¥s The |ens |ayer 36, first dielectric layer 13 and second
dielectric |aygg. §f aamthstriondtiadiftl chiydimeBidialrecnyprnebrenstiiya imatsegr at ed ont o
cat hode 10 using _sem conductor or display 30 thin-filmtechnol ogy thereby
creating 8owEe AYAE- structure 11. The lens layer 36 is separated fromthe
cathode 10 by pof9 {sSh ilflisEhRACSE sk enlbbingdit 6f the indimtion Azkdiis aseypar at ed

| 0012050 6 2 Novenber 7004 fromthe |lens |ayer 36 by a second di stance 46.
The shbel stofagydevid2 i s separated fromthe anode 30 by a third distance 24.
Preferably, thg sym of ' i ' a24 is within
Zbout one 1o apgutt b ag B BB A o o B e e R . For

i nst ance, ehdonpas edtbodithensnif thetifneenfior. st di st ance 48 and the second di stance
46 are substantially equal to each other and greater than the third

di stance 24, which separates the anode 30 fromthe cathode structure 11.
The | ens openi pgTASLEMOESURIBITOS OF PHEFREFERRED BMBODIMEN e chosen such
that the electrons emtted fromthe electron emtter 20 forns a spot inage
on thé5anode 30 that is |ess than 40 nanoneters. The spot size is also

af fected 10 by i B048En cithodsdumdladloleayer 34 and
anode 30 with P}égs)%g%tg&%c}a?rﬁghg%lt%ga&égfigt)lﬁii?iegllbto cat hode 10. The vol t ages
appl i ed t ds tbhee did-pleneins land shield a4 illustratedan the fgldiemissiongevicashov e force 26.

For exanple,. Fig. il lustrates exe [ I T .J el .est abl i shed for
the el ect MHRES I%ear\’é lbn Fltil%éAflfgl%od’ hisid é@%ﬁe@g@%‘ghgﬁlﬁ' g@géﬁ ‘S?d 2B. The
el ectr ost afdsesetRod StEeRelg epakiod dbycain Pl | Adodtidgfistoelnt -yetspegiss t o t he

cat hode 10, lens layer 36, shield 32 and the anode 30 create the electric
field?242. a@gw@atrﬁmgsepﬁévwée?QOCAF?‘E‘P% @é‘as ﬂfge“FP%Ff&lt%ﬁ?@si on device 20

becomes adfs?&s‘éﬁ%g OFLvﬁﬁiwiptG cRAletaltRhm b8Bectibns Bispsstd b theic@hsded® nodifies the
direction of the electron beamemtted by electron emtter 20 to create a

f ocused beeferdly adilecticdatee 2 torprovideyeleatningt andpreferably shegmaldnsufat gher abl y, t he
materials 20 of. first di ' { 3eANE ase6RRdLil £lepbskc | ayer 15
are choser(l%t%e Crir'iefrffldrrrléiI I g)f‘?(ea%ﬁbst%ﬁlei%ée/?%g%r? c ?i e‘ffc;f‘g42. WTheoeI?i rst dielectric
| ayer 13 ahididsidc Ghitldileas speting 22 bepprates I8 coplanprdenshié and the corPlafict f er ent
dielectric _npterigl.. The ele : ;i 8sLb&lise A Shihes gabl v
fabri ?ﬁt edh&ﬁtlﬁ' svgthl%ghﬁ(fﬁ l%n(ré} %gg}éclggt%%?ﬁ%rl oéy?’&[fﬁge devi ces gf t he present
i nvent i on tatieatappkicctedstadic fieldahdafients B cleerogdeah, pefpiablyhd feusing devi ces
technol Ogltl?eseleaért]r%n g‘ar}n g'gmft eb élé&%%%%i e 90" ox?to\égléﬂo%ggo ﬁrat is separated rom

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 (0

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 catl ode



sem conductor materials. The follow ng description discusses several
presently preferred enbodi nents of the sem conductor devices of the present
invention as inplenented in silicon substrates, since the majority of
current |y | abl e sem conduct or devices are fabrlcatqg in S &Mcon
substrates and the nost commonly 30 encountered applicati SR 81 't he present
invention wll involve silicon substfates. hbvertheless, t he present
invention may al so advantageously be enployed in gallium 10012050 2

Novenber 2004 arseni de, germanium an r uct or erials.
Accor di ngﬂ(g/stntcn@esmre@gmtl\/? fRrestd Ismaing ‘H’df’ erﬁ‘l‘%’i P‘fog ‘agePqt T‘Wiated to those

devi ces fe&&%&f&g E dsq@an&mm@ucmg afifab iR ifees 26 tits el | i ncl ude
t hose devices fa In one or nore of the avail abl e sem_conduct or
material s s;annlgﬂ)elm\hm)ﬂngn@i; 38vaad talide lﬂowhn@ﬂ@ anqde|30dga medig gafiget . such as
thin-filmtransi tor FT SS

subst r at eI A Wét &Wzﬁ 8“% {iev? e’?tﬁ ?g%() ?(gx\ymggég%églf gﬁgglif&t@ Pgléﬁt o scale.

