; e3e&vf f g4nBnubuT&g0i A~r AmMA~ , no ~~I |~~~ TITLE OF THE | NVENTI ON
SPECI .FI CATI ON FI ELD EM SSI ON- TYPE ELECTRON SOURCE AND MANUFACTURI NG 5
METHOD THEREOF AND DI SPLAY USI NG THE ELECTRON SOURCE BACKGROUND OF THE

| NVENTI ON 1. invention The present invention relates to a
field em ssi onmmm”m“"w tron source fjor emtting el ectron. ‘??a g2
nmeans of electrica % em ssion and a manufacturing nethod ereof, and
to a display u5|ng Z'field enission- Lype el ectron source. 2. Description
of the prior tlonally, as a field em ssion-type el ectron
source, there H“ﬂﬁﬂmmmg | - known SPESOFT@ATRNN Spi ndt-type el ectrode which
is disclosed) , in the United States Patent No. 3,655,241 and so
on. The Spi ndt -t ype®®tect rode 9s provided with a substrate on whi ch nmany
small 20 (fine) emtter chips of triangular pyram d shape are di sposed,

em tting hol 84TLBrOB s INYENPERES of the emitter chips to the outside, and
gate |l ayers disposed in such a manner so as to be insulated to the emtter
chi ps. Thus, the BEHUEMISSI0N+BRE RIECTRANcAPYRCH ir MANEEAGEURINGM t he 25
apexes of the emtter chips to the outside through the 2 19 MAR 2002
enlttlng5hol@@TB9Da%ﬁﬂ%ﬁoﬁgAHPgPFiRﬁH?aB@IﬁﬁnﬂﬂﬁeﬁLgﬁERQNﬁSppéﬁEchips and the
gate |l ayers under a vacuum at nosphere in such a manner that the emtter
chi ps becone negative el ectrodes

BACKCROUND OF TIHE INVENTION

1. "Field of the invention
The present invention relates to a field emission-Lype
10 electron source for emitting electron beams by means of
electrical field enmission and a manufacturing method
thereof, and to a display using the field emission-Lype
electron source.
2, Description of the prior art
15 Conventionally, as a field emission-type electron
source, there has been well-known a so-called Spindt-type
electrode which is disclosed, for example, in the United
States Patent No. 3,665,241 and so on. The Spindt-type
electrode is provided with a substrate on which many small
20 (fine) emitte; chips of triangular pyramid shape are
disposed, emitting holes for exposing apexes of the emitter
chips to the outside, and gate laycrs disposed in such a
manner so as to be insulated to the emitter chips. Thus,

the Spindt-type electrode can emit electron beams from the

25 apexes of the emitter chips tec the outside through the



agai nst the gate layers. 5 F-'owever, ire the Spindt-type el ectrode, there

exi sts such a problemthat when it is applied, for exanple, to a flat |ight

emtter or a display, it is difficult to enlarge its area (el ectron

emtting area), because manufacturing process of the electrode _is

complicated and further it is 10 diffic@t to produce many em thﬂr%izwg of

triangul ar shape with higher efficiency. Meanwhile, in the Spindt-type

el ectrode, the electrical field converges to the apexes of the emtter

chi ps. Therefore, when the degree of vacuum around the apexes of the

em tter chi penistingeholss blgabpdbyimeshdghl vagldsgexbstsedhdaheabnitted he

residual gas is ionized by the emtted el ectrons to becone positive ions so

that the posidhipe amtstheolgatdelayenshandpex@svasfuuphateedmitese thi psch

Accordi ngly, the apexes of the emtter cl=ips suffer damages (for exanple,

damages due t% MagRer nphrt shhes emifier 2chinfeeecony bedaivee@legtrodesr obl em

chat current density or efficiency of the emtted el ectrons becones

unst abl e, or 392¢B§to¥hQ 1HEt&NLEYRFSchi ps are shortened. Therefore, the

Spi ndt-t¥pe el ecty,ode nust, be usegpun er. a hi gher vgcuum at nospr here (about
t

10'" Pa o about ¥eY®'$x) h bPRElerPLBAbHyRee LEeden r ERRER of*iHe

Such o i ShOHTPaGe PERBLST HbHimiERc A8 Sg SROLIoT Piie CERBCIS 08 1 1 ai sed
order to i mories TGNt oheli 8 Bty St R GSoRr LR (ype
el ectron sour,;:t%soafﬁelgl MRk @by %ﬁg‘:@b‘?& %&5‘) ééyéu%eorm%%cg:\:}%}r@ Oxi de

Sem conduct or tyle has been proposed: e florner 1's a

en Ssi on-typ&, @l-8ek" 0B ERAT Efedia¥iuad 18 Eaﬂgﬂféa@c%ds%aﬂfu}&é@ of is
(metal)-(insulator film-(nmetal) ( while the latter 1s a flat field

eni ssi ofgt ypeyiglreehl ©rto PREEGEe oty @md ttef daRdo 8t £ i 18a0f shape
(metal)-(oxide filnm-(sem conductor). In order to raise electron-enitting

efficiency ofwilche rieenest fidiedchype Mbaduall@d, eniSStRe- isypadetegdd on
SONTeE electrode, the electrical field converges to the apexes of
the emitter chips. Therefore, when the degree of wacuum
around the apexes of the emitier chips is lower so that
15 residual gas exists thereabout, the residual gas is ionized
by the emitted electrons to become positive ions so that
the positive ions collide to the apexes of the emitter
chips. Accordingly, the apexes of the emitter chips suffer
damages (for example, damages due to ion impacts) so that
20 there may be caused such a problem that current density or
efficiency of the emitred electrons becomes unstable, or
lives of the emitter chips are shortened. Therefore, the
Spindt-type electrode must be used under a higher vacuum

atmosphere (about 10 Pa to about 10 Pa) in order to

25 prevert occurrence of the above-mentioned problem.



15 'namely, in order to emt nore electrons), il is necessary to reduce the
t hi ckness of the insulator filmor oxide film However, if the thickness of
the insulator file or oxide filmbeconmes thinner to excess, it is feared
that dielectric breakdown is caused when voltage is applied 20 between the
upper and |l ower electrodes of the lam nated structure. Therefor eq gt R @Ry
be a certain restriction on reducing the thickness of the :insulator film
or oxide film Thus, there exists such a disadvantage that its el ectron
emtting efficiency (electron extracting 25 efficiency) can not be raised
so much, becatgerdnwghhovthered mdyIbbABaBAOR s | 0ndichadivehEsdd | thdy eakdown
must be prevented. Mreover, in recent years, as disclosed in the Japanese
Lai d- Open Pattdet nrhifiacatirbng Neos8- 26076be telecerdwrs beenaiseposadt anot her
field em ssion-type electron 5 source (sem conductor elenment for emtting
col d el ectrorfarthen withechmathod ouwsf sémeetmehict of | Blyer glpetpode sids con

| ayer) is formed by perform ng anodi c oxidation to one surface of a

nmonecr yst al | ityoubkes@mduct or substrate such as a silicon substrate in
order to raise its electron 10 emtting efficiency, a thin netal filmbring
formed oB the porBusoEdss dendaereve| byerabqe-agpbionacthalispdrantagesour ce can
emt electrons mheX. vol tage i s applied between the sem conductor substrate
and the thinaetiPidi | PRiISOMEVENPE | tlerEPRel BO®FRS siO8n- ¥ile Bfetdlr on

source 15 disclosed in, the Japanese L |gg e faﬁt)en Publ_icaitii on No.
8- 250766, t haPSILRFRt S'RiHH FINeadvalPagd ehal PXide SPREPEONEERsd enl ar ge
its area and to.lower its manufacturing,cost,. because the terial. of the
su_bst_rate wﬁty68 %sst r]?%?%dpf‘%p%seer?{'con c?to?c?'“'\%anjv%i F‘_e,flirg% t#ﬂee%?o fi _eI d
em ssi on-type, @l g%&rﬁ%%o%rl%gtrgr?cgg %eah%‘a‘%&"éefaﬁ%ag'eﬂgsg?& Qifhon 1 s
easily caused Whan el rons-are em ed, thie afrotht - of cemtte e! ectrons
tends ;49 b?%h%“‘?mgﬂéi)e- @&suﬁ\ﬁg&’f df{ﬂ)yd(ﬁx\é@ﬂ‘) L Wﬁagfi'ee%éogat‘;g&' G& 1,5 applied
toa flat light emitter or a display, there nay be cause such a
di sadvant age g1hat r}d 0dter@¥s88Hh O RECARBEr &N HRREY- having a laminated

structure of (metal)-{oxide film)}-{semiconductor). In

order to raise electron-emitting efficiency of the above-

mentioned type of field emission-type electron source

15 (namely, in order to emit more electrons), il is necessary

to reduce the thickness of the insulator film or oxide film.

However, if the thickness of the insulator film or oxide

film becomes thinner to excess, it is feared that

dielectric breakdown is caused when voltage is applied

20 between the upper and lower electrodes of the laminated

structure. Therefore, there may be a certain restriction

cn reducing the thickness of the Zinsulator film or oxide

film. Thus, there exists such a disadvantage that its

electron emitting efficiency (electron extracting

25 efficiency) can not be raised so much, because the above-



5 19 MAR Q02 Thus, in the Japanese Patent Replica=ions of No. 10272340,
No. 10-272342 and No. 10-271876 etc., the inventors of the present
application have proposed another field em ssion-type el ectrode source
including a strong field 5 drift layer through which electrons injected
froman electrically conductive substratse can drift, the |ayer HeBnMAR . 173
di sposed between the electrically conductive subst rat e and a thin netal
film and the | ayer being formed by oxidizing a porous polycrystalline
silicon layer by i0 neans of the Rapid Thermal Oxidation nethod (RTO

met hod) . Her egpshonedalipdectsipdineakdotal migie bei preventdealyer i s forned by
maki ng a pol ycrystalline silicon |ayer on an electrically conductive
substrat e porous Mgremears ofinanregent c ¥seirdat i oh tdisstlosad. Meartbiei | e, the
oxi dation of 15 the porous polycrystalline silicon |ay t he RTO net hr od
i s performed jaRaped? yLaidfReTatfRssphe FEblsaidon Nenp 3aﬁﬁ@'é%/$:ngthaﬁ)fp!ar at us.
In this case, tenperature of the oxidation may be 800-900 C, and tine of
the oxi dati oftafayPeRP 39roBCsFhupBsthgnpditesd Fﬂé’tléﬁéo%‘b‘mecaﬂwq% 10 2C
271876) . Further the thin nmetal filmis formed using a thin gold film of
about 105nm tPPCKResEENIGORIUSECR | emEshs 9% aFé“iél"-gBGr%Héi &L8CLEMNS)der ed as

hot el ectron ) ‘ﬁﬂc}b have reached the rfac of she strong fjeld drift
| ayer, nust S datop?ﬂousvafﬁﬂh?%ﬁ $BherdYeh sIRIF XS maRihkiC®Mhat 25

t hey have as hr u £ out en 61 MAR 2002
y have p &.ﬁ 1QUORADG  NoBEE Al g Mol Betig, 18 18,

I
di spersed ther Frssion- ype e ctron source &ct r ons

can be stabl y su%@,t%egf heGaHSE| tealq'lﬁgt 58h1 SRR BLODAIId tgaasc a small er

dependency to the degree o vactum and furt a poppl hg phenonenon i s not

5 caused whengl he @H??éérﬁ)”éuﬁg@r&r@ tigdorhatt ft%hrdt%eadﬂé'é? edt&of

sem conduct or substrate such nonocrystalline silicon substrate, there

may be wsed Eém&'dbﬁﬁdjaéﬁﬂdle%yphaaﬁhﬁl efcleahcal 1y KaRdUebiN& fdd ranef or
exanple, ITOfilm Is provided on_ a surface of a glass 10 substrate or the

like, as the pakeoue- semidonaedtek eTiyéral IHereapenctine 3ubstsmt sourbaer ef ore,
inthe field em ssiontype electron source, its area may be enlarged and its
manuf act t ur i ngnc astithegldur ronewerhed, vol tagepairs sawp Mickih Hdwereeanvt@met i onal

el ectron source utilizing the porous 15 sem conductor | ayer produced by
maki ng t he seeindoonldwttnr substraite apdr bbs,thdm nhbaBSpiiddt.- t ype el ect r ode.

Her eupon, when a display is produced using this type of field enrssion-type
el ec~tron source, Hewevati imetd fiehdr eBisyonpsyper atectona gouadet er ni ned
shape. 20 However, in the field em ssion-type el ectron source disclosed in
t he JapéPese q’éﬁéﬂﬁe%p’m it iTgRaBesSAoLa b Ppenskatens 2pglioaion de-No.

10- 271876, the _tenperature of the oxidation by the RTO net hod can not be
rai sed over tanQSHggﬁ' r EBPEE arfXisEfpetidiurd Sﬁsﬁﬁ%aré:ld@@t rihéd | ¥t cdfnducti ve

25 substrate. 4 '%I%ere{ ore, thereagm st ?tgucgrgadl sagvant ag8 . ar

its
manufacturing cost, because the material of the substrate
must be restricted to semiconductor. Meanwhile, in the
20 field enission-type electron source, because a so-called
popping phenomenon is easily caused when electrons are
enitted, the amount of enilted electrons tends tTo become
unsteady. Accordingly, when the electron source is applied

to a flat light emitter or a display, there may be caused

25 such a disadvantage that light emission becomes unsteady.



,1 ~ MAR 2002 7 that materials of the substrate or the electrically
conductive filmare restricted so that enlarging the dianeter (area) of the
substrate is also restricted. Meanwhile, in the field em ssion-type

el ectron source 5 disclosed in the Japanese Patent Application qL H@A a@%
272340, No. 10-272392 or No. 10-271876, g he porous pol ycrystalli 8 R A0
| ayer, which :-gas beer. fornmed by oxidizing the polycryslalline silicon

| ayer by neans of the anodic oxidation treatnent, is oxidized by nmeans of
the RTO 10 nethod. Hereupon, as an electrolyte solution used in the anodic

oxi dation treat nephus; hix etheyJdanesed Pateft UAppIa ciaflivdé che hysir ogen | uori de
aqueous solution and ethanol are m xed together in the ratio of 1:1.

Her eupon, i n.2712B40paveus 0seN2BondIe lo.. OL 0+ZHm7 6( POE OUThES 1pobyednest al | i ne
silicon | ayer or porous nonocrystalline silicon layer) fornmed by the anodic
oxi dati on tred nemd , psesextonappbiataion tkavd nptebded hytbngen fdidins.
Therefore, as disclosed in the Japanese Patent Application of No. 10272340,
No. 10-27234Zndsshon-type? 74 B8 rode aspundedi rerduflihgn 20 straggowhidiy t he RTO
met hod in the porous sem conductor |ayer forned by the anodi c oxidation
treat nent, hyflé§enl dvns thagugenaibichn ehectoongi zée ¢dtledy &rosi a0H bands
may be produced. |n consequence, there exists such a disadvantage that it
is difficult ¥¥6cFstFRaY nFAUdECEYeoxFaPSleRte | fan r S¥ifl Sithe stavedture so

that its bre%kdown a El WAR
eing dispose between the electrically conductive

substrate and a tain metal film, and the layer being formed
by oxidizing a porous polycrystalline silicon layer by

10 means of the Rapid Thermal Oxidation method (RTO method).
Hereupon, the porous polycrystalline silicon layer is
formed by making a polycrystalline silicon layer on an
electrically conductive substrate porous by means of an
arodic oxidation treatment. Meanwhilce, the oxidation of
15 the porous polycrystalline silicon layer by the RTO method
is performed in a dry oxygen atmosphere using a lamp
annealing apparatus. In this casec, temperature of the
vxidation may be 800-900 °C, and time of the oxidation may
be 30-220 minutes (Japanese Patent BApplication No. 10-
20 271876€) . Further, the thin';etal fiim is formed using a
thin gold film of about 10 nm thickness, because electrons
(the electrons are considered as hot electrons), which have
reached the surface of the strong field drift layer, must
be emitted to the vacuum atmosphere in such a manner zhat

25 they have passed through the thin mectal £ilm without being



voltage is |lowered. Further, because the strong field drift |ayer contains
relatively nmuch hydrogen, hydrogen distribution in the strong field drift

| ayer may change with the | apse of tinme (For exanple, hydrogen atons drop 5
out fromthe surface of the strong field drift layer.). Therefore, it is
feared that the stability of the electragn emtting efficiency as tﬂt“pmezmz
passing is deteriorated. Thus, in the field em ssion-type el ectron Source
di scl osed in the Japanese Patent Application of No. 10 i 0 272340, No.
10-272342 or No. 10-7?.71876, although its cost can be |l owered and el ectrons
can be stabl Wiespersedl vtheheiri.gh &hfittieentielid emigsionsoypav ehettrorf i el d

em ssion-type el ectron source disclosed in the Japanese Lai d- Qpen Pat ent
Publ i cati on Mourge250FB8tronsi scaxpbet edtalbly nerdtted he bkbaebectiten
emtting efficiency further note. SUMVARY OF THE | NVENTI ON The p=esent

i nvention, weleethos e¢riditiper boeperty diasolay smehbexr girpendenenl tpridiel ens
descri bed above, has an 20 object to provide a field em ssion-type el ectron
sour ce whi ch degifeeast| yaeiimr gard tfélrﬁgéa £ ePeRRinsh phenemern akedetand | ower
its cost_and a manufacturing nmefhod thereof, and to provide a display using
the sourfe. FEUSREr Whale Shesettestreast i 8Fe hfids88her JBEERert 0 195 provi de
a field em ssion-type el ectron source,in which,the 19 MAR 2002 9 change
of the el ect ra&lﬁiléhg’?ti fg efd i cPEMSPRANCERT | REPEER g FYCRmaPPer dand its

breakdown vol t age s hjnlg.her, nd _a nanufac urigz method thereof . Noreover,
the present MVRTFYBIHASS FUREr BHLEAE! ¢ sHSFSVi“E‘é( a%i &gt @

eni ssi on- type, gl.eeL{on s FOULGE, Ot OWRILeG8h1 I EBnGR {9218 M £, ! eCt T Ons
wi th hlgh efficiency,

exanple, ITO film) is provided or a surface of a glass

10 substrate or the like, as the above-rentioned electrically
conductive subslrate. Therefore, in the field emission-
type electron source, its area may be enlarged and its
manufacturing cost may be Zowered, in comparison with the
conventional electron source utilizing the  porous

15 seniconductor layer produced by making the semiconductor
stbstrate porous, or the Spindt-type electrcde., Hereupon,
when a display is produced using this type of field
emission-type electron source, the thin metal film must be
patterned to a predetermined shape.

20 However, in the field emission-type electron source
disclosed in the Japanese Patent Application of No. 10-
272340, No. 10-272342 or No., 10-271876, the temperature of
the oxidation by the RTO method can not be raised over the
heat resistant temperature of the electrically corductive

25 substrate. Therefore, there exists such a disadvantage



and a manufacTuring nmethod thereof. According to a first aspect of the
present invention, which is preforned to achi eve The objects descri bed
above, .0 there is provided a field em ssion-type el ectron source jpcl.udj
an electically conductive substrate, a strong field drift |ayer fﬂrﬁé{f&ohﬁg
surface of the electrically conducive suybstrate and an electrically
conductive thin filmfornmed on the strong field drift |ayer, wherein 15
~electrons, which are injected into the electrically conductive substrate,
drift in the strong field drift layer to be emtted outward through the
el ectrically wetdussteeidls noffi | bthéy sypdtyriatg vort agiee bailweepitdEly
electrically conductive thin filmand the electrically conductive 20
substrate in comduciivenrfdrimt hate t heesérécted caldd y thehdumiliargitdi ntHd | m act s
as a positive electrode against the electrically conductive sunstrate,
wherei n the siiegggefi 3nkadr pft theyswbsitsateriedllsp reptmicded. i ncl udi ng an
oxi dation step o. oxidizing a porous sem conductor |ayer at 25 relatively
| ower tenper at ur eMeanvloilignr ipoghet ield tep sisienot s sliessreypeowtasct r on.
source, it is preferable that the strong field drift layer is oxidized in a
li qui d pRase 4iFclRECDxiBattP8n TapEBpSe FERL MY  Applicatipaf @fafice tifat the
porous sem conductor | ayer_is formed by 5 perform ng, an anodi ¢ oxidation to
a sem conducto®M8yer°i n 14 %38Fd 8Ri s¥Pon- 1)1’ 88t r BRe sORRXRIS it s
process tenperagture is J.ower_.t.han that of the conventional_fiel.d
eni ssi on-typéDog[IYEEY?%%llsl r csel,llicﬁ’nvvniaé’ﬁrt h&PEFPoAG St R0t FIFEY BYer s
formed by oxi dj:zi. [ ] u r 10,1l gyer, usjng._the RTO net hod.
Accordi ngly, ‘fyel? rglg%‘ﬁ ﬂ?neog)f)?#gf%%%ﬁgﬂgsg% 9 lorld%lce B ec (rglsc% It'yhe
conductive s tdrj_gt g%qggstﬁgﬁﬂe%nc sgstgﬁdi%@haggi@tshg aE]F@R( ectron
an i e °oFi 61

enmtting area owering the manuf'act_url ng cost”o
em ssi ORpt YP&eRhBal M ORe SOMSRE THRY ahe 838t EN AN MBFion used in the

anodic oxidation treatment, there may be used a solution in

which hydrogen fluoride aqueous solution and ethanol are
mixed together in the ratio of 1:1.

Hereupon, in the porous semiconductor layer (porous

15 polycrystalline silicon layer or porous monocrystalline

silicon layer) formed by the anodic oxidation treatment,

silicon atoms are terminated by hydrogen atoms. Therefore,

as disclosed in the Japanese Patent Application of No., 10-

272340, No. 10-272342 or No. 10-271876, if an oxidized film

20 is grown by the RTO method in the—-porous semiconductor

layer formed by the anodic oxidation treatment, hydrogen

atoms may remain in the oxlidized film, or Si-OH bonds may

be produced. In consequence, there exists such a

disadvantage that it is difficult to form an minute

25 oxidized film having Si0, structure so that its breakdown



15 According to a second aspect of the present invention, there is provided
,a method of manufacturing a field em ssion-type el ectron source including
an electrically conductive substrate, a strong field drift layer formed on
a surface of the electrically conductive substrate and an 20 el ﬁir*&aw
conductive thin filmfornmed on the strong field drift |layer, wh iMm.

el ectrons, which are injected into the electrically conductive substrate,
drift in the strong field drift layer to be emtted outward through the
electrically conductive thin file by applying voltage 25 between the

el ectrical | y wdrdget iise ldwereld.l m Sndthéwe, bddadsed theaastr@lectideal |y
conductive substrate in such a manner that the electrically conductive thin
filmacts as drigdsilayes etadiaiode mgaitively hauehediydirogbhy hoatkwpdn ve
substrate, the nethod including a main oxidation step of forming a 5 strong
field drift |dysédribytion dizi bheaspoenus fdehd cdnilfict baydmymay achaejeat i vel y

| oner tenperature. In the main oxidation steg, the porous sem conduct or

| ayer may be whhdithed liapsanoél édreclifor swinpicon Hydrogensabdmandrop

el ectrochem cal reaction. As the electrolyte 70 solution, for exanple, an
acid sol Ati orPYrayf35@ (ded. sunfachi #fcdde sergr ddedd dsiper dever Jof the
Manufacturing nethod is,|ower_than that of the conventional rianufacturing
met hod, in \Aﬁﬁ?t?ﬁ'e REestitong fGearadarrat they Stapslity ed the BkeCki%i ng t he
porous sem conductor | ayer, using the RTO | b nethod.  Accaordingly,
restriction f%}llé%éf‘gr?]a‘y?lﬁ%%l S &5 HifRe RITTHS Al ‘fliltecrdﬁéiﬁﬁg‘?ve substrate

becones snail er SQP&Qat iy f'tﬁled £,Ssl %{r‘l‘?g%ﬁfx’(ﬁl efe:t [)gg 355?%3“ t hozjsl ar ger

area riay ire manu a_c‘ture_d at | ower cos
seri conduct org | @y6Lok s 1R¥ieflb? Yol IEARSL O 230, B 1BEOGES S, LD
manuf acturing process nay be si ﬁ’p rfredn co risonw th the conventional
manuf actyri ng 780 dNe FUZEBL12348 SUPRIEMROLAY 1M, dalhiABuSHE P PYcJiRans of a
can be lowered and electrons can be stably emitted with
high efficiency in comparison with the field emission-tyve
electron source disciosed in the Japanese Laid-Open Patent

Publication No. 8-250766, it is expected to improve the

15 electron emitting efficiency further more.

