; kl mope3ej tjvj6T] SPECI FI CATION *@0002* The present application is based
on Japanese Patent Application No. 2001-192573 and Japanese Patent
Application No. 2001-290329 filed in Japan, the contents of i 1y
i ncorporated herein. TITLE OF THE | NVENTI ON METHOD OF AND Amﬁmmmw
MANUFACTURI NG FI ELD EM SSI ON- TYPE ELECTRON SOURCE BACKGROUN

I NVENTION 1. Field of the Invention The present invention relaté$' a

nmet hod of, and apparatus fox, f| el d em ssi gn- el ectron
source conprising a strong fi el d%ﬁéﬁ% 0 as to em tIMMIMEmwm’m beam
by electric field em ssion. 2. Description of the Rel ated wel |
known a fi el d em ssion-type el ectron source (hereinafter, sinpb§oeeferred
to as an "electron source") in which a strong field drift |ayer
(hereinafter, siThu presentapplicationds haseit phiJapapese PatentsApplicagion Nopor ous
sem conductor |ayer oxide (or nitride) is forned on one surface of an

el ectri cal2001c 92673 and JaplanesaPatemnApplicatisradio. 2003:290389ifdeddnmred on t he
drift layer (for exanple, refer to Japanese Patent Application Publication
No. 296684.Ba,paiamheeentd?ﬁtsuﬁtwlﬁphIairezft]lyﬁm&rbbi'mdi}mreﬁb. 2987140, and
Japanese Patent Application Publication No. 3079086). As an electrically
conductive substrate) for exanple) there are enployed: a sem conduct or
substrate whose resistivity is conparatively close to conductivity of a
conduct or ;TH'IR OF THRINVENTION a substrate having an electrically
conductive layer forned on one surface of a glass substrate (insulating

substrate) or thETHKOD BF ANDHRPEPARATHS FOR | MANUF LGTURING FEEED r on

source 10" of this type) a drift Iayer 6' conS|st|ng of an oxi di zed porous
pol ycrysta%M:[Bg@N m (nr)iju a main surface of an n-type
silicon substrate 1 that 1s an ectrically conductive substrate. A surface
electrode 7 is fornmed on the drift layer 6'. An, ohmc electrode 2 is
formed on a back face of the n-type silicon substrate x. In an exanple

shown in F%@CK”@R %ﬁﬁﬁm N‘?’ consi sting of a non-doped

pol ycrystalline silicon Tayer is interposed between the n-type silicon
substrate I’L aﬁ%}.ahg d I;telia er 6'. However, there is proposed an el ectron
sour ce havi ng Y ﬂ 6' forned on the main surface of the n-type

silicon substrat 1vv|th nt.er posi.ng.the s tor er In the
el ectron source IPXe rg%te%F%gﬂ%ﬁgdéﬁg ﬁPPP&aa fof,

manu.facturmg a field emission-type electron source comprising a strong field

drift layer so as to emit an electron beam by electric field emission.
2. Description of the Related Axt

There is well known a field emission-type electron source
(hereinafter, simply referred to as an "electron source") in which a strong
field drift layer (hereinafter, simply referred to as a "drift layer") consisting
of a porous semiconductor layer oxide (or nitride) is formed on one surface of
an electrically conductive substrate, and a surface electrode is formed on the
drift layer (for example, refer to Japanese Patent Application Publication No.
2966842, Japanese Patent Application Publication No. 2987140, and
Japanese Patent Application Publication No. 3079086). As an electrically

conductive substrate, for example, there are employed: a semiconductor



accordance wth the followi ng process. First, a collector electrode 21 is
di sposed in opposite to the surface electrode 7. Wile vacuumng is

provi ded between the surface electrode 7 and the collector electrode 21, a
direct current voltage Vps is applied between the surface electrode 7 and
the n-type silicon substrate 1 so that the surface el ectrode 7 becones high
in potential (positive polarity) relevant to the n-type silicon substrate 1
(ohmc electrode 2). On the other hand, a direct current voltage Vc is

appl i ed beubstzate wboseresistivityds eompagtativelycldse teecanductivityetfext r ode 7 so
that the collector electrode 21 becones high in potential relevant to the
surface 2condhctoryoumtdl substmatdyandi a substrate kavingodn alpetrisglly and Ve are
properly set, electrons injected fromthe n-type silicon substrate 1 drift
the drift congeetive layeedoimaed wntdradsurfacgbf 4 ghasswubstaate (@sulatileg 7 (t he
singly dotted chain line in Fig. 26 indicates the flow of an electron "e-"
em tted tRBupsthtd)e thelilese el ectrode 7). The surface electrode 7 is forned
of a material with its small work function (for exanple, gold). The

thickness of thgosekhifilech£héWwHSn FikS26 50 4P BB ddurBdnbOoflthis- M -

Here, a current flow ng between the surface electrode 7 and the ohmc

| ect r od ' § i i '
el ect r ode ygpd &, AARERIRE 6! oriisingioPUR (hTZENpokbis pBRrbeaMiEichh O NG

bet ween t he ¢ ctor electrode 21 an ace 71s referred

to as an T{%&ﬁk?ﬁgxﬁi&%][oﬁ%niﬁms%ﬁ% &lﬁcﬁftpﬂfgﬂiéoﬁrg&bs't&teﬂt%gﬂg§a | me, as

arate (= e em ssion curren e relevant to t 1 oae

current f BgcdfEARasaRduliGe SLEGLEAN HLANR00 RN ol elidhlnd N L he

el ectron source , even I Curre ol't'age Vps applied between
t he surfage.electrode, 7 and.t hil. ¢ electrqde 2.1 efi as, a | ow

vol t age o&ﬁ%ﬁml 68 @b‘%c @&@P?‘é?&géﬁ’h‘“ﬁg °§n§ P?@ﬁfa‘ierf’?iﬁai”f%’ﬁ, in the
el ectron squrce 10' . t endency,i n, degr.ee..of ;yacuum.i n el ectron

o ssi on SHiPRa et dHhah ExpmAe ShowiG Heeab: o aemican i tEavee
constantly with high,em ssion efficiengy. w thout. generating ahopping
phenorreno?‘é @Brs}srt?gng?%%Wah&@ﬁds%?ISWSF%eﬁ’gﬁ%%Sﬁs h%tﬁﬁg%ﬁ%]uri ng the

el ectron source 10', the step of form ng égﬁ g;&f | ayer &' includes the
film for mostveen the nriymesiicqrysnbstrate: hard dha Fiﬁi’,erzﬁrrd ereveT. 1988 ep. In
the filmformng step,, a non-doped pol ycrystalline sjilican |ayer is

deposi t ed i Arogased a dlegtron onEcH haying the drfayen§ifoamedon the main an
electrically, conductive substrate. T.n the anodic 3  oxidation processing
step, the spdiageofseen-tyme silicon substagte 1 vathewidinternopingths zed) whereby a
porous polycrystalline silicon |ayer containing polycrystalline silicon
grai ns angesiitdndyctemlayerydstals is formed. In the oxidizing step, the
porous polycrystalline silicon |ayer is oxidized in accordance with a rapid
t hermal oxi di zafhdhetededtronseyrcentd’ shownoxi Big. 26 ekectrons faze epdtteddpect i vel y
on the surfaces of the grain and silicon nanocrystals. In the anodic

oxi dat i on apcardanse gtk the following proeess. g U utsh lat cilleetbrislectrodadl by dr ogen
fluoride water solution and ethanol at 1 : 1 is enployed as an electrol yte
enpl oyed fdisposeddi @ppositattd gdhe slibfdch @lectiatler 7 ngWRiikpyaandming snneal i ng
device is enployed. After a substrate tenperature has been increased for a

short ti mprovidedrhietwebnthersuirfice dlect96dd 7 iandithe collegtur elédigodd/Rstaate is
mai nt ai ned at 900C fox one hour, and the substrate is oxidized. Then, the

subst r at e dixitpeticnt&oltageVies Blapplie DBEtv QP Adwiflce dectBav ddl . 27,
the thus fornmed drift layer 6' is considered as being conposed of at |east
a col umam-pRleysilived dubsrats 1/soahat hasirfate efectitide P bbédinés Bighds fil m 52
formed on a surface of the grain 51; a silicon nanocrystal 63 with its
MaNoNet er pRE&leial @b@ftﬁ%ﬁ&aﬂt&?feﬂ&&ﬁt & BHdA-t9pe sANGnTuiskiaten @khde film
64 formed on a surface of the silicon nanocryStal 63 and having its snaller
filmthic ﬂiﬁ%d@yﬁ" j | ' S @

nanocrystgl 63. Thétq?gfﬁéxﬁﬁéip%€§%¥ a§gkﬁg§?£?ﬁgﬁggﬁﬁéggbgpggach grain
51 contai ' r [ r [y odi ¢
oxidationQ%gg%%%épﬁﬁgpghﬁggéﬁ%%#%ﬁgfagﬁﬁﬁéS@rf@?é%%ﬁ#é*%?%?gﬂég i nt ai ned

h f i ] QL f th
ol ectri o rrareBEshictibdt 2 BRCbEF bty y potE I FeferaBe BB Shitelh 0% o (e
silicon oxide film®64, As a result) the injected

2




4 el ectrons are accelerated by a strong electric field relevant to the
silicon oxide filmf 4, and drift anong the grains 51 in an orientation

i ndicated by the arrow A toward the surface. Thus, el ectron em ssion
efficiency can be inproved. Here, the electron source 10" utilizes a
bal i stic conducti ng phenonmenon that occurs by setting the size
(crystalline particle size) of the silicon nanocrystal 63 and the film

t hi ckness of the silicon oxide film®64 equal. to or smaller than the film
t hi ckness elextuslgr2e When the divectrmunent veltagashyrshad Vmard prapesly setnnel i ng
phenomenon occurs. Electrons arrived at the surface of the drift |ayer 6
are consi eébsotrbmasinjedted feorh than-typecsiliceh substyate dasift yhe dmftlayert6s, surface
electrode 7, and are emtted into a vacuum 1In the electron source 10
conpri si nanidhe etittéd treugh the suafdrea]egreode dt(thk singlshdotted thaimliae if'
during electron emssion is radiated through the grain 51. Thus) the heat

gener at ed Big, 2dendichids thay®iw of af dledieoelé 1 endtteld thiadilaties susfiade an
occurrence of a hoppi ng phenonmenon can be restricted. As shown in Fig. 28)

there i s RIQRRFRITIAN TSR Slobfrele WislToviea ofa bl withl ivs sandluct i ve
layer 12 formed on one surface of an insulating substrate 11 consisting of
a gl ass S%ﬁw t0h ! (F6Xdx Ingbmg. ah thidéhess lof G081 s8rAE BRIcrdR 2N

el ectrically conductive substrate. "In Fig 28, like a constituent el enment

simlar tqsggtetoe+§&1gr§;;n§pwfgnLQ' shown in Fig. 26 is designated by a line

reference nunera scription thereof is omtted here. The drift |ayer

6' of the elect @&esg%ﬁe&(ﬁ?%%g iﬁ:te &ﬁfé& él%&gg?]vw dance with

a process simlar tb a case o ron source own 1n Fig. 26.

Fi . 26 apbuikeliidd Qi Pk o SR eRLERLIIE SRR SRRl PRI
ot her i n” URARebRXbicPledtBy oléFbRIRAY pF 1ReAGEREL Sokiele ) fBRed 0L T o

| de 7 and the el ically. ive | 12 hat th f
o1 cct r ode 2 BoemietoR chiradr Gt Hethul Fordb¥in o YIS Binediad (o™ e

el ectricall opduct iv ayer, 12. In thi nner, eyen,.in the electron
source 10'3“%?1%‘\7\%E ?’ £P$i°3.d1?§fm§?1@€tcr"6ﬁ%nfcﬁﬁfr%’éwmﬁ f*L"t"gﬂ qlﬂg? ﬁ‘é%gpﬁay as

t he el ectron sour&gl ;‘3 shown in Fi 26. I n recent years, as a device
conpri si ndDEre3§EHURCLIRTIEOR GUUEPPL |CAELEDLY, A3 tains a semn conduct or
nanocrystal with a_nunber of nano-orders,  formed by oxidizing the

sem conduct or | dpdhesglectron source ihegven i the shvacs gurent vorage Went (nenory
device) utilizing a new principle of operation which occurs in a

nano- r egi GPpliedhd etxeep the syafroelectrede frandithe dymic dgpipdeiisiefined

2001- 222%$92) .  This_nenory_el enent includes a storage |ayer for storing

i nf or mat i &% dlow veleengf abeut 10¥t0i20V5 elestrennear be emitiieder yataddifiprn it s
nano-order capable of closing a carrier, the carrier being covered with an
i nsul at i ndnfthierale¢tvor genrcei H)'; the derendency dn idegreecefMasivino iralelestean r on
sources 10', although electrons can be emtted constantly with high

el ectron emissionncheractarestios,caniee ridiiced; and ed¢ateons dan be emiftedat i vel y | ow,
and the service life is conparatively short. Therefore) inprovenent of the
di el ect ri constartly witlnHigloomdssiae efficienty fwithroot gexpeativgl a Hoppihg step of
formng the drift layer 6' of the above described conventional electron
sour ce 10'phdnvenendrddaring eléctpon entissiohed out after the

In a process for manufacturing the electron source 10', the step of
forming the drift layer 6' includes the film forming step, anodic oxidation
processing step, and oxidizing step. In the film forming step, a non-doped
polycrystalline silicon layer is deposited on one surface of the n-type silicon

substrate 1 that is an electrically conductive substrate. In the anodic



anodi ¢ oxidation processing step. If a water conponent or a fluorine
conponent remains in the porous polycrystalline silicon |layer fornmed in the
6 anodi ¢ oxidation processing step ) these residual conponents affect
silicon oxide films 52 and 64. Thus, there is a danger that the electron
source 10" fails due to insulation destruction ox the service life is
reduced. That is, the silicon oxide filnms 52 and 64 are thermal oxide film
formed in accordance with a rapid heating_techni que. Thus, if e water
conponent o3idatiop ProgessnEpHRBNthe BokyrrRstatine faeoR layerds A such as
wat er conponent or _fluorine conponent react with each other ox are m xed
when t he gixidized, whieteby 2 perowypelyardaline sibcow dayarconbaininginner, the film
t hi ckness of the silicon oxide filns 52 and 64 beconmes non-uni formor the
film qual ipolyérystidljnaedsliconrgrains end silicomuvavotystalgis formed.haln thedi el ectric
strength failure occurs, and the yield is lowered. in addition, in a
process f axidizing step thegoties pdlyerystalnred sitidorel ayrrisoxidized in 10' , anodi c
oxi dation processing is a wet process) and thus, the thickness of a porous
regi on or dcBerdume withsd tapiditheamnad oxidishtien dedHrigdé,sand bhin addb élwees
non-uniformin plane. As a result) the size or distribution of the silicon
nanocr yst aglre@dnnediresp ébitiviely bathe stirfreofthe goaiunad @ silicohmenocéystals: pl ane
di stribution occurs wth electron em ssion characteristics (such as current
density ofinefHesshéic esidAidn procebanst8p Sanstwie leqdidcdtanidd bpadximegdef ect

| ocal |y occurs. There is a problemthat an insulation destruction occurs,

and. t he safyixeoh fubrids fratkicRlutibA ATeHaN0) at NOTid dnplRA%Ys A1 0bl em t hat

it is diffi'cult to obtain uniformty of the inplane distribution, and thus,

it is diffg ol N gﬁ&@ﬁﬁ@§ N ot tep of
formng t héé%#’wgleg{ﬁrgy%ﬂ%f t %Egg{){@ogésclhhglg el ect glhéprs,‘gl}?.glg 10) the
porous polyer i {1 |2y ket C éig' ~l,iur.~

pr uce~ai ngéiglilée/sbﬁ?i&%\g? i \%ey“i’?‘ﬂ'ﬁﬁl)a ?{ﬁ%‘f érs%b%sf:rgrc%gég}ééée’f to° h\AHP éghai r

bet ween th odi xi datj on cessin te n idizin p (for
exanpl e, 5?1&?%?%83? I Sd&%# ﬁﬁ?$ﬁl %§@¢&8%£a@%§%%£ élo’% %‘é’ @pfg&%ﬁi s formed
on the surface,of the sil.icon na | an ol yerystal hipne.sklicon each
configuri r%eas%)(?&fﬁ}g %ﬁ%ﬁw I%ngﬁ)rtc?&? Oglfe pdﬁlegu:bg t?}s there is a
danger that .such natural, oxide filmaffects the diekectric strength of the
o Poon oPriaisf ndtes’ e Suhsirete Rrfpetitre LtianeseaEs o Ehiare

insul ation destryctjon, .ox theg_servjce Life.js.reduced,. That.is, .the

ST oon oxi de.f1A5EheTn iR ign 2T, e thus trmed drftieVer BriscaBrideRid Biret er
order, and thus, a rate_,of filmthickness of a ngturag|. oxide fi]m ogcupied
"h'the ontheiBsEPrRasAfof Akdensh & CALTTRT BONCERLALE Sigon SraRc L A thin

i ncreases. . Thus, the_silicon oxide fil 5% and 64 with their high defect
density arglifen sxuledilan £3 fpmeép@s%ﬁ\e age of the grainSd; agsilienn papegryated | ¢
has become difficult to control the filmthickness of the silicon oxide
films 52 £3wath itananomefer ordexninterppsedracressthegraims far and @ sheen ri ¢
strength voltage failure or the |like occurs, and the yield is_|owered. As
shown i n Fxgde Fm 64 formed pa @ swiacsef the sibicomaanagrystal 6§ and haying its'
formed by utilizing anodic oxidation processing, the size (crystalline
particl e simallenfilmitbigkndssdhandhearystadlingparticle size of thensitiooniuct or
nanocrystal in the drift layer 6' deviates. Thus the silicon nanocrystals
63 cover ednanadrystad 63i. | Mot isxindhd ditifh 1afenBh the surfage of ieaclagrainsiil at i ng
filmdeviate fromeach other, and are forned di scontinuously. Then, a

di stri but i comtainddin thd pagorystaldinreiayer befode harxyirg ondanedic exidatids a
result, there is a problemthat the scattering probability of el ectrons

i ncr eases, p¥udsdihg iehtade poroas) 25d arnrpéfallihe stite is manediedd dtuhe beftert here
is a problemthat degradation with an el apse of tinme occurs due to an

i ncrease iportloeCéf edthsE@ih &1l ng, and the service life of the electron
source 10' is reduced. 8

Therefore, a majority of the electric field applied to the drift layer 6'

is intensively applied to the silicon oxide film 64. As a result, the injected



In a nenory el enent having a storage |ayer forned by utilizing anodic

oxi dati on processing, when the sizes of sem conductor nanocrystals deviate
fromeach other, and are forned di scontinuously, and a distribution o the
sem conduct or nanocrystals becomes non-uniforn) there occurs a probl emthat
it is difficult to control a wite location of information in the storage

| ayer, and the storage capacity is reduced. As has been descri bed
previously, in the drift layer 6' in the aboye.  described conventi onal

el ectron &lpstronsiare accplerptpdby averges plechne field zelevanhte thessilicen oxi di zed,
whereby a thin silicon oxide filmjis forned on a surface of a respective
one of a muidschl64sapddmftrmeng yhe araingfil in anementationindicet ained in
t he porous polycrystalline silicon |layer. Then) for the purpose of formng
a si |l i con theiageow A tawarchthe surfacel {Thus,plestron gniasign efliciency car bs
nanacrystals and grains, when the drift layer 6' is fornmed, the porous

pol ycr yst amproeedi | Hepsy thaydectiran sberder HY dilizeald yaltistidiconductingin

el ectrolytic solution consisting of a water solution such as 1 noll of

sul furic ahetiomendn! that ceciuts by Bettid e the Silzy (e stallinei prrtiebnsiaenef tHhe% or
nore (90 wt% of water at a mass rate. The porous polycrystalline silicon

layer is qflec 9eneTysedll68 £xd ¢he G tMighedsy of RRe RilERSSxitie fid@rey ure can be

reduced conpared with a case of rapidly heating the porous polycrystalline

silicon | ekl t4 BRsRYchRhEhthelfleh thickhetditfdedree iRRlkdtFYSmeanf8&d I'i Cti ON

on a substrate material is reduced. Therefore, a large area for the

el ectron $hy{hd mﬁé}éﬁ%ﬂ tliblfiigd PRerkciieRSh BEAIRY e BledtpdiRy Srivddat he

el ectron Source in which the porous polycrystalline silicon layer is

el ect r ochagh &iitabe Oftlb 2Rt 1y AR ASHERIKLA G5 Bk UldfbonABkbng of 2

wat er solution such as sulfuric aci nitric ac t her eby form ng

the drift Jayfing é%ﬂyﬁtﬂrﬁl&s RhERL c%: Q?"fcﬁ{; PSP b miftb8 Mo £ ©OF

el ectron em Ssi on clrency IS sna utfi’cien on an aspect of

i ndustri al i.Li zati an. 4l di ti th ] r f t di ode
current | B’s? lé{nga'{idu:gI&\ % %1g§@§e§§&5r8é;m ‘iﬁ‘?‘%ﬁ?‘@%ﬁﬁ?{?ﬁ&%{@r 3h%§5dual ly
decreases. Such pr.oblens ..S consj der.ed to,occur .t he fact,. the,drift
e o enperteaiR ettt TafShe! SRFE s tRtPhiatfois Eadialf fhanlenl || Lo
| ayer is rried t i th ectrol ytic, sol,utiQp C€oNsi.st i ok. a ter
sol ution gﬁgﬁrﬁbn 831 fEP‘l“é’ ﬁkqehe%&gqﬁ%ﬂecd ’é’chbe b“?ﬁta]layFE,b ‘éedlnﬁf @o&cﬁe% e of
water is cgat&atisaed Ln the el ectr(}.lé)c/%i c .sol ytion. Thus, Iart%(,eg unt of
bondi ng ag: A0 08m 0GR ENGE AL A hopRing pienomegon cansbe pestrigteds oy
exists in the siJicon oxi filmforped in the drift |ayer & .. Therefore,
it is considered VR H’é%ggng%e@s?’%is PHPOSP i%ﬂeB‘%PBé”%PF‘F%Q bayingi r ed
the scattering o.electrons easily occurs) and the dielectric strength is
| overed S 1 el forread om q aomohan inmdatingde i n

order to solve the foregoing problem It is an object_of the present
i nvent i on subspiage iIAeroaswrrﬁ)qP aelassrnbsprate azaﬁhw&mplmmz aptnyney an
el ectron source in which a dielectric strength is easily inproved) a
servi ce | istlacansswhstrate asan electricallyl canduetiee anbstrate. edniFig. 88hlikead. It is
anot her object of the present invention to provide a nmethod of) and
appar at us coostitaentfelemenit simalar gb dbe electzousaece dffashewnfindtigt £6ls i ng t he
size or distribution of a sem conductor nanocrystal. It is a further object
of the prdesigndteddyta linetrefenence dansermbt hAdlestriptiod thepeofas omifted)
manuf acturing an electron source with its high election 10 em ssion
char act er iterec s Thedrifitd ayem6'edfithei elbctam sbameel B shoiveein Pig. 2Bas foravedsour ce
(field em ssion type el ectron source)

in accordance with a process similar to a case of the electron source 10"

shown in Fig. 26.
Procedures for emitting electrons from the electron source 10' shown

in Fig. 28 are basically similar to those in the case of the electron source 10'



manuf actured in accordance wth a nethod according to the present invention
i ncludes: an electrically conductive substrate; a drift layer {strong field
drift layer) fornmed on one surface of the electrically conductive
substrate; and an electrically conductive thin filmfornmed on the drift

|l ayer. In this electron Source, a voltage is applied so that the
electrically conductive thin filmbecones positive in polarity relevant to
the electrically conductive substrate. In this nmanner, elections injected
from t he shesyinckig. 26coddeiweyer: theprocesuses aredifferent from each other iy { he
inside o the drift layer, and axe emtted through the electrically

conduct i véhahthe fivent ciirentoltage Mpstarappliedbatmgentihe surfacerelectzede Te

i ncl udes: an anodi ¢ oxi dation processing step of, when a drift layer is

f oaned, f cmd the deprically ssoduntivedayer 12 apdhat tize sexfacaelestmdedhi conduct or
nanocrystal in accordance with anodic oxidation; and an insulating film
form ng sthepomis haghingotentiak@oaiti vegpsliarityprelehan st thece ectricadiyh

sem canduct or nanocrystal. In the anodic oxidation processing step, anodic
oxi dat i on cohdaesse baydrsiZ.arin tids adnwéy, leeer fih the riedtrghiotrtatl0eslsewhi al | y
contains a wavelength of a visible light region relevant to the

sem conduGhdigl 28 eélectionsicah e dritté®inthé e8melwapasthe teledtith sdirgeel ectron
source, the size or distribution of the sem conductor nanocrystal contained
in the porughseiliadmguegor |ayer can be controlled. In this nanner, porous
serm .conductor layer 1n which a nunber of sem conductor nanocrystals are

cont i nuous! y i SiisBih P Je¥)ab® dOAGPEmbHshiiPa FRENRSshicTRUERITENT ¢ i s

el ectron source, It referabl e that the wavelength of light emited to
the sem c . [ alﬁ%i | i this
case) the%&g\'ﬁg{@ﬁa&%ﬁiﬁe#ﬁ%gﬁg&kﬁa@gc os 1;t e Q&tﬂﬁ@%@%&%@#ﬁﬁéﬁ&%an be
easi |y adj ) Q. <11 | C j d nposed
of at Ieasfpf%ﬁg bﬁﬁulﬂﬁ%rt g?éé@%ﬁ‘ﬁ%ﬁ& H}?;é‘ra ttta&%d&g&diﬁ' ? i%%lfdvlfmqépp%e&c :?i ng
filter. B i rat 1.$8: ¢ intrar hat do not
cont r1 but SPRR shbaeds hEFRPLE i ie) bERiaRRY Ao hrlbiB ef drbRitod 00n: o

hol e generation increases due to e u””i-\éié)l et r?y% ﬁgﬁ& e occurrence
of a devi Y8R 9ORFULS Yhafang-eeion, (for sxapple.AAnanesa fakpn MP&ai s can be
restricte hu t ' Lodhstriuti on of sem conductor nanocrystals
cont ai ned%‘fﬁf@%&sugbég%%ggﬁg Ct’};lpspg%l,orggfpxggn ‘I“glesc%ﬁgFSg? ed. In

t he net hoci of nuf act uri nrgnthe Blye tron source accordij n% to the present

i nvent i on,layer for stpanggfpramation QRNEALAEISE IR atemicgRAuEtOThe emitted in
t he sem conduct or@Layﬁ;,at a wavel engt h. at _which the sem conductqr .

nanocr yst JH00gFEs s nano-exdarcapable of dosing @ errier) the pragierheing 5
porous sem conc(lﬁctor | ayer. i n which a nunber of sem conductor nanocrystals
wi t h nmanorféVere anas gdiMs| y connected to each other can be formed
w t hout enploying an optical part such as an optical filter. In the nmethod
of manufacturin QW@V@Lenttheﬂ%suaud@ecrab%emmtmaﬂn&eoprc@seourceme'mi on, it
is preferable to enploy a light source of a nonochromatic light. In this
case, a pcltheugheelectonscanrba emitted sonstanitlyswithchighslectirom #nussipst al s of
the sane size are continuously connected to each other can be safely
forned. | reffiienny: theddielectrin steength iis gomparativelyrlow, andrthe service difeits t o t he
present invention) it is preferable to change the wavel ength of |ight to be

em tted i rconpmrativietysbiextt o THeayfore Nasmebvement of lthp dieleétrid steermdtheandinodi ¢
12

longer service life are expected.

In the step of forming the drift layer 6' of the above described
conventional electron source 10', the oxidizing step is carried out after the
anodic oxidation processing step. If a water component or a fluorine

component remains in the porous polycrystalline silicon layer formed in the



oxi dation has started. In this case, the sizes of sem conductor
nanocrystals can be controlled relevant to the thickness direction of the
porous sen conductor |ayer. Nanely, the sizes of the sem conductor
nanocrystals can he differentiated relevant to the thickness direction of

t he porous sem conductor layer. In the nethod of manufacturing the electron
source according to the present invention, it is preferable to change the

transm ssi on wavel,ength of the optical filter based on.an.el e of tinme

af ter anodPORSPRIARIN nEocessing Flap, thrsq rrelfial PMPorEnts AREchfilEns

sem conduct 9 nogrystalsg c be controlled releyant fo, the thickpess
direction W&? ﬁ@ﬁ%&% @g‘ﬁauﬁheﬁf’ 18 _gq{lé:h@i{?,l}e P%@@Pz@éuﬁ? liBhe
sen~. i candugt oy nanocrystals can be differentiaf.ed relevant to the

Chi ol mess fails dueitgimsnlatipn éﬁ%%ﬁ%‘b‘?\aﬁ'&?‘b‘% eaveryeﬁup?ﬁlt bR g of
manuf acturing the el ectron source according to the present invention, it is
pr ef er abl sikieon pxidefilmepe ppddid arg theamalpxidefikn fovoadanaseondspse. In this
case, a tenperature rise of the sem conductor |ayer can be restricted. In

t hi s mannevithtahwapidheatmgitechnidug. i Fhws, if the vatétemiponant ardhaeniyetal s in
t he porous sem conductor |ayer can be easily controlled. In the nethod of
manuf act urdonip dremteersins theatesithad conpiinen ts sucthas prateecompornemt on) it is
preferable to emt Light to the sem conductor |ayer froman opposite side
to the surflwadn@tompenestirexmbckdth each atiesr or aretrnixedcwhen the Biliconcmidde
e~ciently supplied fromthe opposite side to the surface as well as the
surface sifiln9§2 ahd Grarefortied! olnlthjemanetl cthe film Whicknesgbfthef silieéd
lights emtted fromboth sides in the thickness direction of the

sem conduggx@fle ibms 2y ed 63Hechs s hvngesifon Ghthedilsl Yualy Hodepgatibd.s, hol es

can be supplied at both sides i.n. the thickness direction of the

sem conducA®y re3YR! theh@ysh F6Blexh thaf'8 dieRetMO8fenElefdilll ekdteass, @nd he
sem conductor layer is conparatively thick, this processing can be easily

carried o%$ nistlﬂﬁ'&@&'j conductor |ayer is nore porous, a band gap
i ncreases. us, larger energy is required to ensure that the layer is nore

porous. In gener%l ?%%ﬁ%%%gﬁgﬁg%gmd&aéﬁgﬁgQ*%%}ggvéa -B'eravasi on

dept h becones sh e sem con er can be easily made
nore poro 3 tet ) L Is i j S

IO S PO O\lehifod WikRTI ARG bl OB Rl lsd MRS

sem condu reg 6 r i e.po . senl 0, er can be
uni forrred(\trn(r% t%?‘%lsﬁtﬁl%og??g% Podr%to %lﬁees‘ﬁ%?%u g@%ﬁ%ﬁ%u%&%%l ayer. In
t he net hod,.of .yrenufacturing the .el ectron sourge accoydj,ng to the present
vent | on diptpRtits BEbe Bohufiit b Baic.o| A 3Rt EHRE 061 | hg L he
concentratj.on.of,.an glectrolyte in a di g, 0xj dati on processing vessel so
Chat f or midigohutif o the siicoh anstatRtab PO pa fbp Gty Yeves s hecomas Bdpe
velocity. In,this se) in formng the porous sem.caonductor |ayer) the
concent r at PO} + hBUS| &R Ry %%&%“E’Hﬁfopo‘?qc%s WRath plectropLmissioy t i es of
pr oduci ng nore porous sem conductor |ayer are identical to each other in
a pl ane ofC%é’-‘B%tr‘?ﬂl?&cér(s‘F as cumend degsHyd emissign auseRicongesfaohon i s
stabilized, and the uniformty and reproducibili tﬁ of the size or

di st ri but iesAissiorsefficiencyhanst a defest dgeally accusnt aThexe isra problem, that an

sem conductor | ayer can be inproved. As a result, the uniformty and

r epr oduci Brspriatiq destzuctien) oggursy andthe senvice life roradvonducinaddiinsr yst al s
inthe drift layer can be inproved. Therefore) the dielectric strength can
be i npr ovdberamsianothezqroblem thatitdadifficudi toeohtadn undformity of the in-

plane distribution, and thus, it is difficult to produce a large area.
In the meantime, in the step of forming the drift layer 6' of the above

described electron sources 10, the porous polycrystalline silicon layer after

the anodic vaidalivn processing step 1s active. Thuas, if a film is exposcd to



Tn addition) there can be provided an el ectron source with its high
uniformty in a plane with electron em ssion characteristics anal with a

| arge area. Here, it is preferable to utilize a control vessel for
introducing an electrolyte with its adjusted tenperature and concentration
into an anodi c oxidation processing vessel. In this case) the
controllability of velocity for producing a nore porous |ayer is inpxoved.
In this manner, the uniformty and reproducibility in a plane of the porous
seni condughemit byeveantheranodiprosdation premdsinigatep iandi thepmadizinghseept hat
control neans be provided to finely nove a target conprising a | ower

el ectr ode (furtkxanssie] a8 @bskpefiodlof yerfinikhed tvems)as aatinhe oxidd Shmiisy and
reproduci bility of size and distribution of sem conductor nanocrystals

cont ai ned fofinbAdnAdleqiiffsRNafahedEiliédt nhay@ystd andepolyprRiaiingdiBcon
remarkably. In the method of nenufacturing the electron source according to
the presenfachR¥afiklhfihg 4 horduspAlesyabhBide alicédByelr NS AsH Faduldf, thergi ng t he
el ectrolyte remaining in the porous seniconductor |ayer by enploying at

| east a hydappbid infas S0RHAuEA 0GRS ity hiFediydRY dRALYRRNot:BR

oxi dation pr ssing step and insulating filmformng step. In this case,

;he el ect 1.0k Mo e Hifhd %%gﬁawkga fectfb LHBUBIREIN S IS Aont Y ET
or mad I N accor anc_e Wt ( e a_ho | C OX! atl on pr IOCGISSI ng st ep can_ be
renmoved b%iegf mcgi%% LESHL %@#gge ﬁr%@&%g el Th5Pis ttaag@n dH8e Bi@lisy of an

i nsul ati ng or fred “on surface he“sem™¢on I nanocrystals in
the insul atj filmform,ng.step. be | nproyed- ere { el ectric
strength @Im{]ﬁ%ajé? %’H%%&P’Cﬁe&g&nat%érf’ﬁggw ,orél;gg, ﬁé%‘ggr’ %aéetel%:ffe can
be extended. |in.$he nethod, of ;manufact uring. the el ectron..sowce accordi ag
Lo the. pr SumnPRekEs Pempariral oxe Al Hpubiedn Brdt R st phiRafscdl 0, 0
the 1s ectrolyte.r i nji i he or ougy senj,conduct or . | ayer

enpl oyi ng%gieslﬂé °’&dﬁ$1§§o$€gpgrh%’d§fﬁgﬁse§ol MF% Fﬂ‘&?ﬂ&é@%ﬁf‘%gﬁ t he
anodi ¢ oxi dajj,on .processi. e nd.the insul atjng filmformng step. In
Thi's caseynd et aribs hew pigh deredt Soisidy Fre fhrmen fuiertorthe Rrseonce of the

sem conduct or | ayer. fQrned jn_accordance wth the anodi c_o~ddation

processi ndrattisal %’&F’retﬁi%mdlﬂﬁeh@ﬁ@q FH Ge 8?1?"#@?&%4 m Hﬁt‘fs%f)gp.
Thus) the qualjty of an_insulating filmforned on the surface of the

sem condudhersilicamexidetfdms b2 anddrdante aresnlt; there psemzs 2 problemiliadiani ng
step can be inproved. Therefore, the dielectric strength of the electron
sour ce carfiglecimpsength anltage faidere/ox the like oceurshand the yild is lewered. net hod
of manufacturing the electron source according to the present invention,
during a period Apshoewndn Rigt 2@.cim thecelacizan sousdedt)' ihaving the drifilaysrep and
t he oxidi zation processing step, it is preferable to prevent a natural

oxi de fil rﬁ’fometgbs*ng:i]ﬁzingm@hc oXidasionf processing tthessing (rpsiathioe

nanocxystal w thout exposnng the porous sem conductor |layer to the air. In
t hi s case, patticlegizehef Girosibicep acnbiadtpkeéd tuat ishesemicondinctari de filin can
be prevented tom being fornmed on the surface of the sem conductor

nanocr yst alanothystal it ¢he daift tayeefc' deeiates.deThius, the®ilitsh nanodrgstals 6ace of

t he sem conductor nanocrystal in accordance with the oxidization processing
step can hevergd @vth thidsiliebw okidd fikm B4whose serfatd Bah infiflatihg fhect ron
source can be inproved, and the service |ife can be extended. During the

above spedidvigm Rem @th btherSand ak6 fadthed Uiscoaranolsly. sUHeag@a of the porous
sem conductor |ayer with a non-oxide liquid. By doing this, in the case

wher e suchjigtrilowtix of ¢hd silidof nahRFPItakess beomédgon amliforat COAslaResuln t h
t he anodi c oxidation processing step, for exanple, the natural oxide film

16 there is a problem that the scattering probability of electrons increases, and

the electron emission efficiency is lowered. Further, there is a problem that
degradation with an elapse of time occurs due to an increase in electron

scattering, and the service life of the electron source 10'is reduced.



can be prevented frombeing formed by utilizing such a non-oxide liquid. In
addition, in the above specified period, atnosphere nay be used as an inert
gas. By doing this, contam nation of the porous sem conductor |ayer can be
restricted. In the above specified period, at |east the porous

sem conductor |ayer may be held in a vacuum By doing this, the adhering of
inpurities to the porous sem conductor |ayer can be xestxicted. In the

met hod of manufacturing the el ectron source according to the present

invention, it if pred@bAPERMAR havifg 'Stokakd DiyeliforbadY wishisihgp i ncl udes

the main oxidization prdcessing step of electrochem cally oxidizing the

por ous S el GARUNE Mo BYfeski AWIRIEHY L 67 NAMECBAIACRR ishbofstan| ved 1

an organi C solven e, an em ssion current or electron emn ssion

e~ciency and_the |likeiin a r ' I . t he
rabi 111 yReabe Bort SR RRET 30 415 BHBR ARobbiho i LA aBihbuBRR "V
an el apse of tine. cap_be inproved. e of the regsons t the em ssion
current a tbeq seewgﬂ&é‘fﬁ%é’lr%?cgﬁqfﬂ(ﬁ%;%e?egr%m}' O%Fl\g%a‘fccgﬁsdat he
stability_ of ;el ectron. em.ssSi characteri.stics. wth.ap el apse. of, tine is
pr oved’ PG 36 SRS o HRARSE aviiRt Lothath BReRARI TS ) o1 ' e
oxide filmincreases the dielectric strength of the oxide filmis

i nproved %@rﬁ%&aﬁ%déﬂﬁ?ﬂea"‘t%ﬁ@é’ﬁp?ﬁ'ﬁﬁpf ue for electrochemically
oxi di zing the porous) polycrystglline sjlicon la in an ectrolytic

sol ution consi S&sgx@sé‘eeg ‘%lﬁ'éﬁgi’egtﬂrﬁﬂ%‘ﬁiys&Eﬁﬂﬁg-rﬁgﬁ%rc@é’&i%e8&’0}5‘?t ric and)
thereby formpg a drift, layey. In additign, as conpared with a ¢ase in

whi ch t hegwr@z%l @@W@Bﬁ@@i@{ﬂmwm% lphéhﬁaprwwvla%@aaﬁ@& &aﬁsqn t her eby
formng a drift |layer, a process tenperature can be reduced, an area for an
el ect ron berdsoxiizesh Wheebasothinmacaveridediinnis fmesoma susfacesia, 17

In the nmethod of manufacturing the electron source that contains the main
oxi di zat i vespecave ok 0f astwpber of sdiconafanogryssatsoandid member ebHgrains

el ectrolytic solution. By doing this, in the case where there is enpl oyed a
subst ancecdmbaimed irt thes pedtdusspolpdxyistallinesilacomolayani cThehyfortthe gurpose as a
solute and having its large solubility to water, the concentration of the
sol ut e i nof feendhgct siticon ioxideofilat ivath dtangdod filme geasntdy oy dlitheglivaner . Thus,
the filmquality of the oxide filmis inproved. In addition, as the

concent r ahanocrystals atdsgahs, when ¢he dsift dyer @ isifoximed, the poradee

el ectrolytic solution increases. Therefore, a deviation in plane of the
filmthiciolesyshllinesilisondafér i dledtrbehentighlly okédized in aheel st lgticof

manuf acturing the el ectron source including the main oxidization processing
step, it s&lubionf@nditing 604 widter ssbationaueh@d Tidslfliof Bulfueiersd Oniiiep of
oxi di zi ng the porous sem conductor |ayer in accordance with a thernal

oxi di zat i geidl efHY &leetroBrtidSdlUEet BhtAiRdT0%W 8t idteqDOHH%Y ol WAt RIEE
oxi di zation processing step. By doing this) the density of the oxide film

can be i MyR¢eatdOrEhé 98%1@%1?@3}5@&19& ABEEOP thyRfr TR AShienibslly he

el ectron source that contains the nmain oxidization processing step) the

pre- oxi di gafdisuH i nﬁfé'i Al t ] r |ayer
bef ore thg mali n’ﬁ%\iﬁggt@gﬁgé\é&g&éa nggg‘?gpr&#ag@ﬁﬁ%gﬁugeig.ﬁﬁn%ﬁ}ag case,

t he densi dl?r”ﬂ' éja%xé ' gaé,g ﬂﬁﬁg[g?ﬁ urther) in
the thi ck%}%ssegéfdlltaﬁ)gc ion o é%ﬂéﬁgﬁ#&@ y r}l t he |?Jnrﬂ%{e(¥:€?{ee¥§b}gf t he oxi de
film exi [;]::'ﬁg ' Ui ' h [ o] ERH e trically
conduct i vg [ ﬁjtl?ﬁlel m cghggreér’gé{lrt?%"%bg%gom oéi é\dgafggﬁégﬁatt?%%%ﬂ?of t he
oxide filmihaty exhsSiSei N reai on. t I Sy.C arativehy. di nt fromthe
el ectricaff qugndﬁtq%trsg)*h?ﬁaﬁ%l ‘?ﬁealfﬁ%hﬁ? glef%% Wﬁ%ﬁb %ﬁ?‘ig{m&on em ssi on
e~ci ency an t abi | i ith an el apse of time can be inproved. In addition,
the pre- oi?‘g‘l‘cj:b% %ﬁflbgﬂ\g%‘é v|eﬁg step of oxidizing the porous sem conductor

| ayer before the main oxidizati on processing.st and auxi,l i ar xi di zation
processi ng step V5& Fh %@%?OPEOPH?%%&&‘%&?P%PW“%I?PW‘FFJSH}BEness
direction gf the drjft layer, the filmthi.ckness of the oxide filmexisting
in a regi MCR FYF%lsc@ﬁng%‘?W Yc‘?’%g’]éeaénttﬂé ei?‘@ﬁ‘i‘l SPHAMnduct i ve thin
filmcan be restrigted frombeing larger _fhan that aof the oxjde film

exi sting F?P%%S'Flggiogﬁ AT s'&ue%ﬁaphtaesmléxrm agidh i A PEIe CRPREBY | Cal | y
conductive thin film and in this nanner) electron em ssion efficiency and
stability with an el apse of tine can b%irrproved. In the nmethod of

manuf acturing the el ectron source that “contains the main oxidization
processing step) the rinse step of rinsing the porous sem conductor |ayer
may be included after the nmain oxidization processing step. In this case,
even if impurities such as alkali netal or heavy nmetal enter the porous
sem conductor layer, such inpurities can be renpved in the rinse step. As a

e T L ) Y b1 .