Furthes, Vak Abe ppaettd oOércérh@thaﬁﬂmmﬁfeéd)mmtl&rd’mwmsnmingbmﬁn padvetwn t o scal e.
Certai n di nmensi ons ham been exa%l%er ated in tion toépt her di mensions in
order to prdswiadarser mptenrlEthe apode 0use digplp ABRFLYCARGF FEUBES t he present
I nvention hléléér &géb éu‘BEh 1ok %%aée?ﬁxa%m%bfzﬁg’lﬁg%dtﬁ brdgtidt déseanherein are
shown in Wo di Sional Views W th various regi ons having depth and wi dth,
it shoul dweight|Keeping thardedsiband therigctropie deas sepgiatsd dy glaes diFaR%r at i ons of
only a por tlrlug-% egtheaattgd%g{'ecﬁr&hﬁ%“}e%ratﬁits%éé distahck MR SBNGRnal structure.
Accor di ngfn Hese regrons w have three 15 di nensions, including | ength,
Wi dt h,10 anébedsedtshot oM‘thmadodéJB@wymnSIUMe @mizor varistions ir tbelenwrdesbvéc}, whil e the

present invention at ed referred cted to
active deBfuRly: Vpic F‘é“rﬁ% hlfg‘ﬁ‘b‘g%;{‘fr tpr(fcﬁségse ﬁ’lgggrget gg?l ons g alimtation

on the scopsuioh cARR be@bilahtfict@fing giecepy lierthe spovsint togreatek than §: not i nt ended
that the active devices of the present invention be |[imted to the physi cal
st ruct ur egeqdeq fpsseuerad applippis 20 structures are included to demonstrate the

utility and app ok ol Axﬁ@BQiluJ,da&tﬂéﬁﬁlﬁﬁku&e&y}@a&dlghrbffa@euaétﬁﬁ@mkhth ef erred
enbodi nent s. g 4 is an exenplary illustration of ?%‘LrSt enbodi nent of
§sh

t he i A¥entdsolts i gttractfweaf@rcerpmf@rebly bess than QA3 NP@©DYem MRE. The flat

emitter 2 erip & Al §3top iew BRAfAL ediskibem a substrate

54, pref e%oalt r?‘%egogﬁbﬁ%@ﬁﬁs&ﬁgétﬁﬁtgggl tlgoug o%p' e? 2~ éondui:tl ve substrates

are usabl eew&wthat ihcospdratethe lea;lﬁrucﬁlﬁe ofulphinwantidn. J4g. El@a cmSS Sictpnab nane a

few. Several othe |nsul at | a er erj.als %%Zﬁtn I k(povvn to those
speé8ﬁn

skilled i et th field prIsgiAn fevige a8 20 A Mg e ald O | he

substrat e1&ﬁdkb{h@@9&tﬁ@efapénoée3carmhtﬁdaetloﬁasfahatecﬁ:m drhieter 20dbdwwde 58. The
vol tage applied is typically 5- 20 volts and this potential creates a

t unnel20ng oofr withitit: elesirersanifterecreates albsam agelestropshalis Mgused 08 yf £ j ¢j ent
number of .LHNG!.E8s 816 18NS HRYLISHII Sl &Rk SBRNGK: SPafsaaRe: the flat

to create an el ectron em ssion . enslayer 36 is
~a0~z0s0 20NOuestied 1@&03& it beattdbetaedni thesiendayer 36 anal theaqudgarﬁ) the: flat emitter
cat hode 52? flayer rsTE 1éhs %gemng , which is used to focus the electron beam onto
anode 30. The shield layer 32 has a shield opening 34, preferably the same diamerer

as lens opening 38 that allows the electron beam to pass between through the shield

9]
wn

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 1£.
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 separaed



m cronmeters. The lens |layer 36 is connected to | ens voltage source 64. The
vol tage applied to the lens layer is used to create an electric field 42 in
| ens openlng 38 to focus the electron emssion 50 fromthe flat emtter

cat hode 58"“Fbr exanple, 5 preferably the voltage of 5?ﬁ§1+ R4 36 is set
to about O volts. A shield layer 32 is placed between't ens Iayer 36 and
t he anode 30, such as a display or ntdia surface, at a second di stance, for
exanpl e about 5 mcroneters. The anode 30 is disposed over the shield |ayer

32 at a third distance 24, for exa 3?‘ gla é m croneters 3{3 | ess.

Pr ef er abl {fombe lept layqs 3Pa’¥érse°§2d3ﬁ § el dpver 7 18 TR 0 the sane
anode 10 WRILAGS0IRW RRd BiGtaAce AhoWN, preferabl y nore than 500 volts, for
exanpl e about 700 volts. Optionally, the shield |ayer 32 and the anode 30

can have a snaPrefeyablly, shysumiof secopd distgncer4s a&é&’(‘fﬁrﬂ“@ﬁ?z‘bﬁl"f‘%ea ¥Pops or ot her
| osses that_ ar r it qRthOgEdRCt rical circuits.
Al so, by s?eto E?‘;tt‘ggjﬂﬁg% |h%8%%%9éj§tt? t?%édr?t@? aga vol tagéekgt)et ween the shield

| ayer 32 arlﬂdocameniethatﬁrst betahwssand@e(sawnbdlstanw&amed)stagwﬂbl&ﬂv Hép 15 t he
shield layer 32 an the yer 30 t . substant i me vol t age
pot ent i al caEhey Fat?{ft g‘éthtr gtsé?f‘f ‘gtvthtc pla\r/aeesft%r%l}e(’d%ﬂfv\ggn t he anode
and cat hogg chodd iiiu@im?eeﬂ tTheadns @perfiy 38tdae tie! shizRl dpenidg 38Bintensishs el d | ayer 32
third spaci ng 24. Flt}? is a second_ enbodi nent of ﬁ{j%be i nvention in which

the el ect psithesen suchrthtgheelestrangemjitedsfiom die elpsiran epitaiitV foFps 23t ters 60 to
create thﬁngle%ﬁttﬁe%o&é%@&h%1e'§§3manTJit?na%Qm&9isndhe §oPsiedlistals6 afe@$ ar e creat ed
on substrate 54, preferably silicon, using any of several processes known
to thoe bkibliages appliedie thelens layes 3@@b@tdrlaxee3smdrpa§de3%m Kepect? f or

