i e3eRRt”j " 6TS, 13 MAY Z~O- r w DESCRIPTION EM TTER, EM TTER NﬁﬁbéAﬂ$bRamg
METHOD, AND COLD- ELECTRON EM TTI NG ELEMENT MANUFACTURI NG METHOD TECHNI CAL

FI ELD The present invention relates to %n emtter for enittmwmmm
col d-el ectron which is enpl oyed as an el’ectron source of di nmwmmwmkn
beam utilization devices such as flat-type inmage display devi ceggyarious

types of sensors, high-frequency oscillators, ultra-fast devices, electron
m croscopes, el ectron beam exposure apparatus, and an enit nuf act uri ng
met hod. BACKGROUND ART As an el ectron source for cold el ecﬂmlwmmﬂmwm
conventional . electric-field-eniss®RIFHLN device or th , rce
in which many coni cal subm croscopic emtters each havi ng a ne@pdop+| un of
hei ght and a nearly lum of bottom dianeter are forned at the cathode side

i s enpl oyed. The above-nent.ioned emtter can emit an electron b

concent r at iEMITHERe| EMIMTER MANUDACTYRING pMEBEOPon ANPh COLBH LECGRRAE L ur e
is knowmn by the nethod suggested by C. A Spint et al. (Journal of Applied
Physics, Vol. 47, No.ENDTTENG2EREMEND) MANUFRAE TUHRING METBOD eni ssi on
characteristics depend on the shape of the tip portion of the emtter, in
order to equalize the electron emssion _ ~ , 2 13 MAY 200z
characteristics of respective emtters, it is desired that the shapes of
em tt erBEQHENNCAGt BIT®LD n plurality, particularly shapes of the tip
portions, are formed uniform In addition, as a biggest problemfor this
em tter, theThkeegeaeren ssvent anouneladeisesonarh eninetedhEoenemitting a
manuf acturing nmethods to solve this problemw || be divided broadly into
the foltondnrglewtron which is employed as an electron source of
diverse electron beam utilization devices such as flat-type
image display devices, various types of sensors, high-frequency
oscillators, ultra-fast devices, electron microscopes, electron

beam exposure apparatus, and an emitter manufacturing method.

BACKGROUND ART

As an electron source for cold electrons of a conventional
electric-field-emission display device or the like, a source in
which many conical submicroscopic emitters each having a nearly
lpm of height and a nearly lpm of bottom diameter are formed at
the cathode side is employed. The above-mentioned emitter can
emit an electron by concentrating the electric field on its tip
portion. This basiﬁ structure is known by the method suggested
by C. A. Spint et al. (Journal of Applied Physics, Vol. 47,
No.12, p.5248, 1976). Since the electron emission
characteristics depend on the shape of the tip portion of the

emitter, in order to equalize the electron emission



One is a method for formng g netal emitter on a glass substrate 23 MAY 2002
connecting a large electrical resistance to this emtter in series, thereby
to stabilize the em ssion current amount. The other is a nmethod for formng
an emtter and a transistor by seni conduét ors, and controlling the em ssion
current amount actively by this transistor. This nethod is feasible with

| ow power consunption and a high operation speed, and i s expected to
achieve a further devel opnent. In cases where the emtters are forned

enpl oyi ng the sem conductor as descri bed above, the follow ng three kinds
of enittERARAFELFAISYHITO ar BESBREELVELPBLIEFRE S At Ioh&l9siged that the
monocrystal line film having no grain boundary and having crystal axes Wich
are uni foraPRA 2 EREF AT CRRBREAFtHTEdpARt PLluTidd iddboRR B E2ELY

pol ycrystalline filmwhich i-s formed by that crystalline grains having

di spar at¥hap§st 8fF Akes e RefkePRa, FKe LRrPE@LRELLPIIN anor phous film
having no crystal structure. Among the three kinds of cold-electron

em tting el enkht apddddion s &% dBEFUpEE Bpebdem For thiz mmitiepy Bhe
nonocrystalline filmor the polycrystalline filmare preferable in view of
f armi ng ehectransedissicn ametnenvachapawishi simes. Mhecageistivdere t he
monocrystalline filmis enployed, since there is no grain boundary and the
cryst al mamsfastumihgr methexds i kedsdivecthon, prbbliegowiddi betddvigedat e of
wet etching or the anisotropic etching rate of reactive ion etching is

uni f or mbaxdedbhyiatoerhie efolslgeingrtwa. unifornmty can be manuf actured
However, since the nonocrystalline filmrequires a high manufacturing cost
and cannot beOmanibaat medthaxh fot afgemangaasmbstilabmituelr am a gybsss
substrate, it lacks in practicability ~.n the present state. On the other
hand, thabstwdaet andngosusticstivena ehptgyi ajetheipally erewsitsddriate o | this

i nexpensi ve as conpared with the nonocrystalline filmand the

pol ycrysdmittee inl secdrshe thsuwdiagt tiv esitabidikar gacakad ssulest raier&ita | ow
tenperature, and this filmis suitable for a mnute el ectron source of

di spl ay ftemiges alhHet beherkels R gusehdd ferafermsngsaat eaialtad emdfat he
conventional polycrystalline filmsubstrate as nentioned above. Figure 11
IS a craxsanselstonabyvisemicforaduetivt s orananodbattol2dnhy tevplemiisg de
polycrystalline filmin figure 10. In figure 10, nuneral 1 denotes a

subst r atem st asmaugkaastiore Whiloh ehpel yeaysiatbicne Thliim inetdwdased of
mcro crystalline grains 13 of different crystal orientation and grain

di anmet erfdas fio eredli thnlolwe poovercryatsiuhptibohi &mil4, high operation speed,

and is expected to achieve a further development.

In cases where the emitters are formed employing the
semiconductor as described above, the following three kinds of
emitter material films are conceivable. The first one is a
monocrystalline f£ilm having no grain boundary and having
crystal axes which are uniform in a fixed direction at all
parts. The second one is a polycrystalline film which is
formed by that crystalline grains having disparate crystal axes
are gathered. The third one is an amorphous film having no
crystal structure. Among the three kinds of cold-electron

emitting element materials as described above, the



43 MAY Z002 since there are present crystalline grains 13 of varipgs“a¥22m2
and directionalities on the substrate 1, nunerous grain boundaries €x
therein. Further, an emtter 15, shown in figure 11, which is manufactured
by enpl oying the polycrystalline filml43can be forned by etching the
pol ycrystalline film 14 conposed of mcro crystalline grains 13 having
different crystal axes and grain dianeters on the substrate 1 of a glass or
the like. As described above, in the prior art, since the emtter is
manuf actured by form ng the polycrystalline film 14 on the substrate, a
transi stRANGEYAtRoL4NE St 'I'brP%n?%l?i POl EFENERR LA DRadAdplare Preferable
characteristics can be manufactured at a | ow process tenperature, and
t her ef orié* dfleWieRpeAorPandartdie fedngl a83rsabseraed leat isbaragteristics.
Accordingly, the manufacturing cost of the emtter 15 can be |owered.
However, therEligagaepr ybleds t meroerRystatliner Sidnd sy camdlaysdy shece
above-nentioned polycrystalline film 14 has variations in the electron
em ssi orthere aks erpsgradn heundarpezndisther gsyakhrilnexgdsailis dindnfermsinna
the polycrystalline filmto be etched vary largely as well as the crystal
axi s andicredtdirectinnat itde sigdtrepié ehehingpreteveicwedt sitidhimgrarns
vary largely, and therefore, the isotropic or anisotropic etching rate
di f fers ther machotrypial keitmhigrairate tdf t heagtave bhonndachiag d hamilfoym,
while the emtter 15 is fornmed by etching. 13 MAY 2~1~2 s More
parti cuhdrdnebgiameemhttee cupeanitdoownit wol formstgl banebki maniFadimired.
isotropic or anisotropic etching rate differs for each crystalline grain,
nuner oufldwe gt asitaevehecsmraveryorakine fhtmsvefadeesf athdgamtter 15
as shown in figure 11, resulting in variations in the electron em ssion
char act esirsif st udbngoges) RO epfrothici e | miyufscohkauned ian lkhved-qrraii on
of the emtter 15 by etching. Therefore, when enploying such irregul ar
pol ycrystaddtirerd i sarh4psi b igladis fsubstrdoe f of th dabregennprbert iefabirlifoy m
emtters 15 on a large-area substrate with good reproducibility, and the
~manuf actiw itrge qosésontasdatiece enpl oying the emtter 15 becomes expensive.
The present invention is nmade to sol ve the probl ens descri bed above, and
has an obj ectod otips oyt Herahaew,t tidfe amechu f SctBbihaceust sgwhehhethplwiiiahy can
obtain the uniformty of

the polycrystalline film is inexpensive as compared with the

monocrystalline film and the polycrystalline film can be
manufactured on a large—area substrate at a low temperature,
and this film is suitable for a minute electron source of
display devices and the like.

Figure 10 is a cross sectional view of the conventional
polycrystalline film substrate as mentioned above. Figure 11
is a cross sectional view of an emitter manufactured by
employing the polycrystalline film in figure 10.

In figure 10, numeral 1 denotes a substrate such as a
glass, on which a polycrystalline film 14 composed of micro
crystalline grains 13 of different crystal orientation and

grain diameter is formed. 1In the polycrystalline film 14,



the emitter shape with good reproducibility as well as suppress varildildds 2002
in the electron em ssion characteristics due to variations in the emtter
shape, even when many enmitters are forned. DI SCLOSURE OF THE | NVENTI ON An
emtter of one formof the present invention is fornmed by depositing
columar crystalline grains on a ~ 3 MAY 2'02 6 substrate along a sane
crystal axis) and thereafter patterning a first insulator on the col umar
polycrystalline film and perform ng etching to the col umar
polycrystalline fil menploying the patterned first insulator. Thereb even
B o IS ERBEF BF SLRRaSRAL AT EVE bAELURe: AEALHST Aot SGThaHS crddesr
shape can be _obtained with good reproducibility as well as variations in
the el eARDEERPSELGRAMFLET AT stiresSHRELEBtoaltv alUBRE IUS IR Whi t ter
shape can be suppressed. An.emtter as clained in claim2 of ~ the present
i nvent i GPURAaBEAEdeHY Stotiaif R second i nsul ator on a substrate and
formng a columar polycrystalline filmby depositing columar crystalline
grai ns on theF'deEBAY, i ABuieRiditedr oh¥, ashawp inpyfignraxild, addathdrsafter
formng a patterned first insulator on the columar polycrystalline film
and per frandfacercafngyt eMFHOX aIntae polyerystalline f£fillm difplaan met he
patterned first insulator. Thereby, even when a | arge nunber of emtters
are for Mfegmedcoynetochaingy tife il yerysealihapefiim bé clompiosed wif migmool
reproducibility as well as variations in the electron eni ssion
char act enysttiakl tne goavasi &3 dweving tdbf Earener cshape lc amelse anvhgmssised.
According to claim3 of the present invention, in the emtter as clainmed in
clai m 1ddramd e ns 2ont hbecsupatarates ybtef | anglygsai os thestliitket.i ng t he
columar polycrystalline film have crystal axes and crystal faces, which
are uni form ixs adésxeilbedr edtdve vin hthespetortarthesiubst taee enildreabyi s
even 1 3 MAY 2002 when a |arge nunber of emtters are forned, the
uni f or Muapnufadieredi byef osimelpey dadre o bt ey seal Wihe ook ldpoodudiedi ity
as well as variations in the electron em-ssion characteristics due to
vari ati eubstrdthe, eal tkeansibapr camd be o e€bsetiroAceniditiggt @ leheint b oOf
the present invention, in the emtter as clainmed in any one of clains 1 to
3, the cemvpubleothargstalrliista ds lean ned udesufdcteast skl acdow Preceys
t he columar polycrystalline filmcan be realized by a | owt enperature
process tempeEituwre | opnd. theeredare, anl himexgpemstve pbhygeyatrall igiasfsi | m can
be etched into a uniform shape on a | arge-area substrate, thereby obtaining
the uni cabstinatd ¢ae bai tsed.shaypcoddingbpd tleereanatbckukynas cosltl s
suppressing variations in the el ectron em ssion characteristics due to
vari at i ehe iemitheeenlibt eansbapdomeareddhen a | arge nunber of emitters are
formed. According to claim5 of the present invention, in the emtter as
clained in aMowseeof tharrsil 20 plohlen seHatftlos | emiateonlbacezmied tye
columar polycrystalline filmis {110}. Therefore, the crystal axis and the
cryst al efnpdeyarrey etlsy abolre-alengrievhed hss yr wstadl 1 iige ufi Lar hdshape
etching. Therefore, the uniformty of the emtter shape can be obtai ned
with goedrieprioshci bhl thy ald ewdlrorasenviss bdn ortsatdct beiskeekr.on Tadiss dison
characteristics due to variations in the emtter shape can be suppressed.
because crystalline grain diameters in the polycrystalline film