I n addi tion, an apparatus for manufacturing the above el ectron source
according to the present invention includes: an anodi c oxi dation processing
device for, when a drift layer is formed) orm ng a porous sen conductor

| ayer that contains a sem conductor nanocrystal in accordance with anodic
oxi dation; and an insulating filin formng device for formng an insul ating
filmon the surface of each sem conductor nanocrystal. Here, the anodic

oxi dation processing device is designed to carry out anodi c oxidation

pr ocessi nfprtinpehemiriftilagey, théte isteprodemnthiatithy emnissisnirrést Iedor

wavel ength in a visible light region xelevant to the sem conductor |ayer.
Accor di ngelegtrohi gimidsinat effiti étvyris anialh fhaaffidient) oappnasp e, of ihdustrzd or

di stribution of sem conductor nanocrystals contained in the porous

sem condugtidizatisieX I8 adddios OHerolis &@roblent bhat thnaidde dubet Ipan be for med
a porous sem conductor |ayer in which a nunber of sem conduct or

nanocryst @Iﬁgﬂi $EAAU the PRI AYENST s INRATT @sbrbfsedacByehher .
BRI EF DESg%I?dPTI CCFETI-(I% %%%\W Née%ﬁ'?'ﬁie present invention vvirl | be fully

under st OOHr&q;eﬁn@%s dehsidess ﬁ?a&iﬂrrtgb eRcOwHEtH AR R TagEr 871d f@frﬁ@ﬂﬂ%’yi ng

drawi ngs. Like el ements comon 1 n drawm ngs are designated by |ike reference

numer ol oEagho bt BRSO FoXs AAERIELLPe: SeRBEAla GOV e on o
accor di N0t ik S0 A0 e F 0wt O oBR &L SuBERLIIRL, Vi €V

each show™ng a ectron sodrce™®r its erra n step of a
process fQf, _nanukactkMrin e.electron source, Flg,.. 34.S Vi .
i1 lustrat Pﬁtalca"’f'fn ‘pe;rrgﬁtb% %P w?ﬁ’eorelf‘g)é‘? ?gwaé%isccé’fﬁm‘*dm the elgc\:@rolytlc

solution. Thus, a large amount of bonding associated with water molecules

such as Si-H, Si-H,, or Si-OH exists in the silicon oxide film formed in the
drift layer 6'. Therefore, it is considered that the fineness of the silicon
oxide film is impaired, the scattering of electrons easily occurs, and the

dielectric strength is lowered.

SUMMARY OF THE INVENTION

The present invention has been made in order to solve the foregoing
problem. Itis an object of the present invention to provide a method of, and
apparatus for, manufacturing an electron source in which a dielectric
strength is easily improved, a service life is easily extended, and a large area
is easily achieved.

It is another object of the present invention to provide a method of,
and apparatus for, manufacturing an electron source capable of contxrolling
the size or distribution of a semiconductor nanocrystal.

It is a further object of the present invention to provide a method of,

and apparatus for, manufacturing an electron source with its high electron

10



Fig. 4 is a view show ng an electron emtting operation of the electron
source; Fig. 5is a graph depicting a relationship between a |ight
wavel ength and an el apse of tine in the anodi c oxidation processing step of
a process for manufacturing the electron source; Fig. 6 is a view show ng
an exanpl e of a nethod of manufacturing the el ectron source; 20 Fig. 7is
a view show ng an exanple of a nmethod of manufacturing the electron source;
Fig. 8 i g € L4 ' bs t of f wavel engt h and
Tot aps Bt et 0ot 00 dd LSRR S A5 RER B Gl o

an el apse on procesSing step of a process fox
manuf acturi ng {he,el.ectron LEEs Fl ' icting a

rel ationship Bé?\ﬁégﬁr%n P?W%@?@ﬁ%ﬁ%@%%%%%@%@&gg time in the anodic
oxi dati Oﬂaﬁﬁggﬁ%%& %%%g&d%cg V&R{I(l)%en%gtﬁo% according to the present

invention includes: an electrically conductive substrate; a drift layer (strong

field drift layer) formed on one surface of the electrically conductive
substrate; and an electrically conductive thin film formed on the drift layer.
In this electron source, a voltage is applied so that the electrically conductive
thin film becomes positive in polarity relevant to the electrically conductive
substrate. In this manner, electrons injected from the electrically
conductive substrate into the drift layer drift the inside of the drift layer, and
are emitted through the electrically conductive thin film. The method of
manufacturing this electron source includes: an anodic oxidation processing
step of, when a drift layer is formed, forming a porous semiconductor layer
that contains a semiconductor nanocrystal in accordance with anodic
oxidation; and an insulating film forming step of forming an insulating film
on the surface of each semiconductor nanocrystal. In the anodic oxidation
processing step, anodic oxidation processing is carried out while emitting
light that essentially contains a wavelength of a visible light region relevant
to the semiconductor layer. According to the method of manufacturing this
electron source, the size or distribution of the semiconductor nanocrystal
contained in the porous semiconductor layer can be controlled. In this
manner, porous semiconductor layer in which a number of semiconductor
nanocrystals are continuously distributed can be formed.

In the method of manufacturing this electron source, it is preferable

that the wavelength of light emitted to the semiconductor layer be restricted

11



manuf acturing the electron source; Fig. 10 is a view show ng an exanpl e of
a nethod of manufacturing the electron source; FSi.g. 11 is a view show ng
an operation of an el ectron source according to a second enbodi ment; Fig.
12A to Fig. 12D are sectional views each showi ng an el ectron source and its
material in the main step of a process for manufacturing the electron
source shown in Fig. 3. x; Fig. I3 is a schematic view show ng a genera
construction of an anode oxi di zi ng device enployed for manufacturing the

el ectron dpuasepticabfiltes. | bn shisicasestimwaygelengnef ight emdtteddo itbe of a
menory el ement according to a third enbodinent; Fig. 15 is a band chart of
t he menor yseatieomdtictoFilgyer ¢an be aasilypadpisted.ng anot her exenpl ary
construction of the nmenory elenent; Fig. 17 is a view show ng an
appl i cati on exariibge, ¢f i hefaribde Yhet gieoptical filter be composed of at least
one of an infrared cutting filter and a ultra-violet cutting filter. By doing so,
a temperature rise caused by infrared rays that do not contribute to a porous
film can be restricted. In addition, an amount of hole generation increases
due to the ultra-violet rays, and the occurrence of a deviation in size or
distribution of semiconductor nanocrystals can be restricted. Thus, the size
or distribution of semiconductor nanocrystals contained in the porous
semiconductor layer can be easily controlled.

In the method of manufacturing the electron source according to the
present invention, it is preferable to set the wavelength of light to be emitted
in the semiconductor layer at a wavelength at which the semiconductor
nanocrystals are continuously connected to each other. In thiscase, a
porous semiconductor layer in which a number of semiconductor
nanocrystals with nanometer order are continuously connected to each other
can be formed without employing an optical part such as an optical filter.

In the method of manufacturing the electron source according to the
present invention, it is preferable to employ a light source of a
monochromatic light. In this case, a porous semiconductor layer in which
semiconductor nanocrystals of the same size are continuously connected to
each other can be safely formed.

In the method of manufacturing the electron source according to the

present invention, it is preferable to change the wavelength of light to be

emitted in the semiconductor layer based on an elapse of time after anodic

12



Fig. 18 is a schematic view depicting a general construction of an 2I
anode oxi di zi ng devi ce enpl oyed for manufacturing the el ectron source
according to a fourth enbodinment; Fig. 19 is a view showi ng el ectron
em ssion characteristics according to a tenth enbodinent; Fig. 20 is a view
showi ng el ectron emi ssion characteristics according to an el eventh
enbodi nent; Fig. 21 is a view show ng el ectron em ssion characteristics
according to_a twelfth enbodinent; Fig. 22 is a view showi ng el ectron
eni ssi on oxadatiorchps startedcchr thisgase, the sizes elosamiconduetormanocrysgals2s js a
vi ew showi ng a conparison of electron em ssion characteristics of the
el ect ron seorkrecandrdlet]l neJevant tretheethinknesst direqtianofhtherparotsent s;
semiconductor layer. Namely, the sizes of the semiconductor nanocrystals
can be differentiated relevant to the thickness direction of the porous
semiconductor layer.

In the method of manufacturing the electron source according to the
present invention, it is preferable to change the transmission wavelength of
the optical filter based on an elapse of time after anodic oxidation has started.
In this case, the sizes of the semiconductor nanocrystals can be controlled
relevant to the thickness direction of the porous semiconductor layer.

Namely, the sizes of the semiconductor nanocrystals can be
differentiated relevant to the thickness direction of the porous semiconductor
layer.

In the method of manufacturing the electron source according to the
present invention, it is preferable to intermittently emit light in the
semiconductor layer. In this case, a temperature rise of the semiconductor
layer can be restricted. In this manner, the size or distribution of the
semiconductor nanocrystals in the porous semiconductor layer can be easily
controlled.

In the method of manufacturing the electron source according to the
present invention, it is preferable to emit Light to the semiconductor layer
from an opposite side to the surface of the semiconductor layer. In thiscase,
a hole can he efficiently supplied from the opposite side to the surface as well

as the surface side of the semiconductor layer. Here, the wavelerigth of both

lights emitted from both sides in the thickness direction of the semiconductor
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Fig. 24 is a view showi ng el ectron em ssion characteristics of the electron
source according to a fourteenth enbodinent; Fig. 25 is a view show ng
el ectron em ssion characteristics of an el ectron source of Conparative
Exanple; Fig. 26 is a view showi ng an operation of a conventional electron
source; Fig. 27 is a view showing an electron emtting operation of the
conventional electron source; Fig. 28 is a view an operation of another
conventional electron source; and Fig. 29 is_.a view show ng a general
const r uct ilayeomaghecthanged,yymehserously « hBy<lodug this, boles<can nliedri g. 26.
22 DETAI LED DESCRI PTI ON_ OF THE PREFERRED EMBODI MENTS (First Enbodi nment)
In a fir statdwibbdidesrin, thenthickmesschirentioncef the seamigbnductoedaysy. uflfhiiszi ng
anodi ¢ oxidation processing. In the electron source according to the first
enbodi menteyven inithglcase wisdreltherthickniegp of thé semicondnstordagemisose resistivity
I's conparatively close to that of a conductor (for exanple) a (100)
subst r at e conigaratiselyethiek this yrodessinguiarObé dasily taxried ouf). O¥h&A thecn) i s
enpl oyed as an electrically conductive substrate.

semiconductor layer is more porous, a band gap increases. Thus, larger

energy is required to ensure that the layer is more porous. In general, when

the wavelength is reduced, the light invasion depth becomes shallow.

However, the semiconductor layer can be easily made more porous by thus

emitting light from both sides in the thickness direction of the semiconductor

layer. In addition, the sizes of the semiconductor nanocrystals formed in

the porous semiconductor layer can be uniformed in the thickness direction

of the porous semiconductor layer.

In the method of manufacturing the electron source according to the
present invention, it is preferable to employ control means for controlling the
concentration of an electrolyte in an anodic oxidation processing vessel so
that forming of the porous semiconductor layer advances at the same velocity.

In this case, in forming the porous semiconductor layer, the concentration of
the electrolyte is controlled so that the velocities of producing a more porous
semiconductor layer are identical to each other in a plane of a conductor
layer. Thus, a process for anodic oxidation is stabilized, and the uniformity
and reproducibility of the size or distribution of semiconductor nanocrystals
contained in the porous semiconductor layer can be improved. As a result,
the uniformity and reproducibility of size and distribution of the

semiconductor nanocrystals in the drift layer can be improved. Therefore,

the dielectric strength can be improved, and the service life can be extended.
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As shown in Fig. 3, in an electron source 10 according to the first

enbodi nent, a drift layer 6 consisting o an oxidi zed porous polycrystalline
silicon layer is formed on a main surface of an n-typ a silicon substrate |
that is a conductive substrate. A surface electrode 7 is fbrmed on the
drift layer 6. An ohmc electrode 2 is formed on a back face of the n-type
silicon substrate 1. In the first enbodinent, a |lower electrode is conposed
of the n-type silicon substrate 1 and the ohmc electrode 2. Therefore, the
surface eleeadditien, thiese oap beiprevidedtareeleotvon sohwees witheits high nhiformityf t

| ayer 6 is interposed between the | ower el ectrode and the surface el ectrode
7. The poimaplpne witl eleadtirimemisdiow chatateristienéngd wids adapge avea.

sem conductor layer. A material with its small work function is enployed as
a material of tHersuitfiagpeeferablertodeilize alzontrol vhssel foraintrdthicing hace
electrode 7 is set to 10 nm However, this thickness may be such a

t hi ckness eldeafol plecwithoits ajpssibd gerpepatiiie tdidl ¢bnickhtrativelinfo aanadwli¢ unnel ed

wi thout being limted to 10 nm The thickness of the surface electrode ?

nmay be sebyidutARPproctSsiAPvielsdl® MHthisScase] fite Mt&@ﬂ&biﬂlt?gf VeRRItY fo

conpoFed of: a first thin filmlayer con5|st|pg of a metal film(for I
ons st | nErataik 4 BoRF Rl BFe s tpkiUel o AV aAuIRE PO SRifBhbiey T 2"

thin il mlaehre céiﬁilp?tiﬁrzi ﬁisaJeOJfl t%a?%éfrgﬁé E?ﬁu%ogﬁcfdcidll l'agiséféﬁxgget he drift

| ayer 6, tor exanp ere enp mat er such me, nickel)

) T iR A S B i,
S 1o P Y A
a it or  alo s P o0 u R apd P i RESEE ARt syl 8P Y

| ayer is set .to nm Au is | oyed as.a paterial for the segond thin film
| ayer . Theomitendheler proerystalk sABCAIRER if thepeLg seaicopdupprAarss ca, | e
first enbodi.nent, the surfac igctrode 7 is conposed of a two-|ayered

met al fil P RREEVE ,m?lf?e"eé‘%rg‘ﬁ% e may be conposed of a one-layered or
three or nore |layered netal film _In the electron source 10 shown jn Fig.

3. the surface dhdbemaethos qfsmanmmgﬁ%& 93%“5%150% 3eCoRhng o she
electrode 2 Z is disposed in apposite to the surface electrode 7. Then, a
di rect cuPresgnbisves nvﬁelsmgeégpbleeﬁl@dhsmsetmwémwm rode 7 is
positive in polarity relevant to the n-type silicon substrate 1 (ohmc

el ect r ode epgctralyte rrmpainingiindbe poyeve gemicsndagtonlayesbyempleyingat hat t he
collector electrode 21 is positive in polarity relevant to the surface

el ect r ode lgast|nhydraephilin oegynieisebient e mnbaladﬁmtmeom theanedigpwidationcon
substrate 1 drift the drift layex 6, and are emtted through the surface

el ect r ode pro¢essing stepl andlinsuddtiogdilm formeingtsdep | In thig.ca8e,thai cat es t he
flow of 24 electron "e-" emtted through the surface electrode 7). As has
been descreldtrolptent thslike ramainingnin theoporogssemicmvcher kiyet domned et r ode
7 anal the n-type silicon substrate (ohmc electrode 2) is referred to as a
di ode cur raeodrdamep veutH thecmotdendxitihtion nrobessivee stepheanclyé r@aboed befoeer ode 21
and the surface electrode 7 is referred to as an em ssion current (em ssion
el ectron cheneshlatig fils formiigesteh. t Mhwiyiths qaalicyof eninsdatimgtfilen di ode
current Ips increases, the electron em ssion efficiency increases. As shown

in Fig. 4foimed@nthe hwfade 6 the dedsichbhdbétoe maadrnilsiia theineskdinyf at
| east a columar polycrystalline silicon grain 51; a thin silicon oxide

film 52 f dlwefbrafine\Rep ¢ahdefingiroved. IThieRefole, the HiBRBEriO5treh kbt 6 the
nanocrystals 63 with nanoneter ‘order interposed between the grains 51; and

a nunber Qfedthén SORr@LAChd imprdtd, B%gi the &Pﬁc?%ﬂ%%&ﬁ% ditbAnéer med on the

surface of each silicon nanocrysta t he aving I1ts smaller film

thi ckness than U ksid bGaBRREABER ShEFlBlurbliSotidd ARBraaRAEIEt &l O3

In short, in the drift e surface of each grain

por ous, a | & i i I g ortion of
each grai Zﬁggé}& %%ﬁﬁ%ékﬁgég% g%r%tb}]eztﬂs’% t?lée?aﬂgegls%g @E%ﬁggﬁgg}rlr%ed on the
surface of the silicon nanocrystal 63 is set to the degree of the electron
mean free path (the nean free path of glsectrons in Si~2 is known to be
about 3 nm) and is desirable to be about 1 nmto 3 nm The crystalline
particle size of the silicon nanocrystal 63 is smaller than the degree of
el ectron nmean free path. In the electron source 10 according to the first
enbodi nent, electron em ssion occurs in the follow ng nodel. That is, the
direct current voltage Vps is applied so that the surface electrode 7 is

) N o o o o — o



25 which are disclosed in a vacuum |In addition, the direct current
voltage Vc is applied so that the collector electrode,21 is positive in
polarity between the collector electrode 21 and the surface el ectrode 7.
When the direct current voltage Vps reaches a predeterm ned value (critical
value), the electron "e'" is injected by thermal excitation into the drift
| ayer 6 fromthe n-type silicon substrate 1 serving as the | ower el ectrode.
On the other hand, a mpjority of the electric field applied to the drift

| ayer 6 i €legtmlytarersaiming dnithe porews aemiqonduglor layerby emplpyingated

el ectron "e'" is accelerated by a strong electric field applied to the
silicon olealss # hbmsblublaoeganiciselwirddie meluttads hetween thei atwda¢ oxidatighon
between the grains 51 in the drift layer 6 drift toward the surface in an
ori ent at i processimmstey dnd theirmsulating film fartning stepnd Irstlomicasedhien a vacuum
after tunnel ed through the surface electrode 7. Thus, in the drift |ayer 6,
t he el ect rebectiolytebethd likertinainmintgyinethsd poroas semiedrdatcéorlldyer mmeddimat ed
and drifts the inside of the strong electric field applied to the silicon
oxi de fi | ricBdrdaimichawith hRE ag oty skiatioatgrecediny stepacasi bé eamnovedbefoyst al 63.
Then) the electron is emtted through the surface electrode 7 (a ballistic
el ectron gHbSASWIA Mﬁﬁ}é&padmﬂdsoﬂhe htislifiesf aW enailatigg filda t he drift
| ayer fi is radiated through the grain 51. Thus, a hoppi ng phenonenon does

NOt OCCUr fgihbAGnoth@CurPAtetdl thSi sethicsRdu&be 8hhedY st inPieceddd@dvith
constantly. The electron reaching the surface of 'the drift layer 6 is

consi der eqhg§nguliRingShififi ﬁiné)éﬁepic%ne@éi:iﬁgré\waﬂem&f&g,uﬂﬁ didfectié f ace

el ectrode 7) and 1s emtted in a vacuum reinafter, a nethod of

manuf act urg I I }Si*tﬂ@ t b el gent will
be descri gg%ﬁ?ﬁﬁé?%!%@%@?é%%ﬁ [ g.d’ 5’:‘)&@‘&;8 f‘é&??’t@ anthm' o
el ectrodee;t'Edé&)rrred on the back face of an n-type silicon substrate 1. A

non- doped polycrystalline silicon layer 3 is fornmed as a sem conduct or

| ayer on the nai r - il t . i

manner) a str uctlgrt%%s%g%?’d?% r&?ﬁuﬁyﬁ?@gﬁ eaﬁ%%&tgﬁggﬁ{a&n%ch%‘g‘hgf&?ﬁm
formng the oltycr stal li,ne. silican,l ayer. 3), fox exanmple,,.therne..is enpl oyed
2 VD | eceRT EkBHn, diPagis PRERN o] beRRe b Be ARORiA Satph

catal ytic CVD technj que),fox e l.e); a sputtering.techni gue) or a CGS
(Cont ! nuoBSomssing Sob Suh RS eRkBrine rersshie stre L is Bereribision. doped

pol ycrystalline silicon |ayer.3 has been forned, pol ycrystalline silicon
| ayer 3 i?rPWWquaﬁ“%gc‘BQé%ﬁ@@gp%g?%ga%g‘&@n(fi‘ie@é& ¥ r@@essi ng step.

In this manner, porous polycrystalline silicon layer 4, that is_a porous
sem conduépmdc?%‘s‘é?mlf 8apgeERyssa oyt exposing the PREGRS PHIG08 ugtgrilayer
obtained. In the first enbodi pent, although all of the polycrystalline

silicon | d9dhesirs Iapbhis saseiyring ithe abgue spesilied perigde theptial oxide
porous. In. the anodic oxidation processing step, an anode oxidi zi ng device
shown in %J@canibsr@ﬁﬁe romnkeingdarmed on; therfyirfrog afdhersemicondyaier 1
includes: a processing vessel 41 having an_electrolyte B that contains a
hydr ogen fmanscryitahat Fhusdbetqualityofdhe oxide e fomeed onithesuirface of ther2
consisting of platinumimersed in the electrolyte B. Then, a target C

obt ai ned wesrcomdugior panyperystaliincacsordance withethedxidization prenessorgluct or

| ayer is fornmed on the Iower electrode (in the first enbodi nent) the | ower
el ect r ode step canjbesetpwivet hTherdéfops thiel diclmetkubiaengtleofl tianelettrenohni ¢

el ectrode 2.) is placed in a processing vessel 41 so that only a part of

t he surf aseunte tdxebpimproyed,and thee serviewlifd capebe xteaded. i nt o contact with
the electrolyte B. 27

During the above specified period, it is preferable to cover the surface
of the porous semiconductor layer with a non-oxide liquid. By doing this, in

the case where such a non-oxide liquid is employed for rinsing in accordance

with the anodic oxidation processing step, for example, the natural oxide film
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Thi s anode oxi di zi ng device includes: a voltage source 43 that is electrify
bet ween an anode and a cathode with the | ower el ectrode being an anode; a

| ight source 44 for emtting light to the main surface side of the target C
(on the surface side of the polycrystalline silicon layer 3); a filter

devi ce 45 di sposed between the light source 44 and the target C, the filter
devi ce bei ng capabl e of changing the Iight transm ssion wavel ength; a

wavel ength controller device 46 capable of controlling the transm ssion
wavel engt hanibetgreventeddronebeing fosmedihyruahizaigsushi ainohaxidsliquid.i do out
whil e power is supplied between the anode and cathode with the | ower

el ect r ode aldditian,an theabeve speeifiddgiriad, athwsphgte maybecesetlias andnettt ed t o
the main surface side of the target C through the filter device 45. In the
first enbgds.meBy doing this tamtanmmimation ehtheqordussemiendugbir lager cenbé. Then)
the side of a nunber of silicon crystals 63 is controlled by adjusting the
wavel engt Begtrictéte |InotHe &bavd Sisbcifed peribads gleabt the podustdemitondwdtogevi ce
45. In this manner, the silicon nanocrystals 63 of the sane size are forned
to be conlayeraHal beH¥188A tdadBAC _!ByOddiﬁF thi¥s théadhetih@ofdfiprafiddro t here
i.s enployed: a waveformvariable filter Tor changing the transm ssion

wavel engt lﬂh@?giﬁﬁd.#&ﬁi&nhhﬁmr 1LPELELEHERESricREd 2 Wavel ength variable filter

or the Like changi ng the transm ssion wavel ength by utilizing a change
inrefractive i idl"ib. ﬁfa)ﬁ%ﬁﬁh HE el &bt g& r'glf'- %t wever,
it is desirabl entgﬁg?g%%tgothr ans?nnsm on \Ng\?el eengtﬁahcan@%% d(go?ltdll'ﬁ%ous y

changed.

. L 0)s r@ ?ﬂ%h S BT Lqui d
obt ai ned yegﬁéﬂiilﬁg&g@5§w%¥%$r%§?§)§e@# Itﬁ?)r I ea%g er soﬁfilhgngtb d et hanol
by subst anf i 1 The por I i W . ont ai ns
2 namber - SrRarY 6wt opg BRI qRGalE Ko r B een gy B lgihed g
nanocrystals. In the first aodi nent he fi]ter .device 45.an vel ength
Control e fh&Rords SenieanRiG i ok Toehalro kiR EroRE A Fauts ARpHATR
wavel ength of the light emtted fromthe.light source 44 to the .
pol ycryst &P §5#81 ?qlg%‘ht' I 13 CRSE, AN} QIssio, CTent OF Glectron emissiqn, ot ¢ he
adj acent sh&Lcon naaogx stals are formed to batﬁOQtinuously connected to
each ot hePllAeRey apfihg mepeass s SR ared J6ith she parpnart. aad theat ed, the
porous polygrystalline silicon layer 4 i s,oxidized in accordance with the
oxi di 2i ngSEBY Pﬁelteﬁtré’nmmn eharagtenistiqsgid, selesren $6IcS b ke
oxi di zed pfrous polycryigajline silicon |ayer is forned, and a structure
shown in Elapsexttimegpnhaemaproved; h Onsolths regsens what the garissieny
olycrystalline silicon layer 4 is oxidized in accordance with the_rapid
heating t uEFingund elgatronemission efficiency arethas ampgoved apdithe gability| i con
nanocrystal 63 and silicon oxide films 52 and 64 is formed. In the
oxi di zi ng of elestren emyiasien charattedaticnyithean elapse, ofsimaipimpreved isg devi ce
is enployed. Then, the OZ gas atnosphere is produced in the inside of a
furnace. statedasdollowse {Thatasathis és becavisedhefdensityoftheendefilmre to a
predeterm ned oxidi zation tenperature (for exanple) 900C) by a
pr edet er mnewasesypadathe dieléctric sttenpith \of the oxidesfiim és ifipfdvedsec) . | n
addition, the substrata tenperature is maintained for a predeterm ned
oxi di zat i acomipamed @fith accomvphtionahtechaiqe foifdlectrocEntichligroxidizing thezat i on
(RTO has been thus carried out, the substrate tenperature is |lowered to
room t enpeoadus, polydrystdlifie sficotnlagdr i ah, eledteolyticpeh o eondistingefacity is
set to 80C / sec. However, the tenperature rise velocity my be set to 80C
| sec or Redter seliidd sthich RS ShHu2R £id bahifritcadit! fitdrely Formilg 4 drifp0C | sec
or nore. 29 After the drift layer 6 has been formed, a first thin film
| ayer congiagdd NANOfdBLIOR! 8 chinpBrédwifh hBak8 ik Rehibh tRE P%P?S\PJ iinment) is
deposited on the drift layer 6 in accordance with an electron beam vapor

deposi t i 0BehASIHYMr 1y il Therh ity SREAAC Lhpitly, | hEdBY fimBABS SN0 Of 2

metal film(Au filin in the first enbodi nent) 1's deposit the first

thin fih . . Lt
techni que Y17 EfiroEEARE ARRGF Y Be 190t Gl B, TP A RO S0 T ¢
thin fil mcéﬂ%rm%g%g?agg%gggr%ﬂdaog édﬂ tﬁé¥ﬁ%ie?§df orned, and the electron

source 10 own | I'S obtal ned Irst enbodi nent, the
surface electrode 7 is formed in accordance with the el ectron beam vapor
deposi tion techni que. However, as a neghod of form ng the surface el ectrode
7, for exanple, a sputtering technique may be enpl oyed w t hout being
limted to the el ectron beam vapor deposition technique. In this

manuf acturi ng method, there is enployed: adjustnment means for adjusting the
wavel ength of the light emtted fromthe light source 44 to the
polycrystalline silicon layer 3 that is a sem conductor |ayer so that the

- . o o o r . o o - ey




in accordance with this manufacturing nethod. in addition, a nunber of
silicon nanocrystals fi3 each having a silicon oxide film®64 that is an
iasulating filmare fornmed to be continuously connected to each other on a
surface, respectively. As a result, in the electron source 10 according to
the first enbodiment, the electron scattexing in the drift layer 6 can be
reduced as conpared with that of the prior art. Thus) the dielectric
strength and el ectron enmi ssion efficiency, is_inproved, aﬂd t he ,ser\ﬂce life
i s extended. Fulefpbe methedof manwntactiningthe electronssauce hakeanigingthe
characteristics can be inproved, and a |arge area can be obtained. In the
neant i me) main oNidizagionf puncesding sten, ibts preferakde & eddtwater tehs | i ght enitted
to the polycrystalline silicon layer 3 that is a sem conductor |ayer is
proper |y ebectradyticdplutier.e By dakigthis; inpthestasecvhereuthiereinemploysidze f t he
silicon nanocrystals 63 in the thickness direction of the drift |ayer 6, as
shown in Bubstahcetianvengits sisald solubility €6 gn ofganibsolvenéseninp asfa ddlgtet nay
be changed froma | ong wavel ength side to a short wavel ength side based on
an el apse a@fd havingdtd kirganolilglipxtcwhta) thasosdenti stton biithdsdutwireihas
shown in Fig. 6, the size of the silicon nanocrystal 63 can be changed in
the thi ckebstrdlifiegblutiod Y& betatreasé® by idding wdter. 6Thuf thefilen 6, the

size of the silicon nanocrystal 63 is reduced as the porous polycrystalline

silicon | ay@fitd of thel 8RR filrh id fifpARRAD_dhIAIdition, A$ (HR édiRent¥dtaffoOf the
| ayer). As a result, as shown in" Fig. 7, the size of the silicon

nanocr yst ghe §8idt8 ihBFea[‘iéé,fﬂr}]lJ &Mﬂheﬁy%? dfRRe elBERGHE Solutfon! itlcPddlRSS

direction. I'n an exanple shown in Fig. 7, as the drift layer 6 is deeper

fromits smidighse, 4 Beviitish B plghe ctbhe b UeRnpaNONLSIRke fifln(cabisd al I ne
particle sizg) ig’regucgﬁﬁl Onp];a%e ot]thgrmhian}g) t he band gap ﬁ'g?ween t he
silicon napogidsgal s 63 is reduced as the crystalline p article size

i ncreases. us, the electric field applied to the silicon oxide film®64 is

oLl vy T2 Ogh B BB G AR AR MR chagadigigl o o, 1
B

vavel ert o e NG MBYP LA Shie 2l Lt Sl pusl enal o e
Pl - NS R AT IO LT

changed in the thickness djrection. As a resulf, the sjze of .the silicon
nanoer yst Q¢ &Y, etrnéuaPfﬂ?dezata%w@eemgb%eehaﬁgéff% e the,densits o

direction as sh in Fig..7. In addition, as.shown in Fig. 9) in adjusting
t he wavel éﬁ@tqﬁ‘gﬁ%d}?ﬂl }g@ﬁ-‘FPEQYG@an%r%P#E%S@Xt alline silicon layer 3 that
is a sem conductor | ayer) the wavelength of the light emtted to the
pol ycryst al | i ne Injthegaathod efmanutactwangithe plectser souxse that pentgans the i ne
after starting anodic oxidation so that the crystalline particle size of
the siliconainapridization peRessingistem bleyprernmdization nriocessing kiepsef direction
of the polycrystalline silicon layer 3. _ ‘

oxidizing the porous semiconductor layer before the main oxidization

processing step may be included. In this case, the density of the oxide film

can be improved more remarkably. Further, in the thickness dixection of

the drift layer, the film thickness of the oxide film existing in a region that is

comparatively close to the electrically conductive thin film can be restricted

from being larger than that of the oxide film that exists in a region that is

comparatively distant from the electrically conductive thin film. In this
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By doing this, as shown in Fig. 10, the size of the silicon nanocrystal 63
can be controlled with good controllability in the thickness direction of

t he porous polycrystalline silicon |layer 4. The above described filter
device 45 is enployed so as to change the transm ssi on wavel ength. However,
an optical filter conmposed of an 32 infrared cutting filter and a
ultraviolet cutting filter (a long-pass filter} may be enpl oyed. By

enpl oyi ng such an_optical filter, an increase in velocity of anodic

oxi dat i on namner electzop emission efficencnand stahilisy with arrelapsesf timstcanoes not
contribute to making porous the polycrystalline si3icon |ayer 3 caa be
restrict ede(imprpvede Ihgidditiay,ithe preaddizatiopeprotéssing btepsofl oxidizivgand gap
contributes to generation of a pair of electron and hole, and thus, the

|'i ght havithg porohs semecevduietirtiagebbefdrgahe snaih @ddizatioamdcessingletp not
contribute to generation of a pair of electron and hole}. In addition, it

I s possi blaad Aatiliaky axRliaatien phedessiinneptmap beditludetdeads shikieise dshe
ultraviolet rays, electxolytic polishing occurs, and a deviation in size ox

di stribut ivadl] Gh thidehsdld <36 MiRRBRA" ofIhal A8 186 the Slithickii®svf RBe OF
distribution of the silicon nanocrystal 63 contained in the porous

ol yoryst hddealifid-i0le it Woregthe] thit3sichinphaatively @se o dBctricallyhe case

where a | ow energy conponent such as infrared ray is included in |ITght

em tted tQohRRcRPs Y Ald!dahnNfe ﬁ:!s:thﬁﬁé'ﬂ frvheing 1hfiet thABRARERE thoes not

contribute to malting porous the layer, and causes a tenperature rise in

th | ect rQl A . . L GhL ' j h

crystal 1 s Bpf dhistif BT eeiok Ui b Bl dl0hy Bupile opltlen

ayer 4 SRR CORARKTYE hithith Bl oh iR MR Aot Blesibl ], v gy

t h |t irql et. IS _i ded, the.etchi | oci t

nor eases HERRAS el <Rblyvich B oifpaf of HERDvb HE SBEFRKED o of the porous
I talli ihi I 4. . this difficul t he i,nf d

oVt e PSR R RS oo St ottt o

maki ng porous the.lagyer is emtted, \‘\ger.eb t he porqus structure of the

por ous poI‘?HW%’f@HW% E?qqeﬁﬁﬁglsg%rt YRS BePJH AR FBE 158 DOreS st ant | y.