G ¢t or & 48 Vof RGP SuBboe ff IREV D R G ABRRRBeRZAR” T 1P,

emtters @@oaﬂf&tg@tat&aeumowzst er voI t age 62, preferabl y about 5-20 volts.
Because of the pointed shape of the 25 spj ndt ric field is

c
i ncreased and Borexapplaskigrillysteigs cxonrigng e F‘Bcg‘ﬁl&"'éﬁft?lt @Be‘{@ Feate the

el ectron eRlssHiORnOeh thd AEldleBiiRioh A Ate HFifA M 2B e RREcBSKtdtia Whi ch t he
el ectron em ssion 50 passes throu‘gh and 1s focused to form a_focused beam

40 on1anoﬂé0€§@rea§ﬁé’b’ép%iﬁllflgdtf@fea“§ Beesdp the cathodeclls leps, laner 26, fughddet ers in

di aneter, r ; . tmgﬁtﬁeq@@ Theeiapening 38 is
prefer abI y a But (@fgfgefafr%ntg%)%ér{rcet%g?%g?% I?Jﬂ?}ga%ge npl ary enbodi rrent The | ens

| ayer 36 emlsbxehde\atemweemesmﬂomagreelpmoenmlm 180, Thereddewicedlsld/42about 0 vol ts

but other v can be ed . dependi n n i 00i.z0 venber 2004
actual di H’é’ﬂ&éﬁ?@ ?}?é‘r???}t? elet"ﬁg %‘ﬁ%ctt?yo ecgpn F‘Hgtze ?&ﬁocfrée\lag‘i %sion devi ce.
Due to thedlidifRaRA0@hat Bre¥ted drfigRgPPoe brtdnolesoNTaEfeiabl, iheRttdralker 36, the
shield layer 32, the an ode 30 and the spindt-tip emtters 60,. an electric

fiel d282 PEfistgieasc layer Heand sesqnd dieleptgic Ilz’é(f’r IISSQI%@QFR“H@ minigally aifect o) ectri ¢
field 42 pedidftfid TIRGHSIERR 18RS LRSI ARIQAR 1203 1788 deens | ayer 36
is disposed at a first distance 48 fromthe spindt emtter 68 tips. The
anode | ayéhe s3@e pediffetedt ditleciric matsdal. vol t age potential 66, preferably greater
t han 500V and referab 7 i otential 66
attracts the e ec%rcgrr?g l%ls A%%@Q’Ssgé%efpé%g\%f’ an%%fgﬁ]ggﬁ éﬁ%&ﬁggtgﬁt

el ectr ost deviee tathnolgy.i Oie deetcesefithd prescaniovkntiamate applicebie tuxdbromb mponents, a

shi el er 32 is interposed between t n er 36. and. t he anode
30. THe s¥ﬁ“§? afzteagwggfé°rh’§§‘c%§ tgﬁ’r“\é\ii%ale%ﬂgrﬁaﬂg %Hn‘f)afeéif AR et%' %e same
geonet ry afficsideonmalcANS. TREMNIIHGing escripeonsdiicadses deaMelrpr&Entl)s spaced a
second di stance 46 fromthe lens | ayer and a fathhl rd dj stance 24 fromthe

anode 30 Pijrsred embadimeptsof te sermige “F‘é’rf)"r"é’f"é? TE}’G%FBBWCI?}‘Oﬂta%roneters for a

preferred nenaqehtéaentmllcmglb%ea@mneh thé AARELY of cRfr@itighaadlaglesubst antial 'y the
sane as the first distance, 15 mcronmeters, and the third distance is

pr ef er abl yeraBductor ?ﬁvéﬁeoﬁ‘étf%atﬁﬁi iny silicen syhspatesgand dhe-mesh commaNly e nat i ve
enbodigent, QfinkRa abmt«smds%@tﬁerg,raemmﬁtmnuah lmmlsﬂ%ozgubsﬂtes di splay is nade
up of preferably an array of pixels 72, which further preferably are
arranged MNevathelses, ﬂt?lm@Cntgn‘éehommwlsmafé@ﬂﬁpwl)abwwcé irglbEhr onani ¢
color. The pixels 72 are formed on screen 74. An emtter substrate 78 has
one or 20 nore electron emtters 20, shown as rectangul ar shaped fl at
emtters, which are individually controlled to create el ectron em ssions
50. The el ectron em ssions 50 are focused using a lens |ayer 36 preferably
made of a conducting |layer of material such as alum num gold. or other
nmetal or sem conductor thin-filnms. The lens |ayer 36 is di sposed between
the screen 74 and the em ssion substrate 78. Typically, the screen



