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.Techni ca

Field The present invention relates to a nethod for the

_electrochem cal oxidation of sem conductors. Background Art There has

*_heretof ore been known a wet anodi zati on method as one of tec
.providing porosity to a sem conduct or orlfor formng an oxid
surface of a sem conductor.

Ny

The techniques for formng an oxide {jlmo

. . . . 159150%
surface of a sem conductor also include an el ectrochenical oxidationh nethod

proposed a field emission-type el eAEHSERIFFIBe prepared by

utilizing an el ectrochenical reaction. In late years, there ’@@HM@HI"WWQ

a wet anodi zation nmethod and an el ectrochem cal oxidation net
exanpl e, as shown in FI G EXGECTROGERIIGALoOXTDNTI Qhi ssi on-t ype eF®8%®t on
source 10 (hereinafter referred to as "electron source 10" for brevity)
conprises an n-type silicon substrate 1 as a conductive substrate, and
strong-field drift layer 6 (hereinafter referred to as "drift |ayer 6"
brevity) wiedhnizadomieded of an oxi di zed porous polycrystalline silicon

| ayer and forned on 2 the side of one of the principal surfaces of the
n-type silicon guestpateedt FAiddietiorn senhkaee etectd ogethosonpesectiyf a

nmetal thin film(e.g. gold thin film is formed on the drift |layer 6, and
an ohni ¢ eladdadrrerital foxitRd ioh Wie fackandiiaeraf the n-type silicon
substrate 1. In this structure, the n-type silicon substrate 1 and the
ohmc electrode 2 serve as a |lower electrode 12. Wile the el ectron source
10 illustrated in FIG 20 includes a non-doped polycrystalline silicon

| ayer 3 int rﬁgﬁ tween the n-type silicon substrate 1 and the drift
| ayer 6, B gjgln;dloélo%‘;tb

that the drift
n-type silicon

10
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t here

een proposed anot her el ectron source designed

€ 1. Tn an opeéra n em

method as one of techniques for providing porosity to a
semiconductor or for forming an oxide film on the surface
of a semiconductor. The techniques for forming an oxide
film on the surface of a semiconductor also include an
electrochemical oxidation method utilizing an
electrochemical reaction. In late years, there has been
proposed a field emission-type electron source prepared by
a process using a wet anodization method and an
electrochemical oxidation method.

For example, as shown in FIG. 20, this kind of field
emission-type electron source 10 (hereinafter referred to
as "electron source 10" for brevity) comprises an n-type
silicon substrate 1 as a conductive' substrate, and a
strong-field drift layer 6 (hereinafter referred to as
"drift layer 6" for brevity) which 1is composed of an

oxidized porous polycrystalline silicon layer and formed on

a
for

such

I Ls f I I Lnci pal of th
el Brls RLPEOoghrectly on bhe principal su{acs of, the

ng el ectrons fromthe



15 el ectron source 10 illustrated in FIG 20, a collector electrode 21 is
dlsposed in opposed relation to the surface el ectrode 7. Then, after a
vacuumis formed in the space between the surface electrode 7 and the

r collector electrode 21, a DC voltage Vps is applied between the surface 20
.electrode 7 and the | ower el ectrode 12 i% such a manner that the surface
el ectrode 7 has a higher potential than that of the | ower el ectrode 12.
Si mul t aneously, a DC voltage Vc is applied between the coll ector el ectrode
21 and the surface electrode 7 in such a manner that the 25 collector
el ectrode Zhehasidehioghengoeéntting phbRcibal eurfagesheoButhacardivRa r ode
7. Each of the DC voltages Vps, Vc can be appropriately arranged to all ow
el ectrons isijldctoad fawrsttetd ower eFecrthede 12 | stvfeke deilfctrader 6/ to be
emtted through the surface electrode 7 after drifting in 5 the drift |ayer
6 (the one-cudposteal nofi mesmenaFl Ghi20 fnthcate d.hegbldwtdfint hEigmectirsons e-
emtted through the surface electrode 7.). The surface electrode 7 is nade

of a netal fmhRId adn hanendrafenaldyeror &, f @t iaon.oNfhid eel et eb@et ronssour ce
10 illustrated in FIG 20 10 has the | ower electrode 12 conposed of the

n-type sil ifeRimesllst rei® dadindshPea08Nbe ehechregdpe? s itineicd hasp Al s deen
proposed anot her el ectron source 10 as shown in FIG 21, in which a | ower

el ectrode 32 mage ehia RBhaktiBeeritde 'I‘?—ﬁ}%@eﬁllPi‘c&@esQBsEPStEr iINGiRal
surfaces of an insul'ative 15 substrate 11." The el ectron source 10

(11 ustrat eddn dihfGc h SNl LTHA 4 o NOWRATR IWASRR 8% ! hafn e the

el ectron source 10 1| ustrated in FIG
the electron source 10 illustrated in FIG. 20 includes a

non-doped polycrystalline silicon layer 3 interposed
10 between the n-type silicon substrate 1 and the drift lajer
6, there has also been proposed another electron source
designed such that the drift layer 6 is formed directly on

the principal surface of the n-type silicon substrate 1.
In an operation of emitting electrons from the
15 electron source 10 illustrated in FIG. 20, a collector
electrode 21 is disposed in opposed relation to the surface
electrodé 7. Then, after a vacuum is formed in the space
between the surface electrode 7 and the collector electrode
21, a DC voltage Vps 1is applied between the surface
20 electrode 7 and the lower electrode 12 in such a manner
that the surface electrode 7 has a higher potential than
that of the lower electrode 12. Simultaneously, a DC
voltage Vc 1is applied between the collector electrode 21
and the surface electrode 7 in such a manner that the

25 collector electrode 21 has a higher potential than that of



‘Generally, in this kind of electron source 10, a current flow ng between
the surface electrode 7 and the 20 | ower electrode 12 is referred to as

"di ode current Ips", and a current flow ng between the coll ector el ectrode
.21 and the surface electrode 7 is referred to as "em ssion current (emtted
.electron current) le". In the electron sburces 10, an el ectrode eni ssion
efficiency (= (le / Ips) 25 x 100 [~]) becones higher as the ratio (le /

| ps) of the 4 em ssion current le to the diode current le is increased.
In this connection, the em ssion current |e becones higher as the DC

vol t age Vpghies surcfiaasedl edtwesdel @ct r Bachowrfcecd BRhvbltsgebedioison Ve

em ssion characteristics having a | ow 5 dependence on the degree of vacuum
and can st alahny wm dppreptriatslat axrhnglkedeltect da bhownedsconoakf iiaijemuted

wi t hout occurrence of a so-called popping phenonenon. If the electron

source 10 ifldoustitad edowedr FeGecZtode applireth aghan deliget ey «xous ceoofbeaa
di splay, the display may 10 be configured as shown in FIG 22. The displ ay

i I Tustrat edyif thldG t 14 EhEeguafatbe Gt 1ol CE d8;eAndrariacgpliai e 30
whi ch is conposed of a flat-plate-shaped gl ass substrate and di sposed in

opposed religll 0gyf ort hfaférec%ro(‘tﬁé’u%ﬁ%l—&-t A*cﬁQ;LheCltiQ{ese' eqt rPg@. 20

(hereinafter referred to as "anode 15 el ectrode™) 21 conposed of a

Cranspar ent, caudyet ig, 130 (8e Gnd 1A didfBnd Sef OLARO 08 LheoBUH 458 Of

the facepl a opposed to t ectron source 10. ace

anode 6|ec%5%%%c%15¥¥%%¥% é(%}fFEE%fgténggggrgfeégrgae 7 is made of

a metal material having a small work function.
While the electron source 10 illustrated in FIG. 20
10 has the lower electrode 12 composed of the n-type silicon
substrate 1 and the ohmic electrode 2, there has also been
proposed another electron source 10 as shown in FIG. 21, in
which a lower electrode 12 made of a metal material is
formed on one of the principal surfaces of an insulative
15 substrate 11. The electron source 10 illustrated in FIG.
21 emits electrons in the same process as that of the
electron source 10 illustrated in FIG. 20.
Generally, in this kind of electron source 10, a
current flowing between the surface electrode 7 and the
20 lower electrode 12 is referred to as "diode current Ips",
and a current flowing between the collector electrode 21
and the surface electrode 7 1is referred to as "emission
current (emitted electron current) TIe". In the electron
sources 10, an electrode emission efficiency (= (Ie / Ips)

25 x 100 [%]) becomes higher as the ratio (Ie / Ips) of the



provided with fluorescent materials forned in each of 20 pixels, and bl ack
‘stripes made of a black material and forned between the fluorescent
materials. Each of the fluorescent naterials applied on the surface of the
_anode el ectrode 21 opposed to the electron source 10 can generate a visible
.light in response to electron beans enmt4ed from25 the el ectron source 10.
The el ectrons emtted fromthe 5 el ectron source 10 are accel erated by a
vol tage applied to the anode el ectrode 21, and the highly energized

el ectrons cone into collision with the fluorescent materials. Three type of
f | uor escentemimtsdonal cutantngIéutbnedheerdicid ocsriodn®d Re(ded)indddegreen) and
B (blue) are used as the fluorescent materials. The faceplate 30 is spaced
apart fromirhectalectsmmesoisce e bymbssechaogukantf Tambeaiesswher and
an seal ed space fornmed between the faceplate 30 and the el ectron source 10

is kept ina%ﬁﬁﬂﬂ&TDdQva@agéevb%Oﬂ§ﬂﬂﬁé¥bééédJ|U$hi§t@deb&r5thdﬁ%ce
conprises an insul ative substrate 11 conposed of a glass substrate, a

plurality afy |oweh & £Cd1o8esord 2ept 5808 AchBrhb e 1 901 EBenav i hacq Ol he

i nsul ative substrate 11, a plurality of polycrystalline silicon |ayers 3

each @f whi LS. 0 n rp.es L I r c 12,11 a

super%rrposé%%ﬁ%l?\s#gr%ze a&g}eﬁrk%l i(%&%%gdh%ft gayl'gl?'s. g%ac%ff Efnﬁﬁgﬁ i?esf[{lnC

conposed of,an.. Qi zed ROrous, Pahueryshaldine si | 6pP; Laygr,and fored on

v

t he correspondi ng polycrystalfine silicon Tayer i A~ a supert nposed nanner,

a 20 pluraljt f isol ation |ayers h of ,which is conposed of a

pol ycryst a9 é‘ﬁ(%se’lnlclec(‘)3;1;]‘:!I Iaaysé)r %ﬁ&e%§§%§€gb&hv%§%W§ ‘adj acent drift

| ayers 6, and a urality of surface el ectrodes whi ch .are r on the

G Tt ayers 6 A e PLeRhEPOn SoaFeRs b ThiSErFaRged i Fonedtt dxt end

in the 25 crosswi se direction of the |ower_electrodes 12 so_.as to cut
applied as an electron source of a display, the display may

-

10 be configured as shown in FIG. 22. The display illustrated
in FIG. 22 comprises an electron source 10, and a faceplate

30 which is composed of a flat-plate-shaped glass substrate

and disposed in opposed relation to the electron source 10.
A collector electrode (hereinafter referred to as "anode

15 electrode") 21 composed of a transparent conductive film
(e.g. ITO film) is formed on the surface of the faceplate

30 opposed to the electron source 10. The surface of the
anode electrode 21 opposed to the electron source 10 is
provided with fluorescent materials formed in each of

20 pixels, and black stripes made of a black material and
formed between the fluorescent materials. Each of the
fluorescent materials applied on the surface of the anode
electrode 21 opposed to the electron source 10 can generate

a visible light in response to electron beams emitted from

25 the electron source 10. The electrons emitted from the



6 across the drift layers 6 and the isolation |ayers 16. In the electron
.source 10, the drift layers 6 are partly sandwi ched between the
correspondi ng | ower el ectrodes 12 arranged on the surface of the insulative
.5 substrate 11 and the corresponding surface electrodes 7 arranged in the
.crosswise direction of the |ower electrodes 12, at the regions of the drift
| ayers 6 corresponding to the intersecting points between the correspondi ng
| ower el ectrodes 12 and the corresponding surface electrodes 7. 10 Thus, a
certain voltage can be applied between appropriately sel ected one of the

pl ural pai redeeft e surdacel @l £cé r adeeYeaated heyl aweo lebeet aped 1By o
allow a strong electric field to act on the region of the drift |ayer 6
correspondithg tanddee ¢ dEtsedd | 2P, pendt thet weghliyhenky Seleectdd sivdace
electrode 7 and | ower electrode 12 so as to emt electrons fromthe region.

This confi gmat iiHtd ScEOU ydenkitl BReelkeabreBcenYr Gatetivhisch aHddgality
of electron source elenents 10a, each of which conprises the | ower

el ectrode chptpethﬁf pPixY&fé@éé&H'ﬂ&téﬂ&f@%h@!ﬁ& §uﬂﬁ‘.ng9c@ﬂ% |l WRJr £l et rode
12, the dri | ayer 6 on the polycrystalline | ayer 3, and the surface

el ect 0 de (tgjf € fg&eeq%eran@ Al %f'l_%rer)a% ’usre%%esc:ttl ok uoaztestcf?a%t

I
Iattlce p0|nts "a natrlx Iattlce) orne group of the surface

el ectrodes 7t%r}qa% grougmgg fg’%[ q\getr lr.igct{gde%)(:?cS dlzgggg g;oélhei | gudrs

of the surface efectrod ower ode

with a certain,voltage can selected to a om1e|ectron d

s th'a ceriop v iage, san e sel ecied:io aliowel estions Ly be eriite

- production _process for the ectr n.5 LSource 10, ;the drift 6 ..
formed t hr Glgre SR 178 moPaea HEPSRes BEFERR e ﬁaﬁeagaéa FVErsstda i ne

silicon Iayer on the side of one of the surfaces of the |ower electrode 12,

an anodi zafit6s tEP&p SR TER0di% iify KRS g YESHSRI i ne silicon layer to form

a porous 10 poI& rystalllne silicon |ayer containing polycrystalllne

silidén grains AN or 8RBTSRI | ddn milhbeisated s, 1and Faf -oxidfat i on

step of rapidly heatlng and oxi di zing the porous polycrystalline silicon
| ayer throgghraisgsi diheanshdarbvRodubs funtm sili composiede 4% | As Brrsshe
surfaces 15 of the grains and the nanoneter-order silicon mcrocrystals,
respecti velsybsitiratiee snodiuzaglbhysbodp,lavan xe¢leet pragpar é2 byrammedglan
aqueous sol ution of hydrogen fluoride with ethanol at
lines on the surface of the insulative substrate 11, a
plurality of polycrystalline silicon layers 3 each of which
15 is formed on the corresponding lower electrode 12 in a
superimposed manner, a plurality of drift layers 6 each of
which 1is composed of an oxidized porous polycrystalline
silicon layer and formed on the corresponding
polycrystalline silicon layer 3 in a superimposed manner, a
20 plurality of isolation layers 16 each of which is composed
of a polycrystalline silicon layer and embedded between the
adjacent drift layers 6, and a plurality of surface
electrodes 7 which are formed on the drift layers 6 and the

isolation layers 16, and arranged in lines to extend in the

25 crosswise direction of the lower electrodes 12 so as to cut



the ratio of about 1 . 1 is used as an electrolytic 20 solution. In the
_oxidation step, a substrate is oxidized by increasing the substrate from
roomtenperature up to 900C in a short period of tinme under a dry oxygen
.atnosphere, and naintaining the substrate tenperature at 900C for 1 hour,
.for exanple, using a | anp anneal i ng 25 apparatus. Then, the substrate
tenperature is reduced down 8 to roomtenperature. For exanple, a
conventional anodi zation apparatus as shown in FIG 24A is used in the
anodi zation step. This anodi zati on apparatus conprises a processing both 31
5 cont ai ni agrasal dtter anitfitc 1sglans @ ahd dhs Stsodg td on Xtayreer sofl &t hanol and
an aqueous solution of hydrogen fluoride, and a cathode 33 conposed of a
grid-like platimwn ehectglagsrand souetsed 0 Nt ghkehedel £t nelyelrisc soldrtd on A
in the processing bath 31. An object 30 having a polycrystalline 10 silicon
layer formpdrenyt he dagkriclerrt r oawker s itHEer sebdrdspdE i) ectiglart i
solution A, and the lower electrode 12 is used as an anode. This

anodi zat i 0R 12RRIRIES 19CIHI/S REUEHEHheSOMhECa3E T SHEPIMHIM A G T ent
between the | ower electrode 12 serving as an anode and the 15 cathode 33 in

such & manachdhated ey angde bAs Locharonehent il ddhan Lbatebatbe o

cat hode. The anodi zati on appar at us so 1 ncludes a light source (not shown)

composed ool UEN AR dleu i BiAHa e PO RGlo S WSS Plod e

obj ect 30 (or ront  surface of the polycrystal i con

D LI SASL A CEUEESR! e upnly s beLbeeD e anale s e

cat hode 331@hr5hgh an ne usi ng a a

appar at us provide porosity fromthe surface of a target region E in the
bl yor yst alPene SF FFERRESBY| BRITT budiRr AR GEPEh SFTECTRORIREr a0 as
to forma 9 porous polycrystalline silicop |ayer containin
pol ycr yst aresé ToA8Sc of¢ g R n§%§mf9ﬁﬁﬁﬁﬂﬁ LT dépr ???c@ﬁeﬁgfpg@ﬁyé%als in
the target region. o -

10 = Thus, a certain voltage can be applied between

appropriately selected one of the plural pairs of the
surface electrode 7 and the lower electrode 12, to allow a
strong electric field to act on the region of the drift
layer 6 corresponding to the intersecting point between the
15 selected surface electrode 7 and lower electrode 12 so as
to emit electrons from the region. .This configurétion is
equivalent to an electron source in which a plurality of
electron source elements 10a, each of which comprises the
lower electrode 12, the polycrystalline silicon layer 3 on
20 the 1lower electrode 12, the drift layer 6 on the
polycrystalline layer 3, and the surface electrode 7 on the
drift layer 6, are arranged, respectively, at the lattice
points of a matrix (lattice) formed by a group of the
surface electrodes 7 and a group of the lower electrodes