to be etched vary largely as well as the crystal axis and
crystal orientation surface of the respective crystalline
grains vary largely, and therefore, the isotropic or
anisotropic etching rate differs for each crystalline grain
with the grain boundary as a boundary, while the emitter 15 is

formed by etching.



.,

~ ~ !I'~~Y zoo2 8 According to claim6 of the present invention, in t113 Méy 2002
emtter as clainmed in any one of clains 1 0 4, an orientation surface o

t he col ummar polycrystalline filmis {100}. Thereby, the crystal

orientation and the crystal face are easy to be aligned which enabl es

etching of the columar polycrystalline filminto a uniform shape.

Therefore, the uniformty of the emtters shape can be obtained with good
reproducibility as well as variations in the electron eni ssion
characteristics due to variations in the emtter shape can be suppressed.
Further, the barri erMopf odBastHCeBIahe oHACR bdOnddPf cafPyEnéivgslessed as

well as the trap |levels forpged at the interface of the insulator are
| ower ed. Ther ef %?rytsltl%mr?c?ogﬁf‘t]y‘{ bBe IR ORISR ISP EAPID 1 TN "B H@ R ased,

thereby realiziggthe GfTIGIEN LPLEIELS: AEROT It dBuE! Aefgugl Lhe
present invention) Tn'the em t & ad ctai med ' any one of cT&ins 1 to 6,

the curvature rAdiMs-abs G RRLd N A Sifa&lTof e LOKARA f3) per or i ng

etching to the columar polycrystalline filmis 50nm or SS. erefore,
the concentratisgw ihheigelrectl] Gekuflisly R VASatioRsPo tinen efctidie enmitter
is increased, thereby enabling the em ssion of the electrons at |ow

vol t ages. Accorlethidgidro chadatté&risficé.ne NMoeserr, | fvemepducibilitheiem tter as
claimed in any one of claims 1 to 7, the columar crystalline grains
constituting tldtebladmiar thel fermatigh| iofiethe ~eBititeyy P5| B2 @tdhihgm have a
shorter grain dianeter of at |east 100nmor nore. Therefore, the grain
boundari es at thherefogepsrhaogmytloying snek tisiesniac Rolyisggetalline dilpbns in
etching are decreased, ereb nabl i ng et chi of the col umar

t
oL yCrystal | | nd Rt MOCHTH FORm & NEFE. R Farch URTPRS BREHH ty of the
em tter shape gan be phtgined Wil . aeagrepradueibilibvas el I as
variations in the®8Pe& Pon eniSsion charadt eristl cs due o Variations in
the emitter shape,¢ARRANFURBLESSED: LG UMfidyng! dldNenfiet he present
invention, in the emtter as claimed in claim9, an angle fornmed between
the col umar chbysblesidiPedivied and the substrate is 83 or nore. Therefore,
the grain boundaries at the tip portion of the emtter which cause
variations in etching are decreased, thereby enabling etching of the
col umar polycrystalline filminto a nore uniformshape. Therefore, the
uniformty of the erhihet @resentpénvention ishmgidseto wialre gdsdrrepestuci bility
as well as variatians iagarthe el ectron em ssion characteristics due to

variations in GRECHRFLAROVENSRE BAR B OQIRFH QSRR AR PRIHET ARl ai m 10 of
the present inventi on. i h Ltter cl.ai .n.clai .l he. second

i nsul ator incl tljt es ag'tr&f?‘étggﬁngﬁ%r?dbrw}%??rcoag’egsgafﬁgtrhgf glr‘g]og’f‘ té’ di ffusion of
impurities froghihe dtdss dh@pkhavitfl WHRar Matyidisiidly! e fkliMmdss
suppressed, thereby providing the columar polycrystalline film of

excel l ent cryskapprédd Yarfaiidiein tHe elddtt e Nirhisstdn tdriractedidvivd 2002 to
emtter shape can be obtained with good reproducibility as well as
variations in tihe ¢beeériatioasi $si tine céraitaert exhagtel, cevetuewhen vavangt i ons i n
the emtter shape can be suppressed. According to claim 1l of the present
invention, in eméttens ereformed| ainmed in claim1l or claim2, the patterned
first insulator is circular. Thereby) the emitter with a sharp tip portion
can be realized easily be etching the columar polycrystalline film
According to claim 12 of the present invention, in the emtter as clained
inclaiml or claim2, the patterned first

DISCLOSURE OF THE INVENTION

An emitter of one form of the present invention is

formed by depositing columnar crystalline grains on a



insulating filmis polygonal. Thereby) in addition to the effect of cg W 2002
11 of the present invention, the exposure accuracy of photolithograghy n

be enhanced as well as the cost of the exposure mask can be | owered. An
emtter manufacturing nmethod as clainmed in claim13 of the present
invention includes a step of formng a columar polycrystalline film by
depositing columar crystalline grains og a substrate along a sane crystal
axis, a step of formng a patterned first insulator on the col umar

polycrystalline film and a step of etching the col umar polel/a%rystal l'ine
filmenploying th@shetectinBg & spme rStrLeds; apdetRagaitey PALIHBHS | ar ge

nunber of emtters. are fornmed, the uniformty of the 1tt sha can be
obtained with glodiTst: insUlaET\RY SBBCTmMuAY BANSTEFIANDE M 3Tt
variations in th%r{%lnenclt ronet%mxissi %1 gﬂgr %8} erin%},i C%l dcure tta(flivar inf}gti ons in
the emtter shaﬁe can'b& suppre%sed. hoemtter mdfuk ag?urlﬁa thod as

clainmed in clai i Rt i L ncl formng ,a
second i nsul at o%nog{nsgtgg? E%?%?Hgd sfp-\ég 1%%‘91?8?{]71 r%qgé?gce?ﬁgpv%ﬁlaat or on a
substrate, a steprf nihPiNGraemHteriNAlre PRI MEEY SiR! hind@ridityndpytiteposi ting
columar crystalline grains on the second insulator along a sane crystal
axis, a step of ehfitternghappaidrerseedbtaihet viidilgabar reprodheiwddty naar
polycrystalline film and a step of etching the columar polycrystalline
filmenployi ng wedl patvegiatéahs in $hejalectron emisFivar ehgracderintiohainea | ar ge
nunber of emtters are forned, the uniformty of the emtter shape can be
obt ai ned wi t h géddarigsiagtiull bre emjttss shePe 48 bastaPrey¥sdin the el ectron

em ssion characteristics dye to var]fations_ in_the m'tteg3 shape can be
suppressed. Accor di n§™ o®BFtif 38 Si2imgd JPeKAAt™i vt itBR, PIRSE™e emitter
manuf acturi ng net hod.as cl ail med .i n clfai ml13 or _cl aidm.l t.he col umar

18 o] g [o]

4
crystalline graf?]vsenccl)onnstl t ut |nrr11§dt he col Unar® p?)'fci/oélrysltngflhtﬁlé P & have

crystal axes an I c j i f i i xe iRection with
respect to the gﬁgéﬁg‘e?;@hg%e%yy geﬁlﬁhdggraﬁogdégsﬁd%érﬁé@ ggictters are
forned, the uni hepsditihgOtoluien StiyisRaliffea@ifiaondehebécndethsulatbrgood
reproducibility as well as variations in the electron em ssion ~~ 3 MAY
~f~ 12 char act ealstg essajue drystedraxis] and theredfterfiorimisr shmieerazd be
suppressed. According to claim 16 of the present invention) in the emtter
manuf act uri ng néf#fodingalatoni med the aapjuemarofPodyqyataliget films apde col urmar
polycrystalline filmincludes at | east silicon. Thereby, {he col umar
pol ycryst al | i nePfiiPRmLRg sEchizg i Yedthfy colugRaenpeiaiiialftoctt® at s00C
or bel ow. Therefor the.colu %/tcg sha Iimf. filmcan be etched into a
e,

ar I
uni f or m shape o™ & TAr et-héa'r 3 EUbS ﬁé si‘ﬁwl%roerlf)y % liea?lyhieh'ant%eenuﬁi formty

of the emtter ghapenwhiderI0PEhRRAANA Rbthid, 3R WRhifoARitFUBPRESI N
variations in the el ectron em ssion characteristics due to variations in
the emitter shapmif¥enshdian canl deg6briinberwith gobd t@pFodiEibigtymad.
According to claim17 of the present invention, in the emtter

manuf act uri ng neehlodls aari@itinseth tine @hactone eofissioai clsark8tdrdsticy duke
orientation surface of the columar polycrystalline filmis {100}. Thereby,
the crystal axite sagiatigesdnytdieg¢mitiershape san\ba superegsédned, t her eby

enabl i ng uniform shape etching. Therefore, the uniformty of the emtter
shape can be obtained with good reproducibility as well as variations in

the el ectron enm ssion characterist.ics due.to varigtions.in the emtter
shape can be suppr eségﬁc_)r ing tei\) c%almss o'f the presen% invention, in tge

emitter as claimed in claim 1 or claim 2, the columnar
crystalline grains constituting the columnar polycrystalline
film have crystal axes and crystal faces, which are uniform in