25 74 is held at a voltage potential greater than 500 volts, such as 700
volts for exanple, to attract the el ectron em ssions 50. The lens | ayer 36
has a | ens opening 38 that focuses the el ectron em ssions 50 onto a spot

si ze on p'i°9€€’F°s 72 on screen 74. The lens layer 36 is :?el\lrd at ol t age
potential relative to the enitter surface, such as a fegative % volts, to
create an electric field around and Tn the | ens opening 38 to create the 30
el ectronic lens. The difference in voltage potential between the screen 74

and the emtter substrate 78 and | ens | ayer .36 creates an electrostatic
attract i v&sqileegermgpipmpand ofss prpisendyejopmagerialsfageo - BRRSEN  he screen 74
to be attaghef id Bt idishdb@ e IRVRE tPBoRMdvicEralibatel & sifedast rate 78 To
mnimze this attractive force, a shield |ayer 32 is disposed_between the
screen | 4seamiepngdheion materidls putrwit dncludeghose destices fabyieatedip oo mee&f d openi ngs
34, pref e{hgg\lzéﬁaf)llg%exﬁggﬁdugﬁpmﬁ{eﬁ is At SHnbRgRS avaRile RNBNRRiSS L0 al | ow the
el ectron ém ssions to pass through the“shield layer 32 to the screen 74.
Fi g. 75i sthaaftouuch bs thintfnmadanisiseor EFII0 dicheaiegyoking ipelysilicaarmnigdassi n t he f orm of
an int egr%ed di spl ay device 80. The integrated display device 80 is forned
of a cat hJET3¢s: preferably a silicon substrate but optionally another type
of sem conduct@shdild R doesdnigdt thealrawingsgirenss taebskcalat PurthBeweti@ls possi bl e
substrates of such materials are 10 cEnown t9 t&ose (?ki |l.ed.in the art. The
cat hode 1PArisPf {hifiastive,elemanis Rave R DG HR¥n 1o scale ke SMEPSigNsiAYS ayers 28
creat ed OpeehRRagzelaRadierelddion I \®hdldakdnsidhs infdrder td proviley eleser28 | ncor por at es
preferably an array of spindt-tip emtters 68, or optionally an array of

flat &0t tlesteatioraed unserstanding of bepropent y1veiBiolr e j | | ustrated here as being a
si ngl e spindt -i gyl ' HRARGRsidd ndUh aRRhEwh oone spindt-tip
may be pr esentﬁlﬁg?&gﬁg’fgﬁa%g%h?sbaﬁlgr% géll SEac% spindt-tip 680i s capabl e of

creating aimeatiend vizws avithsaiion réforsthating depthoandsddthyit shivuld Yeahmar'y ayer 36

enbedded wi t hin the stack. of tﬂl n-fil m%H %ers 28 (ﬁ.n% di S{ilotsed bet ween t he
screen anBRfsrsipddhay theperegiops g Blvgigations Gy A RO HE %SY'SeR9f thin-film

| ayers 28,119 aShe&bfndnSiBRd stirbah cdosdisdly Shesdieginhs will ke gagee di mensi ons as
the lens |layer 36 but held at a different voltactge poten%lie];i!le,éilc referably the

same a3 t HEicgdprsechgingdengt. Bt ond depdh. poer fbrigaied & aneg ctrostatic
attractl O&o&&%&ﬁ@hﬁ@ﬁ% P?c@ént HRERidnREIRGERAby hoferfid@hftoditlentsmade of a thin

gl ass or other transparent substrate. The Shield layer 32 is interposed
bet ween t Higectednis attivg devids, iischot intendesk thes thesridlietragiens berpdimigationang2 i s spaced

apart fromthe stack af.thi.p-filmlayers 28 by.a s er..88 .tq an anode
shiel d spHESHRPeSr & ooy gF Brese ingntjop. i‘éf gt inlepdB I} WEAFNS, o from
several opViQEat the pred@i flvemich véMawad tthé PIRSRalSIcudthRsliliubtrdtdie Tiete
Preferably, spacer 88 also provides an airtight seal but optionally, an

al t er At i Yecle argigclyfedtn dgmprstply dheciiipad 2ppicatiRR A RURTESFhe peri phery of
the integ[RtAdnd sRbAMy BRYIf8 eBBodifibals. 8 is a fifth enbodi ment of the
invention used in a conceptual nmass storage device 90. Conceptual mass
storage devi ceFigot isgn exempiars ilipsiration of # Hrstemboslipend pEthg BIvnt®m Uswgi ng t hr ee
substrateggarr ai [ rdieal mst ‘tﬁﬁz QeNafhods St ack of
thin-fil m§flgtyeren$}g&?‘§%]§'8§'en1§c&¥o§r?5%:%§ E%r géégl t altcﬁ%ﬁc ﬁ%éseel ectron emitters
20, a | en§8 thati8G¢REEA fidin 2 swiowraerbé predoably b sijieon RBstetecklbbughiathdrayer 32. The
electron emtters 20 and the. |lens.|aver, creates a-foc 40 t hat

cr eat éjs ac%\‘}ﬁwvegbl%fgatgf b4 Sag)}eés ‘F%‘lﬁéof lélgesr Ran aﬂa-l(r?f‘aﬁlo%eﬁgf g‘?‘g%]such as about
10 manoneh#tiss feon Savérelditier nsnbwe By&Gnaeriaks axtt ard sukewmad hod@ di spose d
between the, cathode 10 and a stator substrate 94. Th dia surface 96 on
rotor 5 s%]%%etdr‘ﬁf £ 4l Ar’%e"blg%:fvé)?%%lS)?mﬁﬁgglsg?maeaﬁ%g’s%g %%gﬁ%gﬁnteri al that is
af f ect ed bhyougheosbesgyndfo thd@atfemintes edhdideafn Fhe voltage piptiskiseypdnte material i s
able to change froma crystalline to an rphous state 93. by using a high
povier | ev el LUOPlE BRSO A AP EIEAY S CEHRS Ber R AL PBner | ovel of

focused bpaens$0.A sUiciéh as@b& vEAGRIEPItoad have selitientlefergnNgearkr om an
anor phous state 93 to the crystalline state by using 10 a high power | ever