25 12a. One of the pairs of the surface electrode 7 and the



As shown in FIG 25, the electron source 10 5 illustrated in FIG 22 may be
_produced by arranging a plurality of lower electrodes 12 in lines on the
side of one of the principal surfaces of an insulative substrate 11,
form ng a polycrystalline silicon layer 3 on the side of the above
.principal surface of the insulative substrate 11, -10 and anodi zi ng t he
respective regions of the polycrystalline silicon |ayer 3 superinposed on
the lower electrodes 12. In this process, a certain current is supplied to
the | ower electrode 12 through a current-feeding wiring 12a continuously
ext endi ng iloWeH edredt mide Thed eeramleidd afecH % Iderd 4t it Reo pd gkt d 40
step, the porous polycrystalline silicon layer is rapidly heated and

oxi di zed t lyeougdn decd aphd ahaald na smthaty 85 desenibedqsabove Adfiegently

fromthis nmethod, a technique using an el ectrochem cal oxidation 20 nethod
of el ectrochgmaldye QuidHZdH 8- Rorousd yorystal line silicon layer

within an electrolytic solution (electrolyte solution) consisting of an

aqueous sol utionpfy, S&éﬁb‘%ﬁ\?%@lﬁ%?ﬁp?!}&ﬁi:ﬁi@ﬁi grgr etsP.e flo'xk%khé e id& ron

oxi dation step i's” propose a srlircon oxide tilm?2 aving an

excel lent fjlm qualty .qn all. t-he surfaces of 0 t.he silicon..,

m cr oc5‘r3yst A% 4 {L é gt?léai n Flﬁ/%r ela peerci %i cal | g?ri‘“ﬁét héehrﬁlfqrf Fay%lrll%, when
t he porous polycrystalli ilicon layer is oxidized thin siljcon oxide
| ayer woul GBS MiFRor AP b M oeRe de e vkt o e

m crocrystal s and a nynber ,of grains con%ained in the poro

, S

pol ycryst alia¥sE sPRi ddif | §p8f. 9h PPsw 8f (HiSs PBFAECCEhe Tor bPBsetrwer

el ectrochemi_cal oxidation nethod is intended to forma silicon oxide film
havi ng an &&A87ade filtn quaPki t pProdigetiom t heteRir f aées aBPXRERED ke con
m crocrystals and the grains, by electrochem cally oxidizing the porous
poIycrystaMQLﬁ§%MSQQ%ﬁiHQnNHS¥£;¢Pm anlaYeEtrokgti c f98Mut i oh cARIEHS ng,
for exanple, of 1 nol /1 of aqueous solution of sulfuric acid, nitric acid
or tHD |ikeolivenvsdasltldmenf sfididigiong Lhgedri tontajeing. HSGL Wby plog bline
polycrystalline is electrochem cally oxidized using an el ectrochem cal

oxi dati on aiparcatrusgodifs GBnd2 Aamome 288, ordenhisdh ithe elbctoatydtials,
solution A in the anodization apparatus of FIGS. 24A and 24B is repl aced
with an el egid drytoxidativn ostBocofisrapiddy hentaxanam] ofiP(kiang agheous
solution of sulfuric acid. As showmn in FIG 23B, a cathode is set to have

the sanme oglcidies digEhsdystaslIived ofilheohar galeregitbirogbf tde rapid
polycrystalline silicon layer. Wth this el ectrochen cal oxidation

appar at us, neaGariinethid ené €8Ambeistpphi estitie0mia mEUIdTE Nthe O3k £ Ss
bet ween 25 the anode and the cathode 33 so as to electrochemcally 11

oxi dize the MalnCiyediald 4 YHd Githdtedridrddie 481 0edn edk e Kyd©afor m a
silicon oxide filnms on each of the
respectively.
In the anodization step, a mixture prepared by mixing
an aqueous solution of hydrogen fluoride with ethanol at
the ratio of about 1 : 1 is used as an electrolytic
20 solution. In the oxidation step, a substrate is oxidized
by increasing the substrate from room temperature up to
900°C in a short period of time under a dry oxygen
atmosphere, and maintaining the substrate temperature at

900°C for 1 hour, for example, using a lamp annealing

25 apparatus. Then, the substrate temperature is reduced down



surfaces of the silicon mcrocrystals and the grains. In the step of
form ng the porous polycrystalline 5 silicon |ayer, the anodi zation
treatment is conpleted after a certain current is supplied between the
.anode and the cathode 33 just for a predeterm ned period of tinme. By
.contrast, in the step of electrochem cal By oxidizing the porous
polycrystalline silicon |layer, a certain current is 10 supplied between the
anode and the cathode 33, and the current supply is termnated at the tine
when the vol tage between the anode and the cathode 33 is increased up to a
pr edet er m ned nadne anpeangedrelependi ng on the characteristics (e. g.

em ssion current or withstand 15 voltage) of the el ectron source 10 (see,

for exanple, Jagpvresex&Bapes} leaidbrOpan: Rl cahoonzheioR0GbokhA2id) #£s
conpared to the nethod of rapidly heating and oxidizing the porous

pol ycrystaldridigh sihi eor.| 2wy 19 Hhoea tike tHd finba@vestbont Bep. This
el ectrochem cal oxidation nethod 20 allows the porous polycrystalline

sili con ! aYflodio 8 X d&ﬁﬁé’ré@@@r é‘oin%lé‘@é@g PHOCSSS dBEISAL Whth T_h#f, t he
restrictions on the naterial of the substrate can be reduced to facilitate

| ncreage in, A %éggg aé‘deﬁ%@‘ﬂ?c%il??iicn ddmeCeH Rf cBH‘%i‘%'tl:gcﬁbr%“ P GEe 10-

25 On the ot the conventional electron source 12 produced

using the r Lon | ect 1.C idati i.nv. ;

pr oblgem of aolffr)lcfggggltel 9\/2&@@%&%@@?% ?n?lgjs(#llg% c‘ggr g;ﬁ;tdr}%g’eéln olgg%?%%t and

Vol age, L1 e SUIaged o Selp o ool LU0l S8 SHISLALSY B geees.i el O
a is, ec t dev uc u i

el ect rochem cal ,oxidation, thog has pr.obl em, of mﬁie variatiop in_their

char act eri &1%s &P M Ssi Hecu?iéﬁFrSQYEFFhsPS Ht68ptaée.lﬁhethe

characteristics, such _as emssion current or. 10 withstand, volta e1 woul d be
wi del y var iRPERFPIRS theth oft owi A PRIEGEs:30 having a polycrystalline

10 silicon layer formed on the lower electrode 12 is immersed
into the electrolytic solution A, and the lower electrode
12 1is used as an anode. This anodization apparatus
includes a current source 32 for supplying a current
between the lower electrode 12 serving as an anode and the

15 cathode 33 in such a manner that the anode has a higher
potential than that of the cathode. The anodization
apparatus also includes a light source (not shown) composed
of a tungsten lamp for irradiating the principal surface of
the object 30 (or the front surface of the polycrystalline

20 silicon layer) with light.

A constant current is supplied between the anode and
the cathode 33 through an anodization méthod using the
above anodization apparatus to provide porosity from the
surface of a target region E in the polycrysfalline silicon

25 layer toward the depth direction thereof, so as to form a



1) In the aforenmentioned el ectrochem cal oxidation nethod, a voltage
.increnent due to the resistance of the electrolytic solution B is included
in the voltage between 15 the anode and t he cat hode. Thus, a voltage
.incitenment due to the formation of the oxide filns will be varied according
.to the variation in the voltage increnen? caused by the variation in the
resi stance of the electrolytic solution B. 20 2) As shown in FIG 23B, the
cathode 33 is set to have the sane outside dinension as that of the target
region. Thus, a current flows through the electrolytic solution B by paths
as shown byadresisar r owe liverdisGalddme and sild quer i pheragtepor t icam tofint ey
target region E has a higher 25 current density than that in the renaining
regi on thempedfycrystall)inurs gl ;drecyrothenandl naxiotattiearoraierr Midhi s ar e
formed on the principal surfaces of the porous polycrystalline silicon

| ayer whi chiicscrrSgidaaenductiale ltamefett @ aytiRi.ess the reaction in the region
having the air 5 bubbles fornmed thereon. The factor 1) |leads to increased
variation in theLhasReeri shi cspr@uchygs emnesSi 081 S F&AL abuickhstand’
voltage, mainly in each of processing batches. The factor 2) or 3) leads to
i ncreased iiNplANG o | dhi ORrgD the 4Q,Chak aghidirtd £ pySUEhr A5 EHlSSL ON
current or wmthstand voltage, mainly inh a sanple, and deterlora?ed process
vield of elgehiani devi ¢5aerDeitlasu 0l 4 NYANLLR 1 Nepbew e above
problens, rt is therefore an object of the present invention to provide an
el ectrocheny cal Ldat | t.ho | e r edyci he varniatl i
characteri srgtnlecso ,fO)sglﬁlc E)gg&eén%%sagi %#%iﬂl}%%esntocg)raantqhésl{lganédﬂl\e/eolstﬁ'ggg%,faggs]e clr(;irfpar ed
to conventional. methods. 20 In der ta.achieve the above pbject,. the
present | UGG o ol AEET¥SiathoRer o LHGP™EI LAYT BeRembat "ox PA4E: JHF of a
sem conductor | ayer, wherein _an el ectrod rovi ded on the osite side of
The. pri et e e S TR R o ARG U Sy 14 ) 3ffodel - and a

current 25 is suppl.ied between the anode and a cat hode while all ow ng 14
10 and anodizing the respective regions of the polycrystalline

silicon layer 3 superimposed on the lower electrodes 12.

In this process, a certain current islsupplied to the lower

electrode 12 through a current-feeding wiring 12a

continuously extending in integral with the lower electrode
15 12.

In the oxidation step, the porous polycrystalline
silicon layer is rapidly heated and oxidized through the
rapid heating method, as described above. Differently from
this method, a technique using an electrochemical oxidation

20 method of electrochemically oxidizing the porous
polycrystalline silicon layer within an electrolytic
solution (electrolyte solution) consisting of an agqueous
solution of sulfuric acid, nitric acid or the like, in the
oxidation step is proposed to form a silicon oxide film

25 having an excellent film quality on all of the surfaces of



t he sem conductor |ayer and the cathode to be in contact with an
_electrolytic solution, to oxidize the sem conductor layer. In this

el ectrochem cal oxidation nmethod, a current is first supplied between the
.anode and the cathode to 5 initiate the oxidation. Then, the oxidation is
.term nating under the condition that a cbPrected vol tage val ue \t

determ ned by correcting a voltage V between the anode and the cathode in
accordance with a voltage inclement VO based on a pre-detected resistance
of the electrolytic solution 10 is equal to a predeterm ned upper voltage
val ue V1. Adoor disig itont hemdbowergbeal sochamd calthexi dattbdnsnet hod,Méhe
variation in the increnent of the voltage between the anode and the cat hode
in the perisypbdiefiwean y,he imi tiled | ariafd tleryamatd,on vifert hecioxi dadtdus can
be reduced 15 irrespective of the resistance of the electrolytic solution.

Thus, the yliaidwt0f e yolisee ageensy &ausesedy hhefier nadippoef the
OXIde filns can be reduced to allow the characteristics of an electronic

devi ce to haugidesd y@bl oRYRPIRS SRS | 8h1 @Bch2G ntﬂ@esﬁkgstcéecf&%“&al
oxi dation nethod, a current density in the principal surface of

sem C%”dUCtn‘?fmﬂeq:ye!’af”Bé’l ?&?”E{ﬂ!ﬂo Yt SUC N BgMBINGE, ?‘ h?e &H{r‘?é‘t

density in t he periphery of the oxidation target region o

sem conduct g, S Cl R éré‘bPSQs EOEQEE%%%E%% Q‘iﬁ% ol e.L%EFe{ Lhap, the

remai ni ng oxi |on tar ge gron caSé€,; Re - ane
variation of, the uryr ent den in_the oxidat.i tar gi on,

reduced as‘@ﬁﬂ%é? th s tﬂgleghv REi BFEP ﬁﬁﬂuﬁﬁ?% %13°Xl 188
characteristi f. an, e] ec nlc E§V|ce t 0, have deS|rab g pressed
in-plane 5 i 6. 1% Fi % L9 FOBIhIR 3L F TR dCBLABNE ﬁ &9 @ f ace

of the senlconductor ﬁer durln the supply of the current may be rel eased
fromthe pE¥F&ida I“éuFF e ﬂHPﬂé up%?yi%gltﬁéfcGPPen?urfﬁCFﬁlsoéas%hethe
oxi dation target region can 10 avoid the deterioration in a required
reactli®n t WedrldiGend del 35L& ¥s tabd| @-dt Bhal He@inkse dardladrraghenierlhn
el ectronic device to have desirably suppressed in-plane variation. 15 Bri ef
Descri pti o®*3idizdad ngze TROrpHEs ARl Yarusfa ldning | $1beceDr & ayehf iwiEntn y
understood fromthe detail ed description and the acconpanying drawi ngs. In
t he acconpamyigigairzodiyigs; sombioronposkatsngy Ebenmembspdee off ilhetoby t he
sanme 20 reference nunerals or codes. FIG 1 is a schematic vertical
sectional Vilewfbfacrecelsecalart isourade Ul Bl mi-cerd csisd omittypiec edasicd raun Sosur ce)
concerning a first node of enbodi nent.
like, in the step of forming the drift layer 6.
15 The porous polycrystalline - is electrochemically
oxidized using an electrochemical oxidation apparatus of
FIGS. 23A and 23B, in which the electrolytic solution A in
the anodization apparatus of FIGS. 24A and 24B is replaced
with an electrolytic solution B consisting, for example, of
20 an aqueous solution of sulfuric acid. As shown in FIG. 23B,
a cathode is set to have the same outside dimension as that
of the target region E of the polycrystalline silicon layer.
With this electrochemical oxidation apparatus, a certain

current can be supplied from a current source 32 between

25 the anode and the cathode 33 so as to electrochemically



FIG 2 is an explanatory diagramshow ng the operation 25 of the electron
_source in FIG 1. 16 FIG 3 is a schematic fragnentary enl arged verti cal
sectional view showing the electron source in FIG 1. FIGS. 4A to 4D are
.schematic vertical sectional views of the electron source in FIG 1 and
_internmediate products 5 in major steps ofla production process thereof,
wherein a production nethod of the electron source is explained in
conjunction therewith. FIG 5 is a schematic front view of an

el ectrochem cal oxidation apparatus concerning the first node of

enbodi nent oxi@iFleG tha o lygregiteshiow ngiflheonel kayenshinp bee wdmrgidt ect ed
voltage V and tinme in the electrochem cal oxidation apparatus in FIG 5.
FIG 6B is ragdoaphEshmnM figrinhea r slidticons hoxpidet Wedmscoon ectaeth volft agee Vi
and tinme in the electron source in FIG 15 1. FIG 7 is a schematic top
plan view glurFacely et tteneaNiidith aisgedidsmde ehemedigriiins FIG 8 is a
schematic front view of an el ectrochem cal oxidation apparatus for use in
production stepgrof taB 28t&pecdf OFcTRUMGE, tEENCEsFbRE DdIRidrySme afe
enbodinent. FIG 9 is a schematic front view of an el ectrochem cal

oxi datg on PRI AR Ushd RRIAGHIRD SRRt AN BRI T S UGS
concerning a fourth node of enbodinent. FIG 10 i1s a graph show ng the

rel ati onshi_p rrnected t i i t heri ca
oxidation = 1 g%%\%gga%&g%%gﬁgeir%i r%l?)lrpﬁg%?o?ﬁet rrnriizlere'qélSe &n@o%rréﬁte eﬁ%s
M Lo LD AigaEhernt hoerdd ol el e 0li a8 dect o, soulpe and
i ntermedi ate products rn major steps of a proc?uct?on proceéss er eof,

Concernlngc%ntrast, in the step of electrochemically oxidizing the

porous polycrystalline silicon layer, a certain current is
10 supplied between the anode and the cathode 33, and the
current supply is terminated at the time when the voltage

between the anode and the cathode 33 is increased up to a

predetermined value arranged depending on the
characteristics (e.qg. emission current or withstand
15 voltage) of the electron source 10 (see, for example,

Japanese Patent Laid-Open Publication No. 2001-155622)

As compared to the method of rapidly heating and
oxidizing the porous polycrystalline silicon layer to form
the drift layer 6, the electrochemical oxidation method

20 allows the porous polycrystalline silicon layer to be
oxidized under a lowered process temperature. Thus, the
restrictions on the material of the substrate can be
reduced to facilitate increase in the area and reduction in
the cost.of the electron source 10.

25 Oon the other hand, the conventional electron source 10



5 fifth node of enbodi nent, wherein a production nethod of the el ectron
_source is explained in conjunction therewwth. FIG 12A is a schematic front
view of the el ectrochem cal oxidation apparatus concerning the fifth node
.of enbodinment. 10 FIG 12B is a schematic fragnentary perspective view of
_the el ectrochenical oxidation apparatus 1A FIG 12A. FIG 13Ais a
schematic front view of an el ectrochem cal oxidation apparatus concerning a
si xth nmode of enbodinment. 15 FIG 13B is a schematic fragnmentary
perspective view of the el ectrochem cal oxidation apparatus in FIG 13A

FI G 13C i pradceehutsind rtdrt afcenereh tdmotdte re led cbgtaabairdmadaloxobd ad=itdron
appar atus concerning the sixth node of enbodinent. 20 FIG 13D is a
schemati ¢ fweatyoent anyopeespect preblverwod iherebsedir ochdmtdaln osifdathieon
apparatus in FIG 13C. FIG 14A is a schematic front view of an

el ect rocherinGals i dalrireh taRaladd/s rC WiGeIstadl arcdeeyd inmade: afurface
enbodi nent. 25 FIG 14B is a schematic fragnentary perspective view 18 of

the el ectreghedagl hd daddOn: ARPEYy adidsel NoFdted 18PocEES yi21dS a That

fragmentary perspective view of a display using an el ectron source

concergi ng san &, ght 1 dPAe, o gadods ”’p’%d}légﬁ:o@siﬁ@ £$) 62 aqﬁﬁ%?fe‘ﬂﬂivcﬁqééi; ew of

an intermeé’l ate product 1n nmajor steps o roducCti on process of a spl ay

using the %ll%%ttrr%%h\%%g\r/\c%qoi‘ Bxlfhgtié?' h&Groa 1 4 d 0170808 ﬁChc?FH%igiuects -

vertical section an éel'ectron source and internedi ate pro

10 maj or ste f, pr.duct.i on_pr conger.ni ng _a ni_ne node of
enbodi nent ,Va\%ﬁé-’l%él’loﬁl a %r od%lz‘: Ton gn}égﬁ%#%ﬁ?g%c%f ec%rﬁgg1 s%&rce%nqussg:og] ai ned
in conjunction therewt, FIG., 18 .i.,s a schematic front view of an

el ect r ochefE&IeBx iCFattidh s 45Ps dCdE 38 icer ning the nine 15 node of
enbodinent. FIG_ 19 is a schemati.c front view of an electrochem cal

oxi dati on appar 3t\%s Eg‘ﬁcrércrjﬁeﬁdsé:%cegnt h G eMIFATER . FESYo Y an
expl anatory di agram showi ng the 20_operation of a conventignal el ectron
sour d®. FI BithsTandyn vedsrgRat oFpUdPagPam Yhett Ny TREL8Perdi¢ ont®f it her
conventional electron source. FIG 22 is a schematic perspective view of a
di spl ay usifieg omdngl €aat®¥ssource in FIG 21. 25 FIG 23A is a schematic
front view of a conventi onal 19 el ectrochem cal oxidation apparatus. FIG
23B i s a schematlilc fhagbhat aafoperepetoned \alaglofochrmigakt rasciaat il

oxi dation apparatus in FIG 23A. FIG 24A is a schematic front view of an
anodi zati omethod, a voltage increment due to the resistance of the

electrolytic solution B is included in the voltage between

15 the anode and the cathode. Thus, a voltage incitement due
to the formation of the oxide films will be varied
according to the variation in the voltage increment caused
by the variation in the resistance of the electrolytic
solution B.