Besi des, the fi Ié}er dg(\i/i ce 45 may P@gﬁ?@rﬁ”ft ed at either of the infrared

ray cutti ri§EHeeR@Rctan layprpay bgipe gF thepam o HEOLPERRESTRECr i bed

exanpl e) a tungsten lanp is enployed as the |ight source 44. However) a
li ght sourst@P-of fh&a‘ﬁr?@éﬁ:rwlifémlﬁug?ﬂefﬁl&h @&aﬁ@beyneltéggrbeawr@#baloyed as

the Iight source 44, whereby the porous polycrystalline silicon layer 4 in
whi ch t he e3ter tmparanscremicanducior dayer sush mupdirittesgan boremaverdin the
connected to each other can be fornmed constantly. Then, the wavel ength of
light is cHasgiePbadsda sesuh thiegleetron emigsionfcharactanigtics okthrelestronas
started, whereby the size of the silicon nanocrystal 63 can be changed in
t he t hi ckrsovzcai¢anbeistabidized haddongierpote)iabilitydan beimprovedn | ayer 4. In
addition, the light is intermttently emtted fromthe |ight source 44 to
t he pol ycryst al Inredditioncan appaeatu®, fonearbiactutingpbe above elactonof t he
target C or electrolyte B can be restricted. In this case) the size or

di stri but isoarcd acdoednig foctire prmsent irstealtiorbihclud dsh enporodis opdayiony st al | i ne
silicon layer 4 is easily controlled. (Second Enbodi nent) Hereinafter, a
second enlmdcessivig dbvicedofrwheant driftdayenis fornkedpfradagra perdusow. I n the
second enbodi nent as well, an electron source is manufactured by utilizing

anodi ¢ oxigdaticondwitos tapdrhat ldoMEMAE al sbrhirendecionth@BbBttaki , as an
electrically conductive substrate, there is enployed a substrate in which

an el ect rifebldanceHithidngli¢ 8xdatieah ahdtdd thslaAg Al formihg deice\beed on
one surface of an insulating substrate consisting of a glass substrate (for

exanpl e, Fofndig AnGhsSFatiiPalh¥rfihe AuTHOVGE éathdednicd &uzi:t@r Lh& ofyREdl ON

source 10 according to the second enbodinent) the drift |ayer G consisting

of an oxi dgeROLRE ARGy EXiNatBh/JrBesifng device is designed to carry out anodic

oxidation processing while emitting light that essentially contains the
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silicon layer is formed on an electrically conductive |ayer 12 on the

i nsul ati ng substrate 11. The surface electrode 7 is forned on the drift

| ayer 6. In the second enbodi nent, the electrically conductaive |ayer 12
configures a |lower electrode. Therefore, in the second enbodi mrent as well,
the surface electrode 7 is opposite to the |ower electrode, and the drift

| ayer 6 is interposed between the |ower el ectrode and the surface el ectrode
"T. A construction of the surface electrode 7 i.s simlar, to that according
to the firsevelameih Woavisipledehturagion seleumnt (q the SETRICORARED AT | he

el ectron source 10 according to the second enbodi ment are bagsically simlar
to those iArcording todhisplestropsonrcemanasturing apparatus thesize 051 t age Vps
is applied between the surface el ectrode 7 and the electrically conductive
| ayer i2 dbstritattiomef semicopdugtarcnanngsystalfeeontaingsoisi theapodonspol arity (high
potential) relevant to the electrically conductive |ayer 12. In the

el ect ron senmcendwvcter tayrestican heocatteoded.onbh thiboatinmer, therensn be formedect r on
can be emitted in the same manner as that in the first enbodiment. In

addi ti on, aapaiouscenicomdxictor baytardn whichsa nnmbec hfsesncafdudier dri ft | ayer 6
of the electron source 10 according to the second enbodinent are simlar to
t hose accaradicegystald e distidbutsibtuwbeenitihueisty coonédtgd téeach nthére case
where the el ectron source 10 according to the second enbodinent is utilized
as an electron source of a display, the | ower electrode or surface

el ectrode ? and the like may be patterned. Hereinafter, a nethod of

manufacturing the el eBRINF DRSCRIPTTION ORITHE DRAWINGgond enbodi nent
will. be described with reference to Fig. 12A to Fig. 12D. 35 First, on

one surface of g hAseheihvih g REN HeFully lun d?6todldsy fHddétaylegonduct i ve

| ayer 12 consisting of the ITOfilmis fofned in accordance wth the

SPUL €1 | NGl o B Ai6h S ARl pnG AL a5 UNSE Bldindrs

fabricate on the main surface si ectrically conductive

| ayer 12} é']B.EuhBﬁ iﬁ'ﬁ%ﬁhg@b}é/ dgﬁgfsiﬁféod'r by é&g%fér@h@e n@nippg1diored

pol ycryst Ine silrcon Tayer s a sem conductor layer) and a

structure shown g e I Y j . | ing the
pol ycrystal line Fé [ :f('l:%ral ﬁcéélélrashf‘g%egfr&@gﬁ#g&eﬁ%&@&g&%m&dg{ oelﬂné)ﬁj%‘gned a CVD
t echni que, hetld i [.a echni qu the |ike. After

t he non- d@%ﬁ%é@#ﬁg S{’ife'ig %«g& éilgﬁ?%g T ﬁ“gge%a‘%“ﬁ% %ﬁglf?%bgf‘nsifdﬁm? he

pol ycryst gl li siliceon.laywer,.3 i g . nmade porous in accordance wth the
anodi ¢ ox?a(fgb g&%)c sstieﬁ%ﬁ%q]gbglﬁrn this manner, the porous

pol ycrystalline il ipgaond.ayer 4 that. i s,a porou em.conduct oy | ayer is
formed, and a stl'?lﬁc%%?tg 14g'ﬁo ?’?‘?ﬁﬁcij‘.‘mﬁg ‘?ﬁ‘f‘?‘a?i’r?éﬁ:"‘gm é'ﬁﬁ‘&'@noxi di zi ng
device shown in Fig. 13 ig.enmployed in t anodi c.oxi dat on processi ng
step. A b&gﬁc%%ﬁ%egﬁ%%f%%ﬁw %%H?%P?ﬁgf%@%gbﬁ%aﬂgitﬁeﬁ g. 13
i's substa%i%&% identical to the anode oxidizing device according to the
first embd&df SPYEfer to Fig. 1). However the follow ng point i.s
different. That is,_a light source 47 is disposed on _the back face side of
the target C | A igddis roRewdllpsinatingjany operattprcefidis eleetron 3aneteg t he
wavel ength of light is disposed_between the |ight source 47 and_the back
face of the tardgg. &is Wéhpmeaniegmtr%gm%mop@ramm ofthetedeatran | i ght
source 44 disposed on the surface side of the target C. In addition, the
filter defio¥&C¥U8 is simlar to the filter device 45 disposed on the surface

side of the target C 3fi . )
1g. 5 is a graph depicting a relationship between a light wavelength

and an elapse of time in the anodic oxidation processing step of a process for
manufacturing the electron source;
Fig. 6 is a view showing an example of a method of manufacturing

the electron source;
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Nanely, in the anode oxidizing step of the second enbodi nent, light is
emtted fromboth sides in the thickness direction of the target C. In
addition) a wavel ength controller device 46 controls the filter devices 45
and 48 each so that the transm ssion wavel engths of both filter devices 45
and 48 are identical to each other. Therefore, as has been described in the
first enbodi nent, in the case where the transm ssion wave~. ength of the
filter device 45 is changed based on an el apse of tine after anodic

oxi dat i on has skaxteid a Wity KRR atietRntavel abihod ofthanhiddberingd as vel|

i s changed based On an el apse une after anodic oxidation has Started.

Tn the segpad é%mdédéﬁe&’ a platinumelectrode 42 is enployed as a cat hode,
the el ectri ca][ y conduct’ive layer 12 that is a |lower electrode is enployed

as an anode, angh. i i hode, wher eby

t he porous pol yg%é}%?ﬁﬂ?ﬁ%ﬁ%ﬁ%@%@@ﬁ%%@gum meantime, in

t he above _deseri first odi ent. i fro r i f. the
pol ycryst 2\l a}\ieﬁeénéﬁgaéldognte%%ﬁ%oq%'ﬂnﬁ%{\ér*\p%%teodg ?%%ﬁg?ijég%&%&éétgﬁiogtaed from
the light source 44 to {dhe polycrystalline silicon |ayer 3 that is a

seni condué’fg?esﬁg%ﬂanéﬁﬁc}}t“ﬁﬁé% &he TY‘}&"%OBaSr?“B(‘ee’ef ficiently supplied on the
ol yeryst al L1 neFif1Y Bop FFaRE AoBictta A aeloRaRab iy beeen A eRE Npvplipeth

i ncr . Th | arger. energy i s requi ke, the | ayer porous. Th
5y 1T o endqh Plaop OF okt Bb U BBRRFARAERPD BFOGESSIRG StaNeH AHBSREF engt h
of light is regduced, tﬂe {i ht i nvasion depth is reduced. However) in the
anode oxi d3RHgcHEINE thee DS¥PBRE enbodi nent, lights are enmtted
respectively framboth sides jn the thickness direction of 3'7 the porous
silicon Iayer 3Fignfsiscayviaw shewingan examnle of panathadef mapnfasturiager 3
porous. That is, in the anode oxidi zi ng device of the second enbodi nent, a
hol e can t§be@ktﬁi3¥51ﬂ$%m§@ﬁppl ied on both sides in the thickness direction of
the polycrystalline silicon |ayer 3 (on a surface of the polycrystalline
silicon | ayer 3Figdllaissaiviescshomingsan epexatidneofsan electyon spwese acasvding n t he
case where the thickness of the polycrystalline silicon layer 3 is

conpar at i velaysecengemhddimensn be easily processed. Wien the wavel engt hs of
lights emtted respectively fromboth sides in the thiclness direction of

t he pol ycryst al Figiel2A to Fign 121) ere Sectiondl hvdege dacly showingaalelecttdre si zes of
the silicon nanocrystals 63 contained in the poxous polycrystalline silicon
| ayer 4 cabube and itgrmetbrial inhetrhhirk Biepsofdi preki®forahahlifadioriagthe
polycrystalline silicon layer 4. After this anodi c oxidation processing
step has ftebdotidiné@ttce ishewmoinOFiy. 1} ycxystal line silicon layer 4 is oxidized
in accordance with the oxidizing step. In this manner, the drift |ayer 6
consi sting of aFigxiPizedchanatis v@@&z%ﬁbﬁ@ﬁ@h?eﬁ%r&l dons@fudtivyesf a5 f or ned,
and a structure shown in Fig. 12Cis obtained_ In the oxidizing step, the
por ous polayedy sikedikingedsvits eMpldbyatefor nhsufictahiAg he RIAGEH Sanee; W th the
rapi d heating technique) and the drift |ayer 6 containing the above

described grai nb@%.)lzﬁié a G SROQHIY £ kBhefil coRBRuctibh of A eord efdrhéft 52 and

64 is formed. In the oxidizing step using the rapid heating technique, as

is the Ca_%%c&ﬁdiﬁ%foﬁthﬂd%ﬁ%ﬂirﬂ@ﬂn a |lanp anneal ing device is enpl oyed.

An operating condition su as atndsphere or tenperature in this o~ddizing

step is simlar Fﬁg #5‘%:{159 A Ak Bf"fheﬂ;ﬁi?g?xf.&péi&meﬁ{'ter the drift |ayer 6
: t ’

has been forned Irs InTilmlayer 3
Fig. 16 is a view showing another exemplary construction of the

memory element;
Fig. 17 is a view showing an application example of the memory
element;

Fig. 18 is a schematic view depicting a general construction of an
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consisting of a netal layex (C filmin the second enbodinent) is deposited
on the dxift layer 6 in accordance with the el ectron beam vapor deposition
techni que. Further, a second thin filmconsisting of a netal film(Au film
in the second enbodinent) is deposited on the first thin filmlayer in
accordance with the el ectron beam vapor deposition technique. In this
manner, the surface el ectrode 7 consisting of the first thin filin |ayer
and the second thin filmlayer is forned) and the electron source 10 shown
in Fig. 1apofe oyitdigingedeviceemployasiionmanntaetwang the pbeckrons seuace| ect rode 7
is formed in accordance wth the el ectron beam vapor deposition technique.
However, ascording bod fohrthoembodiment; surface el ectrode 7, for exanple, a
sputtering technique nay be enpl oyed without being limted to the el ectron
beam vapor depo¥ig.i Ihig &view ghewingelebtronnemission characteristicsadcafding

manuf acturing the electron source 10 according to the second enbodi nent, as
i s the caseadentlhenfbodimednpodi nent, the size or distribution of silicon
nanocrystals contained in the poxous polycrystalline silicon |ayer 4 that

is a porous senfeerEliiE okidva¥howind ehet@andmidsldchdracaiilitidsqiekoidiggpor ous
pol ycrystalline silicon layer 4 in which silicon nanocrystals are

di stri but g¢g ah®lbeert®BémBo@iént: connected to each other can be fornmed. In
this manner) the size or distribution of the silicon nanocrystals 63

contai ned in thgigraf is h ¥&k showiny BRcHRRhidshth charadtdrBftitistacchrdihfe
el ectron source 10 according to the second enbodi nent as well, as in the

first embegiangndifthedBpbdidnersicattering in the drift layer fi can be reduced
as conpared with the prior art. in addition, the dielectric strength and

el ectron e o1 g THLHCIod Shob L Ao bl A B ABMGShIgD! the

el ectron source I's” extende e 1 n-plane unrform ection 39
em ssi on %F%rtﬁftpe%ﬂ%ﬁﬁw; Ie roved, whereby a | arger area can be
n

obt ai ned. e neantrne) in the first and second enbodi nents, the drift

I 6 i f.Lh 4 di . Dol | i Si | I :
However . the o 1o Tayub e RRYShAS pRSpRAGR HrOUHH ehlSidhoc”
I talli J | I dth i-npitrid | talli
i1 con | &YBFACHAPSHER B R FlFetion sowstearcoring b fhe ol tarkreeitPe ry e
d of .oxidi zed, nitrid i-nitrid ' duct
ayer. I n SHPRERSACT L (he orift | ayex 6 ic & niride porous

n
polycrystalline_siljcon |ayer) for exanple, the nitriding ste f carrying
outni 1riding | AIBCEHIRIATEM ShORE Slechpn s EhekackeHRfRS dldReset ting a
tenperature rise velocity as in tge first and second enbodi nents by
utilizing eiﬁ%“&hg‘)“qcéracﬁ%&iﬁgé?ai yrieggthen izing step of oxidizing
the porous polycgrystalline silicon |ayer 4 in accordance with the rapid
heati ng techni qgiégu% 1§ E\Y&%)W@boﬁ’a%g ef%htqmmws@}déﬁmnﬂcsmf@%i l'i con

oxi de fil 52 and 64 described . in_Fig. 4 axe obtained as silicon nitride
films. |neerromseungrat Camparative Exagpple;c is an oxi-nitride porous
polycrystalline silicon layer, the oxi-nitriding step of oxi-nitriding the
t enperature ris&ige?®is ayviéw showdngancaerptinniofa qoayentineak ¢laetroachni que
fox setting the tenperature rise velocity as in the first and second

enbodi nentseupge;utilizing a m xture gas of 02 gas and NH9 gas, or
alternatively, N20 gas may be enpl oyed instead of the step of oxidizing the
por ous pol ycrystifl 2Nes asiviewshokdyg andelectron eoritiing eperationt ofbtheapi d heat i ng
technique. In this case, the silicon oxide filnms 52 and 64 described with
respect taoRventidnioglectron sonked;ned as silicon oxi-nitride films. In
addition, in the nethod of manufacturing the el ection source according to
the first and s@ign2B ésrbadewrii perativhl dfGorbthet €ehJentionGd eldetton s 40  an
insulating filmis formed by utilizing the rapid heating technique.

However, tda@réd;lan@on oxide film 64 may be formed in accordance with the

el ectrochem cal nmethod. In this case, for exanple, an oxidization

processing vess@igCo9iahRiod sﬁ'&vﬁhgﬁtééﬂe&ﬂ Eorixehwdticilof édseRtiabpértitils of
HzSO4) 1 nol of HNO3, or aqua regia) tor exanple) is utilized. Then, a

pl ati num gjfeRb ehterdd188u e AN & FiPlogyed as a negative polarity, and the
| oner el ectrode is enployed as a positive polarity (n-type silicon
substrate having ohmc electrode 2 forned thereon in the first enbodi nent
and electrically conductive |layer 12 ig2the second enbodinent)) and the
porous polycrystalline silicon layer 4 is oxidized by supplying a constant
current, whereby the drift layer 6 containing the grain 51, silicon
nanocxystal 63, and silicon oxide filns 52 and 64 is formed. An insulating
filmformed in accordance with the el ectrochem cal nethod may be enpl oyed
as a nitride filmsuch as silicon nitride film In addition) in the first
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{Third Enbodi ment) Hereinafter, a third enbodi mrent of the present invention
w Il be described. In the third enbodinment) a nenory el enent fornmed by
utilizing anodi c oxidation processing will be described. The nenory el enent
according to the third enbodi nent has a basic construction as shown in Fig.
14. “hat is, a storage layer 101 is formed on a substrate 100 on which an
insulating layer 100b is forned on an electrically conducizve | ayer 100a_
41 The storage layer 101 is forned by enpl oyi ng the anode oxi di zi ng
device described in the first and second enbodi nents. In the storage |ayer
101, there are continuously connected silicon nanocrystais 63 that are a
nunber of seREBATUEDOD NIQF HHE PRESERRED EMBOBEMENE Sof
closing a carrier, the crystals being covered with the silicon oxide film
64 t hat i FarstiBrebbdimant)fi | m The crystalline particle sizes of a nunber
of silicon nanocrystals 63 in the storage |ayer 101 are identical to each
ot her. The fil mlnha fixsbambotlihtet,un électronsodecd islmahdfacsussdby er t han t he
crystalline particle size of the silicon nanocrystal 63. The storage | ayer
101 has a Jilgingt &nsdio ofidtidipitesdinkl 9In the eldttion sourtdacsir@imge | ayer
101 has a multiple quantumwel| structure in which Si (silicon nanocrystal
63) is sanwifhednlesdiatmtSh ndlsickyaalligx hogpbisiidonSibstrdte wiissd gap

bet ween the silicon oxide filns 64 is about eV to 10 eV. The band gap

bet ween t hesfitvigPl aﬁﬂgﬁfﬁx@ﬁ)a&a tb $habefh cgnﬁﬁ/ctbf’(i%r R¥ample #(JopywWn t hat

t he band gap between bu out 1.1 eV and the band gap between

nanocr yst alstidiBRAhlits Avity 8YabSuB0 OY.al Bt %0 b Aoy [ the

storage | ayer 101, con nanocrystal 63 is sandw ched between the

barriers afg éﬂglidgﬁggﬁ_ cgﬁ'gggc?/{,é {s@ﬁstﬁéte.-rh“& a nenory function for storing

i nformation can eve closing a carrier in the silicon nanocrystal
ot voun the o1 eReatrin i 10 08 EARRF b0 BEE I8 bRt bR BLETT 9°7
{11 m or ow EhpOREsnt,d R JEFSES Spushhos E9 ORBORRIPLabR RG] (1L
cont ract oot h¥rieRBagan Duh S:ffecebraly tims, SERORALREES: T'pat "
Connect ed 10 SHRARISCRDLRRIE" A TRack oBr@ongl a8 toried B SREATE TR | e
ambodi mentt rih AR Eles 5P A S 1 SAned 67 A PRSI PGP Pk AYPRRLAGI by cl osi ng
The i || comhstmae i | iethesarst o ap B et RAPVAGERE ot it RORBPOR] 8 (o ng
Che-si i oohrthamaRicpBanbepeata;l 4k dhe ABIE elrediite Jan ThSretorec IASRICHI crmon
of its small size and with its | ow cost and Iarcge storage capacity can be

achi eved Rlegtsade g oppesity te she lewereleskrodentnd the drif-laygr § sonvent i onal

sem conductor integrated circuit technol ogy.
interposed between the lower electrode and the surface electrode 7. The

porous polycrystalline silicon layer configures a porous semiconductor layer.
A material with its small work function is employed as a material of
the surface electrode 7. The thickness of the surface electrode 7 is set to 10
nm. However, this thickness may be such a thickness that electrons
passing through the drift layer 6 can be tunneled without being limited to 10

nm. The thickness of the surface electrode 7 may be set to about 10 nm to

15 nm,
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In the storage |layer 101, witing is carried out by witing neans (not
shown). In a unit region of the storage |ayer 101, carriers can be cl osed
in a plurality of silicon nanocrystals G3) whereby the carriers can be
closed in a plurality of silicon nanocrystals 63 by witing nmeans. On the
ot her hand, the storage |layer 101 stores information on nulti-val ues
according to the nunber of silicon nanocrystals 63 closed in a carrier)
whereby the information on nul.ti-values can be stored in the storage |ayer
101. As witi ngTheausfadeledectrodyy 7he campbsgddf: mefrss thin fitmrlayeng out writing
into the storage |layer 101 by light em ssion, fox exanple. If the witing
means i s gasdigiing of @ metdlfilm ¢for arample ofr fiba) fansddoe dhe drifbbayer@; age

| ayer 101 by changing the wavel ength of |ight, the wavel ength of |ight

em tted tandhessdondatien fidinclayé tohsistihgndech et dilabifor Brathgdé, PAwfili) ght

invasion into the storage |ayer 101 can be controlled. As the wavel ength of

43 |1 ghlehBGtEPoR The HrsQEHinhlnt dvdie UOs athtbiial b tHe fiegrhivfibarystal &3
with a deeper region in the storage layer 101. In addition) a carrier can

ba cl osedidyrtdiftifd QHECRyeE ¥SEcH edivh Pl UBeredt $&Ip16y¢P hahhtrtalRRchi Gl € si ze.

As the wavéel ength of light is reduced, a carrier can be closed in the

silicon n B - : i i - O I r 10l ..
SR dohkeB Dulhled ERlAR i il MeRiohatey A1E

In addition can int I co nocxystgl Wthits

smal ler c H?ifjc [ h3e: %;;g#q: RifRldid

nanocr ystgl%(é léslfeorségﬁ%h?%t%g%{rl ?ﬁgggﬁaﬁ}g&gﬁ ro ne%, an%blgﬁggv?’r%et?nt of
charge st I I C rQl ptian) if
tho writi th¢ nebihd {n TR By R heiiarialer s, SARH Bptéifa B PSR |1
storage | ayer~x0% b angi ng _the intengi t V., ofiqli .Lhe nunber of silicon
manocr yst WG gl gy, HBRELS Sabliferih E0T PrbR ik Wby ica My RHRRRRG ©he
intensity of,.l.i ght jtted to t.he storage | r 101, .,.and an, anount of
charge st 8PEdUE qtﬁgﬁitydpgggq elagse fg%ng%n @%&@o‘?ﬁl ofiment, KX, i ti ng means,
t here may be .enpl oyed an or, el.ectri.cally cagrying, out Lt into the
storage | 3?&10%?¥|W5Fﬁ%§‘c{3§é¥eiﬁ§%¢l§fﬂeuﬁ¥ gfh%ﬁggﬁgeiﬁ \Q,ﬁ@(? ﬁ’%tt he
storage layer ,.10l. is controlled by changi ng vol tage applied to the

st or age I%’é*ﬁi‘Bﬂ?Y?%WPizoW“on%HFmPg? sc%lm%sné\fgwiec%ﬁcwdm tten
into the storage _layer 101. In addition) if _the storage |ayer 10l is

desi gned mrsggméam-orm thigknasse @e%ecpaémxbﬁhaflay%msseﬁteémm-
nanocrystal 63 closed in a carrier, the storage capacity can be increased
nore si gnilkithefinsy embodiment.che surfage electrpde 7ie somposedeba dwedayeredont r ol
a location for storing a charge in the storage |layer 101 bgufhanging t he
wavel engt metal Alaht Howevete fhé elgctiddgimay eaomposediof atene-kayeredjer | ayer 101
can be controlled by changing the wavel ength of light emtted to the
storage | &hree aomoradayeredwnetal &dgt.h of 44 |l i ght increases, a carrier can
be closed in the silicon nanocrystal 63 with its deeper region in the
storage | ayer 1@n tharelepran smete Idhshawn im Figr3,che shefadecdentrode The silicon
nanocrystal 63 with its la rge crystalline particle size. As the wavel ength
of |ight idispasdddnd, vacweny ard acmilebtoralecteotie 21 isdispobéd bmopposite tpst al 63
with its shallowex region in the storage layer 101. In addition, a carrier
can be cl ¢theduifacelebectrddechn Thewca dixeat cifredt volthge VpsssrappBed eo yisatal | i ne
p article size. Thus, the location of the silicon nanocrystal 63 for

cl osi ng athesuifice @dectbRlecPid poditind in il eritpyelev@h O the dtgp@sididenoxi di zi ng
device in the first enbodinent, if the storage |ayer 101 is designed so

that the gubstrateé 1ehade elet@deiPe Further, 3 diréburpditCvalbdgtl VO | s reduced
as the crystal is distant fromthe n-type silicon substrate 1 in the

thi ckness a?bli%ﬁtéo%at tRE c6Médtat Blectidde® 1 idHoshiive iiff‘%dlﬁﬁi’éy trERvaht tef
nanocrystals 63 changes in the depth direction of the storage |ayer 101.

Thus, the suefdc edé@fbdd oN I thidmdRRAER, dlbéte6hd Mjebd HiemTheRgRd ayer 101
can be i nproved.

silicon substrate 1 drift the drift layer 6, and are emitted through the surface

electrode 7 (the single-dotted chain line shown in Fig. 3 indicates the flow of
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In the nenory el enent according to the third enbodi nent, for exanple)
assum ng that the silicon nanocrystals of 5 non in crystalline particle
size covered with the silicon oxide film64 are arranged on the n-type
silicon substrate of 2.54 cmx 2.54 cm(nanmely, 1 inch O) the Foll ow ng
relationship is established. (2.54x 10'z/5x 10'~z~2.58 x 10'3> 1 x 10'z
Therefore, 1-bit Wformation is stored in one silicon nanocrystal 63,
whereby a | arge capacity nmenory of 0.155 Thit | cn2 (1 Thit | inch ~ can be
achi eved. electraxhtmhemittedghroagh the snoface electrodesPpl Vistasbeasl ectric fiel d
to the storage | ayer 101 may be provided. In this case) an electrically
conduct i vealedéribed ayevioifla aicsixrcentnBovirg betvaeancthat surfaqeodlactirode Bfanad di r ect
current power source E, and the probe 15 is connected to a positive

pol arity dhetmhtypd sihcon substrate (haric dectrode £) ishtefenred te asigpdiedd of t he
probe 15 is close to the storage |ayer 101, and an electric field is

appl i ed t euirPentdpel agé d @ueent ldwiyg etwsernthé fullet@beledtyodB21d@idnhet his, a
pair of electron and hole generated in the silicon nanocrystal 63 can be

separ at ed.guiface dlédirdde 78 8eforFal ffasd hh @nibsidnChrbéey (efhiosSiefl dlébtidie Silicon
nanocrystal 63 can be extended, and the storage tine can be extended. The

el ect i caldyrahguct AY S K OF thORiskiBR hidtdilide Bk B6BPcuARd: B4 200N

| ayer 100c 1n Fig. 16 can be conpose , for exanple, a silicon substrate

on SI MOX Gﬁ@‘%@%'imﬁg&&wkﬂﬁﬁ%%ﬁ&%& Pﬁ%gg&%t_ e) an Si02 filmon the

silicon substrate, and a silicon [ayer on SIOz film respectively.

Hovever, of couLSeundwe £ FEL! Bl dieedBDEl S L YFo ERYCEmbAfmmRYisDe, composed

of a netal |ayer or ano et eri el ectrical conductivity w thout

101 can beoafedlol 1S ThPrurdRe: bRLREIRRIGL SERORThih S0 AU 2P0 Y
proper | USRS el B0y SRl S SRR QLR 1
oy L AL GN R REER LKA T, VS s S
o] eon ety LouTed @n0he sualatie ol g Fubal Ll e 100 01, accotilerce
e oo e AR T, B o DB T SRRl R ("

thickness than the crystalline particle size of the silicon nanocrystal 63. In

short, in the drift layer 6, the surface of each grain 51 is made porous, and

the crystalline state is maintained at the center portion of each grain 51.

The thickness of the silicon oxide film 64 formed on the surface of the silicon

nanocrystal 63 is set to the degree of the electron mean free path (the mean

free path of electrons in SiQ, is known to be about 3 nm), and is desirable to

be about 1 nm to 3 nm. The crystalline particle size of the silicon

nanocrystal 63 is smaller than the degree of electron mean free path.

In the electron source 10 according to the first embodiment, electron
emission occurs in the following model. That is, the direct current voltage
Vps is applied so that the surface electrode 7 is positive in polarity between

the surface electrode 7 and n-type silicon substrate 1 (ochmic electrode 2)
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guantum cont ai nment effect appears is forned. Then, a silicon oxide film 64
is formed on the surface of the silicon nanocrystal 63 in accordance with
oxi di zati on processing such as RTO technique) for exanple. In this nanner)
a nunber of the silicon nanocrystals 63 with nanoneter order covexed with
the silicon oxide film& can be provided to be close to each other in a

t hr eedi nensi onal nmanner. Thus) the storage layer 101 having its nmultiple
guantum wel | structure shown in Fig. 15 can be fornmed. Therefore, there can
be provi devhizhrereutigcldsed teaofcium.sdnl 4dditipe, theidivecthcunrent voltagsVeand

| arge capacity. In the case where the electrically conductive |ayer 100a is
formed as ismpgliedtsbithak klye colbehtor eleetrolle 2 1fispositive inepalbrisy betwednr thee, a
process for manufacturing a TFT for driving a general liquid crystal

di spl ay enplleyton@lédteodd 25 andubetsualzeadedtrodd 3t r Wiercthe divec carerd. | n
addition, a TFT manufacturing app aratus can be diverted. The storage |ayer

101 can be,cfpeOVSSirdichas AgYedetirninkd Vabas!(ceftiddl & abud) sthidlesiebh cenddict or
menory such as flash nmenoxy. For exanple) as shown in Fig. 17, the silicon

nanocryst ghj&8ed'by thehdaBREAMRE S ittodBle GOTAPEr BVfidhn thE nSiypeadiicaixi de film
64 that is an insulating filmis provided between columar grains
(sem cond brath Sdedvin egs gl;sé’gpv%i] éd%éﬁgﬁ &l lOB%%'éJthéPHanmeﬁﬁl jeriBpbf Of

grai ns 51) are provi rarn source respectively. "A portion
consi sti ngnaf . aSishd £)/ LS ﬁg | {g&ﬁ@{@ cdbS &f

bet ween t%g%pe%?érthggﬁ%ga%ﬂ)gﬁ lt,%ttgf an 1%\%‘%/@ ed t (F{Ohtg{egsﬂ:‘lcé:on g)%?%e film
64 is proyggde i £l m.6 I )

el ectri calqg g%%gpgééﬁc?%ﬁmg%(g%ﬂﬁgd eoas%ﬁ%ﬁgﬁ%&dﬁ%é&%ﬁ%%%%ﬁlfsﬁ%?ovi ded
as a gate tar 70y Thus. tr S Sk Le e

obt ai ned, aiergfergu@ﬁ%-evsg'Pﬁ Igﬂgiéir? fi or g‘gx_%hshlg%eltfg% C%%isl?s %lr%srﬁf%uct ure
can be manufactured in.,self .ali.gn t er iA0.a r.da ith the

fol |l owi ng r&gbo(peﬁﬁfrwé%gn t}heagrqlg,s Sg ﬁgetg‘ﬁ r‘ﬁgfgga%?r edﬁ’%Ef%“éar;aﬁ%se t ruar? %061]6'0, for
exanpl e, a pol.ycrystalli.ne siligon |ayer .i s..forned,in accordance with the
QD techni HhEmien Ao Airgtathy fHtamon Adn Tig 4, mnd 15 eRBied pf dachun
accordance wth anqdic oxidation processing, _.and there .is.faornmed the

si i con nafbey {pameg S Srinigh the DHAR Cleraeds n Wbt Hag 8§ an
effect o containing. a columar sem condyctor c¢rystal .and quantym ihe
crystal c "‘g?‘itﬁ@“ dpiegtad roms the nityee sihgoagm tad ‘Sﬂccgﬁ@ﬁeﬁf@(‘{ exanpl e,
the silicop,go~dde filme64 is forned as an _.insylating filmon ‘éhe surface of
the silic tBe iysidg of ghe stroaglectaicdieldiapphed; teithgsilienmade SdmBd such
as RTO technique. In the third enbodinment) the insulating filmformed on
the surfaceithput heing hardly sqattered by she sBidon nanperyrtal 88. aThen; ten oxi de
film®64. However) a silicon nitride filmor a silicon oxi-nitride film may
be forned glaeiremas emitted through the guxface elactrogle. 7 (aballistic Biesttiment )
hlereinafter, a fourth enbodi ment_o the present invention wll be

descri bed.emissiom/phenemerdrekt rloradditionethmbleat genaratad vy thegdrifttlagdr 6her eof
according to the fourth enbodi nent are identical to those according to the
first enbddiradiated shbasgl thegeainufil.i dThas)c hoppingaienoftemohodoesmatnbodi ment
will be described with reference to Fig. 2Ato Fig. 2D and Fig. 3 and Fig.
4. In the deour daringheldctrentemizsion) ahelédtrons eabbdiembitted canstantly.

singlecrystalline n-type silicon substrate with its resistivity
conpar at i VEby eleetrod tedchthg the surface of the drift layer 6 is considered as a hot

electron, but is easily tunneled through the surface electrode 7, and is
emitted in a vacuum,

Hereinafter, a method of manufacturing an electron source 10
according to the first embodiment will be described with reference to Fig. 2A
to Fig. 2D.
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the resistivity of a conductor (for exanple, a (100) substrate whose
xesistivity is substantially 0.01 S2 1 cmto 0.02 SZ | cn) is enployed as
an electrically conductive substrate. As shown in Fig. 3) in the electron
source 10O according to the fourth enbodiment, as in the first enbodi ment)
there are fornmed an n-type silicon substrate 1) an ohmc electrode 2, a
drift layer & and a surface electrode 7. The structure and functions of
these elenents are sim|ar to those of the electron_source 10 according to

the first enbodifishian phmie elecpode? isfermed ansthabackdface of an n=typaidi t i on,

in the el ectron source 10 according to the fourth enbodi nent as well) an
el ectron sificemisubetrate la mnbmdiopagamwmd@ﬂhsé silican layera3 énfornufd ashe first
enbodi ment. Hereinafter, a nethod of manufacturing the eiectron source 10
accor di nga semi¢tmnduniot layerwadheemaimsiifabe of dsenitypel silicon suliseratade to Fig.
Ato R gin %h[is manner, a structure shown in Fig. 2A is obtained. As a method of

film forming the polycrystalline silicon layecr 3, for example, there is

employed a CVD technique (such as LPCVD technique, plasma CVD

technique, or catalytic CVD technique, for example); a sputtering technique,

or a CGS (Continuous Grain Silicon) technique and the like.

After the non-doped polycrystalline silicon layer 3 has been formed, a

polycrystalline silicon layer 3 is formed in accordance with the anodic

oxidation processing step. In this manner, a porous polycrystalline silicon

layer 4 that is a porous semiconductor layer is formed, and a structure shown

in Fig. 2B is obtained. In the first embodiment, although all of the

polycrystalline silicon layer 3 is made porous, only a part of the layer may be

made porous.

In the anodic oxidation processing step, an anode oxidizing device

shown in Fig. 1is employed. The anode oxidizing device shown in Fig. 1

includes: a processing vessel 41 having an electrolyte B that contains a

hydrogen fluoride water solution; and a cathode (negative polarity) 42

consisting of platinum immersed in the electrolyte B. Then, a target C

obtained when the polycrystalline silicon layer 3 being a semiconductor layer

is formed on the lower electrode (in the first embodiment, the lower electrode

is composed of the n-type silicon substrate 1 and the ohmic electrode 2.) is

placed in a processing vessel 41 so that only a part of the surface of the

polycrystalline silicon layer 3 comes into contact with the electrolyte B.
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First, the ohmc electrode 2 is forned on a back face of the n-type silicon
substrate 1. Then, a non-doped polycrystalline silicon layer 3 is fornmed as
a sem conductor layer on a nmain surface of the n-type silicon substrate 1
and a structure showmn in Fig. 2A is obtained. For exanple, as a nethod of
filmformng the polycrystalline silicon layer 3, there can be enployed a
CVD techni que, a sputtering technique, or a CGS technique and the I|ike.
After a non-doped polycrystalline silicon |layer 3 has been forned) the

pol ycr yst GHis meode loxidiringadenc8indudesia poltagessourcad8dhdticeleatrify t he
anodi ¢ oxi dation pxocessi.ng step, and a porous polycrystalline silicon

| ayer 4 t hatwekén 492 andlepmiduasiesde aithitholowarysdectredd beiagthn anodd)ias

manner, a structure shown in Fig. 2B is obtained. The anode oxi di zi ng

device is l%ﬂﬂ!s@ﬁ@éb hap féhemavtivedl ngmaené RN saefesiside of e tarfet Ogomnode
oxi di zing device shown in Fig. 18) a target C conprising a | ower electrode

and the peh¥Ghysicelsidd6f eid hal9PrystiBineSsiliSon ?ﬁrseg,da ftereRi@cAs Ol ytic

solution B contained in a processing vessel alternatively, only the

pol ycryst gisiqaidtivean thaxtéglht%ghecé £8 ah@r @R tabgdtSC IRUSRE: BBYiRe & ct

mLth the electrolytic solution B). Then, when a platlnumelectrodeb not

) g X ‘ N 1
?oﬁﬁ?é oi SAPBLRYGELIAmCR L BOFHEHE Pl Hhdsltr B0 St RSl oty
oyt od f CORbcHbr B vERAE Efbabit of bodep Bl Y pichSRip WaRloh gl of © |

h o j I cystal bi id i ..s f d.