of focusetelabgmiffer cahwde pigl Gjeatpaanredagpmemissien Ybwhienf lBye36dy that t he nedia
surface has time to anneal to the crystalline state. An exenplary materi al
is germaniumtelluride (GeTe) and termary alloys based on GeTe. Anot her
exenplary material is indiumselenium(lnSe). Several other phase-change
materials are known to those skilled in the art and can be substituted

wi t hout departing fromthe scope and



15 spirit of the invention. The rotor substrate 92 and the stator substrate

94 contain electronic circuitry to enable rotor substrate 92 to nove in a

first and preferably second direction to allow a single electron emtter 20

to read af#Rrite nultiple locations on the nedia surface, To,prevent the

rotor substrate 92 frombeing attracted to the cathodeq%ﬂflfﬁe stack of

thin-filmlayers includes a shield Ifyer 32 disposed 20 between the |ens

| ayer 36 and the rotor substrate 92. To read fromthe nedia surface, a

| ower - energy focused beam 40 strikes the ia.surface .on di a that causes
& PE §

el ect r onslogateda ft diptarsg R Tromuthe Hah equttersathpds o8, &5 SXamPIS kol der circuit 98
detects t[eMmclle MM AL 36 WdRRtd RES Rhabssolrpendent valags he state,
y

anor phous or cr staHlne,. of the nmedia surface struck hy the focused bean
25 40. Thappbipbtoahe lons lefer sguse toraptaia an aleskisdield 42 indens opeig & own as having a
first contact,9 n AW hages O Fopbshnipigecond contact 97
connect ed%of%s tP%ée%crj‘i%gnﬁsSg%s%O?g’%gﬁggﬁ CuFrent t hat f(_)l ows within the

subst rat epreferabbnhevolage bblenslayeadé isopt tanpout Oivelts. o5 shied dayeriZisa reader out put

99. O her reader circyits are known b ose ski,l | | . rf and can be
aubst ¢ at BeeedoettseR el Ter g anate LSS oS AsnEf of Redip Suft, 2

I nventi ony ;5 cel A ROD0e, Tt e%amgﬁﬂfﬁﬁ% 2 88fhetets) . THE an6deB0Sik disposedrbodi nent  of
the invention illustrated by an exenplary int e%rat ed nass st orage device

100. The over thyrshiclddayps 32 aln Bird distapes 4% for ARG ACHDITHPEES Slibst rat es: a

cat hode 1f). Q’réfgxtagfy BHsdd al& 392nd R AnAHeS0atMonsdtRA 6 _&Ie%atﬁéamfﬁbe r ot or
substrate 52 has af | east one nedia surface on a portion of g@[]e substrate

that 1& abélge souBcerfiras shawm pesfassbhpmgrehan; 308 volis forexampia 28 &8t i on usi ng

el ectrostatjc gi.rcuyt [ SRV Jorte function. The
novabl e rﬁé‘?}%sa(fﬁl? %fgé%&%}g?lg l%‘g{%{rntagﬁd%gg&s%r%%gs 102, pr e?%r ablc?/ formed by
et chi ng t higfefetislno sstositfat@ltagsairepsair othef Ibsseethat ang frequentscdrgonntued syst em

(MEMs) architectures are known,to thase skilled in.he.ar r fabricating
t he movabindabrsaHng Seqircac eras: :}Eo,é]yesggl}t}y J“Sté%%%@tﬁteﬁglﬁé’élrﬁ;g? he stator
subst r at epQdeantle H81d 1496072 AdhaddeadendBcistpRredi bofimeindly Bydnviagt s 106.
Preferably, a bonding seal 108 attaches the rotor sublstrate to the

9
st at o5 subhstshiglddagz 32 pefl the arade kaypsA0at sybstaptipllyjthy same ypltaes pﬁggtbﬁ’an evacuat ed

envi ronne ol Lk GRG0 ITB BEwSih@ BRIl aYd &ehol®R Al so rotor
substr at e%fmogma({?tegaegﬁ%d&to (?at ho(o’le 10 using a spacer 88 that is also

pr ef er abl ynidimiziitoe slioyhfor thealose aHIOBO toothield kayer 3A thirdsprsing 24/e seal 89 can be

used instead of. or.in conjunct.io i,th s I re: or seal
cathode 10 to ‘E‘(St ’rsassﬁ‘"t%‘gfe’é’gg&l?ﬁ& oggle%‘ffﬁg‘l@%i%c&t}éée)eslggggteg%ﬁﬂgé thin-film
layers 28,Lhab ofbfe RnEdeiiiditipRiidresl stdag thodlydivhicmissionseniTionduct or
processes. The stack of thi n-fpi | m|ayers 28 include a set of_ electron

enittépPs SWndigiprmittere p& argsraptedon é\_*ﬁsfff“é P4, pseferablysivigen usipg @M At er s coul d 20
al so be u?engfaé{)&gésts%rﬁom %8& Kl tBe b "MPhe A¥Rfatedd HabAbortiest €S an

electric at creates the focused beam 40 on the nedia surface 96
to a spot foiprevidifg preférencalpbint fonpeiting thtveltage ondhospinditip CB¥ETS®s e pref erabl y

| ess than, 10 nangngtens. ..k I l,ay ef erahlye 2sdiehs, openi ng of
about 7. 2T &St Ser"’?fl% ?re%&garngb (f/det%'eqé%g%etbgt ween the cathode 10 and t he

rotor subsmitet eol®@c 632, praferablzebohit 5f20aviokts. t Becpuse bEthg ppipted sBapeofie10- 3 25 Torr
to preyent .the. electrons i.tted fromthe ele 1t 20 from

col I i dP ng SRIP{tHiRg=Re Glectpf ﬂglglsplgfrffsg? 3‘23 ?/l\f%?rg saé%%‘lrag/gég{r%tgg%ﬁe el ectron