20 2) As shown in FIG. 23B, the cathode 33 is set to have
the same outside dimension as that of the target region.
Thus, a current flows through the electrolytic solution B
by paths as shown by the arrows in FIG. 23A, and the
peripheral portion of the target region E has a higher

25 current density than that in the remaining region thereof.



5 apparatus. FIG 24B is a schematic perspective view of the anodi zati on
_apparatus in FIG 24A FIG 25 is a perspective view of an internedi ate
product in a major step of a production process of a 10 display using a
.conventional electron source. Best Mdde for Carrying Qut the Invention This
.application is based upon and clains thelbenefit of priority fromthe prior
Japanese Patent Application No. 15 2002-138993, the entire contents of

whi ch are incorporated herein by reference. Several nopdes of enbodi nent of
the present invention will now be specifically described. Menbers common in
each node of ent¥ddiPeninerelenbepshkmicad Sutistadritdral | it hbubbides2Gre
structure and function are defined by the sane reference nunerals, and

dupl i cat e deswrddpti ons wthe beppimtipdl [ FsRETadEPDE GFf EMBORI MENIQroud i r st
node of enbodinment will be described by taking an el ectron source
(field-em gilgiertpgreldlient r gilsevhce) agerf ovhesBNPle, AS sE WndlEads onic
devi ces produced using an 20 el ectrochem cal oxidation nethod of the
present i NVMRRiORo AupY itheFlleadtAor he elHRCIH TP WA Nk 1aRNGaIMi Ng
the first node of enbodi ment conprises an el ectron source el enent 10a

formed on theside Rfr e t¥edddg principal 5 surfaces of a substrate 11
conposed of an insulative substrate (e. g. a glass substrate having an

{ nsul ati on perf QfRngeoh.a PEr JTOSUPST raLe AVl N0 A0 bR |

n
the
performance). The el ectron source elenent 10a 1 ncludes a | ower eﬁectrode 12

formed on t i f_ .t ab 10_pripci ur t tr.ate, 11, a

non- doped po%§%¥§g¥§f¥?h%’si%¥?8n ngegﬁggg%?ﬁedégﬁf?%% f%ﬁe?“é é%??g%e 12,
adrift layer, 6 (strong-field drift Layer) forned. on the polycrystalline
21 con | a9 e H A FHESEfRcof olisoberSHIE RaRchAS -br 1T 1%
That is, 15.in the electron source el enent ,10a, the surface electrode 7 is
di spose i n%dppBEed”i'el I 58 IRCT AR e R IGRE 12'?%&%1{3['-}9 Hi %29 ayer
6 is _interposed between the surface electrode 7 and the | ower electrode 12.
Wi | &%n i FRFFRGEEE ISTESSrat SUCE udsd §B1ERLOBULSEFERRE 1100 n WHEXPRY r st
node of enbodi ment, a sem conductor substrate such as a_silicon substrate
may be usedoddadee FeEtlvatld 3 fFammle,.cade defenipiated aHAGRFS npeld
conprise the sem conductor substrate, and a conductive layer (e. g. ohmc
el ectr ode) dfaikesttadndis e iisesk surface of the sem conductor |ayer. 25
Further, while the polycrystalline silicon layer 3 is 21 interposed
between the drift layer 6 and the | ower electrode 12, the drift |ayer 6 may
be formed directly on

Disclosure of Invention

15 In view the above problems, it is therefore an object
of the present invention to provide an electrochemical
oxidation method capable of reducing the variation in
characteristics, such as emission current or withstand
voltage, as compared to conventional methods.

20 In order to achieve the above object, the present
invention provides a method for the electrochemical
oxidation of a semiconductor layer, wherein an electrode
provided on the opposite side of the principal surface of
the semiconductor layer is used as an anode, and a current

25 is supplied between the anode and a cathode while allowing



the |l ower electrode 12. The |ower electrode 12 is fornmed of a single-layer
‘5 thin filmnmde of netal material (e.g. Mo, &, W Ti, Ta, Ni, Al, Cu, Au
or Pt; alloy thereof; or internetallic conpound such as silicide). The
lower electrode 12 may al so be fornmed of a nmultilayer thin filmnmade of the
.above netal materials. The thickness of the |ower electrode 12 10 is set at
about 300 nm Wile the surface electrode 7 is nade of a material having a
smal | function, for exanple gold, the naterial of the surface electrode 7
is not limted to gold. The surface electrode is not |limted to a

si ngl e- | ayehel sestiamiducotbulayay bedf diredcathadeaultol Iy einstoomdttamte. The
surface electrode 7 may be set at any thickness allow ng electrons fromthe
drift | ayewifiht ant edeelt roigtaichisolgitiohor texaxpldd,ze thiche emdmgedaic tatrout 10
to 15 nm 20 As shown in FIG 2, in an operation of emtting electrons from
the el ectraryeeurcgnl@hia edlelcgdbehetliedilr osd datioh tetposed a ruapResed
relation to the surface electrode 7. Then, after a vacuumis forned in the

space betwagn thessuripgd itlecheedger anh t haoael | £ed Ok hel ec4fieege 2521, a
DC voltage Vps is applied between the surface 22 electrode 7 and the

| over gl ectngde sig i-hess A TRAner g, khe Suilnes o 8 adhihdana

hlgher potenti al than t hat of the |ower electrode 12.° Sinul taneously a DC

voltage Veiaq@nlLrd bebyeens she ol edl opoeteetiadey gl 258Ndd g, suif ace

el ectrode suc a nmanner e col l'ector e rode as a hi gher

potent fal Lhan 1ak ofy e Sudase, o e\%i@ggow _Faeh gL the Dhowal tages

Vps, Vc ca € appropri‘ately arra rons i nj
| ower el ec 10 em t.t ed th h th

intqg the drift Ia 191
surface el r(‘f&%%?dgf £8r AFFPFERRGS %’J“[tllu]e &dr’ %alga?yé'rncbl RS 3% %&‘cﬁe hai n
lines in FIG 2 indi a% {:l(g fl ow f theéﬁjcectron - E%ted t ugh the
surface el 86t rodRr 97§ tSrht éleéd'ts 8hse hF g F EEP & écofsot ft
| ayer 6 woul d be hot electrons t hey 15 can readlly tunnel through t he
surfdfe el 6t 8417 tand E&ﬁ&et@ﬂ“lpﬁtdoué’lf\%cﬁ taggcda2ve Wi-s el ectron
sources 10, an electrode emission efficiency (_ (le / 1ps) X 100 [$])
beconmes hi gher &scomelingti &q 1 ethe | pahove arleritsorssmdGalentoridatdor di ode
current le is increased. 20 As shown in FIG 3, the drift layer 6 is forned
t hrough a mefbodyst hei zvavhapieresin udihgy Ancapwenzat P6n e how ldmuean
oxi dation process using an el ectrochem cal oxidation method, as described
later. |t bethelenetrde wmodet additihiet dadyedes icoriire eritod defiweempltdyal ity
of 25 columar polycrystalline silicon grains (sem conductor 23
initiation and termination of the oxidation can be reduced
15 irrespective of the resistance of the electrolytic solution.
Thus, the variation of the voltage increment caused by the
formation of the oxide films can be reduced to allow the
characteristics of an electronic device to have desirably
suppressed variation.
20 In the electrochemical oxidation method, a current
density in the principal surface of the semiconductor layer
may be controlled in such a manner that the current density
in the periphery of the oxidation target region of the

semiconductor layer 1is restrained in increasing to be

25 greater than the remaining oxidation target region. In



crystals) 51 arrayed in lines on the side of the above principal surface of
.the lower electrode 12, a plurality of thin silicon oxide filns 52 each
formed over the surface of the corresponding grain 51, a nunber of
.nanoneter-order 5 silicon mcrocrystals (sem conductor microcrystal) 63
.resi ding between the adjacent grains 51,1and a number of silicon oxide
films (insulative filnms) 64 each fornmed over the surface of the
corresponding silicon mcrocrystal 63. Each of the silicon oxide filnms has
a filmthickness less 10 than the grain size of the corresponding silicon
m cr ocr yst dlhiG3.caEach tdfe time pjraaien 7zl agxitcendsf ithe kenrendk wegssidiy eiot i on
of the lower electrode 12. In the electron source 10, the el ectron em ssion
woul d be caizedhbhideiiam thegébl kewing rmadelbe Ac&fhivedt age cdppaked sto
applied between the surface electrode 7 and the |lower electrode 12 in such
a manner thale tdovettfiace l1eheaihoetde t6 s ow hilghaehfieiciddiat itdymnnt hat  of
the I ower electrode 12, and sinmultaneously a DC voltage Vc is applied
bet ween t he1cQltrestiol keetEOdE, 2hAnd HeeisHbfigcesebprss06@ HAripIdid 20 a
manner that the collector electrode 21 has a higher potenti al than t hat of
the su faceg,gligeatiiede 7. Wien the DC vol tage Vps reaches a given val ue
(critical value) electrons e- are injected fromthe | ower electrode 12
into the drift h st IigBmdh I riG L 2 1ﬁﬂ% dto
the drift Iayer nnggiyeg%%sﬁ%gﬁt e S|I|g%%gn? é FgéBFSFQl gﬁ < t he
el ectrons e- ect ri I I re y. rong
electric fi éfl aectsie%g'don C&ncta%g'ﬁlﬁ'l on (5‘3%4: ftl% 53133%%13? %%c?bﬁ‘{'niea%r 6,
t he el ectrons hpe ift % %Re surface ﬁlectr 2& g_
direction JP% R T ovd°T St RF olghPe eSP€5?5ﬁ o %ﬁ%ﬂ?%QP Yd}%cent
grains 51. After tunneli throu h the surface, el.ectrode 7, the el ectrons
O e ot ed o QAT Sy U G i el T o iy il 1o dabg
fromthe | ower electrode 12 |nto the drift |ay er 6 10 are accel erat ed by
the éi%ct riaYHide| et 1R T 1 HePR| +1i1c6nr8ﬁiléléefj| FRECE4OPatdatfh ] t ed
t hrough the surface electrode 7 after drifting approxi mately w thout
scattering tue 2% t heuBPLeEon tRi craddhdrst atRe 63ChrGREREF1SRéEE g&fer @ATed at
the drift layer 6 is released through the 15 grains 51. Thus, during the
el ectron erilsgitapnitchedevaeer ob® éwvebedgtsabla lani $ERBIrF s 8dutiToukaence
of the popping phenonenon.

variation.

15 Brief Description of Drawings

The present invention will be more sufficiently
understood from the detailed description and the
accompanying drawings. In the accompanying drawings,
common components or elements are defined by the same

20 reference numerals or codes.

FIG. 1 is a schematic vertical sectional view of an
electron source (field-emission-type electron source)
concerning a first mode of embodiment.

FIG. 2 is an explanatory diagram showing the operation

25 of the electron source in FIG. 1.




In a production process of this electron source 10, a |l ower el ectrode 12
conposed of a netal film(e. g. tungsten 20 filnm) having a given film

t hi ckness (e.g. about 300 nm is first formed on one of the principal
.surfaces of a substrate 11 conposed of a gl ass substrate having an

_insul ation performance. Then, a non-dopelépol ycrystalline silicon |layer 3
having a given filmthickness (e.g. 1.5 um 25 is fornmed on the entire
princi pal surface of the substrate 25 11, for exanple, through a plasm
CVvD nmethod, to obtain a structure (internedi ate product) as shown in FIG
4A. The fil mforEathg Betisodaf echehatiol yragtantame shlargedl ayertizdals not
limted to the plasma CVD nethod, but any other 5 suitable filmformng

nmet hod, sudedsiandlPCGMRwrethHod ng et a hdd oV otdeod,n & Isputlteri ng et hod
or a CGS (Continuous Grain Silicon) nethod, may be used. After the
formation of themEs- dpeto pobysr¥skahkinaeisi vie¢an dadyefectidi views
nanocrystallization process is 10 perfornmed to forma conposite nanocrystal

layer 4 inguding &1 éeibes Sdupeéyenystal |l nnand lik@in@@Eidte Yrdsaec 1 G
3) and a nunber of silicon mcrocrystals 63 (see FIG 3) which are m xed

toget her. i Uil 5 BEREHs BESt YOt Ahe: Bors OB §s FLerdBri, S waltraiihed, The
nanocrystal l'i zation process is 15 perfornmed using an anodi zation apparatus
as _shown i i Jdd 240 A0thS¢BocTNge Ap0dLEAbRODARRA AL US ATRILSES £
processi ng “bath containing an electrolytic solution A ftornmed as a m xture
of an aqueaqus. .SQl yt.i f ML % hydrogen fluoride and et hanol which are
m xed at tﬁ?ﬁiﬁﬁ%ﬁ%ﬁﬂ;é?%égh%ﬁl°l . 1. Agiven current (e.g. a current
having a curren at.inu

t nsity of 12 mA/.cn¥)_is .supplied. between a
o b6t Pode. ser vi g s Th SnchaHd MRt et e b & b P ST e b
anode, for a . gjven tine (e.g. 10 seconds ile irradiating the ..
o ycr vt alSHHR TS P s SO AT (iR 1 Tot T he L nent
nanocrystal |ayer 26 4. This conposite nanocrystal | ayer 4 includes the
pol y&rd st al | i ne &G cBA @ﬁaﬁhsggiggn§q9W%Q§I?%%nrﬁ#éF68P§§ﬂQH?Qﬁ¥e?% t he
first node of enbodi ment, the conposjite nanocrystal |ayer 4 serves as_a
senm conductdgtexiagervoliage tHe @@l ebimm oiht héhfan¥§StERThemi TR
process, the oxidation process is perforned. Through this process, the
drift | ayeroxsdedrsus @PrAratusonpoFiGe danocrystal layer with a structure as
shown in FIG 3 is 10 forned to obtain a structure as shown in FIG 4C The
oxi dation proceslG.s pBrfisr redgusphg siowdlngcrt tloe heriledli omshdat ilatwgpar at us
as shown in FIG 5. Specifically, an object 30 formed with the conposite
nanocryst alcdmyesrtetl iwolittaper SBd amd o iane elredtholglect ddn sspunconi eFLG. a
sol ution conprising an organi c solvent of ethylene glycol, and a solute of
0.04 y®l /| potassiumnitrate dissolved in the organic solvent) B contained
in a processing bath 31. Then, a cathode 33 conposed of a gridlike platinum
el ectrode is di spsed7i ni®ppossedherhditorntd® plan view of an object

concerning a second mode of embodiment.
FIG. 8 is a schematic frontlview of an electrochemical
oxidation apparatus for use in production steps of an
20 electron source, concerning a third mode of embodiment.
FIG. 9 is a schematic front view of an electrochemical
oxidation apparatus for use in production steps of an
electron source, concerning a fourth mode of embodiment.
FIG. 10 is a graph showing the relationship between

25 corrected voltage Vt and time in electrochemical oxidation



20 the conposite nanocrystal layer 4 within the electrolytic solution B.
“Then, a constant current (e. g. a current having a current density of 0.1
mAV cnR) is supplied froma current source 32 between the | ower el ectrode 12
.used as an anode and a cathode 33. In this manner, the oxidation 25 process
.for electrochenmically oxidizing the conpbsite 27 nanocrystal layer 4 is
performed to forma drift layer 6 including grains 51, silicon

m crocrystals 63 and silicon oxide films 52, 64. This el ectrochem cal

oxi dation apparatus includes: a 5 resistance detect section 35 for
detecti ng Epparesivst avaeerhinige tdlee Fonaltyt modsoloft ieowoB igemtai ned in a
processing bath 31, by use of a pair of resistance-neasuring el ectrodes
34a, 34b to be imm@&sr.selllAntoot Hellel ecer obghemasbdtutveant Byalh \sadtaigmeadet ect
section 36 for detecting the 10 potential difference between the anode and
the cathod&iddis asfl ancUgrdecidwrcd? ahdr nodrimeddide t peoautpst ief the
current source 32 in accordance with a detected voltage fromthe voltage
detect seclkiagdr36s Kk ao flehegrdiucesion ascasd UenéFo8E ) heohesiraliagc e
detect section 35. 15 The control section 37 is operable to determ ne a

vol tage i ngremntydik (see drfeqi@dhtl,0 Reeratsed Prddet LSl shabreqol1 he
electrolytic solution B, in accordance with a detected resistance val ue
which is debackaddivoieoietlstanesaielionly SA°Hd R dib Attt and then
to 20 control the current source such that a constant current 1s

supplied fron1t@%dnuerA sourc ' s 3RSt 1 Q i gt e @ge%xid

e_32 it i 0o
treatment. The control “€8ction 37 is al g0 oper ab’ﬂréor%o cofrect e g:é}eect ed
voltage V from,the, vol.tage detect.section 36 by subtracting the val e
nor ament 90 SR TR BRA e ELDBE Vol (P ALt Hha CPRE LB WPecORE | i She
28 output of the current, source 32 at the tinme when the corrected voltage
Wt reachestdﬁrgééF@%ﬁ%ﬁgﬁ per voltage value V1 (see FIG 6B) so as to
term nate the oxidation treatnment. In the conposite nanocrystal |ayer 4
forméd 5 throughlthe Ihot?yst AFhemativh BF%g‘E%%t?ﬁyt RETFPRSTLNSde 1Y
enbodi nent, any remaining region other than the grains 51 and the silicon
m crocryst &8s the jed ecdrpshegd cad SROsHdeR PMREET USediford Yradd 48¥- anmor phous
silicon. Inthe drift layer 6, the remaining region other than the grains
10 51, the sili &3&-m ct88rysials &3, sahematd i | feontoxi eeVi | L 52,264 s
formed as an anor phous regi on 65 made of anorphous silicon or partially
oxi di zed amdegitreshsnliicedn oxticadvion agpeaadiusg comaem igmnd tdigtdh afodehe
nanocrystal |l i zati on process, the anorphous region 65 is 15 fornmed as pores.
In this casd, embohlimendnposite nanocrystal |ayer 4 may be considered as a
porous polycrystalline silicon layer as in conventional electron sources.
Aftens he formtiion df3B hésdui facHeaeeri 6, fragmefitsey2peelspeictdde # icawposed
of a gold thin filmis formed on the drift |ayer 6, for exanple, through a
vapor deposgift ithie RRthadodhrrdilke 1cexieiidiomlaptlattiyaciemrmd. adxlat i on
met hod for formng the drift |layer 6, the oxidation treatnment is 25

term nated at thgd.i me athenid heg vokénaRabetweehohie anefle of29 awkidie
cat hode 33 reaches a given voltage (VO + V1), as shown in FIG 6A. In this

case, the ghweR rvRieadea1nChidgst 8oX0ldaerd figd el ibhcaragd Dk e
formation of the oxide filnms (silicon oxide filns 52, 64),” and another 5

vol tage ingrenents Vdue et he resistance of the electrolytic solution B.
The voltage increnent VO I's varied according to the variation in the

vol tage Tror ement VO 15 . | tion inth
ondi one of L RACEI SR of 9t Fo LU orC e rEoRR e JoPRrGHac T i

condi ti ons, nt i NYQUS- US .t Qns;.qQr. star (o t hape of a
cat hode el &?‘f%@ eggiéan(slcrt cglegnﬁi&%&cé&(}gﬁg{ Oﬁqonapg%eraa&ggsdnpjlde%'ug%¢T t he

gi ven vol t age (Xq + V1 4é$ a, const ant aluqi.the vol%gge anrenegt caused
by the formation 6t the?8i1itdn oki dEFHIBA D, 5% 1854 edt ardf
consequently the em ssion current . and/or withstand voltage of the el ectron
Source 10 SEHAEET Ay | PRAGEFHOHNERFHETY® dSORIGTHID pPoctetsq bl o
By contrast, according to the production nmethod of the first node of
embodi ment M9de e @REG}iMSEHeni cal oxi dation 20 nethod for

eIectrochenicaI%y oxi di zing the conposite , .
IG. 14B 1is a schematic fragmentary perspective view



nanocrystal layer 4 as a crystal layer to formthe drift layer 6, a certain
.current is supplied between the anode and the cathode 33 to initiate the
oxi dation. Then, the oxidation is termnated at the tinme when the corrected
.25 voltage Vt determ ned by correcting the voltage between the 30 anode
.and the cathode 33 in accordance with thé&8voltage increnment VO based on the
pre-detected resistance of the electrolytic solution B reaches the upper

vol tage value V1. Thus, the variation in the increnent of the voltage
between 5 the anode an the cathode 33 in the period between the initiation
and term natf drhefeldut mdhbmicnl il det rord b fatruss pigctFMe. of 44 he
variation in the resistance of the electrolytic solution B depending on the
conditions of tHeEG! €d rid ¢ iftrasmarttizony Bersspdrtaisvpructkete D odighawyns,
10 continuous-use conditions or storage conditions. That is, the variation
in the vol taged neheneltceavaedsbyriédbe doridedin oy ofart heigkitte hobdes of
(silicon oxide filmb52, 64) can be reduced to provide reduced variation in
t he char actgdsditesht such as enmission current or withstand 15 voltage, of
the electron source 10. In the el ectrochem cal oxidation nethod according
to thefirst node@f embodimegt .pdefuefhe URENLs SaguPPlt Sshdgiyeen the
anode and the cathode 33, the reésistance of the electrolytic solution is
det ect ed usi ts S| taness I (ﬁyg% : : fﬂEﬁ e
voltage in rlregr:lrieuﬁ?C \}giein{sfj?eltser m neﬁ%gﬁﬁﬁg%et ect%%)aroeéiﬂ‘é;t%nce CJ\I)ZII ue.