a fixed direction with respect to the substrate. Thereby, even



13 MAY 2002 13 According to claim 18 of the present invention, in the]3 MAY 2002
emtter manufacturing nmethod as clainmed in any one of clains 13 to 16, th
orientation surface of the columar polycrystalline filmis {100}. Thereby,
the crystal axis and the crystal face are easy to be aligned, thereby
enabl i ng uni form shape etching. Therefore, the uniformty of the emtter
shape can be obtained with good reproducibility as well as variations in
the el ectron em ssion characteristics due to variations in the emtter
shape can be suppressed. Further, the barrier by the grain boundary can be
suppressed as wethem@ lafgeupbeegbientigiest @ratformed; Hheidfarmity tofie
insulator is lowered.. Therefore, the hility of the running electron is
i ncreased, ther\é\’g‘ﬁ %ﬁf?rzish@p"ef’f‘f‘ct?eeﬂgpaéﬁf?t“é‘F%.”AEc’GPB?ﬁH‘@CI i a8 m 19 of
the present inventiqn) in the emtter nuf act uti ng, method, as clainmed in
See1h 33 vlrfadioRe G s “isCRap: Sttt Snprectetisnipnatue

any one of clains
pol ycrystal li nefi L r re radius of a tip portion of the
emtter becones té&ﬁ%%%ei‘?%ﬁ}ﬁgrﬁé%;s\ﬁ%g %&nggﬁﬁpgff%sﬁ of the electric
field on the tip portion of the emitter is increased, thereby enabling

em ssion of electrons at |ow voltages. According to claim?20 of the present
invention, in the eniAdcerditRnyb adlhithi MdofMeh&IGsteasnt€liaie®Goh N iaMyhoNe of
claims 13 to 19, the columar crystalline grains in the col ummar

pol ycryst al | i ne efiitter ey elainghbin @nygoae nf dilaies ar tof3, aghel €6lsimnar ' 1 3
MAY 2002 14 100nm or nore. Thereby, the grain boundaries at the tip portion
of the emtter RRIXMystaliaeylimainagdndes ratetedsitngilioom. r eGbherdy, t ther eby
enabling etching of the columar polycrystalline filminto a uniform shape.
Therefore, the gﬂl‘lr’BPﬁfth’foYﬁ*él'gﬁthlém HapPe areadigedbtbyi redlamt h good
reproducibility _as well as variati onsﬁt'#]d], the el ectron,em ssion

characteri stics JUB T WEr iPAPTEIs Tt THe Senttt t'8¥eShapd NEEFoB® sthiSor essed.

According to cl gi@miaPlpdiherRisgant [fflﬁﬁv‘ég%i BQ’etcheIihS:t‘ﬁm;at {‘ggfﬁgt"v\een t he

manuf acturing nethod as clairmed 1n claim t he angle Torne

columar crystakhipe 9nhaid ddxgeldr@aSUNpdtAltR, | $hEIbY SMLtninknaigby, the
grain boundaries at the tip portion of the emtter which cause vari ations
in etching are dedoemsd of ttiher elmyttenaddapegwethc lgoad @prodacibolitimmaar
polycrystalline filminto a nore uniformshape. Therefore, the uniformty
of the emitter WRAHpescasubRressing neeriatiphs gdod thepebudrihi kiiysias wel | as
variations in the el ectron em ssion characteristics due to variations in
the enmitter shaPRPAsheHEUEY PP e slCeyariatiopsdithdheo ermitiem Sars evha present
invention, in the em fd. 5% nnarpl%la% tériigt% met h9d as.claimed in claim 14, the
second insul atof T nct Ud&G A PERSL CBRYGER 26F 1 ¥Ggen. Thereby, the

di ffusion of inpurithesoddifth {R1ALASS o AeNBrEQUHMVerRYy Cly3ha! 1 ne film
i s suppressed, thereby providing 13 MaY zad~ 15

emitter as claimed in any one of claims 1 to 4, the set of

orientation faces in the columnar polycrystalline film is {1 10}.

Therefore, the crystal axis and the crystal face are easy to be

aligned, thereby enabling uniform shape etching. Therefore,

the uniformity of the emitter shape can be obtained with good

reproducibility as well as variations in the electron emission

characteristics due to variations in the emitter shape can be

suppressed.



the col umar polycrystalline filmof excellent crystallinity. Further, the
uniformity of the emitter shape can be obtained with good reproduci §iJ iMAY 2002
as well as variations in the electron em ssion characteristics due to
variations in the emtter shape can be suppressed. According to claim23 of
the present invention, in the emtter manufacturing nethod as clained in
claim13 or claim14, the patterned first, insulator is circular. Thereby,

the emtter with a sharp tip portion can be realized easily be etching the
col umar polycrystalline film According to claim24 of the present

invention, in the eniAacerdifenie agleimi AgoidhaoRregsnt|iavaetionn iel htn 13 or

claim 14, the patterned f| rst insulator is poﬁ%gonal Thereby, in addition
to the effect ofMiftarnas £laimedin Anysene 9In8HES cho $hBReImeRAt® ™ ccur acy

f photolith d
sk can be | owePBIRCe AL oS BN BRE RO ROB Tt rRe TR Copgtur RSP ?Egsﬁéfhod
as defined in clglmga,of LG RLEACHh weenctr},gigllfacc' UUES S EP )

manuf acturing an emtter by the em manu uring net efined in
claim13 or claifghéq @nileRnAbid0tBniRg d1 thlke cbib it ra %&&c?ﬂ‘iaﬁfbeﬁﬂ raction
gate electrode with Ieaving the patterned first insulatofr on the col umar
pol ycrystal i nefifiinl fhitcr@duaiforh3 sWye ~Orhéreiorst epe afnifdrity dragtheopeni ng by
renoving only the upper part of the first insulating film patterned on the
col umar pol ycr yatittlelri sieapé |aan Heepbdbtained with g@obdacéprodugiiilitelsct rode can
be fornmed easily w thout enploying a photolithography process, resulting in
a reduced cost Wil anvariediand iy the deeierremispiaanrharagferistinesiue BRI EF
DESCRI PTI ON OF THE DRAWNGS Figure 1 is a cross sectional view of a

Col unmar pol ycr §3t ¥RFiafO UL r%ﬁ“e 5’6’6*615& BRaPH 52pi rb:ﬁ SHRRIGSReht of the

resent inventi S a sec a i ew sh rocesses of a
get hod for nanu?&&ltﬁ’i’ #&’ g%rorl ' ePEY 1.}%: é’fnt}(‘tl?@l’é é’n‘ﬁﬁrbjﬁ ng t he
col utmar poz. yCEMﬁka delelCa S WRE L% e% velk Irdr%krd3 thé:'ugéé[frf‘a
di agram showi ng a man spectrumo e col umar crysta ne substrate

acr_ording to thee finstlla@¥badé nmtere& thﬂqwemnttnewwwﬂp of itgdre 4 is a
cross sectional view of a columar polycrystalline substrate in which an

under | yi ng | ayefunsiny evécdedn asisciidteased,otleersby aredlietdp dhaesfficodntt he

pr esent
emitters.

According to claim 7 of the present invention, in the
emitter as claimed in any one of claims 1 to 6, the curvature
radius of a tip portion of the emitter formed by performing
etching to the columnar polycrystalline film is 50nm or less.
Therefore, the concentration of the electric field on the tip
portion of the emitter is increased, thereby enabling the

emission of the electrons at low voltages.

According to claim 8 of the present invention, in the
emitter as claimed in any one of claims 1 to 7, the columnar

crystalline grains constituting the columnar polycrystalline



Invention. Figure 5 is a cross sectional view of a columar pol ycry%tBaMAiYngﬂuz
substrate in Wiich a crystal orientation and a crystal face are uniformin

a fixed direction according to a third and a fifth enbodi nents of the

present invention. 1 3 MAY ZUO% 17 Figure 6 is a cross sectional view of
the cold-electron emtting el enent according to a fourth enbodi nent of the
present invention. Figure 7 is a diagram,for explaining the electron

em ssion anount fromthe cold-electron emtting el enent dependi ng on the
difference in filmstructure according to a sixth enbodi nent of the present

i nvention. Fi gufBmghagea ghagtiesaarelpwWingeterxDat peastr LIAmN ethgarsl urmar
polycrystalline silicon of {1101 plane, Figure 9 is a diagramfor

expl ai ni ng the rACIEIBRsHNG BER L PPUMRTIGE dHsithy bP ReEtRPeCfriRefiel d

applied to a tip tion.of the emtter. and.the curvature radius of the tip
portion of the fSHﬁ?{eér WIHEGLFBUEE VBTIRUORE: i’BnﬁF&VPéwaS? desayefyst al | i ne

filmin the PriGhelly FLGHAE dibnidfe BriRe! E0anaY BityRly MDA el Whi ch

into a uniform shape. Therefore, the uniformity of the emitter
shape can be obtained with good reproducibility as well as
variations in the electron emission characteristics due to

variations in the emitter shape can be suppressed.

According to claim 9 of the present invention, in the
emitter as claimed in claim 9, an angle formed between the
columnar crystalline grain and the substrate is 83° or more.
Therefore, the grain boundaries at the tip portion of the
emitter which cause variations in etching are decreased,
thereby enabling etching of the columnar polycrystalline film
into a more uniform shape. Therefore, the uniformity of the
emitter shape can be obtained with good reproducibility as
well as variations in the electron emission characteristics due

to variations in the emitter shape can be suppressed.

According to claim 10 of the present invention, in the
emitter as claimed in claim 2, the second insulator includes at
least oxygen or nitrogen. Therefore, the diffusion of impurities
from the glass to the columnar polycrystalline film is
suppressed, thereby providing the columnar polycrystalline

film of excellent crystallinity. Further, the uniformity of the



the pol'ycry'stal line filmin the prior art. BEST MODE TO EXECUTE THE13 MAY 2002
| NVENTI ON ( Enbodi nent 1) Hereinafter, a first enbodi nent of the present
invention will be described with reference to figures 1 and 2. Figure 1 is
a cross sectional view of a columar polycrystalline substrate according to
the first enbodi nent of the present invention. Figure 2 is a sectional view
show ng , 13 MAY Z~OZ is processes of ggmanufacturing nmethod of an emtter
and a cold electron emtting el enent according to the first enbodi nent of
the present invention. In figure 1, nuneral 1 denotes a substrate such as a
gl ass, and nuneemiitter gtirResag bl abtpdnredovithr geed | 1apsedpeibilityrast her
nunmeral 3 denotes_a grain boundary show ng a boundary between crystalline
grains, and nun¥®fd| a9 vasiadions ip E%? GHtATOTE efrdesion shageismisticp ddienat t er

the formation of the colummar, polycrystalline film2 wll be described. By
a pl asma enhanctyYRHBHCES DY ?mﬁﬁog P PEVBYPRESSAEY whi ch enpl oys, as
mat eri al gas, silane gas of 0.1-3~ diluted by hydrogen gas, the col umar
polycrystalline film2 as a columar polycrystalline silicon filmwth a

grain dianeter of abguiodiflg- A0 110 ¢he PréeStR? inPddtPoH 2lnh GReand
crystal face are uniformis formed on the substrate 1 such as a gl ass

shoran in .figuémittetin@etldim@dCan@idindn of 3&hsta atiee pateehad usisstof
200- 350C, filmformation pressure of 0.1-5Pa, and RF power of 300WI| kW The

filmformed undersulaiss tortikiculan bEcawrbsg, tthe coittenaritipad stayptdpl ine film
2 which has mainly ~110~ plane. Further, when the filmis fornkd on the
substrate 1 sucperitrra ghmsdeshrontizéd eagjly eb?. ebghingorthex meopimnarhe sane
PCVD net hod enpl oyi ng m xed gas of silane gas and silicon tetrafluoride gas
as the materi al PY3sTYRtading fdMeondi ti on of substrate tenperature of
250-450C, filmformation pressure of 7 3 MAY Z012

According to claim 12 of the present invention, in the
emitter as claimed in claim 1 or claim 2, the patterned first
insulating film is polygonal. Thereby, in addition to the effect
of claim 11 of the present invention, the exposure accuracy of
photolithography can be enhanced as well as the cost of the

exposure mask can be lowered.