em tters 2RitedRE crehte tHeretaatromermhissons S@ OTerlenshaler3 @lias an bpengg 380ht age pot enti al
to create the electrons, preferably, by tunnelin eghni The first

vol t age pSt¥sHPS:E eﬁt@nﬁﬁgﬁ’?gglpﬁssf%t&%?}hgﬁ I%B’Skﬁ%d%%ﬁ)\%la? ésjléiéel%bt-‘f;'aﬁ%ens | ayer 36
i s held aboansgsRnd, prefetablao pcp@RizE af lessphaf 4rmbdyetads dudiaBeteohtds Wit h 30
respect to ground to create the electrjc field 42 used.for usi ng the

el ectr ons.m%@ef?éﬁﬁyato ot ébg@‘}lﬁée?eﬁ?e?’@roﬁﬁrwg Hels gr %g’éy %)l?ﬂuE ggpot enti al

pr ef erabl ynigbRdted in tiaekeaRfary ethlird€@8 OTHelens layer 36 is held at a lens vo tage

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



2 Novenber 2004 volts, for exanple about 700 volts, to attract the
electrons emtted fromthe electron emtters 20. The difference in voltage
potentials between the nedia surface 96 and the | ens 36 creates an
attracti v&'®M ectrostatic force that tends to pull thejg%@%%e di a surface
of the rotor substrate 92 towards the cathode 10. The "el'ectrostatic notor
104 nust overcone this force, thus r®quiring | arger conponents possibly.
Larger conponents woul d i ncrease power consunption and increase
nanufacturin9 costs. To prevent this ne i ncreased power .. adding a

/ . I
Thol 351 srbiD aisensions fowh donhbfontiation of e el eibsgs deat, 150 fsne | aver. 36

and the nggtRn&UhNakfeP6teRi Uetwed the Hn? RSer38] the SHiGI8 dyaSItHeGnalet r act i ve
force. Preferably, the shield |ayer 32 is held at 10 about the sane voltage

as the medll andghe fpinsie-tip Pméttestb G paiclreitieficlA 43 issrestedrinBiegrep b thedets geonetri c
shape and RS b R O Rt Sf cot of the

o

. oeni
shield Iafzéb%lgr%gt ngsgggtﬂgzigle ectron beam 40, preferably to a force |ess
t han O 03Tidelensomest 36 disposad ag 8 firso Aistandet48dronpibe spipdtiepktias O tint. hehe| ens | ayer

i S separate rom,.t. el ectron i tter rst  di spreferably

about 5 n‘f‘"@a%I‘?rX?rgpéf p‘ej%ﬁt atnﬁgoés)%‘fogt%pf nﬁ%l%’rﬁ %%%gg'ﬁ%&? P?’gr%ng? he I ens | ayer

by a secogn Hrs prfasbly oat 20| Thieaidad vdl@gd prentinl 68t atteticsstthnce. By

essentially elimnat isg% the electrostatic force between _ the cathode 10 and
al

t he medi acleafiongerto d® suracelo angdsde, Te H@V%%thjtaﬂ%?%‘éﬂntbﬁ‘éwﬁ%ﬁ?a surface 96
to the s U&%@@&&Le Effode b 1i:.L>,Oa ﬁlf?erl‘d Qgerlﬁgﬁ’stin{e ofedBeRiddH Medémt ance, such as

| ess t han m croneters, to aIn ow for Spacer 88 to be deposited using
conveht i olagdr 36 hditheiahede30. Jheshieldlayer 12dweh ashidd openingJ4prefegblydhean exenpl ary
bl ock di agram of an el ect I [N~ . . Vvideo gane,
| nt er net é:ili’pmﬁl "’%‘R%‘éy, ari%ér?zr%ﬁa%\gﬁg% Sﬁg‘géﬁaﬁ%ﬂ%&ggﬁg% " eﬂrﬂg&g‘ssi stant to
nanme j ust distaficew6 fionethe llens tayerdnd adisixd distantd Q4 fmoml theleeda3tiagsrofbocessor 112,

such as ap Intel Pentjum ProcessorTM or_.co tihl e processor although ot her
35 pr oceo ot S@Redt AR O R P BE A PERTHER BRI ER e 18F ¢ The

M Cr Opr 0CQISRA dididre iiSprefABEGUBankiQlAthERANRY 2¢ tieitktGistanté, 5t hat i ncl udes
conput er readable nenory that is capable of holding conputer executable

comahts wiseemessrsiand the third gisgpedspieterably albﬁu‘@dﬂ‘ﬂoﬁ?e%d%ﬁr S§nd/ or i nput/ out put

functions. N‘Bnﬁ%.ye is A dnifcPdhe Al SHHREEnARS DL AR ntibS i PdbnBepaal ed by the
m croprocessor 112. The m croprocessor 112 is also connected t to 30 either

a st or agedisgey e Thealisptayds mpdeayp of prefesebly argaresy oppixels 7atvehich frthe devi ce 116

and t he di spl device 118 ¢ ain an odi f t i tjon as
exenpl i fi %rﬁl%f%}ly arq oarEe t?alrﬁg’g’ﬁlfﬁo%rg%oergqu’ﬁg%@gﬁ O%eeranbglglgw%g%# figures and
t ext showidig. fihehtkeRM 28 fofméliedn scen Thadn anitted substmed78eHad osdwrel ded with the

| ens structure of the invention. It should be noted t‘g&éjit woul d be
obvi 08 t BOHiRsEOR RftieEPl; shoppa@s %W@%ﬁﬁh%ﬁﬁa‘f&flﬁ%{f’i &hd nodi fications

may be maggifafiPeontitd BerdteeMast RBlishsWol MRdile@ronWRsdsRAs 5@ty departing
fromthe invention. All such variations and nodifications are intended to

be i ncl udfeguded neinga Jeins kyer Yrrecfereblyenade of aronguctise yerioAmairipbWc1 as set forton
in the f OJ:J a?%i@gm%cﬁb,r@ oth%&taf ot s%i%bmgtof 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