SUMMARY OF THE INVENTION
The present invention, which has been performed to
solve the conventional problems described above, has an
20 object to provide a field emission-type electron source
which can easily enlarge its area (electron emitting area)
and lower its cost and a manufacturing method thereof, and
to provide a display using the source,
Further, the present invention Las another object to

25 provide a field cmission-type electron source .in which the



rapi d heating process may be performed before and/or after the main
oxi dation step. 25 Meanwhile, before the main oxida~ion step or before 12
ey 2002 the nmmin oxidation step and suppl emental oxidation step, a pre

oxi dation step of oxidizing the porous sem conductor |ayer usi nq«|gnmiMnt
sclution may be perforned. In this case,g hydrogen atons, which termnate
the atom group on the 5 surface of the porous sem co: ~ductor |ayer, for
exanpl e, forned by an anodi c oxidat_on, are substituted with oxygen atons
by the oxidant solution. Accordingly, the anmount of hydrogen contained in
the strong ficHahgdridf Ithyereleetpors dmdsting neCdnstsnmnces tHonetdependent
change of hydrogen 10 distribution in the strong field d=ift |ayer becones
snmal | er so thessingeisep@ident and aldid brgabfowrherofitetd Esridghen; tamie
el ectron source may be inproved. Moreover, in the main oxidation step, the
por ous seni cohdeduspctuging mayherd theréofed by neans of at | east 25 one of a
treatment which applies ultraviolet rays to the porous sem conductor |ayer
in a gas at nospheMare®yRhi riihey PAespBhsinvertion &épgen tandher onkject
treat ment which expgses the porous sem conductor |layer to plasma in a gas
at nosphePe corft AGPVAGeat Faasd emeSHrngkypene antrenoseuree 20f t kewarment
whi ch heats the porous sem conguctor, | ayer. in a S a~nosphere containi ng
ozone, a trea‘i%nf”’%ﬁcﬂarapiﬁaib § GP‘Haéil?ﬁtélo_nFavg& P iFe efbieLancy.
ser conduct or, tayer, A0 163t 3ot IGRY Y 8T conductor layer, and a
According to a first aspect of the present invention,
which is preformed to achieve the cbjects described above,
=0 there is provided a field emission-type electron source
including an electrically conductive substrate, a strong
field drift layer Zformed on a surface of the electrically
conduczive substrate and an electrically conductive thin
film formed on the strong field drift layer, wherein
i5 electrorns, which are injected into the electrically
conductive substrate, drift in the strong field drift layer
zo0 be emitted outward through the electrically conductive
thin film by applying vwvoltage between the electrically
corductive thin film and the electrically conductive
20 stbstrate in such a manner that the electrically conductive
thin film acts as a positive electrode against the
electrically conductive sunstrate, wherein the strong field
drift layer is formed by a process including an oxidation
step o0f oxidizing a porous semiconductor layer &t

25 relatively lower temperature.



applies ultraviolet rays to the porous sem conductor |ayer 25 .n a gas

at nosphere containing at | east one of oxygen and Q9 IruR 2~2 13 ozone
and heats the porous sem conductor layer. In this case, electron emtting
efficiency of the electron source nay be raised in conparison V\At\“gmm
t he el ectron source manufactured by theigonventional manufacturing 5

met hod, in which the strong field drift layer is foanmed by oxidi zing the
por ous semn conductor |ayer using the RTO process. Further, because the
process tenperature is lower, restr' _ction fo= materials usable for Lhe

el ecaLi cal | y condlint ithe sfioslid a¢rei dxdooregpesnelleetrao sbatce, fiel dslO

em ssion-type electron soLrce with a ?arger electron emtting area nay be
manuf act ur ed reeflegakele ddwtt. tharstrang ifieldednidfitnloxedds oridi g iim
perfornmed after the electrically conductive thin film has beer_ forned)
cont ani nat i or® dbET4ist oPhpRT ik, gbér ioxidaptgiuseePi n tvethsrpr dkedses before
t he present oxidation may be renovea. |n consequence, there may be al so

obt ai ned suclPrgdespb e tthatathe ROXQUS: FEBRCAANGEPEgLAY ISt formed Myr oved.
Her eupon, before and/or after the nmajin oxida;.ion step, there nay be

perfor~r8d a REFSPFRIRAL AN BRPUG | ohidatdgnoftord ﬁ&%cfgﬁﬁq% po¥dus

Som Conuc et ot 8 LORS Semig0 pocess 8 TEiLSl
above. "t niterpsbatas £L, Lot PR S e, RRBL S BRI Sed much
Cose of | nol isSe0Etibe iU DSLRLEe D8 TIATCPILAS LERR R i on

step and the fyppl eapss als e¥EAad NN o%iBRESlg thRCHE-HRY RmiBEREQIIRRI @ pro
oxi dation step of oxidizing 5 the porous sem conductor |ayer using an

oxi dant 1§0l utjQRr hBihfi EhEaRE ﬁ\étﬁ@&.crineéoﬂ:mgqﬁ,beeaﬂﬁfcdwlr @gen at ons,
which term nate the atom group on the surface of the porous sem c~nauct or

layer are subgitietuhBs wéa11e0XBgerhat Ol&c i chhey oxbaantt 16! yhborkatkhe anount
of hydrogen contained in 10 the strong field drift |ayer becones |ess so
that tinme becomes smaller so that enlarging the area (electron
emitting area) and lowering the manufacturing cost of the
field emission-type electron source may be easily achieved.
15 According to a second aspect of the present invention,
there 1is provided .a method of manufacturing a field
emission-type electron source including an electrically
conductive substrate, a strong field drift layer Zormed on
a surface of the electrically ccnductive substrate and an
”20 electrically conductive thin film formed on the strong
field drift layer, whereir electrons, which are injected
into the electrically conductive substrate, drift in the
strorng field drift layer to be emitted outward through the
electrically conductive thin film by applying voltage

25 between the electrically conductive thin £ilm and the



dependent stability of the field em ssion-type electron source may be

i nproved. Meanwhile, the pre oxidation step may be perfornmed before the
oxi dation step by neans of she rapid heating 15 process. In each of the
above-nmenti oned manufacturing nethods, the porous sem conduct or Wm%
be a porous nonocrystalline silicor_ laygr or a porous polycryst i
silicon layer, fhe electrically conductive substrate may 20 be an.n-type
silicon substrate. Further, the electrically conductive substrate may be a
" substrate in which an e;ectrically conductive filmis fornmed on a surface
of an insul atelegtpiatbl g umindastiforsubsarpte,im sylcass pdratee that ceteani C
plate or the |ike. The porous sem conductor |ayer 25 may be fornmed by
perform ng arelmwtdicabky datomdnctiven thin gfilmARa2US2 46 senpositiuat or

| ayer. In each of the above-nentioned manufacturing nmethods, it is

pref erabl e t heleatifedaciagasnsut itha, elleicEhi¢allyseehbriductiive msubsbratat i on step
or the supplenental oxidation step, 5is dilute nitric acid. dilute

sul furic aci dthyr BRRY®d dgicduding t Aemaipt oxédpkicrersisire ehaforti®gord dant
solution, which is used in the pre oxidation step, is any one of or a
mixture of plif@ndonesieid coﬁﬁtﬁﬁ ratB¥ERi t P¥c Rtigiizéndicert r aP@EPWul furic
aci d, hyd=ochl or.i c id acid hydrogen 10 peroxi de. Hereupon, it is

cid
pref erabl e th%‘?mltcﬁégﬁﬁ?%raﬂ'ta@fil At i T VESBFIHFTa L ABRR R U at e in order to
shorten processi ng ti e og.rt]he f%aet&OXi d%tei on ﬁte SO as tQ inBro‘ve its
t hrough put. Accordi ﬁﬁ t 824"t B ShedteBt Eh BPELEhSTHERAPTOIP: 15 there
i's providedaﬁ)’pk\% %r 'diai.g n i n a screen thereof,
i ncl udi ng anyla n% 0 ¥t g gieﬁ?P_eeér/ﬁlgisia%n etl ggcé Y& rs&iugéﬁ?c mea_sn(‘:?’ri bed
above, a collgctqp e'c?SEEPcE’&e%'igBi’sePeé i%3,t0 f§§e Erﬂ-fe fehebt SISt on-type
el ectron soLrce, a fluorescent disposed on a surface of the
10 soluticn, for example, an acid solution may be used. 1In
this case, the process temperature of the manufacturing
method is lower than that of the conventional manufacturing
method, in which the strong field drift layer is formed by
oxidizing the porous semiconductor layer using the RTO
1b method. Accordingly, restriction for materials usable for
the electrically conductive substrate becomes smaller so
that a field emission-type electron source with a larger
area nay oe manufactured at lower cost. Further, because
the porous semiconductor layer is oxidized by means of a
20 wet process, the manufacturing process may be simplified in
comparison with the conventional manufacturing method.
Further, & supplemental oxidation step by means of a
rapid hcating process may be performed before and/or after

the main oxidation step.

25 Meanwhile, before the main oxidation step or before



2D col l ector electrode, the surface facing the field em _ss_ontype el ectron
source, and a nenber for applying voltage between the collector electrode
and an electrically conductive thin filmof the field em ssion-type

el ectron source, wherein when voltage is applied betwee:~ the 25@)%@0&
el ectrode and the electrically conductivethin 16 ~1 S hl AR 20 I''m
the image is displayed on the screen by colliding electrons emtted from
the field em ssion-type electron source to the fluorescent so as to nake
the fluorescent emt light. 5 BRIEF DESCRI PTION OF THE;, 1) Ft AWNGS The
present i nventhemain bxpdebinn atep godl supmicsestabdotidationhetelet & | ed
description given bel ow and the acconpani ed drawi ngs, wherein: 10 Fig. i A
i s an el evat i R¥fal oxicdation dtew 6f fxidépénentERei peraympeseanisondvatavur ce
according to the present invention, in which the electrically conductive
substrate i s FOifRFodEdNef arrPH.depsesSivT Eh maybber peeformieg. 1Bnj thim

el evational section view of a field 15 em ssion-type el ec=ton source

accor di ng to $3RephEdEngen 2tepar i Whtch terphnate (the aF@RtI5o8RI PY E¥hduct i ve
substratf% i s conposed f,_ﬁ substrate in icp an_el ec~ri_cally copductive
filmis PormetPhiE Jilasth$l BPEOUTi §ERIPRAGEID dp¥eR edBEi €AEMPLct i on
views of 20 if&g&gpgiatg proda. ct g a fina Q mai n st eps of

or . | p t.ip th
t he manufactufing procéss®d *%é)xflfigfzdo%'masrsei 5%?%@“%%‘@6’%?‘&9"%%‘1& ce shown

e Rg A LE \ e ! 3
1. 9 a'rdngs By $nd 8:% L1k BYh St 9&’88&%?1?%%? %e&ﬁéﬁa o i ew

elec;rochenipa ~Oxidation process in-a porous si
show ng a pr'ﬂ?ﬂﬂyﬁanocoﬁfhfﬂéécﬁﬁo@he HBtrong field drift layer becomes

less. In consequence, time-dependent change of hydrogen

10 distribution in the strong field dxift layer becomes

smaller so that <ime-dependent stability of the £field
enission-type electron source may be improved.

Moreover, in the main oxidation step, the porous

seniconductor layer may be oxidized by means of at least

15 one of a treatment which applies ultraviolet rays to the

porous semiconductor layer in a gas atmosphere containing

at least one of oxygen and ozcne, a treatment which exposes

the porous semiconductor layer to plasma in a gas

atmosphere containing at least one of oxygen and ozone, a

20 éreatment which heats the porous semiconductor layer in a

gas atmosphere contairing ozonc, a treatment which applics

ultraviolet rays to the porous semiconductor layer and

heats Lhe porous semiconductor layer, and a —reatment which

applies ultraviolet rays to thc porous semiconductor layer

25 in a gas atmosphere contalning at least one of oxygen and



t19 WR 2~ emtting ~:ecl:anismin the field em.ssion-type el ectron source
shown in Fig) |A; Fig. .5 is a viewshowng an electron-emtting action of
the field em ssion-type el ectron source shown in Fig. 5 1.A; Fig. 6A S

el evational section view of another field em 3sion-type el ect r ondS W
according to the present invention, in widch the ele~trica' |y conductive
substrate is conposed of an a-type silicon substrate; 10 Fig. 6B is an
el evational section view of another field em ssion-type el ectron source
accordir_g to the present invention, in which the electrically conductive
substrate is evmgosad dfeagssthet pareus nsehiandanter etéyeral | In ctimikict i ve
filmis fo-med on a glass plate;, 15 Figs. 7A to 7D are el evational sec=ion
Vi ews o~ i nt e¢aisdi flecpreguenstvings qffagieprvdetitha alestmannsetegs of the
manuf acturing process of the field em ssion-type el ec~ron source shoHmin
Fig. 6A Fig. & iBea i@EEREsHEW FRIPAIPSPACIVELE fidetnedlsubphigedectean ve
properties of the field em ssi on-ﬁ%pe el ectron source shown ir. Fig. 6A

Fig. 95 a gP¥iFesshBRPRERTEIEES oR¥hi 588 bet s td B hgdravd actitr e
de: ~sit | t - cur, . t i he field i SSign-t l.ect
source. o 1 neeecinihouh o dRE sthend HiRd dEide oThes Y. rBE-LIRC: 1 on

f 18,. ti le:. ~ 9 R ~t _Figs. 10A d
source of 5 oA A R i B B, B, MR TS
I's a rough p6£§cF(%%tsl.V€FlY}ﬁ\I¥rOf e [P\ }9?2,841555_#&%&}5&,3“3-@ f&ger .
eni ssi on-type el ectron sourcé using ar. n type silltonh substrate, dccording

to the presentedyeRiban; ¢l ganaﬁgriélsfinu‘é,EBYétii%@a' LRECId1QRLYEEM Qf 2

ai splay which utilizes a field P.mssion-type el ectron source using a gl ass

s;ibstrate, ageu@tAdet OsipsteapbedtorcdVeskd Onr 180 Fithatl3al S Xy aph
showi ng an operating characteristic of a field em ssion-type el ectron

sour ce a@cor démikdionExam®| e ledtRoknbesi rent widh FhQ.1dkerS @lgtefh show ng
an operating characteristic of a field em ssion-type el ectron source
accordi ng to éhithtiagphee® naynbermgnurbrtiused o dpheshovdétng an operating
characteristic of a field em ssion-type el ectron source according to
Further, if thc main oxidation step is performed after
the electrically conductive thin film has been formed,
contamination due to organic materials produced in thLe
15 processes before the present oxidation may be removed. In
consequence, there may be also obtained such an effect that
the electron emitting property is improved.
Hereupon, before and/or after the main oxidation step,
Lhere may be performed a supplemental oxidation step of
20 cxidizing the porous semiconductor layer by means of a
rapid heating process, a further supplemental oxidation
step of oxidizinyg the porous semiconductor layer using &n
acid solution, or the bo:th supplemental oxidation steps

described above. In this case, the electron emitting

25 efficiency may be raised much more.



Exanpl e 3. 20 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MEI v' TS
Hereinafter, preferred enbodi nents of the present invention wll be
concretely described. (Enmbodinment 1) ig. | A shows an el evati onal s@pgim o2
a field 25 em ssion-type electron scarce, in which the electrically 19 19
1~1 AR 200Q conductive substrate is conposged of an n-type silicon substrate.
Her eupon, the n-type silicon substrate is conposed of a (100) substrate
whose electrical resistivity is about 0.1 SZ cm As shown in Fig. 1A the
" field 5 em ssion-type electron source 10 is provided with an n-type silicon
substrate 1, a nomudoper, psdficeeythal haig skidLion arep JifoehedcHie a
surface of the n-type silicon substrate 1, a st=ong field drift |ayer 6
fornmed on theohdngdogstalno sepplénadrnll axédaBiomndoanbef@et theamair 10
conductive thin film?7 formed on the strong =field drift layer 6, the thin
film7 bei ng @dmjetded oftep tard nthel dsipdlemeRbal hexidabiarthmstepl®gt r ode 2
is provided on the back surface of the n-type silicon substrate 1. Thus, in
the field enithErenmaypdeelrectpomed odir pec 10x1d& iohe stepypé okxlidtnimesubstrate
1 is used as an electrically conductive substrate. Hereupon, the
el ectricdl |y EBendRRromnse sgubsendicdors lpyeendaing A opxistangicsodubiapat i ve
el ectrode of the field em ssiqgn-type electron_source 10, to support the
strong field itls Hpser 625ndas§ aboyee DOPRURR HUHOHBR REORSI ect

electrons intqQ the strong field drift |ayer 6. Therefore he electrically
conductive suBt=s aitﬁnﬁ’e'éag:en('ﬂemb%t?“ésqrﬁugt 8y thy tsﬁéfﬁg?)&feti‘iel PRIpS

suvstrate: | gflinkils, oBRRAL &6l SAUNINELA G IE0R 1 55l ode o
e ot BfahE BN, 5o’ o e HOR b oBLEEMLOR Y,
o L 8 A SR RIS TR bevsamosed of
dependent stability of the field emission-type electron
source may be improved.
Meanwhile, the pre oxidation step may be performed
before the oxidation step by means of the rapid heating
15 process.
In each of the above-mentioned manufacturing methods,
the porous semiconductor layer may be a  porous
monocrystalline silicon layer or a porous polycrystallinc
silicon layer. The electrically conductive substrate may
20 be an n-t:.yée silicon substrate. Further, the electrically
conductive substrate may be a substrate in which an
e ectrically conductive film is formed on a surface of an
insulating plate such as, for example, a glass plate , a

ceramic plate or the like. The porous semiconductor layer

25 may be formed by performing an anodic oxidation to a



film is formed on a surface oz an insulating plate 11 such as a gl ass
plate (or a ceramic plate). In this case, is would be possible to enlarge
the electron emtting area of the field em ssion-type el ectron source and
to [ower the manufacturing cost of the source, in conparison mﬁ} R gmBse
using the sem conductor substrate. The stgong field drift layer 6, which is
formed by oxidizing a porous polycrystal=Ine silicon using an acid
~solution, is a layer into which electrons are injected when 15 voltage is
applied between the electrically conductive substrate and the electrically

conductive thifj EdldidddY nayekal film. The strong field drift Layer 6 is
conposed of a polycrystallifne body including many grains. On a surface of

each of the grainf, ac IAIeHE o AMRAELRECRIR L NAM hetho) de fil m

(hereinafter, being referred to "nano structure T exi sts I's required

that the di [ : A | t - th
a e d mf@%@”p?%fé?@bi@”&a% r “5@1# ?sccglﬁlto rét R{Bg@sbggt Egganfﬁ]ﬁeenpa

of the electron in"the nonocrystalline si

d . k I i ect j i ift 6
each the surPacha TheThiPE,Etepor HH€ SepiBRshhel G filidy 13T

i t hout 14 di { t t . t
Causi ng %I Spbr sheR T e act ARy, CaRsPorat e Y 4R IR £t e

di mensi on of phBendAN0, S AIGINR b1 8MRke! thiagx 10N oPULdH,{ BREhL 1S

more 5 preferable that the 'dinmensior_is smallér than z i ment

Lo the el ectilcalsby conduel! yee! Rkl daklibh’ Sl n {P! fny T bhE) dsS GOMROSEd of

a thingold filtr. The electrically conductivé thin is intended to

construct a pegihiye féecglnﬁ%q_ ofonfege ol ~cenggﬁé§émt % (& eleghron

source 10, and to apply electrical field to the strong fi driff f[ayer 6.
El ectrons, wajghe@Mad£a%Mric acid, hydrochloric acid and hydrogen

10 peroxide. Hereupon, it is preferable that the oxidant
solution is used in a heated state in order to shorten
processirg time of the pre oxidation step so as to improve
its through put.

According to a third aspect of the present invention,

15 therc is provided a display for displaying an image on a
screcn thereof, including any one of the field emission-
type electron sources described above, a <collector
electrode disposed so as to face the field emission-type
electron source, a fluorescent disposed on a surface of the

20 collector electrode, the surface facing the field emission-
type electron source, and a member for applying voltage
between the collector electrode and an electrically
conductive thin film of the field emission-type electron
source, wherein when voltage is applied between the

25 collector electrode and the electrically conductive thin



the surface of the strong field drift layer 6 by applying the electrical
field, are emtted outward =nomthe surface of the electrically conductive
thin film7 by neans of the 15 tunnel effect. Hereapon, an ideal energy of
the emtted electrons is the energy difference obtai ned by suqﬂba%r@nt he
energy of the work function of the el ectyg cally conductive thi'n®f

frorc~ the energy of the el ectrons obtained by applying DC voltage between
~the electrically 20 conauctive substrate and the electrically conductive
thin film7. Therefore, the smaller the work .unction of the electrically
conduct i ve thfiln,i |the/ image tid sdispleyedsionalthe. szreEADOEG wRNLidinal t hough
gold is used as a material 25 of the electrically conductive thin Film 7,
the materi al el&2moesed exdttbe rfestyr itditeedfialdgobissAyn-appal elaythen used as
the material, if only its work function a small. For exanple, alum num
chrone, tungssaurcenittkethe pfltdresgentr sbhesl| itoe mukye Hdeussiorébeemor k
function of each of the 5 netals described above is as follows. Gold . 5.1C
eV' Chrone : enBCldghkickel : 5.15 eV Aluminum: 4.~8 eV Tungsten : 9.55 eV
Platinum: 5.65 eV Hereina~ter, a manufacturing process of a field IO

eni ssi on2-type el ectron source 10 will be described, while referring to

Figs. 2A to 2D.
BRIZF DESCRIPTION OF THE DRAWINGS

The 'present invention will become more fully
understoed from the detailed description given below and
the accompanied drawings, wherein:

10 Fig. 1A is an elevational section view of a field
emission-type electron source according to the present
invention, in which the electrically conductive substrate
is composed of an n~Lype silicon substrate;

Fig. 1B is an elevational section view of a field

15 enission-type eleciron source according to the present
irvention, ir which the electrically conductive substrate
is composed of a substrate in which an electrically
conductive film is formed on a glass plate;

Figs. 2A to 2D are elevational section views of

20 intermediate prcgducts or a final product in the main steps
of the manufacturing process of the field emission-type
electrorn source shown in Fig. 1A;

Fig 3 is a schematic view showing an outlire of a
electrochemical oxidation process in a porous silicon;

25 Fig. 4 is a view showing a principle of an electron-



I n the manufacturing process, after an ohmc el ectrode 2 has been fornmed on
t he back surface of an n-type silicon substrate 1 at first, a non-doped

pol ycrystalline silicon 15 lay2z 3 of about 1 .5 ~c mthickness is forned
on the n-type silicon layer 1 so that the structure shown in Fig. 2Ais

obt ai ned. The film nmaking process of t}~g polycrystalline sil{®MARMB 3
is performed by near_s of the LPCVD process. Ir. the fi :m making process,
degree of vacu~un is set to 20 20 Pa, tenperarure of the substrate is set
to 640 C, and flow rate of nonosilane gas is set to 600 seem Hereupon, if
he el ectri caldmd t&@fguGidct@nssRstinat €hé S fae3a M xRREWEH ¥ ype he1&dt rBnmaki ng
process of the polycrystalline silicon |ayer 3 may be perfornmed by neans of
t he LPCVD pr aeesseOshddn .ideFsputizer: . ng process. Alternatively, the film
maki ng ~~'" | ~AR Q2 23 process nmay be perfornmed by annealing an

ar aol pho~a silicomifil i $9 asview bshawiyst ahl ie2edrrdiremd ot i oas: isinl | con

fil mhaving been forned by the plasnma CVD process. |If the electrically
conducti ve suifsttrhet efiied da egnilssiomitoypen elleictiionnsehend rsluain yircdfiduct i ve
filmis formed on a glass plate, the polycrystalline silicon |ayer nay be
formed by annlddl i ng an anol phous silicon filmusing an exci nmer |aser, the
ar nol phous silicor. filmhaving been fornmed on the el ectrically conducive
filmby ;,he CVD ¥d9pr SBediss BecghsLvatinnagr oreaddoporvifenr mhgarddier

pol ycrystalline silicon |ayer 3 on the electrically cor_ductive filmneed
not be restri%dd t ERLHRIBVBYBR 0ctLREERRer EOHESS bfFOEHIng ortexdh§l e, the
CGS (Continuaous Gair._ Si|licon), . process or. the catalytjc CVD process. 15
After tle noﬁ”&&ﬁ@g dﬁf§8L§%?hJF néﬁgFﬁiégﬁ | Sy réc%; Y hEERANIi¥Ed, a
porous po'.ycrystalline silicon.layer 4 |s formed by performng an anodic
oxi dation tr esé‘%grsri%ﬁﬁl:? % ﬁ3m88f§/%r??s/tagl f‘rh@%ﬁﬁiﬁﬁ“ﬁa@’@?régﬁm ng ar~ anodic

oxi dat i B processLE?g.t%gk iCson.-E:?i Qi.Lnga icﬁ&tlr og%lcttggg\(l)wrmgae}fzo of..a. _m xture
u I'on 0 ~

i n whi ch hydrogen ori de "aguieous solu an et?lréont&erare m xed

tope=her if. 4iRSdl abhPeOfomeIELy Jider,Bie 3BRALE VdABLILD H{LALARNL 1S

performed with constant curr e appl ying g°ht tot ayer 3 in such
a manner thaty@sehat iELELEE! I o€ Whieh Sﬂ?ﬁv‘ﬁ'@léf%tr%/ﬁéﬁl 35&21%\%%@6

el ectrode an(ftre n-type silicon substrato 1
substrate is composed of a substrate in which an

electrically conductive film is formed on a glass plate;

15 Figs. 7A to 7D are elevational seczion views o2
intermediate products or a final product in the main steps
of the nanufacturing process of the field emissilon-type
electron source shown in Fig. 6A;

Fig. 8 1s a view showing a principle for measuring

20 active properties of the field emission-type electron
source shown ir Fig. 6A;

Fig. 9 1is & graph showing relationships Dbetween
voltage and current density (vcltage-current property) in
the field emission-type electron source of the present

25 invention and the field emission-~type electron source of a



(ohmc electrode 21 acts as a positive electrode. Thus, the structure shown
in Fig. 2B is obtained. Hereupon, in the anodi c oxidation treatnent,
current density is set to the constant value of 10 mA/cnZ, and tinme of the
anodic 5 oxidation step is set to 30 seconds. Further, during the anodic
oxidation treatnment, light is applied toghe surface of the polﬂ&rmm ne
silicon layer 3 using a tungsten lanp of 500 W In consequence, the porous
~ polycrystalline silicon layer 4 of nearly 1 a mthickness is formed. 10

Al t hough only a part of the polycrystalline silicon |ayer 3 is c;
rysl:allized ¢dingaltiagicasexaniphe;whol e pol ycrystalline silicon |ayer 3 nay be
crystallized. After the anodic oxidation treatrcent has beer. conpleted,
the el ectrol yte i FigenoVex endofDB heraandeiwe dovodtigd akilohzgat atesss ngf t ank,
and then dilute nitric acid of nearly 10~ concentration is .newy paz into
t he anodi ¢ oxa denocorrpsbxlddgiengit ket IEyeen, using the anodi ¢ oxi dat =on
processing tank containing di=ute nitric acid, the porous polycrystalline
silicon layer 4 idigxiHl ZAed abyopgh |Rarspegtévesiiem ofua rékeplayovhich-ween t he
pl ati num el ectrode (not shown) and the n-type silicon substrate 1 (ohmc
el ect =od® 2) whildzer a FhaHerenisgionneyRa Aleslnre| seUNaeddsingsansia
negative electrode and the silicon substrate 1 acts as a positive
el ectrode. Thtpe hdioon strtrare, AFATIRY §9 fhecprpsenhrizvaagion:n Fig.
2C, the 1 9 MAR 2002 _25 nuneral 6 denotes a strong field drift |ayer
formed by oxidizi ig%t hé%p&F’ofj‘? SOEYRFIA 1555828R i"gﬁ‘?’. °f apefLaPYAN ng acid
(dilute nitrig acrd.i.n.this_c ). Hereupon, it be considered that when
t he porous 5 "'(f;l%)llt‘;‘}/l(:(r;!l é?éf T ne é%q’ldcg'ﬁnl 5%/%} t S eg%{taf%cfog*?/cai {‘fﬁtneg nitric
acid, there ogcyr. .su E268d 0 t f.obl ow .reaction
Formul as 1 an%l (%"‘S%ng?ﬂbﬁge read; Q?%ﬁé?%{rbon\g?agye ﬁ;}%ggﬁgt gééwamﬁ%ﬁé, and e'

75125 o5, I8 R L ORI, i

NO+2H20+3h' - - ~~- ~- - “react i on ositive e ( - 3h++51 +2H20 -->
Si 02+4H~+e- - -geagt i plefdr BHE 8s forft ypROWN SGheRBE dfiftldey é&di‘cﬂni&tos' l'icon
oxide (SiQOz) is fornmed on the surfaces of pores of the porous 15

pol ycrystal | i mearplli 60in iR ifkefitiE1 4,0 t he above-nentioned reactions.
further, tze concentration of dilute nitric acid or the current density

(constant val ue) may.bes cineerirepht | shaliaggen ogere@lihgSaadeneeiytid any
desired thickness or quality etc. of the porous polycrystalline 20 silicon
| ayer 4 whi chof s at of beldxedi geithn-fypeheel edtitenpad@mdea aaairdige ato t he end
point may be set to a preferable (optinun) value, for exanple, in the range
of severldl V Exempdeeclalandens V. Moreover, the applied light or the
tenperature may be conveniently set to 25 a preferabl e val ue.
Fig. 15 is a graph showing an operating characteristic
of a [flield enmission-type electron source according fto

Example 3.