An emitter manufacturing method as claimed in claim
13 of the present invention includes a step of forming a
columnar polycrystalline film by depositing columnar
crystalline grains on a substrate along a same crystal axis, a
step of forming a patterned first insulator on the columnar
polycrystalline film, and a step of etching the columnar
polycrystalline film employing the patterned first insulator.
Thereby, even when a large number of emitters are formed, the

uniformity of the emitter shape can be obtained with good



19 100-170Pa, and RF power of 50-500W the columar polycrystalline T 31MAY 2002
with a grain dianmeter of about 250nm which has mainly ~100~ plane is

obt ai ned. The so-formed col umar polycrystalline film2 having either 1110y

or {100} plane can realize the cold-electron emtting elenment with emtters

of uniform shape as the effect of the present invention. Wile the col umar
polycrystalline film2 includes am)rphou1s‘ | ayer, it is desirable that the
crystallinity rate, i.e., the rate of polycrystalline and anorphous

included in unit area, is 80%or nore in order, to formemtters of uniform
shape. The crysfePradtiaipility ag gyl st sariptiong gpothe elepspon qaigsion as a

rel ati on between_ the intensi I (520)., . .Mhich j.s neasured by Ramgn
spectrometry tochérﬁﬂér‘isﬁ’tcénégf fg’o‘r'a‘) Hans Jni the SAOUAT sg‘r‘”%éh%argﬁ’)&t al line
phase as about 520cras~, and the intensity 1(480), which is neasured by
Raman spect r omet FUPIS 58 the intensity of Raman shift amount of the

anor phous phase as about 480 cnll (see Fig.3) . Further, in this enbodi nent
a typical deposition condition is specified. Under a deposition condition

having particul ar rapgegnfiftedamah@detidify ndahodl X5 WiRirhéd iR, cRiRstrate
tenperature) filmformation pressure, RF power and the |ike, the columar

pol ycrystal linei#i bm ¢he gprebendbindeAtidnbyn€lidesy angtep YT d f@asinignal udi ng
silicon gas, and the grain a 3 MAY ~uu~ 20 dianeter or the size can be
vari ed i n dependerosl onstlater depasstibstratgndi stepnof Famimgaapsexonidi gure 8
shows an X-ray diffraction (xRD) spectrumof a typical columar

pol ycryst al | i neinsulptesn dn | an SBbAt@tendersteRe of oftimingn eof coubutarat e
tenperature of 300C, filmformation pressure of 2Pa, and RF Power of 300W

by the pl asma- aBPWeaY H@line filanbyy dpBesitiegostimpar pexatflling BERNEND| oyi ng
m xed gas of si(l)an eagd h%lﬂr.gge%}OThaq fil msL%rengg S %Q?S’cgnsqgtioqn as
descri bed above®has®aSt¥hd  padkht? abdbf y P
forming a patterned first insulator on the columnar
polycrystalline film, and a step of etching the columnar
polycrystalline film employing the patterned first insulator.
Thereby, even when a large number of emitters are formed, the
uniformity of the emitter shape can be obtained with good
reproducibility as well as variations in the electron emission
characteristics due to variations in the emitter shape can be
suppressed.
According to claim 15 of the present invention, in the
emitter manufacturing method as claimed in claim 13 or claim
14, the columnar crystalline grains constituting the columnar
polycrystalline film have crystal axes and crystal faces, which
are uniform in a fixed direction with respect to the substrate.
Thereby, even when a large number of emitters are formed, the

uniformity of the emitter shape can be obtained with good

reproducibility as well as variations in the electron emission



A47.9 of 28 and is oriented to (220) face. _, Further, the columar 13 MAY Zil
polycrystalline film2 oriented to (110} face is obtained when the filmis
formed under the condition of substrate tenperature of 300C, filmformation
pressure of 100Pa, and RF Power of 300W by the PCVD net hod enpl oyi ng m xed
gas of silane gas and silicon tetrafluoride gas, and the peak of (400) face
appears at about 63.2 of 2B in the XRD spgectrum (not shown). Then, a

manuf acturi ng nmethod of an emtter and a 'cold electron emtting el ement
manuf act ured by enpl oyi ng t he above nentioned col umar polycrystalline film
2 will be descridb@dagiaristies dugnte vapatioggria phe gmistert pleareicannbe
polycrystalline film2 is formed on the substrate 1 (Fig. 2(a)) as

descri bed above,SYART§ES§hsul ator 5 of Sio2 or the like is patterned on the
col umar polycrystalline filmsuch that each dot takes the circular or 1
3 MAY 7t 702 21 polygonal form by using the PCVD nethod, spattering nethod,
deposition nethod, or,t i . sh i fi 2(h)).This _patterning is
performed by, for exa}\n(iﬁtagflld(ég%scﬁgllrﬁg%ef |ﬁsﬁ?§{e§1rt #S)eétltoﬁi’ clfgng%% of

around 200nm and, 2R %aR% R AEEFY R0 &Q dBfmEASH! A1Pbnt Aricd i ot
patterns of circular or polygonal  formwth a dianeter of around | um by

phot ol i t hogr aphy) 30k&CESSthAfch@imhbe $dyemistaminef rilheiddlisés ia®Slehat or S in
circular or polygonal form the columar polycrystalline film2 is
processed by persila¢dn.ng Theaeby,vehe odolaimlarngolydrigtalliherfiny d¢an aid ai n
emtter 6 as shown in figure 2(c). As the etching gas, hal ogen gas such as
SFs is used. Sulysalzeshtby,a aloyatempesatiiae i pypdeayeat 75@@¢rarsibeipwuch as
Sio2 and a drawing gate el ectrode 8 conprising such as Nb are forned by the
deposi ti on met hddeseforpeths Relumnar galycrysteiline &lm epn bpyeteled ivtd i ng t he
filmthickness of the gate insulating |layer 7, the djstance between the tip
portion of the énPPffBF’%GSHﬁBe t%‘eadlraégf'ﬁ‘ég zft“;sé’f"é& r"h‘a‘ifbé’ eRIRIBINE, a1 i ed

easily, and the L] ) oncent e i rtion of
the emtter 6 efﬁlég'frlgl\%ééﬁcr?; bm%fg%%ggnﬁﬁtg?c%%?e@%{ gsgge}r#?f%%éb@?tgmnt of
favorabl e el ect @nyem S8 QUppHédGheNeHi&@nPEin0Rhal PREtroh RA:ik¥ion?S Shown
in figure 2(e), upper parts of the first insulating filmb5 which was
processed into thard&dteeiskis Miaeptd We@NRARlorkOlin PtHd @miitfere sh@p®Vea@nby a
lift-off nethod, thereby

when a large number of emitters are formed.

According to claim 17 of the present invention, in the
emitter manufacturing method as claimed in any one of claims
13 to 16, the orientation surface of the columnar
polycrystalline film is {100}. Thereby, the crystal axis and the
crystal face are easy to be aligned, thereby enabling uniform
shape etching. Therefore, the uniformity of the emitter shape
can be obtained with good reproducibility as well as variations
in the electron emission characteristics due to variations in

the emitter shape can be suppressed.



13 MAY 2~DU1 22 forning openings. Further, while in this first enbodil e MAY 2002
the gate ~.nsulating layer 7 and the extraction gate electrode 8 are

renoved to formthe openings by the Lift-off nmethod, it is also possible to
formthe sanme by an etchi ng-back nmethod. As described above, according to

this first enbodinent, ' the emitter 6 is manufactured by providing the

col umar polycrystalline film2 and perfgrm ng the etching thereto, whereby
the crystal orientations and the crystal faces of respective col umar
crystalline grains are nmade uniform Therefore, at all portiaons except for

on the grai n boundar y'o80T¢ing tQAleighild of thsi Ebecﬁeé‘ﬁllé“’é%‘ﬁf‘ngnrﬁtee whi | e

erformng the wet, or reactive jon etch |se alized. Th t he
gm tter 690an bé%‘i‘?ﬁf‘%f‘ﬂﬁaec&“ﬂrtgnmﬁ&)l&é A3 SHBIRE t'ﬁ‘I""intyym?;\‘h8(fe fﬁtélﬁmi formty

for a large nu rof eptters 6 fornmed over de.r e n_be obt ai ned.
I n addition, Hg%co?urmggr %{‘ycr%/rslf a'i AH%e £ r%‘:ﬁ af’fl Zggt I ﬁ‘é‘%ﬁés 5| l'icon

and, specifi Pa' %&gs&lﬂﬂﬂk'iﬁ% i€ ﬂ%}yc’f‘l}( #' \RE c§ Lo Ukid b A1

pol ycrystal line on ger mani um enpl oyt hg the mat er i alms I ncI udi ng
silicon, the colcwmat fROL WTeYSdsy! td B émgﬁecpa&ebeb;%mu@nualﬂo@ﬁlge area
substrate by a process at a |ow tenperature of 500C or below. Therefore,

t he col umar pokyepydtahirnigie Thiekefoeantie vaifohmity 6f dhé enfitfedrsng0eape on a

| arge- area substrate, thereby obtaining the uniformty of the emtter shape
wi th good reprodasilxE bbtainad with|goad =pppdecidility samedl agvariatidrse el ectron
em ssion ,~ 3 MAY zooz 2~ characteristic due to variations in the emtter
shape, even whein dheaelsstinmisarispionegharagterigties fdpadd wariatipas ga- ar ea
substrate. (Embodinent 2) Hereinafter, a second enbodiment of the present
invention will BRe GEHEIETRARSG F?tn RS é‘r‘%?fieés?‘g fFYithET4the PITIET BYi s a

sectional view ﬁt a é:o pmar B chlzrbtésta lr'eree ubsvt,rl?te t?‘ cr)gdl ng lto t he
second enbodi neht® §f2he B %%eynf i ventiion: IR PR OR2RAFY S ng

el ement accordi ftgntegj ttt"tﬁesiﬁ@mgc@%?@ﬂeqﬁgtla@or t; e wededd®MrhBfefore,

above-nentioned cold electron emtting element according to'the first

embodi ment, whefige th8bARyUBAth Ghiaiidgt elekirdd fik | MoZehSed, Oth@®E Y t hout
coating the substrate with an insulator, only in that the emtter and the

col d- el ect ron eredliding efieiwmntenaitersanuf act ured by form ng the col umar
pol ycrystalline film 2 which conprises columar crystalline grains being
deposited along the same crystal axis after the insulator is formed on the

substrate. Thus. the sane _elenents as those shown in the first enbodi nent
are denoted by the sARECTHPE o imARr of e RyeFrRE ANBIRER IR JHE will be

om tted. emitter manufacturing method as claimed in any one of claims

13 to 18, etching is performed to the columnar polycrystalline
film such that the curvature radius of a tip portion of the
emitter becomes 50nm or less. Thereby, the concentration of
the electric field on the tip portion of the emitter is increased,

thereby enabling emission of electrons at low voltages.