10012050 15 2 Novenber 2004 CLAIMS 5 1. A field em ssion device for
creating a focused el ectron beam on an anode (30), conprising: a cathode
| ayer (10¢mgﬁying at | east one electron emtter (20); a first dielectric
| ayer (13 i sposed on the cathode |ayer; a focusing lens &@8%mhncluding,
10 a lens layer (36) disposed on the first dielectriciﬁévgrfra second
dielectric layer (15) disposed on tH8 | ens | ayer; and a shield | ayer (32)
di sposed on the second dielectric |ayer (15) and inter posed between the

| ens layer (36) and the anode. (:30), ith | el ( t.cabout the sane
potential“ﬁ%”t é”&ﬁagégtﬁﬁ¥"%ﬁ@3%ﬁﬁ‘? g”%ﬁ%%nggﬁéﬁﬁ%sgﬁ%?%égion bet ween
Ejhe' | ensff@}sfﬂ_ﬁmiﬁi tﬁv\iﬁﬁﬁra.&m f%:lae; a&ﬁﬁﬂfﬂa;(eS@)isi&spbﬁd%ﬁdcnﬂwsaihmﬂi el d em ssion
evice of claim erein the sum t he .di stance, between the | ens |ayer
Eggg an(cji %ﬁéh%ﬁgﬁzg’gg/a‘e ﬁlz?faéfﬁoa%t%%lgf’ﬁws &Rﬁ‘/’efgﬁ?gltyﬁlée %hFel d | ag;er
an fh i lerdspBRAYEE o AleLthe BiB&ron@maRIE SO Wpaks NS t he
di st ance %et&ggn 2% theefegs I%ﬁg%h%36) an t he cathodem?;yer (10). 3. The

field &m $59ugh theehickblayr 32 (ESICRHEr ei n the di stance of the lens |ayer
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incorporates preferably an array of spindt-tip emitters 68, or optionally an array of flat
emitters. The spindt-tip emitters 68 are illustrated here as being a single spindt-tip for
each pixel phosphor 84, but more than one spindt-tip may be present per pixel
15  phosphor 84. Each spindt-tip 68 is capable of creating an electron emission 50 that is
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 sc:een
20 anode 86 voltage potential to reduce electrostatic attraction forces that act upon th:
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 opticnal

materials known to those skilled in the art. Preferably, spacer 88 also provides an
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airtight seal but optionally, an alternative seal 89 or an adhesive can be applied arcund
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 preferatly
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



7. The field em ssion device of claim1l wherein the force created between
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8. The field em ssion device of claim1l wherein the focused el ectron beam
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anode (30). 9. The field enission device of claim1 mﬁggﬁ?%efégs | ayer (36)
and the shield layer (32) have a volltage potential difference greater than
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15 spirit of the invention. The rotor substrate 92 and the stator substrate 94 contain

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 thz
media surface on media that causes electrons to flow through the media substrate ¢'0
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 bean

40. The operation of an exemplary reader circuit 98 is shown as having a first con:act

[\]
wn

91 connected to the media surface 96 and a second contact 97 connected to the melia
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 spiri: of

30  the invention.
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integrated mass storage device 100. The integrated mass storage device 100 incluies
three substrates: a cathode 10, a rotor substrate 92, and a stator substrate 94. The rator
substrate 92 has at least one media surface on a portion of the substrate that is able to

5  move in preferably a first and second direction using electrostatic circuits 104,
preferably in a step motor type function. The movable media surface 96 is supported
by springs 102, preferably formed by etching the rotor substrate. Several different
micro-mechanical system (MEMs) architectures are known to those skilled in the ¢ 1t
for fabricating the movable media surface 96.

10 Electrical contact between the stator substrate 94 and the rotor substrate 92 is
performed by contacts 106. Preferably, a bonding seal 108 attaches the rotor subst-ate
92 to the stator substrate 94 and preferably seals the interior to keep an evacuated
environment within the integrated mass storage device 100. Also rotor substrate 92 is
attached to cathode 10 using a spacer 88 that is also preferably an air-tight seal.

15 Optionally, an alternative seal 89 can be used instead of or in conjunction with spa:er
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 incl1de
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 le:is
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 betw:en
the cathode 10 and the rotor substrate 92 is evacuated of air to preferably less the 10

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 wit1

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

media surface 96 is preferably held to a third potential preferably greater than 500
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volts, for example about 700 volts, to attract the electrons emitted from the electron
emitters 20. The difference in voltage potentials between the media surface 96 anc.
the lens 36 creates an attractive electrostatic force that tends to pull the movable
media surface of the rotor substrate 92 towards the cathode 10. The electrostatic
5  motor 104 must ovefcome this force, thus requiring larger components possibly.
Larger components would increase power consumption and increase manufacturin ;
costs. To prevent this need for increased power, adding a shield layer 32 in the stack
of thin-film layers between the lens layer 36 and the media surface 96 anode,
minimizes this electrostatic attractive force. Preferably, the shield layer 32 is held at
10 about the same voltage as the media surface. The shield layer has preferably the sz me
geometric shape and size openings as the lens layer to minimize the effect of the
shield layer on the focused electron beam 40, preferably to a force less than 0.03
Newtons/cm® per electron emitter 20. Preferably, the lens layer is separated from the
electron emitters by a first distance, preferably about 5 micrometers, and the shield
15  layer separated from the lens layer by a second distance, preferably equal to the fir:it
distance. By essentially eliminating the electrostatic force between the cathode 10 and
the media 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 connectexl to