In this oquﬁtd'cggnchog Set acting desi ?ﬁ’lcel§f the electrolytic solution,

t he vol tage 1 nct enent can be obtai'ned Wthout supplying any current 25
bet ween the ano d cath 33, to event. the 31 conposite

nanocr yst al Iayjﬁ[%’asﬁg‘i\se cohductd® | 5§é?m(-“gl;§st‘é?r1:é§%$) n:%%%%%?)ng

oxi di zed dur,jng this operation. Preferably, the distance between the,

resi st ance-HhEISur Pho 28 kU 39GUTSHD F SURLPBRER BhRaPPAUERE dit ance
5 between the object 30 and the cat hode 33. Further, in the first, node of
enbodihrent My Par SR Br Oforfr RRRE PR PE¥Peess thereof, concerning a

nine mode of embodiment, wherein a production method of the
electron source is explained in conjunction therewith.
FIG. 18 is a schematic front view of an
electrochemical oxidation apparatus concerning the nine
15 mode of embodimeﬁt.
FIG. 19 is a schematic front view of an
electrochemical oxidation apparatus concerning a tenth mode

of embodiment.

FIG. 20 1is an explanatory diagram showing the
20 operation of a conventional electron source.
FIG. 21 is an explanatory diagram showing the

operation of another conventional electron source.
FIG. 22 is a schematic perspective view of a display
using the electron source in FIG. 21.

25 FIG. 23A is a schematic front view of a conventional



di stance between the object 30 and the cathode 33, or the shape or
“dimension of the cathode 33 is entered into the control section 37. Based
on this paraneter and the 10 detected resi stance value fromthe resistance
_detect section 35, the control section 35 determ nes the specific
_resistance of the electrolytic solution B2 Then, the control section 35
determ nes the voltage increnent VO in accordance with the obtained
specific resistance. 15 The electrolytic solution B for use in the

el ectrochem cal oxidation nmethod conprises an organic solvent, and an

el ectrol yt eelbssodaleshnicel hex tdaaive agpareatus .Thus, as conpared to a
conventional process of electrostatically oxidizing a sem conductor | ayer
in the 20 el ectrmly!i 23Boligt idnsclhdsa it n@Frabmantagye s ssdttiiven efew
sulfuric acid or nitric acid to forma silicon oxide film the electrolytic
sol ution B g@anthy eyvedtt Mediedm { ¢ 0m el dek i e s ed 8k 1 i ties oxd sfe, filns to
provide highly densified silicon oxide filns 52, 64. Thus, the obtained
silicon 25 oxiderfd| nmpaR2is64 cahdwame i ﬂf'@l’itv"vtig\%t 3 a\fplér?&iflza@gon
performance. As described above, if an organic solvent is used in an

el ectr Iytlébﬁgy &t B, the resistance of the electrolytic solution B will
of ten be extrenely 1ncreased as conpared to an el ectrolytic sol ution using

water as a 5 sol t %ﬁmfetengen%éhg&g@gé ?% ??SBt?v onggg@r 59%93

solvent is use. Pecfr ochem ca on e hod accordi ng %o t he

first node of articul ective to an
or gani c- soI%%‘f zbagg]eodl p&ﬂﬁa@f @%M%@B havi ng a hi gh resistance

whi ch | eads toléié ol tage 10 |ncreq?nt V0., When _the el gctron source 10
concerning the f de*6f Bniod TR %%eu§@d“hs°5n BlectMorrBeH e of a

di splay, a nquer of electron source el enents 10 be fornmed on_the
major step of a pro uctlon process of a

10 display using a conventional electron source.

Best Mode for Carrying Out the Invention

This application is based upon and claims the benefit

of priority from the prior Japanese Patent Application No.
15 2002-138993, the entire contents of which are incorporated
herein by reference.

Several modes of embodiment of the present invention
will now be specifically described. Members common in each
mode of embodiment or members having substantially the same

20 structure and function are defined by the same reference
numerals, and duplicate descriptions will be omitted.

[FIRST MODE OF EMBODIMENT]

A first mode of embodiment will be described by taking
an electron source (field-emission-type electron source)

25 for example, as one of electronic devices produced using an



si de of the above principal surface of the substrate 11 in 15 a matrix
_arrangenent by appropriately patterning the | ower electrode 12, the surface
el ectrode 7, drift layer 6 and others. Wiile the first node of enbodi nent
_has been described by taking the production process of the el ectron source
.10 for exanple, it is understood that th2020 el ectrochemni cal oxidation

nmet hod of the present invention is not |imted thereto, but nay be used in
t he production process of various sem conductor devices. [ SECOND MODE OF
EMBODI MENT] A second node of enbodi nent of the present invention 25 will be
descri bed kdlemirotharemtalored datiovogy, methidue of 3R eppodhsenton preod=iss .of t he
el ectron source 10 concerning the first node of enbodi nent, the resistance
of the el ectrol s cheolrutiroFIB .i SLAyeads ed doyt tdre s;ericst anc e oresstiriing

el ectrodes 34a, 34b of the electrochem cal 5 oxidation apparatus before the
oxi dation teatferdt MO88, oFasabdindit: ESmse! £64 ednr @3ksthandee sdde
detected voltage fromthe voltage detect section 36 is corrected in

consi der at iQruRhtt heodi HAneRl behwaen theqabjsact .38 ajxd the (ic?ﬂtiE{eEiLEi:éi& and

the shape of the cathode 33. However, 10 after the detection, t
resi Sgaance Rr e Ll e¢t 1 gl yE|,558LLYL 0@%5 Gﬁrﬂpgge&ha&ﬂe%d n i%%?ﬁaﬁﬁ%ﬁeg
e obje I's

dependi ng on the surface condition of t ct 30. In viewof t

Poet stance ARG 18 Pegi an TASS < "SERCTART | Bf AR pr i nci o L ke of

resi stance-mnmeasuri ng e”principal ‘sur

a sem condyct | ayer (cqnposi ocr yer formed . th n Qbj ect

30, in addi te’lr(%lr’?rtm oa)f1 ot sé%araat 8%§aﬁr§§m sé’yget?‘ll?%% gﬁvg)gtgi ofi 't grngsé{%‘a?celgoﬁbn

30a. Before a certain.current is supplied between the anqde .and the cat hode

33, 20 t he PEEECHIERGE )of t KBS cPLEELEPY IROBHULT DHE'T o ot dBCAHATSi iRy  he

resi stance-neasuring regi on 30b, and the voltage increngﬁ% §S1is et er mi ned
u r

based on alP&&&ct & FELHande vAUYEThE et dtd eFIAS & héRP1] age

detect section
10 principal surface of the substrate 11, a non-doped

polycrystalline silicon layer 3 formed on the lower
electrode 12, a drift layer 6 (strong-field drift layer)
formed on the polycrystalline silicon layer 3, and a
surface electrode 7 formed on the drift layer 6. That is,
15 in the electron source element 10a, the surface electrode 7
is dispose in opposed relation to the lower electrode 12,
and the drift layer 6 1is interposed between the surface
electrode 7 and the lower electrode 12. While an
insulative substrate is used as the substrate 11 in the
20 first mode of embodiment, a semiconductor substrate such as
a silicon substrate may be used as the substrate. In this
case, the lower electrode may comprise the semiconductor
substrate, and a conductive layer (e.g. ohmic electrode)
laminated on the back surface of the semiconductor layer.

25 Further, while the polycrystalline silicon layer 3 1is



36 is corrected in accordance with the determ ned voltage 25 increnent V0.
In this point, the second node of enbodi nent 34 is different fromthe
first node of enbodinment. According to the second node of enbodi nent, the
.resistance of the electrolytic solution B can be detected in the form of
_including the factor of the surface 5 coAdition of the conposite
nanocrystal |ayer 4 as a sem conductor while preventing the conposite
nanocrystal |ayer 4 from being oxidized during the detection of the

resi stance of the electrolytic solution B. Thus, the difference between the
det ect ed r egitstrpwed/alkretwern t hehd0 deifbl fLeyest afce ava ughsf thewer
electrolytic solution at the initiation of current supply can be reduced to
provi de nored ecthmtd 12y i Bheodriifitt Hayeharachay i bei €¢srokdt b redcdiy om
source 10. The structure and operation of the electron source 10 are the
sane as thagde ilovdre dliecirgaea nf 15 enbodi nent, and their drawi ng and
description are omtted. [ TH RD MODE OF EMBODI MENT] A third node of

enbodi ment of thenepr esnBE idMaitde WLkl De desmenbesd bel Mn#ewéloned
above, in the electrochem cal oxidation nmethod according to the second 20

nmode of emhogdifefdini haks beaidred ki ded he, nes) stance, measurt g
region 30b to the object 30 in addition to the oxidation target regi on 30a.

However, dgpendhig oy | h@a\pab&erpt;shaaqq% e axdatpon fﬁﬂ&ﬁﬁetgagﬂigé;ﬁoa

and ot her ctor, 'any r-esistance-neasuri 25 region b cannot i ded

in some Casc%%gooc?fnd eager asﬁ%gﬂf@?d%@f‘”mﬂi’é ?L‘é%%&atéi cBE580989 L he

resi stancemeasuring region In"so cases. “View 0 his possibitlity,
third 5 mda ot eroasrign S A RREShRRaaR: SHEM satmtmest o O ad,
and & cat hRE 2T FATRETRLT St aB8 O LFIAA BLr bl FOT o LUEE: I B S et et o
USIn%ie is set at about 300 nm.
While the surface electrode 7 is made of a material
having a small function, for example gold, the material of
the surface electrode 7 1s not limited to gold. The
surface electrode 1s not limited to a single~layer
15 structure, but may be formed as a ﬁultilayer structure.
The surface electrode 7 may be set at any thickness
allowing electrons from the drift layer 6 to tunnel
therethrough, for example, in the range of about 10 to 15
nm.
20 As shown in FIG. 2, 1in an operation of emitting
electrons from the electron source 10, a collector
~electrode 21 is disposed in opposed relation to the surface
electrode 7. Then, after a wvacuum is formed.in the space
between the surface electrode 7 and the collector electrode

25 21, a DC voltage Vps is applied between the surface



resi stance-nonitoring speci nen (not shown) which is forned 10 in a shape
“identical to that of the object 30 formed with a sem conductor | ayer
(conposite nanocrystal |layer 4) to be electrochem cally oxidized. The
.voltage increment VO is determ ned based on the detected resistance val ue.
.In this point, the third node of enbodi m@dt is different fromthe 15 second
nmode of enbodi ment. According to the third node of enbodi nent, before a
certain current is supplied between the anode and the cathode 33, the

resi stance of the electrolytic solution B is detected using the

resi st ance-aipitmrdeng’/specd nehe dode20 ¢ hectuioddergé2i nigr eseolh W0 manner
determ ned based on the detected resistance val ue. Thus, any oxidation of
t he conposithatather psirdladeayeledtoade b2 &as dedhdgheng potendedtadct tlosmn of
the resistance of the electrolytic solution B. Further, the difference

bet ween t hecidet eetfedthesi sdwdie e A% Atalode and.t he sdgtlalaneesisitygnce ved ue of
the electrolytic 36 solution at the initiation of current supply can be

reduced to yWImddge UBr 6 esbsEfed abedive@n ithd heotharasterisltaodef 2he
el ectron source 10. The structure and operation of the electron source 10

are the samgfsthlossutfatde diddtirddders of emeadi Fenfandiid thgikr dhaw ng
and description are omtted. [ FOURTH MODE OF EMBCDI MENT] A fourth node of

embodi ment. of) fhe O eSO LANEN L ORaW bl Hhgrdeseidied hel Aarsumnt i pned

above, int ctrochem cal oxidation~neth according to t first to

Li'me when (A VAT SBEC DBt SEERC RS dnodn(l cvir taPeBl; G0 oL NP ThelC

thode 33 hes _th 't | ve, V1, thj | dt
Che Si i corf 16 5%, AELECPRG 55 L Uo TOPHE abS ahoert (O Lot (b IRE Fomer

from the lower electrode 12 into the drift layer 6 to be

10 emitted through the surface electrode 7 after drifting in
the drift layer 6 (the one-dot chain 1lines in FIG. 2
indicate the flow of the electrons e emitted through the
surface electrode 7.). Since electrons reaching the
surface of the drift layer 6 would be hot electrons, they

15 can readily tunnel through the surface electrode 7 and
burst out into a vacuum space. In this electron sources 10,
an electrode emission efficiency (= (Ie / Ips) x 100 [%])
becomes higher as the ratio (Ie / Ips) of an emission
current Ie to a diode current Ie is increased.

20 As shown in FIG. 3, the drift 1layer 6 is formed
through a nanocrystallization process using an anodization
method and an oxidation process using an electrochemical
oxidation method, as described later. It is believed that
the drift layer 6 comprise at least a plurality of

25 columnar polycrystalline silicon grains (semiconductor



el ectrode 12, the silicon oxide filnms 52, 64 forned at a position far from
'to the lower electrode 12 cannot have adequate w thstand vol tage
performance due to its excessively thin filmthickness or insufficient
density, in 20 sone cases. In view of this possibility, an el ectrocheni cal
.oxi dation apparatus as shown in FIG 9 i83used in the fourth node of

enbodi nent. As shown in FIG 10, after the corrected voltage Vt between the
anode and the cathode 33 25 reaches the upper voltage V1, the current |

fl owi ng between 37 the anode and the cathode 33 is reduced while

mai nt ai ni ngyhet Lo eblecanmmd yeaje ikt hinddheouppehe velitageoaktbe. dbwewre t he
oxidation is termnated at the time when the current | is reduced dowmn to a
gi ven val ugdihcipais shofuce rofFlthe Jowdre «lact raddeid cad mXixklion of
apparatus concerning the fourth node of enbodi nment includes a current

detect sectiirih 39 fifordederdd NEh ke BAUreLdH £doved et weed dier apwder and
the cathode 33, through a current censor 38. This el ectrochem cal oxidation

10 appar at s, d UE:BB%ES'FB%BH_‘A%S ST @AL SQUIiGNRA BV A 4Bk SO SRID, and
a selector swtch 41 for selectively switching between the current source

32 and; the Mol {age SitﬂEEESc%gstET advgg%g(ﬁ%n i Y ”ﬂiér‘éldgg%‘&ta’l)?‘ cegt r ol

section 37 corrects e upper volst age I'n 15 accordance with the
Dot i gt ho Eiing bBEREHn° Rkl d fRt e O0GEaEhso B 1G SHd DaY kidad ot on B
corrects the .corrected,vo iLn,accordance w th the.vaoltage,increment
S0 whien | SRR Ol RS Vin bl RES PRSI SS ot L SfeE T
solution B.,and the_resistance of the electrolytic solution B. Th ag) ve
Cochni cal doifceBtt BRCE hBTr diitth FoRES SRORTHRE Feht CRBy THETRSHNSE Lt 003 ho

el ectrocheni cal oxi dati on_apparat us, concerni ng the seco and third nodes
of enbodi mEACH 28F AERS: Gid CPB OHE A6tk HISTORES of dnddi TRHKNS TR 1e5%

variation in the voltage increment in the period between the initjiation of
currét sugfap andhehe IR whéid Zehe 981 t 4 beCREERSPRBAAREde BhL PR

cat hode reaches the upper voltage val ue can be reduced. Further, in the
peri od 5 batigmrayatal mé3whenEepl \&f t 456 bEtadeh Ohe e¥fRRAZNdNt Hehe

cat hode reaches the upper voltage value and the tinme when the current is
reduced dovihitakndss gliractvidmuef Ithe heower reeetrodd tl)e Vt is corrected
in response to the change of the current flowing the electrolytic solution.
Thus, in 10 the Ibhdee perd ko heoware atd onthen ¢ hectviodn agrel s sicormesitldaused
by the formation of the oxide filns can be suppressed to provide reduced
vari ati on ipe tdeusddrhatedi shi cheoffdlowertmode sour e DID. vdArddeervips e,
since the oxidation is termnated only after the current I 15 is reduced
down 1% t he Qi ¥ePl vedubetiveenoxilte shkfacear leetdek f7 ednto thavel dwgher

wi t hstand vol t age perfornance.