According to claim 20 of the present invention, in the
emitter manufacturing method as claimed in any one of claims
13 to 19, the columnar crystalline grains in the columnar

polycrystalline film have a shorter grain diameter of at least



I'n figure 4 a second insulator 9 is formed on the glass substrate 1. 145 MAY 2002
this processing for formng the second insulator 9 on the glass substrate
1, a silicon dioxide filmSi Oz of about 300-1000nmis formed under the
condition of substrate tenperature of 200-300C, filmformation pressure of
13 MAY Z002 24 0.1-10Pa, and RF power of 300-500W by the PCVD net hod

enpl oyi ng m xed gas of, for exanple, silﬁpe gas and N20 gas, or TE4S arid
oxygen as material gas. The process after the formation of the second
insulating film9 is the same as that shown in the fist enbodi nent and the
description w | [108ampnex treere. AsTHerahY: bte &paire bowndasies g thee tiecond
insulating film9 on the substrate 1, diffusion of inpurities included in
the substrate 1PSGHRNaST $BE sbEes Sdigh calibp&atiationasite giching: ek

h [ th tal|ini f th | | talli film2. |
addi 11 0n, 1 he SEEQNETmoUPHTHG MRS Ay BAde B | 57t hato A toes at
I t [ . Ln.oth . h [ ityride fil
S, 5 saboxi aEON D PEipe] ok Thid O TaniSHE" fiRpR P PR, BEC L

enpl oyed ot her than, Lhe, Sif thO ittt dgabb! B3:S B2 o1AREhddI BRI fECt can
be obtai ned. (Enmbodinent 3) Hereinafter, a third enbodi nent of the present

invention wll bepRRREiIbARY N¢ tWell fsev&iEB0h9 ihl U Rldetrdi GWMiBsford S A
sectional view of a columar polycrystalline substrate in which the crystal
orientati on andchheadteyistizls dacaoavariatiohorim the amfittéedhdipeecdn e The sane
el ements as those shown in the first enbodi nent arc denoted by the sane

ref erence nuner ahppagssedhei r descriptions will be omtted. In figure 5, the
col umar polycrystalline grain 4 is

According to claim 21 of the present invention, in the
emitter manufacturing method as claimed in claim 20, the
angle formed between the columnar crystalline grain and the
substrate is 83° or more. Thereby, the grain boundaries at the
tip portion of the emitter which cause variations in etching are
decreased, thereby enabling etching of the columnar
polycrystalline film into a more uniform shape. Therefore, the
uniformity of the emitter shape can be obtained with good
reproducibility as well as variations in the electron emission
characteristics due to variations in the emitter shape can be

suppressed.

According to claim 22 of the present invention, in the
emitter manufacturing method as claimed in claim 14, the
second insulator includes at least oxygen or nitrogen.
Thereby, the diffusion of impurities from the glass to the

columnar polycrystalline film is suppressed, thereby providing



1 3 MAY 2UU2 25 arranged such that the crystal axis and the crystal 1f3a(pﬁ\y 007
are uniformin a fixed direction with respect to the sl~bStrate. Nunera 18
denotes the crystal orientation indicating the direction of each
crystalline grain, and the crystal face is oriented by QL10} or {100}
vertically to the crystal axis 10. when the crystallity rate is preferably
80~ or mare, this arrangenent of the col ar polycrystalline grain in the
columar polycrystalline filmcan be obtalned even when the anorphous phase
is included in the columar polycrystalline film2. The process after

formi ng the col dkgacobynpar yrelycryytallinmsfilont ef esaphent myyswpdlinByumar

pol ycrystalline Fgrai n 9 of uniformshape is ~Che sane as_that shown in the
first embodi nentFiitBehnEQaadorBith Rt e eBiteshaRs . carms Paedtained above,
according to this third enbodi nent..the col.umar_pol ycrystallin rain 4 in
e col umar  porieh s TORIGaRETTISY 3w Ell L PpuBehg dhs i alHEesty y ot al
face uni formin g LLxed ALLLELLORCW AL [£3RRELOHS (hNRSHBRILALE.de Wher eby
the etching rate o e |soatrop|c or anl'sotroprc etching can be Pade equal
not only in the c%%”ﬁe gﬁ%g,%;@ggeidne grains but also in all the crystalline
grain areas other than e grain boundary. Therefore, the emtters are
manuf actured with good reproducibility and the uniformty of the shape can
be obtained in nunmerous emtters forned over a wi de range. (Enbodi ment 4}
Herei nafter, a fourt Aceobdidigmentclaim td® ofr theepiesent eifvieAtion, iihlthe
described with reference to fZgure 6. Figure 6 is a sectional view of an
emtter part of emitterdahnofaadnriovd methed alsetiaimedimdlaion diSeer blaismpl oyi ng

t he columar polycrystalline film2 according to the fourth enbodi nent of
the present invdfei Bt Rattermgdr firgt ingpiatar ig1cHentnres Aheredys ethegrain

di anmeter of the calumar crystalline grai.n, nuneyal 6 denotes an emtter,
and nureral 12 GBHBtt‘eéswétb(i% sé?&"?i bp FeTHAR &Rt Perrealized GAYY € the same

el enents as those.,sha zn.t.he first j.e are denoted by the sane

ref erence nunera %hlélﬁgnhtehceqlilmdleasrcé?lgf?’[(}ggﬂ%ﬂ {Hr?)'e omtted. Generally, when
the curvature radius of the tip portion of the emtter 12 is SOnm or nore,
concentration of the electric field on the tip portion of the emtter 12 by
t he drawi ng gate el eaiceofling (& etaim R420€)thei prezehnt favéntiordiefihect i vel vy,
and therefore, it is required to apply high voltage of 50V or nore to the
drawi ng gate el estittedendnufactnder metlnddt asrrléimeedirclaint 18iwml dajimt ensity of
| Gsv/ mMm which is required for electron em ssion of silicon. Since it is
preferabl e for A4drihg pgticrpedi firgthinsylatoryds ePolyeentle | ThagBYYorin ess, the
curvature radius Qf .the tip rtion of the jtter 12 s preferably 50nm or
less. In additi Bﬁ,g‘ti%\"/? rf%eo‘?f?%r‘éf e ]e]ct"?it SRTEFENS HERI ATy t?‘f general |y

required for cold-electr Mm.SSi-0 f .Silic an rovided that the
di st ance bet vveeﬁxrt’%s’eur%ma?fn%faca’néftﬁ%&grl%bmo%rga%gl t§a§| g%tér/%lgenc\ﬁr% Eh appl i es

voltage V (V) 1@eliNgs theé cMCor tie exPbvureOPask CatMbd idWeRQSi tively is d, and

the curvature radius of the tip portion of the emtter is r, the electric
field intensity F at the tip portion of the emtter is represented by the
followi ng equation (1). F=2V/rLn (2d/r) (V/Intm - - - (1) The relation of
the electric field iAtesigitlgcfronoemliging element manufacturing method

as defined in claim 25 of the present invention includes a step
of manufacturing an emitter by the emitter manufacturing
method as defined in claim 13 or claim 14, a step of forming a
third insulator and an extraction gate electrode with leaving
the patterned first insulator on the columnar polycrystalline

film, and a



curvature radius r of the tip poztion of the emtter in case where 713 MAY 2002
d=0. 5%0-6(m, V=50, 80, and 100 (V), in the equation (1) will be described
in figure 9. In the figure, the conditi of V>80V arid r<50nm nust be
satisfied in order to obtain | G6V/ mm or re for F. Accordingly, the |arger
r is, the higher voltage is required, in order to apply an electric field
of 10V/mmor nore to the tip portion of the emtter and conversely, the
smaller r is, only a lower voltage is required. Wien a high voltage is
required, the grivigg circuit for controlling t he init er becones
conpl i cat'®P ARhdEAEMEBTe AR (GRATLI Y sTEMBV &R AP LY th e MPREFORA NI Hge
of the insu7.ating,layer ynderlying the drawi ng gate el ectrode, resulting
in an exXjiehsFresEolasEletirh T (PR eFRRRNPRJERRCEOLABRGi ngl y, by
setting the curvature radius as 50nmor |ess, an inexpensive |ota-voltage
dri vi ng Rak¥eFYseanlpBepLdlitted THRL @ FRreisubher e¥EraGEioncWiaTe Mhafarode
enpl oyi ng hal ogen gas or wet etching nethod including hydrofluoric acid, it
i s very alirf fheuformedsgasgdy twicthorty enpoyiugus phothéithegyantivon of the
emtter 12 extrenely to be | ess than 50nm for exanple, 1 3 MAY ~QQ~ 28
around prdeveswnoressilisiog llesy mihcsdatdytt Aercmrvatfecs urddigusa heridres
around 50nm Thus, by meking the shorter grain dianeter 11 of the col umar
cryst al ldlrectgrem nebhettOBgmedremenrte, the col d-el ectron enitting el enent
having emtters of uniformshape can be realised. Further, when the shorter
grain diameter 11 of the columar crystalline grain is smaller than 100nm
in case Were the curvature radius of the tip portion of the emtter 12 is
forned BRIGMIDESCRAPDIONN BENMHE MRANINGDi | ity (possibility) that the
grain boundary is located at the tip portion of the emtter is high,
resul ting inRiwiré ht Lspapeartosen sEctimnalri vtiew 42 ¥hcohuhasart he curvature
radi us of around 50nmis nvt formed with good reproducibility because of
t he graipelyarmgstyllineaddbsitrate rragrmdindotmdar §i3sbasmbedy mdafeiss,
which results in that the el ectron em ssion anount is decreased when the
def ect s tawee pgrangder dnveheibnp portion of the emtter 12. For the reasons
descri bed above, the shorter grain dianeter 11 of the columar crystalline
grain is prefrrgity 2008mosedtienads wiasersbewindoyeocassesdotg al metod
fourth enbodi ment, since the shorter grain dianeter 11 of the col umar
cryst al Ifioe n@iral fa ¢ Susingeasttoldwheaut ron cem Pt 8l g beLedeny bawleying
different etching rate does not exist at the tip portion of the emtter 12,
wher eby thiee ddlunaost | pol € riybe adliiee rs ulkyds tordt Heshownedn Wi fugeod .
reproduci bility. (Enbodi nent 5) 1 3 MAY Zf102 29 Hereinafter, a fifth
embodi ment offilfier §resest ai Y agtriat skdwidye demohibespattBumeber enee to
figures 5 and 2(e). The sane elenents as those shown in the third
Snbodi nesll uiire ¥l enel por Pyt hlie ipens umfterane eadubed hg epdthBefirst
escriptions

embodiment of the present invention.

Figure 4 is a cross sectional view of a columnar
polycrystalline substrate in which an underlying layer is
provided according to a second embodiment of the present
invention.

Figure 5 is a cross sectional view of a columnar
polycrystalline substrate in which a crystal orientation and a
crystal face are uniform in a fixed direction according to a

third and a fifth embodiments of the present invention.