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

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



U& ()- 10% U& ()-(((*+,,,,, zI "P1 S10% h& ()- 10[[ 10[[ 10[[!'N(

10%[& ()-2Z!D( 109QUQU&' ()-Z!; ( 10%H& ()-Zy&310% U& ()-,,,,-n--dErP1 S10%Y
10% h& ()-10% h& ()- | 10% h& ()-'10% h& ()-10% h& ()-3&s10%

h& ()--//8801}[97P1!, 10%.hLh& ()-! 10% h h& ()-z 10 e |

109%XHX& () - F! (& 10% h h& () - F10% h& () - 11?222MBx3dEX °Ve‘§‘ % Y% h& () -
(L10% h& ()-y& 10% h& ()- $L10% h& (f- f#10% h& ()- !10%

h& () - x334m44X55dE"P1' | 410% h& ()- Y1Y10% h& ()-z /310% h& ()-F., 10%

18 e (S S B B R sl .

<}*?bC!, , shielded with the lens structure of the invention.
1094 O& () 10(Vél & ( - T#109W W & ( LT10%| & ()- 10%t| & () -! ZlO(VéH 4 & () -

L <<<=g=>] ’>aBb ted ¢hat if wght dlhyg@yxgpqu(ﬂ)qsp skilled in the art that man
+10%)] & (g %&Mﬁfﬁ&(%&b& tia@e B4 dsldsed & l@@é@r@m&;& 10% h ()- 10%
h& () - SlO s 104| 104[° 104|1710%| & () - B1004| & - @ A#CDXEEnFz[ 9bCl

@ 109 h[m'st@naw depagringtfiong the invent@uQyAd) sck yana#orls@m@n@ld cayjans Are] 099hOh&' () - F

10% hé&' ()= 0% h* h&
031 10s0mRa e B i M rion il et s et v OR B sS ene . 1 10s
10%GG&! ()mszll]ﬁ%@@dl:(@nsz Y 10968 ()-Z 109%G8 ()- 109%G8& ()- SLO%GE () -t MN;
OO PPAEMC! ; Is&g é% is
10968 () - T10% ?“S‘il ) - 10968 () - 10%5& ()-PP' QQ R{RRIEMC! ; 13. S
109638 () -, 10968 (
+10968 () - (MlO%G& () zy& 10%G&' () - $109%G8 () - RBTTTTTTTTbC ;! 10% h& () - S10%
h& ()- 10G



10G 10G 7z10%G& () - 5GLOYGE () -/ S10%G& () - STUVW X~Y1[A<bCl ! 6 10%/hVh& ()-!1
109%KhQh& () -F 10% h& ()-3! (F 109%hHh& ()-3s10% h& ()- 10%

h& ()-1[d8hd]»__~\=2C 10 h 37@0% h& ()-! 31 10%h h& ()-f 631 10%N& ()-f
y/10% h& ()- 10% & ()-!D 10%ld& ()-15"1 $ 4 _*bnKC 10 . 37@ )ﬂ; 0%48& () -G
10% h& ()-z10% h& ()-10% h& ()-T10% h& ()- 10 h 10 hbbcdegeer Q)”E?c 10 h&y10%
h& ()-$10% h& ()- @910% h& ()-!#s10%ChCh& ()- :10% h& ()-3'y 10%h>h& ()-G
eef f MgggdEKC 10 h 3110% h& ()- / &IOPANS() - . 10% h& () - 10% h& ()- )10%
h& ()-g(10% h& () - ghhhhhhhhbC 10 h10%k| & () - 10%}| & () glowu & ()- 10 h 10 h
10 hS 10% h& ()-"2L10% & () -f hiff kImmpwlsbe | 100/‘ )y-z/11

1009 ! 0 09 ! 0,

10% || &()- i’ i Pt e Fo éTaéné‘)a' b befdort 10%‘51&% D 1))
10jj!'6 1Q 049!) -z/11 10%| e| & ()-z/ svvXwwxyaBr S4 | @GLO%!| & () -!
109 R & 10%4| & ()-10%72& ()-y 10%4 & ()-z10%}| & 6)) m yWryyzz{dEr $4 !

@0 10%:.4 | & () - a edtbody 1ay¢r)(1 &) Hayvap & 1¢apt ¢gnecdentan Emityg (2
St DA ARV R 2 1
a focusing lens (38) including,
10 a lens layer (36) disposed on the first dielectric layer;
a second dielectric layer (15) disposed on the lens layer; and
a shield layer (32) disposed on the second dielectric layer (15) and interposed
between the lens layer (36) and the anode (30), the shield layer (32) at about th > same

potential as the anode (30) wherein the electrostatic attraction between the lens layer

15  (36) and the anode (30) is reduced.

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) and the anode (30) is between about one to about two times the distance bi:tween

20  the lens layer (36) and the cathode layer (10).

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

25
4. The field emission device of claim 1 wherein distance of the lens layer 36)

from the cathode layer (10) is about 5 micrometers.

5. The field emission device of claim 1 wherein lens layer (36) and the shield
30 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 the lens layer (36) is about 7.2 micrometers.
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9. The field emission device of claim 1 wherein lens layer (36) and the shield layer

(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.