20 DETAILED DESCRIPTION OF ThE‘. PREFERRED EMBODIMENTS
Hereinafter, preferred embodiments of the present
invention will be concretely described.
(Erbodiment 1)
Tig. 1A shows an elevational section of a field

25 emission-type electron scurce, in which the electrically



, 19 MAR 2002 26 Hereupon, as to the strong field drift layer 6, it may be
considered that the surface of the fine silicon crystal conposed of tre
nano structure, which is fornmed by neans of the anodic oxidation treatnent,
is oxidized by di~ute 5 nitric acid. As shown in Fig. 4, it nmay, be
considered that the strong field drift lgyer 6 includes at |eastd MAR 2002

pi |l ar-shaped pol ycrystalline silicon grains 61, thi:~ silicon oxide filns
62 formed on the surfaces of the polycrystalline silicon 10 grains 61, fine
“crystalline silicon layers 63 existing anong Lhe polycrystalline silicon

grains 61, ansbrgiueteos ®ubderhil My HI-bRsdmd 08rt he saLianes setidde fine

crystalline silicon |layezs 63. In Enbodi nent 1, because the porous

pol ycrystal | i sidbst3askl | COmelkaygdn,4 itheOXd-diyped 4iSiiR@nacish{tdalkut eiditric
acidy, the process tenperature is |ower than that of the conventi onal

~r ~anuf act ur i fghposedess & di 50l o skBa @ paiase eRateni cAPAdsiatiens of No.
10- 272340, No. 10-272342 or No. 10-27i876 by the inverlt~rs of the preser _t

appl i cation),id naBeuthiogh thecs!rongsf ispbandrid t riqyenai s diyr megely
oxi di zing the porous sem conductor |ayer by nmeans of the RTO process.
Accordi ngly, emdstsipotiype aflegtitenishuwaesabl s frowoviiied ebigdt mncattype
conductive substrate becones smaller so that the field em ssion-type

el ectror. soufiddceny syRsérate algee I®neldeped oRokyguistaglineasihitamy be
manuf actured at | ower 19 MAR 2002 27 cost. Further, because the porous
pol ycryst al | i }avedi Bi Eernechpsr a4susfang @ifzEhe By tybansl bicamhesupetrajieocess
after the anodic oxidation treatnent, the manufacturing process may be
sinplif'ed inrconpar P56 t Ait¥k cdsiftof 1B¥edi zithg IHESS | fPer Wshy neans
of the RTO process aft {,the anodi c oxidatiqn treatnment. After the strong
field drift |%%}éfFr6’Sﬁ%§ Bisen SEAFARR, WY eCrri 88F 1 AR orfdGSEFYERY i n fil m

[r 0 ol S COMRRER, ST 1841 Mot 991 ULl cpt 3nL LB BTy Shrgo Tl el
Thus, there ilsay%l}t %', n@lge S&fﬁ% ?Jﬂle’} Q)eq.gigsécim%csed of z thin gold film.
Further, an ohnic electrode 2 1is provided on the back
surface of the n-type silicon substrate 1.
Thus, in the field emission-type electron source 10,
15 the n-type silicon substrate 1 is used as an electrically
conductive substrate. Hereupon, the electrically
conductive substrate is intended to construct a negative
electrode of the field emission-type electron source 10, to
support the strong field drift layer 6 in a vacuum space,
20 and further to inject electrons into the streng field drift
layer 6. Therefore, the electrically conductive substrate
need not be restricted to the n-type silicon substrate, if
only it is capable of constructing the negative electrode
of the field enission-type electron source 10 and

25 supporting the strong field drift layer 6. For example,



type el ectron source 10 having the str~:cture showmn in Fig. 2D (Fig, | A
Altti~ugz the thickness of the electrically conductive thin film7 is set
tor_early 10 nmin Enbodi nent 15 1, the thickness need not be restricted
to that. Hereupon, in the field em ssion-type electron source 10, there is
formed a diode in which the electrically conductive thin filnggcts as a
positive el ectrode (anode) while the ot fifl ¢ electrode 2 actsi Mﬁ%égﬂtive
el ectrode (cathode). 20 Meanwhil e, although the electrically conductive
thin film7 (thin gold film is formed by neans o-_' the vap~L~ deposition
process in Enbodi nent 1, tae nethod of formng the electrically conductive
thin film7 HEeeIRtHEalddt r‘?%‘g'&%tlget @W&Egﬁ:edé‘ﬁdsi § OO LI ror
exanple, the 25 sputteri:~g process :nay be used. QL8 I dAR 2~0% 28 It may
be consi der &ftEHafUrh FﬁeCWFéh%renﬁssion-type el ectron sot~r;.e 10 of
Enbodi ment 1, electrons are emtted according to the follow ng, nodel. That
is, as shown in MPgeoBeryo;ag s sh¥fosdnt hbt9a 51Bol 8@ oelerEEicably 21 is
di sposed so as to face the electrically conductive thin film'!, DC voyage
Vps is appl icnBeti¥en sHRstdade: manl Pf HResedy 0§ hen $YRSHrAtendin he
ohmc electrqode_ 2, and further_ DC voltage Vc .is applied between the

col lector elvdtihc@d Zleghgicpdly| eenduetaivey fdmedrdddervexemphesiITR 7. In
that condition, when the DC voltage, which is applied to_the electrically
conducti ve thidf tBnfoTRRd QR IR SUREATEr OfhaR +hekahing Plate bhcHirls a
positive el ectrode agai nst the n-type silicon substrate 1, reaches, a

pr edet er m néFf Val HRgTrRYatel (QKl dieFeraic iP5 oln ol nfat@ed%romtre
n-type silicon substrate,% side t~ the strong field drift |ayer 6 by nmeans
of ther~ral W% 28 HISSIRIENEC ERLRT FRANLNE ory ERIEELERI 7E%R Y el d,
which is applied to the strong field drift |ayer 6, is nost appl.ied to
the silicon 4% del§4d e e iadyR6 ishestees é%‘l’é‘EFFoﬁéldarfé’ rgr%ﬁeed by
the strong electrical field appi~ed to the silicon oxide filns 69. Thus,

wi t hi n*0t he RANERGLRFENE GRSt Ofayidle 6504NRE el Wht FORAESON YWith Hehe -
direction indicated by an arrow Ain Fig.. 9 in the space anong the

pol ycryst al 154§ §ﬁPP@oﬁh@r%ﬁW%FQQ9q95ﬁ§rgUbﬁEr?%?surface of the |ayer o.

Then, the el ectrons pass though . ) )
The strong field drift laysr 6, which is formed by

oxidizing a pcrous polycrystaliline silicon using an acid
solution, is a layer into which elecLrons are injected when
15 voltage 1is applied between the electrically conductive
substrate and the electrically conductive thin film (thin
retal film). The strong field drift layer 6 is composed of
a polycrystalline body including many grains. On a surface
of each of the grains, a str;cture of nano meter order
20 having an oxide film (hereinafter, being referred to "nano
structure®) exists. It is required that the dimension of
the nano structure is smaller than the mean free path of
the electron in the nonocrystalline silicon, that is about
50 nm, in order =o make electrons injected into the strong

25 field drift layer 6 reach the surface of the strong field



t19 11 AR 2002 29 the electrically conductive thin film7 to be emtted into
tk: e vacu~an after passing through the oxide |ayer on the uppernost surface
of the strong field drift layer 6. In the field em ssion-type el ectron
source 10 5 manufactured according to the above-nentioned procl® MARSWEENE
as the case of the field em ssion-type eljectron source proposed in the
Japanese Patent Application of No. 10272340, No. 10-272342 or No.
- 10-2718'16 by the inventors of the present application, electrons can be
stably emtted, 10 because its electron emtting property has a snaller

dependency' Ldritfite 1d9gree RitvaauwWoIidang i tdIRIctRoROPEb NEhPEYTENOr _ 'S
not caused when the e' _ectrons are emtted. Further, in add tion to a

seni conduct orstxuksticat mandly, asithdsmneanygsidldispersion o esubsigmat)e, there
may be used a 15 substrate in which an electrically conductive film(for
exanpl e, | TS Ganlcaptedypridviidedreferntdier thee tfe digkasikomlodt eherndrre |i ke,
as the electrically conductive substrate. Therefore, in the field

eni ssi on-t ypestaiugsrenisogmadley t than bt por ~ardi fefthprarida armdxe enl ar ged
and its 20 manufacturing cost can be |owered, ir~ conparison with ~he

Spi ndt - t ppe xaferagie tWMathshghdbmnsior ineswaiderctbat daten treat nent and
the oxidation treatnment using acid after the anodi c oxidation treatnment are
perforned using t A8 SBPRA i & BeoyelestF iR o £eBdnGy Meafkin nfiBodi nent
1, it is of ¢ U{iﬁ 1r_lJ{i§2Q12 30 hat ,each of the treatnents may be
performed usi hg'iME PaERvi B dfodRPERedRT dh Wriscg8dfingt itk The

electrically conductive thin film 7 is intended to

construct & positive electrode of the field emission-type

10 electron source 10, and to apply electrical field to the

strong field drift layer 6. Electrons, which have reached

the surface of the strong field drift layer € by applying

the electrical field, are emitted outward Zrom the surface

of the electrically conductive Lhin film 7 by means of the

15 tunnel effect. Hereupon, an ideal energy of the emitted

electrons is the energy difference obtained by subtracting

the enerqgqy of the work function of the electrically

conductive thin £ilm 7 from the energy of the electrons

obtained by applying DC voltage between the electrically

20 conductive substrate and the electrically conductive thin

film 7. Therefore, the smaller the work Zunction of the

electricaliy conductive thin film 7 is, it 1is more
desirable.

In Embodiment 1, although gold is used as a material

25 of the electrically conductive thin £ilm 7, the material



(Enmbodi nent 2) Flereinafter, Enbodirren~ 2 of the present invention 5 wl|
be descri bed. Hereupon, the fundanmental construction of tre field

em ssion-type el ectron source and the nmanufacturing nmetaod thereof
according to Enbodinent 2 are nearly as same as those of Emoﬂhwm
except the followng matters. 10 Nanel 2 in Enboditneiit 2, t

anodi ¢ oxidation treatnent has been conpleted, the electrolyte is renoved
fromthe ar~odi c oxidation processing tank, and then dilute sulfuric acid

" of nearly 10$ concentration is newy put into the anodic oxidation

processi ng t arded Tlénbeusesyr idtedlfoagolldc oxnylatdtal pagchssused tank
contair_ing d:.lute sulfuric acid, the porous polycrystalline silicon |ayer
9 is oxidizedtH®y nadtering, cddstanity cursr ewdrk | Dwdtdébneds tsmalpl at i Fomm

el ectrode (not shown) and the n-type silicon substra~e 1 (ohm c el ectrode
2) in such a sxampée,t lRdumimem,20chyomd,numrgissenr otéchel,s pkatadimggat ve

el ectrode and the silicon substrate 1 acts as a positive el ectrode. That
i's, in En~odithfertike maye beyrrsgde offhehaorkndusftiaorrkreantalofcdifffosed cf

t he nano _structure, which .s fornmed by nmeans of the anodic oxidation

treat menf, i FebEldi deichiPedi pheee 25 &3 £t I®¥WScid. 19 ~'R ~ 31 Hereupon,
it may be considere? that when the porous pol ycrystalline silicon |ayer 9

i s oxidized by di fate su1ﬁhﬁpcegcid, théﬁ@g r 8uth §%actions as shown by
t he follow_ng reaghion fpg bas 3 and 4, 1n_the rgﬁséiqp 5 fornulas, h+

denotes a hole, and & derisf8shn el ect F8HI% (Heda %l ect r ode)

Nickel : 5.15 eV Platinum : 5.65 eV
Hereinafiter, a manufacturing process of a field
10 emission-type electron source 10 will be described, while
referring to Figs. 2A to 2D.
In the manufacturing process, after an ohmic electrode
2 has been formed on the back surface of an n-type silicon
sunstrate 1 at first, a non-doped polycrystalline silicon
15 layer 3 of about 1.5 um thickness is formed on the n-type
silicon layer 1 so that the structure shown in Fig. 2A is
obtained. The film making process ol the polycrystalline
silicon layer 3 is performed by mcars of the LPCVD process.
Ir the fi'm making process, degree of vacuum is set to 20

20 Pa, temperarure of the substrate is set to 640 C, and flow

rate of monosilane gas is set to 600 sccm. Hereupon, if
the electrically conductive substrate is a semiconductor,
the film making process of the polycrystalline silicon
layer 3 may be performed by means of the LPCVD process or

25 ~he sputtering process. Alternatively, the film making



HVBSO, +2H - -> SOz+2HZ0+2h+- - ~- ~- - ~~----""""reaction fornula 3 (Positive

el ectrode} 2h fSi +2HzO --~ Si 02+4H +2e--~~-~~----~--~-~~-reaction fornula 9
: 0 Hereupon, the concentration of dilute sulfuric acid or Lhe current
density may be conveniently charged in correspondence with any"lc!a:wﬂem
thi ckness or quality etc. of the porousazpgolycrystalline silicon |ayer 4
which is to be oxidized. 15 Further, the potential voltage at the end point
may be set to a preferable (optinmun} value, for exanple, in the range of
several V to several tens V. Moreover, the applied Iight or the tenperature
may be cor_vetrbeaiss ymsetbel pexfprmdédrablanncallieg &0 ono Lphbosli siElitcod)

Herei na=ter, Enbodi mnent 3 of the present invention wll be described.

Her eupon, thdiflundanest b benstysictlildnedf time dnadiptiousi s$lion iddmel ectron
source ana the manufacturing nmethod thereof accords ng to Enbc~di n~ent 3
are 25 near | yhagingdreragorned b fthEnbbasme &VD presespt the QL9 W-I ~ 2002
32 following matters. Nanely, in En~odinment 3, after the anodic oxidation
treat nent has beeﬁfcohb¢etéé?CER&SWéﬂﬁctﬂ@PQF@t1¥# r efipsEdate omibheaanodi ¢
oxi dation processing tank, and then aqua 5 regia ((concentrated

hydr ochl ®r i c S¥EFEFa%% ofBenthtdtied2Ri tqliet,CtééFél}]gG: FpnductHSp yEptR i#8to the
anodi ¢ oxi dation processing tank, Thus,dggg orous polycrystalline silicon
| ayer 4 is ofPHPigdo%ya Sr ByR5e Behte y§?V§E§ﬁ?ﬁ9§ 5?% FIA#YEXi di zed in

ia, th f the fi 10 sili | i dized b
aora whi ch WY B Hadte nA"e L1, T IPRRS dhgagoof (M JRER) he” ™
il | 410 i rent T4 | Byl ' t t it
of the por oud pSAFE: I Fe e it STTREGTCELS, bl HedR 157 The '

Gy ection o lghnns ofe Beckeveseity TBSLR-ADE BTy OeRS! bipEonsiant

10 process. Because the process for forming the
polycrystalline silicon layer 3 on the electrically
corductive film need not be restricted to the CVD process,
there may be used, for example, the CGS (Continuous Grair
Silicon) process or the catalytic CVD process.

15 After the non-doped po:ycrysialline silicon layer 3
has been formed, a porous po.ycrystalline silicon layer 4
ls formed by performing an anodic oxidation treatment to
the polycrystalline silicon layer 3 wusing an anodic
oxidation processing tank containing electrolyte composed

20 of a mixture in which hydrogen fluoride aqueous solution of
55 wtd and ethanol are mixed together ir the ratio of
nearly 1:1. The anodic oxidation treatment is performed
with constant current while applying light to the layer 3

in such a manner that a platinum electrode (not shown) acts

25 as a negative electrode and the n-type silicon substrate 1



However, by changing the current density during the anodic oxidation step,
there may be produced such a sLru~ture that porous polycrystalline silicon
| ayers with |larger porosity 20 and porous polycrystalline silicon |ayer

w th smaller porosity are lam nated by turns, or sucr~ a strud:19~ 2082
the porosity successively changes in the4direction of thickness of the

| ayer. Meanwhile, in Enbodinents 1 to 3, the strong field 25 drift |layer 6
is formed by oxidizing the porous 33 (') g hl AR 2002 pol ycrystalline
si=icon | ayer using acid. However, the strong fie=d drift |ayer may be
fornmed usi ng (abintlc bgloxtnhidai 1) tdetspasous graiydryseaédtrv@lesi | iThas, which is
formed by maki ng nonocrystalline silicon porous by neans of 5 the anodic
oxi dation tr¢aemshtuctizrdbadhiomantindFidier 2B nid tartaiheliodi Herndupbngf inhhe
present invention will be described. In the field em ssion-type electron
source 10 acdoediengdio exidatienotrEatmerit,r awront densityt Hes Betsttoong fiel d
drift layer 6 is forned by oxidizing the porous sem conductor |ayer (porous
pol ycryst al | ithe §Ppﬁ§éhtl&?bme4°%r180ﬁ66§m?~dﬁﬁhﬂv§@amﬁlﬁb%ﬁ4HQ§éﬁ | ayer),
whi ch has been fornmed by neans of the anodi c oxidation Lreatnment, using

aci d. FuPt hePXifBEiRs S YaRe 1 BLbr £95dPubpePndg n ERNHAREN FiTGgdher | uori de
aqueous solutioaiand,elﬁgnol are m xed. t Qget.her, is used as an el ectrol yte

in the anodi &"8Rr8ad1'GH Pﬁaf?ﬁﬁﬁpfn§fl}t dFoAEP 1S e EB?OEHFface
he. hydr ogen Odorfhee o NIT=FAER Ly g 50 SHPel HUAF | Pt Fiper % BUREHEl o
Che | apse. of 1PRecEoothal ¢ HE SoRBPEITY i RcrE ot ERA BRI g BT 11 ol ency
wth L1Te PaSSIRg.IRY gt oty onfl eda FT CXAR! Gni¥RERs! NG 0! ARSI 1Y
10 Although only a part of the polycrystalline silicon layer 3
is crystallized in this case, the whole polycrystalline
silicon layer 3 may ke crystallized.
After the anodic oxidation treatment has been
completed, the electrolyte is removed from the anodic
15 oxidation processing tank, and then dilute nitric acid of
nearly 103 concentration is newly put into the anodic
oxidation processing tank. Then, wusing the anodic
oxidation vrocessing tank containing dilute nitric acid,
the porous polycrystalline silicon layer 4 is oxidized by
20 letting constant current flow between vthe platinum
electrode (not shown) and the n-type silicon substrate 1
(ohmic electrode 2) in such a manner that the platinum
electrode acts as a negative electrode and the silicon

substrate 1 acts as a positive electrode. Thus, the

25 structure shown ir. Fig. 2C is obtained. 1In Fig. 2C, the



25 film is patterned on the strong field dri~t |ayer 6, QL9 I'1 AR 2002 34
hydr ogen atons nmay fall out fromthe strong field drift _ayer 6 so that the
stability with tinme passing may be deteriorated. Further, becausg %ﬂ@
silicon atons in .he porous sem conductor |ayer are term nated B&Qt 20
hydrogen 5 atons, ||l may be difficult t%Sforn1a m nute oxide films~;ch as
Sio,. On the other hand, in Enbodi nent 4~ nefore the porous sem conductor

| ayex (porous polycrystalline silicon |layer 4 or porous nonocrystalline
silico:~ layer), which has been iU fornmed by a:eans of the anodi c oxidation

t t t, | i di zed ' [ f dil ptri id, dilut

sul furi ¢ acra"aE batn SEIOS "R e orad rr T | LK baE R R s
| ect hem j t~ a=uus5.which. t i nat il t

e subst it aedturen T Cog e HEve S thamars: Ruu b ik L oiviBenduct or
I i i,dant | ut.i far,, ' bl f i di zi it

sur face | ay8r S iEPebith Ml 8esfovh Faff TiRed oxi dant sol Gtion, it is

preferable to usgﬁﬁgé%one or a niﬁture ordglural ones,selected in a group

of oxidants 20 e Tud b Pa¥t PRc SROSEIRERS, Fhets WRehr | CadAFoUZSO, ) .
& as ShounPRier g tER R C s FERE AR G 1| i gy didugg
oK O S MBS RS BRSOty Y PIRSG I es R LY been
following reaction Zormulas 1 and 2. In the reaction
formulas, h' denotes a hole, and e denotes an electron.
(Negative electrode)
10 HNO;+3H™ — NO+2H,0+3h" erereeerererneneees reaction formula 1
(Positive electrode)
3h*+Si+2H,0 — SiQ,+4H e rrrerereeneenee reaction formula 2
As shown schematically in Fig. 3, silicon oxide (Si0Q,)
is formed on the surfaces of pores of the porous
15 polycrystalline silicon layer 4 due to the above-mentioned
reactions. Further, the concentration of dilute nitric
acid or the current density ({(constant value)} may be
conveniently changed in correspondence with any desired
thickness or quality etc. of the porous polycrystalline
20 silicon layer 4 which is to be oxidized.
Further, the potentia’ voltage at the cnd point may be
set to a preferable (optimum) value, for example, in the
range. of several V to several tens V. Moreover, the

applied light or the temperature may be conveniently set to

25 a preferable value.



1 ~J AIAR 2002 when the porous sem conductor layex is fornmed by neans of
the anodi c oxidation treatnent, tiydr~gen atons, which term nate atons of
the surface of the porous sem co: ~ductor |ayer, are slLbstituted with oxygen
atons by the oxidant 5 solution. In consequence, the hydrogen t8nk&R{2002n
the strong field drift |layer 6 becones sguller, thereby the tine-depending
change of the hydrogen distribution in the strong field drift |ayer 6
beconmes snaller so that the stability of the |ayer nay be inproved.

further, in 10 Enbodi nent 4, because the oxide film produced by oxidizing

t he porous Sem canskeipon, | ayeto thiengt sergl fiendsdtvetf Qaged § Gt ghyuct G e or
a structure sim _ar to the SiQZ structure, the m nuteness and quality of

t he oxide fibem oaysinerdedpitbut3tisn furflacel ett tion Hmet sibfcaf figiseaty is

i mproved 15 and further the breakdown voltage is raised. Hereupon, the
function of thepgsedrofgthechahadsititictuymr wBick bs famedalsy tieainsobft he
strong field drift layer 6 in Enbodinent 1. Hereupon, if the oxidant
solution is Mbatanhodicocesidatiinn ofrdatimentxi dat i oxidizegt nent diyubeans of

t he oxidant 20 solution rnay be shortened so that its througrput may be

i nproved® ' ~8LEBY@racigds shown in Fig. 68, as the electrically conductive
substrate, there may be used a substrate in whicr a electrically conductive
f In 12 (for exanpt eSN9WD 55 Fifn) 41 s ifom@vd Rsh ePnsidaradi khabl gb% 11 sucr

anl ar gi ng. nEEBPE PSR AR P et dPoLnEST [ A Bt Bl bt yberet ot ron
achi ved i n Soekar R A R R B T Rt R e SR rare
62 formed on the surfaces of the polycrystalline silicon
10 grains 61, fine crystalline silicon layers 63 existing
among the polycrystalline silicon grains 61, and silicon
oxide films 64 formed on the surfaces of the fine
crystailine silicon layers 63,
In Embodiment 1, because the porous polycrystalline
15 silicon layer ¢ is oxidized using acid (dilute nitric acid),
the process temperature is lower than that of the
conventional manufacturing process (disclosed in Japanese
Patent Applications of No. 10-272340, No. 10-272342 or No.
10-27i876 by the inventors of the presert application), in
20 which the strong field drift layer is formed by o#idizing
the porous semiconductor layer by means of the RTO process.
Accordingly, restriction of materials usable for the
electrically conductive substrate becomes smaller so that
the field emission-type electron source may have a larger

25 electron emitting area and may bec manufactured at lower



Next, a manufacturing process of a field em ssion-type electron source
according to Enbodinent 4 will be described as an exanple, while rererring
to Figs. 7A to 7D. However, because the manufacturing process qig aﬁhy as
sanme as the 10 manufacturing process described in Enbodiner_t 1 {Eﬁgs

2A2D) , the tr..enbez s corresponding tgynenbers in Enbodiment 1 are given
the sanme nuneral as sane as those ir_ Enboa nent 1 so that the detailed
description about themw |l be omtted. Further, as to the s=eps as sane as
those in Enbodinent 1, 15 tie description about themw |l be sinplified or

omtted. In thetanphaghds,i BRcPLOE etve FIRNLEI POLYOrFFHAAdEABRNEL K.codS Sane as
the case of Enbodinent 1, after an ohm c el ectrode 2 has been foaned on the
baci surfacelafeandnisypeidiidedcby mubséraf eclle wetn@rodepedapedry chest al | i ne
20 silicon layer 3 of about 1.5 ,gymthickness is fornmed on the front
surface of tlheoditypridationortreayment], byheraearifakctbind Afpd2gisoeays SO t hat
the structure shown in Fig. 7A is obtained. In Enbodinent 4, the n-type

si licon substeasémpl {f2Q0)int gpepaiswbsticht the oddeclvii oxddizigs the
electrically 25 conductive substra~e, has electrical resistivity of 0.Cl to
QL9 w~ ~a02 3rYeroAd F¥mmgAnRsSt WfckikessREP PrYcessn affien, taepornngdc

pol ycrystalline silicor_ layer 4 is formed by perform ng an anodic

oxi dati on tr@¥tARRoR FEERE™BBYycrystal line silicon |ayer 3 using an anodic

"1 whi ch-hydr ogerr f oo SSE0R ALU6l BELGh LAVERD Gufies BREN of PRIy are
s pert o med 20 ENCEPRAEY SRPRBRELYE: TR i do PRGRG 1 CHEEESer 3 In
10oueh 5. TAeR, AT Bk ALy e AR (0, SBOMR) B AR e0n! e
T FlEh by TGhECl o TUBeILle L B % 20000 VS DeafBbtcgfli s nec
15 value of 3Q,ze CMehgdld thed® 1 J18128QdGRXLARELOD ShEdsion-
type electron source 10 having the structure shown in Fig.
2D (Fig. 1A). Although the thickness of the electrically
conductive thin film 7 is set to rearly 10 nm in Embodiment
15 1, the thickness need not be restricted to that. Hereupon,
in the field emission-type electron source 10, there is
formed a diode in which the electrically conductive thin
film acts as a positive electrode (anode) while the ohmic
electrode 2 acts as a negative electrode (cathode).
20 ﬁeanwhile, although the electrically conductive thin film 7
(thin ¢old film) is formed by means oZ the vapor deposition
process in Embodiment 1, the method of forming the
electrically corductive thin film 7 need not be restricted

to the vapor deposition process. for example, the

25 sputtering process may be used.



is set to 10 seconds. Further, during the anodic oxidation treatnment, |ight
is applied to the surface of the polycrystal ~ine silicon layer 3 using a
tungsten lanp of 500 W Hereupon, in Enbcdi nent 4, the anodi c oxi dazi on 20
treatment is performed in such a condition that only one area {fMoMAR 2002
diameter is 10 r.~mi:~ tze surface of Bhe polycrystalline silicon |ayer 3
contacts with the electrolyte, while the other area i.s sealed so as to be
prevented fromcontacting with the electrolyte. Further, 25 in Enbodi nent
4, the polycrystalline silicon layer 3 is 38 wholly nmade porous. ,19 1NR
~ Next, the very stirafi€&d ayisiabrédi EndOr HIstid |#icQR leAY8Eish-typexi di zed
by an oxidant solution. In Enbodinent 4, as the oxidant solution, there is
used nitric atedtbor conoert nat ed Erbodinad d), akcedonp dre lddut€ed Whose
concentratior. is nearly 70 ~. Tinme oxidation is 10 mnute. Then, dilute
nitric acid ekcordirng td0theofeldmwiagi models. newly put into the anodic

oxi dati on processing tank. Thus, t;sing the anodic oxidaticn processing
tank contai ni ng 1Thati | is.e a8 t shawnadind, Fidhe poriets Yol supppsealthaheasi | i con

| ayer 4 is oxidized by letting constant curren= fl ow between the pla~i num
el ectrod® angolhecknn ypeeatrqdeon2luist ratwrosedn sucksa tmnfiacet fhe t he

pl ati num el ectrode acts as a negative electrode and the silicon substra~e 1
15 acts as a°pBSHYiGAlld efMVFEIVEhERint Hd 18t rluct BF e Vahed®e i MPL' L5g. 7Cis

obtained. In Fig, 7C .the nunmeral 6 denpotes a strong field drift |ayer
formed by ox—aBng?%%eﬁé’GSBrglb% %&WEH}%H’MI°i°H§“§HYeccﬁlf'lPa§éeréf’, Rfose very

(ALt hough di FRBCSRT T RASREFaST < o8l RO B0 Rrrint 4= NFI UF FRIRFYr i ¢ aci d
?grﬁg‘ga ;ﬁQL ek §?§3Fﬁée%oiée€§éfre%ﬁ&&@%ﬁ%fér\?é]?t L E&eé@é’fafalgyhas been
, y conductive Tntilm7, i Ch i s conpose
10 conductive thin film 7. In that condition, when the DC
vollage, which is applied to the electrically conductive
thin film 7 in such a manner that the thin film 7 becomes a
positive electrode against the n-type silicon substrate 1,
reaches a predetermined value (critical value), electrons
15 ¢” are injected from the n-type silicon substrate 1 side to
the strong field drift layer 6 by means of .thermal
excltation. On the other hand, because the electrical
field, which is applied to the strong field drift layer 6,
is mostly applied to the silicon oxide films 64, the
20 injected electrons are accelerated by the strong electrical
field appiied to the silicon oxide films 64. Taus, within
the strong field drift layer 6, the electrons drift in the
direction indicated by an arrow A in Fig. 4 in the space

among the polycrystalline silicon grains 61 toward <the

25 surface of the layer &. Then, the electrons pass tarough



of athingold film is formed oil Lhe strong field drift 25 |l ayer 6. Thus,
there is obtained such a field em ssion ri ~ 1~ 2602 39 type el ectron
source 10 having the structure shown in Fig. 7D. Al trough the thickness ef
the electrically conductive thin film7 is set to nearly 15 ng8 8 rMAR 2002
Enbodi.nent 4, the thickness need not bepgestricted to that. 5 (Enbodi nent
5) Hereinafter, Enbodinent 5 of the present invention will be described.
However, because the fundanental construction and the manufacturing process
~f the Field em ssion-type electron source according to Enbodinment 5 are 10

nearly as sagge aslddt@seadfy Flicent dnid wiher Efbpdi Gritledlint@s to the
constructive elenents and the manufacturing step corresponding to those in

Embodi nent 4théetvadhad desarigissingalaubuihemhwi bkibe saped i bhedher
omtted. Thus, differences to Enbodinent 4 will be mainly described. 15
Enbodi nent Suppdimos¢ desfacded, thefsrrdmyg fieldidydift6lapd &i gs. 7A-' 1D,
rig. 8 and Fig. 9. In Enbodinment 5, as the Plectrically conductive
substrate, therelns uded afimddocrepdisaion-tygee s#ldctannsulstirat e 10whose
el ectrical resiscivity is conparatively near to that of an electrical 20
conduct & (fmanubemtpired acooydingpeoofthsubovetnentios®delpgoressal as
resistivity is approximately 0.1 SZcmy. In the field em ssion-type el ectzon
so, ~rce 10 sHdMh dsn thpycas ofc E8edf HRld emERBben~Himet ebectagp soasceane as
the case of Enbodinent 4, electrons injected fromthe n-tfype 25_silicon
substrate 1 PEPRAfEdstIbnEbei JPR2RETY t PRagRY BPRtiqation of No. "10-

272340, No. 10-272342 or No. 10-27187/€¢ by the inventors of

the present application, electrons can be stably emitted,

10 because its electron emitting property has a smaller

dependency to the degree of vacuum, and further a popping

phenomenor. is not caused when the electrons are emitted,

Further, in addition to a semiconductor substrate such as a

monocrystalline silicon substrate, there may be used a

15 substrate in which an electrically conductive film (for

example, ITO £film) is provided on a surface of a dlass

plate or the like, as the electrically conductive substrate.