electrode 12 in such a maﬁner that the surface electrode 7
has a higher potential than that of the lower electrode 12,
and simultaneously a DC voltage Vc is applied between the
collector electrode 21 and the surface electrode 7 in such
20 a manner that the collector electrode .21 has a higher
potential than that of the surface electrode 7. When the
DC voltage Vps reaches a given value (critical wvalue),
electrons e are injected from the lower electrode 12 into

the drift layer 6. At the same time, the electric field

25 applied to the drift layer 6 mostly acts to the silicon



[ FI FTH MODE OF EMBODI MENT] A fifth node of enbodi nent of the present
“invention will be described below. An el ectrochem cal oxidation 20 net hod
according to the fifth node of enbodinment will be described by taking the
_sanme el ectron source as that in the first node of enbodi nent for exanple,
.as one of electronic devices to be forned4through the el ectrochenical

oxi dation nethod. That is, the structure, function, advantages and 25
operation of electron em ssion of the electron source 10 39 concerning
the fifth node of enbodinent is the sane as those of the el ectron source 10
in the firsixinbdef dImenbddi neltuy,seehd| Ebectrbns3e Whilkcteterierte tloe FI GS
11A to 11D, a production 5 process of the electron source 10 concerning the
fifth node dfifnbglye®ene wrél abeedesatiebedybeihew.stdnoridi sl gxrtodiet £l d
process, a |lower electrode 12 conposed of a netal filmis first fornmed on
one of the gutingg Rl S facesced @nidastd Bid ves subsd rede ddi ranthydens 10 a
non- doped pol ycrystalline silicon layer 3 is forned on the entire principal

surface of dihe dnsstAdbhyerhdbstdmt ldowPr&bEREN s rFhEdC iR 3% 0V I N
FIG 11A, in the sane way as that in the first node of enbodinent. After

the foymatign ef ot hei POLYELSYSIA | LRE SitiGan )Jﬁa_ | pygr 3, aghrou h the

nanocrystall1 zation process (anodi zation step) Is perfornmed to forma

| nodi zat : orma
grarns 51 (R b R e o8 otr prare oy 1 oET o
3) which 1 xed her. .l hi , 20 h i

Pl 118 | Ut O TRAE BaRBCPy PR P aar o it Ghece 1t T Y N

in the first e of enbodinent. After_the conpletion of _the
nanocr yst aliq 2 dt1%n YGRS P2 Coxi datPon Cf 5o cBEMPSE per FF medt 5L ERRS

el ectrocheni cal | xi di ze the conposjte napocrystal |ayer 4, 40 Thr ough
this procesd] SFid FAEIhyte 6.t SLeTTiRATI L asn ot | 4 Fi 6 1aY8% § or med
to obtain a structure as shown in FIG 11C _The_ oxi dation process

(oxi det i on HiePCTl PRt R the ML IHE BF of Erkht 3 OhEe PRcihdchbhicen 5

oxi dation apparatus in FIG 12A to el ectrochem cally oxjidize the conposite
nanocr yst alodigger 4 1as a 6deni @épdducher | apéEtedr yshapuphyethe THinface

el ectrochem cal oxidation apparatus has fundanentally the sane structure as
that of theelegtads ohad ftedeciriobhiend P teatohy 10l bppal atcatterimgG 23,
except that the shape of a cathode 33 is adjusted to control a current
density indde pra ndilml surfave giidtecpodtyatyst@dl i ne Burtken, | ayeat 3, so
that the current density in the periphery of a target region Eis

restrai ned gendrneteehsiang tloe belrdrfeat tayéehars t hat el ddwed 5 theoaighi nghé ar get
region E. . Specifically, as shown in FIGS. 12A and 12B, a gridlike cathode
33 isl5or nefkdimshavsl an oullans di mansion | Ess tédbdcthan ofmideidms geths egi on
E (oxidation target region), so that the current density in the periphery
of the 20 poleersial Eanepsi I9tem1y adel t Bed SwiEBbGEI RRGUIT el &S| figet O be
greater than that in the remaining region other than the target region E

I n ot her vwgégbiﬁgupﬁgﬁgﬁgﬂgnlhe cathode 33 is determ ned such that the
specific surface area per unit area in the periphery of the cathode is |ess

25 than that in {he; rgmpintpdonegi8Be8t bLite t8atdhde 33 od Source 10, a

lower electrode 12 composed of a metal film (e.g. tungsten
20 film) having a given film thickness (e.g. about 300 nm) is
first formed on one of the principal surfaces of a
substrate 11 composed of a glass substrate having an
insulation performance. Then, a non-doped polycrystalline
silicon layer 3 having a given film thickness (e.g. 1.5 um)

25 is formed on the entire principal surface of the substrate



41 allow the entire surface of the target region E to have an even current
“density. In this point, the electrochem cal oxidation nmethod according to
the fifth node of enbodinent is different fromthe conventi onal

el ectrochem cal 5 oxidation nethod. In the oxidation process, a solution
_conprising an organic solvent, e.g. ethyRéne glycol, and a solute of 0.04
nol /1 potassiumnitrate dissolved in the organic solvent is used as a
specific electrolytic solution B to be contained 10 in a processing bath
31. An object 30 formed with the conposite nanocrystal layer 4 is inmersed
into the elkctrbbyt ezanpleti dhrBughhen,pldmnaxafibdee8Bods dios pdsEdin ma
opposed relation to the conposite nanocrystal |ayer 4 within the

el ectrol ytistmottuireon(Brtdheediateopsddatt 15asushenh (e FIG GRS enThédavi ng
a current density of 0.1 mA/cnR) is supplied fromthe current source

bet ween an minagef ddmowey nd €edd ofter 1he aisl fdiey £ed hodee 38 1cqer foyer the

oxi dation process far electrochem cally oxidizing the conposite nanocrystal
layer 4. ThrougBtt hi smikQeess, eh&O0pdbishh |@yEr né thoel, Udbig ahdl NStds
silicon mcrocrystals 63 and silicon oxide filnms 52, 64 is fornmed. In the
conposq t e NANOGIYd al.fihay%frﬂuh@r Rek U oughichhes fagocr ysis! lnle%%uczntzhan

process in the fifth node of enbodi nent, any remal ni ng regi on ot her

the grains ? si L m cro : i d.as phous
4251 con g or nade ot s s o 1T e R T 0%, %, R
remai ni ng rggi,qn N, the N h (N jcrocrystals 63 and
the sili con&ig)gxrll en%({lfsrrrsé%%lfh %l;% o)r %rr%egé%%&’aﬁn k%%ﬁﬁ(;sué;&r egi on 65 nmade of
anmor phous 5 silican or, partially.oxidized amrphous silicon. However
Gependi ng on t hd kil FRand carasidi dbcryat Soh Sabesh s Dl et¥ el Eias ac i on
step), the anprphous region 65 i 5 forned as ggrfz“ Ig_this case, such a
conposi te Pst afB¥GYer 34 mebe BBACFH¥PERLAL28LpBPRoUPTRFESS 1S
polycrystalline silicon | ayer as in conventional electron sources. After
t he f]od/rrat iR IATReE TR i FRTM & OO QM AN Ted + obRY ST cHnpestdt bR a
gold thin filmis fornmed on the drift layer 6, for exanple, through a vapor
deposi ti on a5 Hodo L | ROLKFEYRAGL 1 dRCeFédiren S5a 06 wWigae FEEr udt ur e
as shown in FIG 11D is obtained. According to the production process of
t he el ect r g curienbigyr cohotkhigrp tihkcocryshmbe ©F evppdiHent3) tweichr rent
density in the el ectrocheni cal -oxidation target 20 region E as the
princi pal sand avexed hogehhevndudirorthiby emarnarbeacsttnugitived achshdomn t he
current density in the periphery of the target region Eis restrained in
i ncreasi ng iro Bies gréhtiss alitaairdrat | The heanamey sitall i zagedn regroes£. 19 hus,
as conpared to the conventional nethod,

15 performed using an anodization apparatus as shown in FIGS.

24A and 24B. The anodization apparatus comprises a
processing bath containing an electrolytic solution A
formed as a mixture of an aqueous solution of 55 wt$
hydrogen fluoride and ethanol which are mixed at the ratio
20 of about 1 : 1. A given current (e.g. a current having a
current density of 12 mA/cm®) is supplied between a
platinum electrode serving as a cathode and the lower
electrode 12 serving as an anode, for a given time (e.g. 10
seconds) while irradiating the polycrystalline silicon

25 layer 3 with light to form the composite nanocrystal layer



25 the in-plane variation in the current density of the target 43 region
“E can be reduced. That is, as conpared to the conventional nethod, the
in-plane variation in the em ssion current le of the electron source 10 can
_be reduced, or the in-plane variation in the characteristics of electron 5
.devi ces can be reduced. In addition, theZ2éurrent density in the target
region E as the principal surface of a sem conductor |ayer can be
controlled only by adjusting the shape of the cathode 33. Thus, as conpared
to the conventional nethod, the in-plain variation in the current 10
density of 4he tdflgkt regipes Eecamaeoceyikicell obdyeby 4dj isclndes hetsbape
of the cathode 33, to provide reduced in-plane variation in the em ssion
current | e pdlydeyvetarlimen sairldeck) atraihew cobt. ahlik abbee techiccal
concept can be applied to a 15 nanocrystallization process using an

anodi zat i omietdwely s {Hl XTH3VODET F FEMBOPL MENTImoAles | &t h efbdel iafergyybotthgent
of the present invention will be described below As nentioned above, in

the el ectr osdigso £ e OXlathdlcirg tEBt hoglyagcar dsBgves tde &i fédnmPéon@der oF
enbodi nent, the cathode 33 is forned to have an outer di nension |less than

that of thel%féget region E so as to provide enhanced in-plane evenness in
the current density of the target region E. However, depending on the

di stance between @§%ta%ggt Qﬁgﬁ gi&Hmlgﬁe Galho a§ﬁ sgglipgagpgﬁlflc

resi stance of the ctrolytic o ution 44 et canno
Lo SIL AR AT BEIERLY, O R A SR LA
pitch. In view of thi 0s§i bi in the sjxth 5 enbodlnen
Bl ot ocherEaiSa5d dathon ABpSFat HEVEE shown S IPASE 67 i < D fte @
el ectrochert cal |y %@;qgtigxtegewa%get AR TN S e
10 formed to obtain a structure as shown in FIG. 4C.

The oxidation  process is performed using an
electrochemical oxidation apparatus as shown in FIG. 5.
Specifically, an object 30 formed with the composite
nanocrystal layer 4 1is immersed into an electrolytic

15 solution (e.g. a solution comprising an organic solvent of
ethylene glycol, and a solute of 0.04 mol/l potassium
nitrate dissolved in the organic solvent) B contained in a
processing bath 31. Then, a cathode 33 composed of a grid-
like platinum electrode is disposed in opposed relation to

20 the composite nanocrystal layer 4 within the electrolytic
solution B. Then, a constant current (e.g. a current
having a current density of 0.1 mA/cm?) is supplied from a
current source 32 between the lower electrode 12 used as an
anode and a cathode 33. In this manner, the oxidation

25 process for electrochemically oxidizing the composite




of an electron source 10 concerning the sixth node of enbodinent is the
-sane as those of the electron source 10 10 in the first node of enbodi nent,
and their drawi ng and description will be omtted. The el ectrochem cal

_oxi dation apparatus concerning the six node of enbodi ment has fundanental |y
.the sanme structure as that of the el ectrdthen cal oxidation apparatus in
the 15 fifth node of enbodi mnent except for the shape of the cathode 33. As
shown in FIGS. 13A and 13B, the outer dinension of the cathode 33 is
approximately the same as that of the target region E as in the

convent i onaknagpysdeds. layer adj dAsemenfamraldel toi femn &f dheftalhyde I8 20
are arranged to have a larger pitch in the periphery of the cathode 33 than
that in théncédndialy zpreeind She sdllhaede 38, crwrastad Pro¥i dadersidniceth
evenness in the current density of the target region E. In other words, in
t he sixth grdeeoffiemsodionemtd,, the pitch of the adjacent parallel |ines of
25 the grid-like cathode 33 is changed in such a nmanner that 45 the

current densityhg st her oo Fddednyi @f1 t Beibiarash rPLHmtud Sinesthakned in
increasing to be greater than that in the remaining target region E. Mire

speci fg cal Lygilshancat hade 33 Lestaghuskedd,0 havec-ishapgeall- Qg dhe

specific 5 surface area per unit area in the periphery of the cathode 33 to

be 1ess thay thal o oEREol eFRENINRA AIGLtp! ROLO 430 Sth 28 LR LUy the

current density of the target region as the principal surface o

sem conduc | ayer. I, th i xth nmode . enbqdi (o ectr 1 cal 10
oxi dati on té)%lé):gr atjljls’ asgghogvﬁai nOEI G%1 Jé.ﬁd %gDn%%/Slzﬁq:sg%bee%l?sa% ) e
cathode 33 iin this ap atus,is forned.to have a shape all qw t.he .

di st ance b&l\%%ﬁogﬁg Eg{af‘(odg%Bt nd°t hém{ngfrggﬁ rléréioongﬁetc? l?é:rklgrr?&y}d‘fed in
t he peri pher f. the cathode 33. Thus, the resistance of the electrolytic
15 sol uti of® u&ﬁoph ’pe?iﬁﬂiFﬁgSfdFE&°5aﬁﬁ%H€‘§B:%gcgﬂﬁsdﬁFﬁﬁgﬂnﬂhéﬁl hat
in the renainin%_regiqn of the cathode 33, so as to provide enhanced
eveniddss i ROLRE ég#ré¥HfQﬁgﬁgq%,between the anode and the cathode 33;

and a control section 37 for controlling the output of the
current source 32 1in accordance with a detected voltage
from the voltage detect section 36 and a detected
resistance value from the resistance detect section 35.
15 The control section 37 is operable to determine a voltage
increment VO (see FIG. 6A) to be caused by the resistance
of the electrolytic solution B, 1in accordance with a
detected resistance wvalue which is detected by the
resistance detect section 35 in advance, and then to
20 control the current source 32 such that a constant current
is supplied from the current source 32, so as to initiate
an oxidation treatment. The control section 37 is also
operable to correct the detected voltage V from the voltage
detect section 36 by subtracting the voltage increment VO

25 from the detected voltage V, and the to discontinue the



of the target region E. That is, the distance between the cathode and the
“target region E (treatnent region) is 20 adjusted to change the resistance
due to the electrolytic solution B in between the central zone and
_peripheral zone of the target region E so as to control the current density
.of the target region E. In this way, as 28th the fifth node of enbodi nent,
the 25 six node of enbodi nent can control the current density of 46 the
princi pal surface of the sem conductor |ayer (polycrystalline silicon |ayer
3 and conposite nanocrystal layer 4 ) in such a manner that the current
density i nodutputer bifhetlye ofcutheerdl esbuackenB2alatoxitdat | bhmeargeénr egieon i s
5 restricted in increasing to be greater than that in the remaining target
regi on E. Hutsecsdcongarark 0t t heacheayeat pepdkteehnlindd tipeem-y larmsge
variation in the current density of the target region E can be reduced to
provi de reduqe@ ivtpl(@ee VErd at6BN isd tHe enl Sidaitcdkd eBhel &xafdald drhe
el ectron source 10. In addition, the current density in the sem conductor
layer can heGeadnd .| ed 1onl ynby Rfigsstiitty H8€0809PLa0f iR rcayhodamdy
Thus, as conpared to the conventional nethod, the in-plain variation in the
currert densi f h QF : r o o justin
Y z’t&r@ E}ﬁ% d%%%?}}’%@%mgz €8h gsggg%g‘ﬁ %]Ch PhY ¥3.-Ry agidisting

the shape o cat rovi de red plane variation i n the
em ssion cyd enty d & of E,heaxef#ecf%ﬁt%@nﬁﬁﬁr sz‘ecq?i% at tfhéPWtﬁBﬁt +hEN& APQYE

techni cal concep can be apptiéd to a nano ygié? I Zati on procesS using an
anocizai) onreLher. £ [SEYRMIE MDE.CEIBCRVENT] foopemiayoge of,

enbodi nent i NVenti on w scPT bet be

above, in the fifth and .sixth nades of, e di rent, the ,shape of fhe . cathode
3371 s ad] uSROERS oA AN (O SRS A G S 25 oG &
In this Ca%%&éﬁ“igﬁgpe69fthgeﬁgﬁgy%¥%§x%ég¥%écbther than the grains

10 51, the silicon microcrystals 63, and the silicon oxide
films 52, 64 is formed as an amorphous region 65 made of
amorphous silicon or partially oxidized amorphous silicon.
HoWever, depending on the conditions of the
nanocrystallization process, the amorphous region 65 is

15 formed as pores. In this case, such a composite
nanocrystal layer 4 may be considered as a porous
polycrystalline silicon layer as in conventional electron
sources.

After the formation of the drift layer 6, a surface

20 electrode 7 composed of a gold thin film is formed on the
drift layer 6, for example, through a wvapor deposition
method.

In the conventional electrochemical oxidation method
for forming the drift layer 6, the oxidation treatment is

25 terminated at the time when the voltage between the anode



47 be designed in conformty with the shape of the target region E. In view
of this point, in the seventh node of enbodi nent, an el ectrochem cal

oxi dation apparatus as shown 5 in FIG 14 is used to electrochemcally
_oxidize the target region E of a sem conductor conposed of a
.polycrystalline silicon layer 3 in an obf%ct 30. The construction and
operation of an el ectron source concerning the seventh node of enbodi nent
is the sane as those of the electron source 10 in the fifth node of
enbodi ment, and their drawing and description will be omtted. The

el ect r ocheninclal tlhoxi dathode agpamatacheconzeghivay tiod tegeentV) mbd&¥1of, as
enbodi nent is fundanentally the sane as that in the fifth node of

enbodi ment shAswnshHowFIcn BAGS. IS thdAs andeldBhda nyitvee seidrade nodewfes
enbodi ment, a dummy region D capable of reducing a current density is

provi ded iR tHel pegé pheictetfent t VDLt ca@gedn ®f &hsenicomhiicdror olfaya SO
as to control the current density of the principal surface of the

sem conducioidelN¥g1mas ¢oIPaESH 28k ide t e 1e@nvent i oal , nedh@d, adher
in-plane variation in the current density of the target region can be

reduced w tRhqyl Jodi fryd Agndfie shareqak the caioderdsi stanBeOVisde raiiced

i n-plane variance in the emssion current le of the electron source 10 at a

ow cost. ENR AT ie0! %&Q‘g%ﬁ{xz%md? 1¥e { V813208 MBhEEbARNES yHali Of the

target region, ormed in conjunctiron Wt e target region
C L TV MR LT UM o oL gads obpertgd AL ol peen
ehant h od o, ROl T RS, AROEX IRLEYL1Es BT SLLURLALS % Lt O
Lo L Sehasiren 508 cg,10, sqtbrl sss o Pl uLalily, of Loter ooty odes
10 production conditions, continuous-use conditions or storage
conditions; the shape of a cathode electrode; and the
surface condition of a sample. Thus, if the given voltage
(VO + Vl).is a constant value, the voltage increment caused
by the formation of the silicon oxide films 52, 64 are
15 varied, and consequently the emission current and/or
withstand voltage of the electron source 10 are varied,
resulting in undesirably deteriorate process yield.
By contrast, according to the production method of the
first mode of embodiment, in the electrochemical oxidation
20 method for electrochemically oxidizing the composite
nanocrystal layer 4 as a crystal layer to form the drift
layer 6, a certain current is supplied between the anode
and the cathode 33 to initiate the oxidation. Then, the

oxidation 1s terminated at the time when the corrected

25 voltage Vt determined by correcting the voltage between the



10 insul ative substrate 11, a plurality of polycrystalline silicon |layers 3
~each of which is forned on the corresponding |lower electrode 12 in a
superinposed manner, a plurality of drift |layers 6 each of which is forned
_on the correspondi ng pol ycrystalline silicon layer 3 in a 15 superinposed
~manner, a plurality of isolation |layers 38 each of which is conposed of a
polycrystalline silicon | ayer and enbedded between the adjacent drift

| ayers 6, and a plurality of surface electrodes 7 which are fornmed on the
drift layers 6 and the isolation |layers 16, and arranged in 20 lines to
extend in tdrods ossdi Sthali cethoda &3 t he laowerrdelneet rotdels Thesovabtiage cut
across the drift layers 6 and the isolation layers 16. As with the fifth
node of enhiothmremdnt edoh bafsetdheonr the Imyerddrdctebnpestdtafica edmpiisét e
nanocrystal layer. 25 As with the conventional electron source 10, in the
49 el ect r ore st sl Vi € GERITN 6YY B hte il he@depwdr evdiDgh @ nda lbdevdri ft
layers 6 are partly sandwi ched between the corresponding | ower electrodes
12 arrangedriis | henahawe Fidei B2l cisdir fiaceen t o | fisdll 981 vegS ubstudde 11
and the 5 corresponding surface el ectrodes 7 arranged in the crossw se
directs on ofnd henbaweragl eid odgendde a3 the reghotnAlod Npedlikh Iayers 6
corresponding to the intersecting points between the corresponding lower

el ectrodes ;12 ang { —&9&r‘F”éﬂgi‘zgéf'ﬂoﬁUEEa%ﬁee'o%‘itdra]%‘i%% 7Car{1'oo Th}."édu?e?
certain voltage can be applrie efween appropriately Selec ed ohe o he
plural pairs of_th rface glectraode 7 and.the_] ower el ectrode 12, to
allow a st rj‘ornrges eecgf‘?ec % i%el gh o] Vaacrtlaotnlcirhel%leg}:% W%festlhsgcadﬁ%t © aytelPeG
correspondi t.o the intersecting pqint hetween the 15 selected surface

L ectrode PRI TG LI SurT ohe 1" aPHRTESent ke BRI T Thet FSgi on.
This configuration is, equivalent to an el ectron source,in which a plurality
of el ect ro@%ﬁﬁﬁ%&@]&mﬁp UEERn eBeh Hehniech BBRPRFSESNY h%OIP%‘EnS'

el ectrode 12, the polycrystalline silicon |layer 3 on 20 the |ower electrode

12, tHe driFHRHGUT BIF tFRAPBEIRRS sPAI FtRE2PRy SPNYitdRdst-he ThAT ate
electrode 7 on the drift layer 6, are_arranged, respectively, at the

| attice poithes ofardakdion x i atheceyolspaed bypcxeyestip ofushd shyf adke

el ectrodes 7 and a group of the |ower electrodes 25 12a. One of the pairs
of the sur fiagernad]iagt rofletheamikide films (silicon oxide film 52, 64)

can Dbe reduced to provide reduced variation in the
characteristics, such as emission current or withstand
15 voltage, of the electron source 10.