Zg A ¢ gle% Hiper ARG o @fﬁ&%”iné’%éﬁiﬁﬁé ;ﬁ g Eéda&ﬁa"??%%%heég%é h‘””f

i 1.Xi 55 % A i
o 2o BT PRey ok SogB ARE bl S T B AR OEBREAR 170

and a liquid,for, u in eral semnjcondu manuf acturi rpcess can
be used a@RoqE B}eef}glgtp@@egﬁgm THSH <5 1S AR {’egl;ﬁ?e A ﬁ“’étgg%ﬁ)cc%rﬁfati on
of the elegtrol yti ol uti gn in the processing vessel 41 is nanaged by an
el ectrol yt%ﬁe tg{gﬁééﬁr%&ﬁ@tﬂ’é#@é’eﬁ The el ectrolytic solution
managi ng devi ce _46_1i ng¢l ude .managenent vessel (not shown)._ The
electrolytic solIHtt#SRiC@ eF’i@%ﬁm@E&s%?ng%§ mp/is Q%P]beﬁ?l@é&b@a‘ﬁhﬁt o the
managenent vessel through the electrolytic solution pipe 44. In_the
managenentovEesstd.  Thenihepdde of aarumber of sidisen srysiﬁfs@é)S imeondrelled by yt i c
solution B axe controlled so as to_be maintained at the respective
settings. agustingshe wavelengthiof thelightemistesk ta the tpagelyCtbreughtbe| s
delivered to the processing vessel 41 through the electrolytic solution

del i very pfHlfrr deyicedhel Jn thisananaer.rthieyailicosnanedryatads 63 ofithe shmesdzedret ween
the processing vessel 41 and the managenent vessel. A rotary wng 42 (stir)
i s provi deadeiformad tpbecentinmguslseminetied ftheaghoethey. wAsghé filter deviiseen by a
driver device 43 and rotates and stirs the electrolytic solution Bin the
processi nethy ¢berd issmployed ha wavefdrim el efibtey for ehangingghdevi ce
consisting of the rotary wing 42 and the driver device 43; and the

el ect r ol yttransmissiorowavelengith ydetili git gAdglotomitexferen cepor g avarslemgthns f or
managi ng the concentration of the electrolytic solution B in the processing
vessel 41 vagidbiaefiltérer thedilenforchanlgén®ehe efarsitibsionevavdlesgth bayer 3 that
is a sem conductor |ayer is nade porous at the sane velocity. The thus

f or med ponailizipglaychiaregetinl tefeactivie i@l@l&xbi)aelliqlﬁd(‘cﬁ?éﬁil idnetel atcedestrad | | ne
silicon grains and silicon nanvcrystals. In the fourth enbodi nent, although

al | of thdiddd! yEowdvak] itis desiraBIatHaahe tPahSmilRith Raveleéngtip@ah bof the
| ayer nmay be made porous. The nanagi ng neans includes a starring device and

an el ectr Qbﬂﬁmoﬁglg@mﬁ&e!aaha@ H: A8YireRte BIthBSS is é’mﬁf‘d&ieﬁea bfknddenel y

novi ng the target conprising the polycrystalline siTicon layer 3 that is

the |ower 1R}alohesin ANy REBNERIWRSOE haellDRISHALS ddutiBR SNA01 N
nmeans. The Tmanagi ng nedns may | nclude a ast a stzrri.n.g device.
Further, i i i t ' ' : S trol yti
ol ut 1 on LaRSor s AR aRRm L LY T I:0 s PRy R b o et
After the 1,6 0x) dat | Ryt .t el m . S
pol ycryst g?ﬁ?%ggsﬁ ﬁ‘g‘%ﬁ&?’g g%ﬁ;t?hglg? ﬁ%&%ﬁ%geﬂ%%aﬁl zpﬁéggf’g%&?ul nthis
manner, the drift layer 6 consisting of an oxidized porous polycrystalline
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51 silicon layer is forned) and a structure shown in Fig. 2C is obtained.
In the oxidizing step, the porous polycrystalline silicon layer 4 is

oxi dized by the rapid heating technique, and the drift layer 6 containing
the grains 51) silicon nanocrystals 63, and silicon oxide filns 52 and fi4
is formed. A lanp annealing device is enployed in the oxidizing step using
the rapid heating technique. The substrate tenperature is risen at a
predeterm ned tenperature rise velocity (for_exanple, 80C | sec) fromroom
t enper at uranogrystalse ddndhgifirst embogdiment, thedfféerdenice ¢p andewanelergtnooc)
and is maintained for a predeterm ned oxidizing time (for exanple, one
hour}. TheantmoHer depice 4£mrmthustmntdneemfgr adjustingithg out. Then, the
substrate tenperature is |lowered to roomtenperature. In the fourth

embodi mentwavebengthngfethetlight emitéed fonc thylight seurcect4s®he sec or nore.
However, the tenperature rise velocity may be set to 80C/ sec) and it is
pr ef er abl @olycrgstallihe sillondiayyr 8ahat iOL stmsemdnctomlayer Ab that thee dri ft

| ayer G has been forned) the first thin filmlayer consisting o the netal
film (O fddjaeent silieon nardédrystdis drenforimed to blepastihecusly coheectedftd | ayer 6
in accordance with an el ectron beam vapor deposition techni que. Further,

t he secongathipghér.! m | ayer consisting of the netal film(Au filmin the
fourth enbodinment) is deposited on the first thin t~Imlayer in accordance

with the el ectr ftdiee #PdiE oI prAtessE S Bicpieas tdiminhfedBRBbroishe
surface electrode 7 consisting of the first and second thin filmlayer,

then an elRErdrGSt-3BHE Gilickh aheYa ik %xfciiﬂ?d aPatcoraRhéd Bith t.Heno:HB&iﬁ?W th

enbodi nent, thé surface electrode 7 is fornmed in accordance with the

el ectron hegn Vﬁp%ggﬁgﬁ‘llﬁ%i,'r?gtﬂ o‘lrlﬁ?h %’% tcodé?ﬂﬂ?ﬁftﬂ@&d’ﬁ%d&%ﬁoﬁ& f orm ng

the surface el ectro 0 the electron beamvapor 52

exanl o | e B e G R T hod, t he
compar ed EERCERe. opitDe R steflithd B AR P yRldBae HIREEORIREAT ||
current oo R EERIBACGErb itk Fhe FAMEh A E e Bttt RS
ST S O SR B S R 5
i1 con |4t BFEad: | fa BecxidieBRlep oriph s FSAHRAPE HFBRITY A s known

that poroys film ng.or ,electrolytic poljshin curs becayse of a tradeoff
bet ween alig{ﬂ?p?'?n?fﬂb‘%fiewelts Fﬁ%ﬁﬁlﬂﬂfa tl’éfﬂbltgeﬁnﬁﬂﬁa%‘FOW €19 nh the case
where the su Ig ampunt of F_.ign is nore thgn that of hole, .porous filmng
occurs, aﬁﬁ'oaﬁ% din fhensidegta fCe3 e § e temnepatyedaf19§8Bnd, in the
case where, a supply anount of hole_ is myre_thap that of F ion, Flectrolytic
pol i shi ng TERAK0eM eratuze to agredatesanyed sridizatian tempemtiae forowever) in
the fourth enbqdi nent, the anode oxidizing device includes the stirring
devi ce. THRx@mBlee980iEn by apsedetesmined semperatuse pisewelocitya(for axample, con

| ayer 3 can be restricted fromdevjating in plane. Moreover, the supply to
t he pol ycr8CA 9eche Iai addision, tye substratetampenature issmaintained for aspeci e
required for making the polycrystalline silicon | ayer 3 porous can be

accel er at medmy)ined@?‘é&ppﬁynethDar(form‘xaﬁlplenonmhow- priftemtapdd f r om bei ng
smal l er than that of hole. As a result) electrolytic polishing can be
prevent ed theomal oxidizgtiad (RTO)hasbeen tharstdaxtiey ouit, thesysdtyatey st al | i ne
silicon layer 3. In this manner, porous filmng is accelerated in the plane
of the poltemperhtaite isdowiered tordoay eemPepaturbe Hnibkse Ainsi embydiment, ke oci ty.
Therefore, the size and distribution density of the silicon nanocrystals 63
in the portedtparatyrnisé atlocity isséi B0y, 4 Tuwever| the temp arammeb rids a
result, the size and distribution density of the silicon nanocrystals 63 in
the drift Jely@ty a3yl Satl to)8020 f R Anore) anddt id prefeidle BhQHEheOVdl6kiE} NY
device includes an electrolytic solution managi ng device 46, and thus, the
cont xol | alld sdtoOfeoPle 368l0RGhéde, Of porous filmng of the polycrystalline
silicon layer 3 is inproved. In this nmanner) the in-plane uniformty of the
porous polycrystalline silicon |ayer 4 can be inproved, and reproducibility
can be i nproved. 29
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Wth the nethod for manufacturing the electron source 10 according to the
fourth enbodi nent) when the porous polycrystalline silicon |layex 4 is
formed in the anodi ¢ oxidation processing step, the concentration of the
el ectrolytic s olution B is managed so that the velocities of p orous
filmng of the polycrystalline silicon |layer 3 are identical to each other
in the plane of the polycrystalline silicon |layer 3. Thus, a process for
anodi ¢ oxidation is stabilized, and the unifqQrmty gnd repyoducibility of
size and distri Mqrdiledrr&tﬂéygrﬁﬁv@érbeﬁnéﬁwp o8 first tn ahlaiFed in th a
porous p olycrystallin a silicon |ayer 4 can be inproved. .A s a result,
the uni fomﬁnwgtagcpfrae@eé@lﬂnm(m fiymon theforst enbndimeng) is dapogiadiony of
silicon nanocrystals 63 in. the drift layer 6 can be inproved. In this
manner, t ltbedsirifelayerdi it acdordanee with: & eldctrazobeamspoy slendsitioa i n t he
drift layer 6 is uniforned, and the electron scattering in the drift |ayer
6 can be ntechmiqde. TRarttien the sérondi thin &lm kayer censistingad abeetalfiloved, and
the service life can be extended. Further, the electron 54 em ssi on

ef fi ci encyAadilnbin ithe Hrseembbdirh bet) ivdepodibed dm-thé fiwst thinffdomiayerdh t he

el ectron em ssion characteristics can be inproved, and an area for the

el ectron seondanearvite the elevsmrdbedrhividpr depositivanterhhiyjuel ndhtthis a fifth
enbodi ment of the present invention will be described. However. an el ectron

sour ce andnanA@r, the sakfdreléasidy 7 e6ndibEnglof ¢hé FirssthihcRinehger dindotHeo t he
fifth enbodi ment are identical to those according to the second enbodi nent

I n basi C GRRdADHAAIN 187¢r {YBfhe@ snd The eldchioh el 10RAbwY inl Fige2D
described with reference to Fig. 11 and Fig. 12A to FIG 12D. The el ectron

ExiffBgh Lok ithe BaYE e?écgﬂﬁié ORERNnPOI Nt's t
fﬁg;geaggg?gpng tIcl)' ?ﬁé%%&ﬁ?ﬁé%%g%#én}gtﬁ@e Ign tcg 1Tt e"r)r%o%i rrentri,npglsna?\ °
el ectroni fa‘céb&%hg@tvﬁ)chftﬂ lefecktorCHRAAYA! o?d?ﬂ@éﬁ%ﬁttﬁdfﬁy !C?Io%';bver, a

a netal [ayer (

el ectrically conductive [ayer consistihg o t or exanpﬁ e)

EEE’;’?E? g ‘8?*%&8P§£°§%§§§P?§P§%F??%@%%?E&%&‘%?ﬁ?‘?'34 %@@%ﬂf@?ﬁ rate). As
in Fig .11 | ' [
amboai montteauien dy bRt e) SRR tag RoiEa 1S WOReleBeb R sk kihpron:

an insulatjn ubstrate 1 i, an electrically conductive layer 12, a drift
| ayer f daeﬁ)gs%oguﬁchyéq‘é?‘ectrode 7 are fornmed_ A structure and functions

of these elenents are simdar to those,of the elegtron source 10 according
to the second eﬁ{}ﬁﬁﬂﬂ?"fjﬁg‘a&%fnﬁ?ﬁ% EF LHFMPSOY 'f’a&ﬂ’ means he

el ectron spurge 10 agcor di to t fi.f{h enpodiJrent as.well, el rons are
i tted | 1ot RO S TRYAduer dus lighbemRHed (o harialeobat i o

B e oty alife SiGon Ta5eF o't £ Sehdfotitt1shx 35 SRaFkRY 10 1

adjacent silicon nanocrystals are formed to be continuously connected to

each other. Thus, the size or distribution of silicon nanocrystals contained
in the porous polycrystalline silicon layer 4 that is a porous semiconductor
layer can be controlled. In this manner the silicon nanocrystals contained
in the porous polycrystalline silicon layer 4 are formed to be continuously
connected to each other. In addition, the size or distribution of the silicon
nanocrystals 63 contained in the drift layer 6 can be controlled.

As shown in Fig. 4, the sizes of a number of silicon nanocrystals 63

can be uniformed in the drift layer 6 of the electron source 10 manufactured
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enbodi ment is utilized as an el ectron source of a display, the | ower

el ectrode and surface electrode 7 or the |ike may be properly patterned.
Hereinafter) a nethod of manufacturing the el ectron source 10 according to
the fifth enbodiment will be described with reference to Fig. 12A to Fig.
12D. First, on one surface of the insulating substrate 1 I, an electrically
conductive layer 12 consisting of a netal film (for exanple, tungsten filmn

conduct | van SERUHARCE ek tais megiretring meliod S EA0B8G, AReEmERM o (e

(ilz)ect ;I ﬁglﬁL congxg‘(e:ﬁljy\é%lgggl tqcﬁgh (on th F‘%gg rglégn %%Itﬁgnductl ve | ayer

sem conductor_| ayer) and a structure shown jn Fig. 12Ais obt ained. As a
met hod of Lpfwigtng flmgrg w%ﬁwespnmogﬂyweﬁw egachreth eésvaram e,

there is enployed a CVD techni que, a sputtering technique, or a

t echni que samrfacehrzedpierEvelst t s amgstdb,nnd&meeieq:rmmeoma] aceerding to(thel ayer 3
has been farnmed, the polycrystalline silicon layex 3 is made porous in the
anodi ¢ oxiftiat iemquﬁmas,sﬁhegelecmpn stattering ingthedrift Japar@®can pelrgdusest al | i ne
silicon layer 4 that is a porous sem conductor layer is forned) and a

st ruct ur e ashromparedRvith th2Bof sheopriaraatl. ThusthealieRictriostrdagtloangr ocessi ng
step, there is enployed an anode oxi di zi ng devi ce conpri sing managi hg nmeans
descri bed electtdre efmisgivh effitiefdecyEnimprodfed; ahd the gervitd lifelisadxtesdedis i n t he
fourth enbodi nent, thexe is enployed a processing vessel 41 (refer to Fig.
18) cont aiFurbet, thedheslane wiiforntity of eleotrBncamissivn dgirattedistcsicande i qui d
obtai ned by m xing 55 w % of hydrogen tluori.de water solution and et hanol

by subst anfiyb¥ed land 4 labge areb@ih b#obthiged! ati num el ectrode being a
negative polarlty and an electrically conductive |ayer 12 being a positive

polarity, whil e Ihitheimesh&aie)in thisCrahhu®sktabingOhetHid, RRb ¥iedvsidrigthi ofe
silicon layer 3, anodic OXI datl on processing is carried out at a constant

current. lthelibhy dFRFBE to ¥ algs&%ameys%mi ﬁiyle'r Bethk '1]&, 6 RBudiédtfducfor S

formed. The thus formed porous”pdlycrystalline sil |con ayer 4 contains
pol ycryst t h
enbodi man'i1 %‘i’éﬁ%tﬁ‘bgb%&@%?ﬁggﬁ g r yé%&f%]&weﬁgs I co agnélrtﬂg SleJiFrade

porous, onh¥ PAldn 8&6{]@&%&’% il%%he n%%ts mfe%ﬁ%n d?‘ thé rdntfpfa}?eqcbd 'a%

oxi dat i on processing s as term na
shown in Fig. 4.

However, as shown in Fig. 5, the wavelength of light may be changed
from a long wavelength side to a short wavelength side based on an elapse of
time after anodic oxidation has started.

In this case, as shown in Fig. 6, the size of the silicon nanocrystal 63
can be changed in the thickness direction (vertical direction of Fig. 6). (In
Fig. 6, the size of the silicon nanocrystal 63 is reduced as the porous
polycrystalline silicon layer 4 is deeper in the depth direction from the
surface of the layer).

As a result, as shown in Fig. 7, the size of the silicon nanocrystal 63
in the drift layer 6 can be changed in the thickness direction. In an example

shown in Fig. 7, as the drift layer 6 is deeper from its surface, the size of the
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pol ycrystalline silicon layer 4 is oxidized in the oxidizing step. In this
manner) a drift layer 6 consisting of an oxidi zed porous polycrystalline
silicon layer is formed, and a structure shown in Fig. 12C. In the
oxi di zing step, the porous polycrystalline silicon layer 4 is oxidized in
accordance wth the rapid heating technique. In this manner, the drift

| ayer 6 containing the grain 51, silicon nanocrystal 63 and silicon oxide
films 52 and 64 is fornmed. In the oxidizing step using the rapid heating

t echni que,sihcdmnpnoenystdliG8y(cdestatiiné paringe sjze i&seduceghe(}mthe otherbodi ment .
An Oa gas atnosphere is produced in a furnace. The substrate tenperature is
ri sen at daddhedamdgad betweserathe silicos aanetxystdly 63fisrednenbheth80C | sec)
fromroomtenperature to a predeterm ned oxidization tenperature (for
exanpl e, N9EhallineGarticludisé tioredsdsor Thyy, thletletiiofdldappliedto the time (for
exanpl e, one hour). Then) rapid thermal oxidization (R TO is carried out.

Then, the glibsd bride fileipeiaielatively 1086F etitieosurfad didapetiad diift lalyer he
fifth enbodinment) the tenperature rise velocity is set to 80C / sec.

| dowevex, Pserafore, e itfrdviithédt G1e&troR Riniséibf chafRaealktts duk:6 avel ocity
may be set to 80C | sec or nore, and it is preferable that the velocity be

set to |6Q6edct 985 RrodBPelectrit f6ld ¢4ifbEekpbctbdy €In Fif1as dféleciBhisd, the
first thi%@f‘f°|m|aye°rﬁgc)on§?§ing Lt belekpb fi|n’§1(%§1 FiTmin the fifth
embodi mentg, . {tse GBS on the drift layer 6 in accordance with the

el ectron 5%3A$%ap§9§%e osition technique. Further) the second thin film

1 SO A AP OB LRI o
consi st ngptbid R RQe e S R PR w Ry e BE A SHESHOR T | ayer 1

f d, d | egt . 10,sh in Fhg. 12D i bt ained., In.th

fi1th enbodPRERPETE S e dlver deYiFoda may bE chapRed: TRPRCUURURE M th t he
| ect b itd t echni . Hawever, t hod of f ' th
surface ol @RI PG atier steEdng nonic wrdetipnn Dulnsaseesaedbas ton
t echni , d, . tering techni, b d f o

i 5 manniOwR i Fihch 1 1BPIAP of CHRILPaR: DN PHY T AL P ERAGHH ELtbED

accordi ng aéj;th_err‘nodimsnt, t he size i stribution densi

Q the f nd . ty of
si |'i con nakdeinessdizedtipn. n Asa rgsilt; thesize oft mnognmwlf%?mtge
Therefore, _electron scatterixig in_the drift | ayer 6 can be reduced. As a
resul t, thd&rifhlayerbcan by changed ingheghickrpssdirectignps showrin Fég T.ife can
be extended. Further, the electron em ssion _e~ciency can be inproved, and
the in-pl ane uniloadditipnops shewrrionFigndsin ediushmeibecyaveleneth oflight
improved. In_ addition, an area for_the_electron source can be increased. In
t he fourt reraided to the pplystwsteHing siligendayen 3 thatds & semicopduptordayers 58  an
oxi di zed porous polycrystalline silicon |ayer. However) the drift layer 6
may be confhsswdvelengtinpf thelighbemitteddb the polyurystalline silicon laperd may an
oxinitride porous polycrystalline silicon layer. Alternatively) this |ayer
may be conpoekangdd basedodmarchangdan time rafbe)starting anodicraxida then seithat
sem conductor layer. In the case where the drift layer 6 is a nitride
porous pol ther arystdllineasticlecsive bfifies siliche meanveyystael 63rpowsindonsle nitri di ng
step of nitriding the tenperature rise velocity in accordance with the
rapi d heatéhmhgesahtbgthiclaiess dirdttioiofithu polyarpstallihé bilkehddyerst s
enpl oyi ng an NH3 gas) fox exanple, instead of the oxidizing step of
oxi di ~.ing the pBydetmPehigcayshewhiinarigl 10Cche digy 6f the silicas HAhdaRSealW t h
the rapid tenperature rise velocity enploying 02 gas. In this case) both of

the silicogs exh®e cohtrdlleddvithdodd cohfotlabilftyrintthethidéfesS MiAichiof shei | i con
nitride films. In. the case where the drift layer 6 iIs

porous polycrystalline silicon layer 4.

The above described filter device 45 is employed so as to change the

transmission wavelength. However, an optical filter composed of an
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an oxi-nitride porous polycrystalline silicon layer) the oxi-nitriding step
of oxi-nitriding the tenperature rise velocity in accordance with the rapid
heating technique set as in the fourth and fifth enbodi nents enpl oying a

m xture gas of 02 gas and NH9 gas, for exanple, nay be enpl oyed instead of
the step of oxidizing the porous polycrystalline silicon layer 4 in
accordance with the rapid heating technique. In this case) both of the
silicon oxide filma 52 and 64 (refer to Fig. 4} are obtained as silicon
oxi - ni tri tefrarédeutting fitter amdud altraviolet cwstingdilbexGrldngepass filtey) fwasr t h and
fifth enbodi ments, the silicon oxide film®64 that is an insulating filmis
f or med by beténhploived. t Bg enaplogirge atéhngntoptical filter, avivecrense ftheelscitty obn oxi de
film®64 may be formed in accordance with an el ectrochem cal nmethod. In this
case, for agwdigédxddation duediozntémmperutace ssengused belarcinfradediray that

el ectrolytic 59 solution (such as 1 nol of H2S04) 1 nol of HNO3, or aqua

regia, foxqo8¥agPkstribut8tslmiRihg JoXdUs the tﬂal;a:r?é@mﬂy BRloadhyeds chnot
shown) being a negative polarity and a | ower el ectrode being a positive

polarity, bR eefiddtan W hiSh SViRR ity 2Get TRaRGheWHidRl baidgagl | 1 ne
silicon layer 4 is té?(i i zed)gv\,her eby theg}(’jri te | ayer 6 cont ai ni n% ]?he grain

51, silic mfer J 1 J rmed. O
cour se, t%gnl nsu g%lﬁ%hlg ?ﬁ?‘?@f%@jﬁ Enggﬁé‘ro gar%{:dehgmﬁf %lﬁfelqg’lta@(ﬂl?gg{:tﬁem cal
met hod ma o B i Lgsl(}-n@?a&' |4 idgii de film
(Sixth En%é‘%?“ﬁﬁ%%%@?ﬁ%’?t er,i’gﬁgiéd?hmé‘%bo I ment Ido’%a‘&?ﬁbgg:c#(%lsent |

enbodi nmen s j . I SO 3 t hod of
manuf act u%?l%ﬁig‘}!léeé el C%I&%ﬁsg(?gr a?gg}%?’r?gl %]I(?)(i Pﬁgb)'si ﬁ%ae odiqtrrgt axe

i denti cal

t 0 those accordin he first enbodi nent in, basig configuration
and funct ?8%?&’?% ats%(%0&@33m%§eWﬁq%%g§§sﬁ%ﬁsm% rt&eer ence to
Fig. 2Ato,Fiqg.,2D and Fig..3.and,,HQg. 4. Int i Xt h. enbodi nent, as in
the 1iv st WiHRNRERYS: slecHiongil Borshit dusmim cinehe SoMAlPoRES o fEr o | <
enpl oyed a.single-crystall.ne n-type,sjlicon substratg (f.or exanple, a
(160)” sundistattieion ol e sbied maroliGeaLeh 66ns: aTbySofhsisi@e of o Lo 0, 02 57
cm) whose resistivity.is .conparativel ose to that, of a conductor. As
chbun i n digrbtion. of the gk PaRoCUR Lo Goaba bt BOTaHS i xt h
enbodi ment as wel ) as._in the first egbodi t n-fype.silicon substrate
1, an ohmPé’?Séqré‘%"t @ sthicog lgyer ¢ if 59@?3&) gon ngﬁe%r ?ﬂh?’&@eg‘é@é‘%ﬁ%@‘?ﬁare
formed. A structure and functions of these elenents are_simlar to those of

the el ect BOlPvseReLy companentsugl asonfrared rayds ineludeddm dighh equtteditot i on

t hereof is_ 60 R ) )
the polycrystalline silicon layer 3, this component does not contribute to

making porous the layer, and causes a temperature rise in the electrolyte B
or target C. Thus, the etching velocity in the crystalline particle field of the
polycrystalline silicon layer 3 increases, and the porous structure of the
porous polycrystalline silicon layer 4 is made non-uniform. In addition, in
the case where a high energy component such as ultraviolet ray is included,
the etching velocity increases, making it difficult to control the porous
structure of the porous polycrystalline silicon layer 4. To overcome this
difficulty, the infrared ray and ultraviolet ray are cut so that only the light
contributing to making porous the layer is emitted, whereby the porous

structure of the porous polycrystalline silicon layer 4 can be obtained

33



omtted here. In addition, as showm in Fig. 4, in the electron source 10
according to the sixth enbodinent as well, electrons are emtted in the
mechani sm and nodel simlar to a case of the first enbodi ment. Hereinafter,
a nmet hod of manufacturing the el ectron source 10 according to the sixth
enbodi mrent wll be described with reference to Fig. 2Ato P ig. 2D. First,
the ohmc electrode 2 is formed on a back face of the n-type silicon
substrate 1. Then, on a main surface of the n-type silicon substrate 1, a
non- dop edompstanclyystBdsides the Hfil torrddvigeed5 mayshbé comstructed at eithier ofidhet or

| ayer, and a structure shown in Fig. 2A is obtained. As a nethod of film
form ng t efrpedd/ edy shtting fidtesidndcalirdviylet cattihgfileeranpl e) there are a CVD
techni que, a sputtering technique, and a CGS technique or the like. After

the non-doped pohYEeubboat!deseribéd ef@mpldetunysbas 148p s b d 4é1¢the
polycrystalline silicon layer 3 is nmade porous in the anodic oxidation

processi ngiohk @Burded4.! hH%vJéQ'@{"ea[ hF f‘@ox&%b‘?ﬂ% Iﬁghﬁﬂ{ﬂéﬁiﬁid ligie ?’bx‘ icon |ayer
4 that is a porous semiconductor layer is forned, a structure shown in

FS.g. 2B 'e§aﬁ1'%‘l lﬁ@é’r) 1!3 Rrifleyéd adithe ﬁ?ﬁ%&h% A C’v?ﬁ’ér%b?%héb%?od there is

enPoned an anodi c oxi dation” processing vessel containlng an electr?Iyt;c
ﬁfy’d‘r;é'ggﬂl PRy SRt} S1Ronaht ih SObicHAE SR BREnoYeIdbRa fhe agﬁen,
htypo o PrESBERECt %&‘*%‘% °3“ﬂ@¢%é?§;§9h%fﬁ%g@# “gg&%*eoéé.#%& e
olartiy. W ghivefal %lg%ahgg“ege 1 B% SEER AL ne

silicon |ayer’ on i's°C g'tons nt current. In
L e s i
;?ISngil ?HS %Wﬁﬁiﬁﬁ%&ﬂ;‘&ﬁoﬁwﬁ ﬁgﬁﬁnfﬁqeqs Qﬁlﬁrﬁé y ﬁngggal Ii ne
por ous. A Sé?r %he&ag&‘gﬁ%ﬁﬁ’o 3 ﬁﬁ?&pa glys%’@ﬁtqgéo%%yh& t he

ri nse

source 44 to the polycrystalline silicon layer 3, whereby a temperature rise of
the target C or electrolyte B can be restricted. In this case, the size or
distribution of the silicon nanocrystals 63 in the porous polycrystalline
silicon layer 4 is easily controlled.

(Second Embodiment)

Hereinafter, a second embodiment of the present invention will be
described now. In the second embodiment as well, an electron source is
manufactured by utilizing anodic oxidation processing. However in the
second embodiment, as an electrically conductive substrate, there is
employed a substrate in which an electrically conductive layer consisting of
an ITO film is provided on one surface of an insulating substrate consisting
of a glass substrate (for example, a quartz glass substrate).

A shown in Fig. 11, in the electron source 10 according to the second

embodiment, the drift layer 6 consisting of an oxide porous polycrystalline
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step of renoving the electrolytic solution that remains in the poxous
polycrystalline silicon layer 4 is carried out. Then, the porous

pol ycrystalline silicon layer 4 is oxidized in the oxidizing step that is
the insulating filmformng step. In this manner, the drift |layer G

consi sting of an oxidized porous polycrystalline silicon |layer is forned,
and a stxucture shown in Fig. 2Cis obtained. In the rinse step) first,
rinsing is carried out for a first predeterm ned tinme éfor exanmpl e, about
several nisicoadayer isfornediansan elachripalle cordustivelager 12 andhgdrsylgtingp| ace
pure water, imersing into nethyl alcohol that is a water sol uble organic
sol vent (lybistrpte Lic Thgawirfacedlectnede 7as farmatomdhe deifelayeribaedntthee (f or
exanple, about 1 to 5 mnutes) is caxried out about 3 to 5 tines.
Subsequenségond embodimgnt, the eldvaticaly @onduetive¢ lryes dRuonfiguresmailewen| vent
for the third predetermned tine (for, exanple, about 1 to 5 mnutes) is
carried oglectivadel THerefortjitethe fevondwatlesdigminstisewel} ohiei surfadevent ) there
may be enpl oyed et hyl al cohol (95% ox nore in concentration) or isopropyl
al cohol ( eRfstrrdenPiop positescthierlowes Rlecarslld, aadl thieadrifi 3apads & enpl oyi ng
met hyl al cohol (99% or nore in concentration). As a nvn-water soluble

organi ¢ seohteepbsedberRsEn oW ér tledtPéde hiid ¢hBsaacaelcetodesy, he enpl oyed
i nstead of enpl oyi ng hexane (96% or nore in concentration). 62 In the

oxi di zi ng ceh&RucHbn @FtHE 281208 cRIcBAARST NUsiWERSClo HAR LRSIy 86 tIes Bedtr ol ytic
solution (such as diluted sulfuric acid ) diluted nitric acid, or aqua
regia, fo%nﬁ%ﬁﬁﬂﬁﬁﬁ- Wth the platinumelectrode (not shown) being a
negative polarity and the n-type silicon substrate Z (ohnic el ectrode 2)

oo ove”obryor v AR B Al S B RSP,
63 an"‘é‘{‘:%%%%n &?’léj%ﬂé.sr nf%;efggﬁﬁi%%“{‘%%%ﬁ%%ﬂ %%ﬂ%%ﬁooﬁ%oa%%@??%‘gf The
. o _ 4 . ' i _
B O SR
anﬁeal i ngttbs\gr}l{%"e&?%r#%zgagﬁﬁ qlrg&gcagy 28 ngﬂe ;@Fﬁg@q 54 h@%? 19 ace w

el ectrode 7_gonsistan f agoldthin film.is formed o he,drift |ayer 6,
2nd the. crbEiaEs el&s RS Bodnimosive g poBiLS CughiateatiaD eldvantia,
enbodi nent., the su;ﬁace glectrfde 7 is _fornmed i.n accordance mﬁ%&vthe

el ectron BBgSIerERsALY copdnetvelayez i ol £on spyxree i} HEQTGREYr ni ng

t he surface el ect od% 7.0s notlid?te to the el ection, begm vapor

deposi t i ofBeSesnYembodiment ap e @Pfée?‘é“%ﬁﬁ& oraitted s hoe 839B8) f or
exanple. In the nethod, of nufacturing the electron source 10 according to
the sixt h TRARRRK AtHRat inthe; %ﬂb‘?%-F}ﬁMg iﬁ@dﬂlﬁl‘?% 3 sipuetwreiand udes: the

anodi ¢ oxi dation processing step of formng the parous polycrystalline
silicon | on ?M@BM@%@@JWM' tbﬁdh% I@s@rd%pf) the eleptropiseyrem10
electrolytic solution;, the rinse step of renoving the electrolytic solution
that renmnidgeonding e the secendembedimment arewimilan wothose pecording trithere
insulating filmformng 63 step of oxidizing the porous polycrystalline
si |i con | &yet embodimenb yrefemtd Fig.iddsul ating filns {silicon oxide filnms 52
and 64) respectively on. the surfaces of the grain 51 and silicon
nanocrystal 63. Ifithe)casbevisrethe @lgdtion sokrcei inaording toithe sebaid r enai ns in
t he porous polycrystalline silicon layer 4 forned in the anodi c oxidation
pr ocessi n@enshosiimmt ibatileredvaecab efeetion svrce sf hatisplayf thelohanralegredecp. | n.
addition) the quality of the insulating film(silicon oxide filnms 52 and
64) for medraarfdre dottrode7ehdtheibenidybe pattephed.ne grain 51 and silicon
nanocrystal 63 can be inproved in the insulating filmformng step. As a

resul t, the di el[Bedeinaftst, riemetodbf inzendhenirirontlsoelectton @otdde P& i nproved,
and the service |ife can be extended as conpared with the prier art. In the

rinse stepkc@ddifg tb itheisBeorbémnbolithen Wik be ddsBribad vAtR keftratcd W Fiyat er
sol ubl e organic solvent is carried out. That is, before rinsing with

non- wat er 190 gy Si@IMIti on, rinsing is carried out with pure water, and
thus) the remaining inpurities such as fluorine can be renoved within a
short tine. Moreover, before rinsing with non-water sol uble solution,
rinsing is carried out with pure watergsand further, pure water is replaced
wi th water sol uble organic solvent. Thus, by rinsing enploying water

sol ubl e organic solvent, the water content remaining in the porous
polycrystalline silicon |ayer 4 can be renoved fromthe porous

pol ycrystalline silicon layer 4. As a result) the water content can be
remained fromremaining in the porous polycrystalline silicon |ayer 4.




In the sixth enbodi nent, as a water soluble organic solvent, there is

enpl oyed a | ower al cohol such as nethyl al cohol, ethyl alcohol) or

i sopropyl al cohol. These al coholic solvents have a small nunber of carbons
in 64 nol ecul e, and are relatively small in nolecul ar weight. Because of
this, these solvents easily perneate into a fine structure (fine porous
structure) such as porous polycrystalline silicon |ayer 4. Thus, the water
content remaining in the porous polycrystalline silicon |ayer 4 can be
renoved within Firsippn anatsurficp oftibe insulasing\sthisiratalldomlbe elestmealier abl e i n
smal | nol ecul ar weight, but is not preferable in toxicity. Therefore, by
enpl oyi ng cehButtiae tayenl 12 cmisistthg bf thet HHO fdhrcisHormelddndicoordamte tveith
facilitated, and safety can be inproved. As a non-water sol uble organic
sol vent) tthersputterdimpteeliaiqws) sovdyam efectritaidy tovdwstiveomibistrgedsi nt does not
exceed 100C and whose nelting point does not exceed 20C such as hexane or

benzene. ybHcad SAHEN, enthe@anhin §@HYed bideXoithbleYectaically kéndadtivecasi | y
evapor ates. Thus, the non-water sol uble solvent can be prevented from

remai ni ng 15?e1t 19 AaheUle®PlcillyohalibtiPe sabstraty) al @aiﬁao{}ed bolyReglithilpy there
is no need 1o prepare specifiC environment or équipnent Iin the rinse step.
Thus, an i

be preventsggﬁ(ﬁl?%g\?iér?ti%?%gg}aﬁnt Egrﬁtei}lﬁ%?? gfell?)aénfggé:/éedrﬁu %@ﬁ&?&ﬁe@?t 01(‘: a? he
Cevent h gl pans ORenaf, CRR o OF O (o L R R A e o
cont | gur atPER S POl B fab B2 AERREARCRY IRRRGe. iRiering oy 1y 11
ranut act utePaslendha T08 hftniiRe tbeleni f enbodi ment have & plenty of
Cevant h' enbod et G S5 oeed BobdrraEhe MRoS 255 SRR hefs nubBti o

of " ot altBBMANCPBeLaRa MR 1AHAE 808 M ds Rotousdn pecoAdagee B eur f ace of
The. of oot rAR ROBHTBRITIPISHy At A BRTEPToRORBRAS f ace si do of ¢ he

i nsul ating substrate) a.larger area and cost reductioon of the e]ectron
sour ce isn@wa Bl %W%&r‘g&tﬂ P OEORHSIMICondMPty layeinformadct or

substrate is_enployed as an_electrically conductive substrate as in the
si xth enbc?eﬂd@ggmckgr%ﬁmwm&gglmg Ogﬁimﬂ el ectron source 10 accordi ng
to the seventh enbodinent as well) as is substantially simlar to the
second enbodi ned) anpde exigdizingalevaer shown inFigi Hyisemplaygddnithe anedic -
electrically _ conductive layer 12, a drift layer 6, and a surface el ectrode
7. The st roxedation pnocessingsteps 4fbasiecensiruciaon of theeanods bxidizingt hose of
the el ectron source 10 according to the second enbodi ment. A description
t her eof i Jleynde sheaimin Fig.l 18 isharhstantially identical toGhe @noddioxidizingt he sevent h
enbodi nrent as well, electrons axe emtted in the nmechani sm and nodel
sinmlar tdlevieeaamondingite thediust emtindlilnent (refentd Fip. d)s eHolwaver the el ectron
source 10 according to the seventh enbodinment is utilized as an el ectron
sour ce of falldwhpt pyinttibdiffensat. eThat igdelightisaurcé 4Gas dispdseddea theor t he
| i ke may be properly patterned.

back face side of the target C. In addition, a filter device 48 capable of

changing the wavelength of light is disposed between the light source 47 and
the back face of the target C.