Therefore, in the field emission-type electron source, its

electron emitting area can be enlarged and its

20 manufact;ring cost can be lowered, in comparison with the
Spindt-type electrode.

Although both of the anodic oxidaticn treatment and

the oxidation treatment wusing acid after the arnodic

oxidation treatment are performed using the same anodic

25 oxidatior processing tank in Embodiment 1, it is of course



t19 WAR 2002 40 the layer 6, and then pass through the electrically
conductive th' _n film7 (surface electrode) to be emtted outward. The
field em ssion-type el ectron source 10 is characterized in that the strong
field drift layer 6 has a 5 minute oxide filmin which hydrogeqy §ousre
(entrance) is less in conparlson w th thg: conventional case. Fbreupon t he
oxide filmis a very ~:inute filmhaving a SiQ structure or a structure
nearer to she SiQZ structure. In the field em ssion-type el ectron source
10, because the 1C hydrogen content (entrance) in the strong field drift
layer 6 is | epat @akaricd afiontpdatidentel eehr e epatfdmedefdsiayengy due to
ti me-depend_ng change of the rydrogen dis=ribution is |less conpared with
the conventi dadividasfl ahatiibesxidaedatsprédwssangdeadik) mis very minute in 15
conmpari son with the conven~i ona7 case, the breakdown voltage for insulation
of t)=a sourdE&mbsdimegiter2) Moreover, in Enbodi nent 5, although the strong
field drift layer 6 is conposed of the oxidized po=ous polycrys~alline
silicon |ayer, ;.herdinadted, ndpbbdicenmpodedf20thd pressditdi Zevdergdoaus
nmonocrystalline silicon. Next, a manufacturing process of a field

emi ssi ondtyp&idicberdesaipede abebeukary ttdeEfvudinantrelscanstriidescri bed
as an exanple, while referring to Figs. 7A tc 7D. However, because the
manuf act ur i n@Ipr GEéssfﬁgl%ea‘Fq‘BﬁS&§n§gﬁ%€ aseyafEron nEAMFGRt (Aichg theocess
described in Enbodlnent 4 %F as~~ 41 7D), the rjenbers

corr espondi n§ePtaehiery PRt Egith%ﬁﬁﬂf &cé?Eﬁkﬂ9v§ﬁ ERROARAN Y INEX 8l s as
sane as those in Enbodi nent 4 so that de a d descrlptlon about them w ||
be sirnplif~&§26HY ot t 887 FRT hdPOSs ¢ gf’é ot ad sEFECRS Fbfhose in
Enbodi ment 9, °q$ éggtlgn about themw ||l be sinplified or omtted. In the
nanufacturlng Ce ESFarng to Enbodi nent 5, as sane as the case of

Embodi mpat 4, aftlggty (O CelRihirles? BggepeRh. ! Of {18 1

surface of an n 1 icon su a non- gope polycrygﬁalllne

silicon layer 32uhddt anfd egdeder sdmad el CIEH@S§ Ef’fo]ﬁ?@mse 'removed M.

which is one cf sem conductor |ayers, is orne on t fromsurface of the

n-type silicaiohayRé Znsfid Rabdhborst é:f réTyEEnP AWK, | Bnl Bher/ Atil1SitEDL @i ned.
Her eupon, as 15 sane as the case of Enbodi nent 4 (Enbodlnen~ 1), when the

el ectrical | y sgq@pdpcd iacd dSybshéatls 193 acEiEnteRduUsH Ors sehsy rAite intbe
pol ycrystalline silicon layer 3 may be forned by neans of the LPCW.

process, the thputdnding gxidaessn obrbbessinke. tahanwhithen, Waetinghehe
electrical?y 20 conductive substrate is a substrate in which an

el ectrital | y apodticadsidatiiohnprecessingdtank ogkassing atéute heulfuric
polycrystalline silicon layer 3 may be formed by neans of the process
simlar to thesd, of tiEnbadingust Holyimwstalhingorsildepad bawexcr yist 4Bl i ne

silicon layer 3 25 has been formed, as sanme as the case of Enbod' nent 4, a
oxidized by letting constant current flow between the

platinum electrode (not shown) and the n-type silicon
substrate 1 {ohmic electrcde 2) in such a manner that the
20 platinum electrode acts as a negative electrode and the
silicon substrate 1 acts as a positive electrode. That is,
in Embodiment 2, the surface of the fine silicon crystal
composed cf the nano structure, which is formed by means of
the anodic oxidation treatwment, is oxidized by dilute

25 sulfuric acid.



v18 1~t 2002 42 porous polycrystalline silicon layer 4 is fornmed by
perform ng the anodi c oxidation treatnent so that the structure shownzkﬁ
Fig. 7B is obtained. Athough the intensity of Iight applied toqghaAR
pclycrystalline silicon 5 Layer 3 and the current density are constant
during the anodi c oxidation process in ghe anodic oxidation treatnent in
Enbodi nent 5, trose may be conveniently changed during the process (For
exanple, the current density nmay be changed.). 10 After the anodic:

oxi dation has been conpleted, the very s~;rface |ayer of the porous

pol ycrystal l i ne Siddeupor| ajer mhyi HeOXochisi@eratsi tigatanvied dae soddouki on.
Further, the layer 4 is oxidised by neans of tae RTO process so Lhat a
strong fiel dpdiyétydtmydiné isilfiabnedlayerThds,ist hexildi=dd ubyurdilsitewn in
Fig. 7Cis cbhbtained. In short, in Enbodinent 5, hydrogen atons, which

t e=urinat e sshitwriatamisl, i kthehe pocwussyndl yweagtiohs i e shdwncdry. thayer 4
formed by nmeans of the anodic ox _dation treatnent, are substituted with
oxygen at ons fp¥lewicnoxrergliion strumiles. heeedpdn, asn20heherendtdant
solution, any one or a mxture of plural ones selected in a group of

cxi dart sP conpesedlast, M t49netasi a hedp3rndsel dappeendnd edresom) .

hydrochl oric acid (HCL) and hydrogen peroxide | H-Uz? may be used. After the
strong field diVegagixFepleckzd8ieen formed, 25 an electrical ly conductive
thin film7, which is conposed 43 1' LIAR 2002 of a thin gold film is
formed on the strdh§Oi%d d dPPF2HCRARY "6 T OF "eX HRFICELOByIARIMME df Lhe
vapor depositigp %{o%pss Thqﬁi)there is obtained such a field em ssiontype
el ectron source™ ¥ %b.iﬁée?H% SYructure shown in Fig. S 7D. Hereupon, the

thickness of the eihe%{lﬁﬁb'i» %989%%-‘-%5 ------------- reaction formula 4

20 Hereupon, the concentration of dilute sulfuric acid or
Lhe current dansity may be conveniently changed in
correspondence with any desircd thickness or quality etc.
of the porous polycrystalline silicon layer 4 which is to
be oxidized.

15 Further, the potential voltage at the end point may be
set to a preferable {optimum} value, for example, in the
range of several V to several tens V. Maoreover, the
applied light or the temperature may be corveniently set to
a preferable value.

20 (Embodiment 3) “

Hereinafter, Embodiment 3 of the present invention
will be described. Hereupon, the fundamental construction
of the fileld omission~-type electron source and the
manufacturing method thereof according to Embodiment 3 are

25 nearly as same as those of Embodiment 1 except the



thin film7 need not be restricted to a particular value, it a:ay be any
desirable value if only electrons, which has passed through the st=ong
field drift layer 6, can pass through the film7. Further, although the
electrically 10 conductive thin film7 is formed by neans of t

deposition process in Enbodi ment 5, thejgethod of forming the ctrlcally
conductive thin film7 need not be restricted to the vapor dep05|t|on
process. Foz exanple, the sputter process nay be used. 15 Thus, in the

" apove-nentioned manufacturing nethod, the RTO process is perforned to the

very surface shaY&if walt@ep@r OUS polycrystalllne silicon layer 4 forned by
nmeans of the anodic oxidation treatnent after the oxidation process usitiy

the oxidant sol utigfe1y,’ aelmydanByEr 8genreast 8Ak bRodf: t b1 $irieRg fiel d
drift layer 6 becones smaller so that a mnute oxide filmhaving a SiQ

structure or taeatfiercd Uigs Needer cémpidtrdy QReSteldet v Byt d NLORSRAMENCE, the
field em ssion-type electrcn source, in which the tinme-dependent change of
the el ectronfeoht thagaeblilei extdatiinnl ervcapsidh 41K, heind hevdar egjedown
voltage is higher, nay be obtained. 99 119 I ~Alt 2002 Mor eover, in the
field endssi argigpe Eloeatentrstad cehiroeiiuirdct ur eci Beqebatag:tatetihe

above- nenti oned manufacturing nethod, as sane as the field em ssion-type

el ectron soumndéri® actdrfi:ig tic Eewddi patt iafoelktbet anodicamx Hidtdost abl y
emtted, because its electron emtting property has a smaller dependency to
t he degree oPreaeswind &kt ur Thes, atipomseineys phehomyssalisnnotildzosed when
the e:.ectrons are enmtted. Further, in addition to a sem condsctor
substrate sudBY&E 4 ﬂﬁndﬁﬁﬁ§?&ﬁllMe%ﬂQQ(iﬁﬁlfe s BRGaugee sidpepe Hﬁy be used
a substrate in @hlcr an .el ec~ rlcallg ccnducti  ve film (for exagp | TO
film is pr odf AR LYY aP"slﬁhiFsEelea %I ERE | &he éP‘—”f*}"Fe‘3 19%&head ipRe

el ectrigcal duci ve sy trate. erefore, i e field em ssi on type
electro ¢ oursggfc?rfs |yg ott® er?ixtlgfﬁ‘é arda fgu?:arfe@éaenvté’rcdea 2id its
manuf act srin e | in, co rlson wth.tre dt-type

el ectrode. %x%)g‘{l cfil) tﬁg? eltﬁ\élfet oqesasniixgﬁ% fouf hé’l%ycr}{s ablglagscrl bed a

field en]SSIggli&ﬂ?JEB%&tEQﬂl%%%ngF%EIq?nUfaCtured under 20 the fol 20w ng

condi tions, by nea t he manu ng met hod according to Enbodi nment 5.

In Bxanple 1, as jifie,n-1yPenBbhifditsSUpStbale Tend NBbeosay UsEdeae(100)

type silicon substrat’e, in which the electrical resistivity was 01-0 .02

; 2(§m agd t h@otkbus Pl yREGs R Mo B2Dicom1ale® BOlY Gbsh @l hhive &l khcon | ayer
ee Fig.

15 the direction of thickness of the layer by making the

current density constanl during the anodic oxidation step.

However, by changing the current density during the anodic

oxidation step, there may be produced such a structure that

pcrous polycrystalline silicon layers with larger porosity

20 and porous polycrystalline silicon layer with smaller

porosity are laminated by turns, or such a struclture that

the porosity successively changes in the direction of
thickness of the layer.

Meanwhile, in Embodiments 1 to 3, the strong field

25 drift layer 6 1s formed by oxidizing the ©vorous



45 ..1.9. | ~Nt, 2002 7A) was forned by neans of the LPCVD process. In the
filmforn,ing process, the degree of vacuumwas 20 Pa, the tenperature of
the substrate was 640 C, and the flow rate of the raonosilane gas was 600
sccm 5 lii the anodic oxidation treatnment, there was used an el ectrol yte
in whi ch hydrogen fluoride aqueoas sol uson of 55 wt~ and et haghd MAR 2002

m xed together in the ratio of nearly 1:1. In tae anodi c oxidation
treatment, only one region ef 10 mmdianeter ir_ the surface of the 10

" polycrystalline silicon layer 3 contacted with the electrolyte, while the
ot her regi on pafiythestalrifinee giddcorallageso vaingotacia. CoOMadves, t ttiche
electrolyte. Further, a platinumelectrode was i mersed in the electrolyte,
and then a prstdehgr Mieéd cdrrirfint lawer made fdeowfdmiateeasime 2bipl alyi num

el ectrode and the n-type silicon substrate 1 (ohhmc electrode 2) in sucr~
a manner thatoxtidézjhat ithem pbeais ogeliberwstmldinegasidieconl evhicde iznd t he
substrate 1 becane a positive electrode, while applying light with constant
| i ght power (fomtedshy yakingt henquiysteyding |diddc8 motdusobyl mgars ®fusi ng a
tu_zgsten lanp of 5G0 W Hereupon, the current density was th constant

val ue of 330 rtRecAPodih®xihetipintreRtaRBHi ¢ oxi dati on process was 10
seconds. As the oxidant solution, nitric acid (its concentration being 70~)
heated up to ‘EFBOIRRRL dded. By the way, if the 25 oxidant solution is
heated, the rate ﬁf cxi dation ESEE’Prai sed ,~ 1t ~ 2002 so that the

46. 19 M
process time of tHEEOXIFEEFoNn Amere 8xiFantPScPEEFIH cARVEE9Ror t ened.
In the RTO pracess for oxidizing the porou olycrys~alline silicon |ayer
4, the flow rwégi i’F t"Leé’c&J(gaéh 5 Hhst 5913%1610 sed'éﬁ,s}if’ﬁ'é Yp%x?fﬁcztirr?&
t enperature 0.C _and i.he oxidizing ti s.l hour. The, electrically
conducti ve t\rll\sl%ﬁrfggl %ng:?ac('? r’ldtﬁ'n ol"d gﬁ{mo% ?/\f/g?m\fg%flﬁ"élanﬁ/ e :%Js tg‘fe t he
vapor depositd r , t hy ess c¢f t b | el ‘ m,+.1G The
field e?nessi Cért]:‘%t% e%glgggt r%ﬂ%go&agér}loémgé |ﬁr%??%gu?e\}sj 6|)ﬁi%d'lzgn\alact&ll]}m chanber
(not shown), RRdusNebnA: k@6t Of a Pd L ClERd8s 2ho { G R HRHEN 0&1 KiRlbhect i ng
emtted el ectrons) was disposed aL a position facing to the electrically
conductive thiagetid By REoaBOMhddyiitE11the E11166M, 1dyee) degr e Blasvacuumin
t he vacuum chanber was set to 5 X 10'5 Pa, DC voltage Vps was applied
between tre eleeqt rfiog@klYy bgOoidanst iofe e anddikmokitanosie) Lagstridne, ohm ¢
el ectrode 2 (cathode), and further DC voltage Vc of 100 V was applied
bet ween the aslihectazidel ecruptieer)l oarwhusle: ech20 miamirel csdlutionpddati ve thin
film?7. Thus, there were nmeasured diode current |Ips flow ng between the
el ectri tal | y wdnbutivdvegérhi fildedinle7 aguaotibesohutiore| et raten2l amd enmitted
el ectron current le flow ng between the collectcr electrode 21 and the
el ectrical | y "dsrdutpgethety nisi keed dsecanselecfadmteons dhemnaddd fromt he

field em'ssion-;.%lfe 1 9 MAR 2002 47
oxidation treatment, silicon atoms in the porous

seniconductor layer are terminated by hydrogen atoms.
Accordingly, because the hydrogen conlent in the strong
20 field drift layer 6 “becomes comparatively higher, the
distribution ot the hydrogen atoms changes with the lapse
of time so that the stability of the electron emitting
efficiency with time passing may deteriorated. For example,

when the electrically conductive thin film 7 {(thin gold

25 film) 1s patterned on the strong field driit layer 6,



el ectron source 10 througr the electrically ccnductive thin file 7 (The
dashed line in Fig. 8 shows the current of the emtted electrons.). r'ig. 9
shows the resu~t of the nmeasurenment. In Fig. 9, 5 the horizontal axis shows
the DC voltage Vps, and the vertical axis stows the current degf MAR 2002
Fuxther, in Fig. 9, the marks O( Ol ) agd 1 ( ) show the diode current Ips
and the emtted electYor_current to in Exanple 1, respectively. 10
Mo=eover, in Fig. 9, as an exanple for conparison, there is also shown the
" result obtained by performng a neasurenent simlar to the above-nentioned
measur ement agdiogén fatdnh afAESELYL tyPpe Et@Ct EIoN SOtomee, fiwidc rvas

manuf act ured under the sane conditions as those of Exanple 15 1 except
omtting tre:eyedati ;o udiaty the stdkddrtyselithi aimbefpaseihdenkBfObpr ocess.
In Fig. 9, the marks O (03) and (~) show the diode current Ips and the
emtted el ecdeperioratedt. | Funthele braapse tle sinpani sdomsr dapehei vel y. As
apparent fromFig. 9, when Exanple 1 is conparea 20 with the exanple for
conpari son, Pheods oslenigmandgator psaydr Beapiesminated ower thdarydrdogenof t he
exanpl e for conparison, although the emtted electron currents le of the
bot h ar ed neafitymgank rBecheseifHeudtek? rfATrem Nie OKide £klgy siishexpr essed
by the ratio of the emtted electron currer_t le 25 to the diode cu=rent

| ps, that isalseﬂ-?;s, it my be 1 9 MAR 2002 ~s understood that the
el ectron emtting efé‘iciogzgc%/ ﬁf éhe_ field em ssion-type electron source 10
according to Exanpt P 9EDRT gRerdn Adh ERepiment e ORARDE thOPEEHBar i son.
Further, a dielectric breakdown occurs a ing, that . DC 5 vol tage Vps is
22 Vi’ the SRRRPTICESPrC YL pERFOHR, PORYGBEbHne qLAFERR A4VeE: Sakdown
does no. occuyt. i 5{5 %rvr'&éx. age. Vps | r.'sgut28v.
That is, the %r ggﬁ_ oanrr%g? a%set%&fl eg%xgééf iga%el%;’er%’htl%{%n% ﬁafp"egg t he
exanpl ;40" GBFRAK | S9N neho( YAMREE Znddice BAldaBion 34 BEBHBLE, 255t Ner e
wi |l be described a
oxidized wusing acid (for example, dilute nitric acid,
dilute sulfuric acid or aqua regia), namely before the
silicon oxide film is electrochemically formed, hydrogen
atoms which terminate silicon atoms are substituted with
15 oxygen atoms by immerging the porous semiconductor layer in
an oxidant solution for a time capable of oxidizing its
very surface layer. Hereupor, as the above-mentioned
oxidant solution, it is preferable to use any one or a
mixture of plural ones selected in a group of oxidants
20 composed of nrnitric acid (HNO,), sulfuric acid (H,S0,),
hydrochloric acid (HCl) and hydrogen veroxide (H,0;).
Thus, in Embodimenl 4, as shown in Fig. 6A, the strong
field drift layecr 6 is formed by oxidizing the porous

semiconductor layer, whose very surface layer has been

25 oxidized by the oxidant solution, using acid. Accordingly,



f_eld enission-type electron source i 0 manufactured under the foll ow ng
condition. ' In Exasple 2, as the n-type silicon substrate 1, there |5 was
used a (100} type silicon substrate, .n which the electrical resistivity
was 0.01-0.02 S2 cmand the thickness was_525 h:n. The pol ycrysth8|MAR: 2002
silicon layer 3 (see Fig. 7A) was for rred35y means of the LPCVD process. In
the filmformng prccess, the degree of vacuLmwas 20 Pa, the 20
tenmperature of the substrate was 64U C, ar_d the flow rate of the

nonosi | ane gas_was 600 seem |In.,the anodi ¢ oxidatign treatnment, there was
used an el egt wBEY 1 ENG PRFAYCH SR FORERF ragtﬁyaé éﬁug%ff%ecgg?yuﬁegﬁsof’?% Wt ~

d eth I 1 t t . h t 5 Ly 1:1. h
anodi ¢ oxi dat EBR (FERfenPr Sy ohees iy tvaRiGRTD 365t ogbdshor 10 mm
di t inth f th tal Li id ] ~t ed
W ih she ol ectPBIHL e PRoERt 1ERES, bE B o0, pENELoTREBERT oC
as not 10 COrhaghy M hhe! Bent LOI! Uity FRYHBAM atdnd RiAlnd, dRi@antct ! 0de

. &Er TB&{
was in~nersed 1r=~the el éctroly ar | én a predeterm ned current was

made T'0v§ bet %gatiéhe._ Pl ati AR RIGBehEOJE tAB HiABoFerd YEEnSidd COR substrate 1
(ohhm c electrode 2) in such a trantier Lhat the platinumelectrode becane

a negative el gerhpderantyt Beistibsiyed 6 1 pdBokas agin A diSitherebg! @akr ode,
while applyir_g light with constant |ight power (intensity) t~ the

pol ycryst al | i Remeiddgdiingy ehalgelSoéNOtite tiupldigen baspriufution \\h Heeeupon,
the current density was th constant value of 30 md¥ cn¥, and the tine of
anodi ¢ oxi dat isapopg O€easd wesi i degends. bktohds esmbéhbeposoushat the

pol ycrystalline silicon |ayer 4 had been fcrned, the layer 4 was

el ectrochem caltkypibiiydi 2€d thict hlayer congt et begroved.or Fumpherd in 1 nol ar
wt ~ of sulfuric acid solution of 70 rC in such a nanner that tze platin,im
el ect r od&0 bec &rbodimpsgatd-v beenese rigife axidet Rblm-Rupsaicef| by opr P 24BBst ra~e
(electrically conductive substrate) becane a posit! ve e]lectrode. Then the
porous pol ycr FE€aPPIoRs sTeMCORIPalRy IeXRts WidBRetCii YRpdRater T8RB Rurt her
dried up. Moregver, on _the oxidized porous polycrys~alljire silicon |ayer 4,
there was for el &FTEFEEES i ¥a® FEEWH isv}’égt?'ﬁ'yr%ozgh?i %%ézﬁ?%‘iﬁtr“é&e

el ectrode) conposed, of gold (Au) hayj a thi_ckne of 10 r 19. ~t
2002 Thus, ¢ hav8 driseagn iy ERTHERenes o nexFAL SLaf oilonBhy pe

el ectron sour tai S b ve r j a
manner that t ﬁ.g\p é&%%?r@carﬁéaytéf l%%%%é%t ?@%%gn e\fé??ﬁq ecjgsdneiﬂg)r%gggt ive

el ectrodgs and ghRe sz dndie tib | bEAdBWRSYE Bl fyel 1600 e £l CRLEQUS ) checame a
negative el ectrode. According to the nmeasurenent, en the voltage Vps was
20 V, the em trupdt RILCEf AL QR Wasld AFLfE .1allae fsesul lasi $apbows in Fig.