Wil be omtted. 1n figure 5, nuneral 1d denotes crystal axis indicaqFPMAx 2007
the direction of each crystalline grain. each crystalline grain 4 is forned
at an angle of 83 or nore against the Sﬁbstrate 1. This is because the

t hi ckness of the columar polycrystalli d fi7.m2 with a grain di aneter of
at least 0,lumneeds to be at |east around 0.8umin order to formthe
emtters, and tan-1 (0.8/0.1)R83 is required so as not to nmake grain-
boundary with different etching rate exist in the area of the tip portion
of the emitter while formng the emtters._ In addition, as_shown in figure
2(e), when t HELERERt PoRASi § FEARS bRColrRat r it eNgofhEhel sedd-e ke xpPmn t he
tip portion of the emtter 12, because the electron flows in an

appr oxi eatidiginerelenknyi aesOGiing thea sfoertiat embodinens| edt tdhe has to
flowto the tip portion of the emtter crossing the grain boundary if the
cryst al presaptiinventdened at an angle of 83 or |ess against the substrate
1. On the other hand, when the angle is 83 or nore, the electron can fl ow
to the tip p&idquneo? tbeaewmiitageran nffdhewpleiriygt thei néegrtaion wntission
crossing the grain boundary including many defects, thereby the em ssion
current amduiti fheomesRedcoldae 1A tdesc reriett abhpvel emenor diepgnddnigher ifHd
enbodi nent, since each crystalline grain 4 is formed at an angle of B3 ar
nor e agdiifdeddrecsubat Falm btryetivrdamemrdingthodaf §erent esbodiin@ntater
does not exist at the tip portion of the emtter, whereby the tip portion
of the emwe tefeslehtatnbentaormed with good reproduci bility. Mreover, the
cold-electron emtting el enent of excellent electron em ssion

characteri stiri e be 0bt ai dedgrEmrixbwinng £)Xkprspeatiten, of shet h

enbodi ment of the present invention will be described with reference to
figureschlamthak ﬂﬁégggtamu&m @fi ltiheor! esPectiop sparenents in figure 1
will be omtted as they were described in the first enbodi mnent. The crystal
face of the Galgiiwaro Gi¥shalliade s ddtr %4l dilnDyg Ofhé 108) 2@k b@Rha ON
surface. By maKing the orientation surface of the columar polycrystalline

film2 pblgker n&r ¥t ahsotiveniratinen crd e Cf VSt @l appgteedr @cCASkilP be
al i gned, thereby enabling uniform shape etching, and realizing the

col d- el getri@Rrerd s ting ehedRBL dnld the Aldddtife OfadXes! bentnunithgrmty.
Further, by making the orientation surface {110) or {100} orientated, an

energy Bakti®m admitlsé emeeteen novenent by the grain boundary while the
el ectrons in the columar polycrystalline film2 run through the

sem conduct orrimyﬁ r@nibeal gueradnaanditdie sk Ipdvy@fysbelelaat ¥90m Sn
i ncreased, 13 NMAY 13 MAY 2002
the prior art.
Figure 11 is a sectional view of an emitter which employs

the polycrystalline film in the prior art.

BEST MODE TO EXECUTE THE INVENTION
(Embodiment 1)

Hereinafter, a first embodiment of the present invention
will be described with reference to figures 1 and 2,

Figure 1 is a cross sectional view of a columnar
polycrystalline substrate according to the first embodiment of

the present invention. Figure 2 is a sectional view showing



31 thereby realizing an increase in the el ectron em ssion anount as }'\ﬁl lMAg?SZ(]OZ
a qui cker response. Further, when the orientation surface is t100},
conparison with the case of QL10} face orientated, the barrier by the grain
boundary is | owered, thereby to ease thé&lectron flow, and trap of carrier
on the boundary fare between the gate insulating |ayer and the

sem conductor crystal face is decreased with relative to t110} face
orientated, thereby to further ease the electron fl-ow on the interface

bet ween the sem conductor and the insulating |ayer. Therefore, the nobility
of the QEREESHHEPsOfun AADYIRG SAEERY %‘éh@gymfeérﬁ EMG taT iahd enseoid-t he
el ectron em ssion anmount and a qui cker response. Figure 7 shows the result
of the reksckrepBnemisiting ediemenbraen®sding tpohehdigsilt e agdimenhoagand
of chips due to the difference in the crystal structure, that is carried
out in tthe ppresenti Anyentden.The vol tage applied to the drawi ng gate

el ectrode is nade equal. In figure 7, ir~ case where the emtters are
formed by thelmofiignae Aol yomesntal |1 ndefiotes2aobubit@hteacadlr icentatgbasshe
el ectron em ssion anount is twice or nore as that in case where the

em ttersamd entnenall By delne taersorgphoekumsnar cpolfck s tabe iakecilon erfwstloer,
anmount has a relation with the Iight em ssion | um nance froma phosphor and
the |i ghtumetssi Bndknpiteznee graim hswnpdd t oshbeihlhe aebeahdan ye s s e
anount. Accordingly, only a |lower extraction gate 3~ voltage ~.s required
in ordercrdystodl Bl net Geasasy ameltmoneedl s¢i denetesnk Ebilghhagm ssion

| um nance) in case where the emtters are forned by the col umar

pol ycrydmdtdaEL {hemg2adh.t 00} plane than in case where the emtters are
formed by the anorphous silicon film thereby resulting in a | owered

vol tage. Furthereihasreerpathsoforndtidie 69 thoatopahMeky poaklcries 11 0é
QL10} plane, that of (100} face orientated realizES an increase in the
current gyt &1D0M pBedesldi®lerl! r By eripl 4 sida ebRABRALed! BReah:aestddd Ny
in a lowered voltage. As described above, according to the sixth

enmbodi Mgilp o seToh hepcyp§t ale thack wafidH el dpBAr asrMstaklinne qalsgi silane
(11D} or {10U} plane, there is provided an increase in the el éctron

eni ssi O WINtY . 1hes efylueed by hydrafec0fdls £l €6Lr 881 8/hkE Ng el enent

that is driven by a | ow voltage. APPLI CABILITY zN I NDUSTRY According to an
em tter pNd,cy £Fa 11 ehe MEARMACE WY RO dﬁ?ﬁd}@daf)fﬁ:éfﬂ?cE&§§§Dl?l_ih@v;§'1tlli%n by
performng etching to the col umar polycrystalline filmWich is obtained
by depogiitin1Geidle £OLHANAr d6 byl id®e MANS1O0-1 A6naUbS! (L enalena dde
same crystal axis, the emtters having regular shapes in their tip portions
can be Lindftatidn 0908 EepEeAUCifidd tihe Wi £OYMtDE HHLhEETbRY tofe t he
emtter shape is obtained even when a | arge nunber of emtters are forned
on a ZaggeAanSubsihahCasTheh@Rss \Hdwi | DNSEi{futde1ehnBBlLr taR em ssion
characteristics of ~ 3 MAY dal

condition of substrate temperature of 200-350°C, film formation
pressure of 0.1-5Pa, and RF power of 300W-1kW. The film formed
under this condition becomes the columnar polycrystalline film
2 which has mainly {110} plane.

Further, when the film is formed on the substrate 1 such
as a glass shown in figure 1 by, for example, the same PCVD
method employing mixed gas of silane gas and silicon

tetrafluoride gas as the material gas under the condition of

substrate temperature of 250-450°C, film formation pressure of



33 cold-electron emtting el ement due to variations in the cter shapﬁ C@R 2002
be suppressed, and therefore, the emtters be used as an el ectron so ac gf
di verse el ectron beami.lization device 9such as a flat-type inage display
devi ce, ~rious sensors, a high-frequencé oscillator, ultra-fast evices, an
el ectron m croscope, an electron beam exposure 13 MA' vpp itus, or the |like

1 3 MAY 1002 P 1 34 CLAIMS 1. An emtter fornmed by form ng a col umar
pol ycrystalline fil mwhich conprises columar crystalline grains being

deposited o ubstrate along_a al_.axis,.and_t hereafter
pattern#%&%}ihﬁét A uﬁﬁtBPW§ﬁ fﬁggﬁﬁﬁﬁﬁﬁﬂ ot yePYSREAFi ne film and
performng etching tp the, col ymar polycrystalline filmenployi t he
pattere@orMQQY§?éh&%P8r%lgm nWﬁﬁgnﬁngﬁg%QﬁA%%m?B?ﬁeﬂfbgBPB¥n§SSn§‘second
i nsul ator on a substrate ans forming a columar golycrystalline film by
deposi t Wig Fo|iaharatii ¥t ALLCHe Phalishd PRt @2ond i nsul ator al ong a sane
crystal axis, and thereafter farmng a patterned first insulator on the
col unmar pol Vi3¥§/ st ar FPRBeH| CALUARG I HFIHGHF &k b eigtidnt Reh@BLlimnar
pol ycrystalline filn1enplo§bng the patterned first insulator. 3. The
enitter eddheini k0] nokl 4LRP1 BAadieaiaAm radel 20| thwafotdySLartrmd grains
constituting the columar polycrystalline filmhave crystal axes and
cryst al efdddsinmiébement withxemidites®d ioh waiforespeapet ast hhesgbfecs e.
4. The emitter as clainmed in any one of clainms 1 to 3, wherein ., 35

of the present invention.

While the columnar polycrystalline film 2 includes
amorphous layer, it is desirable that the c¢crystallinity rate,
i.e., the rate of polycrystalline and amorphous included in
unit area, is 80% or more in order to form emitters of uniform
shape.

The crystallinity is represented by I(520)/{I(520)+I(480)},
as a relation between the intensity I(520), which is measured
by Raman spectrometry to be the intensity of Raman shift amount
of the crystalline phase as about 520cm™®, and the intensity
I(480), which is measured by Raman spectrometry to be the
intensity of Raman shift amount of the amorphous phase as about
480 cm™t (see Fig.3).

Further, in this embodiment a typical deposition condition
is specified. Under a deposition condition having particular
ranges of gas flow rate, gas mixture ratio, substrate
temperature, film formation pressure, RF power and the like,

the columnar polycrystalline film 2 can be obtained by

employing mixed gas including silicon gas, and the grain



the col umar polycrystalline filmincludes at |least silicon. 5. The  t .
as clainmed in any one of clains 1 to 4, wherein an orientation surfa@«r;gcﬂlW <Uu¢
t he col ummar polycrystalline filmis {110}. 6. The emtter as clainmed in

any one of clainms 1 to 4, wherein an or#@ntation surface of the col umar
polycrystallien filmis {100} 7. The emitter as clainmed in any one of

clains 1 to 6, wherein the curvature radius of a tip portion of the emtter
formed by performng etching to the columar polycrystalline filmis 50nm

or less. 8. The emtter as clainmed in any one of clainms 1 to 7, wherein the

col utmadiampsteal dihet g a$ hsecoabt bﬁuvaﬁgadwamdqpﬁmewygnythasl ine film
have a shorter grain dianeter of at |east 100nmor less. 1 3 MAY Z002 9.