In the electrochemical oxidation method according to
the first mode of embodiment, before the current is
supplied between the anode and the cathode 33, the
resistance of the electrolytic solution is detected using

20 the resistance-measuring electrodes 34a, 34b, and the
voltage increment VO 1is determined based on the detected
resistance value. In this operation of detecting the
resistance of the -electrolytic solution, the voltage
increment VO can be obtained without supplying any current

25 between the anode and the cathode 33, to prevent the



50 | ower electrode 12 to be applied with a certain voltage can be sel ected
“to allow electrons to be emtted fromdesired one of the el ectron source

el enents 10a. Each of the lower electrodes 12 is formed in a strip shape,
~and provided with 5 a pad 28 on each of the |ongitudinal ends thereon. Each
.of the surface electrodes 7 is also formed in a strip shape, and provided
with a pad 27 on the extended portion fromeach of the |ongitudinal ends
thereof . The el ectron source elenents 10a are provided to pixels,
respectively. 10 The operation of the electron source 10 concerning the

ei ght h nodeoupoeritedi nenockgstppr okayer eldy ebe sansembscemdctofrt Hayer
conventional electron source 10 in FIG 22. Specifically, in this electron
sour.ce 10, (chgstulf degyeal)eciramidse narextdspededurhing tadsumpsadd,orand a
15 coll ector electrode (anode el ectrode) 21 is provided to a faceplate 30
di sposed i pregres®lrel aiiondistbhees Wdtarrel erer aded stankdPteayirdny Vps
is applied to allow sel ected one of the surface electrodes 7 to serve as a
posi tive pehectebakisvesd®, t BALCOL & e%léQndtcﬁlgbeV\@%u@ieQ:Td Oflige 2Q@iktardd a DC
voltage Vc is applied to allow the anode el ectrode to serve as a positive

pol e el at e yken! RS BEAd Fyrd e eres ech£988e 733The Fiesukll Nahy the
generated electric field acts on the drift layer 6, and thus el ectrons

Inj ected fromsthe ey te‘é}r%g%cif%‘?&m 2 én%grgug%:%? GBEEEsFE:}eﬁégPE kS ecq:jettgd

t hrough the surface el ec 1 after ting In rft 1ayer

AS Wi U the gt s aloertiod BNLec (BE. d6id tulaverofodassbhe o3t gt ure

in FIG 3. € éel"ectron source oncerni ng the noda™ bf “émbodi ment
emts electrons in 5,the sane del. as that .in_the first node.o

erbodi ment TFREs B CHHPSRTEER, B2 THS FHLEOLR ade o HEIHRTEM LRE] 58 t he
surface electrode 7 to, unifo y direct. in the normal direction of .the
surf ace eI€89F582 75€Ghd°Phu gLaS|ﬁ?§ﬁﬂHﬁ“1 €nis' Barameter' Znd £

10 detected resistance value from the resistance detect
section 35, the control section 35 determines the specific
resistance of the électrolytic sclution B. Then, the
control section 35 determines the voltage increment VO in
accordance with the obtained specific.resistance.

15 The electrolytic solution B for use in the
electrochemical oxidation method comprises an organic
solvent, and an electrolyte dissolved in the organic
solvent. Thus, as compared to a conventional process of
electrostatically oxidizing a semiconductor layer in the

20 electrolytic solution consisting of an aqueous solution of
sulfuric acid or nitric acid to form a silicon oxide film,
the electrolytic solution B can prevent water from being
incorporated in the oxide films to provide highly densified
silicon oxide films 52, 64.. Thus, the obtained silicon

25 oxide films 52, 64 can have higher withstand voltage



for providing a shadow mask or el ectron-focusing |lens. 10 Thus, the

el ectron source 10 can facilitate reducing the thickness of a display. The
el ectron source 10 concerning the eighth node of enbodi ment can be produced
_according to the production process in the fifth node of enbodi ment. For
.exanple, the 15 drift layer 6 can be geng2ally produced by the foll ow ng
steps. A non-doped polycrystalline silicon layer is first deposited on the
above entire principal surface of the insulative substrate 11. A portion of
the polycrystalline silicon |ayer corresponding to the drift layer 6 is

t hen 20 anedirfedrizmoeugh Ahedssomi bedhosbyse al L £zahi orgpndces® laerithaits i n
the fifth node of enbodinent to forma conposite nanocrystal |ayer therein.
Then, the eemEosid eanardectsicdlytliayesolseret eBf r atkent €&l $ yamwxe dofedHar ough
the sane oxidation process as that in the fifth node of enbodinent. 25 In
this way, thecddrofitytiayedoutSord oBMed.1 1Wi fteer hise eﬁ%r@ﬁ\@%gr Yiriedddat i on

process and the oxidation process in the eighth node of enbodi nent are the

sane as thege ddhddieed i £5h A0S it i degbiuthenNaRAG Y kAt zaki on
process and the oxidation process in the fifth or seventh node of 5

embodigment g.%@ée?lltsi.o bl%l%sea?nféﬂé e%taﬁas SQQE‘“wh@nFEGno%gvol%r}eoof &
currentfeeding wWirings 12a for supplying current to the correspond ng | ower

el ectrodes at.ed j.n th ri r f Y eIy | .1 si | i.con, | ayer
3 as a semségﬁ)&%%t E‘)L%’ fgrél'aygpggéyp&%g el%cé:ne%h%gdlh%vlesoé&vc\%a&{lﬁ)q erdsés qrqian

t hat of current-f.eedin irings_l2a for supplyi current tao.ather
correspondiaﬁ§olrg\*élrg et1 ec%%dggrf , easofog%%%gg%?nﬁhéscfrarrettﬁcl’g'ﬁfs]ﬁy of
the principal. surface of the sem conductaor | aye uring .the anodi zati on and
15 el ot 1 oBRGATEH Sotoaa G S et S en i A s oy Yt he
conventional nmethod, the variatjon in the, current densiéy of the target

regi on E c&n B IMGug ed L1EY h‘Eﬁﬁlsfﬁﬁ‘ﬂ(fey! Hhithe G785 WP LREIRE: MRidase

Thus, the variation in the in-plane em ssion current le of the 20 el ectron
sourd® 10 dasrededdu¥®d at a | ow cost. [N NTH MODE OF EMBODI MENT] A ninth
node of enbodi nent of the present invention will be described bel ow. . An

el ect rocheni cal Waenddthicore Iatthoh azewres n§0t sonherpinoh thedd igfs temsustl nent
will be 25 described by taking the sane el ectron source as that in the 53
first nodeodf emblboodmentt ifsotsedamsl en a&demigonf selventa ofi @ dbvddesy t @ be
formed through the anodi zati on nethod and el ectrochem cal oxidation nethod.
That is, thanbeructfuredecituoat isomr cadedrireges drig opEer dtd dioadfede|cgc tirhon

em ssion of 5 the electron source 10 concerning the ninth node of

enbodi nent siiglet e A Aotdgseindipde sheticonosothee shibsitiratthee 1fli rist node
of enbodinment ( see FIGS . 1 to 3 ) . Wien the electron source 10

conceamsni ng at kg t1id haredeydifent by appropriately patterning the lower
electrode 12, the surface electrode 7, drift layer 6 and
others. While the first mode of embodiment has been
described by taking the production process of the electron
source 10 for example, it 1is understood that the
20 electrochemical oxidation method of the present invention
is not limited thereto, but may be used in the production

process of various semiconductor devices.

[SECOND MODE OF EMBODIMENT)]

A second mode of embodiment of the present invention

25 will be described below. As mentioned above, in_ the



enbodi ment is used as an electron source of a display, a 10 nunber of

el ectron source elenents 10a nay be fornmed on the side of one of the

‘

princi pal surfaces of a substrate 11 in a nmatrix arrangenent by
appropriately patterning the | ower electrode 12, the surface el ectrode 7,

.drift layer 6 and others. 15 Wth referef®e to FIGS. 17A to 17D, a

production process of this electron source 10 concerning the ninth node of
enbodi nent will be described below. As with the first node of enbodinent, a
| ower el ectrode 12 conposed of a netal filmis first formed on one of the
princi pal 2&csucitdoss pafocass rndultite \d esilrstr stoelrkl, 1dndcenaram-idapdthe
polycrystalline silicon layer 3 is fornmed on the entire principal surface
of the substiratte 1lhpdeo obf ai rembaiimeaityr e aheshowasintbhCe 174f Aftlex t he
formation of the polycrystalline silicon 25 |layer 3, the

nanocr yst aldliez@iricay tircocessut anadi gatipnmeemred SByi stiper frygmct draed-orm a
conposi te nanocrystal layer 4 including a nunber of polycrystalline silicon

grains 51 @eeulrliGg 3)eldttodulthessHf sshbcoprm ehecr wSted tsdthdnsiea IFl G
3) which are mi xed together. In this manner, a 5 structure as shown in FIG

17B i g obt ghned+ibhe RN abd 5 | ORe PERERSE168 REEhOHEBE . USiTHEAN

anodi zati on apparatus as shown in FIG 24A to anodi ze the polycrystalline

i1 con | ayel, o a5, A serl FONUELOr b ayeL s SALhEL, { e oComlettiaon Bl it

nanocryst a | Ization _pl’ _OCESS, _OXI ation process 1s perforne _

o sctroonemagl o Gusid e comest: esuapengengl Lgrer o g s
2SO BRI §e S JAURS RRAD B sl |1
[ ompesed ol 8 g0l g1 L L S Lol O g S Lhel B Ol earml o

a structure as shown in FIG, 17D is obtai hed. 20 The nanocrystallization
procéds i saffersahie asdatieftian nEhe RS IRRPR Sfbobirfeieqdtralgic

oxi dation process (oxidation step), an, el ectrochem cal oxidation apparatus
as shown i §ORMEiong B scaBedet chaARIad othe APBSI IGRSHE dickendhey on the

surface condition of the object 30.
In view of this possibility, as.shown in FIG. 7, in
the second mode of embodiment, a resistance-measuring
15 région 30b is provided in the principal surface of a
semiconductor layer (composite'nanocrystal layer 4) formed
the an object 30, in addition to or separately from a
desired oxidation target region 30a. Before a certain
current is supplied between the anode and the cathode 33,
20 the resistance of the electrolytic solution B is detected
using the resistance-measuring region 30b, and the voltage
increment VO is determined based on a detected resistance
value. The detected value from the voltage detect section
36 is corrected in accordance with the determined voltage

25 . increment VO. In this point, the second mode of embodiment



conposi te nanocrystal |ayer 4 as a sem conductor |ayer 25 (crystal |ayer).
-I'n the oxidation process, a solution 55 conprising an organi c sol vent,
e.g. ethylene glycol, and a solute of 0.04 nol/|l potassiumnitrate

di ssolved in the organic solvent is used as a specific electrolytic
-solution Bto be contained in a processi3 bath 31. An object 30 5 forned
with the conposite nanocrystal layer 4 is imrersed into the electrolytic
solution B. Then, a cathode 33 is disposed in opposed relation to the
conposite nanocrystal layer 4 within the electrolytic solution B. Then, a
const ant curr eritf fleereng. farocourthentf i mpde off reboddersitt.y 10 of 0.1

mA/ cn) is supplied froma current source between an anode (| ower el ectrode
12) and the cat hederdinigo perf ah® t kecoxiddatiodie plodcestdoaliment, the

el ectrochem cal ly oxidi zing the conposite nanocrystal |ayer 4. Through this
process, ardiiifsttahaero® tRel ddeBdrengtas Tbludiloncon AhAr Ber Wt LB 15
and silicon oxide filnms 52, 64 (see FIG 3) is forned. During the oxidation

treatment, jphe vyl t agenbeineen dhieangde tard theteat hege 33d s saftdduiously
detected by voltage detect neans (not 'shown), and the oxidation treatnent

s ter naied At ibhe G ihien Lhiptalkass 20 siean thganode and the

cathode 33 i's increased by a desi vol tage val'ue fromthe voltage at the

current Dot SBaR PRE S adc Ehet caAE Y | pelnr el S S At S s iue are

U Drated DY o4t by o B DERLLODR0 SESLA B30 AR VER T

e corostheMneEyobal Laterc al e o st 30 analne spidgee o the

i medi ately rel eased therefrom so as to prevent 5 the air_ babbl es forned

on the pri R&EFEFeBGEr BEWFeR hdPEoRRIS T hahBEl§ERRFE KArua EPEmEREskKi ng

the principal surface and suppressing the el ectrochem cal oxidation

reactlifon opctdagr &psie teReeavia lvgbbife s hier ehesitpirleddicngalvEion at the
initiation of current supply can be reduced to provide more
reduced variation in the characteristics of the electron
source 10. The structure and operation of the electron
source 10 are the same as those in the first mode of

15 embodiment, and their drawing and description are omitted.

[THIRD MODE OF EMBODIMENT]

A third mode of embodiment of the presént invention
will be described below. As mentioned above, in the
electrochemical oxidation method according to the second

20 mode of embodiment, it 1s required to provide the
resistance-measuring region 30b to the object 30 in
addition to the oxidation target region 30a. However,
depending on the pattern shape of the oxidation target

region 30a and other factor, any resistance-measuring

25 region 30b cannot be provided in some cases, or leader



reaction to be caused in the el ectrochem cal -oxidation 10 target region.
~This technique nakes it possible to reduce the in-plane variation in the
silicon oxide films 52, 64 to be forned in the target region. In addition,
this technique can prevent increase in the detected voltage fromthe

“vol tage detect neans ot herw se caused by3bhe air 15 bubbles forned on the
cat hode 33, and prevent deterioration in the wthstand voltage performance
of the silicon oxide filnms 52, 64. The vibration of the object 30 using the
vi bration generator 36 involves the risk of damage in a porous 20 silicon

| ayer. |n \iiewof cahnotpobsi badeqyatéehgt eatraofgad biat i higet hee obg eatcS8O
using the vibration generator 36, a vibrator (not shown) may be disposed in
t he el ect r aleddur isod wegirorB 30b Virbrsadnes tdesesd ectrol ytic solution B in the
current supply period so as to prevent air babbles 25 generated through the
el ectrocheni cal mxi deiéwn 6£acth®8 p¥ssibinafyl,enaimi Nl €t tdtehdndd et
regi on and suppressing the el ectrochem cal oxidation reaction, wthout

damage in the RATGS flddeind aershdul therrrd hig 1LalidOus Gale Prevent
increase in the detected voltage fromthe voltage detect 5 neans ot herw se

caused; by tfigyal bebubbbssi hohfied oRnt hengaldiode, 3y ard LRdenRr €48ty

deterloratlon In the W t hst and vol tage perfornmance of the S|I|con oxl de

films 52, eﬁ%%wjé" “.t9e rd hg Ble?‘c% EDﬁEr%n%mi%d' "%gatnl EJeér{‘ean

el ect rochem gaction or ns alr es generate pr| nci pal

surface of thecﬁco Oc&?ert ac{]co’i f rellaie)a dletaherer}lot(pe ﬁ(l Ck’:}{l OPeéje”%Org?%t he

air bubbl e o) as 0 preven e air

babbl f Ki f, d t
e = 1 orp el e B pal S Tage ort S RHEEETR natFih 1 ovi e

reduced in-plane variation in the filmthickness, or |I I|ty of t
T Con oxiaRs FaTARE SHOBE D b TF IR n (HAE éP@YL’PS oo, e AT on
target region. Thus, the in-plane variation in the mnthstand volta e

per f drdmanceTofe (R G saldes ithat s e ofi et 2P reriined dhpar ed

to t he conventional nethod. Further, this nmethod can prevent |ncrease in
the det ect EEWGATEHE TN 2¥RE v FPBERe Sdbee dranasas totthelawee iuded B the
air bubbles formed on the cathode 33, and thus prevent deterioration in the
wi t hst and \ﬁdletcatg@qmmimaialr}ceomdihed25 sThe coelorigge fncrenart §8. ihis
all ows the w thstand 58

determined based on the detected resistance value. In this

point, the third mode of embodiment is different from the
15 second mode of embodiment.