H that of the strong field drift layer 6 in Embodiment 1.
Hereupon, if the oxidant solution is hezted, process
time of Lthe oxidation treatment by means of the oxidant
20 solution may be shortened so that its throughput may be
improved.
Moreover, as shown in Fig. 6B, as the electrically
conductive substrate, there may be used a substrate in

which a electrically conductive film 12 (for example, ITO

25 film) is formed on a insulating plate 11 such as a glass



10 Thus. although the only oxidati~t~ treatnment of |ower tenperature was
performed, there is observed em ssion of electrons of the emtted el ectron
current. Therefore, if there is used a substrate such as a gl ass pl ate,
which reqaires to be treated at | ower tenperature process, ar #aufﬁ@bred
field em ssion-type el ectron source mayspe manufact ured. Fbreﬁﬁg ;
processi ng condition such as kind of the acid, current density or the |ike
need not be restricted to the above-nentioned condition. 20 (Exanple 3)
Herei nafter, as Exanple 3, there will be described a field eni ssion-type
el ectron souptetdO (sRnukashiic edlateer ti1a fulisovdady®,Ccaiiarigdng. the Exanpl e
3, as the n-type silicon substrate 1, there 25 was used a (100) type
silicon subselateson remiftitdhgt ieea ol thed FAARI 2603 sdbheetypaeadl dotsosti vity
was 0.01-0.02 S2 cm and the thickness was 525 a m The polycrystall' _ne
silicon | ayesoBr¢seandi fowetAngndhel oramadabyumsgnsost tofe theC¥buprcecess. | n
the filmformng process, the degree of vacuumwas 20 Pa, Lhe 5 tenperature
of the subst mayebeaskoge0 e@sidvidachiev¥ddbwin atempsfrisbnevwibthothearesgas was
600 sccm In the anodic oxidation treatnent,,=here was used an el ectrolyte
i n whi crd hydds4es ¥ |SeSicardurfirtossbabraiqa-on of 55 wt~ and et hanol were

m xed together in the ratio oL 1C nearly 1:1. In the anodic oxidation
treatment, only J¥f¥tredi BANGFACLYriRg PIRcEFSt oF 2 fieldecrissiqvstypet he

| talli il ~con | 3 gontact ith the elect te, while th
Ot ner ¥ gi on BFoTH Sobraecoraredad) B Ehoftndat 1 ol fnbiinrin e

el ectrolyte. _Further, 15 | atinum el ectrode was .imersed.in the
el ectrol yte, 23nd" t%xgrmpéepf\”éﬁe eefﬁl“ﬁéﬁl%%rtPeﬁ?gﬁ\laipt r“gdzﬁf | oW H5ettheen the

pl ati num el eSEEQ\S’ﬁ?t%%t h@ﬁg?ééé’x&%nﬁj é}céé’%?éﬁ.@swaggg%laé o %ﬂ:ﬁ%t rode 2)

in such a manner a~Irur ode bec a negative electrode

and t hey pubshal fade 29nbeEAYEe & Qﬂ—z,%ic%ﬁf@deirﬁ%ﬁ)g Enett | T C(FARRLYDAQ |1 Nt

W _th constant Iight power (intensity) to the polycrystal ~si~ieon |ayer
3 using a tungsf epnd apdnRh sSQRrYEsFEIBUROR. nBRLELS & EndRRRkhy yas th

constant value of 30 mAd cn2, and the tinme cf anodic oxidation process was
10 seco: ~ds. a2é d¥vel thBesHO imepL Y&S Youindl &k NeroYel EEOEMBRY@end Dad 52
so that the detailed description about them will be omitted.
Further, as to the sieps as same as those in Embodiment 1,
15 the description about them will be simplified or omitted.
In the manufacturing process according to Embodiment 4,
as same as the case of Embodiment 1, after an ohmic
electrode 2 has becen formed on the back surface of an n-
type silicon substrate 1, a non-doped polycrystalline
20 silicon layer 3 of about 1.5 pm thickness is formed on the
front surface of the n-type silicon layer 1 by means of the
LPCVD process so that the structure shown in Fig. 7A is
obtained. In Embodiment 4, the n-type silicon substrate 1

{1100) type of substrate), which is used as an electrically

25 conductive substrate, has electrical resistivity of 0.Cl to



v19 11R 2002 been forned, the |layer ~! was electrochemcally oxidized with
the ccnstant current of 20 mMdcm- in 7 nctlar ww~ of sulfuric acid solution
of 25 Cin such a manner that the platinumel ectrode becane a negative

el ectrode and the n-type silicon 5 substrate 1 (electric:ally Qgpuﬁbl
substrate) beca~re a positive el ectrode.3yThen the porous polycﬁy talline
silicon layer 9 was washed using water and further dried up. Further, a
suppl ecuent aL oxidatl on treatnment by nmeans of the rapia thernmal oxidation
" process was perforaed to tre layer 4. 10 In the rapid thermal oxidation

process, the §loowg @t @n@f thixMeay gassygs, 300 sccm the oxidi zing
tenperature was 750 'C, and the oxidiz' _ng time was 1 hour. Zhen, on the

oxi di zed porous pOhymy yat gidrous Spdliweaystayrined, st hiatoe Wesydror red san

el ectrically conductive thin 15 film 7 (surface el ectrode; conposed of gold
(Au) havi ng darhmedkhgspeoforifing am aflddc ohixladliect tonatmerttt itng el i ci ency
cf the field em ssion-type el ectron source 10 obtained as descri bed above
was neasur ed dodysoratallimensdliner Laver|pcigingalany a2@déondytdatient hin film
7 becane _a positive electrode ar~d the n-type silicon substrate 1 (ohr~ic

el ectrodé 2) HF®C8ABLRY ndgark vecelaningde elpctrlitiey rompheedreafur énent ,

when the voltage Vps was 20 V, the em tted electron current was 10 ~c

n cnZ. The r d&HERIEsIBhBMCH hydrgaens flugriga fqugpbhosghktiosy @ fnds

performed the qnly oxidation 53 19 hM ~ 2~ treatnent cf conparatively
| ower tenper aﬁt%r €¥FneEBﬁ5%tlr i 56n BieA tREeHgCdds thei ngtihe bR Ldpi d

il Pl L RS N e LT e
constant current while applying light to the layer 3 in
10 such a manner that a platinum electrode (not shown) acts as
a nregative electrcde and the n-Lype siiicon substrate 1
{ohmic electrode 2) acts as a positive electrode. Thus,
the structure shown in Fig. 7B is obtained. 1In the anodic
oxidation —reatment, current density is set to the constant
15 value of 30 mA/cm®, and time of the anodic oxidation step
is set to 10 seconds. Further, during the anodic oxidation
treatment, light is applied to the surface of the
polycrystalliine silicon layer 3 using a tungsten lamp of
500 W. Hereupon, in Embodiment 4, the anodic oxidazion
20 treatment is performed in such a con;ﬁt;ion that only one
area whose diameter is 10 mm in the surface of the
polycrystalline silicon 1layer 3 contacts with the
electrolyte, while the other arca is sealed so as to be

prevented from contacting with the electrolyte. Further,

25 in Embodiment 4, the polycrystalline siiicon layer 3 is



5 subs=rate, which requires to be treated at | ower tenperature process, any
desired field em ssion-type el ectron source may be manufactured. Hereupon,
| : he processing condition such as kind of the acid, tenpera~ure of the

acid, current density, the type of 10 the rapid thernal oxidats Eﬁﬂédﬁﬂg
li ke need not be restricted to the abovegnmentioned co: ~dition.- g nt

6) Hereinafter, Enbodinent 6 of the present invention will be descri bed.
However, because the fundanental 15 constr~:ction and the manufacturing
process of the field ecr.ission-type electron source according to

Enbodi ment 6 @A 1peREdY RTo88ME as those of Enbodinent 5, as to the
constructive e~enents and the manufacturing step corresponding to those in

Enbodi ment 5, detskked 2Redeseyi Butosc@bosfert hem wid | pbeosd Mpiifdoad or
omtted. Thus, differences to Enbodinment 5 will be mainly described.

Enbodi ment 6 Mielr Beidestidied, byehrr 6k tdanto sbl@siorbA- GB, Efb&Gimedd:- 7D, Fi g.
8 and Figs. 10A-10B. P~ describe above, in the field em ssion-type el ectron
25 source 10 &hoawm ithe Fxjdadt tdodustiowngtheed didridsked ayidrié a4 19 61AR
200 includes at least the pillar-shaped polycrystalline silicon grains 61,
the thinssiligoncertdetdd | nbthix f echat)d Avatde apr ftacesl D °C he whose
polycrystalline silicch grains 61, the fine crystalline silicon layers 63
of nano net ercBCRErabkdagt iegnsarkby fthe pidoyorydatidn e &P Imiswrtegr ai ns 61,
and the silicon oxide films 64 formed on the surfaces of the fine
crystal line silicoRePaydildites nigzin aFiedhef fnearl Vo4 BeicvgeantFaid@rat i ng
filr.~ having a trickness fq?ller than the diameter of a crystal particle
of the =ine %f? eyly, Rt 1nto the anodic oxidatlion processirng tank.
Thus, using the anodic oxidaticn processing tank containing
10 dilute nitric acid, the porous polycrystalline silicon
layer 4 is oxidized by letting constant current flow
between the platinum clectrode and the n-type silicon
substrate 1 in such a manner that the platinum electrode
acts as a negative electrode and the silicon substrate 1
15 acts as a positive electrode. Thus, the structure shown in
Fig. 7C is obtained. In Fig. 7C, the numeral 6 denotes a
strong field drift layer formed by oxidizing the porous
polycrystalline silicon layer 4, whose very surface layer
has been oxidized by the oxidant solution, using acid
20 (Although dilute nitric acid is used in Embodiment 4,
dilute sulfuric acid or aqua regia may be used.).
After the strong field drift layer 6 has been formed,
an elecctrically cenductive thin film 7, which is composed

of a thin gold film, is formed on the strong field drift

25 layer 6. Thus, there is obtained such a Zfield emission-



10 silicon layer 63. In the strong field drift layer 6 of the field

em ssion-type el ectron source 10 descri bed above, it may be consi dered that
the surface of each of zhe grains is made porous, wile the crystal state
is maintained in t~~e 15 central portion of each of the grains.4ghgkehfpe.
the electrical field, which is applied Pg the strong field dri#t | 'ayer

is nostly applied to the silicon oxide fiI'lms 64. Thus, electrons injected
to the layer 6 are accelerated by the strong electrical field applied to
the 20 silicon oxide films 64 so that the electrons drift a _nono the

pol yerystal | ieeSih EOMLDIANRSbkol flat fiey dhECCEION Mo LREATLOWALI T Fig.

4 toward ~he the layer 6. Accordingly, the electron emtting

ef ficiency ofyg hep3@ubGEh | thd MMICKREss 25r HHeS e18B€r M ebAaRérifae present
application have 55 19 MAIL 2002 perforned the follow ng inventions

according to ggypodijnRNts i 'setl4o medhey 0F hheisi Enbedimeritde,fidnes 64.
That is, the inventors of the present application considers that the whole

surfaces of tdigckhBss gt abki Pe rddtirGeBed a6e$a83 5 woul d be covered by
oxygen atons 65 as shown in Fig. 10A when the surfaces of the fine

crystal |l Bne siHnboaimehiayBrs 63 have been cobpl etely oxidized, while the
surfaces of the fine crystal silicon layers 63 would not be wholly covered
by the oxygen atoHsrébhafreshovinbiodikegt BORBMhehe t beedntoxilduentdonhas been
performed by the RTO process (nanely, the fine crystal. silicon |ayers 63
woul d be i nsHiflilci bat Idessonibedd by Howeverygdircatisas ©8) . fundamented
inventors have perforzred .he inventions according to Enbodi nents 6 to 19
on the bas-s @MmstrEChbYVean@nthonsanudaciudngt irswceph P4 misodfifdst 6, as
the electrically conductive substrate, there js used a npnocrystalline

n-type silicdPiSIARRTEIRE PLRABERN AMELFi BEFOLBEIsHP FARPH T Rbp & 4L i vel y
oD (OB DSk oS S PO bl Bl T (100 LYpe of o1 |1 con
the field errils)s’i Oans_ tt%pei:heel %%E'xrsgpucstql“\lxreceel%gter?@somgn& r!che manufacturing
step corresponding to those in Embodiment 4, detailed
description about them will be simplified cr omitted. Thus,
differences to Embodiment 4 will be mainly described.
15 Embodiment 5 will be described, referring to Figs. 6A-6B,
Figs, 7A-'/D, Tig. 8 and Fig. 9. In Embodimernt 5, as the
electrically conductive substrate, there 1is wused a
monocryatal n-type silicon substrate 1 whose electrical
resistivity is comparatively near to that of an electrical
20 conductor (for example, (100} type of substrate whose
electrical resistivity is approximately 0.1 Qcm).
In the field emission-type electron source 109 shown in
Fig. 6A according to Embodiment 5, also, as same as the
case of Embodiment 4, electrons injected from the n-type

25 silicon substrate 1 to the strong field drift layer 6 drift



fig. 6A accerding to Enbodi nent 6, also, electrons injected fromthe n-type

sili.con substrate |, whic~~ is an e_ectrically conductive slLbstrate, drift
the strong field 25 drift layer 6, and then are emtted outwara through the
19 MAR 2002 56 electrically conductive thin film7, by a procaﬂg MAR as

t hat of Enbodi ment 5. Hereupon, nateriau% for the electrically conductive
thin film?7 need not be restricted to gol'd. Any material (for exanple,

al umi num chrone, 5 tungsten, nickel, platinumor the |like) may be used if
only its work function is small. Further, although the electrically

conductive thi filmJ i foqged.as acsinolalaver o, Eabadipent 6. it my

be forned as a | am hin electrode il mcorpose a st two

ayers | am ngRlubfidd : el rE0h O pluddite! RUCKAESROTed NS | GYRiRg Wien the

eectrically conductive I S conpose a | am na

el ectrode filg@:Daring rrneo 4ia0@r SmifQh ofX eeleg;%enorsog?e lhlse jgmy be
used as .he material for the upper |ayer of the lamnate .% thin el ectrode

film On the cohbeérdwivbd as thet MBierdtdongf tidmi lvet hayer ofhakhg
| am nated thin electrode film(the thin |ayer fac' _ng the strong field

drift |layer @inutbesoeidamyriien Usedhikhr hgdasgd-e,corlteale (et €dtRle) Bkati num
titanium iridiumor t'~e like. 20 Next, a manufacturing process of a fie_ d
em ssi on-typdeskedhr compatirses adthr dhagcbovditiedaberhsé. W Hérddofiescri bed
as an exartole, while referring to Figs. 7A to 7D. :-towever, because the
manuf act uri ngher ooeisde | Sibpariy as seng asntthe nHAmf abéwirigngapr®i®BSS

descri bes in Enbodi nent 4 or 5(Figs. 25 7A-7D), the nmenbers correspondi ng
to nenbers i stFuaborE mMhta st3pclgre gare2002 zZherSH,aptrgctvsre.t hdnsane
nuneral s as same as those in Enbodinent 4 or 5 so that detail ed description
about them witPe Hdedfmamisséan:bpeontleedonrFouner, 14s theceneestbps as same

as thos? i n Enhodi nent 4 OE %, descripiio abo;it them ,
C ydrogen conten entrance) in the strong fileld drift layer

6 1is less, deterioration of thc clectron enitting
efficiency due to time-depending change of the hydrogen
distribution is less compared with the convertional case.
Further, because the oxide film is very minute in

15 comparison with the conventional case, the Dbreakdown
voltage for insulation of the source is higher.

Moreover, in Embodiment 5, although the strong field
drift layer 6 1is composed of the oxidized porous
volycrystalline silicon layer, the layer 6 may be composed

20 of an oxidized porous monocrystalline silicon.

Next, a manufacturing process of a fielc emission-type
electron source according to Embodiment 5 will be described
as an example, while referring to Figs. 7A tec 7D. However,
because the manufacturing process is nearly as same as the

25 manufacturing prccess described in Embodiment 4 (Figs. 1A~



5 wll be sia~pl'_Lied or omtted. In the manufacturing process according
~0 Enbodi nrent 6, as sanme as the case of Eribodinent 9 or 5, after an o~zmc
el ectrode 2 has been fornmed on the back surface of an n type silicon
substrate 1, a non-doped polycrystalline 1C siliccn layer 3 w 'tg AR 2002
predei:ermned thickness (for exanple, };5 a m, which is cne cf

sem conductor |ayers, is fornmed on the front surface of the n-type silicon
| ayer 1 so that the structure shown i.n Fig. 7A is obtained. Hereupon, the
" polycrystal=ine silicon layer 3 is formed by neans of a 15 process sinilar

to that of Enigdi ERE! némifdrsd coire8pohditnd A %as@rééoiﬂ%mﬁueheecxsi'iC~Ci

| ayer 3 has been foanmed, as sane as the case o-_' Enbodinent 9 or 5, a

porous pol ycrayst ghvémerrd |dag@Nnimded1 & dsS shRé Neyl i sketfoem i reie anodi c
oxidation treatnent so that the 20 structure Brown in Fig. 7B i s obtained.
In the anoai @ oxbdathep taeeinrE desEpbslioRentbbut t hen&ur ANt dgasity is
constant. Further, dux~ir~g tze anodic oxidation process, light is applied
to the surfacamplifie pal yriysédl | Foethér, eentbayied stepsi &g sanleuggsten | anp
of 500 art so that the 23 polycrystalline silicon layer 3 is wholly nade
porous. 5 1 %hhBR 2002Emoddmesterd, odbkycmiypdohi aboat tdtempokiLk ybeal |l ine
silicon layer 3 may be nade porous. Next, a strong field drift layer 6 is
formed by oxisdmpihflecherperbukedol ycrystalline silicon layer 4 so 5 tr, at
the construction Shown in Fig. 7C is obtained. Hereupon, during the step of
oxi di si ng the porBusthisomppr{asbiningePseteoacraydingy tot Beborhimens S,

pol ycrystalline silicon substrate 9 is oxidized by applying ultraviol et
rays theretod®n $£%asaat foSphert cOht Fhaddmeart | éasta%r?e‘ o#h 1®hBkGgen (0-)
and ozone 10,) .. Hereupon, as t: i ght source of the ultzaviolel rays,
there may beeé§EHF° or &en éﬁrHFPrQQigb%tb?%ﬁnﬁ%ﬂﬁSFceﬁgnﬁPe?‘a

| ow- pressure nercury, . anp whose in.wave length c onent is.185 nm or 256
nm or g.?] exdPREr ?% ecronvmglé%s':rﬁﬁr{% Wave Efer?ﬁf’%é%%‘?‘fggﬁgﬂycf%sqa} At

silicon layer 3 with a predetermined thickness (for example,

1.5 pm), which is one c¢f semiconductor layers, is formed

on the front surface of the n-type silicon layer 1 so that
the structure shown in Fig. 7A 1s obtained. Hereupon, as
15 same as the case of Embodiment 4 (Embodimen:z 1), when the
electrically conductive substrate is & semiconductor
substrate, the polycrystalline silicon layer 3 may be
formed by means of the LPCVD process, the sputtering
process or the 1like. Meanwhile, when the electrically
20 conductive substrate is a substrate in which an
electrically conductive film is formed on a glass plate,
the polycrystalline silicon layer 3 may be formed by means

of the process similar to those of Embodiment 4.
After the non-doped polycrystalline silicon layer 3

23 has been formed, as same as the case of Embodiment 4, a



15 Tinme for applying the ul ~raviolet rays may be conveniently set to a
value in a range of a fewmnutes to a few hours. After the strong field
drift layer 6 has been formed, an electrically conductive thin files 7 is
formed on the strong field drif t layer 6, for exanple, by nﬁﬁgslﬂg t he 2C
vapor deposition process. Taus, there is_obtained such a f_el 202
em ssion-type el ectron source 10 having4?he structure sho~min Fig. 7D.
He=eupon, al though Lhe electrically conductive thin film7 is formed by
" means of the vapor deposition process in ~z:inodinent 6, the nethod of
formng 2S t ectri ctive.thin,,fi_m7 need pot b 59 Q19.
MAR 2A02 res?’r%lrgk’éd é%ﬁf&ﬁlﬁ’\egg%?yedeps&glfpgn Jb?’ eé:eséi. r g?(%% e,byt he
sputter proc ; d. he fap t a ri r +xzet hod
S33eOBYi P YAE ar@éiEApo)Y\PcYatLoH %;earNng_@H[i 0?42# Dihge R

di scl osed in"the Japanese Patent plication 2723 r No. 105
272342, the slekQBgutd ekHofhr Tht Figyert® is foq,rﬁg@ge@y O)ﬁlci'h%hailﬂ thg porous

polycrys=alline sil_con layer 4 by neans of the RTO process. "In this case,

because the tigWpgEatyrer ofight Gpfpl@8ai 6 ERAPBEBd M@YK 1 i e 11888- 900 C),
it my be obliged to use a substrate in which an 10 electrica_l|y conductive

film issproviaged Gn aad eHRenAirtengUAhdigy asbe BonstIWZQGiriskalthkne
silicon substrate, as tre electrically conductive substrate. Accordingly,

because it i anbastroxidatiba ppbasge irhechar aacdic theickeshr teédtimeneonducti ve
substrate, there may occur, for 15 exanple, such a disadvantage that it is
difficult toiacEmbudimerdi spl dyrdsavimay bel angeenianédy Ehanded cbhitingry, in
the mufacturing nethod of the fic_d e~:ission-type el ectron source

accordi ng totBsboelaness 6(FdecgdsePrite Foeousiyrenycrgensdltlyi meaysi becon | ayer
4 is 20 oxidized ir_ .he gas atnosphere containing at |east one of oxygen
and ozone whidhéngpPildi ng ultraviolet rays thereto during the oxidation step
of the silicon layer 9, the electron,emtting efficiency (efficiency of

emttinglel ectrondites FRE sBROMHF cBRPRT O8N RAS-FIse FRIEMGEeEf 3B°f or ni ng
the strong f%%tg %LLE&Céa¥§§epyogx¥géZgggo&erolycrystalline silicon
laver 4 is oxidized using an oxidant sclution. Further,
the layer 4 is oxidized by means of the RTO process so Lhal
a strong field drift layer 6 is formed. . Thus, the
15 structure shown in Fig. 7C is c¢btained. In short, in
Embodiment 5, hydrogen atoms, which terminate silicon -atoms
in the porous wvolycrystalline silicor layer 41 formed by
means of the anodic oxidation treatment, are substituted
with oxygen atoms by the oxidation solution. Hereupon, as
20 the oxidant solution, any one or a mixture of plural ones
selected in a group of cxidants composed of nitric acid
(HNO,), sulfuric acid (H,50,), hydrochloric acid (HCl} and
hydrogen peroxide (H;0,) may be used.

After the strong field drift layer 6 has been formed,

25 an electrically conductive thin film 7, which is composed



19 MAR 2002 60 porous polycrystalline silicon |ayer 4 by means of she RTO
process. Flere:upon, the electron emtting efficiency is the val ue obtained
by the formula of (le/lps) X 100 on the basis of the diode current |ps and
the emtted electron current 5 le. It my be considered that the r %ﬁﬂ why
tre electron emtting efficiency is higq as descri bed above, i 185

matter that when the ultraviolet rays afd applied in the ozone atnsphere,
for exanple, silicon bonds in the uppernost surface of the fine crystal
silicon layer 63 10 shown in Fig. I10OB are cut by the ultraviolet rays and

Si - U bond | Ve, hat th tip, of t f f

Che 1ine oryStal SRR agblbagts (R S 08 SRBRY | S Bhofarktat oms. 65
That is, it h i.deal i n_F OA. ), _iS_.i d.

ter oupon, | “T0F < 01 hur SRUERS. (e CRAS, 19on 0t IR haderdsifiBhot cd by

appLyi ng. ! ne pibkeay! Ol Shul Aenerthus AGCARLNGLER Loy gRIULRELCLNY et hod

of Enbodi nmen cause the porous polycrystalline Si ayer 4 is

oxi di zed in thgeJafe A HS RBALE: COMBIVINAItRE 20nIRASE ﬁﬁ'@m?ficipﬂ er. and
ozone while applying ultraviolet rays thereto during the oxidation step o,
the siliscn l7ayerudreddon, ebret trytraekbt NGRS blebeda1lg tahdadivEurt her,
because tre strong field drift layer 6 is formed by oxidizing the porous
pol ycryst al | ithénsEilimoh hegternot 2o wieshoittdeaid rg pakeitayer vhlukhe strong
field drift |ayer 61 ~.s ~~ . ~Z0O0z may be forned at a ~ower tenperature
i n conpari soitwrah bdearcasiesdtabbe nvalget iE shlpngl datebds drwHitch ager by
oxi di zi ng the porous polycrystalline silicon |ayer by neans of the RTO
process (in hssedatbroigh nuze Hlerdignt Bikldp drd £80Qalyer 6, can pass

through the film 7. kurther, although the electrically

10 conductive thin film 7 is formed by means of the vapor
deposition process in Embodiment 5, the method of forming
the electrically conductive thin film 7 need not be
restricted to the vapor deposition process. For exanple,
the sputter process may ke used.

15 Thus, in the above-mentioned manufacturing method, the
RTO process is performed to the very surface layer of the
porous polycrystalline silicon layer 4 formed by means of
the anodic oxidation treatment after the oxidation process
using the oxidant solution, thkereby the hydrogen cortent in

20 the strong field drift layer 6 becomes smaller so that a
minute oxide film having a Si0, structure or a structure
nearer to the Si0, structure. In consequence, the field
cmission~type electrcn source, in which the time-dependent
change of the electron emitting efficiency is less and

25 further the breakdown voltage is higher, may be obtained.



5 900 C). rheYefore, because the process tenperature is |ower, restriction
for :materials of the electrically conduct _ve substrate becones | ess so
that enlarging area and | oweri ng manufacturing cost of the el ectron source
may be easily achieved. 10 (Enbodi nent 7) Hereinafte_, Enbodi HH ﬁ %& t he
present invention will be described. Howyever, because the fund! 12002
construction and the manufacturing process of the field em ssion-type

el ectron source according to Enbodinent 7 are 15 nearly as sanme as these of
" E~rbodinent 6 except that its oxidation step of the porous polycrystalline
silicon layer 4 igofddedtent fehemsikal ehifsladicyBot eBectASH efQRe as to
the constructive elenents and the manufacturing step corresponding to those
in Embodi ment106, flehefdchrd@ des€edpdirgn abeut then wbblebfest iBNeldf i ed or
omtted. Thus, differences to Enbodinment 6 will be mainly described. Ici
Enbodi ment 7 mahofadeurdxigdatdtandst ap afamexiadi 2ihag flikedpenoysifeltypeys~al | ine
silicor. layer 4, the porous polycrystalline silicon |ayer 4 is oxidized by
exposi ng t he e2bcteayrersdhrce pd essrwriding gaEmtodbREiters easttidningaat | east

s 2 1~ g I~ 200Z one of oxyger_ and ozone (nmain oxidation step). Hereupon,
the pl asha mbg Iséaptvdesithed,obecranpl éfs uslexfmnhiegh ttimguermeraly ?3. S6
MHz. When high frequency of 13.56 MHz is used, RF power may be set to, for
exanpl e, sev&pal a epwabledd qependesgyr 1o hibhelr ddgred WL Macuhwr, anfdt ae for
exposi ng thefporous polycrystalline silicon |ayer 4 to plasma may be
conveni ent | y I8&thed 2 vREERiIRG (HEEnEBARRN ofisselet alcaksgdt ekhem é%ﬁer al
hours. Hereupon, Elasna may be Eroduced by causing electric discharge in

the above- meftFEREPYadTfo SHEpher e. Ly hi LB, PP maFCbe@pr oducea
manat act ur i PERLE ORGP EABBAERERE HolhsA S e BLL e S BAF8BA mer t 6
convent fonal “SAsi 4t oFhtEy “RRE OIS & o il T Payar BOLHalE of the
el 0 om soi SacESHRN T aRREERe B a30] AR o S e T ur ther
the manufact wirbgacddn @f shbEaSOWLQ [1AKsPE LaSIdY £20 Lover el the

(Etrbodi nent 8) Hereinafter, Enboditcent 8 of the present 1 nvention will be

descri bed. Hawe¥eficdAGALSRAEAE veuBIBE it al TREFSEIAS iRk ikl
manuf acturing process of the field 25 etrission-type el ectron source

accordi ng t o ehtipoLbrn-agipet e8eatfon Ssurdcd) Mts ¢1@OErHeashM tdngSareaas those
of Enbodi ment 6 except Lhat its oxidation step of the porous

pol ycryss al | icas B¢ | exlardedyand4its midiffecenting aosthabr obe Bdwadiedent 6.
Therefore, as to the constructive el enents and the manufactaring step 5
corr espondi ngnt condrasiesonnw i dhienSptin@t - thateaieledtxbedecr i pti cn about them
will be sinplified or omtted. Thus, differences .o Enbodinment 6 will be
mai nly descri(Bsgmple nbodi ment 8, in the oxidation step of oxidizing the
porous polycrystalline silicon | ayer 4, the porous 10 polycrystalline
silicon |ayer 4 iBenpingféed bids Hatamumdet He there will be described a

field emission-type electron source 10 manufactured under

29 the following condilions, by means of the manufacturing
method according to Embodiment 5.