However, the light source 47 is similar to the light source 44 disposed
on the surface side of the target C. In addition, the filter device 48 is

similar to the filter device 45 disposed on the surface side of the target C.
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Hereinafter, a nmethod of manufacturing the el ectron source 10 according to
the seventh enbodi ment will be described with reference to Fig. 12A to Fig.
12D. First, on one surface of the insulating substrate 11, an electrically
66 conductive |ayer 12 consisting of a netal film (for exanple, tungsten
filin) is formed in accordance with a sputtering technique, and an
electrically conductive substrate is fabricated. Then, on a main surface of
the electrically conductive substrate (on the electrically conductive |ayer
12), a noNamel#dinthe angde axidiziagstep oothe sgrondrmbodimentelight is

sem conductor | ayer, and a structure showm in Fig. 12A is obtained. As a
met hod of efmitted ffoomiboghtshdesiiol the theclahéssrdiradtiancefrthesazgetsC. f;r exanpl e,
there is enployed a CVD technique, a sputtering technique, or a CGS

t echni que adAitiaar, & wavelength gedtroley deyise 46 domdrals the Giltaraleyices 45amndeen
formed, the polycrystalline silicon |ayer 3 is made porous in the anodic
oxi dat i on4freachse thiaéphe trarsmissionnwaveélehpthspofdmth Silpe devigest 48 Andd8si | i con
| ayer 4 that is a porous sem conductor layer is fornmed, and a structure
shown i n Brrgidentital to eathiotleek. | n t he anodi ¢ oxi dati on processing step,
there is enployed an anodi c oxi dation processing vessel containing an

el ectrol ytic soffWekafors,hathaebedm desceibed ifi thietixst lenthdimeht annde dasei xi ng
55 wt % hydrogen fl uoxa.de water solution and ethanol by substantially 1 :

1. Wth awidabithd s GaissRifwalBlento WP thdAlfeY daviteaf ish aiged bak¥d and an
electrically conductive layer Z2 being a positive polarity) while |ight

em SSi on of £PEIAPSE oPtimd Aftel fagmeﬂ! HEAYBLA hlasMRaftell! S traR¥Rlisston 2N0MI C

oxi dation procesSing is carried out at a constant current) whereby a porous
pol ycryst j bl A A8 4s baalfi8' poiatite)

pol ycryst 3%‘{%@&%@% ayer ﬁs 'ﬁ%gl lgfﬁgegﬁgsés?ﬁgggﬂn ~t'Cﬁbocr ystHa sert hat

are sourcegg, C‘;’H&agéﬁhﬁs‘@‘ﬁ@%ﬁ[Sg‘bitﬁﬁgepo Sk ?gg‘, a4 Ghively. In the

sevent h enbodi nent, oug ycrystalTide silicon layer 3 is

d . t . L h di
oxi dat 1 on SRR Eb b ed o bR Re HRcA R Rigp Jp9 01 07, T ©
pol yor yst S1RT ek KT EeRcFade S ABIotY o 28anPHer td BRFAF &t FOPRiEh that i
the i | at | fidmf ' dt ift | 6 i St.i. f th
oxi i 7od BEPUEE HRf pRPYE pRRGRHERLs Tieeby sheporend BovemsalPerlittuct ur o
shown in gélgf‘g‘éﬁﬁ i s ,obtained. In the oxidizing step, an oxidi zation

S

processin °€B‘ﬁf’ai ning an el ectrolytic solution (such as diluted

sulfuric acid) diluted nitric, acid), aqua regia,. for exanple) .is enpl oyed.
Then, with a pl g?itﬁﬁm%#%’ﬂeoﬁbt ‘?16?0%%@%9}'1%83i%t& 'GL l%taf;%y and

an electrigcally,conductiye | gyer 12 being a, positive palarity, const ant
current i §ﬁ§ ﬁﬁﬁafz% ﬁ}fea?ﬁf:ﬁﬁﬂoqé‘é‘?yéﬁéhﬁﬁls}& 9%&@\/?918‘:6@?]@&? qﬂég;g;(alayer s

oxi di zed, whereby there is fornmed the drjft |ayer 6 containing the grain
51, sili cédSﬁ&H&{qd)ém tb@g%g}afrﬁPlB-‘Fﬁ Addn the palycrystatlimesilican dayerd} that t he

drift layer 6 has been formed) the surface el ectrode '7 consisting of a
net al t hi &S Risemicenduntorlayes, and thusfa hpleyean e effiviently suppliedon sher ce 10
shown in Fig, 12D is obtained. Tn the seventh enbodi nent, the surface
el ect r ode srrface sigenefthepadycrystalline silicin kayer 8| e Howeverpwhendher depositi on
techni que. However, a nethod of formng the surface electrode 7 is not
linited toolyveystialline silicoedayends nmbdeonité pordusc tiné han)l gaprinereawps.e, a
sputtering techx~i que may be enpl oyed.

Thus, larger energy is required to make the layer porous. Thatis, itis

required to reduce the wavelength of light. When the wavelength of light is
reduced, the light invasion depth is reduced.
However, in the anode oxidizing device of the second embodiment,

Lights are emitted respectively from both sides in the thickness direction of
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In this manner, in the method of manufacturing the el ectron source 10
according to the seventh enbodinent 7 as well, as is the case of the sixth
enbodi ment, the step of formng the drift layer 6 includes the anodic

oxi dation processing step, rinse step) and insulating filmform ng step.
Thus, an electrolytic solution or the like that remains in the porous 68
polycrystalline silicon layer 4 foxmed in the anodi c oxi dation processing
step can be reduced before the insulating filmformng step. In addition)
t he qual i the pbravssilinenlayérd) thivs ensidy madong dhe pelycrystallize silidosdaydror ned
on the surface of a respective one of the grain 61 and silicon nanocrystal
63 can be 3ipmovayedThat id)énithe ahatle ogidizing device ofghetsepond embodirhent, a
dielectric strength of the electron source 10 can be inproved and the

servi ce | iHobe €20 bbefRefentifamipplicdwiPbsthcsides in thethickoessadirection dfthesi xt h
and seventh enbodi nents, the drift layer 6 is conposed of an oxidized

poxous polpgpferFétallihe&ilidoni 1698r BIWE k- surfaRthe palyery stadlin &Bilices 18pswosed

of the other oxidized porous sem conductor |ayer or the nitride or

oXi - ni t i gea PP hYASFRRGpposfddb e ls@¥ice). TMPHud, Sveh in thB@aséd WharafHe Sevent h
enbodi nents, although an insulating filmformed in the insulatang film

Mg SYBRRSSof hd HACENHARLIS Lok P ko Pdcbig oTpOSec
si i con nighbitfleeddilecdbo@ OBk b draaldriging WP iehts shidse@n Oxi-nitride

film The silicon ri | mox silicon oxi- mi1s enpl oyed,

wher eby t | j th- age I wth a
case of tAesEicrvER} Eigth BobF Bed 1k 3h BHFEGRRS el A10h O PR BEIRETRALSE:
oxi-nitridg.filynand theslike.ma e far in.acxerdange with rapid

t her mal oXi O?altaiy‘c?ﬁ. W%%%‘%C ’f?dmé"gg'ggfbﬁ s&?%oogitﬂ'gr’?ﬁfcoaol d is enployed
as a materjal for surface,el ectrode 7. ;Howeveyf., aklum nu hr.o

Cungst en. Tiogbiotals b3, S eeRa i, Bt O oS lina b BnIATr Sl ehc e

el ectrode 7. . C S of at |east twa-| ayered thin fikm|ayer
epos! ¢ ed Uatted i e ackprseabroct ot theafiond poliayiraline Slithnc

el ectrode,[7 is,conposed of a twolayered thin filmlayer, for exanple, gold
or the Iill%y?rs‘l-enpl oyed as a 69 material for an upper thin filmlayer. In
addi tion, chrone,. nickel, platigum titani um or .indium, for anple, is
enpl oyed as a ittt tyis pigodic 9 POFWHCQ‘Sﬂ%ﬁ&?é}“(@W?Wdﬂﬁ%yer at the
drift layer G side). (El.ghth_Enbodinent) Hereinafter,_ an gvi,sﬂﬂtg enbodi nent
of the prd&9Epes pelysHy epilicopdayrrst i erddizedinacserdazgepithdheand a

met hod of manufacturing the electron source according to the eighth

enbodi nentoxifigingisiep; can this mesner atheodxiftlgyen 6 wcapsistingrof anperafizedt in

basi c configuration and_functions. The eighth enbodiment will be described
with ref exxonews polyerystalline silicpy lapey isfarmpd, and arsirymityre shown in Fig.

12C is obtained. In the oxidizing step, the porous polycrystalline silicon
layer 4 is oxidized in accordance with the rapid heating technique, and the
drift layer 6 containing the above described grain 51, silicon nanocrystal 63,
and silicon oxide films 52 and 64 is formed. In the oxidizing step using the
rapid heating technique, as is the case of the first embodiment, a lamp
annealing device is employed. An operating condition such as atmosphere
or temperature in this oxidizing step is similar to that in the first
embodiment.

Aftex the drift layer 6 has been formed, a first thin film layer
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In the eighth enbodiment, as in the first enbodi ment, as an electrically
conductive substrate) there is enployed a single-crystalline ntype silicon
substrate whose resistivity is conparatively close to that of a conductor
(fox exanple, a (100) substrate whose resistivity is substantially 0.01 SZ
cmto 0.a2 S2 cm. As shown in Fig. 3) in the electron source 10 according
to the eighth enbodinent as well, as in the first enbodinent, there are
formed an n-type silicon substrate 1, an ohm c_electrode 2, a drift |ayer

6, and a semsiseag«facmetaldayer (Crilmdn phe sgaend embodynenbrisdepssited enent s
are simlar to those of the electron source 10 according tQ the first

enbodi menon thedbifidapex 6in ageordance withithe elechrondeam vaper depesitia shown in
Fig. 4, in the electron source 10 according to the eighth enbodi ment as

vel |, el esecloniquer eFunthared second thimsivacossisting ofaduktaliftim fhu fidmancase of
the first enbodi ment. Hereinafter, a nethod of manufacturing the electron
sour ce 10 tH6 secomtembodiment)tihdepogibed onrthedirstthinilm lagerdascri bed with
reference to Fig. 2Ato Fig. 2D. First, an ohmic electrode 2 is fornmed on a
back f ace agtordaacevhyipehs ieléctxm bedmtvapioe depodibion)tecknigue. ndnrthisur f ace of
the n-type silicon substrate, a non-doped polycrystalline silicon |ayer 3

i s fornedpigniers ehe capfice edéctrdieet omdisting Hf thie Husethin divm layelriagnd the i s
obtained. As a nmethod of filmformng the polycrystalline silicon |ayer 3,

for exanplsgeodd'€Hi® filin ¢aRRArAY ForreEVANd BEOBlRHDN SHuTEs! 10 Bhowa infRiENI que, or
a CGS technique and the like. After the non-doped pol ycrystalline silicon

llayer S harppeshthdidied. Inf {He RRbNE NficHilnene, fe daPike d¥&irode 7SsMade porous
in the anodi c oxidation processing step. In this manner, the porous

pol yCr yst T8 i lcbd@ank@¥ith hé BRctrop Bedif Vatr A8foaARH LRIy Cr 15
fornmed) and a structure shown in Fig. 2B is obtained. I'n the anodic

oxi dati on eS| {ﬁ&-ﬁ:ih. HFIRH i ( processi ng
vessel cor%tp(é‘?m ng’;'ag% le%teggc{drg ytrc égﬁg{g%lg%&gﬁg% cong'g?gé%%sglﬁirhxt ure
l'iquid obtal - b Xk Snéﬂdf' i ion and
et hanol b%ﬁg%gft%F%%g&y%e é_w&frl]o Wi @?ﬁﬁpgﬁﬁﬁ%\aﬁg@ﬁ?‘ gZégle né) shown)
being a neggative pokarity and,the n-type silicon substrate 1 (ohmc

el ectrode SR gelb?%ﬁ?’il\y%dﬂdflﬁ?i ty) while light em ssion is carried out

or the polycrystalline silicon,layer,,3 nodi ¢, oxi dation js,carried out at
a constgntycu)r/r {t01g Ppanper, ﬁ%%%#etgogd’?éﬁ@ 6‘9?‘953'}3? F“er‘fgm?i FAEEH | ayer
4 is for . The,thus forned porqus,.polycrystalline sij,Jigon | ayer 4 has
grains arr:‘é%s‘i‘qcf){:qmg ﬁ%&%‘r‘&?%ﬁ@@ﬂ?&'ﬁ&?ﬁ as%‘ﬁrtggscaﬁ? ‘ﬂ*ée @F% n él and
silicon nanocrystal 83, .respectively. In.t.he sixth ephodi nent, ,al though all
of the pol %%Faﬁqtiﬁbeﬁl??i°g§hsﬁr§9’é¥°‘%°€ eaﬁe?raﬁgg,]saavgﬂlaeéav & 't he

~1 | ayer may be, nad or ous.. . .
y poroﬂ/s pglycrys e giilcon layer 4 that is a porous semiconductor layer

can be controlled. In addition, the porous polycrystalline silicon layer 4 in
which silicon nanocrystals are distributed to be continuously connected to
each other can be formed. In this manner, the size or distribution of the
silicon nanocrystals 63 contained in the drift layer 6 can be controlled. Asa
result, in the electron source 10 according to the second embodiment as well,
as in the first embodiment, electron scattering in the drift layer 6 can be
reduced as compared with the prior art. In addition, the dielectric strength
and electron emission efficiency are improved. Further, the service life of

the electron source 10 is extended, and the in-plane uniformity of electron
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In the oxidizing step, an oxidization processing vessel containing an

el ectrolytic solution (such as diluted su3furic acid) diluted nitric and,
aqua regia, for exanple) is enployed. Then) with a platinum el ectrode (not
shown) being a negative polarity and an n-type silicon substrate 1 (an
ohm c electrode 2) being a positive polarity, a constant current is
supplied, and the porous polycrystalline silicon layer 4 is oxidized,
whereby there is fornmed the drift layer 6 containing the grain 51, silicon
nanocr yst emission gharadqteiistios sdnapraviednw hezebsna 1 avger Bvealepn thenalitainted: i ng

met hod according to the eighth enbodi ment) during a specified period

bet ween t he anolh thewichatime, iprthedbst 2y dsdeepnd ethtodiéments)ithe dopfsiaer a
natural oxide filin is prevented frombeing formed on the surface of a

si i con ngrHgesmploséd bhtlie b6 dtzetiepdroasPotyystatinoe silivballager. adowbvdry expose
t he porous polycrystalline silicon layer 4 to the air. In the eighth

enbodi menthe QrifPIARYr 6apbeerpdsed ofahe hitri depsxdukipolpdrysialliee 8dicoar ned in
the specified period, the polycrystalline silicon layer 3 is made porous in
the anodi paye¥ial {HoHLKi¢Adsipegoss polycaystalllifdvilicoiayed. | Alfsthatioelyput by
enpl oyi ng al cohol (such as ethanol, isopropyl alcohol, or nethyl alcohol,
for exampi@hnotHdr¥echhittle)the BFE: Rie?YSaP Bl ¥6mposed bf ¢ ofidiz R it d&" I 4 1s

imrersed in electrolytic solution of the oxidization processing vesse

i mredi at elﬁ’gﬁﬂH‘?‘dﬁtﬁﬁgg‘%@ﬁl‘idﬁﬁ‘yﬁ%ﬁrw th al cohol. ~ herefore) a

nat ural oxi m can be prevent being formed on the porous

pol ycrystal linersii ] 1 i Waied. In
Phe el onth embohiih st MRERE e SHRPLARTSR itk SiBur BolveRpdils |
preventing.th oro ol vc al l.ing. silicon |aver 4 fr Lng 72

xposed t 18 PR AGr PRapilel ShEaulifink P28 sVl Put RORAIERY (T oy e
as the atnosphere dufi t he ecified,periogd. t.ernativel t .| east the
por ous poPSetiants Pk B reRaTRlns B Ofor sbaBR A e RS dur f ng

t he specified.peri.od, Toert S isjenpl oyed as,the..at.nosphere ring the
speci f i edvﬁ&qtg'cﬁs Pniedirst aobiecead eﬁ?‘b‘ﬁﬂ#‘%ﬁ%ﬂwéﬁﬂﬂéﬂgi‘@@eﬁ?ﬁ&r om bei ng
formed, and contam patj of the.porous polycrystalline silicon er 4 can
be. fest | EXRmDIeAnstRnd dlahe acilE pER R dRE Hia norors DAY Sy er 4
is maintainped in vacyum a npatural_ oxide fj]mcan be prevented from being
formed, a @Héay%gﬁptqcé%r eﬁ@thégplrfi@f e?%%g‘ﬁé%’-?\{:} E\@z por ous
polycrystalling silicon | gqyer 4 After the drift |ayer 6 has, been_forned) a
surface eBasirByghi Q@ém@wr@ft@e silien axide 5153 and §4rdascahedm F1& drift

| ayer 6, and an el ectron_source 10 shown_in Fig. 2D is obtained. In the

ei ght h enfianerrbipinadnas silicon sitride 8imgd eIy the casy whare thededy layeebifi th t he
el ectron beam vapar, deposition techni que. However) a nethaqd of formng the
surface ePBC¥dHEride paroph rolyesvistalling siHeomlaver, St g sigpsi ti on
techni que, and a sputtering technique may be enployed) for example. In this
manner, i AxXt-peridipgdhesempenaturemisd vieloeite i peeardence wikke thertanidcor di ng to
the eighth enbodinent, the step of formng the drift |ayer G includes: the
anodi ¢ oxheatingrtephnismeson getting the tdroperatyre nise yelasity gsoiny/thefxssiandne
silicon layer 4 in accordance with anodi c oxidation; and the oxidizing step
of oxi di ziseepachembodimentsdiy utilizind himixtaré gaoof ODages and NWHggabyorf or mi ng
the silicon oxide filnms 52 and 64 respectively on the surfaces of the grain
51 and si lalteenatisaly; N.E gdssm@y. beélamployhd inste sl sfthei step df pridizdgitheween t he
anodi ¢ oxi dation processing step and oxidi zing step, a natural 73 oxi de
filmis ppeyews polytrystaliriengjlited I®gbronin hecordahecwithf thiewapid heating
nanocrystal 63 so as not to expose the poxous polycrystalline silicon |ayer
4 to the aechnidhes) Inlthisngst hthesgiicen ol flenis 52 anedt G dasdritredawitili ¢

oxi dati on pxocessing step and oxidizing step, a natural oxide filmcan be

prevent ed résgues be Mg, 4 BotEdrOsbidifed akfsilt@nidxitdieride filee@n nanocrystal 63.
As a result, the quality of the silicon oxide filmformed on the surface of

the silicon nanggragdi@bn GRtHRCmE RS PYER dpufhdtarig theZdlBetrsh @Burden thi s
manner, the dielectric strength of the electron source 10 can be inproved,

and the sepNbngitd th& ﬁ@s@&n&%&%&nbb&rﬁ@ﬁts%%ﬂﬁé&ﬂoﬁ%m 6% that is

manuf actured I n accordance wth
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manuf act uri ng nmet hod according to the eighth enbodi nent, the electron

em ssion efficiency is inproved as conpared wzth an el ectron source 10
manuf actured in accordance with a conventional manufacturing nmethod. A
reason of such inprovenent is as follows. That is, a natural oxide filmis
prevented from being formed. Thus, a deviation of filmthickness of a
respective ane of the silicon oxide filns 52 and 64 in the drift |ayer 6,
the defect density of the silicon oxide films 52 and 64, ox the defect
density oananswlatingifilrs is formeedbby wiBizing the rapiddreatingitechniqiess and t he
silicon nanocrystal 63 and the |ike is reduced as conpared with a

convent i oFiweber thd silieon 6xideTfils 64tthay bedorraed my agcardabice math the t he
silicon oxide film®64 can be reduced nore remarkably than the prior art,
and a | osgledtiochemseAthettiody iIa théslcwseg for(dMampleFahatidizatipn Her ei nafter, a
ni nt h enbodi nent of the present invention will be described. An electron
souxce anﬂr@ee@ﬁh&o@s_@él ¢ontaiaak dn dectrbBtR! tution (el 821 asdlaufdH 8D 50 the
ninth enbodi nment 7is identical To those according to 74 the second

enbodi meny vy Bl HATINGD & B8 higH vl ToRBnh Y1 s AbiSizedNeThEA! A pbatheaiaTENt Wil |
be described with reference t6 Fig. 11 and Fig. 12A to Fig. 12D. The

el ectron TS l | b halo the ninth
enbodi mn?gﬁg%ﬁga(gﬁg%l?@wﬁi%%gn@ryepm nt g@ %ﬁ?ﬂgglea&%@gggrﬁgﬁﬁg t‘g&i he ei ghth
enbodi nen ' i L I oreTate Lo SO

substr at ei)életc erdtgqlgs?%eﬁr%%?gg%gﬁﬁﬁs% Pgﬁgﬁgnﬁmﬁ?%rﬂﬁdde%’%ct ri cg%dl“);%@g

conduct i vy |,a¥ alectii £ (P{h&egﬁtiﬁ‘!thgiﬂ'srl%éﬁl%dﬁﬁ@ﬂpﬁﬁd elddide film is

provi ded on one surtace of an irnsulfatin strate consisting of a glass

substrate, 3] rg. t 3 ' ctrically
conduct i v8°+§'§/‘§éq&? @?grl?@% tglr? %ﬁgﬁggﬁ@?@ﬁgﬁﬂf é@ﬂﬁ‘ﬁgm@ﬁk%g Substrate is
t hus enpl gyed ar ger. arqa_and.cost,.reguction of the el ect i ource are
made possipﬁfyé;r%%a@bﬂ%m “\%aY?F %3@?%%#‘%‘? éé:ﬁlngtoaglgl?g ornscSubst rate
is enpl oyed as, an, ele i cal conductive substirat.e as in th Ioght
enmbocl i rremq?erﬁgy%ﬁm j@fﬁrgé X%t)‘m?lﬁgt Ak i’oﬂi‘g%P@'Bo%Sgac}?ér aflag to
the ninth gpbodi nen as_is bstantially,si.mlar. to.the second enbodi nent,
t here ares§+F°inrf§!ﬁnli% idu%’%‘ilréét‘é?‘ﬂﬁ‘e n Apdpgwiating et e | ayer 12,
adrift layer 6, and a surface el egtrode 7., A structurye gnd functjons of
these el efEfrdagnce “élF}hitﬁﬁPIW‘{c gicamethodomay e smalayedds a rding to
t he secon enbocLilrrenﬁic@A description thereof is omtted here. In the

geckn as glcgpgupgde

el ectron e ninth enbodi nent as well, electrons are
emtted in the pechanismand npdel simlar to a case of the second
enbodi ment. | n fpaddigen.inethe firat andesacond esthadiments, acpairef glectepdese ninth
enbodiment is utilized as an el ectron source of a displaé, t he | ower

e,

el ect r ode arg composed of the sutface elpgtrordeshand the lawer etagtrpde,pashthe drift

patterned. Hereinafter, a nethod of manufactuxing the election source 10
accor di ng layen Giés niterposedihedimeenttheipalir ofeldetyoded; dberabyrconfigaringcant o Fi g.
12A to Fig. 12D.

electron travel layer where electrons travel.

(Third Embodiment)

Hereinafter, a third embodiment of the present invention will he
described. In the third embodiment, a memory element formed by utilizing
anodic oxidation processing will be described. The memory element
according to the third embodiment has a basic construction as shown in Fig.
14. Thatis, a storage layer 101 is formed on a substrate 100 on which an

insulating layer 100b is formed on an electrically conductive layer 100a.
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First, on one surface of an insulating substrate I1) an electrically
conductive layer 12 consisting of a netal film (for exanple, tungsten filmn
is formed in accordance with a sputtering technique, and an electrically
conductive substrate is fabricated. Then, on a main surface of an

el ectrically conductive substrate (on the electrically conductive |ayer

12), a non-doped polycrystalline silicon layer 3 is forned as a

sem conductor |ayer, and a structure shown in Fig. 12A is obtained. As a
net hod of Thd stofagemiaygrd Odais\formped hylamploying thmanedeexidizing dewicanpl e)
there is enployed a CVD technique, a sputtering technique, or a CGS

t echni que descitibed in kke Hast endsheontbembogients. y dnythe stosage layen tdh | ayer 3
has been formed, the polycrystalline silicon layer 3 is made porous in the
anodi ¢ oxitHaté are ortnescusly cenrected silidonsn amonrgstale6f dhatigresnypankert al | i ne
silicon layer 4 that is a porous sem conductor layer is fornmed, and a

st ruct ur e ofkemricdniuctor naRGerystald wdtin adnometéher deradpablexafiddsing apr ocessi ng
step, there is enployed an anodi ¢ oxi dation processing vessel containing an
el ectr ol ytdaeries) thiei @pstdigbeliphcovered ofitlathe xllicon oxidpifilin Gt thiapesiahy n xi ng
55 wt % of hydrogen fluoride water solution and ethanol by substantially 1 :

1. Wth aiﬁb&wtﬁifmﬁhecmdﬁyéﬂamnébammewm% nafder vEsiibarity and an

el ectrically conductive layer 12 being a positive polarity) while |ight

em ssi on i, fREYdtak 03/in kRE stdiagl Phyer' dEL 4d idRatRhl L acH ahak. 3Thanodi ¢
oxi dation processing Is caxried out” at a constant current, whereby a porous

pol ycryst Z‘?]H ﬁﬁcﬁh{eééﬂ“t eaéiﬁoni oﬁ%sef%ﬁ;i%@-is Eﬁu(jalleYWﬁah*’tﬁ% ckPétARE HPOT OUS

pol ycryst ne silicon l[ayer ns and si |1 con nanocrystal s that

are sourc r@%drg%%gégﬁﬁ,&isgﬁoﬁ%rh%g#%ggai n 51 and silicon nanocrystal 63.

In the ni the polycrystalline silicon |ayer

3 15, mde por ouspnOllotage B 91 HAea bAKAHIRL,RE ATBAERRARONG. 14F LT L he

anadi ¢ oxi dation procesg?g step ermn porous ycrystalline
i I 4] Cdized A . . ih
ari 11 ayoroes 8o HE S0age Bvend il vibis oamBum Reb shy R | { con
I is f . and t t in Fi 12C i tai.ned. In th
oi?gi _z: flg %ﬁ@ﬁh) 1 H%?Fdlgl a’o‘?{)%‘é&&??ﬁiﬁéi&%\‘i}owdl d”\?b_ | g%éﬂ; Sﬁl’ﬁﬁﬁle d;?ln QF@& rgl ytic
sol ution uc S uf ed,sul furic ac Sdilute ric, aci r ua
e O o 6B o e bERS BBp deimoma £he siliton.ofle Al abohb 3 o
;ﬁg:/ma) bce)ir)&q ﬁﬁ% e;%e%gglga?i ty aggq a’SGeI ect r’?cal |y condyctive ‘k‘; r 12
be: ng a {) I 3 ve%_gf! df??p e o ?d_ P??@POF%V% [ﬁqua f°é‘|‘i| § Eorous
ol ycrystal Line .silicon |ayer is oxjdized, erehy a dri er
cont ai hi nge\%-h tgﬁiqrw“m ,th%{ ﬁ}%i&%bﬁ%@%ﬂbg&% y‘ttill-i@ytna'&; films 52
d 64 f d, Inth facturi t hod di toth inth
embod montRARLEHE beFReEhSanaryERIS GRS Gralgtt oAy 108 Wkt ur al oxi de 11 m

is prevented frgmbeing forned on the surface of a silicon nanocrystal that
i s a seni conductlrthedhrd pmbediment,dn the storagedager 1L thersdlieon
polycrystalline silicon layer 4 that is a porous sem conductor |ayer to the
ai r duri nghanaespestial ﬁédspenﬁwchmibmenﬁéleebamiars@fth@sﬂiannpmﬂmﬁgﬁﬁg step
and the oxidization step. After the drift |ayer 6 has been forned, a
surface el@kt rThies, 2 mensoryt fumgtioh far starilg nformatiohcandst achieved byi ft | ayer
6, and an electron 77 source 10 shown in Fig. 12D is obtained. In the

ni nt h enbadosiagta carrersnrthaciliedrenanodygstalias (byrsterinigra deargelandshast h t he
el ectron beam vapor deposition techni que. However, a nmethod of formng the
surface ellsenr deberibedpreviouslyyithedand gdyebetveea tire diaon napocrydtgle$3t i on
techni que, and a sputtering technique nay be enployed) for exanple. In this
manner, i nistihrge®s bmdpatredwith adulki nThubefoelegahipls, mothease of a silicon

nanocrystal formed during thin film growth, silicon nanocrystals exists to be
isolated in the bulk, thus making it difficult to close a carrier in the silicon

nanocrystal. In contrast, in the third embodiment, the silicon nanocrystals
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10 according to the ninth enbodinent) the step of formng the drift l[ayer 6
i ncl udes: the anodi c oxidation processing step of formng the porous
polycrystalline silicon |ayer 4 by anodi ¢ oxidation processing and the
oxi di zing step of oxidizing the porous polycrystalline silicon |ayer 4,
thereby formng the silicon oxide filnms 52 and 64 respectively on the
surfaces of the grain 51 and silicon nanocrystal 63. Then, during the

speci fied period between the anodi ¢ oxidation processing step and oxi di zi ng
step) a n#@Buroxkrekimdth chesilivopoaidafibds Bdareformgdtobemdntinubhelysur f ace of
the silicon nanocrystal 63 so as not to expose the porous polycrystalline
silicon i ayANedtedcotdaehaither, thus makinigng poksibiparilbsed cperienih tled ween t he
anodi ¢ oxi dation processing step and oxidizing step, a natural oxide film

i s preventsgdedn RANSGYySEalfgY med on the surface of the silicon nanocrysta

63. In addition) the quality of the silicon oxide filmforned on the

surface of the q*ﬂ(f SRhd19H6MmEAt alccdralﬁétﬁo% fHizd RehbvdemeffdRdbSRT Oved.

As a result, the dielectfic strength of the electron source 10 can be

i proved g@ttatg%qa%f tbﬁ?ml]tect Biafgih Qﬁnﬁﬁbﬁ%gﬂfioﬁﬁ GO Ree n \thE Rilidyg prior

art. In a on, Int source 10 nmnu actured in accordance with

the manuf ‘ifa#d&éw&afﬁ&%@h%%%%fxf@tgﬁof&rt&%e%d‘%gtﬁﬁ% lig efm "Finfd 641 T ON

em ssion éf I'en cy is Inprove as co are ron source 78
10 f hod.
ne Tause S RSRAE DL LA ﬂtﬁe&mfez‘gfs%@%#ﬁﬁwﬁt [ o
nbodi t th th t ft | 6
T comoostotife i el ca el B ariPRrly P@%Wf?@%ﬂt%ﬂfﬂm s 1 ayer
Crynth an °Sq%?ﬁ%fm% & ot sy org ﬁtﬂ Snfois SRt andigimit | °
surface electrode 7., However the ae surface,el.ectrode 7 is
not 11 8% 5%y B eseeiaraks ﬁ%pﬂg@ma&hﬁe acieyed @mFomuaeR g 2ol at i num
dthe lik b ed, I dd t th f
ol ct 1 ode SPRHEGHBIELEE ARSUY BHIIZineg & GORY e Gal Seyie T P EFA

deposited in th hi ckness direction. In the case where the surface

el ect r ode cEquat -of the two-layered thin filmlayer, gold is
enpl oyed as a material for the uB r thin fllmlayer for exanmple. In
addi tion, chrondn thiessterageplayer A E»Wﬂtﬂbﬁﬂ ythy WEtingmeras (ke | s

enpl oyed as a materi al for the lower thin fllmlayer (thin f~3ml ayer on
the drift sheyay. 6Isiatenit region of thetrsoragentayerdd ti carriess can bestoseddnirodi nent
of the present invention will be described. An electron source and a nethod
of manuf aqtlurality ofsilicdrenanocrystals 68, adwreby thye carrdne casrheclosdsbidi aent are
identical to those according to the first enbodinment in basic configuration
and f unct ipnsalitphef siinomh nanbaryistalat63/by writingl ewsamish e @onthidothelr dramdce t o
Fig. 2Ato Fig. 2D, Fig. 3, and Fig. 4. In the tenth enbodi nent, as in the
first enb@hb@mta)gedsyan 161 etdres dafdrn atibod o ok vl -salnes receddin g o the s

enpl oyed a single-crystalline n 79 type silicon substrate whose

resi stivi tnumber ofigiticah inamogrystalsesd dosédin afcaarier,wheteby theor exanpl e) a
(100) substrate whose resistivity is substantially 0.01 S2 cmto 0.02 SZ

cm. information on multi-values can be stored in the storage layer 101.