According to the third mode of embodiment, before a
certain current 1s supplied between the. anode and the
cathode 33, the resistance of the electrolytic solution B
is detected using the resistance-monitoring specimen, and

20 the voltage increment V0 1is determined based on the
detected resistance value. Thus, any oxidation of the
composite nanocrystal layer 4 can be avoided during the
detection of the resistance of the electrolytic solution B.
Further, the difference between the detected resistance

25 value and the actual resistance value of the electrolytic



vol tage performance of the silicon oxide filnms 52, 64 to be varied in each
mof lots. The above technical concept can be applied to a
nanocrystal l i zati on process using an anodi zati on nmethod. 5 [ TENTH MODE OF
_EMBODI MENT] A tenth node of enbodi nent of the present invention will be
_described bel ow. The el ectrochenical oxi@&tion apparatus in FIG 18 is used
in the ninth node of enbodinent. In the tenth node of enbodi nent, an 10

el ectrochem cal oxidation apparatus as shown in FIG 19 is used to

el ectrochem cal ly oxidize a conposite nanocrystal |ayer 4 of an object 30.
The const r Eetlivn and topgdveatiirort it in @ fe @wrorerdo umP 10 csonder iiedpadt
tenth node of enbodinent is the sanme as those of the electron source in 15
the ninth nmedemfviets onime medured] tvweeiia tdreeon ing tdred ahesd tetd igt wid lotbe
omtted. The production process of the electron source 10 concerning the
tent h node t¥fe eyitadi reentsduar deuridanemhal |yt et \saTmrad ddwatatiirort hef il h
node of enbodinment, and its description will be omtted. 20 The

el ectrochemgicdt rod dduirde appagpé UBhE60B8RENEBIthBeet @At thaEDd raft exduyli ment
includes alift punp 39 for punping up an electrolytic solution Bin a
processi ng Jzat kmpemerit)e RIHDEAHH el eptdiaing € 3R Utd<yr B disi dret tfek out
froma jet flow froma nozzle (not shown) toward the principle 25 surface
of the cathgde+33;.and the sem conductor |ayer 59 (polycrystalline silicon
| ayer 3, conposite nanocrystal |ayer 4) of the object 30. In the tenth node
of enbodi nent, t Iy | the electrolytic solution B to
the entire surfé?g)o tﬁgﬂ%§§§§§§E§§ﬁgﬁﬁhﬁhe entire 5 principal surface of
t he sem conduct gy o] e _Qqbject it h i . .

enbodi nent, eve%i#&%ﬁé%l %‘8??08&&%@%&%&5@%%\% ?%%ng’%isr %%ulrogg}qg%nq’{)lno% he
princi pal surface of .the_ ¢ osite nanocrystal lLayer 4 of the object. 30 in
a current §ﬁﬂﬂ1yﬁﬁbrPSEFrfﬁgHa??egﬂ%bles I96851§8e9nn§9?3?élyl#eﬂ3§§ed
therefrom so as t revent the ajr babbles forned, on the pringcipal surface
of 1RO comPSaE AT 1 1o 75 D ot ePHBULRE bP Bep i i (e and
suppressi ng_the el ectrochem cal qxidation reaction. Thus, this nmethod can
provi de regﬁEéﬁiiHpﬁﬁéne°€arP§FP9hmPﬁtthetﬁS FPX IR P QRSB E mifual ity
of the silicon oxide filnms 52, 64 to be forned in the

el ect r ochericd@inptieghtdonthar §émer adiegn, thadve hkaga- prinectatihg iarda t he
wi t hstand vol tage performance of the silicon oxide filns 52, 64 can be
reduced as (Gonwissr ezileetrore cbAvenndortdie reattule 283 FueaRBes tthies yrRetod can
prevent increase in the detected voltage fromthe voltage detect neans

ot herwi se caldedrebywalne Mlr. bubblEsl S aramd @s tdwenpetdtbde 33e anidl tdars
prevent deterioration in the withstand voltage performance of the silicon
oxi da¥i | mox52e 62 1mEhi 32 al 6dwSozbedl hatwat besdndonoldtlage e fidreralmesof t he
silicon oxide 60 films 52, 64 to be varied in each of lots. Furthernore,
in the tentdlemtdedd Empodheentilitdom ebsetdd offylme $@,utébdnfoamnele agtetd ed
out toward the principle surface of the sem conductor |ayer to rel ease the
ai r babbl epdyiadhefar from to the lower electrode 12 cannot have

adequate withstand voltage ©performance due to its
excessively thin film thickness or insufficient density, in
20 some cases.

In view of this possibility, an electrochemical
oxidation apparatus as shown in FIG. 9 is used in the
fourth mode of embodiment. As shown in FIG. 10, after the
corrected voltage Vt between the anode and the cathode 33

25 reaches the upper voltage V1, the current I flowing between



5 principle surface of the sem conductor |ayer. Thus, the air babbles
~formed on the principle surface of the sem conductor |ayer can be nore
reliable rel eased therefrom The above technical concept can be applied to
a nanocrystallization process using an anodi zation nmethod. 10 In either of
-the enbodi nents, the el ectrochenical oxidation apparatus may be used as
anodi zati on apparatus only by changing an electrolytic solution and

i ncorporating sone el enents, such as |light source, required for

anodi zation. 15 Wiile the present invention has been described by reference
to specifi ctlerbadodentsd \drd custhpik f B8 atsomsdanedalviharlat imansntdihib@conme
apparent to those skilled in the art. Therefore, it is intended that the
present invemn i iatrisctnemd vohides Yo dthethe lwspamtvoktamdodd eeant s Pheder ei n,
but only by the appended clains and their equival ents. Industri al

Appl i cabi | iihe Asx teat i eneds abeveinbbedehecthec et alheoxitdal i @y 2 et hod
according to the present invention is useful, 61 particularly, in a

producti on ¥ ocesscd@rdSe €olustvdn deyieesrsuch as fiel d-em ssion-type
el ectron sources, and suitable for use in an oxidation process in

sem canduct or pr;gsdu%jo% inb2rEEAI NB 1ipa ”SFLBBE‘rBEh REEQLM &G qation

el ectrochem cal oxidation to a sem conductor |ayer, erein an el ectrode

provi ded o AQpPosi i i Gl %84 & -

el ectroche%%% oxi%éﬁz%ciﬁgﬁ? ggh sﬁén‘ill%% ucc%%tgf ayeréc?%slpﬁls%dl%%l%%esénode,
and a current |s.S i t 1 d ode__an .hode_whi |l e_al | owi ng
sai d senic&%dﬁbigﬁ ayggqggg ggggtgg%hdgg 3%mbegfge%g%9§ctt%ftrF%ﬁFent

el ectrolytig 10 solution, taq,oxidize said, sem conductor yer, sai d net hod
conpr | oi o EXUBETY | HEEHRER: (iR BBOGGe R Eh BhRnGaE AT shitl CREOHD 15
initiate said oxidation; andd§erninating saii oxida%ion under S%fh'
condi ti on tHHRTSPUS EEPPEEt edRrol t age BT ue SVECHELERRTAEG by VbRt hg a
vol tage V between said anode and_said cathode in accordance with a voltage

i ncl eient \APRESHI DB PREeT daREet88 ST ési GHEFREL 0FOUEFE SRectd oV 9t Fage

solution is equal to a
source 40, and a selector switch 41 for selectively

switching between the current source 32 and the voltage
source 40, In advance of supplying a current, a control
section 37 corrects the upper voltage value V1 in
15 accordance with the voltage increment V0O based on the
resistance of an. electrolytic solution B. During the
reduction of the current I, the control section
continuously corrects the corrected voltage Vt in
accordance with the voltage increment VO which is a product
20 of the current flowing through the electrolytic solution B
and the resistance of the electrolytic solution B. The
above technical concept of the forth mode of embodiment may
be applied to the electrochemical oxidation apparatus
concerning the second and third modes of embodiment.

25 According to the fourth mode of embodiment, the



predet er mi ned upper voltage value V1. 20 2. The nethod according to claim
-1, wherein said oxidation is termnated at a tinme point when the corrected
vol tage value Vt has becone equal to the upper voltage value V1. 3. The
_nmethod according to claim1, wherein said current 25 is constant until the
.corrected voltage value Vt has becone %863 equal to the upper voltage

val ue V1, and is subsequently reduced down to a given value while

mai ntai ning the corrected voltage value Vt at the upper voltage val ue Vi,
wherein 5 said oxidation is termnated at a tine point when said current -
has been r eduded idownin otbai draitege vahorement dovithe t heriedudidatovessf said
current, the corrected voltage value Vt is continuously determ ned by
correcting thiee ¥nitageidvhi rofaccordante svpily hendol tlage tiimel ewkanh \the 10 4.
The net hod according to claim1l, further conprising detecting a resistance
of said el eetlrtelgy ibets@di ithie usicay anddhsd auatthoeaswaoie seltdnd nggeef ore
said current is supplied between said anode and said cathode. 5. The net hod

accordi ng t@1&adjem ¥alhertben wapreahbgdld detpaindiy ainestlsé aneeriofd sai d
el ectrolytic solution using a resistance-neasuring region before said

curreny i s peRRIdredRERRN |FRif 0GR 1S Vet AdR a3”1dE and the

resi stance-neasuring region being provided in the principal surface of said

sen conductol der, ddbpddi EhanubBed o1t 0 Al 2214 0Bnb kGG Nadlon

t herein. e net od accordi ng o claim further conprising detecting a

50t ol s heciol st AR 19 10 Kt TSI 0
cat hode, s%o%r%%tre%léol%ce r{pcnl t or |Or}grescq:ecd nen ﬁ%‘ﬁo@%ea tsohq:%e |cq_1 r};[gl cal to
of the current flowing the electrolytic solution. Thus, in
10 the above period, the variation in the voltage 1increment
caused by the formation of the oxide films can be
suppressed to provide reduced variation in the
characteristics of the electron source 10. Furthermore,
since the oxidation is terminated only after the current I
15 is reduced down to the given wvalue, fhe oxide films can be
densified to have higher withstand voltage performance.
[FIFTH MODE OF EMBODIMENT]
A fifth mode of embodiment of the present invention
will be described below. An electrochemical oxidation
20 method according to the fifth mode of embodiment will be
described by taking the same electron source as that in the
first mode of embodiment for example, as one of electronic
devices to be formed through the electrochemical oxidation

method. That is, the structure, function, advantages and

25 operation of electron emission of the electron source 10



64 an object to be treated, formed with said sem conductor |ayer. 7. The
~met hod according to claim1, wherein said electrolytic solution conprises
an organic solvent and an 5 electrolyte dissolved in said organi c sol vent.
8. The nethod according to claim1l, wherein a current density in the
.principal surface of said sem conductor Bayer is controlled in such a
manner that the current density in a periphery of an oxidation target
region of 10 said sem conductor layer is restrained in increasing to be
greater than that in the remaining oxidation target region. 9. The nethod
accordi ng toorcdeximirfly wher ef inf tlhe moder enf debsidiyneint cbst rodld edaty fay m ng
said cathode so as to have a shape which allows a di stance between said
cat hode andhbsesabd Sehecarldicisn | apeircieo be iner edsedfipsa prodehessy of
sai d cathode. 10. The nmethod according to claim8, wherein the current

density is &sMidigdded ed armang saigd pat hode so as to have a shape which
allows a specific surface area per unit area 20 in a periphery of said

cathode to be | gpsH harriehahden £Be FEGRI NiNG T gl 001 8] SAl ¢ liaden 11.
The nethod according to claim8, wherein the current density is controlled

b rayidi @@H?@ Q) Lapad e t he
pgrloph\élryI g%oqiwe 25 "0ox at| on targgsiocgr e({ﬁ (C)ilrﬁflo saé}g'l C%rm concﬁct ortr%/ayer
65 12. Theo%?%ﬁ%&%&%ﬂ%(fnd¥lf(%(1 éibéd1BMT gﬂ a plurality of said

el ectrodes "ar e arrange ara one ano

In this production process, a lower electrode 12
composed of a metal film is first formed on one of the
principal surfaces of an insulative substrate 11, and then

10 a non-doped polycrystalline silicon layer 3 is formed on
the entire principal surface of the insulative substrate 11
to obtain a structure as shown in FIG. 11A, in the same way
as that in the first mode of embodiment.

After the formation of the polycrystalline silicon

15 layer 3, a nanocrystallization process (anodization step)
is performed to form a composite nanocrystal layer 4
including a number of polycrystalline silicon grains 51
(see FIG. 3) and a number of silicon microcrystals 63 (see
FIG. 3) which are mixed together. In this manner, a

20 structure as shown in FIG. 11B 1is obtained. The
nanocrystallization process is the same as that in the
first mode of embodiment.

After the completion of the nanocrystallization
process, an oxidation process is rerformed to

25 electrochemically oxidize the composite nanocrystal layer 4.



on a surface of said sem conductor |ayer on the opposite side of the
~principal surface, each of said electrodes 5 including a current-feeding
wiring for feeding said current to said el ectrodes, wherein the current
~density is controlled by formng the current-feeding wrings correspondi ng
.to the periphery of said oxidation targe#Oregion so as to have an interval
| ess 10 than that of the current-feeding wrings corresponding to the
remai ni ng portion of said oxidation target region. 13. The nethod according
to claim1, wherein air bubbles formed on the principal surface of said
sem conductfrrdugrerthiis | pgothes suppldridft slaykrcué renth ar etrelodased £ om
the 15 principal surface while supplying said current. 14. The net hod
accordi ng tshoWraiim 13,6 Wieried nfdimeditto mdtdies arstmeitmasedhyshowr atri ng a
substrate having said anode and sai d sem conductor |ayer. 15. The met hod

accordi ng traal aiimcl3, whrieei pxibetabn 2Prbubbles @k tdsel @aseskdy) gind ng
vibration froma vibrator disposed in said electrolytic solution, to said

el ectrol ytigersQrldPn. dSindhe grEhOM sFes@mENtd ochedc! aidleGroigdgidht he
air bubbles are released by directing a jet flow of said 25 electrolytic
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that of the conventional electrochemical oxidation

10 apparatus in FIG. 23, except that the shape of a cathode 33

is adjusted to control a current density in the principal

surface of the polycrystalline silicon layer 3, so that the

current density in the periphery of a target region E is

restrained in increasing to be greater than that in the

15 remaining target region E.

Specifically, as shown in FIGS. 12A.and 12B, a grid-

like cathode 33 is formed to have an outer dimension less

than that of the target region E (oxidation target region),

so that the current density in the periphery of the

20 polycrystalline silicon layer 3 is restrained in increasing

to be greater than that in the remaining region other than

the target region E. In other words, the shape of thé

cathode 33 is determined such that the specific surface

area per unit area in the periphery of the cathode is less

25 than that in the remaining region of the cathode 33, to
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process (anodization step), the amorphous region 65 1is
formed as pores. In this case, such a composite
nanocrystal layer 4 may be considered as a porous
polycrystalline silicon layer as in conventional electron
sources.

After the formation of the drift layer 6, a surface
electrode 7 composed of a gold thin film is formed on the
drift layer 6, for example, through a vapor deposition
method. In this way, an electron source 10 with a
structure as shown.in FIG. 11D is obtained.

According to the production process of the electrqn
source 10 concerning the fifth mode of embodiment, the
current density in the electrochemical-oxidation target
region E as the principal surface of a semiconductor layer
can be controlled such that the current density in the
periphery of the target region E 1is restrained in
increasing to be greater than that in the remaining target
region E. Thus, as compared to the conventional‘method,

the in-plane variation in the current density of the target
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in the target region E as the principal surface of a
semiconductor layer can be controlled only by adjusting the
shape of the cathode 33. Thus, as compared to the
conventional method, the in-plain variation in the current

10 density of the target region E can be reduced only by
adjusting the shape of the cathode 33, to provide reduced
in-plane variation in the emission current Ie of the
electron source 10 at a low cost.

The above technical concept can be applied to a

15 nanocrystallization process using an anodization method.
tSIXTH MODE OF EMBODIMENT]

A sixth mode of embodiment of the present invention
will be described below. As mentioned above, in the
electrochemical oxidation method according to the fifth

20 mode of embodiment, the cathode 33 is formed to have an
outer dimension less than that of the target region E so as

) to provide enhanced in-plane evenness 1in the current
density of the target region E. However, depending on the
distance between the target region E and the cathode 33 or

25 the specific resistance of the electrolytic solution, this
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lines constituting the cathode 33 have the same pitch.
In view of this possibility, in the sixth mode of
5 embodiment, an electrochemical oxidation apparatus as shown
in FIG. 13 is used to electrochemically oxidize the target
region E of an object 30. The construction and operation
of an electron source 10 concerning the sixth mode of
embodiment is the same as those of the electron source 10
10 in the first mode of embodiment, and their drawing and
description will be omitted.

The electrochemical oxidation apparatus concerning the
six mode of embodiment has fundamentally the same structure
as that of the electrochemical oxidation apparatus in the

15 fifth mode of embodiment except for the shape of the
cathode 33. As shown 1in FIGS. 13A. and 13B, the outer
dimension of the cathode 33 is approximately the same as
that of the target region E as 1in the conventional
apparatus. The adjacent parallel linens of the cathode 33

20 are arranged to have a larger pitch in the periphery of the
cathode 33 than that in the central zone of the cathode 33,
so as to provide enhanced evenness in the current density
of the target region E. In othef words, in the sixth mode
of embodiment, the pitch of the adjacent parallel lines of

25 the grid-like cathode 33 is changed in such a manner that
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33 1is adjusted to have a shape allowing the specific
5 surface area per unit area in the periphery of the cathode
33 to be less than that of the rémaining target region 33,
so as to control the current density of the target region E

as the principal surface of a semiconductor layer.
In the sixth mode of embodiment, an electrochemical
10 oxidation apparatus as shown in FIG. 13C and 13D may also
be used. The cathode 33 in this apparatus is formed to
have a shape allowing the distance between the cathode 33
ahd the target region E to be increased in the periphery of
the cathode 33. Thus, the resistance of the electrolytic.
15 solution B in the periphery of the cathode 33 becomes
higher than that in the remaining region of the cathode 33,
so as to provide enhanced evenness in the current density
of the target region E. That is, the distance between the
cathode and the target region E (treatment region) is
20 adjusted to change the resistance due to the electrolytic
solution B in between the central zone and peripheral zone
of the target region E so as to control the current density

of the target region E.

in this way, as with the fifth mode of embodiment, the

25 six mode of embodiment can control the current density of
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(polycrystalline silicon layer 3 and composite nanocrystal
layer 4) in such a manner that the current density in the
periphery of the electrochemical-oxidation target region is
restricted in increasing to be greater thah that in the
remaining target region E. Thus, as compared to the
conventional ﬁethod, the in-plane variation in the current
density of the target region E can be reduced to provide
reduced in-plane variation in the emission current Ie of
the electron source 10. In addition, the current density
in the semiconductor layer can be controlled only by
adjusting the shape of the cathode 33. Thus, as compared
to the éonventional method, the in-plain variation in the
current density of the target region E can be reduced only
by adjusting the shape of the cathode 33, to provide
reduced in-plane variation in the emission current Ie of
the electron source 10 at a low cost.

The above technical concept can be applied to a
nanocrystallization process using an anodization method.

[SEVENTH MODE OF EMBODIMENT]

A seventh mode of embodiment of the present invention
will be described below. As mentioned above, in the fifth
and sixth modes of embodiment, the shape of the cathode 33
is adjusted to equalize the current density of the target

region E. In this case, the shape of the cathode 33 has to
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be designed in conformity with the shape of the target
region E.