In Example 1, as the n-type siliccn substrate J; there

was used a (100) type silicon substrate, in which the

electrical resistivity was 0.01-0.02 Qcm and the thickress

25 was 525 um, The polycrystalline silicon layer 3 (see Fig.



| ayer 4 in a gas atnosphere containing at | east ozone (main oxidation
step). Hereupon, the tenperature and tine of the heating arocess may be
conveniently set to a value in the range cf 100 to 600 C and a valr,e in
the range of several 15 mnutes to several hours, respectively dﬁiﬁ;ﬁﬁ?’
the tenperature of the heating process Ry be hi gher than 600‘@:- ,

it is preferable to set tl:e tenperature™ o a convenient value in the range
of 100 to 600 Cin view of lowering restriction for materials of the
“electrically 20 conductive substrate (for exanple, in order to use a

substrate in pi ¢laaRohaFtdy GABLY SENNCLIRED! LIS PY OxT gRE Ay an ol ass

pl ate whose price I's nore inexpensive an tt:a a quartz glass plate,

as tre el ect rf&ﬁlihﬁogggggggj thgugéﬁ%e)OEZQg;grE%gi «BsCosdli By ta,lhe

: manuf act uring net 64 ~i 'L, bodi ment 8, as same as the
case of EmbodidipRtaurd M RIRCLLBB:AIHd LiaRY 68b1 461 GRGY tﬂ‘ény@u ed in
conpari son with the conventional case ~f formng the strong fie drift

| ayer by nmeanst @¢hethendSiOafé ofes was Fe0d ieem. as sane 5 as the case of

Enbodi ment 6, the area of the field em ssion-type electron source 10 may be
easily e#Bl arged and thet heodideoximatifiant tréatpenost thérd heassougede amy be
easily | owered. (Enbodinent 9) 10 Hereinafter, Enbodi nent 9 of the present
=nvonti on w ldlepérdbgioy dredvhildbwhyeérogdrecuseiddeaduassdanenlat ionorst ruct i on
and the manufac~uring process ef the field em ssion-type e-ectron source
accordi ng t o Enboh r andnetGannle wene |yixsl stogetasrt hosahef W@ibiodiafent 6
except that its 15 oxidation step of the porous polycrystalline silicon

| ayer 4 is di'fRét¥nt:tr omIithdireofarppedicnedition Twepsrente, GEWt ®hehe
constructive el ements and the manufacturing step corresponding to those in
Enbodi ment 6,7$9ePR' C&d d@scm™pt iBAmabeEit %enFaﬁ’llsb”éfasqerrpquiéd‘eor

omtted., .Thus, .20 difFer.ences |0 E~~bgaicnenf 6 w]|l be mainly descri bed.
I'n EnbodPnentPYCrRS e 1881 d bt egaﬁ?r oxI'di FPRAee del&IJ‘s the

I talli il I 4,. the_ I Il [ I 4
s oxi thzed 9 SBEPG WFHFLR: Bt SFASE CBoTe Phyarce SifFREatiRg the
I 4 25 ' ' ' , t t ' 65
19V M t 2002 TP LERE DRt Ry BPoceR ey IER el BIREERTIBRL PRty T e T

tre range of J100 £3,68Q0.FANWR VALkUS rhlride frﬁngﬁee%e%%f lo, Mgt es to

several hours, respectively. Hereupon, altholLg tenperdature of the

heating procegen™®y beegetdr@ligbql RARrERP Wwas! makg PFIRLEEHERehO 3ot the
tenperature to a convenient value in the range of 100 to 600 C due to the

sane reason 3§ athatm ofelc@bostiidrerhds. tHdUn~t@6€0rdinEod O substA@Uf act uring
net hod of Enbodi nent 9, as sane as the case of Enbodi ment 6, the 10

el ectron em tf{ohhg:ef blecerdde My he satised mAnAOr Wakaisothav phatinem
conventional case of formng the strong field
electrode became a negative electrode and the substrate 1
became a positive electrode, while applying light with
constant 1light power (intensity) to the polycrystalline
20 silicon layer 3 using a tungsten lamp of 500 W. Hereupon,
the current density was th constant value of 30 rmA/cm?, and
the time of anodic oxidation process was 10 seconds.
As the oxidant solution, nitric acid (its concentration

beiny 70%) heated up to 115 °C was used. By the way, if the

25 oxidant solution is heated, the rate of cxidation is raised



drift layer by nmeans ~f the RTO process. Further, as sane as the case of
Enbodi nent 6, the area of the field em ssion-type el ectron sou=ce 10 nay be
easily enlarged and 15 further the mar_ufactur_ng cost oL the source nay be
easily | owered. (Enbodi nent 10) Fbreinafter, Enbodi ment 10 of gg?u&i%ﬂﬁnt
invention wll be described. However, g ause the fundanent al -
construction and the manufacturing procéss of the field emssior_-type

el ec~ron source according to Enbodi nent 10 are nearly as sanme as those of
Enbodinent 6 except that its oxidation step of tre porous polycrystalline

si | icon ' averodeh s, didd Sreplod raet Bat (oL Sadiopniof, Thersfprgy as to 2-

the c:~nst=uctive el e and e nanu ng step

correspondi ng.{ @ {1054 Ehiddie 6, detalled descrlptlon about themw ||
be S|an|f|edcor 5ﬁfttgdgéThus gﬁi&%ferences to Enbodinment 6 will be mainly

described. I n Enbgdi mepd IQTOIanB@eggld§5f0n0§i&¥kfﬁ oxlpdi zing St he

porous polycrystalline silicon l'ayer 4, the porous polycrysta Ine silicon

layer 4 is Oisbﬂj(éﬂ%_lﬂlﬁd%”é’illﬂgoﬂ'h{y%\ﬁ @l ethd BPwt PaidBfl BYETox el @ gas
at nosphere containing at | east one of oxygen and ozone and heatiing =he

layer 4 4 mai ga@xydaticd setrp) thé"e&ﬁ‘élﬁQ'ﬂngtﬂﬁnﬁe‘%HP@f@tv&érﬂe obf &ndhyme of the
heating process may be conveniently set o a value in the range of 100 to

600 C and a thbuexidiziihg t iungevasf Isavaral Tod rdlieesr{crligVveondiudtaues,
respPCai vel y. Hereupon, although the tenperature of the heating process may
be hi gher th&hin6fDInC 7| tthis goéfefabhe7t ovasetfdraed 1By t meamerceft the to a
convenient value ir_ the range of 100 to 60C C due t~ the sane reason as

t hat of Enbo¥epentdeposthicn rxocessli ridret hiknansnef f the Filngbeigohdl of

Enbodi nrent 10, as sanme as the case oL Er.~bodi nent 6, the
nm.

10 The field emissicn-type electron source 10 was
introduced into a wvacuum chamber (not shown), &and then a
collector electrode 21 (clectrode for collecting emitted
electrons) was disposed al a position facing to the
electrically conductive thin £ilm 7 as shown in Fig. B8,

15 Then, the degree of vacuum in the vacuum chamber was set to
5 X 10° Pa, DC voltage Vps was applied between the
electrically conductive thin film 7 (anode} and the ohmic
electrode 2 (cathode), and further DC voltage Vc of 100 V
was applied between the collector electrode 21 and the

20 electrically conductive thin film 7. Thus, there were
measured diode current Ips flowing between the electrically
conductive Lhin film 7 and the ohmic electrode 2, and
emitted clectron current Ie flowing between the collecter
electrode 21 and the electrically conductive Lhin film 7 due

25 to electrons ¢ cmitted from the field emission-type



el ectron. emtting efficiency my be raised in conparison. 20 with the
conventional case of formng the strong field drift |ayer by neans of the
RTO process. Further, as sanme as the case of Enbodinent 6, the area of the
field em ssion-type el ectron source 10 nay be easily enlarged ggd%quuher
the manufacturing cost of the source may,pe easily 25 | owered. ~9

LI AR (E~al oodinent 11 ) hereinafter, Enbodi nent 11 of the present invention
wi |l be described. The fundanental construction and the manufacturing

" process of the field em ssion-type electron 5 source ac:cordir~g to

Enbodi ment  1lepe@ rBRa&bvrcds 19aRRr@&SgH NORe Qb Ea019 Séndudiedbmepis 6 to
10. However, the manufacturing nethod is characterized i:~ that it includes

a suppl enent afilexi7dgrhendssep Afinexidi Piqlg & BRORST Bk RIIr¥at Y6t afid ne
silicon layer 4 by neans of the rapid | U heating process perforned before
and/ or after édicctedi elextirdasion step in any one of Enbodinments 6 to 10.

Her eupon, the suppl enental oxidation step by the rapid he~ti.ng process,

ir. which for exanpkhe 2 staws adhaexdsuig efpthameasusenssad, I8 Pegfarnmed in a
dry oxygen at nosphere by setting 15 the tenperature and tine of the

oxi dati o pr ogesshepl BOTad0RxAsansh @G 1tife nbAutved fagesyest i \ealdy . tlkhus,
according to the manufacturing nmethod of Enbodi nent 11, the electron
emtting effitedieplndylpesiansh ther eurrenfedensetnus Funtdert i &i eftg.oxi dati on
in the oxidation process, which is 20 caused in the conventional oxidation
process, is stppitenparks. O Eboand® 18) show the diode current Ips

and the emitted electror current 1Te in Example 1,
respectively,.

10 Moreover, in Fig. 9, as an example for comparison,
there is also shown the result obtained by performing a
measurement similar to the above-mentioned measurement as
to a field emlssicn-type electron source, which was
manufactured under the same conditions as those of Example

15 1 except omitting tke oxidation usirg the oxidant solution
belore the RTQ process. 1In Fig. 9, the marks O (@) and W

(@) show the diode current Ips and the emitted electron
current Ie in the example for comparison, respectively.

As appareat from Fig. 9, when Example 1 is compared

20 with the example Zor comparison, the diode current IQ; of

Example 1 is lower than that of the exampie for comparison,

although the emitted electron currents Ie of the both are

rearly same. Because the electroen emitting efficiency is

cxvressed by the ratio of the emitted electron currert Ie

25 to the diode current 1Ips, that is Ie/Ips, it may be



Herei nafter, Enbodi ment 12 of the p=esent inve:~tion wlll be described. The
fundanental constructior. and the 25 manufacturing process of the field

em ssion-type el ectron 68 19 MAR 2002 source according to Enbodi ment 12
are nearly as sane as those of any one of Enbodine:~ts 6 to i%E#QQMQMfr’
the manufacturing nmethod is characaerizgg in that it include h

suppl enent al oxi dation seep of oxidizing the porous 5 polycrystalline
silicon layer 4 using acid performed before and/or after the main oxidation
step (or the supplenental oxidation step in Enbodinent 11) in any one of
Enbodi ment s Gurderdflood’hghat Sthé nellBet i@ ubalt timighde fFi*d A8y a@E0rtHeng tC
enbodi nent 12, the strong field drift layer Eis formed, 10 fcr exanple, by
perform ng arfieddeenfsdiva-tobé oaligrgirbaasamrtes 1013e¢dfiirigo t & hEpmipdes
golycrystalline siliconlayer 4. Inthe follow ngtreatnents, CA] denotes

~. hesuppl etrént & doiigtati drast ephadi ngfading, €©Mmpdenofes theparisanxi dati on
step, andC H ] denctes the supplenental 15 oxi dati on stepby neans of the

rapi d heati ndustheessa (dieleghric' breakdqwm oceNs - at €Apeigt )fHatiPC- -~ CM (
4 )CM5 -> CHI2 0 ( 5 )CAl --~CM --~CH( 6 )CH -~ CM --~CAJ( ~ )CA7 -->
CH) --~C8, 7aVPdtpae~-Ves 1s-2RrY on) Ehe exappde SooHrepgbpibyan] whileH - ~CA7
ss 11 J Iw- 2002 Hereupon, the supplenental oxidation step using acid may

be performed ¥§fng £ CLELS nar%%w& 851 3O8s QY Lt dfk BXFPERe Lanodi ¢

oxi dation treatnmenf in Enbodi ngnt 6 may be used faor thi ur pos

cont ai ni ng a&i'§” fgrb(ng Iagﬁngpﬁl\k? ﬁ%ﬁ@g,u% th 2P a%gttﬁ% 9‘? ke) b
g q y

letting flcw term.ned current between.t.h | at | nu.,~n el rode (not

Brown) and tk‘l%efgl[(%f/ple Vs(?nj}tlrl 6n-su ’s‘?‘P%fee ]1 J(Soﬁlr%’lg(?:‘egl ggc’:%l} ot e°r}2)°f$(ri1:th§uch a

manner the plgt.psLeg.ele cts as the negative el ectrode and the

substrate 1 5%%?932 t he pg ???%gﬁlo el ectrode. Hereupon, it may be

consi defgd t hatahed sp)t he porous polycrystalline si?icon |ayer 4 is
oxi di zed using, for

Hereinafter, as Example 2, there will be described a
fileld emission-type electron source 10 manufactured under
the following condition.

In Example 2, as the n-type silicon substrate 1, there

15 was used a (100} type silicon substrate, 3in which the
electrical resistivity was 0.01-0.02 Qcm and the thickness
was 525 pm. The polycrystalline silicon layer 3 (see Fig.
7A) was formed by means of the LPCVD process. In the film
forming prccess, the degree of vacutm was 20 Pa, the

20 température of the substrate was 640 °C, ard the flow rate
of the monosilane gas was 600 sccm.

In the anodic oxidation treatment, there was used an
electrolyte in which hydrogen fluoride aqueous solution of
55 wt% and ethanol were mixed together in the ratio of

25 nearly 1:1, In the anodic oxidation treatment, only one



exanple, dilute nitric acid (for exanple, dil~:te nitric acid of 10~)
before the mair__ oxidation step, there occur 15 such reactions as shown by
the reaction formulas 1 and 2 descri bed above (Enbodi nent 1?. Meanwhile, it
may be considered that when the porous polycrystalline silicon [ayer 4 is
oxi di zed using dilute sulfuric acid (forggexanple, dilute sul 4.9 iMARa20021 Of
10~) before t:~e nmain oxidation step, 20 there occur such reactions as
shown by the reaction fornulas 3 and 4 descri bed above (Enbodi nent 2).

" Thus, according to the manufacturing nmethod of Enbodi nent 12, insufficient
oxi dation in fdddgoRX' oBatilgn RmMOCRESme¥EE Chihs ereISeduifhdehe qronvapt i onal

oxi da~i on 25 process, is supplenented so that the electron em =Ti ng ~0 19
MAR 2002 ef f igylgBeystaayihe msghisdn e Laysed. 3( Eabeeidmat 13)tnhHer-gienaf t er,
Enbodi ment 13 of the present invention will be described. The fundanen-~al
constructi on erdttdbryte, rewhuiflact tiid ngthencessiai bhbe thieel shraicesiveiz-t ype

el ectron source according to Ez~bodi nen*~ 13 are zzearly as sane as those
of any one ofsdeibddseoreas 1ol tto Z@ntaubweniéh, thdeleabodhdteur i Fgrihedrhod i 5
characterized in that it includes a pre oxidation step of oxid~zing the
porous pél ycrayplatipne eDestrdddeowasayiemedsadiity theOdldanrosyeut izod bef or e
the main oxidation step in any one of Enbodinents 6 to IU. That is, the
strong fiel d depf t2 | ayedeBad nedr @@ rppt peps omedag fiew redtivesri ddie on step
after the very surface |ayer of ',-.he porous polycrystalline 511licon |ayer
4 has been oRdtiem PICrRredre @RfAu BRE umi-RYPeretHedceR cAuEBRERED dach of

Ersbodi znents, 5 to | because the m xture solution, in which hydrogen
fluoride aque@?‘gméﬁl GLPOF AR Dt hEhoFUSH e2nifRBHeE ot hekh® ET%I s the

AR R R T TS S

OB BARREETRE, BORRECAL YELY Il 08 R, MGt e

of time. In constant light power (intensity) to the polycrystalline

silicon layer 3 using a tungsten lamp of 500 W. Hereupon,
the current density was th constant value of 30 mA/cm?, and
the time of anodic oxidation process was 10 seconds.

15 After the porous polycrystalline silicon layer 4 had
been fcrmed, the layer 4 was electrochemically oxidized with
the constant current of 1 mA/cw’ in 1 molar wt% of sulfuric
acid solution of 70 T in such a manner that the platinum
electrode kecame a negative electrode and the n-type silicon

20 substrate : (electrically conductive substrate] became a
positive electrode. Then the porous polycrystallire silicon
layer 4 was wasked using water &and further dried up.
Moreover, on the oxidized porous polycrystallire silicon

layer 4, there was formed an electrically conductive thin

25 film 7 (surface electrode) composed of gold (ARu} having a



consequence, it is feared that the stability of the 25 electron emtting
efficiezic;y with tine passing nmay 71 119 MAR 2002 deteriorated. On the
contrary, in the manufacturing nmethod according to Enbodi nent 13, the
hydrogen atons term nating the silicon atons in the porous polyiryﬁgglline
silicon layer 4, S which has been fornegoby the anodic oxidati ohd t2%nt
are substituted with oxygen atons by th&~oxidant sol ution. Hereupon, as the
oxi dan~ solution, there :nay be used any one or a m xture of plural ones

" seected in a group of oxidants conposed of nitric acid, sulfuric acid, 10
hydrochloriﬁ a&%? and hﬁgro e: ~ peroxi de aqueous solution. Thus, in the
manuf act uri 5‘ ?ﬁiquc rdifhg to Eiubodi nent 13, the nmain oxidation step

£ PO T 1Bl kST SUELBEC ok L kB BRI PO VAL
orLL 0 UoL00 40 RN sSELI Ay SOBBERRE S DS SDR0eR.Ca e 1
10, S SOLBR, RSP LD SRURCey (AMERSPRRIaN Ry Sl ol et or
190! o MBS0 G5 T S0 aTEGRRY Sl SnR S o
O R e N A
72,15, V2 2008 ed W UL, DSk SRt 1, YRS B mplngnl Vit o e
", BrOCeESL LRI 00 500 ShE (FEBIT) )t ISELIE il 35 Beaml o
oAU T AL SR A oy A of Che mnutacturi

substrate 1, thege 10 used (1 type, si.licqn substrate, .in which the
el ect rll%cal resi stIYi‘t yéA@%éo"@%l %‘3 il ndg‘?hdedsctlf}f‘c: ﬁ@g@e s°§2§°§efn The
polycrystal Line silicon |ayer %%g Fig.. 7A) _was formed by neans _af the
PPGUD br oce SRR G E 1194 PoF FriTer or obBeey F e CREGTERT of WRRA Rhs 20 Pa,
the 15 tenperature of thg substyrat s 640 C,_and,the flow.rate of the
nonosi | ane 8; Y% s%éen. elflhttt%cg %ﬁ%%%rconoxcfucfgte%h tr'lrehaetrﬁgﬁg?’ t ﬁgre was
used an elegctrolyte in ich _hydrogen f|upride aqueogus s tion,of,55 wt~
and et hanol Efﬂ%lfee &Bxéjdset\ggg%t ﬁ@%sﬁﬁg‘f%es?}gﬁi §50f? Zg?ﬁiﬁr Pyei®. wIhliicPhe

anodi ¢_oxi d%%‘gpretcsre ctn gt ’t[rteg%ﬁ ura}‘tac ov(r)ﬁfr tigeem (%:la)E%rﬁéSE)e}:lglciegg Sifalriprcon

| ayer 3 was e confact wth't electrolyte: ~rther, preteterm : ~ed
Cu-rent. was { ow, en _the. pl atinum el egt rode 'Hﬂprse [0t

el ect :itdr’l yt ed‘z%%ﬁn{éne F\Pg-%]\g §° F%J(‘)?A acts\}ﬁ%st rgi%cc%o?lohh%‘l ¢ 55 g’f\éésgt rgge 2) in
such a nannggn&gggtdgg%_platinun1e|ectrode

Hereupon, the processing condition such as kind of the
acid, current density or the like need not be restricted to
the above-—:nentloned condition.

20 (Example 3)

Hereinafter, as Example 3, there will be described a
field emission-type electron source 10 manufactured under
the following conditions.

In Example 3, as the n-type silicon substrate 1, there

25 was used a (100) type silicon substrate, in which the



73 19 MAR 2002 becane a negative el ectrode and the substrate 1 becane a
positive el ectrode. Hereupon, the current density was the constant val ue of
30 nR/cm, and the tine of the anodic oxidation process was 10 seconds. 5
In the pre oxidation step, as the oxidant solution, there was used a

m xture solution in whirr Sulfuric acid.and hydrogen peroxi de 3QumMaRS2002
solution are m xed together. Tzen, a samnple, ir. which a porous o
polycrystalline sil _con layer 4 was fornmed, was inmersed in the oxidant
solution for 30 10 mnutes. Alter the pre oxidation step, a supplenental

i dati fo= . h I i,dali oi.i. h
oamre s ceRt I eRE FER R vAEY b £ T Ram SCEEE CHhARERe of 1

I i ght t,. b ~t ] : t f_20 mA/cn¥
botmeen t he. BFSITn 1B Y, 1S il A8 SORRIAMAFHE ' Elkser £8R 171 0 i
el ectrode 21 AN e romda By I4dals bBALNENExUALBUILE] ot age begame the

negative el ectrode and the substrate 1 becane the positive electrode.

Further) thersaiiiee pescasashechdishpgra@t o, w0 Gdenqdrigd upye Then, the
mai n oxi dation s~ep was perfornmed. [n the main oxidation step, ultraviolet

rays, whpse pEigbreRvesesgtiite aidst8ataMAN k5 4c "Mindvee 3Bk ¢ded 0 the
mai n surface of the sanple (subs~rate; lu a gas atnosphere contal ning

oxygen and ogbreronhbhes heaki ggs twas €a0péecmup to 25 500 C. Tine of the main
oxi dation process was 1 hour.
In the anodic oxidation treatment, ‘here was used an
electrolyte in which hydrogen fluoride aqueous solution of
55 wt% and ethanol were mixed together in the ratio of
1¢C nearly 1:1. In the anodic oxidation treatment, only one
region of 10 mm diameter In the surface of the
polycrystalline silicon layer 3 contacted with the
electrolyte, while the other region of the surface was
sealed so as not to contact with the electrolyte. Further,
15 a platinum electrode was immersed in the electrolyte, and
then a predetermined current was mnade £flow between the
platinum electrode and the n-type silicon substrate 1
(ohhmic electrode 2) in such a manner that the plactirum
electrode became a negative electrode and the substrate 1
20 became a positive electrode, while applying light with
constant 1light power (intensity) to the polycrystalline
si.icon layer 3 using a tungsten lamp of 500 W. Hereupon,
~he current density was th constant value of 30 mA/cm?, and

the time c¢f anodic oxidation process was 10 seconds.

25 After the porous polycrystalline silicon layer 4 had



74 19 MAft Z002 The electrically conductive thin fihr 7 was fornmed by
patterning a thin gold filmusing a photo |ithograp'~y techniaue, an
etching technique or the like, the gold filmbeing deposited on the whole
surface of the strong Eield 5 drift |ayer 6 by rears of the vapor
deposition process. Here:~pon, Ire thicggess of the electricallyﬂébﬁﬁgcgp%e
thin film? was 10 nm The field em ssiOn-type electron source 10, which
had been manutact~tred as descri bed above, was introduced into a 10 vacuum
chanber (not shown), and tzen a collector electrode 21 (el ectrode for

c~ol l ect _ng it I j bt Tl Is t he
electricalIyS%?%é%?%f?026%%?ﬁﬁ%frﬁﬁggggﬁgﬁgaﬁﬁ%ﬁgﬁgggj%kl?+ﬂ%%?h?ﬁe dsg=ee

of vacuum ir tht heeAGUUMGRAREE FWBE meiemt Ard 1Xmd Psr W2 oﬁnguffhﬁ@ DC
voltage Vc 15 of 100 V was applied beiweeti the collector e ectroae 21 and

the electr’ _galqyseaiduat b¥ezshid §h! Gudn f%ﬁéﬁhl%lr, thBE" Bndves FadTRARYT ed

di ode current Ips flow ng between the electrically conductive thin film?7
and the ohni eletefideoBecine antegative@dlebeeddeoBnaUERem-thpe fdiMicoRg t he
coll ec~or 20 electrode 21 a!'~d the electrica=ly conductive thin film7 due
to el ect% onssebsterdtiet el Qaladind chil byn tdbadbdtelve esilstirabe) ypecatkechr on

sou. =ce 10 through the electrically condsctive thin film?7, wh e
variously changitiyeDEloottcaipe Visempible pdrowt wodpctyetadléune rsiddleby

co: ~ductive thin film7 (anode) and 25 the ohanic electrode 2 (cathode). In
consequence, laker e dnawas Woshed ~Rsingz wikedi nentl sfuhtheryoddiedsupt that the
eaitted electron current ie was 10 ~uA/ca~z. (Enbodi ment 19) ~lereinafter,
Enbodi ment 1ZubEhethe 2psEBBHmaN e L iR HOR L Fedfanegsskby | Beans migthel shows
ar. exanpl e of a_disghg using.,a field em ssion-type el ectron source 10

having a con$EPt(HE dP1ifakioR HROCRES 1Tt PEF IESSUFfethe dayRbviever, in

[Tt1 e M1 orBntors GPLRCERTEI FOUBRFLER ORERSATE- olfelt FOR s 5aFREO0 of

Enbodi ment 6, §AG! 8Ls ' NRs®! 57 TL&AL! YL RO T Mt M ehlEd LgsTormed in
750 C, and the oxidizing time was 1 hour.

Then, on the oxidized porous polycrystalline silicon
layer 4, there was formed an electrically conductive thin

15 film 7 (surface electrode} composed of gold (Au) having a
thickness of 10 rm.

Thus, the electron emitting efficiency cf the field
emission-type electron source 10 obtained as described above
was measured in such a manner that the electrically

20 conductive thin film 7 became a positive eiectrode and the
n-type silicon substrate 1 (ohmic electrode 2} became a
negative electrode. According to the measurement, when the
voltage Vps was 20 V, the emitted electron current was 10 p

m/cm’, The result is shown in Fig., 15,

25 Thus, although there was performed the only oxidation



striped shape. As shovmin Fig. 11, ;.he display Pl is provided with a

gl ass substrate 33 which is disposed so as to face the 15 electrically
conductive thin films 7 of the field enmi ssion type electron source 10.
Thus, on the surface of the glass substrate 33, which tac;es the field

em ssi on-type el ectron source 10, coIIeggor el ectrodes 31 of stqiyagd ape
are formed. Wrther, the disblay Pl is prfovided with a 20 fluorescent [ayer
32 which emts visible light due tc the e _ectron beans emtted fromthe

" e_ectrically conductive thin filns 7, the layer 32 being forr~ed~ so as to

cover the COLLephlelaCtuadass Al beRRUBEN o SRGE | B TEGhSLuERn tre

field em ssion-type electron source 10 and glass 2 rate 33 is in

a state of VagHyl. the proSeds FubNR 200 bAryNeadi $PkAYRE~ Sohiobnt he
electrically conductive thin filns 7 is formed in the striped shape, and

further eachpgbcddis €BbI&CILLELLEId RECE SdidsIonl 60 d1@EERshd Bt hge Stri ped
serape in such a manner that it extends ir. a direction perpendicular to
each of the ekfeidd cslldctreandustidéne t hineddfons, 7ifA¢REFdi 1@l ¥sedvhgn vol t age
(electrical field) is applied to one of the collector eler_trodes 31 and
one of the ekasiriatel | yhixindeqhiyes thei bef tiawed, at howelrecémmadat3dte and t he
film7 bei:~g conveniently ?0 sel ected respectively, electrons are emtted
only fromtf peoedssct ehyadésirednlietd waishion-tivbm ldarrohi sduncel hage i s
applied. Hereupon, ~tily electrons emtted fromthe regicn, which exists in
the e=ectricheinaradagtierede thir. film7 fromwhich the electrons are
emtted, corresponding to the 15 col]ector electrode 31, to which voltage
is applied, are J&FeMEPAt cthSsPrPKaEs tie copditiain$ughkes tiHa Phokkecent

| ayer 32 coverjng the collectqor electrode 32 emt light. That is, _in the
di splay Pl sRGWh iGF"PPGa-Ure of GBR-poifl, current density, the type of
10 the rapid thermal oxidation or the like need not be

restricted to the above-mentioned condition,
(Embodiment 6)
Hereinafter, Embodiment € of the present invention
will be described. However, because the fundamental
15 construction and the manufacturing process of the field
erission-type electron source according to Embcdiment 6 are
nearly as same as those of Embodiment 5, as to the
constructive eiements and the manufacturing step
corresponding to those in Embodiment 5, detailed
20 description about them will be simplified or omitted. Thus,
differences to Embodiment 5 will be mainly described.
Embodiment 6 will be described, referring to Figs. 6A-6B,
Figs. 7A-7D, Fig. 8 and Figs., 10A-10B.
As describe above, in the field emission-type electron

25 source 10 shown in Fig. 4, the strong field drift layer 6



in the fluorescent |ayer 32, which corresponds to the region 2G where the
electrically conductive thin film7 and .he collector electrode 31, to each
of which voltage i5 applied, cross together, can be nade emt |ight, by
applying voltage to a specific electrically conductive thin film7 a:~d a
specific collector electrode 31. Thus, ]Ié ges or letters 25 can b4 9 MAR 2002
di spl ayed on the screen of the display by ?? ,1 ~ MAR ~ 2~2
~conveniently changing the electrically conductive thin film? and the
collector electrode 31, to each of which voltage is applied. The

manuf act uri ngneRidied aef 1688: iR Qiﬁﬂiﬁ%rﬁ%'eﬁ?’rg@lﬁﬁs%ﬁli% $Quhesr 10 in
Enbodinent 14 is nearly as sane as that in Enbodi nent 6. However, the

manuf act uri ngraBtdosh i scehaiae! eviilzedn i Bxidat £ Afrsere2t R rakacbhi eakl y
conductive thin filnms 7 patterned in the predeterm ned shape (str~. ped

shape i n Enbegdif@ns 4) thavusheeystormth sibeecen igraiasesl paidorired 10 at
| east one of a treatnment which applies ultraviolet rays to the layer in a

gas at nospheegysiaitldnei 8gladon elasteraer 68 of manygertendopdanadstdrgcri bed in
Enbodi ment 6, a treatnment which exposes the layer to plasnma in a gas

at nospzer e cemdmg r theg polymasttadhinef sidjigen agwkimsonélas aielsckhded in 15
Enbodi nen~ 7, a treatnent which heats the |ayer in a gas atnosphere

cont ai ni ng osbhicas akdser fhéns i fd EFortichem t8e gurfacasn®@ft thiei Ehnappl i es
ultraviolet rays to the |ayer and heats the |ayer as described in

Enbodi ment 9criésierld inee sl hbern waxarsapeli &achl of athol Eilmeapd bgivke | ayer
inYa 20 gas at mgsphere, contaj ning at |east one of oxygen and ozone and
heats the | agBr i&§udasitg bEHIP nhpLERGdrmtickpess  spatlen cEbaRyi Bt o t he

manuf act uri ng, met hod, by performing th reatments descri be ve,

cont ami nat i ofi*tEFc %Egéni‘%?yﬁﬁ?ér i%‘élrﬁﬁﬁ'%dﬁéeotqen tHE p‘?%‘é%s"’gggn%ef ore the
treatljﬂ?nts gg nqg be regpved, as well as the porous polycrystalline ~S
1 9 MAIT 2003 *?1 &ﬁyﬁﬁyer'is oxi dized so that the electron emtting

efficiency may beJaised oirgiPelk:d NAEEEChELER! |y cendued | weeidin filns

ped shape may be torred, for exanple, "according to the
emission-type electron source 10 described above, it may be
considered that the surface of each of the grains is made
porous, while the crystal state is maintained in the

15 central portion of each of the grains. Therefore, the
electrical field, which is applied to the strong Zfield
drift layer 6, is mostly applied to the silicon oxide films
64. Thus, elcctrons injected to the layer 6 are
accelerated by the strong electrical field applied to the

20 silicon oxide films 64 so that the electrons drift among
the polycrystalline silicon grains 6L in thc direction of
the arrow A ir Fig. 4 toward the surface of the layer 6.
Accordingly, the electron emitting efficiency of the source
is improved.