As writing means, there may be employed means for carrying out
writing into the storage layer 101 by light emission, for example. If the
writing means is designed to control an amount of charge stored in the
storage layer 101 by changing the wavelength of light, the wavelength of
light emitted to the storage layer 101 is changed, whereby the depth of light

invasion into the storage layer 101 can be controlled. As the wavelength of
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As shown in Fig. 3, in the electron source 10 according to the tenth

enbodi nent as well) as in the first enbodi nent, there axe forned an n-type
silicon substrate 1, an ohmc electrode 2, a drift layer 6) and a surface
electrode 7. A structure and functions of these elements are simlar to
those of the electron source 10 according to the first enbodi nent. A
description thereof is omtted here. In addition) as shown in Fig. 4) in
the el ectron source 10 according to the tenth enbodi ment as well, electrons
are emtt dightnncreaseschearirian erclosed &4 phe siicon neanogrystal 63 Nath ar st

enbodi ment. Hereinafter, a nethod of manufacturing the electron source 10
accor di ng deeptheegiontih theistatiage dayav 10 1.bdndadditioned cartier cah dealesedt o Fi g.
2A to Fig. 2D. First, an ohmic electrode 2 is forned on the back face of

t he n-typdnshkisiliconserystalavich its Ibrger cxystallimerpmrticlessizé acAsahet he n-type
silicon substrate 1, a non-doped polycrystalline silicon |ayer 3 of

predet er mopgebléngth éflighviesedaéead, ceamidraanThdclvbed in thd siliwed i n accor dance
with an LPCVD technique) for exanple, and a structure shown in Fig. 2Ais
obt ai ned. pARAthl 68 With afshlambwé&rfbgﬁntm&h@camgéaag& i0E. SId Addifionayer 3
is as follows. The degree of vacuumis 20 Pa. The substrate tenperature is

640C. The d {ditidrdlots I cIERERsP PheBiticHA Delrockydtal with'thd shffilb 26 Aéthllinte 2

standard state. As a nethod o ilmformng the polycrystalline silicon

layer 3, fp%ti%}%aﬂ%.eg(l)‘hﬂ@,r&ei PurRBRf 85 §itlicAn TR oL AREAYs WiCelodeBRIA Eﬂﬁ%&g

techni que) or a CGS technique and the |1 ke.” Aiter the non-dope

pol yer yst i Rigecrith i) dud/h athdia SRBAEOSIHREN 14 Mo BEdrUER IS} lone
silicon layer 3 I's nade porous 1 n the anodi c oxldation processing step. In
t hi s manney, olwic all i i LQUS
sem condu ?ta.g rmi (g);’/{et?&;fes&f oﬁrﬁrrzi;add/‘,ﬁhghd lt{alﬁse tSVlrthJ1 g@g%éﬁ%@%ﬁﬁ%io%@t@ ol
obtained. |n th odi ¢ i dati.on processin , e ] a
pr ocessi ng“%‘g’ég?ﬁ@b"%ﬁsisﬁé(’!ﬁ L&r? &33%{0%%?‘9{/ p?l@%ﬁﬁ#xéﬁ%ﬁﬁeﬁlﬁz&x%ﬁggfof a
m xture |i,gyi d obtained by.m ~a.ng 55 wt%,9f. hwdr.ogen fluoride water
S0 ut1 on dkbtetRenBtey o silionn Apceystils 83 Boraionty exmdS s by
el ectrode (not wn). bei.n negative polarit) d wth a |ower ctrode
consi st nd’g’B'leD?FgOW %Wg&tﬁean thﬁ%@%le%%@ad;m\g@ %"E“t‘ﬁer &r gbgei ng a
positive polarity, while light em.ssipn is carried out for th
pol ycr ystaﬂ-"r‘fﬂ’é amo qhéfg? stored i fhe stoxnagslpper b&oﬁ%% Pr?ﬁnfré’u@grri ed out
at a constant current, whereby a porous polycrystalling silicon |ayer 4 is
formed. The thuﬁmmst}}ﬁﬂe}éﬁi’ﬁeﬁmﬂ%e’im? OFQ;WH nt ai ns
pol ycrystalline silican grains and siljcon nanocrystals. |n the tenth
enbodi mentcarEiRg At WHHREIRtahrisorags tner dQ 1pr dBahis erse; if amsamgnpbek. The
current depsity is 30 mMA | cn2, which is constant. The anodi c oxidation
time is 16hazgesteredpothagtonageilayeslhis eontpelledby changingavokagesi on is
carried out on the surface of the polycrystalline_ silicon Iager 3 by neans
of a 500 \anpdigd toshestorage laweril01oiuformation pnosadidiviadnes ean bas t er ni nat ed)
the porous polycrystalline silicon |ayer 4 is oxidized in the oxidizing
step. |n tddegtnealyevritiendndo the starpee layeroldi.sti ng of the oxidi zed porous
polycrystalline silicon layer is forned, and a structure shown in Fig. 2C
i s obtained. | nInhaddikiod| ahiestorsgrdayeniltisdpdiegned bestorednforplatieed a
processi ng 81

based on a location of the silicon nanocrystal 63 closed in a carrier, the

storage capacity can be increased more significantly. Therefore, if the
writing means is designed to control a location for storing a charge in the
storage layer 101 by changing the wavelength of light, the depth of light
invasion into the storage layer 101 can be controlled by changing the

wavelength of light emitted to the storage layer 101. As the wavelength of
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vessel containing an electrolytic solution obtained by dissolving 0.04 nol

| 1 (hereinafter) "nol | 1" is referred to as "~ "M') of potassiumnitrate
(solute) in ethylene glycol (organic solvent). Then, with a platinum

el ectrode (not shown) being a negative polarity (cathode) and a | ower

el ectrode consisting of the n-type silicon substrate 1 and ohm c el ectrode
2 being a positive polarity (anode), a constant current is supplied) and
the porous polycrystalline silicon |layer 4 is _electrochemcally oxidized,
wher eby t ighdinéteases; e caarirnroani be clgsedin thesilicen nanocryssal 6dmath itst al 3,
and silicon oxide filns 52 and 64 are fornmed. That is) in the tenth

enbodi mentdeeprerqgiomis the ktamagelayéx 1l gin be closedyand 4 dagrier eanbecheni cal | y
oxi di zed by enploying an electrolytic solution which does not contain

wat er . | nclosedadnithe silbgnshapoatystdlé 3t withhtehdrgdicrpstallime partsdasizecur r ent  of
0.1 mM 1l cnR is supplied until a voltage between the positive polarity and
t he negat iAsetheowavélesgth s£Hghbis?fedvced e eaier deen pboclused polthe silivoal | i ne

silicon layer 4 is oxidized. However, |,his condition may be changed as
required. pa@ocBySRAPES )it ite'shalloWerdepivh dthdqeragaldyeed0Qut IRt a constant
current until. the voltage between the positive el ectrode and negative

el ectrode gidsen | £ carrPér8HE Bé 0384 il Thé alRoh 1 R¥ TRl 83 wAth Ws.snidlReyvol tage
bet ween the positive electrode and negative electrode i.s maintained at the

above predel aEMACHaMPlE 3%, THAL, m@@&a%ioamgaéihyoﬂaﬁg&g?fal%%@nt

density decreases to a predeterm ned value (fox exanple) m | cm-,
power sup . &ﬁm . jng this, in the drift layer 6, the

fi neness gkﬁFﬁ§¥S| |§%EQ§$?H§§¥Fﬂ§¥D52 and 64 in a region close-to the
n-type silicon tyat !ﬂg{ov gi-ég . [ | ayer 6 has
been forned, th?%%rpg(?g‘pépg%r&r%%e EB‘BE cO g?’g}clk% tgF H<'31r%¥n=zt al filmis
formed on rift l.gyer 6 in.,acco nce With,a d siif:l.Qn

technt que. oot i IhE 5 oragt 1BFECIOTR Eodibhda 3o LRRE e BRORIIGE" )5 |
obt ai ned. _Ac di.n t he. nmet hod of factyri the above.ehectron
source 10P stlﬁ‘goﬁﬁ?9§ C39é}an§cf%8t$%€$ré%5e Wgﬁ%&%scr%‘ia;&? 9459%1?"! i ne
silicon | gyer that is;.a porpus sem,conductor |ayer j.s ectrochem cal |y
oxi di zed Homiberaimenyerd SuBpGarol 16 ke Hhickhess Hitectibiing cxpEBIGeE | n

or gani ¢ sol yven in oxidization processing.process). [Thus, .an em ssion
current or"pécéigéggeg‘ﬂ?%% & SEFCO Wsiﬂ-ﬂi Q:g&ﬁ?ﬁ‘@’ins;{}er%ﬂfged, and the
stability wth an elapse of tine_ is ipproved for electron em ssio

char act er i‘ﬁ%?c@no?f"&‘ﬁétga&?tmﬁr d8%r c&g}}&.t g P3e@Esionna g@rd}l’ég life of
the el ectrgn source 10 can he extended). The el ectron em ssion

chaxact er jlFectionpithe sipxagedayay 10hcanbedmpnoyedi t h an el apse of time is

i nproved as conear d wth the prior art because_no water_ exists in an

el ectrol ytic solBithememsryplement ascordinediothe; thirdempodiment, fer 1 i neness of
the silicon oxide filns 52 and 64 is~ increased, whereby the _dielectric
strengt h &xamplesassuminebhatdheisiliepnopaneerystals of § man dn saystallingddi ti on, t he
el ectron em ssion e~ciency is inproved as conpared with the prior axt. This
i s becaus®axticlensize govered widb the sdlicont xdde Smt 64 aregrianget onsthieirctypeoxi de
film52 in the daft layer 6 is reduced. In addition, the porous

pol ycr yst aliliconesubstraterofl 2:§4 cnmdx i2s54 ampi (lamelpel math ) xheifeldowing t he
oxi di zi ng step, whereby the process tenperature can be reduced as conpared
with a proebstdordship ivesiabtishbé. drift; |ayer, and a | arger area and cost
reducti on can be easily achieved. Nanely, due to the | owered process

t enper at ur(@)54ex 103V 5ixc108F ©0.55 19ibstnai@?materi al is reduced. This nakes
it possible to enploy a | arge area, inexpensive glass 83 substrate (such
as no- al kahergfores 1 bibiEifoAhatiohdy sbbredlin @easiicon hahbatytalB3, seldaeby me

gl ass substrate, for exanple). In the case whexe such a glass substrate is
enpl oyed) 4 hrgh euphcity atdn OHCLONE5IHinUcalf (1 Mhie! Behr®) eah by LBiwed! i ve
material may be formed on one surface of the glass substrate. In the

el ectron source ADSKERPN IRF LS 861 4 Prétfec s i Hlyiddad BRcBAO FRId to the

v

storage layer 101 may be provided. In this case, an electrically conductive
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descri bed manufacturing nethod, the drift layer 6 is forned in accordance
with a process containing the oxidizing step o electrochem cally oxidizing
t he porous polycrystalline silicon layer 4 that is a porous sem conductor

| ayer in an electrolyte solution obtained by dissolving a solute in an
organi c solvent. Thus, unlike the prior art, the em ssion current or

el ectron em ssion efficiency and the |ike can be inproved as conpared with
the el ectron source in which the drift layer is formed by el ectrochem cally
oxi di zi nglayer W LcoRDle¥Esd/ ot @hbiative pblactty dfay@irettcurbentep@eér ol ytic

sol ution consisting of water solution such as sulfuric acid or nitric and.

Further, tsherQtEDANAE tNe Prbbe 25 i€bansted té bPOshIe Pelakitpd¥ies direet el ectron

em ssion characteristics. The organic solvents fox electrolytic solution

enpl oyed ichridig ieeeH, berh GxitHb £ 'en @ bf thd Brdfd 14 {sW1b&ed theet hyl ene

gl ycol. For exanple, there nmay be enployed one ar two kinds of m xture

or cpan - HEPRRTH SR L8 4R 020 A RRAL K OM LGl SNV
Do %o Ehar bl nybodctalY BY SpTH A30 BaisRIaRU RO alU KON eadialef 01V

butyl lactose,” V ose, ene ¢ pr opyl ene”carbonat e,

t hyl for d de, ethyl f | dghyde, dj et h h .
ot oam ads tht R e R BT A Bl ot BB SRis B ¢ o
the electrolytic 84 . .soluti.on is not |jmted t of assi,um niirate. There
be- o GRFEAS™ Shaped it Biegyibem BaRorryatal giEan Be BRI EREL BhARE R & oxi de.
gﬁror?dgvﬁlarbo i c_aci sul furi,c acid, n:tric atid) phogphoric gc{gfl ©
chromic aéﬁﬂ?gFEPPQFPE exfended, ochioric acid) bronic acid) malonic acid)

adi pic acid, capryli.c and, p alarconic acj p almtinic acjd, olgic acid,
wal i tilic acid) Laeglastncallyi¢on HXSileY%Fci‘g(ia,r%'b‘P&%r]@Y%ﬁQ&b’ lic acid,
citric acid) malic and, ,succinic acid, pineéig and) suﬂfriq,acid, azel ai c
aci d, sebaicondayer ifiein &igcléican bpgemposed of. for exawers @ HHEON bor oni ¢

acid, tungstic and, nolybdic acid, or vanadic_acid. In _addition) there may
be enpl oy&dbatrateon Xoifieparation bytImplanted Oxyegenksuhsteatecanifde c aci d
salt, sulfuric acid _salt, nitric acid salt, phosphoric acid salt) chromc
aci d sal t filmaen the silicondsubstrate hyud e silieon kayar pd thalSi0, Blmnrespectivelyal t |

mal onic acid salt) adipinic acid salt, caprylic acid salt) pelargoaic acid
salt) p ailleweverc oficoutisepthes eleatriichllyatan duchivetlayexr 1804 thaydhe compoded i ¢ aci d
salt, benzoic acid salt, resorcinic and salt, cumxic acid salt) citric

aci d sal t ,of mahetaldeyer enbhnptlmaranaterialdravinglelectpicaktdnduetivityswithput uber i ¢
acid salt, azelaic acid salt) sebasic acid salt, nalefic and salt, fumaric
aci d sal t ,utiliZing¢theiSIMOXds\thaltateboxoni c acid salt) tungstic acid salt,

nol ybdi ¢ and salt, or vanadic acid salt. As a salt) there may be enpl oyed a
m xture of one Ghédinfokhationaiortd intheutbrae lager 101 bydbedrdsed poiaglsi um

hydride, lithium hydride, caltium hydride, sodiumchloride, potassium
chlori de, owt®pashitngllight deth alpeoperwacsieaptider peasiriatedifyafiat isagnesi um
sulfate, lithiumnitxate, potassiumnitrate, sodiumnitrate) cal cium

nitrate) Qiffarginfesr that twiéethd thfoh atiearikiwBitea by H%Emmmtoefﬂwdi ment ,
in the case where the porous polycrystalline silicon layer 4 is

el ect r ocheybrepke/ldyoxi gl zR¢ drvnfyIB! Oyi ng an el ectrol ytic solution containing
an al kali netal such as 85 potassiumnitrate in the main oxidization

processi ng procqsy)sthhfES1dyera0danodle ditve desPHbed nfemsHLAcatentlikal i netal
be m xed in the porous polycrystalline silicon layer 4. "Thus) it is

desirabl e ﬁﬂﬁ&%&%"a&@ﬂ&n&g‘%&?ﬁ%&%ﬂ&@ﬂ% ﬁ%e&&&ré&?rmtﬁﬁ,'é’”y“ alline
silicon | ayer e carried out. By carr g out such wash process, even if
. i . P . ~ . .

L 2ot Rsilifi sdor BRL Ot dn BEE Srflcl oFbibshided 10 fE" Ous

pol ycryst I con Taye e 1 npuri N removed in the wash
our oo 10 BfrdpERl vhigh oG CVBTRERNGE, 3 bRl Sndg pbvefrslidd®, T 70 e,
nyclrogen. BRGNS ie FIAAH e A= BRdsnth futh Aot badaia mteisibs gon
I oyi ng BRGFeRs dhe UG BRoTHELY T Ridr ey RREREIOR PPAUPEE ! oyed i n.

t he wash process can be obtained with conp aratively |low cost. As a result,
the manufacturing cost of the electron,gource 10 can be reduced. (El eventh
Enbodi ment)




Hereinafter) an el eventh enbodi nent of the present invention will be

descri bed. A basic configuration of the eleventh enbodinent is comon to
that of the tenth enbodinment. In order to avoid a duplicate description) a
differences fromthe tenth enbodiment will be described primarily. A nethod
of manufacturing an el ectron source 10 according to the el eventh enbodi nent
i ncludes an auxiliary oxidization processing process for carrying out rapid
thermal oxidization for a conparatively short time in accordance with a
rapi d heatiiagtumciomitainemén heffent appeats woformed; e dhengasilicomoadeddm | anp
anneal i ng device before a main oxidization processing 86 process for

oxi di zi ng6#tis faoed snvhlestrfze alf ith e silkion wanocrpstak 63 1h acoed ance adtlor dance
wi th the anodi c oxidation processing by utilizing an electrolytic solution.
Thi s i s opkidigaiton prdcaseingesiiches RTO teehhiguejiimdexannple. AIndhis manmef,or
rapidly thermally oxidizing the porous polycrystalline silicon layer 4 in
accor dancg nihbet BEtli@pilidoh ertiobetyst 268 with hanemeter! drdes covidredfwitly r at e of
oxygen gas is 0.3 L I mn (300 sccn) in a standard state. The oxidi zation

t enper at UgRe k8380 d @ Hilm! € cX beipzaiided toibeclose fo sdchusthsr id Retheys-di zat i on
time when the drift layer is fornmed only in accordance with the rapid

thermal oxyisled&fonal maen AL Yk ¥tdraBe lay¥l 10 haviaRawd mhlkigls - I n the

el ectron source 10 manufactured i n accordance with thé manufacturing method

accor di ng gt GhAGEALESDRATER Big! S oih Yirbh¥d " TeAoRL ARSE: Of (i me
of electr ly as

em ssion characteristics s 1nproved nore renarka

conpared w | B s Bi-lﬁﬂ-r&h i neness
of the si %’é?ﬁ%@ﬁ%‘f%fn&%}ﬁg&g%ﬂcgﬁﬁg |rrpr81vz§ nor e %WSB%%&S

conpar ed 'gééa%%ltdtgf the tenth enbodinent. In the el eventh enbodi nent,

al t hough a I'aXxy oxidization processing pxocess is carried out before

the main oxidizatiQn pProcessi 0CesSSn..t . | e ut
after the latter. tﬁ?\ﬁ@?? t eﬁﬁﬁﬁﬁ%ﬁ%ﬁ??%féﬁ%%ﬁ@yg? ?3@%1‘1 %g&’éﬁn%(g ment of
the present i,nvention w,ll be desgribed, The basjic configuratign of the
twel fth e yequdwetive Q% ﬂ}%glaF%ﬁPhs'Eﬁ%o& ;ﬁ@ﬁps_s f‘)’r‘i order to
avoid a duplicate description, a.difference.framthe_ tenth enbadi jent wll
be pri mar F‘P@“ EorBe @ TETdar drivinga @eoerihaud rroeial LaRlas CRIIGVANG 1« he
tent h enmbodi nent drift layer 6 is fornmed by el ectrocheni c oxi di zi ng
a porous ﬁgﬁgiﬁﬁsﬁ‘%sﬁﬂé agA g‘iﬁ‘!’?‘@cﬁ?ﬂ b dpvertady, ﬁ@@‘f tigecdridhhce with
anodi ¢ oxi dati on processing by utilizugg¥fn el ectrolytic solution. However)
in the an&RARWRCHWEnE APPAratustanbe diy -ure |iquid between a hydrogen
fluoride water sglution and ethanol is utilized, and thus, the surface of
the silicon nanddeysipraes laver 481 sapdiesemplanedyas apewiaemory daptepdyelr 4 s
term nated, by hydrogen, Thus, there is a danger that the content of
hydxogen theemisting semicopducior memoryrsueh as mgm@aYi n anount .
For example, as shown in Fig. 17, the silicon nanocrystal 63 with its

nanometer order covered with the silicon oxide film 64 that is an insulating

film is provided between columnar grains (semiconductor crystals) 51 of

polycrystalline silicon. Here, a pair of grains 51, 51 are provided as drain D

and source S, respectively. A portion consisting of silicon nanocrystals 63

with nanometer order interposed between the pair of grains 51, 51 and

covered with the silicon oxide film 64 is provided as a gate oxide film 60

(storage layer 101). The electrically conductive film formed on the gate

oxide film 60 is provided as a gate electrode 70. Thus, a MOS transistor
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~n contrast, in the twelfth enbodi nent) the porous polycrystalline silicon
| ayer 4 is oxidized by an oxide solution before the main oxidization
processin g process in which the porous p olycrystalline silicon |ayer 4
forme d in accordance with the anodi c oxidation processing is

el ectrochem cal |y oxidi zed by enpl oying an el ectrolytic solution
(pre-oxidization processing pxocess}. That is, in the twelfth enbodi nent,
before the mai n oxidjzati on processinhg pyocess, the sjligon n rystals
and gr ai n$StTUCtiFgEaR 8¢ obsIREdoRN énggl'éf ups G henstor iﬁ‘ﬁl&’f 9%2850 an
extent such that the surface_ is oxidized, and the hydrogen atom term natsng
a silicon teanssior stepiture dambermanufpopured iy sali-aligniness ranreci®ndi ti on in

t he pre-oxidization processing process is as follows. As an oxi de sol ution,
there i s ecpbulanteavith the followingprceddaresl 1 Ihat 19 wrenswdacresideaf the) . The
oxidization time is 1.0 mnutes. Wien the oxide solution is heated, the

oxi di zat i substdate 109, forcmxaasss, a phlycrysialling silicopdapeéisdformeddduce t he
processing tinme when the oxide solution is used. As an oxi de sol ution,

t her e can deeortamceyweith dhe CGWDrteckeniguan Ghe palpaystxlling isiliconrigyagent
selected fromthe group consisting of nitric acid) sulfuric acid,

hydr ochl onhad@pbeousin focdidarese withoanstlic wRidation§frocedsing handtlemierion source
10 manufactured in accordance with the manufacturing nethod according to

the twel f ffael eHEe ERidon A A€oty st l63twithi idhoriettl apder i@f whidketHegei Nproved
nore remarkably for the electron em ssion characteristics as conpared with

a case Of diakean/LARYOFLRAninY SolbibACRMERoAMEPRLAT BAdNYOI ogen in

the silicon oxide filns 52 and | ow as conpared with the tenth
proved bR e e e SR D PE PRI Flchh B IO DY ¢ or e
mnomet o1 o S B B8 s et Sh 8 21 ng
Payer 4 by O 0 e meeafhadodyLeh 638, (ol BRl R R BgllBbE N0, OO

el ectrol y;:irﬁcés%ufé%ﬁgh ia§ @/@E&éﬁg&&g the surface of the porous

pol ycryst I'ne srtlrcon’I the other hand, in the thickness
direction of the_perqus.polycrystalline si)i.con.,layer an, elecgtrol ytic
sol uti on hardl yeipn%gg’é‘“f?ﬁl ogx?ﬁﬁ%’&hefﬂ%ﬁla g@ﬂbgﬂrﬁeﬁl‘é’? @%F'&f‘t&ﬁ? % r om

t he surfage, d repl ace t.,of the.electrolytic sol Wtaon hatdl y occurs.
Thusy | n_ T8 Sk ABRAISrA &3 15 Providaions PUTron AR ge ABcet-| VeV don

| ayer 4, t filmthigckness of. the silic oxide film®64 js. la in a
region t ha*rﬁlﬁF%“ E{ﬁ%&%\?él"f P Bﬂ'ﬁltﬂp?@n@lﬁ maybe ed H‘T‘ée“?‘i gﬁbﬁ%i ckness
of the siligcon oxide.fi 64 is small in a region that is conparatively

di stant f @mgﬁﬁﬂﬁkég?As aresult, in the region that i.s conparatively
close to the syrface eglectrode '7 in the thickness direction of the drift

| ayer 6, ﬁﬂ@“?ﬂ##P&MdH@%ﬁk of the silicon oxide film64 is so large that
el ectron scattering,is_likely to occur. In this manner, the electron

eni ssi on ef f ci edd¢rainaften s oyrthoamhediment of thepresent inentiay wilbai ch i s
conparatively distant fromthe surface electrode 7 in the thickness $9

di r ect i on dsiscribeddr Howevey.ean glection squnge endokmeaafadturing miethebn oxi de
film64 is so small that the dielectric solution is |owered, and the

char act er ithereof agcotding tethe feurth embedingeritrraiidenticalitodbose astording t he
twel fth enbodi ment) the pre-oxidization processing process is carried out
bef or e t hdorthedinst edibodiment pn basksiongtmrctivesmd fimcetoast r Thledourthl | y
oxi di zi ng the porous polycxystalline silicon layer 4. (Nanely, the main

oxi di zat i exmbodioeesti wijl be desyibeéds witdr réferbreetto Hig e2 At Figr 2D aridF#aBi on
processi ng process). Thus, before starting the main oxidization processing
process, tdmd Fig.fdace side of the porous polycrystalline silicon layer 4 is
al ready oxidized. Therefore ) in the nmain oxidization processing process)
in the thicknesgndhedouithemboliinenf a3Us thelfiet waibadimeat s bingdn | ayer 4, a
cuxrent hardly flows in the region that is conparatively close to the
surface, angstatlifle hafypR5iRERS ShPstr 8RO tHOits Béaﬁweﬁ¥ cbh plal8tiObldlodeaded,

oxi di zation proceeds in the region that is conparatively distant fromthe
surface. Thus, the filmthiclnmess of the~silicon oxide filnms 52 and 64 that
exist in the region conp aratively clogg8 to the surface electrode 7 in the
t hi ckness di xecti.on of the drift layer 6 can be restricted from being

| arger than that of the silicon oxide filnms 52 and 64 that exist in the
regi on conparatsvely distant fromthe surface electrode 7. In short, a
deviation of the filmthickness of a nunber of silicon oxide filnms 64 can
be reduced. As a result, electron scattering in the drift layer 6 is
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process, the porous polycrystalline silicon |ayer may be oxidi zed by

enpl oyi ng oxi de gas such as oxygen or ozone, for exanple) instead of oxide
solution. In addition) oxidization may be carried out by merely exposing
the surface of the porous polycrystalline silicon |ayer 4 to the aix.
However, in this case) there is a possibility that the filmaquality of an
oxide filin to be fornmed is inpaired. Therefore, it is preferable that
annea3.ing processing be carried out as is the case of a fourteenth

ermbodi menth&lessssti ey of atcohduttor (i éxagiple] 4 (100) substravhehosé hesistivityi ary
oxi di zation processing process is carried out before the main oxidization

processi Ng QiERRHaRT 0.61 (DLt as0.02 (3 NempiLBpldyearaiosh eRatricdllye
pre-oxi di zati on processing process is carried out before the auxiliary
oxi di zat ap, AERES Y stBatel ocess, Wwhereby the stability with an el apse of
time can be 1nproved nore remarkably for the el ectron em ssion
characteristics | i i t = i

g EBNEL BETIE, & B 20 B ory R0 20 Ekordiqe LKA RGN

enbodi ment of t prese SCri asl c

confi gurat t.hi rﬁ'ﬁ’%ﬂﬂl n i g&ﬁﬁg@ t_?;ﬂpg-- t he
tenth enb%glﬁ%ed%%?hﬁﬁasoﬁﬂd%ﬁre 0 r:313v0| aegﬁbfl}%gtagé escri %%lirgt, a]gie{’?er ence
fromthe t odi nent. wll ri iy scljphe 0, e
thirteent ﬁgg%ggqnﬁ‘e?ﬁ %?ﬁ@%&ﬁ%gﬁgﬁﬂéﬁ ﬁgghéﬁ{i%e e %é(?téryg%t&g%%?be 10
accordingn,40 the tenth odi ment. 4 s characterized .n {hat [ i s added
to an el ecOFIHETRE M%ﬁg%ﬁf’%%%?e. “ﬁe’?ﬁB“%ﬁf%s’&%ﬁ Ez‘)a@fogg%%ﬁé%essi ng
process fo | ect rocheni cal | % _oxi di zi th orous pplycrystal ldine silicon
ayer 4. PlecE 1dnEe D AcomiBg P oh Er s emprliaoar, o8 c¥eertings shasely Lo
organi c solvent in an electrolytic solution, and 0.04 si M of potassi um
nitrate iésﬁ?i‘bﬁt%‘? T8&s a solute. 6 w% of water is contained in the

el ectrolytic solutiqn. According to the thjrteenth enbodinent, as is the
case of the tenhl'i oR . iBn0e Qqﬁ@r‘é‘ﬁﬁg%f&rﬂ%ﬂ?@éﬁiwgaﬁ?é%@ﬁg&é‘on emi ssi on
ef ficiency can_ be inproved as, conpared with a conyentional elelg?r]tcr on source
in which & enp 5 yrall, Arpelertrongs emisted 1nya mechanysm all'y

oxi di zed in an el ectrol ¥ti c solution consisting of a water solution such as
sul furic sondapto picase of the Brstembedimente drift |ayer is formed) and the
stability with an el apse of tine can be inproved far the electron em ssion
char act eri st i csHerainafter aonethoat efrmagufattreringdheredectren sowrtcptlidc sol uti on.
Thus, in the case where a substance with its solubility to an organic

sol vent amadconding te the fourbh lembodimend vall hesdescpibedewith sreferentaitelig he
concentration of the solute in the electrolytic solution can be increased
by addi ng2AatoeFig. BRerefore, the filmquality of the silicon oxide filns 52
and 64 is inproved. In addition, when the concentration of the solute

i ncreases, the Flimt}thechmioeldotrodei2tis fofmedenad batk fdcgtdf ¢the al-tytpieon

i ncreases. Therefore, the in-plane deviation in filmthickness of the oxide

filnms 52 ailitobdubsordte . esThdr; taefion-Aspad polygeydtallaed yidiabn dagerPisut e, there
can be enpl oyed those exenplified in the tenth enbodinent. In addition, it

i s prefer ftinged hot dehcicondector 1apdredn &4 fiadaddlof the eh@sd sibieyh i ¢ sol ution
is 10 % or |ess. However) even if the above rate is 20 W% the em ssion

current agdbéiraed 1,%&Eis%ﬁdaﬂx@isﬁbﬁhaﬁmg.@ﬂ i96biaiREQV eFoPsxAiRPlRaasd W th
the prior art. Even if the rate is 50 wt% the em ssion current and

2 Ir tect ron enéthsl@f fdhf forhAAE)the PolReystaIRAY 8flicds 16§8P8xXafkriichh behe pri or
| employed a CVD technique, a sputtering technique, or a CGS technique and
the like.
After a non-doped polycrystalline silicon layer 3 has been formed, the
polycrystalline silicon layer 3 is made porous in accordance with the anodic

oxidation processing step, and a porous polycrystalline silicon layer 4 that is
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(Fourteenth Enbodi nent) 92 Hereinafter, a fourteenth enbodi ment of the
present invention will be described. The basic configuration of the
fourteenth enbodi nent is conmon to that of the tenth enbodinent. In order
to avoid a duplicate description, a difference fromthe tenth enbodi nent
will be primarily described below. In the case where the silicon oxide
films 52 and 64 are exposed to the air after the main oxidization

rocessin rocess, .there.is thaty. .t | . lpaired.
Phe four { SorACS ARt 1aDeH I Riindd Tl s Al er, BARERGd Sno)
carrying out,.a al i .processing after the main oxidization processin
procglssgf 6’;‘Jtﬂ‘é$'2£l§r1%éﬁ%’r$8§'l ly l)xigdi zing the polrousXIpo: §/cr|yst alol i ne s: I igcon

| ayer 4 by utiljzin el.ectrol,ytic.solution,jn.the tenth, odi ment .
"this is only ofBedtads CHEERE SRR S SRR BoteEhedic RRifahohg
processing is carried oyt by maintainpning redet er m ned neal i ng tenp
erature (PEPCESRHIBPLEP- 539 tgf anede gl %&e‘gs%s ?%éﬁ&ggefarﬁaﬁgﬁgc

at nosphere cont ai ni ng oxi de specie) by predet.erm pned annealjng time (for
exanpl e, Fompmsing prlomer elegtredy an ﬁla?Pgh'@r&?t ¢ HYCPRARATA e be set to
600C or less. By _setting the annealing tenperature to 600C or |ess, for
exanpl e, ilmmmedag@rbﬁlectrplﬁtngsdun@m% containedip amrogesgingessgbdirate, a
gl ass substrate with its | ow heat resistance tenperature and with a nodest

price can (Bdemmptivnlpdonly thegidperystdlbine ailiconTlayer 3tindhedargesfC ihe el ectron

source 10 can be reduced, and the annealing tine can be conparatively
i ncr eased brdsglat irdts ohtadtheithithe rdextralfrtic Iselwtidri Bpn Themewhehas 52 and 64
is inproved. In the electaron source 10 manufactured in accordance with the
93 platinum electrode (not shown) is employed as a negative polarity, and an n-
type silicon substrate 1 (chmic electrode 2) in the target C is employed as a
positive polarity, anodic oxidation is carried out at a constant current while
light is emitted from a light source to the polycrystalline silicon layer 3 (not
shown). In this manner, a porous polycrystalline silicon layer 4 is formed.
As the electrolytic solution B, there is utilized a mixture hiquid obtained by
mixing 55 wt% of hydrogen fluoride water solution and ethanolat 1:1. The
electrolytic solution B consists essentially of fluoric acid, and a liquid for use
in a general semiconductor manufacturing process can be used as the
electrolytic solution B. The temperature and concentration of the
electrolytic solution B in the processing vessel 41 is managed by an
electrolytic solution managing device 46. The electrolytic solution
managing device 46 includes a management vessel (not shown). The
electrolytic solution of the processing vessel 41 is introduced into the
management vessel through the electrolytic solution pipe 44. In the

management vessel, the temperature and concentration of the electrolytic

solution B are controlled so as to be maintained at the respective settings.
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manuf act uri ng nmet hod according to the fourteenth enbodi nent, the em ssion
current and el ectron em ssion effica.ency are inproved as conpared with the
el ectron source |1 O manufactured in accordance with the manufacturing nethod
according to the tenth enbodiment. This is because the fineness of the
silicon oxide $Inms 52 and 64 is inproved nore renmarkably as conpared with
that of the tenth enbodi nent. As has been descri bed previously, annealing

processi Ngywi S ycarry out..in sph taini .oxide specie, thereby
i ng 1 DhecdFRrRIVE SIhGbRE b BE gAY et S Bel iRl e s o 1 ne
silicon oxide filnms 52 64. neal i rocessing, ey be.carxied out in a
vacuum or Wﬂ‘éﬁsﬁ%geséﬁhgggh’é?“&h%égﬁ}ﬁw %@B@QP%E?%%H}% é% out in

i nert gas_atnmosphere, thereby making .it possihle to c aratively reduce

t he anneal fﬁaeerﬁg@ﬁbﬁ%?‘ﬁﬁ@ﬁownogﬁéplﬁﬁiﬁPaéﬁ?ﬁﬂﬁm e Prefessiigng i s
carried out in inert gas atnosphere) thereby making it possible to prevent
i npuri ti eyestphdecand themanagementitessele t%i“l’fiaéﬁl’\"léﬂi@e(sgﬂ 6prgyi 4 or
another filmfrombeing fornmed on the surface of the silicon oxide ~Ins 52
and 64. | khaaatbedssing vessebdls Bbemetaryt wingh? éyduven dyumtlrizer devica 48r der to
carry out annealing processi nglé Thus) a sinplified device can be enpl oyed
as conpar egduotates ard stirsthehelettrolydiosadutiond®in tlee procespingyvesselasl. o

result, throughput in a device for carrying out annealing processing can be
i nproved, and t e thafoheaht embodinterst, acstirring deduoe echsigting vftks yotary
Hereinafter, a result obtained by variously changing a condition for the
oxi di zat i eningt4dahd thd deiverhievivet 48)cimt thweletolytid sojutior eanagingsour ce 10
according to the tenth enbodi ment, thereby nmanufacturing the el ectron 94
sour ce 10)desdiud 461esnfigieauanagenent aleais fol neanfgihgthe kaneaiteation ofs wil |
be described with reference to Fig. 19 to Fig. 25. First, a comon

condi ti on the efediBdliptid sefutiGnBfiactheproge s vebet W10 thaythe idplané bf be
described. As an n-type silicon substrate, there was enployed a (100)

substrat e the felybkysthllife bflidnddy&/3GHnat i 4 @emiddntducYoriagepdmade | n

t hi ckness. The fi}rm t hi ckness oy a polycrystalline silicon layer 3 (refer

to Fig. 2Rr¥@sat tie s4ie vBIS:ify.! ”TE&EKE&é'ﬂ)rBIe&{k?IgoE@'p\bBF&?éﬁMihé‘ﬁﬂﬁ:bhi con

| ayer 3 was carried out in accordance with an CVD'technique. In the film

formng syg er %'ESnELﬁHé EEMM- 1€ §n?2aﬁ?s all E%ﬁﬁﬁﬁiéxﬁic?yétﬂ@e'ﬁtﬁt ure was

A0C, and t l'ow r at ane gas was O. mn (600 scan) in a

o b o, ‘PRl BOABIOR, ST ARSI MR 1)
% i J I 1. 1.
B o Y RBE ok Aol Bty bt B0,808s BA1A0! ThE AURALAREERAY
E“SI yoryst nFidESE ﬁ%j\?f? AEfeh 59 4 bethae g@#ﬁ%‘i‘%&%ﬁ%% suppl | ec
i ' . 12

tlLS{“ ?szgﬂlﬁﬁ éra;ﬁa‘;lge ?ﬁfﬁﬁ?ﬁfﬁéﬁﬁ%@”ﬁaf%ﬁ“ﬁ%ﬁ%ﬁi B ofﬁe.ec%z surface

. hi . 10 . . . . .
acoor danc @l EReRLREGcRaBuFt PRt SR MR Inteer sbirode Su Samict Bt crment
result of ,an el ect,ron (ié)(ggpc& (hereinafter, referred to. as "el ectron source

of first dR¥HpMEY)beAd COANAEINE meansy  (1F BPABEEFII M| vi ng
D.04 M of , ssiumnitrate (spl ute) eml oyed .f qr. ef hyl.ene gl ycol
{organic éﬁ%@ﬁtﬂﬁﬁﬁsﬁ%égﬁn q%ﬂ?ﬁﬁa#‘%&hﬁﬁ 1ﬁk¥§%ﬁra§8€6§‘ﬂ?[ﬂb& fenth
enbodi ment. Fig, 20.shqws a neasurengent result, of an el ectron source

(her ei naf tTegang E*‘i\*ﬁi%?ja't%elﬁtm&wﬁﬁ%dﬁ%é% devaes 46 anrdribedieyicthen an
electrolytjc solution is enployed, the electrolytic solution being obtained
by di ssol \fphén@bomqmzﬂmt%rg@ Gmnitrate (solute) in ethylene glycol
(organi c sol vent and further, adding 3 wt% of water thereto (nanely,
manuf act uri ng exnithef angdic pridatioaprocessingistembps terminated theaorons ng

nmet hod according to the tenth enbodi nent.
polycrystalline silicon layer 4 is oxidized in the oxidizing step. In this

manner, the drift layer 6 consisting of an oxidized porous polycrystalline
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Fig. 21 shows a neasurenent result of an electron source (hereinafter,
referred to as "electron source of thixd exanple") when an el ectxolytic
solution is enployed, the electrolytic solution being obtained by

di ssolving 0.04 Mof potassiumnitrate (solute) in ethylene glycol (organic
solvent), and further, adding 6 wt % of water thereto (namely, manufacturing
nmet hod of the thirteenth enbodi nent) in the manufacturing nethod according

to tenth enbodipent. Fig. 22 shows a neasurenent result of ~an, electron
source ( héﬂ&%ﬂﬁg’@r 1s f@m«f @adta)sbrélcmee@wvmﬂ%hw-c?éf b5 ohtgined, i ment ")
when en electrolytic solution is enplaoyed, the electrolytjc solufion being
obt ai ned wmswnghwgmuﬂmlygmsh@ﬁmfﬁW%W@éslémnfbyeti Ry dhay| ene

gl ycol (organic solvent)) and further, adding 10 wt % of water thereto
(nanel y) mapid heatingrigchmignedand the drifhilayesdneanteiingithegrpingdy. 24 shows
a neasurenent result of an electron source (hereinafter, referred to as

" el ect r on silicorcranécriystals 68x angisdigonedde filmsti2eamd dfiafoumedig Adamnpd
according to the tenth enbodi nent, el ectrochem cal oxidization is carried
out by enpimgdalingadevdteis employed indhetdxidizidy stepacdsitg tB6 rapidi lseaging ng 0. 04
M of potassiumnitrate (solute) for ethylene glycol (organic solvent), and

then, anndathmigue o dessdulBtifte tampepaturetis frivenlathopreddtermimstheal i ng
tenperature of 500C (nanely, manufacturing nethod of the fourteenth

enbodi mentthmyeraturdorisd P8 city (foaSexaenEial 80ES Ukdc) Fford FoSmeiniet abdrextoe
(hereinafter, referred to as "el ectron source of conp arative exanple) when

1 Mof suIatFyfé&etéﬁﬁmbd/@ﬁafziﬁgke&hb@ﬂaﬁﬁee{fmlmﬁm@,sgwc?g sRlSI yticC

solution. Fig. 23 conpares neasurenment results of Fig. to Fig. 22. The

el ectron %ﬁ&bﬁ%&ﬂﬁ?‘?i&{&&%ﬁﬁa@&ﬁ@%ﬂg B HbP Bx SRPLE Onfigourgasur ed in

accordance wth the tolTow ng procedures. That is, an el’'ectron source was

i nt roducedlg'}é’ﬁ,qh@ J\éﬁ%m\%@%@ﬁ&zﬁgﬁh G s: cabFied DN Thehl the 3. @

col I ector ectro sposed i n"opposite to a surface electrode 7. A

A R T L S T SR
' pot ent (RorGminPie BRRRPE nied Vahholf et F6 BT SBELE BBy 22 ang
|0, 24, ol R SARR A AR 6534 b e G SRV 0
e o0 o B S SIGERE ohfoqid0, C2, The Mor el
Si de represent s ATELEICRAEHATer Bias breh bifmedd g Bireh Bl Fadh. ' donci (y
e. 2 dendoasistig ok e weraldn (Cr B o iBe fonFiboembedimeinig dosetfed’s o7 Ao
depi cting o%a'td?e 3@?{] la‘fglre%I iGri%Cztlccgyégxﬁz%twﬁi an electron beam vapor deposition

technique. Further, the second thin film layer consisting of the metal film

(Au film in the fourth embodiment) is deposited on the first thin film layer in

accordance with the electron beam vapor deposition technique. In this

manner, the surface electrode 7 consisting of the first and second thin film

layer, then an electron source 10 shown in Fig. 2D is obtained. In the fourth

embodiment, the surface electrode 7 is formed in accordance with the

electron beam vapor deposition technique. However, the method for

forming the surface electrode 7 is not limited to the electron beam vapor
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voltage Vps is 14V in neasurenent results of Fig. 19 to Fig. 22. The

hori zontal axis of Fig. 23 denotes the water content at a mass rate. The
vertical axis of the left side denotes a current density. The vertical axis
of the right side denotes electron em ssion efficiency. Y denotes a current
density of an em ssion current le. Z deno tes el ectron em ssion efficiency.
FromFig. 19 to Fig. 24 and Fig. 25, it is found that the el ectron sources

ol cot ron cppetitigh SR B BAYan | FEBRTRAY B bE SRR ABETL Y 71

t hose of cc,)%‘%?r gti ve exanples. The present invention has been described in
connect i orf \M its specific enbodi nents. It would have been obvi ous to one

skilled in the art,that a nunber various nodi fications and,al.tgrnations
can occur. ThergP&PS,E??%EO’bF%QWtmeﬂ?ﬁM“’%@ W%‘%“B& e
acconpanyi clainms without being limifed by sugh, enbodiinents. 98 VWHAT | S
CLAnVI ED |tggle$tn9xsfa?ﬁ¥lﬁéhlsolﬁnwegae{la] r"i’ﬁ @elé‘xﬁ Ef‘%jlse%ﬁtg’éii‘gi as gpranared t r on
source havi,ng an electrically conductive substrate, a strong field drift

| ayer foarfeidhdhepriorsants ade agdition eéétklﬁﬁal‘#%&é‘%ﬂﬁgﬁﬁeé}@%%r ate, and
an electrically conductive thzu fihmforned on the strong field drift

| ayer, whemgission chareetpristics{such ag cyrrentensiiy of eauissiogampyeiditduct i ve
thin filmbeconmes positive in polarity xelevant to the electrically
conduct i veelettben eatissionieficiency)isdmpraved.nj Brisdd becanse, ie the @asodiccal | y
conductive substrate :into the strong field drift layer drift within the
strong fi eixidation procegsingsstdp athe size andddistritmtign finenessof theczilicon
conductive thin film said nethod conprising: an anodi ¢ oxi dation

pr ocessi nquatoepystalsib®im the dsift bayerfa béadnbsi fiallyl wiforn: byfemploging threri ng a
porous sem conductor |ayer which contains a sem conductor nanocrystal by

anodi ¢ oximahagimg aednsn i nsulating filmformng step of form ng an
insulating filmon the surface of each sem conductor nanocrystal, wherein,

in said anodi c Quigtidie oxidativass the wilpdrystillide silivondayep thadpessi ng i. s
caxried out while emtting light which primarily contains a wavelength in a

vi si bl e | igghticoedhdbr | R @iticohdafed eitiis kndwaL Hat! potis ilmidger met hod
according to claim1l1, wherein the wavelength of light emtted to the

sem conducdl@dtrélgyiepoliShires béduk HecRYsedf # Biddestf Hdtheth a shpplhanmaidiod

according to claim2, wherein the optical filter is conposed of at |east

o L an T 01 884 S sl orle . et ot UlT 1
the sem cqpdufiOls haYethdr tRAL ofMol8, PErbtl Hife beEIRIatti % e silicon

nanocrystal 63 is formed. On the other hand, in the case where a supply

amount of hole is more than that of F ion, electrolytic polishing occurs, and

the silicon nanocrystal 63 is not formed. However, in the fourth

embodiment, the anode oxidizing device includes the stirring device. Thus,

the supply amount of F ion to the polycrystalline silicon layer 3 can be

restricted from deviating in plane. Moreover, the supply to the

polycrystalline silicon layer 3 of F ion that is a reaction specie required for

making the polycrystalline silicon layer 3 porous can be accelerated. Thus,

the supply amount of F ion can be prevented from being smaller than that of

hole. As a result, electrolytic polishing can be prevented from locally
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99 sem conduct or nanocrystals are continuously connected to each other.
5. The nmethod according to claim1) wherein a |ight source of a
nmonochromatic light is enployed. 6. The nethod according to claiml,
wherein the wavel ength of light emtted to the sem conductor |ayer is
changed based on an el apse of tine after starting anodic oxidation. 7. The
nmet hod according to claim?2) wherein a transm ssion mavelength of the

ki dati on. OB BAER ALY o ERePAAE BT AR ER Toyy b it fgnatpegher, "o 2O ©
o ol ai m BPTORRBRIRG Fptee]esatei 1 8 RGHpIRG tREPAEBIARI AR “°f Sman
opposite Salt%leletsgbggﬁjmaslﬂ fsgx(r:l% v%floc;[ltgre S'Ighngr%gor}gughe s1zie%¥1 rdistnbut;lon

density of the silicon nanocrystals 63 in the porous polycrystalline silicon

layer 4 are fully uniformed. As a result, the size and distribution density of

the silicon nanocrystals 63 in the drift layer 6 are fully uniformed. In

addition, the anode oxidizing device includes an electrolytic solution

managing device 46, and thus, the controllability of the velocity of porous

filming of the polycrystalline silicon layer 3 is improved. In this manner,

the in-plane uniformity of the porous polycrystalline silicon layer 4 can be

improved, and reproducibility can be improved.