The eni deppsasicmiguditichai m 8, wherein 1 3 MAY 2002 , 36 an angle

formed between the columar crystalline grain and the substrate is 83 or

nmore. 10. ThEoenientamples, cEhgued Bnshbaisma, reneidi theasetond (KRBYI at or

i ncl udes at | east oxygen or nitrogen. 11. the emtter as clainmed in claiml

or cl ai gpertvher @ d heypbtabr oelluhnast polsidratsdralilsind reil fcéon 125 1hhe
emtter as clainmed in claimfor claim2, wherein the patterned first

i nsul at 85 e dPahEINahe 1Eondiit £6ht bEr sUBBE AN dmithoge CORPEOSFRY: a

step of form ng a columar polycrystalline film by depositing columar

crystal Fipf @bimati®h psestrat 6fabeay anwamy @ro\cﬁélalo@xwow by the
plasma-activated chemical vapor deposition (PCVD) method
employing mixed gas of silane and hydrogen. The film formed on
the condition as described above has a strong peak at about
47.4° of 28 and is oriented to (220) face.

Further, the columnar polycrystalline film 2 oriented to
{110} face is obtained when the film is formed under the
condition of substrate temperature of 300°C, film formation
pressure of 100Pa, and RF Power of 300W by the PCVD method
employing mixed gas of silane gas and silicon tetrafluoride gas,
and the peak of (400) face appears at about 63.2° of 28 in the
XRD spectrum (not shown).

Then, a manufacturing method of an emitter and a cold-
electron emitting element manufactured by employing the above-
mentioned columnar polycrystalline film 2 will be described
with reference to figure 2.

After the columnar polycrystalline film 2 is formed on the
gsubstrate 1 (Fig. 2(a)) as described above, first insulator 5
of S10: or the like is patterned on the columnar

polycrystalline £ilm such that each dot takes the circular or



a step of formng a patterned first insulator on the col umar

polycrystalline film and a step of etching the col umar polycrystamqlmﬁY 2002
filmenploying the patterned first insulator. 14. An emtter manufacturing
met hod conprising: a step of formng a Fecond insulator on a substrate; a

1 3 MAY 2002 37 a step of form ng a colummar polycrystalline film by
depositing columar crystalline grains on the second insulator along a sane
crystal axis; a step of formng a patterned first insulator on the col ummar
polycrystalline film and a sfep of etching the columar polycrystalline
filmempbyganathdogat dhats k09 sthenBGV Rt Bethed, wRatdARingG BHMPAct uri ng
method as claimed in any one of clainms 12 to_14, wherein the col umar

cryst aldépes §Eapns medhsd t (2% rfghe hbikel uabaphponydny figunene (b)Y m hBés

crystal orientations and crystal faces which are uniformin a fixed

di rect ipatwérhingspsctpantanmed udgi r ioe. examplne deposdtimgnhuihet uring
nethod as clainmed in any one of clains 12 to 15, wherein the col umar

pol ycr yisisahl anexf itloma ridlickre st ¢fasrowndi 26Anmi7 anthappiliving a

manuf acturing nmethod as clainmed in any one of clains 12 to 16, wherein the
ori ent agreessihgcecofthchewoilamar pol Formstat! pad thidnm it {cdidddularlos
MAC tuuZ 38 18. The emtter manufacturing nethod as clained in any one of

clai ns gallygod8l fheneiwitihes adiameter oof sarband afant by col umar
polycrystalline filmis {100}.
photolithography process.

After the formation of the first insulator 5 in circular

or polygonal form, the columnar polycrystalline film 2 is

processed by performing reactive ion etching (RIE), thereby to

obtain emitter 6 as shown in fiéure 2(¢). As the etching gas,

halogen gas such as SFe¢ is used.

Subsequently, 2 gate insulating layer 7 comprising such as

5102 and a drawing gate electrode 8 comprising such as Nb are

formed by the deposition method or the like as shown in figure

2(d). By controlling the film thickness of the gate insulating

layer 7, the distance between the tip portion of the emitter 6

and the drawing gate electrode 8 can be wvaried easily, and the

electric field can be concentrated on the tip portion of the

emitter 6 effectively, whereby the cold-electron emitting

element of favorable electron emission efficiency can be

obtained.

Finally, as shown in figqure 2(e), upper parts of the first

insulating film S5 which was processed into the ecircular or

polygonal dot pattern are removed by a lift-off method, thereby



19. The emtter manufacturing nmethod as clained in any one of clains1ﬁfrﬁﬁ 2002
18, wherein the etching is perforned to the columar polycrystalline

such that the curvature radius of a tip portion of the emtter becones 50nm
or less. 20. The emtter nmanufacturing B8t hod as clained in any one of
clainms 12 to 19, wherein the columar crystalline grains in the col umar
polycrystalline fil mhave a shorter grain dianmeter of at |east 100nm or
nore. 21. The emtter nmanufacturing nmethod as clained in claim20, wherein
the angle fornmed between the columar crystalline grain and the substrate

i s 83 ofommieg 2hermmgen t Ferthemyf attilra nigh Nt hodf bss t| embedimend aitne 14,
wherein the second insulator includes at | east oxygen or nitrogen. 39 23.
The eni ghee Mauilactindg ngayetrhddaasl thai recttactelen ngdSe oeletaroddd 8 are
wherein the patterned first insulator is circular. 24. The emtter

manuf acdfmio@draidiofbais thei spdniihgsl dymthe dri £t -abff Idethbé) eis LBealso
patterned first insulator is polygonal. 25. A cold-electron emtting

el ement pRBRYHAG Wd NEoFRt BRE, sGRBPbIYSiang et lSimp-wdchametRsduri ng an
emtter by the em tter manufacturing nethod as clalned in claim13 or claim

14; a step ohsf FdidiMhiFed habevinstbabaiand «& MY gokLr ebRebaoflenw, th
IeaV|ng the first patterned insulator on the columar polycrystalline film

and a stgR emiftddd g 28 ﬁﬂﬁﬁfﬁ&th&eﬁewlﬁ%ﬁfﬁﬂhg{ hendippsTuRAsE of the
first insulator patterned on the col umar polycrys line film 1 3 MAY

2002 A%of?cé%s@&@llnepfltﬁYé And performing the etching thereto,

whereby the crystal orientations and the crystal faces of
respective columnar crystalline grains are made uniform.
Therefore, at all portions except for on the grain boundary 3,
the isotropic or anisotropic etching rate while performing the
wet or reactive ion etching is equalized. Thereby, the emitter
6 can be manufactured with good reproducibility and, the
uniformity for a large number of emitters 6 formed over a wide
range can be obtained.

In addition, the columnar polycrystalline film 2 at least
includes silicon and, specifically, it comprises a
polycrystalline silicon film or a polycrystalline silicon
germanium. By employing these materials including silicon, the
columnar polycrystalline film can be formed on a large-area
substrate by a process at a low temperaturc of 500°C or below.
Therefore, the columnar polycrystalline film can be etched into
a uniform shape on a large-area substrate, thereby obtaining
the uniformity of the emitter shape with good reproducibility

as well as suppressing variations in the electron emission



9.A HE .AnY .AY .AY .A3 .A Y .AE .A 9Y 13 MAY 2002
AL AF. AY. Al . AfF. AS>F. AY. A A A@ . AuL. Ay5. A AY, . AS. Al . A&u, e. A u, . AF . Al

Al AVP. A3+ L AYQR (/ X~89Ghe} xsnid_Z]calca]calcalc aJca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c&]aca] ca] ca] ca] ca] ca] ca] ca] ca] c<a] cRa
J]cajc al0g;zMO [ ] f g

characteristic due to variations in the emitter shape, even
when a large number of emitters are formed on a large—area
substrate.

(Embodiment 2)

Hereinafter, a second embodiment of the present invention
will be described with reference to figure 4,

Figure 4 is a sectional view of a columnar polycrystalline
substrate according to the second embodiment of the present
invention. A cold-electron emitting element according to this
second embodiment differs from the above-mentioned cold-
electron emitting element according to the first embodiment,
where the columnar polycrystalline film 2 is formed without
coating the substrate with an insulator, only in that the
emitter and the cold-electron emitting element are manufactured
by forming the columnar polycrystalline film 2 which comprises
columnar crystalline grains being deposited along the same
crystal axis after the insulator is formed on the substrate.
Thus, the same elements as those shown in the first embodiment
are denoted by the same reference numerals and their
descriptions will be omitted.

In figure 4 a second insulator 9 is formed on the glass
substrate 1. As this processing for forming the second
insulator 9 on the glass substrate 1, a silicon dioxide £ilm
Si02 of about 300-1000nm is formed under the condition of

substrate temperature of 200-300°C, film formation pressure of
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(Embodiment 3)

Hereinafter, a third embodiment of the present invention
will be described with reference to figure 5.

Figure 5 is a sectional view of a columnar polycrystalline
substrate in which the crystal orientation and the crystal face
are uniform in a fixed direction. The same elements as those
shown in the first embodiment are denoted by the same reference
numerals and their descriptions will be omitted.

In figure 5, the columnar polycrystalline grain 4 is
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' Z10%&éneral 10 denotes the crystal orientation indicating the
direction of each crystalline grain, and the crystal face is
oriented by {110} or {100} vertically to the crystal axis 10.

When the crystallity rate is preferably 80% or more, this
arrangement of the columnar polycrystalline grain in the
columnar polycrystalline film can be obtained even when the
amorphous phase is included in the columnar polycrystalline
film 2. The process after forming the c¢olumnar polycrystalline
substrate comprising the columnar polycrystalline grain 4 of
uniform shape is the same as that shown in the first embodiment
and the description will be omitted.

As described above, according to this third embodiment the
columnar polycrystalline grain 4 in the columnar
polycrystalline film 2 has the crystal axis and the crystal
face uniform in a fixed direction with respect to the substrate
1, whereby the etching rate of the isotropic or anisotropic
etching can be made equal not only in the same crystalline
grains but also in all the crystalline grain areas other than
the grain boundary. Therefore, the emitters are manufactured
with good reproducibility and the uniformity of the shape can
be obtained in numerous emitters formed over a wide range.
(Embodiment 4)

Hereinafter, a fourth embodiment of the present invention
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i1l be described with reference to figure 6,
Figure 6 is a sectional view of an emitter part of a cold-
alectron emitting element manufactured by employing the
columnar polycrystalline film 2 according to the fourth
embodiment of the present invention. In figure 6, numeral 11
denotes a shorter grain diameter of the columnar crystalline
grain, numeral 6 denotes an emitter, and numeral 12 denotes a
tip portion of the emitter. 1In figure 6, the same elements as
those shown in the first embodiment are denoted by the same
reference numerals and their descriptions will be omitted.
Generally, when the curvature radius of the tip portion of
the emitter 12 is 50nm or more, concentration of the electric
field on the tip portion of the emitter 12 by the drawing gate
electrode 8 (see Fig.2(e)) is not performed effectively, and
therefore, it is required to apply high voltage of 50V or more
to the draﬁing gate electrode 8 in order to obtain the electric
field intensity of 10°V/mm which is required for electron
emission of silicon. Since it is preferable for a driving
circuit that the gate voltage is 50V or less, the curvature
radius of the tip portion of the emitter 12 is preferably 50nm
or less.
In addition, 10°V/mm or more of electric field intensity
is generally required for cold-electron emission of silicon,

and provided that the distance between the emitter and the

drawing gate electrode which applies voltage V (V) to the
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emitter positively is d, and the curvature radius of the tip
portion of the emitter is r, the electric field intensity F at
the tip portion of the emitter is represented by the following
equation (1).
F=2V/rIln(2d/r) (V/mm) ---(1)

The relation of the electric field intensity F to the
curvature radius r of the tip portion of the emitter in case
where d=0.5x10"%{(m), V=60, 80, and 100 (V), in the equation (1)
will be described in figure 9. In the figure, the conditions
of V>80V and r<50nm must be satisfied in order to obtain
10°V/mm or more for F. Accordingly, the larger r is, the
higher voltage is required, in order to apply an electric field
of 10°V/mm or more to the tip portion of the emitter and
conversely, the smaller r is, only a lower voltage is required.
When a high voltage is required, the driving circuit forx
controlling the emitter becomes complicated, and moreover,
there occurs a problem of a breakdown voltage of the insulating
layer underlying the drawing gate electrode, resulting in an
expensive cold-electron emitting element device. Accordingly,
by setting the curvature radius as 50nm or less, an inexpensive
low-voltage driving circuit can be provided.
By the usual reactive etching method employing halogen gas

or wet etching method including hydrofluoric acid, it is very

difficult to sharpen the curvature radius of the tip portion of

the emitter 12 extremely to be less than 50nm, for example,
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around a few nanometers or less, and usually the curvature
radius becomes around 50nm. Thus, by making the shorter grain
diameter 11 of the columnar crystalline grain be 100nm or more,
the cold-electron emitting element having emitters of uniform
shape can be realized.