25 Thus, the inventcrs of the present application have



3 follow ng process. That is, after an electrically conductive thin film7
has been forned o!~ the whole surface of the strong field drift |layer 6, a
photo resist layer is applied and formed on the electrically conductive
thin film7. Then, the photo resist layer is patterned by neans of .0 the
photo |ithography techni que. Next) the glectrically conductive {Eiﬂ“jiﬁﬂp 7
is etched using the photo resist |ayer 2 a mask, and then the phot o resi st
| ayer is renoved. Hereupon, the electrically conductive thin filnms 7 of
striped shape may be directly formed o~ the strong field 15 drift |ayer 6

by neans of_the vappr ,deposition process, nr the like using.a jjetal mask
havi ng an a%%?ﬁﬂ?%ﬁgé?Fb&HiE?wfﬂ% YIS P Sh AFEOTHLN S TP éﬁ?o MERESi s shown
an exanple of a display.using a ti.eld em ssiqn-type el ectron source 10
whi che 1S 508 pEByE RodnaNi g 0 hBer SidOn SRAGR SNLBFoBEri caPRL L8nductive
film212 is forned on a gl ass Elate 11 as shown . in Fig. fiB. As s?.own i n
Fig. 12, inthelRiefiory P2, LAR BReIRNtelRRAIGAL 19D Fan3idgrss daibbhe the
field enission-tyge ég el ec rog sqyrce 10 m@hLe form ng a_space 41
t her ebet weeBole 73UEEAGRR 2H03N8nd1Rgr (HEStELLLNGr 84LEAPT gla¥erSuBdtrat e 43
i s disposed OQB$2§ surface, of tk:e anode elegérode 42 so,as _to contact with
the el &ctr o4 &1 GOVEERY nRY  OXKIeR patem51 107 s28nEheRdiBy FAdshdPPer gl ass
44. Her eupo t space 4~ is_nearly in the 5 state p' K vacyum H greover,
Spacor s ab et Fhs R Tates ottt 106 GUGHRIONGe Dot AT HRYSEPehY
M ssi on- I ron r .. 0 h I r 42, T fiel
:nizz:gn tylgvg gggnocoigfeggiy gxiggggé,ewﬁfﬂgetﬁéeg&r §§§g of t g leld
fine crystal silicon layers 63 would not be wholly covered
by the oxygen atoms 65 as shown in Fig. 10B when the
10 oxidation has been performed by the RTO process (namely,
the fine crystal .silicon layers 63 would be insufficiently
covered by the oxygen atoms 65). Thus, the inventors have
verformed the inventions according to Embodiments 6 to 14
on the basis of the above-mentioned consideration. In
15 Embodiment 6, as the electrically conductive substrate,
there is used a monocrystalline n-type silicon substrate 1
whose electrical resistivity is comparatively near to that

cZ an electrical conductor (for example, (100) type of
silicon substrate  whose electrical resistivity is

20 approximately 0.1 Qcm).
In the field emission-type electron source 10 shown in
Fig. 6A according to Fmbodiment 6, also, electrons injected
from the n-type silicon substrate 1, which is an
e_ectrically conductive substrate, drift the strong field

25 drift layer 6, and then are enitted outward through the



type el ectron source 10" is provided with a plurality of electrically
conductive thin filnms 7. Further, ir_ the 10 position =acing each of the

el ectrically conductive thin filns 7, a fluorescent nenber 46 i~ prcvided
or _ the lower surface of the anode el ectrode 42. Thus, when a,pre tﬁﬁ i ned
voltage is applied between specific (desired! ones in a pIuram& f

electr' cally 15 conductive thir. fillt38 7. and the anode el ectrodes 42
facing the specific filns 7, electrons e- enmtted fromthe specific
“electrically conductive thin film7 proceed in the direction szown by the

arrow X, and then collide tqQ the fluaorescent nepbers 46 racing the specific
el ectrical | y ®L8RETAFANY FﬁPauﬁEquI§h§n7flﬁH 8ong§qﬁeﬁﬁ%€e§%u?ﬁIﬁ%&Pescent

nb 46 it liqgrt by t br ok | i L. | he _di 3 P2, b
renber s o STl AT L RSCRRR By Lhe broken e by Lpthecdloalay P2 by
spect 11 anodseel epkiaqeaoffu B RSt WEak | Y SONINGH KE LI (Regtne 25

specific ones"rnap I uoresce S L6, .bS MAR 200

Lol Chere Lh8 Spadl Tl CaRyCRRREFRLL Y (FOEONGLINFe ! thlubddur, —Scrlech, VI OF

Leltage is applied, can e emt ht cordrn I‘mages of letters

can be displ ayggsOdh ! mc&ei,e%atquhh?rdh%eollaxeﬁ%lav bgouggaiff;toggtxchangi ng

the 5 electrically conductive thin film?7 and the €l ectri cal ductive

film12, to gaghy®fxk Winehi¥R! {2a&ahs,.applied. (Exanple 5) Hereinafter, as
Exanple 5, there wlll be described a field enmi ssion-type electron source 10

(see Fig. 11) 10 rmuMeact UWEBthdughdethd helbet)iauing cegrdiubt0vs, thynmeans of
t he manufacturing nmethod according to Enbodinent 14. In Exanple 5, as .he
cz-type sili cahmsubsd ridmmed, athereivgddse Usgdr aif HMdbodiypet sé, iicomagubstrat e,
in which the electrical resistivity was 0.1 SZcm and t he thickness was 15
525 ~, m Thebpofgoneds sl bi hanigidtiedohhinyelec3rpdeef Rimg cofpysamiof eE- _ned by
means of the hPCVD process. In tze filmformng process, the degree of
vacuum Was 23epat ttwo t deyerat ukanigfatiede dubstheat dimastbro ©f ambe* ~he

f:.owrate of the nonosilane_gas was 600 sccm _
thickness of the layers. When the electrically conductive

thin film 7 is composcd of a laminated thin electrode film
having two layers, for example, gold or the like may be
used as the material for the upper layer of the laminated

=5 thin electrode film. On the other hand, as the material of
the lower layer of the laminated thin electrode film (the
thin layer facing the strong field drift layer 6), there
may be used, for example, chrome, nickel, oplatinum,
titanium, iridium or the like. -

20 Next, a manufacturing process of a field emission-typc
electron source according to Embodiment 6 will be described
as an exanple, while referring to Figs. 7A to 7D. However,
because the manufacturing process is nearly as same as the

manufacturing process described in Fmbodiment 4 or 5(Figs.

25 7A-7D), the members corresponding tc members in Embodiment



20 I'n the anodic oxidation treatnent, there was used an electrolyte in
whi ch hydrogen fluoride aqueous soluticn of 55 w~ and et hanol were m xed
together in the ratic of r_early 1:1. In the anodic oxidation treatnent,
the surface of the polycrystalli:~e s_licon |layer 3 was nmade contact with
25 the electrolyte. Further, a predetergined current was |et 19 Mo MOR
2002 fl ow between tre platinumelectrode imersed in the eFectrol yte and
~the n-type silicon substrate 1 (ohhmc electrode 2) in such a manner that
the platinum el ectrode becanme a negative electrode a:~d the substrate 1

becare a 5 pRsbli e ALeade chlel AR hurbhe) CULL CBandeRsi tob0 Lhe anodi c

oxi dati on process was the constant value ct 30 mA/cne, and I me of

anodi ¢ oxi daghEddi mMRh@CaSSr'WaS s&0 tREE0AEEaild 8L aptbn edbhRItRERCESS for
oxi di zing the porous po~ycrystalline silicon |ayer 4, the glowrate ~f the

oxygen 10 gagileee3@dmpLafied idreofXt €l NGukERPES alsUks Was s%gsc‘as and the
oxidizir_g time was 1 hour. The electrically conductive thin film7 was

formed icy psiterds roset bhnEgeddienkmiust Ny, alddretiptidd heehapkied echni que,
an etching technique or the like, the gold fi_m being deposited on the
upper surfaceilbf bkbsthplsfiwhgrf beideatdi ft | ayer 6 by neans of the vapor
deposition process. Hereupon, the thickness of the electrically conductive
thin film7 was I the péawfaatheing eetadessl kgcarshidge to VEnlpldineft 16,2 7 had
keen formed, there was perfornmed are oxidation treatnment 20 (hereinafter,
it is referrad $ane A3 crhe resgemedt Epbedinentapbl 9edulafitari shepmigys to the
| ayer ir. a m xed gas at m)s%gere (2000 pprrz cont ai ni n% oxygen (Qz) and
ozone (J~). BleREPeLedsies ReLBRULGTRGODT the Pagk wasTasedohsam Bource of
ultraviolet rays. The Tenperature and tine of the heating 25 process were
200 C and 30t¥RtutsddicPrspitastyary. 1. g2 130npderagpopolycrystallire

1¢ siliccn layer 3 with a predetermined thickness (for example,
1.5 um), which is cne c¢f semiconductor layers, is formed
on the front surface of the n-type silicon layer 1 so that
the structure shown in Fig. 7A is obtained. Hereupon, the
polycrystalline silicon layer 3 is formed by means of a

15 process similar tc that of Embodiment 4 or 5.
After the non-doped polycrystalline silicon layer 3
has been formed, as same as the case oZ Embodiment 4 or 5,
a porous polycrystalline silicon layer 4 is formed by
performing the anodic oxidation Lreatment so that the
20 structure shown in Fig, 7B is cbtained. Iln the anodic
oxidation treatment in Embodiment 6, the current density is
constant. Further, during tae anodic oxidation process,
light is applied to the surface of the polycrystalline
silicon layer 3 using a tungsten lamp of 500 W so that the

25 polycrystalline silicon layer 3 is wholly made porous.



Farther, there was manufactured a field em ssion-type electron source to
which the after treatnent toad nut been perforned, as the conparative
exanple 1 (exanple for conparison). Mreover, as |.he conparative exanple
2, here 5 was al so manufactured a field em ssion-type el ectron §°Hmﬁﬁuni”
r~tiich the electrically conductive thigafile 7 had been fornea ustng a
metal nmask and to which the after treatinent had not been perforned. The
differer_ce between Exanple 5 and the conparative exanple 1 was only

" whether the after 10 treatnment was perforned or not. The difference between

Exanpl e 5 angiolibge£0MBAL At iave?@%@m €of WA3 q_ﬁ)lfy%!z-PQE@lliN%”eéMiéoﬂ
FmM oodi ment 3, the electrically conductive thinfilm7 was patterned by

means of thejghesl ® ddyt beUHARE Ypdr@a8Ni que or the like, and then the after
treatnment was 15 performed. On the other hard, in the conparative exarrpl.e

7, the el ectricalthextgonducstinemgt hifeifd | arifoasapet t @ npgl duphed bhe
filmformng step using tl:e netal nmask, and then the after treatnent was
not perfor redxi&acingf chdiepbrebsl polgstwralypre eketicen sopices 19, 20

whi ch had been manufact~:red as descri bed above, was introduced into a
vacuum chanbéhrafnetheshaan?t rewididrheshawsolirectFoy. el &Zrt dedeotaifmeldect r ode
for collecting emtted el ectrons) was di sposed at a positicn facing ~he

el ectrical | yHeoadpen,i vedutiing f idhe 7 sdepshodin ioxifiging. @& Theroushe degree
of vacuu_~n in_the vacu~:.~t chanber -was set to 83 1 9 MAR 2002 5 X 10-5
Pa, and thenPREYGHY{eddive 8iligm Vaxas 4ppihiceBopeuswdonyehestediliaet or

el ectrode 21 and the electrically conductive thin film7._ Further, there
wer e neasur edldicee substrate 4 s oxidized by applying ultraviolet

rays thereto in a gas atmosphere containing at least one of

10 oxyden (0O;) and ozone (0O;). Hereupon, as the light source

of the ultraviolel rays, there may be used, for example, an

ultraviolet lamp (for exarmple, a low-pressure mercury lamp

whose main wave length component is 185 nm or 256 nm) or an
excimer laser whose main wave lenglh component is 172 nm.

15 Time for applying the ul:traviolet rays may be conveniently
set to a value in a range of a few minutes to a few hours.
After the strong field drift layer 6 has been formed,

an electrically conductive thin filr 7 is formed on the

strong field drift layer 6, for example, by means of the

2¢ vapoxr deposition process. Thaus, there iéuébtained such a

field emission-type electron source 10 having the structure

shown in Fig. 7D. Hereupon, although Lhe electrically

conductive thin film 7 is formed by means of the vapor

deposition process in Embodiment 6, the method of forming

25 the electrically conduclive thin fiim 7 need not ke



current Ips flow ng between the electrically conductive thin 5 film?7 and
the ohmc electrode 2, and emtted electron current le fl ow ng between the
coll ector electrode 21 and the electrically conductive th n film7 due to
electrons e emitted outward fromthe field em ssion-type el ectron source 10
through the electricall-y conductive thise film7, wy~ile 10 v MABI 2002
changi ng DC vol tage Vps applied between the el ec~ri cally conductive thin
~film7 (anode; and the ohmic elec~rodc 2 (cathode). The result o. the
measurenent are shown in F_g. 13. In Fig. 13, the horizontal axis shows the
DC vol t age 1Te¥psictide teeftthev eralpbeakiepas St idnowrotbes cur Fent extendiet y of the
di ode current Ips or the emtted e~ectrcn current le. The right vertical

axi s shows t lrbeebmaettreom peatcess mpyebei usedicy (le/lps X 100). Further, the
graphs in Fig. 13 show the follow ng physical properties, respectively. 20
Conti nuous |ine ~BY)tnhq geavn ilB(:ﬂhﬁl anubac i rig m@théd Yiscliasedn iExanpl e 5
Broken line 0 (): Eff in ExanP Continuous line (n): Tps in the

conpar atl ve &Re Japarased PRERR :AP(Hé)lcaFéOIP Pk ie - cb?rp@r?e?t’llov@ré% 1025 Broken

l'i ne _2, Eff in the conparative ex, 1 84 1 9 MAR 2002 Conti nuous
line~(0)°1 psitl2eher cohifar 3E5Rg efle%‘ibaﬁeétl |Jrﬁé(e(’5) Feii t RarpeshpR¥ati ve ex.
2Broken line~(Q),:Effin the co arat ve ex. ? gode urrent P :
emtted el ecCrOfIEHG b EPPTOLT oRP %‘Fﬂésmatl i“ﬁg st rE‘?Tén V8L, £ gY 13, when
t he corrparatlve exa ared wt arative example 2, the
current densiC§df heﬁé‘?n Pi%dpg‘ggef?tm c ré'rﬁtlsl a&f*'ttbgcéBﬁ‘bgrQé‘Fi ve
exanple 1 is rt t fith .t e e graphs
). aIthoug%gfjﬁggézl]ul%ren{ad(}er‘ljgﬁf’gs %f %Pﬁggpoaq!ol% upr?éﬁ%@ E@O %ﬁﬁhe bot h

are nearly s (sgemggaﬁb@s o eéCC‘DJ dj, 09! ¥, %u?@t?%ﬁe;tnﬁ?hgg%lﬁ 'Fﬁe 15

ef ficiency of the conparative s arrple 1°7TS sma
conparaipve @1aEPlfoa2 1SR nddRIge - 1110 is TBPovRARP o BN Dexgansidered as

follows. Nanely, in the conparative exanple 1,~ there nay renmain
contam nati Oiqma®fz OG0@$E,C or a monocrystalline silicon substrate, as
the electrically conductive substrate. Accordingly,
because 1t is restricted to enlarge the area of the
electrically conductive substrate, there may occur, for
15 example, such a disadvantage that it is difficult te
achieve a display having a larger area.
On the contrary, in the manufacturing method of the
field erission-type electron source according to Embodiment
6, because the porous polycrystalline silicon layer 4 is
20 oxidized ir _he gas atmosphere containing at least one of
oxygen and ozone while applying ultraviolet rays thereto
during the oxidation step of the silicon layer 4, the
electron emitting efficiency (efficiency of emitting

electrons) is raised in comparison with the method of

25 forming the strong field drift layer by oxidizing the



materials due to the remaining =esist of the photo resist |ayer used for
patterning the electrically conductive thin 20 film7. On the other hand,
in the conparative exanple 2, such contam nation of organic materials may

| ess remain, because the netal mask is used foY pattering the ﬁaenggiznally
conductive thin film?7. Next, when Exangee 5 is conpared with the
conparative 25 exanple 1, the current densii.y of the diode current Lps of
85 1 9 MAR 2002 Exanple 5 is smaller than that of the conparative exanple 1

(see graphs ~1 , ), although the current density of the emt~ed el ect=on
ccrrent |e ofpdzwhedpobydrydtiadlling gerlidoan lbhat ofby heanenpar ahé vieroexanpl e 1
(see graphs , ~). 5 Accordingly, the electron emtting efficiency of

Exanpl e 5 i s grioghss. Kitaretipah, ofhd hd ectirparativtdangxafpld ehefyste eaphs C,
). For exanple, when the DC voltage Vps is 20 V, the current density of the
emtted el ectvalnecobt&iried ®yothEXPIRMUA a50ES ( B/ 13 ) X 1B oas thBapagifs t he
conparative 10 exanple 1, the current density of the diode current |ps of
Exanpl e 5 beiafg the ohedeoantientl/IPs andt the ehitved colmearati vermstdnpl e 1,
and the electron emtting efficiency of Exanple 5 being as 120 tinmes as
that of Bhe dénpakst Pee RxLcangidered thafeltpe rRased ey dheesleetiney
efficiency of 15 Exa:~ple 5 is nuch |larger than that of the conparative
exanpl e 1. FFHAELNIWRER GeRFy| éS5hieh cBhpdesr Wheth aPRE cobhaF Ul we exanpl e
2, the current_.densi of the_emttited electron current le of Exanple 5 is
“arger —han DIAECRT CPRE J0SR Rt FAAY LGHpPaYS, 2FF BRRLKuCE e
electron emttin eg_h&%ﬁnc of anple 5 is hlg?er t han .t hat_ of .t he
1Ot

conparative X5 e x pon,fg%(he ’faé‘g’sl_gh Wﬁ§/ & ¢ Png‘lt Jcllénstil"’tey of the
emtted el ectlgggj%ﬁﬁégé,egggk&é)f EX%| efgl i sc,l_ [98" o%ﬁqg\%ggh%ﬁé%%yf&?n

. Q r
conparative e ~f-. ay be consideréd as f

Eﬁfpg'cglg% E@o‘%n ihlrig. Q92 .80 PRY OF QR dhRedvEUGh 39yET Leetsila~ the
bonds are produced by active ozone so that the ratio of the
surface of the fine crystal silicon layer 63, which is
ccvered by the oxygen atoms 65 (That is, it approaches an
ideal state shown in Fig. 10A.) is improved. Hereupon, it

15 is of course that decomposition of the gas is promoted by
applying the ultraviolet rays.

Thus, according to the manufacturing wmethod of
Embodirent 6, because the porous polycrystalline silicon
laver 4 1is oxidized in the gas atmosphere containing at

20 least one of oxygen and ozone while applying uiffaviolet
rays thereto during the oxidation step o3 the siliccn layer
4, the electron emitting efficiency is raised. Further,
because the strong field drift layer 6 is formed by

oxidizing the porous polycrystalline silicon layer 4

25 without heating the layer 4, the strong field drift layer



field em ssion-type electron source 10 is purified by the after treatnent,
and/or ar. effect that the guality of the silicon oxide film®6~ (see r'ig.
10A) in the surface of tre 5 fine crystal silicon |ayer 63 which constructs
the strong field drift layer 6, is inproved (the ratio of the surface
covered with oxygen atons is increa~edi .61Although t he pzesent fmtﬁtgdp has
been described in relation to particul ar "e_nbodi nents thereof, y er
10 variations and nodifications will beconme apparent to those skilled in
“the art. It is preferred, therefore, that the bresent invention be |inited
not by the spggifi Cedthe@l 88U & NRICkBmpbHL£12! Yn DYordd) 1 8BREPASH thlail M.

s7 WXAT x s c~rrt~Dx s 1 9 MAI't 2002 1. Afield em ssion-type electron
source CoNpricas8Jo ANF&HEGY itg:Rl |s&€r6ﬂﬁd59éid/%1§il525tl%%§, b{ sﬂcmgn%i eld
drift layer fornmed on a surface of the electrically conductive substrate
and an el ect kheabbyogongoredmestal inéi km {eynmexhyer e relahenesf itged drift

| ayer, wherein electrons, which are injected into the electrically

conducti ve selst padeessdr(iht thast besst romngufdtelbd Heatéd Iy ato tspobeoeni tt ed
outward through the electrically conductive thin filmby applying voltage
bet ween $he @bectc) cal Itheceniduet | Bechlisa thé npascedhet@iretatueal iy
conductive substrate in such a manner that the electrically conductive thin
filmacts aslawposi tiasdrdcéton odiomgaiateriahe etfectbhiecaklyctoimldlyi ve
substrate, wherein the strong field drift layer is formed by a process

i ncl udi ng . afeBSRetaVeorPUSEEate brEAmes nfess por obkak et katadnet repayer, the
strong field drift layer including fine crystalline silicon |ayers of nano
structure an@Pgi FPEIENGK MGBUERF I INGr PR LORT StRY lestsen t srugGenBayY

tCLg:‘]t ?lhlal ne |el éacsoirw % Egveggch of the filnms having a thickness smaller

10 (Embodiment 7)

Hereinafter, Embodiment 7 of the present invention
will be described. However, because the fundamental
construction and the manufacturing process of the field
enission-type electron source according to Embodiment 7 are

15 nearly as same as those of Erbodiment 6 except that its
oxidation step of the porous polycrystalline silicon layer
4 is different from that of Embodiment 6. Therefore, as to
the constructive elements and the manufacturing step
corresponding to  those in Erbodiment 6, detailed

20 Aescription about them will be simplified or omitted. Thus,
differences to Embodiment 6 will be mainly described.

In Embodiment 7, in the oxidation step of oxidizing
the porous polycrystalline silicorn layer 4, the porous
polycrystalline silicon layer 4 is oxidized by exposing the

25 layer 4 to plasma in a gas atmosphere containing at least



di ameter of crystal particles of the fine crystalline silicon |ayers. 2.
The field em ssion-type el ectron source according to claimw/., wherein the
strong field drift layer ~.s oxidized in a liquid phase in the oxidation
step. 3. The field em ssion-type el ectron source according to claim 2,
wherein the porous sem conductor |ayer i€ formed by perform rig@ aaRapggli C
oxi dation to a sem conduct or ss layer. 19 MAR 2002 4. A nethod of
~manufacturing a field em ssion-type electron source including an

el ectrically conductive substrate, a strong field drift |layer forned on a
surface of thameeclodcoriyget | ynd oorhret | (raisubsgidatimn vatieph .i ndlkendeasor,i ne
crystalline silicon |layers of nano structure and silicon oxide filnms forned
on surfaces dfhet eldsmae maysbal piredusedi cdarl sremplecatising whehifgh ns
having a thickness snmaller than the diameter of crystal particles of the
fine crystal I5596USREY c®h 33w Hzand Wagnehdégh rfxeguepcyonduidide MiE n film
formed on the strong field drift |ayer, wherein electrons, which axe

i nj ected intdSt HEeEt RY RGN Fa¥oRB LIt Vo s f8St PEEBP L&dr iSEVeFAL t ¥RISst r ong
field drift | r.to be enSia teg oaé\wa oththrougp the_electrically conductive
thin filmh by 02%& VgV adRPHERRR N e SIUELPRF cat ISP TORIBERPAE % hin fil m
and the el ecttrhi cal I%/ corg[iu%ti Ve JﬁﬁuibStr? ecinn su%h @ nger‘ that the
electrically condbt ‘ﬁ/é’ NCRY?TR &t §+35°%A [}8§I £i e %Ip @F}“ﬁdl_&a% §i nst the
electricall Y.C%S%QQHF%AQ’@ %g?sfféaat %aftheiHeErPé’dra‘é qPLESINQ, 3y MBI, QX dation
step of formng a strong field drifTt~_I"1ayer oXrdizing a porous
sem conduct ofyd ayY&feral hours. Hereupon, plasma may be produced by
causing electric discharge 1in the above-mentioned gas
10 atmosphere. Meanwhile, plasma may be produced in another
gas atmosphere (for example, inert gas).
Thus, according to the manufacturing method of
Embodiment 7, as same as the case of Embodiment 6, the
electron emitting efficiency may be raised in comparison
15 with the conventional case of forming the strong field
drift layer by means of the RTO prccess. Further, as same
as the case of FEmbodiment 6, the area of the field
emission-type electron source 10 may be easily enlarged and
further the manufacturing cost of the source way be easily
20 lowered. -
(Embodiment 8)
Hereinafter, Embodiment 8 of the present invention
will be described. However, because the fundamen:zal

censtruction and the manufacturing process of the field

25 erlission-type electron source according to Embodimert 8 are



5. The method of manufacturing the field em ssiontype el ectron source
according to claim4, wherein the porous sem conductor layer is oxidized in
a liquid phase in the main oxidation step. 6. The nmethod of nanufacturing
the field em ssion type el ectron source according to claimb5, wherein the

|l iquid phase is an acid solution. 88agh M-It 20p2 7. The neyhmaR @602
manuf acturing the field em ssion type electron source according to claim4
or 5, wherein the porous seni conductor layer is oxidized in an electrolyte
89 1' MAR 2002 solution by neans of an el ec~rochernical reaction in the

mai n oxi dat i areaxtlgp as8.sahbe areithedeolo frambbdihedit Nng theeptd | &l its
eriissiontype e~.ectror. source according to claim?7, wherein the 5

el ectrol yte solidihtdonisten ofcitiiespbudbuonpoldycreabhkinmodidficonabafeact uri ng
the field em ssiontype el ectron source according to claim4, further

conpri si ng a suppHéfteralt dxpuathan oft Epbbyimmens.of Tedwfarengaprivcess, the
suppl enental oxidation step 10 being perfornmed be~ore and/or after the main
oxi dati on st efhe 1@onFheugtktvieod edememtrif sstdur ithg t handifaztairény ssstp ype

el ectrcn source according to claimb5, further conprising a sappl ement ai

oxi dati of st }PBESReRHNDf BozedhiPRg pridtesBmbedicnentppl enentakabldddat i on
step 15 being perforpea before anc/qor after the main oxidatior_ step. 11.

the method of95RCZABFLR (FOORG ERE™ i1t PEns Y& ot PHeCBi BEHESA - s olhiSe
according to glaim®6, furthe nprisit. ssppl enent al _,oxi.dation stop b
nmeans of ga hé ﬁeﬁanﬁ?%cﬁsgﬁ?ﬁ&%ﬁa é’ﬁg?\f}é‘? "g'*gi“g&t?%ﬁ?‘s‘géﬁ'zo bei ng b
performed before d fter the main oxidation step. 12. The. nethod of
r..anufacturing t?g ﬁaé cglmee(r%"ltssdlq’onltrﬁlp%eel %’é’t&ragﬁogoﬁsgg 8%08?%&%@1'}9’0 claim

7, further cqupri éf&saaﬁ%ryag%giﬂn xis§ggj:%gi ﬂg@rb)& rreﬁ%sb}g%ro%sheati ng

process, the supplenment ron step ng* per f'érme ore and/ or
after theg maig1Q%r0etd N3t 8R1icon layer 4 is oxidized by heating the

layer 4 in a gas atmosphere containing at least ozone (main
oxidation step}. Hereupon, Lhe temperature and time of the
heating process may be conveniently set to a value in the
range cf 100 to 600 °C and a valve in the range of several

15 minutes to several hours, respectively. Hereupon, the
temperature of the heating process may be higher than 600 °C.
However, it 1is preferable to set the temperature to a
convenient value in the range of 100 to 600 °C in view of
lowering restriction for materials of the electrically

20 conducéive substrate (for example, in order to use a
substrate in which an electrically conductive film is
provided on an glass plate whose price 1s more inexpensive
than that of a quartz glass plate, as the electrically
conductive substrate).