In view of this point, in the seventh mode of
embodiment, an electrochemical oxidation apparatus as shown
in FIG. 14 is used to electrochemically oxidize the target
region E of a semiconductor composed of a polycrystalline
silicon layer 3 in an object 30. The construction and
operation of an electron source concerning the seventh mode
of embodiment is the same as those of the electron source
in the fifth mode of embodiment, and their drawing and
description will be omitted.

The electrochemical oxidation apparatus concerning the
seventh mode of embodiment 1s fundamentally the same as
that in the fifth mode of embodiment. As shown in FIGS.
14A and 14B, in the seventh mode of embodiment, a dummy
region D capable of reducing a current density is provided
in the periphery of a target region of a semiconductor

layer, so as to control the current density of the

'principal surface of the semiconductor. Thus, as compared

to the conventional method, the in-plane variation in the
current density of the target region can be reduced without
modifying the shape of the cathode 33, to provide reduced
in-plane variance in the emission current 1Ie of the
electron source 10 at a low cost. The dummy region D is

made of the same material as that of the target region, and

10 10 101 1:$109%& ()-fhiD}j~jjjjzodY: 1
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may be formed in conjunction with the target region E.
[EIGHTH MODE OF EMBODIMENT]
An eighth mode of embodiment of the present invention
will be described below. An electron source 10 concerning
5 the eighth mode of embodiment has approximately the same
structure as that of the conventional electron source 10 in
FIG. 22. Specifically, as shown in FIG. 15, the electron
source 10 comprises a plurality of lower electrodes 12
arranged in lines on one of the principal surfaces of an
10 insulative substrate 11, a plurality of polycrystalline
silicon layers 3 each of which 1is formed on the
corresponding lower electrode 12 in a superimposed manner,
a plurality of drift layers 6 each of which is formed on
the corresponding polycrystalline silicon layer 3 in a
15 superimposed manner, a plurality of isolation layers 16
each of which is composed of a polycrystalline silicon
layer and embedded between the adjacent drift layers 6, and
a plurality of surface electrodes 7 which are formed on the
drift layers 6 and the isolation layers 16, and arranged in
20 lines to extend in the crosswise direction of the 1lower
electrodes 12 so as to cut across the drift layers 6 and
the isolation layers 16. As with the fifth mode of
embodiment, each of the drift layer 6 1is composed of a

composite nanocrystal layer.

25 As with the conventional electron source 10, in the
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principal surface of the insulative substrate 11 and the
5 corresponding surface electrodes 7 arranged in the
crosswise direction of the lower electrodes 12, at the
regions of the drift layers 6 <corresponding to the
intersecting points Dbetween the corresponding lower
electrodes 12 and the corresponding surface electrodes 7.
10 Thus, a certain voltage can be applied between
appropriately selected one of the plural pairs of the
surface electrode 7 and the lower electrode 12, to allow a
'strong electric field to act' on the region of the drift
layer 6 corresponding to the intersecting point between the
15 selected surface electrode 7 and lower electrode 12 so as
to emit electrons from the region. This configuration is
equivalent to an electron source in which a plurality of
electron source elements 10a, each of which comprises the
lower electrode 12, the polycrystalline silicon layer 3 on
20 the lower electrode 12, the drift layer 6 on the
polycrystalline layer 3, and the surface electrode 7 on the
drift layer 6, are arranged, respectively, at the lattice
points of a matrix (lattice) formed by a group of the

surface electrodes 7 and a group of the lower electrodes

25 12a. One of the pairs of the surface electrode 7 and the
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17109 () -lower electrode 12 to be applied with a certain voltage can
be selected to allow electrons to be emitted from desired
one of the electron source elements 10a. Each of the lower
electrodes 12 is formed in a strip shape, and provided with
5 a pad 28 on each of the longitudinal ends thereon. Each of
the surface electrodes 7 is also formed in a strip shape,
and provided with a pad 27 on the extended portion from
each of the longitudinal ends therecf. The electron source
elements 10a are provided to pixels, respectively.
10 The operation of the electron source 10 concerning the
eighth mode of embodiment is approximately the same as that
of the conventional electron source 10 1in FIG. 22.
Specifically, in this electron source 10, the surface
electrodes 7 are disposed in a vacuum space, and a
15 collector electrode (anode electrode) 21 is provided to a
faceplate 30 disposed in oppose relation to the surface
electrodes 7. A DC current Vps 1is applied to allow
selected one of the surface electrodes 7 to serve as a
positive pole relative to the corresponding lower electrode
20 12, and a DC voltage Vc is applied to allow the anode
electrode to serve as a positive pole relative to the
selected surface electrode 7. The resultingly generated
electric field acts on the drift layer 6, and thus

electrons injected from the lower electrode 12 into the

25 drift layer 6 is emitted through the surface electrode 7
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6 has the structure in FIG. 3. The electron source 10
concerning the eighth mode of embodiment emits electrons in
5 the same model as that in the first mode of embodiment.
This electron source 10 allows electron beams emitted from
the surface electrode 7 to uniformly direct in the normal
direction of the surface electrode 7, and thus has no need
for providing a shadow mask or electron-focusing lens.
10 Thus, the electron source 10 can facilitate reducing the
thickness of a display.

The electron source 10 concerning the eighth mode of
embodiment can be produced according to the production
process in the fifth mode of embodiment. For example, the

15 drift layer 6 can be generally produced by the following
steps. A non-doped polycrystalline silicon layer is first
deposited on the above entire principal surface of the
insulative substrate 11. A portion of the polycrystalline
silicon layer corresponding to the drift layer 6 is then

20 anodized through the same nanocrystallization process as
that in the fifth mode of embodiment to form a composite
nanocrystal layer therein. Then, the composite nanocrystal
layer 1is electrochemically oxidized through the same

oxidation process as that in the fifth mode of embodiment.

25 In this way, the drift layer 6 1is formed. While the
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the eighth mode of embodiment are the same as those in the

fifth mode of embodiment, the nanocrystallization process

and the oxidation process in the fifth or seventh mode of

5 embodiment may also be used.

Further, as shown in FIG. 16, one or more current-
feeding wirings 12a for supplying current to the
corresponding lower electrodes 12 located in the periphery
of the polycrystalline silicon layer 3 as a semiconductor

10 layer may be designed to have a width less than that of
current-feeding wirings 12a for supplying current to other
corresponding lower electrodes 12, so as to control the
current density of the ©principal surface bf the
semiconductor layer during the anodization and

15 electrochemical oxidation treatments. In this case, as
compared to the conventional method, the variation in the
current density of the target region E can be reduced
without modifying the shape of the cathode 33. Thus, the
variation in the in-plane emission current Ie of the

20. electron source 10 can be educed at a low cost.

[NINTH MODE OF EMBODIMENT]

A ninth mode of embodiment of the present invention
will be described below.. An electrochemical oxidation

method according to the ninth mode of embodiment will be

25 described by taking the same electron source as that in the
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devices to be formed through the anodization method and
electrochémical oxidation method. That is, the structure,
function, advantages and operation of electron emission of

5 the electron source 10 concerning the ninth mode of

embodiment is the same as those of the electron source 10
in the first mode of embodiment (see FIGS. 1 to 3). When
the electron source 10 concerning the ninth mode of
embodiment is used as an electron source of a display, a

10 number of electron source elements 10a may be formed on the
side of one of the principal surfaces of a substrate 11 in
a matrix arrangement by appropriately patterning the lower
electrode 12, the surface electrode 7, drift layer 6 and
others.

15 With reference to FIGS. 17A to 17D, a production
process of this electron source 10 concerning the ninth
mode of embodiment will be described below. As with the
first mode of embodiment, a lower electrode 12 composed of
a metal film is first formed on one of the principal

20 surfaces of an insulative substrate 11, and a non-doped
polycrystalline silicon layer 3 1is formed on the entire
principal surface of the substrate 11, to obtain a
structure as shown in FIG. 17A.

After the formation of the polycrystalline silicon

25 layer 3, the nanocrystallization process (anodization step)
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including a number of polycrystalline silicon grains 51
(seé FIG. 3) and a number of silicon microcrystals 63 (see
FIG. 3) which are mixed together. In this manner, a
structure as shown in FIG. 17B is obtained.

The nanocrystallization process is performed using an

anodization apparatus as shown in FIG. 24A to anodize the
polycrystalline silicon layer 3 as a semiconductor layer.
After the completion of the nanocrystallization process,
the oxidation process 1is performed to electrochemically
oxidize the composite nanocrystal layer 4. Through this
process, the drift layer 6 composed of a composite
nanocrystal layer with a structure as shown in FIG. 3 is
formed to obtain a structure as shown in FIG. 17C.
After the formation of the drift layer 6, a surface
electrode 7 composed of a gold thin film is formed on the
drift layer 6, for example, through a vapor deposition
method. In this way, an electron source 10 with a
structure as shown in FIG. 17D is obtained.

The nanocrystallization process is the same as that in
the first mode of embodiment. In the oxidation process
(oxidation step), an electrochemical oxidation apparatus as
shown in FIG. 18 is used to electrochemically oxidized the
composite nanocrystal layer 4 as a semiconductor layer

(crystal layer). In the oxidation process, a solution

abcdg

10
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organic solvent is used as a specific electrolytic solution
B to be contained in a processing bath 31. An object 30
5 formed with the composite nanocrystal layer 4 is immersed
into the electrolytic solution B. Then, a cathode 33 is
disposed in opposed relation to the composite nanocrystal
layer 4 within the electrolytic solution B. Then, a
constant current (e.g. a current having a current density
10 of 0.1 mA/cm®) is supplied from a current source between an
anode (lower electrode 12) and the cathode 33 to perform
the oxidation process for electrochemically oxidizing the
composite nanocrystal layer 4. Through this process, a
drift layer 6 including grains 51, silicon microcrystals 63
15 and silicon oxide films 52, 64 (see FIG. 3) is formed.

During the oxidation treatment, the voltage between
the anode and the cathode 33 is continuously detected by
voltage detect means (not shown), and the oxidation
treatment ié terminated at the time when the voltage

20 between the anode and the cathode 33 is increased by a
desired voltage value from the voltage at the initiation of
the oxidation treatment. In the period of supplying the
current between the anode and cathode 33, the object 30 and

the cathode are vibrated by the output of a vibration

25 generator 36. Thus, even if an electrochemical reaction
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forms air bubbles on the principal surface of the composite
nanocrystal layer 4 of the object 30 and the surface of the
cathode 33 in the current supply period, the air bubbles
will be immediately released therefrom, so as to prevent
5 the air babbles formed on the principal surface of the
composite nanocrystal layer 4 from masking the principal
surface and suppressing the electrochemical oxidation
reaction or to prevent the air babbles from suﬁpressing the
reaction to be caused in the electrochemical-oxidation
10 target region. This technique makes it possible to reduce
the in-plane variation in the silicon oxide films 52, 64 to
be formed in the target region. In addition, this
technique can prevent increase in the detected voltage from
the voltage detect means otherwise caused by the air
15 bubbles formed on the cathode 33, and prevent deterioration
in the withstand voltage performance of the silicon oxide
films 52, 64.
The vibration of the object 30 using the vibration
generator 36 involves the risk of damage in a porous
20 silicon layer. In view of this possibility, instead of
vibrating the object 30 using the vibration generator 36, a
vibrator (not shown) may be disposed in the electrolytic
solution B to vibrate the electrolytic solution B in the

current supply period so as to prevent air Dbabbles

25 generated through the electrochemical oxidation reaction
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from remaining on the target region and suppressing the
electrochemical oxidation reaction, without damage in the
porous silicon layer. Further, this technique can prevent
increase in the detected voltage from the voltage detect
5 means otherwise caused by the air bubbles formed on the
cathode 33, and thus prevent deterioration in the withstand
voltage performance of the silicon oxide films 52, 64.
According to the ninth mode of embodiment, even if the
electrochemical reaction forms air bubbles generated on the
10 principal surface of the composite nanocrystal layer 4 in
the oxidation period, the air bubbles will be immediately
released therefrom so as to prevent the air babbles from
masking the ©principal surface and suppressing the
electrochemical oxidation reaction. In addtion, this
15 method can provide reduced in-plane variation in the film
thickness or film quality of the silicon oxide films 52, 64
to be formed in the electrochemical-oxidation target region.
Thus, the in-plane variation in the withstand voltage
performance of the silicon oxide films 52, 64 can be
20 reduced as compared to the conventional method. Further,
this method can prevent increase in the detected voltage
from the voltage detect means otherwise caused by the air
bubbles formed on the cathode 33, and thus prevent
deterioration in the withstand voltage performance of the

25 silicon oxide films 52, 64. This allows the withstand
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voltage performance of the silicon oxide films 52, 64 to be
varied in each of lots.

The above technical concept can be applied to a
nanocrystallization process using an anodization method.

[TENTH MODE OF EMBODIMENT]

A tenth mode of embodiment of the present invention
will be described below.  The electrochemical oxidation
apparatus in FIG. 18 1is wused in the ninth mode of
embodiment. In the tenth mode of embodiment, an
electrochemical oxidation apparatus as shown in FIG. 19 is
used to electrochemically oxidize a composite nanocrystal
layer 4 of an object 30. The construction and operation of
an electron source 10 concerning the tenth mode of
embodiment is the same as those of the electron source in
the ninth mode of embodiment, and their drawing and
description will be omitted. The production process of the
electron source 10 concerning the tenth mode of embodiment
is fundamentally the same as that in the ninth mode of
embodiment, and its description will be omitted.

The eiectrochemical oxidation apparatus concerning the
tenth mode of embodiment includes alift pump 39 for pumping
up an electrolytic solution B in a processing bath. Then,
the pumped-up electrolyte solution B is jetted out from a
jet flow from a nozzle (not shown) toward the principle

surface of the cathode 33 and the semiconductor layer

| $10%& () - P: RAEbC

10
10
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(polycrystalline silicon layer 3, composite nanocrystal
layer 4) of the object 30. 1In the tenth mode of embodiment,
the nozzle is moved to jet the electrolytic solution B to
the entire surface of the cathode 33 and the entire
ﬁrincipal.surface of the semiconductor layer of the.object
30. As with the ninth mode of embodiment, even if an
electrochemical reaction forms air bubbles on the principal
surface of the composite nanocrystal layer 4 of the object
30 in a current supply period, the air bubbles will be
immediately released therefrom, so as to prevent the air
babbles formed on the principal surface of the composite
nanocrystal layer 4 from masking the principal surface and
suppressing the electrochemical oxidation reaction. Thus,
this method can provide reduced in-plane variation in the
film thickness or film quality of the silicon oxide films
52, 64 to be formed in the elecfrochemical-oxidation target
region, and the 1in-plane wvariation in the withstand
voltage performance of the silicon oxide films 52, 64 can
be reduced as compared to the conventional method.

Further, this method can prevent increase 1in the
detected voltage from the voltage detect means otherwise
caused by the air bubbles formed on the cathode 33, and
thus prevent deterioration in the withstand voltage
performance of the silicon oxide films 52, 64. This allows

the withstand voltage performance of the silicon oxide

109& ()-_>#}~?bC
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films 52, 64 to be varied in each of lots. Furthermore, in
the tenth mode of embodiment, the electrolytic solution can
be Jjetted out toward the principle surface of the
semiconductor layer to release the air babbles from the
5 principle surface of the semiconductor layer. Thus, the
alr Dbabbles formed on the principle surface of the
semiconductor layer can be more reliable released therefromn.
The above technical concept can be applied to a
nanocrystallization process using an anodization method.

10 In either of the embodiments, the electrochemical
oxidation apparatus may be used as anodization apparatus
only by changing an electrolytic solution and incorporating
some elenments, such as light source, required for
anodization.

15 While the present invention has been described by
reference to specific embodiments, various modifications
and alterations will become apparent to those skilled in
the art. Therefore, it 1s intended that the present
invention is not limited to the illustrative embodiments

20 herein, but only by the appended <claims and their

equivalents.

Industrial Applicability
As mentioned above, the electrochemical oxidation

25 method according to the present invention is useful,
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particularly, in a production process for semiconductor
devices such as field-emission-type electron sources, and

suitable for use in an oxidation process in semiconductor

production.
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opposite side of a principal surface to be
electrochemically oxidized of said semiconductor layer is
used as an anode, and a current 1is supplied between said
anode and a cathode while allowing said semiconductor layer
and said cathode to be in contact with an electrolytic
solution, to oxidize said semiconductor layer, said method
comprising:

supplying a current between said anode and said
cathode to initiate said oxidation; and

terminating said oxidation under such condition that a
corrected voltage value Vt determined by correcting a
voltage V between said anode and said cathode in accordance
with a voltage inclement V0O based on a pre-detected
resistance of said electrolytic solution 1is equal to a
predetermined upper voltage value V1.
2. The method according to claim 1, wherein said
oxidation is terminated at a time point when the corrected
voltage value Vt has become equal to the upper voltage
value V1.
3. The method according to claim 1, wherein said current

is constant until the corrected voltage value Vt has become
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during the reduction of said current, the corrected
voltage value Vt is continuously determined by correcting
the voltage V in accordance with the voltage inclement VO.
10 4, The method according to claim 1, further comprising
detecting a resistance of said electrolytic solution using
a resistance-measuring electrode before said current is
supplied between said anode and said cathode.
5. The method according to claim 1, further comprising
15 detecting a resistance of said electrolytic solution using
a resistance-measuring region before said  current is
supplied between said anode and said cathode, said
resistance-measuring region being provided in the principal
surface of said semiconductor layer in addition to a given
20 oxidization target region therein.
6. The method according to claim 1, further comprising
detecting a resistance of said electrolytic solution using
a resistance-monitoring specimen before said current 1is
supplied between said anode and said cathode, said

25 resistance-monitoring specimen having a shape identical to
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density in the principal surface of said semiconductor
layer is controlled in such a manner that the current
density in a periphery of an oxidation target region of
10 said semiconductor layer is restrained in increasing to be
greater than that in the remaining oxidation target region.
9. The method according to claim 8, wherein the current
density is controlled by forming said cathode so as to have
a shape which allows a distance between said cathode and
15 said semiconductor layer to be increased in a periphery of
said cathode.
10. The method according to claim 8, wherein the current
density is controlled by forming said cathode so as to have
a shape which allows a specific surface area per unit area
20 in a periphery of said cathode to be less than that in the
remaining region of said cathode.
11. The method according to claim 8, wherein the current
density is controlled by providing a dummy region capable
of reducing the current density in the periphery of the

25 oxlidation target region of said semiconductor layer.
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the current density 1is controlled by forming the
current-feeding wirings corresponding to the periphery of
said oxidation target region so as to have an interval less
10 than that of the current-feeding wirings corresponding to
the remaining portion of said oxidation target region.
13. The method according to claim 1, wherein air bubbles
formed on the principél surface of sald semiconductor layer
during the supply of said current, are released from the
15 principal surface while supplying said current.
14, The method according to c¢laim 13, wherein the air
bubbles are released by vibrating a substrate having said
anode and said semiconductor layer.
15. The .method according to claim 13, wherein the air
20 bubbles are released by giving vibration from a vibrator
disposed in said electrolytic solution, to said
electrolytic solution.
16. The method according to claim 13, wherein the air

bubbles are released by directing a Jjet flow of said

25 electrolytic solution toward the principal surface of said



semiconductor layer.
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