Further, when the shorter grain diameter 11 of the
¢columnar crystalline grain is smaller than 100nm in case where
the curvature radius o¢f the tip portion of the emitter 12 is
formed as small as around 50nm, the probability (possibility)
that the grain boﬁndary is located at the tip portion of the
emitter is high, resulting in that the tip portion of the
emitter 12 which has the curvature radius of around 50nm is not
formed with good reproducibility because of the grain boundary.

In addition, the grain boundary 3 has many defects, which
results in that the electron emission amount is decreased when
the defects are located on the tip portion of the emitter 12.
For the reasons described above, the shorter grain diameter 11
of the columnar crystalline grain is preferably 100nm or more.

As described above, according to the fourth embodiment,
since the shorter grain diameter 11 of the columnar crystalline
grain is at least 100nm or more, grain boundary having
different etching rate does not exist at the tip portion of the
emitter 12, whereby the tip portion of the emitter 12 can be
formed with good reproducibility.

(Embodiment 5)
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Hereinafter, a fifth embodiment of the present invention
will be described with reference to figures 5 and 2(e). The
same elements as those shown in the third embodiment are
denoted by the same reference numerals and their descriptions
will be omitted.

In figure 5, numeral 10 denotes crystal axis indicating
the direction of each crystalline grain. Each crystalline
grain 4 is formed at an angle of 83° or more against the
substrate 1. This is because the thickness of the columnar
polycrystalline film 2 with a grain diameter of at least 0,lpm
needs to be at least around 0.8pm in order to form the emitters,
and tan™® (0.8/0.1)%83° is required so as not to make grain
boundary with different etching rate exist in the area of the
tip portion of the emitter while forming the emitters. In
addition, as shown in figure 2(e), when the electron is drawn
by concentrating the electric field on the tip portion of the
emitter 12, because the electron flows in an approximately
vertical direction to the substrate 1, the electron has to flow
to the tip portion of the emitter crossing the grain boundary
if the crystalline grain is formed at an angle of 83° or less
against the substrate 1. On the other hand, when the angle is
83° or more, the electron can flow to the tip portion of the
emitter in the same crystalline grain without crossing the
grain boundary including many defects, thereby the emission

current 1s not decreased.
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etching rate does not exist at the tip portion of the emitter,
whereby the tip portion of the emitter 12 can be formed with
good reproducibility. Moreover, the cold-electron emitting
element of excellent electron emission characteristic can be
obtained.

(Embodiment 6)

Hereinafter, a sixth embodiment of the present invention
will be described with reference to figures 1 and 7. The
description of the respective components in figure 1 will be
omitted as they were described in the first embodiment.

The crystal face of the columnar crystalline grain 4 is
{110} or {100} orientation surface. By making the orientation
surface of the columnax polycrystalline film 2 {110}, the
crystal orientation and the crystal face are easy to be aligned,
thereby enabling uniform shape etching, and realizing the
cold-electron emitting element with the emitters of excellent
uniformity.

Further, by making the orientation surface {110} or {100}
orientated, an energy barrier against electron movement by the
grain boundary while the electrons in the columnatr

polycrystalline film 2 run through the semiconductor layer can

be lowered, and the mobility of the electron is increased,
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Do. d80sqqqqqaeyNend@Y when the orientation surface is {100}, in

comparison with the case of {110} face orientated, the barrier
by the grain boundary is lowered, thereby to ease the electron
flow, and trap of carrier on the boundary face between the gate
insulating layer and the semiconductor crystal face is
decreased with relative to (110} face orientated, thereby to
further ease the electron flow on the interface between the
semiconductor and the insulating layer. Therefore, the
mobility of the electron is further increased, thereby
reallizing an increase in the electron emission amount and a
quicker response.

Figure 7 shows the result of the measurement for the
electron emission from the emitter of a thousand of chips due
to the difference in the crystal structure, that is carried out
in the present invention. The voltage applied to the drawing
gate electrode is made equal. In figure 7, in case where the
emitters are formed by the columnar polycrystalline film 2 of
{110} face orientated, the electron emission amount is twice or
more as that in case where the emitters are formed by the
amorphous silicon film. The electron emission amount has a
relation with the light emission luminance from a phosphor and
the light emission luminance is in proportion to the electron

emission amount. Accordingly, only a lower extraction gate
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{100} plane than in case where the em;tters are formed by the
amorphous silicon film, thereby resulting in a lowered voltage.
Further, in comparison with the columnar polycrystalline
film of {110} plane, that of {100} face orientated realizes an
increase in the current amount from the cold-electron emitting
element, thereby resulting in a lowered voltage.
As described above, according to the sixth embodiment,
when the crystal face of the columnar crystalline grain is
{110} or {100} plane, there is provided an increase in the

electron emission amount, thereby resulting in an cold-electron

emitting element that is driven by a low voltage,

APPLICABILITY IN INDUSTRY

According to an emitter and an emitter manufacturing
method of the present invention, by performing etching to the
columnar peolycrystalline film which is obtained by depositing
the columnar crystalline grains on the substrate along the same
crystal axis, the emitters having regular shapes in their tip
portions can be formed with good reproducibility, whereby the
uniformity of the emitter shape is obtained even when a large
number of emitters are formed on a large-area substrate.

Thereby, variations in the electron emission characteristics of
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CLAIMS

1. An emitter formed by forming a columnar polycrystalline
film which comprises columnar crystalline grains being
deposited on a substrate along a same crystal axis, and
thereafter patterning a first insulator on the columnar
polycrystalline film, and

performing etching to the columnar polycrystalline film

employing the pattered first insulator.

2. An emitter which is formed by forming a second
insulator on a substrate and forming a columnar
polycrystalline film by depositing columnar crystalline grains
on the second insulator along a same crystal axis, and
thereafter forming a patterned first insulator on the columnar

polycrystalline film, and

performing etching to the columnar polycrystalline film

employing the patterned first insulator.

3. The emitter as claimed in claim 1 or claim 2, the
columnar crystalline grains constituting the columnar
polycrystalline film have crystal axes and crystal faces

uniform in a fixed direction with respect to the substrate.

4, The emitter as claimed 1in any one of claims 1 to 3,

wherein
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the columnar polycrystalline film includes at least

silicon.

S. The emitter as claimed in any one of claims 1 to 4,

wherein

an orientation surface of the columnar polycrystalline

film is {110}.

6. The emitter as claimed in any one of claims 1 to 4,

wherein

an orientation surface of the columnar polycrystallien

film is {100}.

7. The emitter as claimed in any one of claims 1 to 6,

wherein

the curvature radius of a tip portion of the emitter
formed by performing etching to the columnar polycrystalline

film is 50nm or less.

8. The emitter as claimed in any one of claims 1 to 7,
wherein

the columnar crystalline grains constituting the
columnar polycrystalline film have a shorter grain diameter of

at least 100nm or less.

9, The emitter as claimed in claim 8, wherein
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an angle formed between the columnar crystalline grain

and the substrate is 83° or more.

10. The emitter as claimed in claim 2, wherein
the second insulator includes at least oxygen or

nitrogen.

11. the emitter as claimed in claim 1 or claim 2, wherein

the patterned first insulator is circular.

12, The emitter as claimed in claim lor claim 2, wherein

the patterned first insulator is polygonal.

13. An emitter manufacturing method comprising:

a step of forming a columnar polycrystalline film by
depositing columnar crystalline grains on a substrate along a
same crystal axis;

a step of forming a patterned first insulator on the
columnar polycrystalline film; and

a step of etching the columnar polycrystalline film

employing the patterned first insulator.

14. An emitter manufacturing method comprising:

a step of forming a second insulator on a substrate;
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a step of forming a columnar polycrystalline film by
depositing columnar crystalline grains on the second insulator
along a same crystal axis;

a step of forming a patterned first insulator on the
columnar polycrystalline film; and

a step of etching the columnar polycrystalline film

employing the patterned first insulator.

15. The emitter manufacturing method as claimed in any
one of claims 12 to 14, wherein

the columnar crystalline grains constituting the
columnar polycrystalline film have crystal orientations and
crystal faces which are uniform in a fixed direction with

respect to the substrate.

16. The emitter manufacturing method as claimed in any
one of claims 12 to 15, wherein
the columnar polycrystalline film includes at least

silicon.

17. The emitter manufacturing method as claimed in any
one of claims 12 to 16, wherein
the orientation surface of the columnar polycrystalline

film is {110}.
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18. The emitter manufacturing method as claimed in any

one of claims 12 to 16, wherein

the orientation surface of the columnar polycrystalline

film is {100).

19. The emitter manufacturing method as claimed in any

one of claims 12 to 18, wherein

the etching is performed to the columnar polycrystalline

film such that the curvature radius of a tip portion of the

emitter becomes 50nm or less.

20. The emitter manufacturing method as claimed in any

one of claims 12 to 19, wherein

the columnar crystalline grains in the columnar

polycrystalline film have a shorter grain diameter of at least

100nm or more.

21. The emitter manufacturing method as claimed in claim

20, wherein

the angle formed between the columnar crystalline grain

and the substrate is 83° or more.

22. The emitter manufacturing method as claimed in claim

14, wherein

the second insulator includes at least oxygen or

nitrogen.
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23. The emitter manufacturing method as claimed in claim
13 or claim 14, wherein

the patterned first insulator is circular.

24. The emitter manufacturing method as claimed in claim
13 or claim 14, wherein

the patterned first insulator is polygonal.

25. A cold-electron emitting element manufacturing method,
comprising:

a step of manufacturing an emitter by the emitter
manufacturing method as claimed in claim 13 or claim 14;

a step of forming a third insulator and drawing gate
electrode with leaving the first patterned insulator on the
columnar polycrystalline film; and

a step of forming an opening by removing only the upper
part of the first insulator patterned on the columnar

polycrystalline film.