With the method for manufacturing the electron source 10 according
to the fourth embodiment, when the porous polycrystalline silicon layer 4 is
formed in the anodic oxidation processing step, the concentration of the
electrolytic solution B is managed so that the velocities of porous filming of
the polycrystalline silicon layer 3 are identical to each other in the plane of
the polycrystalline silicon layer 3. Thus, a process for anodic oxidation is
stabilized, and the uniformity and reproducibility of size and distribution of
the silicon nanocrystals 63 contained in the porous polycrystalline silicon
layer 4 can be improved. As a result, the uniformity and reproducibility of
size and distribution density of silicon nanocrystals 63 in the drift layer 6 can
be improved. In this manner, the size or distribution of the silicon
nanocrystals 63 in the drift layer 6 is uniformed, and the electron scattering
in the drift layer 6 can be reduced. Therefore, the dielectric strength can be

improved, and the service life can be extended. Further, the electron
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10. The method according to claim9) wherein light is emtted from both
sides in the thiclrness direction of the sem conductor |ayer, and is
changed in synchronismwth the wavel engths of both lights. 11. The net hod
according to claiml, wherein there is enployed a control neans of) in the
anodi ¢ oxi dation processing step, controlling a concentration of an

el ectrolytic solution in an anodi c oxidation processing vessel so as to

proceed form ng of,_ a porous sem condyctor |ayer at .a sane velogity. 12. The
met hod ac€8PavAY afficiengy gan be igproues t Hurthsrmase, theameplane ynigarndity
controlling vessel far introducing an _ electyolytic solution having its
t enperatu Pg the, GI@MM?%@%\TG}CEW%Q ¢RI DE HRDEONASG: éﬂéﬁlﬁa‘ﬁ"oﬁ’rghﬁc essi ng
100 vessel. 13. The nethod according to claiml1, wherein the control
nmeans fi nelectran seurgetcandea ingoeasiedsi ng a | ower el ectrode and a

sem conductor |ayer. 14. The nethod according to claim11l, wherein a rinse
step of r¢Rifth Fonbedistextdrol ytic solution that remains in the porous

sem conductor | ayer by enploying at |east a hydrophilic organic solvent is

i ncl uded bet weeilexraimafien di fifthensaidiorentod the preserdtinpentmon sellde nsul at i ng
filmformng step. |5 The nethod according to claim1, wherein said rinse

step of r ceseibed.anHewaver odry blectroal sotuiros anblizci etleodbofwmannfadtarings thes
sem conductor |ayer by enploying at | east a non-water sol uble organic

sol vent i slédifdrlg@tkdeiceprling ab ¢thafift embodirlaht are ideacRabtathaseep and said
insulating filmformng step. 16. The nethod according to claim1, wherein,
during a wpesidingdo the second embodiment in basic configuration and functions.
The fifth embodiment will be described with reference to Fig. 11 and Fig. 12A
to FIG 12D. The electron source and the method of manufacturing it have a
plenty of common points to those according to the fourth embodiment.
In the fifth embodiment, as an electronic substrate, there is
employed a substrate on which an electrically conductive layer consisting of
a metal layer (for example, tungsten film) is provided on one surface of an
insulating substrate consisting of a glass substrate (for example, quartz
glass substrate).
As shown in Fig. 11, in the electron source 10 according to the fifth
embodiment as well, as is substantially similar to the second embodiment,
an insulating substrate 11, an electrically conductive layer 12, a drift layer 6,
and a surface electrode 7 are formed. A structure and functions of these
elements are similar to those of the electron source 10 according to the
second embodiment. A description thereof is omitted here.
In the electron source 10 according to the fifth embodiment as well,

electrons are emitted in the mechanism and model similar to a case of the

second embodiment.
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period between said anodi c oxi dation processing step and said oxidization
processing step) a natural oxide filmis prevented frombeing fornmed on a
sem conduct or nanocrystal surface so as not to expose the porous

sem conductor |layer to an air. 17. The nethod according to claim 16)
wherein, during the specified period, a surface of the porous sem conductor
| ayer is covered wwth a nonoxide |iquid. 18. The nethod according to claim

16) wherein, duting the specifijed riod, an_atnosphere is i.nert gas. 19.
The method accolBithg case Bhersihe eldirarcranrordiatgordias SpdBe AL period) at
| east a porqus,.sem conductqr layer is held in, a vacuu 01 0. The

met hod ac®8t %ﬁ@%I%Paﬁwg,asmelépﬂogawr%%ﬁﬂ &wﬁgv»ffi e?%pwer qegradec
contains a main_oxidization processing step of electrochem cally oxidizing
t he por ougndesaréanerleetapde dyaxthedikamay) hecpyaperly atsemead. on obt ai ned by

di ssolving a solute in an organic solvent. 21. The nmethod according tv

cl ai m 20, wher eHeremafter, @ methad ofonanufasturingshetalectsom gonxne. 122, The
met hod according to claim20, wherein an auxiliary oxidization processing

step of oacchrdimg te bee fifthoersbedimhemthwill berdesenibed mithareferenede Higt h a
thermal oxidizing technique is included at | east before or after said main
oxi di zat i A2AptooFies 420y st ep.

First, on one surface of the insulating substrate II I, an electrically
conductive layer 12 consisting of a metal film (for example, tungsten film) is
formed in accordance with a sputtering technique, and an electrically
conductive substrate is fabricated. Then, on the main surface side of the
electrically conductive substrate (on the electrically conductive layer 12), a
non-doped polycrystalline silicon layer 3 is formed as a semiconductor layer,
and a structure shown in Fig. 12A is obtained. As a method of film forming
a polycrystalline silicon layer 3, for example, there is employed a CVD
technique, a sputtering technique, or a CGS technique and the like.

After the non-doped polycrystalline silicon layer 3 has been formed,
the polycrystalline silicon layer 3 is made porous in the anodic oxidation
processing step. In this manner, a porous polycrystalline silicon layer 4
that is a porous semiconductor layer is formed, and a structure shown in Fig.
12B is obtained. In the anodic oxaidation processing step, there is employed
an anode oxidizing device comprising managing means described in the
fourth embodiment (refer to Fig. 18). That is, as in the fourth embodiment,
there is employed a processing vessel 41 (refer to Fig. 18) containing the

electrolytic solution B consisting of a mixture liquid obtained by mixing 55

wt% of hydrogen fluoride water solution and ethanol by substantially 1 : 1.
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23. The nethod according to claim 20, a pre-oxidization processing step of
oxi di zi ng the porous sem conductor |ayer is included before said main

oxi di zation processing step. 24. The nmethod according to clairn 22, wherein
a pre-oxidization processing step of oxidizing the porous sem conductor

| ayer is iucluded before said main oxidization processing step and said
auxiliary oxidization processing step. 25. The nethod according to claim
20, wherein a wash step of washing the porous semi conductor |ayer is

i ncl uded Thesr with & platinunxelectrode heing sawgetivg nolanty asd anelegisgallyus f or
manufacturing a field em ssion type el ectron source having an electrically
conduct i veo ivediager 42 Hteing g fositive yolarity] whale lighthedissiomisecagrieflace of
the electrically conductive substrate) and an electrically conductive thin
film formodt for theepdyerystallinel silicon Idyek 8y anpdistosidatiom prodessing iss appl i ed
so that the electrically conductive thin film 102 becones positive in

polarity eshtsthont avaicoaseimtaurient. | incthisincinnes, thoporase, wher eby
el ectrons injected fromthe electrically conductive substrate into the

strong fi ghlycdysthllideniticonlayér #is Rirmdde e Gng forkied goiohs | aver and are
emtted through the electrically conductive thin film said apparatus

conpri si ngolykfy AR & siditbAAhy N4 RbREAAS polrce@ithlend SiliconpeRidsigndst r ong
field drift lTayer is formed, form ng a porous sem conductor |ayer which

gggt ai ns  giIRGHIfdHYrFdtals. Ao eV iR erhbo Bafet IAMRSu Y tall GMBdi ¢ oxi dation;
polycrystalline silicon layer 3 is made porous, only part of the layer may be
made porous.

After the anodic oxidation processing step has terminated, the porous
polycrystalline silicon layer 4 is oxidized in the oxidizing step. In this
manner, a drift layer 6 consisting of an oxidized porous polycrystalline
silicon layer is formed, and a structure shown in Fig. 12C. In the oxidizing
step, the porous polycrystalline silicon layer 4 is oxidized in accordance with

-the rapid heating technique. In this manner, the drift layer 6 containing
the grain 51, silicon nanocrystal 63 and silicon oxide films 52 and 64 is
formed. In the oxidizing step using the rapid heating technique, a lamp
annealing device is employed as in the fourth embodiment. An O, gas
atmosphere is produced in a furnace. The substrate temperature is risen at
a predetermined temperature rise velocity (for example, 80°C / sec) from
room temperature to a predetermined oxidization temperature (for example,
900°C), and is maintained for a predetermined oxidization time (for example,
one hour). Then, rapid thermal oxidization (RTO) is carried out. Then, the
substrate temperature is lowered to room temperature. In the fifth

embodiment, the temperature rise velocity is set to 80°C / sec. Howevez, as
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an insulating filmformng device for formng an insulating filmon the
surface of each sem conductor nanocrystal, wherein the anodi c oxidation
processin g device caxries out anodic oxidation processing while entting
light that essentially contains a wavel ength of a visible light region
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the in-plane uniformity of electron emission characteristics can be improved.
In addition, an area for the electron source can be increased.

In the fourth and fifth embodiments, the drift layer 6 is composed of
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may be composed of a nitride porous polycrystalline silicon layer or an oxi-
nitride porous polycrystalline silicon layer. Alternatively, this layer may be
composed of the other oxide, nitride, or oxi-nitride porous semiconductor
layer.

In the case where the drift layer 6 is a nitride porous polycrystalline
silicon layer, there may be employed the nitriding step of nitriding the
temperature rise velocity in accordance with the rapid heating technique set
as in the fourth and fifth embodiments employing an NH, gas, for example,
instead of the oxidizing step of oxidizing the porous polycrystalline silicon
layer 4 in accordance with the rapid temperature rise velocity employing O,
gas. In this case, both of the silicon oxide films 52 and 64 (refer to Fig. 4)
are obtained as silicon nitride films. In the case where the drift layer 6 is
an oxi-nitride porous polycrystalline silicon layer, the oxi-nitriding step of
oxi-nitriding the temperature rise velocity in accordance with the rapid
heating technique set as in the fourth and fifth embodiments employing a
mixture gas of O, gas and NH, gas, for example, may be employed instead of
the step of oxidizing the porous polycrystalline silicon layer 4 in accordance
with the rapid heating technique. In this case, both of the silicon oxide
films 52 and 64 (refer to Fig. 4) are obtained as silicon oxi-nitride films,

In the manufacturing method according to the fourth and fifth
embodiments, the silicon oxide film 64 that is an insulating film is formed by
utilizing the rapid heating technique. However, the silicon oxide film 64
may be formed in accordance with an electrochemical method. In this case,

for example, an oxidization processing vessel containing an electrolytic
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solution (such as 1 mol of H,SO,, 1 mol of HNO,, or aqua regia, for example)
is employed. Then, with a platinum electrode (not shown) being a negative
polarity and a lower electrode being a positive polarity, a constant current is
supplied, and the porous polycrystalline silicon layer 4 is oxidized, whereby
the drift layer 6 containing the grain 51, silicon nanocrystal 63, and silicon
oxide films 52 and 64 is formed. Of course, the insulating film formed in
accordance with the electrochemical method may be employed as a nitride
film such as silicon nitride film.

(Sixth Embodiment)

Hereinafter, a sixth embodiment of the present embodiment will be
described. However, an electron source and a method of manufacturing the
electron source according to the sixth embodiment are identical to those
according to the first embodiment in basic configuration and functions. The
sixth embodiment will be described with reference to Fig. 2A to Fig. 2D and
Fig. 3 and Fig. 4.

In the sixth embodiment, as in the first embodiment, as an electronic
conductive substrate, there is employed a single-crystalline n-type silicon
substrate (for example, a (100) substrate with a xesistivity of substantially
0.01 Q cm to 0,02 Q cm) whose resistivity is comparatively close to that of a
conductor.

As shown in Fig. 3, in the electron source 10 according to the sixth
embodiment as well, as in the first embodiment, an n-type silicon substrate 1,
an ohmic electrode 2, a drift layer 6, and a surface electrode 7 are formed. A
structure and functions of these elements are similar to those of the electron

source 10 according to the first embodiment. A description thereof is
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omitted here.

In addition, as shown in Fig. 4, in the electron source 10 according to
the sixth embodiment as well, electrons are emitted in the mechanism and
model similar to a case of the first embodiment.

Hereinafter, a method of manufacturing the electron source 10
according to the sixth embodiment will be described with reference to Fig. 2A
to Fig. 2D.

First, the ohmic electrode 2 is formed on a back face of the n-type
silicon substrate 1. Then, on a main surface of the n-type silicon substrate 1,
a non-doped polycrystalline silicon layer 3 is formed as a semiconductor layer,
and a structure shown in Fig. 2A is obtained. As a method of film forming
the polycrystalline silicon layer 3, for example, there are a CVD technique, a
sputtering technique, and a CGS technique or the like.

After the non-doped polycrystalline silicon layer 3 has been formed,
the polycrystalline silicon layer 3 is made porous in the anodic oxidation
processing step. In this manner, the porous polycrystalline silicon layer 4
that is a porous semiconductor layer is formed, and a structure shown in Fig.
2B is obtained. In the anodic oxidation processing step, there is employed
an anodic oxidation processing vessel containing an electrolytic solution that
consists of a mixture liquid obtained by mixing 55 wt% of hydrogen fluoride
water solution and ethanol by substantially 1: 1. Then, with a platinum
electrode (not shown) being a negative polarity and the n-type silicon
substrate 1 (ochmic electrode 2) being a positive polarity, while light emission
is carried out for the polycrystalline silicon layer 3, anodic oxidation is

carried out at a constant current. In this manner, a porous polycrystalline
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silicon layer 4 is formed. The thus formed porous polycrystalline silicon
layer 4 has grains and silicon nanocrystals that are sources of the grain 51
and silicon nanocrystal 63, respectively. In the sixth embodiment, although
all of the polycrystalline silicon layer 3 is made porous, only a part of the
layer may be made porous.

After the anodic oxidation processing step has terminated, the rinse
step of removing the electrolytic solution that remains in the porous
polycrystalline silicon layer 4 is carried out. Then, the porous
polycrystalline silicon layer 4 is oxidized in the oxidizing step that is the
insulating film forming step. In this manner, the drift layer 6 consisting of
an oxidized porous polycrystalline silicon layer is formed, and a structure
shown in Fig. 2C is obtained.

In the rinse step, first, rinsing is carried out for a first predetermined
time (for example, about several minutes to 10 minutes) with pure water.
Then, in order to replace pure water, immersing into methyl alcohol thatis a
water soluble organic solvent (hydrophilic organic solvent) for a second
predetermined time (for example, about 1 to 5 minutes) is carried out about 3
to 5 times. Subsequently, immersing into that is a non-water soluble
organic solvent for the third predetermined time (for, example, about 1 to 5
minutes) is carried out about 3 to 5 times. As a water soluble organic
solvent, there may be employed ethyl alcohol (95% or more in concentration)
or isopropyl alcohol (939% or more in concentration) and the like instead of
employing methyl alcohol (99% or more in concentration). As a non-water
soluble organic solvent, benzene (99.5% or more in concentration) may be

employed instead of employing hexane (96% or more in concentration).
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In the oxidizing step, an oxidization procéssing vessel containing an
electrolytic solution (such as diluted sulfuric acid, diluted nitric acid, or aqua
regia, for example). With the platinum electrode (not shown) being a
negative polarity and the n-type silicon substrate 1 (chmic electrode 2) being
a positive polarity, a constant current is supplied, whereby the porous
polycrystalline silicon layer 4 is electrochemically oxidized. In this manner,
the drift layer 6 containing the grain 51, silicon nanocrystal 63 and silicon
oxide films 52 and 64 is formed. In the oxidizing step, the porous
polycrystalline silicon layer 4 is electrochemically oxidized. However, the |
porous polycrystalline silicon layer 4 may be oxidized by the rapid heating
technique (rapid thermal oxidization technique) using a lamp annealing
device.

After the drift layer 6 has been formed, the surface electrode 7
consisting of a gold thin film is formed on the drift layer 6, and the electron
source 10 shown in Fig. 2D is obtained. In the sixth embodiment, the
surface electrode 7 is formed in accordance with the electron beam vapor
deposition technique. However, the method of forming the surface electrode
7 is not limited to the electron beam vapor deposition technique, and a
sputtering technique may be employed, for example.

In the method of manufacturing the electron source 10 according to
the sixth embodiment, the step of forming the drift layer 6 includes: the
anodic oxidation processing step of forming the porous polycrystalline silicon
layer 4 in accordance with anodic oxidation employing an electrolytic
solution; the rinse step of removing the electrolytic solution that remains in

the porous polycrystalline silicon layer 4; and the insulating film forming
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step of oxidizing the porous polycrystalline silicon layer 4, thereby forming
insulating films (silicon oxide films 52 and 64) respectively on the surfaces of
the grain 51 and silicon nanocrystal 63. Thus, the electrolytic solution or
the like that remains in the porous polycrystalline silicon layer 4 formed in
the anodic oxidation processing step can be removed before the insulating
film forming step. In addition, the quality of the insulating film (silicon
oxide films 52 and 64) formed on the surface of a respective one of the grain
51 and silicon nanocrystal 63 can be 'ﬁnproved in the insulating ilm forming
step. As aresult, the dielectric strength of the electron source 10 can be
improved, and the service life can be extended as compared with the prior
art.

In the rinse step, afier rinsing using pure water, rinsing employing
non-water soluble organic solvent is carried out. That is, before rinsing
with non-water soluble solution, rinsing is carried out with pure water, and
thus, the remaining impurities such as fluorine can be removed within a
short time. Moreover, before rinsing with non-water soluble solution,
rinsing is carried out with pure water, and further, pure water is replaced
with water soluble organic solvent. Thus, by rinsing employing water
soluble organic solvent, the water content remaining in the porous
polycrystalline silicon layer 4 can be removed from the porous polycrystalline
silicon layer 4. As a result, the water content can be remained from
remaining in the porous polycrystalline silicon layer 4.

In the sixth embodiment, as a water soluble organic solvent, there is
employed a lower alcohol such as methyl alcohol, ethyl alcohol, or isopropyl

alcohol. These alcoholic solvents have a small number of carbons in
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molecule, and are relatively small in molecular weight. Because of this,
these solvents easily permeate into a fine structure (fine porous structure)
such as porous polycrystalline silicon layer 4. Thus, the water content
remaining in the porous polycrystalline silicon layer 4 can be removed within
a comparatively short time. Methyl alcohol is preferable in small molecular
weight, but is not preferable in toxicity. Therefore, by employing ethyl
alcohol instead of methyl alcohol, handing can be facilitated, and safety can
be improved.

As a non-water soluble organic solvent, there is employed an organic
solvent whose boiling point does not exceed 100°C and whose melting point
does not exceed 20°C such as hexane or benzene. Such non-soluble organic
solvent is highly volatile, and easily evaporates. Thus, the non-water
soluble solvent can be prevented from remaining in the porous
polycrystalline silicon layer 4. In addition, there is no need to prepare
specific environment or equipment in the rinse step. Thus, an increase in
manufacturing cost caused by facility investment can be prevented.
(Seventh Embodiment)

Hereinafter, a seventh embodiment of the present invention will be
described. An electron source according to the seventh embodiment and a
method of manufacturing the electron source are identical to those according
to the second embodiment in basic configuration and functions. The
seventh embodiment will be described with reference to Fig. 11 and Fig. 12A
to Fig. 12D. The electron source and the manufacturing method according
to the seventh embodiment have a plenty of common points to those

according to the sixth embodiment.
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In the seventh embodiment, as an electrically conductive substrate,
there is employed a substrate on which an electrically conductive layer
consisting of a metal film (for example, tungsten layer) is provided on one
surface of an insulating substrate consisting of a glass substrate. In the
case where the electrically conductor layer is thus formed on one surface side
of the insulating substrate, a larger area and cost reduction of the electron
source is made possible as compared with a case in which a semiconductor
substrate is employed as an electrically conductive substrate as in the sixth
embodiment.

As shown in Fig. 11, in the electron source 10 according to the
seventh embodiment as well, as is substantially similar to the second
embodiment, there are formed an insulating substrate 11, an electrically
conductive layer 12, a drift layer 6, and a surface electrode 7. The structure
and functions of these elements are similar to those of the electron source 10
according to the second embodiment. A description thereof is omitted here.

In the electron source 10 according to the seventh embodiment as
well, electrons are emitted in the mechanism and model similax to a case of
the second embodiment.

In the case where the electron source 10 according to the seventh
embodiment is utilized as an electron source of a display, the lower electrode
and surface electrode 7 or the like may be properly patterned.

Hereinafter, a method of manufacturing the electron source 10
according to the seventh embodiment will be described with reference to Fig.
12A to Fig. 12D,

First, on one surface of the insulating substrate 11, an electrically
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conductive layer 12 consisting of a metal ilm (for example, tungsten film) is
formed in accordance with a sputtering technique, and an electrically
conductive substrate is fabricated. Then, on a main surface of the
electrically conductive substrate (on the electrically conductive layer 12), a
non-doped polycrystalline silicon layer 3 is formed as a semiconductor layer,
and a structure shown in Fig. 12A is obtained. As a method of film forming
the polycrystalline silicon layer 3, for example, there is employed a CVD
technique, a sputtering technique, or a CGS technique.

After the non-doped polycrystalline silicon layer 3 has been formed,
the polycrystalline silicon layer 3 is made porous in the anodic oxidation
process step. In this manner, the process polycrystalline silicon layer 4 that
is a porous semiconductor layer is formed, and a structure shown in Fig. 12B
is obtained. In the anodic oxidation processing step, there is employed an
anodic oxidation processing vessel containing an electrolytic solution that
congsists of a mixture liquid obtained by mixing 55 wt% hydrogen fluoride
water solution and ethanol by substantially 1:1. With a platinum
electrode (not shown) being a negative polarity and an electrically conductive
layer 12 being a positive polarity, while light emission is carried out for the
polycrystalline silicon layer 3, anodic oxidation processing is carried out at a
constant current, whereby a porous polycrystalline silicon layer 4 is formed.
The thus formed porous polycrystalline silicon layer 4 has grains and silicon
nanocrystals that are sources of the grain 51 and silicon nanocrystal 63
respectively. In the seventh embodiment, although all of the polycrystalline
silicon layer 3 is made porous, only a part of the layer may be made porous.

After the anodic oxidation processing step has terminated, the rinse
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step is carried out as is the case of the sixth embodiment. Then, the porous
polycrystalline silicon layer 4 is oxidized in the oxidizing step that is the
insulating film forming step, and the drift layer 6 consisting of the oxidized
porous polycrystalline silicon layer is formed, and a structure shown in Fig.
12C is obtained.

In the oxidizing step, an oxidization processing vessel containing an
electrolytic solution (such as diluted sulfuric acid, diluted nitric acid, aqua
regia, for example) is employed. Then, with a platinum electrode (not
shown) being a negative polarity and an electrically conductive layer 12
being a positive polarity, a constant current is supplied, and the porous
polycrystalline silicon layer 4 is oxidized, whereby there is formed the drift
layer 6 containing the grain 51, silicon nanocrystal 63, and silicon oxide films
52 and 64.

After the drift layer 6 has been formed, the surface electrode 7
consisting of a metal thin film is formed on the drift layer 6, and an electron
source 10 shown in Fig. 12D is obtained. In the seventh embodiment, the
surface electrode 7 is formed in accordance with the electron beam vapor
deposition technique. However, a method of forming the surface electrode 7
is not limited to the electron beam vapor deposition technique, for example, a
sputtering technique may be employed.

In this manner, in the method of manufacturing the electron source
10 according to the seventh embodiment 7 as well, as is the case of the sixth
embodiment, the step of forming the drift layer 6 includes the anodic
oxidation processing step, rinse step, and insulating film forming step.

Thus, an electrolytic solution or the like that remains in the porous
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polycrystalline silicon layer 4 formed in the anodic oxidation processing step
can be reduced before the insulating film forming step. In addition, the
quality of the insulating film (silicon oxide films 52 and 64) formed on the
surface of a respective one of the grain §1 and silicon nanocrystal 63 can be
improved in the insulating film forming step. Thus, the dielectric strength
of the electron source 10 can be improved and the service life can be extended
as compared with the prior art.

In the sixth and seventh embodiments, the drift layer 6 is composed
of an oxadized porous polycrystalline silicon layer. However, this layer may
be composed of the other oxidized porous semiconductor layer or the nitride
or oxi-nitride porous semiconductor layer. That is, in the sixth and seventh
embodiments, although an insulating film formed in the insulating film
forming step is a silicon oxide film, the insulating film may be composed of
an oxide film other than silicon oxide film, a nitride film such as silicon
nitride film, or an oxi-nitride film such as silicon oxi-nitride film. The
silicon nitride film or silicon oxi-nitride film is employed, whereby the
dielectric strength voltage can be improved as compared with a case of the
silicon oxide film. The silicon nitride film or silicon oxi-nitride film and the
like may be formed in accordance with rapid thermal oxidization.

In the sixth and seventh embodiment, gold is employed as a material
for the surface electrode 7. However, aluminum, chrome, tungsten, nickel,
or platinum may be employed. In addition, the surface electrode 7 may be
composed of at least a two-layered thin film layer deposited in the thickness
direction. In the case where the surface electrode 7 is composed of a two-

layered thin film layer, for example, gold or the like is employed as a
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material for an upper thin film layer. In addition, chrome, nickel, platinum,
titanium, or indium, for example, is employed as a material for a lower thin
film layer (thin film layer at the drift layer 6 side).

(Eighth Embodiment)

Hereinafter, an eighth embodiment of the present embodiment will
be described. An electron source and a method of manufacturing the
electron source according to the eighth embodiment are identical to those
according to the first embodiment in basic configuration and functions. The
eighth embodiment will be described with reference to Fig. 2A to Fig. 2D and
Fig. 3 and Fig. 4.

In the eighth embodiment, as in the first embodiment, as an
electrically conductive substrate, there is employed a single-crystalline n-
type silicon substrate whose resistivity is comparatively close to that of a
conductor (for example, a (100) substrate whose resistivity is substantially
0.01 2 cm to 0.02 Q cm).

As shown in Fig. 3, in the electron source 10 according to the eighth
embodiment as well, as in the first embodiment, there are formed an n-type
silicon substrate 1, an ohmic electrode 2, a drift layer 6, and a surface
electrode 7. A structure and functions of these elements are similar to those
of the electron source 10 according to the first embodiment. A description
thereof is omitted here.

In addition, as shown in Fig. 4, in the electron source 10 according to
the eighth embodiment as well, electrons are emitted in the mechanism and
model similar to a case of the first embodiment.

Hereinafter, a method of manufacturing the electron source 10
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according to the eighth embodiment will be described with reference to Fig.
24 to Fig. 2D.

First, an ohmic electrode 2 is formed on a back face of the n-type
silicon substrate 1. Then, on the main surface of the n-type silicon
substrate, a non-doped polycrystalline silicon layer 3 is formed as a
semiconductor layer, and a structure shown in Fig. 2A is obtained. Asa
method of film forming the polycrystalline silicon layer 3, for example, there
is employed a CVD technique, a sputtering technique, or a CGS technique
and the like.

After the non-doped polycrystalline silicon layer 3 has been formed,
the polycrystalline silicon layer 3 is made porous in the anodic oxidation
processing step. In this manner, the porous polycrystalline silicon layer 4
that is a porous semiconductor layer is formed, and a structure shown in Fig.

2B is obtained. In the anodic oxidation processing step, there is employed

an anodic oxidation processing vessel containing an electrolytic solution that-

consists of a mixture liquid obtained by mixing 55 wt.% of hydrogen fluoride
water solution and ethanol by substantially 1 : 1. Then, with a platinum
electrode (not shown) being a negative polarity and the n-type silicon
substrate 1 (ochmic electrode 2) being a positive polarity, while light emission
is carried out for the polycrystalline silicon layer 3, anodic oxidation is
carried out at a constant current. In this manner, a porous polycrystalline
silicon layer 4 is formed. The thus formed porous polycrystalline silicon
layer 4 has grains and silicon nanocrystals that are sources of the grain 51
and silicon nanocrystal 63, respectively. In the sixth embodiment, although

all of the polycrystalline silicon layer 3 is made porous, only a part of the
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layer may be made porous.

In the oxidizing step, an oxidization processing vessel containing an
electrolytic solution (such as diluted sulfuric acid, diluted nitric acid, aqua
regia, for example) is employed. Then, with a platinum electrode (not
shown) being a negative polarity and an n-type silicon substrate 1 (an ohmic
electrode 2) being a positive polarity, a constant current is supplied, and the
porous polycrystalline silicon layer 4 is oxidized, whereby there is formed the
drift layer 6 containing the grain 51, silicon nanocrystal 63, and silicon oxide
films 52 and 64.

Tn the manufacturing method according to the eighth embodiment,
during a specified period between the anodic oxidation processing step and
the oxidizing step, a natural oxide film is prevented from being formed on the
surface of a silicon nanocrystal that is a semiconductor nanocrystal so as not
to expose the porous polycrystalline silicon layer 4 to the air. In the eighth
embodiment, in order to prevent the natural oxide film-from being formed in
the specified period, the polycrystalline silicon layer 3 is made porous in the
anodic oxidation processing step, and then, rinsing is carried out by
employing alcohol (such as ethanol, isopropyl alcohol, or methyl alcohol, for
example). After rinsing, the porous polyerystalline silicon layer 4 is
immersed in electrolytic solution of the oxidization processing vessel
immediately while its surface is covered with alcohol. Therefore, a natural
oxide film can be prevented from being formed on the porous polycrystalline
silicon layer 4, and contamination can be restricted.

In the eighth embodiment, alcohol configures non-oxide liquid. As

means for preventing the porous polycrystalline silicon layer 4 from being
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exposed to the air during the specified period, inert gas may be employed as
the atmosphere during the specified period. Alternatively, at least the
porous polycrystalline silicon layer 4 may be maintained in vacuum during
the specified period. Inert gasis employed as the atmosphere during the
specified period, whereby a natural oxide film can be prevented from being
formed, and contamination of the porous polycrystalline silicon layer 4 can
be restricted. In addition, if the porous polycrystalline silicon layer 4 is
maintained in vacuum, a natural oxide film can be prevented from being
formed, and the impurities can be restricted from adhering to the porous
polycrystalline silicon layer 4.

After the drift layer 6 has been formed, a surface electrode 7
consisting of a metal thin film is formed on the drift layer 6, and an electron
source 10 shown in Fig. 2D is obtained. In the eighth embodiment, the
surface electrode 7 is formed in accordance with the electron beam vapor
deposition technique. However, a method of forming the surface electrode 7
is not limited to the electron beam vapor deposition technique, and a
sputtering technique may be employed, for example.

In this manner, in the method of manufacturing the electron souxce
10 according to the eighth embodiment, the step of forming the drift layer 6
includes: the anodic oxidation processing step of forming the porous
polycrystalline silicon layer 4 in accordance with anodic oxidation; and the
oxidizing step of oxidizing the porous polycrystalline silicon layer 4, thereby
forming the silicon oxide films 52 and 64 respectively on the surfaces of the
grain 51 and silicon nanocrystals 63. Then, during a specified period

between the anodic oxidation processing step and oxidizing step, a natural
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oxide film is prevented from being formed on the surface of the silicon
nanocrystal 63 so as not to expose the porous polycrystalline silicon layer 4 to
the air. Thus, during the specified period between the anodic oxidation
processing step and oxidizing step, a natural oxide film can be prevented
from being formed on the surface of the silicon nanocrystal 63. As a result,
the quality of the silicon oxide film formed on the surface of the silicon
nanocrystal can be improved in the oxidizing step. In this manner, the
dielectric strength of the electron source 10 can be improved, and the service
life can be extended.

In the electron source 10 manufactured in accordance with the
manufacturing method according to the eighth embodiment, the electron
emission efficiency is improved as compared with an electron source 10’
manufactured in accordance with a conventional manufacturing method. A
reason of such improvement is as follows. That is, a natural oxide film is
prevented from being formed. Thus, a deviation of film thickness of a
respective one of the silicon oxide films 52 and 64 in the drift layer 6, the
defect density of the silicon oxide films 52 and 64, or the defect density of a
critical surface between the silicon oxide film 64 and the silicon nanocrystal
63 and the like is reduced as compared with a conventional drift layer 6".
Thus, the scattering probability of the silicon oxide film 64 can be reduced

more remarkably than the prior art, and a loss due to scattering is reduced.

(Ninth Embodiment)
Hereinafter, a ninth embodiment of the present invention will be
described. An electron source and a method of manufacturing the electron

source according to the ninth embodiment is identical to those according to
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Y \ tﬁ% second embodi entin%asi%‘. configuration and functions. The ninth

embodiment will be described with reference to Fig. 11 and Fig. 12A to Fig.
12D. The electron source and the method of manufacturing it according to
the ninth embodiment has a plenty of common points to those according to
the eighth embodiment.

In the ninth embodiment, as an electrically conductive substrate,
there is employed a substrate on which an electrically conductive layer
consisting of a metal film (for example, tungsten film) is provided on one
surface of an insulating substrate consisting of a glass substrate. In the
case where the substrate on which an electrically conductive layer is formed
on one surface of the insulating substrate is thus employed, a larger area and
cost reduction of the electron source are made possible as compared with a
case in which the semiconductor substrate is employed as an electrically
conductive substrate as in the eighth embodiment.

As shown in Fig. 11, in the electron source 10 according to the ninth
embodiment, as is substantially similar to the second embodiment, there are
an insulating substrate 11, an electrically conductive layer 12, a drift layer 6,
and a surface electrode 7. A structure and functions of these elements are
similar to those of the electron source 10 according to the second embodiment.
A description thereof is omitted here.

In the electron source 10 according to the ninth embodiment as well,
electrons are emitted in the mechanism and model similar to a case of the
second embodiment.

In the case where the electron source 10 according to the ninth

embodiment is utilized as an electron souxrce of a display, the lower electrode
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or surface electrode 7 and the like may be properly patterned.

Hereinafter, a method of manufacturing the electron source 10
according to the ninth embodiment will be described with reference to Fig.
12A to Fig. 12D.

First, on one surface of an insulating substrate 11, an electrically
conductive layer 12 consisting of a metal film (for example, tungsten film) is
formed in accordance with a sputtering technique, and an electrically
conductive substrate is fabricated. Then, on a main surface of an
electrically conductive substrate (on the electrically conductive layer 12), a
non-doped polycrystalline silicon layer 3 is formed as a semiconductor layer,
and a structure shown in Fig. 12A is obtained. As a method of film forming
a polycrystalline silicon layer 3, for example, there is employed a CVD
technique, a sputtering technique, or a CGS technique or the like.

After the non-doped polycrystalline silicon layer 3 has been formed,
the polycrystalline silicon layer 3 is made porous in the anodic oxidation
processing step. In this manner, a porous polycrystalline silicon layer 4
that is a porous semiconductor layer is formed, and a structure shown in Fig.
12B is obtained. In the anodic oxidation processing step, there is employed
an anodic oxidation processing vessel containing an electrolytic solution that
consists of a mixture liquid obtained by mixing 55 wt% of hydrogen fluoride
water solution and ethanol by substantially 1: 1. With a platinum
electrode (not shown) being a negative polarity and an electrically conductive
layer 12 being a positive polarity, while light emission is carried out for the
polycrystalline silicon layer 3, anodic oxidation processing is carried out at a

constant current, whereby a porous polycrystalline silicon layer 4 is formed.
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nanocrystals that are sources of a respective one of the grain 51 and silicon
nanocrystal 63. In the ninth embodiment, although all of the
polycrystalline silicon layer 3 is made porous, only a part of the layer may be
made porous.
After the anodic oxidation processing step has terminated, the porous
polycrystalline silicon layer 4 is oxidized in the oxidizing step. In this
manner, the drift layer 6 consisting of the oxidized porous polycrystalline
silicon layer is formed, and a structure shown in Fig. 12C is obtained.
In the oxidizing step, an oxidization processing vessel containing an
electrolytic solution (such as diluted sulfuric acid, diluted nitric acid, or aqua
regia, for example) is employed. Then, with a platinum electrode (not
shown) being a negative polarity and an electrically conductive layer 12
being a positive polarity, a constant current is supplied, and the porous
polycrystalline silicon layer 4 is oxidized, whereby a drift layer 6 containing
the grain 51, silicon nanocrystal 63, and silicon oxide films 52 and 64 are
formed. In the manufacturing method according to the ninth embodiment,
as is the case of the eighth embodiment, a natural oxide film is prevented
from being formed on the surface of a silicon nanocrystal that is a
semiconductor nanocrystal so as not to expose the porous polycrystalline
silicon layer 4 that is a porous semiconductor layer to the air during a
specified period between the anodic oxidation processing step and the
oxidization step.
After the drift layer 6 has been formed, a suxface electrode 7

consisting of a metal film is formed on the drift layer 6, and an electron
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source 10 shown in Fig. 12D is %)gtfained. In the ninth embodiment, the
surface electrode 7 is formed in accordance with the electron beam vapor
deposition technique. However, a method of forming the surface electrode 7
is not limited to the electron beam vapor deposition technique, and a
sputtering technique may be employed, for example.

In this manner, in the method of manufacturing the electron source
10 according to the ninth embodiment, the step of forming the drift layer 6
includes: the anodic oxidation processing step of forming the porous
polycrystalline silicon layer 4 by anodic oxidation processing and the
oxidizing step of oxidizing the porous polycrystalline silicon layer 4, thexeby
forming the silicon oxide films 52 and 64 respectively on the surfaces of the
grain 51 and silicon nanocrystal 63. Then, during the specified period
between the anodic oxidation processing step and oxidizing step, a natural
oxide film is prevented from being formed on the surface of the silicon
nanocrystal 63 so as not to expose the porous polycrystalline silicon layer 4 to
the air. Thus, during the specified period between the anodic oxidation
processing step and oxidizing step, a natural oxide film is prevented from
being formed on the surface of the silicon nanocrystal 63. In addition, the
quality of the silicon oxide film formed on the surface of the silicon
nanocrystal in the oxidizing step can be improved. As a result, the
dielectric strength of the electron source 10 can be improved and the service
life can be extended as compared with the prior art.

In addition, in the electron source 10 manufactured in accordance
with the manufacturing method according to the ninth embodiment, the

electron emission efficiency is improved as compared with an electron source
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10' manufactured in accordance with a conventional manufacturing method.

The cause of such improvement is similar to the case of the eighth

embodiment.

In the eighth and ninth embodiments, although the drift layer 6 is
composed of an oxidized porous polycrystalline silicon layer, this layer may
be composed of the other oxidized porous semiconductor layer.

In the eighth and ninth embodiments, gold is employed as a material
for the surface electrode 7. However, the material for the surface electrode
7 is not limited to gold, and aluminum, chrome, tungsten, nickel, or platinum
and the like may be employed, for example. In addition, the surface
electrode 7 may be composed of at least a two-layered thin film layer
deposited in the thickness direction. In the case where the surface electrode
7 is composed of the two-layered thin film layer, gold is employed as a
material for the upper thin film layer, for example. In addition, chrome,
nickel, platinum, titanium, or indium and the like is employed as a material
for the lower thin film layer (thin film layer on the drift layer 6 side).

(Tenth Embodiment)

Hereinafter, a tenth embodiment of the present invention will be
described. An electron source and a method of manufacturing the electron
source according to the tenth embodiment are identical to those according to
the first embodiment in basic configuration and functions. The tenth
embodiment will be described with reference to Fig. 2A to Fig. 2D, Fig. 3, and
Fig. 4.

In the tenth embodiment, as in the first embodiment, as an

electrically conductive substrate, there is employed a single-crystalline n-
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type silicon substrate whose resistivity is comparatively close to that of a
conductor (for example, a (100) substrate whose resistivity is substantially
0.01 Q cm to 0.02 Q cm).

As shown in Fig. 3, in the electron source 10 according to the tenth
embodiment as well, as in the first embodiment, there are formed an n-type
silicon substrate 1, an ohmic electrode 2, a drift layer 6, and a surface
electrode 7. A structure and functions of these elements are similar to those
of the electron source 10 according to the first embodiment. A description
thereof is omitted here.

In addition, as shown in Fig. 4, in the electron source 10 according to
the tenth embodiment as well, electrons are emitted in the mechanism and
model similar to a case of the first embodiment.

Hereinafter, a method of manufacturing the electron source 10
according to the tenth embodiment will be described with reference to Fig.
2A to Fig. 2D.

First, an ohmic electrode 2 is formed on the back face of the n-type
silicon substrate 1. Then, on the main surface of the n-type silicon
substrate 1, a non-doped polycrystalline silicon layer 3 of predetermined film
thickness (for example, 1.5 um) is formed in accordance with an LPCVD
technique, for example, and a structurc shown in Fig. 2A is obtained. A
condition for film forming the polycrystalline silicon layer 3 is as follows.
The degree of vacuum is 20 Pa. The substrate temperature is 640°C. The
flow rate of mono-silane gas is 0.6 L / min (600 sccm) in a standard state.

As a method of film forming the polycrystalline silicon layer 3, for example,

there is employed a CVD technique, a sputtering technique, or a CGS
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technique and the like.

After the non-doped polycrystalline silicon layer 3 has been formed,
the polycrystalline silicon layer 3 is made porous in the anodic oxidation
processing step. In this manner, a porous polycrystalline silicon layer 4
that is a porous semiconductor layer is formed, and a structure shown in Fig.
2B is obtained. In the anodic oxidation processing step, there is employed a
processing vessel containing an electrolytic solution that consists of a
mixture liquid obtained by mixing 55 wt% of hydrogen fluoride water
solution and ethanol by substantially 1:1. Then, with a platinum electrode
(not shown) being a negative polarity and with a lower electrode consisting of
the n-type silicon substrate 1 and ohmic electrode 2 being a positive polarity,
while light emission is carried out for the polycrystalline silicon layer 3,
anodic oxidation processing is carried out at a constant current, whereby a
porous polycrystalline silicon layer 4 is formed. The thus formed porous
polycrystalline silicon layer 4 contains polycrystalline silicon grains and
silicon nanocrystals. In the tenth embodiment, a condition for anodic
oxidation processing is as follows. The current density is 30 mA / cm?,
which is constant. The anodic oxidation time is 10 seconds. During anodic
oxidation processing, light emission is carried out on the surface of the
polycrystalline silicon layer 3 by means of a 500 W lamp.

After the anodic oxidation processing step has terminated, the porous
polycrystalline silicon layer 4 is oxidized in the oxidizing step. In this
manner, the drift layer 6 consisting of the oxidized porous polycrystalline
silicon layer is formed, and a structure shown in Fig. 2C is obtained.

In the oxidization step, for example, there is employed a processing
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vessel containing an electrolytic solution obtained by dissolving 0.04 mol / 1
(hereinafter, “mol / 1” is referred to as “M”) of potassium nitrate (solute) in
ethylene glycol (organic solvent). Then, with a platinum electrode (not
shown) being a negative polarity (cathode) and a lower electrode consisting of
the n-type silicon substrate 1 and ohmic electrode 2 being a positive polarity
(anode), a constant current is supplied, and the porous polycrystalline silicon
layer 4 is electrochemically oxidized, whereby the drift layer 6 containing the
grain 51, silicon nanocrystal 63, and silicon oxide films 52 and 64 are formed.
That is, in the tenth embodiment, the porous polycrystalline silicon layer 4 is
electrochemically oxidized by employing an electrolytic solution which does
not contain water.

In the oxidizing step of the tenth embodiment, a constant current of

0.1 mA / cm? is supplied until a voltage between the positive polarity and the
negative polarity rises to 20 V, whereby the porous polycrystalline silicon
layer 4 is oxidized. However, this condition may be changed as required.
For example, after oxidization has been carried out at a constant current
until the voltage between the positive electrode and negative electrode rises
to a predetermined voltage (for example, 20 V), the voltage between the
positive electrode and negative electrode is maintained at the above
predetermined voltage. Then, when a chemically synthetic current density
decreases to a predetermined value (for example, 0.01 mA / cm?), power
supply may be stopped. By doing this, in the drift layer 6, 1;he fineness of
the silicon oxide films 52 and 64 in a region close-to the n-type silicon

substrate 1 can be improved.

After the drift layer 6 has been formed, the surface electrode 7
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consisting of a metal film is formed on the drift layer 6 in accordance with a
vapor deposition technique, for example, and an electron source 10 shown in
Fig. 2D is obtained.

According to the method of manufacturing the above electron source
10, when the drift layer 6 is formed, the porous polycrystalline silicon layer 4
that is a porous semiconductor layer is electrochemically oxidized in an
electrolytic solution obtained by dissolving a solute in organic solvent (main
oxidization processing process). Thus, an emission current or electron
emission efficiency and the like is improved, and the stability with an elapse
of time is improved for electron emission characteristics of the electron
source 10. (Therefore, the service life of the electron source 10 can be
extended). The electron emission characteristics are improved and the
stability with an elapse of time is improved as compared with the prior art
because no water exists in an electrolytic solution employed in the
oxidizalion step, and the fineness of the silicon oxide films 52 and 64 is
increased, whereby the dielectric strength of the silicon oxide films 52 and 64
is improved. In addition, the electron emission efficiency is improved as
compared with the prior art. This is because an energy loss due to electron
scattering in the silicon oxide film 52 in the drift layer 6 is reduced.

In addition, the porous polycrystalline silicon layer 4 is rapidly
thermally oxidized in the oxidizing step, whereby the process temperature
can be reduced as compared with a process for forming the drift layer, and a
larger area and cost reduction can be easily achieved. Namely, due to the
lowered process temperature, a restriction on the substrate material is

reduced. This makes it possible to employ a large area, inexpensive glass
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substrate (such as no-alkali glass substrate, low alkali glass substrate, or
soda lime glass substrate, for example). In the case where such a glass
substrate is employed, the lower electrode consisting of the electrically
conductive material may be formed on one surface of the glass substrate.
In the electron source 10 manufactured in accordance with the above
described manufacturing method, the drift layer 6 is formed in accordance
with a process containing the oxidizing step of electrochemically oxidizing
the porous polycrystalline silicon layer 4 that is a porous semiconductor
layer in an electrolyte solution obtained by dissolving a solute in an organic
solvent. Thus, unlike the prior art, the emission current or electron
emission efficiency and the like can be improved as compared with the
electron source in which the drift layer is formed by electrochemically
oxidizing the porous polycrystalline silicon layer in the electrolytic solution
consisting of water solution such as sulfuric acid or nitric acid. Further, the
stability with an elapse of time can be improved for electron emission
characteristics.
The organic solvents for electrolytic solution employed in the above
described oxidizing step is not limited to ethylene glycol. For example,
there may be employed one or two kinds of mixture liquids of organic
solvents such as ethylene glycol, methanol, ethanol, propanol, butanol,
diethylene glycol, methoxy ethanol, glycerin, polyethylene glycol, dimethyl
formaldehyde, propylene glycol, cellosorve, butyl lactone, valero lactone,
ethylene carbonate, propylene carbonate, methyl formaldehyde, ethyl
formaldehyde, diethyl formaddehyde, methyl acetoamide, dimetyl

acetoamide, tetrahydroflufuryl alcohol. The soluie of the electrolytic
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solution is not limited to potassium nitrate. There may be employed a
mixture of one or two kinds of acids such as hydroxide, chloride, carbonic
acid, sulfuric acid, nitric acid, phosphoric acid, chromic acid, tartaric acid,
hydrochloric acid, bromic acid, malonic acid, adipic acid, caprylic acid,
palarconic acid, palmitinic acid, oleic acid, walitilic acid, phthalic acid,
benzoic acid, resorcimic acid, cumilic acid, citric acid, malic acid, succinic acid,
pimelic acid, suberic acid, azelaic acid, sebasic acid, maleic acid, fumanric acid,
citraconic acid, boromic acid, tungstic acid, molybdic acid, or vanadic acid.
In addition, there may be employed a mixture of one or two kinds of salts
such as carbonic acid salt, sulfuric acid salt, nitric acid salt, phosphoric acid
salt, chromic acid salt, tartaric acid salt, hydrochloric acid salt, bromic acid
salt, malonic acid salt, adipinic acid salt, caprylic acid salt, pelargonic acid
salt, palmitinic acid, oleic acid salt, walitilic acid salt, phthalic acid salt,
benzoic acid salt, resorcinic acid salt, cumiric acid salt, citric acid salt, malic
acid salt, succinic acid salt, pimelic acid salt, suberic acid salt, azelaic acid
salt, sebasic acid salt, maleic acid salt, fumaric acid salt, citraconic acid salt,
boronic acid salt, tungstic acid salt, molybdic acid salt, or vanadic acid salt.
As a salt, there may be employed a mixture of one or two kinds of salts such
as sodium hydroxide, potassium hydride, lithium hydride, calcium hydride,
sodium chloride, potassium chloride, magnesium chloride, aluminum
chloride, sodium sulfate, magnesium sulfate, lithium nitrate, potassium
nitrate, sodium nitrate, calcium nitrate, or ammonium tartrate.

In the meantime, as in the tenth embodiment, in the case where the
porous polycrystalline silicon layer 4 is electrochemically oxidized by

employing an electrolytic solution containing an alkali metal such as
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potassium nitrate in the main oxidization processing process, thereis a
danger that impurities such as alkali metal be mixed in the porous
polycrystalline silicon layer 4. Thus, it is desirable that the wash process
for washing the porous polycrystalline silicon layer 4 be carried out. By
carrying out such wash process, even if impurities such as alkali metal or
heavy metal are mixed in the porous polycrystalline silicon layer 4, the
impurity can be removed in the wash process. As a result, the electron
emission characteristics of the electron source 10 can be stabilized, and the
long term reliability can be improved.

In the wash process, for example, a mixture liquid of sulfuric acid
and hydrogen peroxide, a mixture liquid of a hydrochloric acid and hydrogen
peroxide, or aqua regia and the like may be employed as 2 mixture. By
employing any wash liquid of these mixtures, the wash liquid employed in
the wash process can be obtained with comparatively low cost. As a result,
the manufacturing cost of the electron source 10 can be reduced.

(Eleventh Embodiment)

Hereinafter, an eleventh embodiment of the present invention will be
described. A basic configuration of the eleventh embodiment is common to
that of the tenth embodiment. In order to avoid a duplicate description, a
differences from the tenth embodiment will be described primarily.

A method of manufacturing an electron source 10 according to the
eleventh embodiment includes an auxiliary oxidization processing process
for carrying out rapid thermal oxidization for a comparatively short time in
accordance with a rapid heating technique (thermal oxidization technique)

employing a lamp annealing device before a main oxidization processing
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accordance with the anodic oxidation processing by utilizing an electrolytic
solution. This 1s only one difference from the tenth embodiment. A
condition for rapidly thermally oxidizing the porous polycrystalline silicon
layer 4 in accordance with the rapid heating technique is as follows. The
flow rate of oxygen gasis 0.3 L/ min (300 sccm) in a standard state. The
oxidization temperature is 900°C, and the oxidization time is 5 minutes.
The oxidization time when the drift layer is formed only in accordance with
the rapid thermal oxidization is comparatively long, which is about 1 hour.

In the electron source 10 manufactured in accordance with the
manufacturing method according to the eleventh embodiment, the stability
with an elapse of time of electron emission characteristics is improved more
remarkably as compared with a case of the tenth embodiment. Thisis
because the fineness of the silicon oxide films 52 and 64 is improved more
remarkably as compared with that of the tenth embodiment.

In the eleventh embodiment, although the auxiliary oxidization
processing process is carried out before the main oxidization processing
process, the former may be carried out after the latter.

(Twelfth Embodiment)

Hereinafter, a twelfth embodiment of the present invention will be
described. The basic configuration of the twelfth embodiment is common to
that of the tenth embodiment. In order to avoid a duplicate description, a
difference from the tenth embodiment will be primarily described below.

In an electron source 10 according to the tenth embodiment, a drift

layer 6 is formed by electrochemically oxidizing a porous polycrystalline
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utilizing an electrolytic solution. However, in the anodic oxidation

processing, a mixture liquid between a hydrogen fluoride water solution and

ethanol is utilized, and thus, the surface of the silicon nanocrystals in the

porous polycrystalline silicon layer 4 is terminated by hydrogen. Thus,

there is a danger that the content of hydrogen in the drift layer 6 is

comparatively large in amount.

In contrast, in the twelfth embodiment, the porous polycrystalline

silicon layer 4 is oxidized by an oxide solution before the main oxidization

processing process in which the porous polycrystalline silicon layer 4 formed

in accordance with the anodic oxidation processing is electrochemically

oxidized by employing an electrolytic solution (pre-oxidization processing

process). That is, in the twelfth embodiment, before the main oxidization

processing process, the silicon nanocrystals and grains is immersed in an

oxide solution by an time interval to an extent such that the surface is

oxidized, and the hydrogen atom terminating a silicon atom is replaced with

an oxygen atom.

A processing condition in the pre-oxidization processing process is as

follows. As an oxide solution, there is employed a nitric acid heated at

115°C (70% in concentration). The oxidization time is 10 minutes. When

the oxide solution is heated, the oxidization velocity increases, thus making

it possible to reduce the processing time when the oxide solution is used. As

an oxide solution, there can be employed one or more than one kinds of

oxidizing agent selected from the group consisting of nitric acid, sulfuric acid,

hydrochloric acid, or hydrogen peroxide water.
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In the electron source 10 manufactured in accordance with the
manufacturing method according to the twelfth embodiment, the stability
with an elapse of time is improved more remarkably for the electron
emission characteristics as compared with a case of the tenth embodiment.
This is because the content of hydrogen in the silicon oxide films 52 and 64 is
low as compared with the tenth embodiment, and the fineness of the silicon
oxide films 52 and 64 is improved more remarkably. The porous
polycrystalline silicon layer 4 formed in accordance with anodic oxidation
processing has a fine structure of nanometer order. Thus, in the case where
the main oxidization processing process for electrochemically oxidizing the
porous polycrystalline silicon layer 4 by utilizing an electrolytic solution is
carried out, a new electrolytic solution is supplied to the surface of the porous
polycrystalline silicon layer 4. On the other hand, in the thickness direction
of the porous polycrystalline silicon layer 4, an electrolytic solution hardly
invades into a region that is comparatively distant from the surface, and
replacement of the electrolytic solution hardly occurs. Thus, in the
thickness direction of the porous polycrystalline silicon layer 4, the film
thickness of the silicon oxide film 64 is large in a region that is comparatively
close to the surface, while the film thickness of the silicon oxide film 64 is
small in a region that is comparatively distant from the surface. As a result,
in the region that is comparatively close to the surface electrode 7 in the
thickness direction of the drift layer 6, the film thickness of the silicon oxide
film 64 is so large that electron scattering is likely to occur. In this manner,
the electron emission efficiency is lowered. On the other hand, in the region

which is comparatively distant from the surface electrode 7 in the thickness
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direction of the drift layer 6, the film thickness of the silicon oxide film 64 is
so small that the dielectric solution is lowered, and the characteristics with
an elapse of time is impaired.

In contrast, in the twelfth embodiment, the pre-oxidization
processing process is carried out before the main oxidization processing
process for electrochemically oxidizing the porous polycrystalline silicon
layer 4. Namely, the main oxidization processing process is carried out after
the pre-oxidization processing process). Thus, before starting the main
oxidization processing process, the surface side of the porous polycrystalline
silicon layer 4 is already oxidized. Therefore, in the main oxidization
processing process, in the thickness direction of the porous polycrystalline
silicon layer 4, a current hardly flows in the region that is comparatively
close to the surface, and oxidization reaction does not proceed. On the other
hand, oxidization proceeds in the region that is comparatively distant from
the surface. Thus, the film thickness of the silicon oxide films 52 and 64
that exist in the region comparatively close to the surface electrode 7 in the
thickness direction of the drift layer 6 can be restricted from being larger
than that of the silicon oxide films 52 and 64 that exist in the region
comparatively distant from the surface electrode 7. In short, a deviation of
the film thickness of a number of silicon oxide films 64 can be reduced. Asa
result, electron scattering in the drift layer 6 is restricted, and the dielectric
strength is restricted from being lowered.

In the twelfth embodiment, oxidization of the porous polycrystalline
silicon layer 4 is carried out by employing an oxide solution in the pre-

oxidization processing process. However, in the pre-oxidization processing
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process, the porous polycrystalline silicon layer may be oxidized by
employing oxide gas such as oxygen or ozone, for example, instead of oxide
solution. In addition, oxidization may be carried out by merely exposing the
surface of the porous polycrystalline silicon layer 4 to the air. However, in
this case, there is a possibility that the film quality of an oxide film to be
formed is impaired. Therefore, it is preferable that annealing processing be
carried out as is the case of a fourteenth embodiment described later.

In addition, in the case where the auxiliary oxidization processing
process is carried out before the main oxidization processing process as is the
case of the eleventh embodiment, the pre-oxidization processing process is
carried out before the auxiliary oxidization processing process, whereby the
stability with an elapse of time can be improved more remarkably for the
electron emission characteristics.

(Thirteenth Embodiment)

Hereinafter, a thirteenth embodiment of the present invention will
be described. The basic configuration of the thirteenth embodiment 13 is
common to that of the tenth embodiment. In order to avoid a duplicate
description, a difference from the tenth embodiment will be primarily
described below.

In the thirteenth embodiment, a method of manufacturing the
electron source 10 according to the tenth embodiment is characterized in
that water is added to an electrolytic solution employed in the main
oxidization processing process for electrochemically oxidizing the porous
polycrystalline silicon layer 4. In the thirteenth embodiment, ethylene

glycol is employed as an organic solvent in an electrolytic solution, and 0.04
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M of potassium nitrate is employed as a solute. 6 wt% of water is contained
in the electrolytic solution.

According to the thirteenth embodiment, as is the case of the tenth
embodiment, the emission current and electron emission efficiency can be
improved as compared with a conventional electron source in which a porous
polycrystalline silicon layer is electrochemically oxidized in an electrolytic
solution consisting of a water solution such as sulfuric acid or nitric acid,
whereby the drift layer is formed, and the stability with an elapse of time can
be improved for the electron emission characteristics.

In addition, water is added to the electrolytic solution. Thus, in the
case where a substance with its solubility to an organic solvent and with its
solubility to water is employed as a solute, the concentration of the solute in
the electrolytic solution can be increased by adding water. Therefore, the
film quality of the silicon oxide films 52 and 64 is improved. In addition,
when the concentration of the solute increases, the electrical conductivity of
the electrolytic solution increases. Therefore, the in-plane deviation in film
thickness of the oxide films 52 and 64 can be restricted.

As an organic solvent and solute, there can be employed those
exemplified in the tenth embodiment. In addition, it is preferable that the
rate of water contained in the electrolytic solution is 10 wt% or less.
However, even if the above rate is 20 wt%, the emission current and electron
emission efficiency can be improved as compared with the prior art. Even if
the rate is 50 wt%, the emission current and electron emission efficiency can
be improved as compared with the prior art.

(Fourteenth Embodiment)
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Hereinafter, a fourteenth embodiment of the present invention will
be described. The basic configuration of the fourteenth embodiment is
common to that of the tenth embodiment. In order to avoid a duplicate
description, a difference from the tenth embodiment will be primarily
described below.

In the case where the silicon oxide films 52 and 64 are exposed to the
air after the main oxidization processing process, there is a danger that the
solute thereof is impaired. The fourteenth embodiment includes an
annealing processing process for carrying out annealing processing after the
main oxidization processing process for electrochemically oxidizing the
porous polycrystalline silicon layer 4 by utilizing an electrolytic solution in
the tenth embodiment. This is only one difference from the tenth
embodiment.

Annealing processing is carried out by maintaining a predetermined
annealing temperature (for example, 500°C) in the oxygen gas atmosphere
(namely, atmosphere containing oxide specie) by a predetermined annealing
time (for example, 1 hour). Itis desirable that the annealing temperature
be set to 600°C or less. By setting the annealing temperature to 600°C or
less, for example, in the case of forming a lower electrode on a glass substrate,
a glass substrate with its low heat resistance temperature and with a modest
price can be employed as a glass substrate. Thus, the cost of the electron
source 10 can be reduced, and the annealing time can be comparatively
increased. As a result, the fineness of the silicon oxide films 52 and 64 is

improved.

In the electron source 10 manufactured in accordance with the
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emission current and electron emission efficiency are improved as compared

with the electron source 10 manufactured in accordance with the

manufacturing method according to the tenth embodiment. This is because

the fineness of the silicon oxide films 52 and 64 is improved more remarkably

as compared with that of the tenth embodiment. As has been described

previously, annealing processing is carried out in atmosphere containing

oxide specie, thereby making it possible to prevent impurities from being

introduced into the silicon oxide films 52 and 64.

Annealing processing may be carried out in a vacuum or inert gas
atmosphere. Annealing processing is carried out in inert gas atmosphere,
thereby making it possible to comparatively reduce the annealing
temperature. On the other hand, annealing processing is carried out in
inert gas atmosphere, thereby making it possible to prevent impurities from
being introduced into the silicon oxide films 52 and 64 or another film from
being formed on the surface of the silicon oxide films 52 and 64. In addition,
there is no need to employ a vacuum device in order to carry out annealing
processing. Thus, a simplified device can be employed as compared with a
case in which the vacuum device is employed. As a result, throughput in a
device for carrying out annealing processing can be improved, and the
manufacturing cost can be reduced.

(Examples)
Hereinafter, a result obtained by variously changing a condition for

the oxidization step based on the method of manufacturing a electron source

10 according to the tenth embodiment, thereby manufacturing the electron
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described with reference to Fig. 19 to Fig. 25.

First, a common condition in a method of manufacturing each
electron source 10 will be described.

As an n-type silicon substrate, there was employed a (100) substrate
0of 0.01 Q cm to0 0.02 Q cm in resistivity and 525 pm in thickness. The film
thickness of a polycrystalline silicon layer 3 (refer to Fig. 2A) was 1.5 um.
The film forming of the polycrystalline silicon layer 3 was carried out in
accordance with an LPCVD technique. In the film forming step, the degree
of vacuum was 20 Pa, the substrate temperature was 640°C, and the flow
rate of mono-silane gas was 0.6 L / min (600 sccm) in a standard state. In
the anodic oxidation processing step, as an electrolyte solution, there was
employed an electrolytic solution obtained by mixing 55 wt% of hydrogen
fluoride water solution and ethanol at substantially 1: 1. During anodic
oxidation, a 500 W lamp was employed as a light source. While light
emission was carried out on the main surface of a polycrystalline silicon
layer 3, 12.5 mA of constant current was supplied from a power source by a
predetermined time between a lower electrode 12 that is an anode and a
cathode consisting a platinum electrode. The surface electrode 7 was a gold
thin film of 10 nm in film thickness formed in accordance with a vapor
deposition technique.

Fig. 19 shows a measurement result of an electron source
(hereinafter, referred to as "electron source of first example") when an
electrolytic solution obtained by dissolving 0.04 M of potassium nitrate

(solute) was employed for ethylene glycol (organic solvent) in the
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manufacturing method according to the tenth embodiment.

Fig. 20 shows a measurement result of an electron source
(hereinafter, referred to as "electron source of second example") when an
electrolytic solution is employed, the electrolytic soclution being obtained by
dissolving 0.04 M of potassium nitrate (solute) in ethylene glycol (organic
solvent), and further, adding 3 wt% of water thereto (namely, manufacturing
method of the thirteenth embodiment) in the manufacturing method
according to the tenth embodiment.

Fig. 21 shows a measurement result of an electron source
(hereinafter, referred to as "electron source of third example") when an
electrolytic solution is employed, the electrolytic solution being obtained by
dissolving 0.04 M of potassium nitrate (solute) in ethylene glycol (organic
solvent), and further, adding 6 wt% of water thereto (namely, manufacturing
method of the thirteenth embodiment) in the manufacturing method
according to tenth embodiment.

Fig. 22 shows a measurement result of an electron source
(hereinafter, referred to as "electron source of fourth embodiment") when en
electrolytic solution is employed, the electrolytic solution being obtained by
dissolving 0.04 M of potassium nitrate (solute) in ethylene glycol (organic
solvent), and further, adding 10 wt% of water thereto (namely,
manufacturing method of the thirteenth embodiment).

Fig. 24 shows a measurement result of an electron source
(hereinafter, referred to as "electron source of fifth example") when, in the
manufacturing method according to the tenth embodiment, electrochemical

oxidization is carried out by employing an electrolytic solution obtained by
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dissolving 0.04 M of potassium nitrate (solute) for ethylene glycol (organic
solvent), and then, annealing processing is carried out for 1 hour at an
annealing temperature of 500°C (namely, manufacturing method of the
fourteenth embodiment).

Fig. 25 shows a measurement result of an electron source
(hereinafter, referred to as "electron source of comparative example) when 1
M of sulfuric acid water solution is employed as an electrolytic solution.

Fig. 23 compares measurement results of Fig. 19 to Fig. 22.

The electron emission characteristics of each electron source was
measured in accordance with the following procedures. That is, an electron
source was introduced into a vacuum chamber (not shown). As shown in
Fig. 3, a collector electrode 21 was disposed in opposite to a surface electrode
7. A direct current voltage Vps was applied so that the surface electrode 7
is high in potential relevant to the lower electrode. Furthermore, the direct
current voltage Vc was applied so that the collector electrode 21 is high in
potential relevant to the surface electrode 7.

Fig. 19 to Fig. 22 and Fig. 24 and Fig. 25 each show a measurement
result of electron emission characteristics when a direct current voltage Ve is
constant at 100 V, and the degree of vacuum in a vacuum chamber is 5 x 10
Pa. The horizontal axis of each figure denotes a direct current voltage Vps.
The vertical axis of the left side denotes a current density. The vertical axis
of the right side represents electron emission efficiency. X denotes a
current density of a diode current Ips. Y denotes a current density of an
emission current le. Z denotes electron emission efficiency.

In addition, Fig. 23 is a graph depicting data when a direct current
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horizontal axis of Fig. 23 denotes the water content at a mass rate. The
vertical axis of the left side denotes a current density. The vertical axis of
the right side denotes electron emission efficiency. Y denotes a current
density of an emission current Ie. Z denotes electron emission efficiency.

From Fig. 19 to Fig. 24 and Fig. 25, it is found that the electron
sources of first to fifth examples are improved respectively in current density
and electron emission efficiency of the emission current Ie, as compared with
those of comparative examples.

The present invention has been described in connection with its
specific embodiments. It would have been obvious to one skilled in the art
that a number of various modifications and alternations can occur.
Therefore, the present invention should be limited by the accompanying

claims without being limited by such embodiments.
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WHAT IS CLAIMED IS:

1. A method of manufacturing a field emission type electron source
having an electrically conductive substrate, a strong field drift layer formed
on one surface of the electrically conductive substrate, and an electrically
conductive thin film formed on the strong field drift layer, wherein a voltage
is applied so that the electrically conductive thin film becomes positive in
polarity relevant to the electrically conductive substrate, whereby electrons
injected from the electrically conductive substrate into the strong field drift
layer drift within the strong field drift layer and are emitted through the
electrically conductive thin film, said method comprising:

an anodic oxidation processing step of, when the strong field drift
layer is formed, forming a porous semiconductor layer which contains a
semiconductor nanocrystal by anodic oxidation; and

an insulating film forming step of forming an insulating film on the
surface of each semiconductor nanocrystal, wherein, in said anodic oxidation
processing step, anodic oxidation processing is carried out while emitting
light which primarily contains a wavelength in a visible light region relevant
to a semiconductor layer.

2. The method according to claim 1, wherein the wavelength of light
emitted to the semiconductor layer is restricted by an optical filter.

3. The method according to claim 2, wherein the optical filter is
composed of at least one of an infrared cutting filter and a ultraviolet ray
cutting filter.

4. The method according to claim 1, wherein the wavelength of light

emitted to the semiconductor layer is set at a wavelength formed when
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semiconductor nanocrystals are continuously connected to each other.

5. The method according to claim 1, wherein a light source of a
monochromatic light is employed.

6. The method according to claim 1, wherein the wavelength of light
emitted to the semiconductor layer is changed based on an elapse of time
after starting anodic oxidation.

7. The method according to claim 2, wherein a transmission
wavelength of the optical filter is changed based on an elapse of time after
starting anodic oxidation.

8. The method according to claim 1, wherein light is intermittently
emitted to the semiconductor layer.

9. The method according to claim 1, wherein light is emitted to the
semiconductor layer from an opposite side to said surface of the
semiconductor layer.

10. The method according to claim 9, wherein light is emitted from
both sides in the thickness direction of the semiconductor layer, and is
changed in synchronism with the wavelengths of both lights.

11. The method according to claim 1, wherein there is employed a
control means of, in the anodic oxidation processing step, controlling a
concentration of an electrolytic solution in an anodic oxidation processing
vessel so as to proceed forming of a porous semiconductor layer at a same
velocity.

12. The method according to claim 11, wherein the control means
utilizes a controlling vessel for introducing an electrolytic solution having its

temperature and concentration adjusted into the anodic oxidation processing

100



| ML0% & () - 10%& ()-:!10%& ()-10%& ()- 10%& ()- 10%& ()-[!dE{\=F1 10!

. 10%& ()-, @0%& ()- & 10%& ()-(10%& ()-99 10%& ()-

$10%& ()-Kvz{|}b@1 10!!dM 10%00& ()- M 10%0& ()- 10z 10z 10z, ;

10%& ()-,2 10%& ()- &0@0%& ()- b@1 10!!dM 10%00& ()- M 10908 ()-" 10z
10z 10zS; 10%0&' ()-M 10%0& ()- ! M 10%gege& ()-- Normal " "Heading 13]c"
"Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Headi ng ve&dgel, "Headi ng 83]c" "Heading 93] c"A "Default Paragraph Font

1" T6\=CIQDX| _}fmt{Cr; #

13. The method according to claim 11, wherein the control means
finely moves a target comprising a lower electrode and a semiconductor
layer.

14. The method according to claim 1, wherein a rinse step of
removing an electrolytic solution that remains in the porous semiconductor
layer by employing at least a hydrophilic organic solvent is included between
said anodic oxidation processing step and said insulating film forming step.

15. The method according to claim 1, wherein said rinse step of
removing an electrolytic solution which remains in the porous semiconductor
layer by employing at least a non-water soluble oxganic solvent is included
between said anodic oxidation processing step and said insulating film
forming step.

16. The method according to claim 1, wherein, during a specified
period between said anodic oxidation processing step and said oxidization
processing step, a natural oxide film is prevented from being formed on a
semiconductor nanocrystal surface so as not to expose the porous
semiconductor layer to an air.

17. The method according to claim 16, wherein, during the specified
period, a surface of the porous semiconductor layer is covered with a non-
oxide liquid.

18. The method according to claim 16, wherein, during the specified
period, an atmosphere is inert gas.

19. The method according to claim 16, wherein, during the specified

period, at least a porous semiconductor layer is held in a vacuum.
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OXLd.lng the porous semiconductor layer in the electrolytic solution obtained
by dissolving a solute in an organic solvent.

21. The method according to claim 20, wherein water is added to
the electrolytic solution.

22. The method according to claim 20, wherein an auxiliary
oxidization processing step of oxidizing the porous semiconductor layer in
accordance with a thermal oxidizing technique is included at least before or
after said main oxidization processing step.

23. The method according to claim 20, a pre-oxidization processing
step of oxidizing the porous semiconductor layer is included before said main
oxidization processing step.

24. The method according to claim 22, wherein a pre-oxidization
processing step of oxidizing the porous semiconductor layer is included
before said main oxidization processing step and said auxiliary oxidization
processing step.

25. The method according to claim 20, wherein a wash step of
washing the porous semiconductor layer is included after said main
oxidization processing step.

26. An apparatus for manufacturing a field emission type electron
source having an electrically conductive substrate, a strong field drift layer
formed on one surface of the electrically conductive substrate, and an
electrically conductive thin film formed on the stxong field drift layer,

wherein a voltage is applied so that the electrically conductive thin ilm
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becomes positive in polarity relevant to the electrically conductive substrate,
whereby electrons injected from the electrically conductive substrate into the
strong field drift layer drift within the strong field drift layer and are emitted
through the electrically conductive thin film, said apparatus comprising:

an anodic oxidation processing device for, when the strong field drift
layer is formed, forming a porous semiconductor layer which contains a
semiconductor nanocrystal in accordance with anodic oxidation; and

an insulating film forming device for forming an insulating film on
the surface of each semiconductor nanocrystal, wherein the anodic oxidation
processing device carries out anodic oxidation processing while emitting light
that essentially contains a wavelength of a visible light region relevant to the

semiconductor layer.
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