25 Thus, according to the manufacturing method of



90 19 MAR 200Z 13. The nethod of manufacturing the field em ssiontype

el ectron source according to claim8, further conprising a suppl enental

oxi dation step by nmeans of a rapid heating process, the suppl enental

oxi dation step being perfornmed before and/or after the main oxidation step.
14. The method of manufacturing the fiekd em ssiontype el ectg @ e
according to claim4, further conprising a pre oxidation stép of dx1di zi ng
~the porous sem conductor |ayer using an oxidant solution, the pre oxidation
step being perfornmed before the main oxidation step. 15. The nethod of
manuf act uri ngnbbéiddrdd d8 enassicainé ype ahectdade SourEwboiimendi By tthecl aim 5,
further conprising a pre oxidation step of oxidizing the porous

sem conduct orleayesn uenityimg @fifdanhencsyl may ohe trhtsed einxcdapamisont ep bei ng
perfornmed before the main oxidation s t ep. 16. The nethod of nmanufacturing
the field enwithorthgpecariveotiomelsoarse &écdiadimiggt dhel astmodg flietlder
conprising a pre oxidation step of oxidizing the porous sem conductor |ayer
usi ng an oxi dEAEL sHAYRY &Y, meprs prle e &IOI BRCGeED b&UF§hper fay ri@debef or e

t he mai n_oxi dati on step. i19 MAR 2002 91 17. The method of manufacturing
the field eni®§si Bhft y§asel &h r BAPQBIREE abeoriththgareacief nthe fikedrer
conprising a §1r1|e oxi dati on_step of oxidizi 3% t he gor,ous sem conduct or | ayer
usi ng an oxi GEHESLIThYPENeLeF Pr SOBRFRI] 7 Ys PR Ivg eperFHhéddbef or e
the main oxidation step. 18._ The method, of nuf acturing the field

eni ssi ont ype(%Z‘FkE?? OWEE&?PE:‘@&%EW G35 0°F | S Uy {“%%rb%oﬁ?ﬁilgi ng a pre
oxi dation st qgwggeé)xi di zing the porous sem conductor |ayer using an oxi dant
solution, thé pre oxidation step being perforned before the nmain oxidation
step. 19. TthHggnge qf gnjranuf acturing the field em ssiontype el ectron
source according to claim9, further conprising a pre oxidation step of

oxi di zi pg the porgusisaFcepNduebofikdMer UM xésat SordHdigR. the pre
oxi dation step being perforned before the nmain oxidation step . 20. The

met hod of mapyfactye i dsthepddel d gpieséONt yReagsECttRN FoHA&Rn2agor ding to
claim 10, , further conprising a pre oxidation step of oxidizing the porous
92 ~t ~ ~ 20QoRetiesHiductnid | eher mavh N AR iny | dabtesd! WEi ahe tfielpare

oxi dation step being perforned before the nmain oxidation step; 21. The

met hod of narwiasion-typet beedtt@ind senrssi andoypéng! B tBmdodswenice aceor ding to
claim 11, further conprising a pre oxidation step of oxidizing the porous
seni conduct omepayer agsisage aas okhdant o oFubodimentthed pexrepki ddatontst ep bei ng
performed before the main oxidation step. 22. The method of manufacturing
the fiel¥ enicsdfahigpestereotr §he seRrUE POATIEBYFphldnel sikiagn lRayeEher
conprising a pre oxidation step of oxidizing the porous sem conductor |ayer
usi ng an oxi dahf dbiinnens, Txom thed ok HRIBABEeh: bNsgepeFsn@afedCbef or e
the main oxidation step. 23. The nethod of nuf act ur i nglﬁthe field

23.
eni ssi ont ype "BRecFPRTMGHANE aBtHHRItYg 889cl Bh%n PEPUAFEREYR T 0®5FPsi ng a

re oxidation step of, .oxidizin he por,ous m conductor | ayer_,usi,.ng an
gxi dant sol uﬁOSH?gQWlﬁﬁge osd dgfﬁ%ﬁc gt ep be%ﬁ’émgg‘ﬂ‘grrmed betOris -f egmai n

oxidation stop oL HE R Spbif R 2X) %L A1 FPefNE LRS- ELEP! 3HED! &
20 differences Lo Embodiment 6 will be mainly describéd.

In Embodiment 9, in the oxidation step o0f oxidizing
the porous polycrystalline silicon 1layer &, the porous
polycrystalline silicon layer 4 is oxidized by applying
ultraviolet rays to the layer 4 and heating the layer 4

25 (main oxidation step). Hereupon, the temperature and time



93 19 MAR 2002 24. The nethod of manufacturing the field em ssion tyge

el ectron source according to clam4, wherein in the main oxidation step,

t he porous sem conductor |ayer is oxidized by nmeans of at |east one of a
treatment which S applies ultravio_et rays to the porous senicqrgggﬂgr

| ayer in a gas at MOSphere containing at ¢geast one ~f oxygen and 'Pﬁ&
treatnent wai ch exposes the poross sem conductor |ayer to plasna in a gas
at nosphere containing at | east one of oxygen and ozone, a treatnent which
heats the porous 10 senmi conductor Layer i:~ a gas atnosphere containing
ozone, a treadfrerte \Meathnapptoasssuintayabeolcetvemientily tské por ausalue

sem conduct or | ayer and heats the porous sem conduclcr |ayer, ana a

t =eat nent whi o pliageublfr aohotet 60AYX tandt Bevphi®uin S cangeicédHr Layer
in a gas atnosphere 15 containing at |east one of oxygen and ozone and
heats the porsgRreradniiontRcttor devpsel RSurstheraspenbivelfy.r. Hemehpetari ng t he
field em ssiontype el ectron source according to claiu 24, wherein the nmain
oxi dati on st epltiboughr fidenelprgerafuree of| ddver i kealtipyooriassgactiare khin film
has been fornmed. 26. The nethod of r..anufacturing the field e~nission type
el ectro: 5 sounighezc&brunli P t°6/ clai ks Prefpppblrertoc S9pr £BE ntempeyapprenent al
oxi dation step of oxidizing the porous sem conductor |ayer by neans of a
heating 25 pretessonyenienty ylee~dnt Bre o5a7dat PEnlee e AN gCpere ovhed 94
, 19 MAR 20p2 pefaore and/or after th i N, 0xi ion step. 27. The nethod o~
manuf act ur . i ntf*% H&m?i’éefa}fogn?gsﬁiﬁt. ng qdég‘??g?\é‘sour ce according to claim

25, further conpriggi,09 a,3UPRlGE ! Ppdahble flikiRh ONLAASL "G £ he
Embodiment 9, as same as the case of Embodiment 6, the
10 electron emitting efficiency may ke raised in cormparison
with the conventional case of forming the strong field
drift layer by means of the RTO process. Further, as sane
as the case of Embodiment 6, the area of the field
emisslion-type electron source 10 may be easily enlarged and
15 further the marufacturing cost of the source may be easily
lowered.
(Embodiment. 10)
Hereinafter, Embodiment 10 of the present invention
will be described. Herver, because the fundamental
20 construction ;nd the manufacturing process of the field
emission~-type electron source according to Embodiment 10
are nearly as same as those of Embodiment 6 except *that its
oxidation step of the porous polycrystalline silicon layer

4 is different from that of Embodiment 6. Therefore, as to

25 the constructive elements and the manufacturing step



5 porous sem conductor |ayer by neans of a heating process, the

suppl enental oxidation step being performed before and/or after the main
oxi dation step. 28. The nmethod of r;anufacturing :.he field em ssiontype

el ectron. sosrce according to claim24, further 10 conprising g f%h@ile
suppl ement al oxidation step of oxidizingghe porous ser.~c~ti dugt or | r
cling an acid solstion, the further suppletr.en=al oxidation. step being
_pezfor~ued before and/or after the main oxidation seep. 29. The rietl:od of
manuf acturing the field em ssi~nl5 type el ectron source according to claim
25, further cmyrespondireg f ukdherthesppl eirent Bhowidivdat:i oné,st epebdilaed di zi ng

t he porous sem condcctor |ayer using an acid solution, the further

suppl eMent al dpacddpEbon stboptbtheny wWididt becabup lidfied~er aydtoedaf tBwusthe main
oxi dation step. 20 30. The nmethod of manufacturing the field em ssiontype
el ectron sourdidfgsenvels iy Enbedimentos wi bl thremadohprdssiariged. pre oxi dation
step of oxidizing_the porous sen _conductor |ayer using an oxidant solution,
t he pre oxidationIBt Eﬁgwwtpéﬁoﬁﬁedhbepb%@attw pdieR ofi gdidbning2s step.
19 MAR ?ppZ ~s 31. The nethod of manufacturing the field em ssiontype

el ect ronsour’d® aReEHH nBCIYFISERMI B2 Bt FRIF LBV | 4 ndhe PP dat i on

step of oxidizing the porous sem conductor, | ayer usjn n oxi dant sol ution,
the pre 5 oxiRHENSER “ﬁei?ﬂgﬁﬁéf‘f JAYES fef b eofh‘z”rf‘% bx PERLYIGT st ep.

32. The nethq f _manufact~.rin e fjeldem ssjon-type el ect=qn source

according to uglt%iar‘ﬁggg?tf urtKer ctoorgrp%ggi nef s “pré oXi d&ti o sf"gﬁo%? X di zi ng

t he porousi0 i.conduct.or Laye i ' |t 4 preoxi dati on

step bei ng per ora(rirggg%e%tgrleea?¥esr}r%?’r%%f%?r??ﬁ??g%ogﬁd&*}%gggh%gq e’rlf%nt al

oxi dati on seepy 3. (TRt Bl FRAULAS! U kBgeddif  ittldebhbasl el yhe

el ectron sourceé according to claim 27)turther15 "conpri sing pre oxi dat_on

step of 19xi digidgihBeoPOFIIIRRNE AGNFHE s hdYehe USEnABn OXY At +o

sol ution,the preoxidation step being perforned before the

:uai noxi daLl ons§aReand tthe THRBLECHENIGY OXi 668 ienaalien. 341uel N, n@hod of

manuf acturing the fieldem ssion-20 type el ectron source according to claim

28, furt her conganigei if asgeradximdabted sbepedéraXi khuntig)g tdwpectively.

por oussem conductor | ayer using an oxidant sol ution,the preoxidation step

bei ng perf or rixdebpdns ealtieoughi thri dabperster afd thee Isepphenmpntassoxi dat i on

steps. 25 35. The nethod of manufacturing the riel dem ssion- 19 AJAR ?pp2

96 type cl GCtmayn ksouhigheac cdragi NEPA °Cel aiitm 29, pfafidriabile canprdeti Miea pr P

oxi aation step of oxidizing the porous sem conductor |ayer using an oxidant

scl uti oAd t hebegperatitfattron erwenbenhgaleet bt id¢ bares oIt ABO nee $08xi dati on

5 step and brie supplenental oxidation steps. 36. The nethod of

manuf act ur i ngCt fee fivelthe esanes reptgipasetbet rdn Esbedicensc8or ding to any one

of claims 9 to 35 _ wherein the Bor us igm conduct or | ayer i%%sporous
r apo i

monocrystal lir_e SPPFcon®FSRREHD Bs PORAYEALEERY i e i fcon

| ayer. 37. T hod,_ of . manuf act urin he field epgissi.ont el.ectron

soﬁr ce accor {}%bggaf“%n%nézo’on@s of 2§ a??rgt ©t §°38, Oﬁhg%'é? “ieﬁép:q’ect?’ﬁ cally
ducti trate i.s.an. n-t i L ~ .5 3 t hod of

mant act ur i e i P el BR R PR Tek P BB 58 e B CEomdaB OB, TV O

of claiigp 4 L35 heLsiflLhensl eehiibeald yraandyctine subsly ag1ies a

substrate in Ich an electrically conductive fiFmis formed on a surface

of ‘an insul atingtphaler BP mAnsThHE PR NO® RhropBEY! achitiheg, the dahgl d
em ssiontype el ectron sodarce according to claim 38, wherein the insulating

elate is composednelf GRSScHI MBbalhent 4G, Thee MatBad of wBBUfAGhAring the
Mel d em ssiontype el ectron source according to any one o-_" clainms 4 to 35,
25 further cosfilsls$bAgtPpesstedRctiod otirke 1hanalobeUsasily enlarged and

further the manufacturing cost of the source may be easily

25 lowered.



~ 9 MAR 2002 97 sem conductor |ayer by perform ng an anodic oxidation to a
sem conduct or |ayer. 41. Tre nethod of manufacturing the field em ssion
type el ectron source according to claimé6, 8, 11, 13, 16, 5 18, 21, 23, 28,
29, 34 or 35, wherein the acid solutio:~ is dilute nitric acid, dilute
sulfuric acid or aqua r_egia. 42. The mazhod of manufacturing the field

em ssion type electron source according to ary one of clains 1ﬂh939§63ﬁ@d
30 to 35, wherein the oxidant solution is airy ~i~e of 10 or a f

plural ones of concentrated nitric acid, concept-ated sulfuric acid,

hydr ochl ori c @Embddémentyldriogen peroxi de. 43. The ~nethoci of manufacturing
the field em ssiontype el ectron source according to claim47., wherein the
15 oxi dant sol uti Hareknafted, | (Embolimerstd ¥1 abé. thd. pkedespl apvémricdi spl ayi ng
an image on a screen thereof, including: a field em ssion-type el ectron
source accor diidd te adesconbedf clhpnmfundanergal2@oastoltbisiroramal etter ode

di sposed so as ~o face the field em ssion-type el ectron source; a

f =uor escent MEAMERCHVEHIERFASESE §br fthee fdpld henboiiasctype epbettusde, t he

surface facing the field em ssion tng el ectron source; and 25 a nenber for
applying5volt%&ﬁ§cﬁe@ﬁ§éﬁd%m% to| Frbegjment 11 are nearly as same as

those of any one of Embodiments 6 to 10. However, the
manufacturing mcthod is characterized in that it includes a
supplemental oxidation step of oxidizing the porous
polycrystalline silicon layer 4 by means of the rapid
10 heating process performed before and/or after the main
oxidation step in any one of Embodiments 6 to 10. Hereupon,
the supplemental oxidation step by the rapid heating
process, ir which tor example a lamp annealing apparatus is
used, 1s performed in a dry oxygen atmosphere by setting
15 the temperature and time of the oxidalion process to 600-
900 °C and 30-1Z0 minutes, respectively. Thus, according to
the manufacturing method of Erbodiment 11, the electron
emitting efficiency may be much more rzised, because
insufficient oxidation in the oxidation process, which is
20 caused in  the co;wentional oxXidation process, is
supplemented.
(Embodiment 12)
Hereinafter, Embodiment 12 of the present invention
will be described. The fundamental constructior and the

25 nanufacturing process of the field emission-type electron



1 9 MAR 2002 98 el ectrode and an electrically conductive thin file of the
field em ssion-type el ectron source; wherein when voltage is applied

bet ween the collector electrode and the electrically conductive thin film
the 5 image is displayed on the screen by colliding electrons em LLed from
the field em ssion-type el ectron sourceggo the fluorescent nefqigepAR Qi2s to
make the fluorescent nenber emt light. .A3 .AlE . A2 . AuE . A . AE . Af . A2
.Au2 . AE . A(E .A&r. A& E A& . Aya3. AY2 . A . A& . A5 .A@Y. An2

source according to Embodiment 12 are nearly as same as
those of any one of Embodiments 6 to 11. However, the
manufacturing method is characterized in that it includes

another supplemental oxidation step of oxidizing the porous

[&,]

polycrystalline silicon layer 4 using acid performed before
and/or after the main oxidalion step (or the supplemental
oxidation step in Embodiment 11) in any one of Embodiments
6 to 11. That is, in the manufacturing process according
tc Embodiment 12, the strong field drift layer € is formed,
10 for example, by performing any one of the following
treatments (1)-(10) to the porous polycrystalline silicon
layer 4. In the following treatments, [A] denotes the
supplemental oxidation step using acid, [M] denotes the
main oxidation step, and [H] denctes the supplemental
15 oxidation step by means of the rapid heating prccess.
(1} (A] — [u]
(2) [M] - [A]
(3) [l - [M]
(4) [M] - [H]
20 (5) [B] —» [M] — [H]
(6) [H] — M] — [a]
(77 [a] — (4] — O]
(8) [m) - [A] — [M]
(9) [M1 > [A] — [H]

25 (10} [M} — [u] - [a]



E.A[Y .AY _.AA2 A92 .A2 _A.AS5Y .A . An .A5Y .Al .A&% .AlE .AY .A A
[3 . A . AA/Y%AU .A . AF A2 A5 AAA.A AAf.AA.AF A

69 18 MAR 2002

Hereupon, the supplemental oxidation step using acid
may be performed using a processing tank (the processing
tank for the anodic oxidation treatment in Embodiment 6 may
be used for this purpose) containing acid (for example,

5 HNO,, H,S0,, aqua regia or the 1ike) by letting flcw a
predeternined current between the platinum electrode (not
shown) and the n-type silicon substrate 1 (ohmic clectrode
2) in such a manner the platinum electrode acts as the
negative electrode and the substrate 1 acts as the positive

10 electrode.

Hereuporn, it may be considered that when the porous
polycrystalline silicon layer 4 is oxidized using, for
example, dilute nitric acid (for example, dilute nitric
acid of 10%) before the mair oxidation sfep, there occur

15 such reactions as shown by the reaction formulas 1 and 2
described above (Embodiment 1). Meanwhile, it may be
considered thal when the porous polycrystalline silicon
layer 4 is oxidized using dilute sulfuric acid (for example,
dilute sulfuric acid of 10%) before the main oxidation step,

20 there occgr such reactionsi as shown by the reaction
formulas 3 and 4 described above (Embodiment 2).

Thus, according to the manufacturing method of
Embodiment 12, insufficient oxidation in <he oxidation
process, which is caused in the conventional oxidation

25 process, is supplemented so that the electron emitting



A2 . A .AWY A AHE .A&| .AYl .A5E .A, .AN@&E .A@ .A@.ASE .A @
_AS.ATE . A5y .ASF.A2 .Aul .A.A.ARE A2 A5 .A>.A .A AH AnY4. ASH3I
. AsLY. AaY. ASE. Ay . A@ |
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efficiency may be much more raised.
(Embodiment 13)
Hereinafter, Embodiment 13 of the present invention
will be described. The fundamental construction and the
5 manufacturing process of the field emission-type electron
source according to Embodiment 13 are nearly as same as
those of any one of Embodiments 6 to 10. However, the
manufacturing method is characterized in that it includes a
pre oxidation step of oxidizing the porous polycrystalline
10 silicon layer 4 using a oxidant solution before the main
oxidation step in any one of Embodiments 6 to 10. That is,
the strong field drift layer 6 is formed by performing the
main oxidation step after the very surface layer of <=he
porous polycrystalline silicon layer 4 has been oxidized.
15 In the manufacturing method according {o each of
Embodiments 6 to 10, because the mixture solution, in which
hydrogen fluoride aqueous solution and ethanol are mixed
together, is wused as the electrolyte in the anodic
oxidation treatment, silicon atoms are terminated by
20 hydrogen atoms. Accordingly, the hydrogen content in the
strong field drift layer 6 becomes comparatively higher so
that the breakdown vcltage is lowered or the distribution
of the hydrogen atoms charges with the lapse of time. 1In
consequence, it 1is feared that the stability of the

25 electron emitting efficlency with time passing may
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On the contrary, in the manufacturing method according
to Embodiment 13, the hydrogen atoms terminating the
silicon atoms in the porous polycrystalline silicon layer 4,

5 which has been formed by the anodic oxidation treatment,
are substituted with oxygen atoms by the oxidant solution.
Hereupon, as the oxidan:t solution, there may be used any
one or a mixture of plural ones se.ected in a group of
oxidants composed of  nitric acid, sulfuric acid,

10 hydrochloric acid and hydrogen peroxide aqueaous solution.

Thus, in the manufacturing method according to
Embodiment 13, the main oxidation step is performed after
the very surface layer of the porous polycrystalline
silicon layer 4 formed by the anodic oxidation treatment

15 has been oxidized using the oxidant solution, in
consequence the hydrogen content in the strong field drift
layer 6 can be lLowered. Therefore, in the obtained field
emission~-type electron source, time-dependent change of the
electron emitting efficiency may vbe smaller and the

20 breakdown voltage may be higher.

Meanwhile, in the manufacturing method according te
each of Embodiments 11 and 12, a pre oxidation step of
oxidizing the porous polycrystalline silicon layer 4 using

an oxidant solution may be performed before the main

25 oxidation step and the supplemental oxidation step(s).
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j _@!!&Ss10%msit}ive 1€lectrode. Hereupon, the current density was the
constant value of 30 mA/cm’, and the time of the anodic
oxidation process was 10 seconds.

5 In the pre oxidation step, as the oxidant solution,
there was used a mixture solution in whiclk sulfuric acid and
hydrogen peroxide aqueous solution are mixed together. Then,
a sample, in which a porous polycrystalline silicon layer 4
was formed, was immersed in the oxidant solution for 30

10 minutes.

After the pre oxidation step, a supplemental oxidation
step was performed. In the supplemental oxidalion step, the
sample was e_ectrochemically oxidized in a sulfuric acid
solution of 1 molar weight percent, by lezting flow a

15 constant current of 20 mA/cm’ between the platinum electrode
and the n-type silicon substrate 1 {(oamic electrode 2} in
stch a manner that the platinum electrode became the
negative electrode and the substrate 1 became the positive
electrode. Further, the sample was washed using water, and

20 then dried up. Then, the main oxidation sr.e;;-w.as performed.
In the main oxidation step, ultraviolet rays, whose main
wavelengths are 185 nm and 254 nm, were applied to the main
surface of the sample ({substrate} In a gas atmosphere

contalning oxygen and ozone while heating the sample up to

25 500 °C. Time of the main oxidation process was 1 hour.
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The 1ld emission-type electrén aource 10, which had

been manufactured as described above, was introduced into a

10 vacuur chamber (not shown), and then a collector electrode
21 (electrode for collecting emitted electrons) was disposed

at a positicn facing the electrically conductive thin film 7

as shown in Fig. 8. Then, the degree of wvacuum in the
vacuum chamber was set to 5X10™ Pa, and then DC voltage Vc

15 of 100 V was applied belween the collector electrode 21 and
the electrical_ly conductive thin film 7. Further, there

were measured diode «current Ips flowing between the
electrically conduclive thin film 7 and the ohmic electrode

2, and emltted electron current le flcwing the collector

20 electrode 21 and the electrica’ly conductive thin film 7 due
to electrons e emitted outward from the field emission-type
electron scurce 10 through the electrically conductive thin

film 7, while wvariously changing DC voltage Vps applied
between the electrically conductive thin film 7 {anode) and

25 the ohmic electrode 2 (cathodej. In consequence, there was
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10 enission-type electron source 10 of Embodiment 6, each of
the electrically conductive thin films 7 is formed in a
striped shape.

As shown in Fig. 11, the display Pl is provided with a
glass substrate 33 which is disposed so as to face the

15 electrically conductive thin f£films 7 of the field emission-
type electron source 10. Thus, on the surface of the glass
substrate 33, which [faces the field emission-type electron
source 10, collector electrodes 31 of striped shape are
formed. Further, the display Pl 1s provided with a

20 fluorescent layer 32 which emits visible light duevtc the
electron beams emitted from the electrically conductive thin
films 7, the layer 32 being formed- so as to cover the
collector electrodes 31. Hereupon, a space formed between
the field emission-type electron source 10 and the glass

25 supstrate 33 is in a state of vacuun.
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10%: () - (electrical field) is applied to one of the collector
electrodes 31 and one of the electrically conductive thin
films 7, the electrode 31 and the film 7 being conveniently

10 selected respectively, clcctrons are emitted only from the
electrically ccnductive thin film 7 to which voltage is
applied. Hereupon, only electrons emitted from the region,
which exists in the electrically conductive thir film 7 from
which the electrons are emitted, corresponding to the

15 collector electrode 31, to which voltage is applied, are
accelerated so that the electrons make the fluorescent
layer 32 covering the collector electrode 31 emit light,

That is, in the display Pl shown in Fig. 11, a portion
in the fluorescent layer 32, which corresponds to the region

20 w-here the electrically conductive thin film 7 and the
collector electrode 31, to each of which voltage is applied,
cross together, can be made emit light, by applying veoltage
to a specific electrically conductive thin film 7 and a
specific collector electrode 31, Thus, images or letters

25 can be displayed on the screen of the display Pl by
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films 7 patterned in the predetermined shape (striped shape
in Embodiment 14) have been formed, there is (are) performed
10 at least one of a treatment which applies ultraviolet rays
to the layer in a gas atmosphere containing at least ore of
oxygen and ozone as described in Embodiment 6, a treatment
which exposes the layer to plasma in a gas atmosphere
contairing at least one of oxygen and ozone as described in
15 Embodiment 7, a treatment which heats the layer in a gas
atmosphere containing ozone as described in Embodiment 8, a
treatment which applies ultraviclet rays to the layer and
heats the layer as described in Embodiment 9, and a
treatment which applies ultraviolet rays to the layer in a
20 gas atmosphere containing at least one of oxygen and ozone
and heats the layer as described in Embodiment 10. Thus,
according to the manufacturing method, by performing the
treatments described above, contamination due tc organic
materials produced in the processes before the treatments

25 may be removed, as well as the porous polycrystalline
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silicon layer is oxidized so that the electron emitting
efficiency may be raised.
Hereupon, the electrically conductive thin films 7 of
striped shape may be formed, for example, according to the
3 following process. That is, after an electrically
conductive thin film 7 has been formed on the whole surface
of the strong field drift layer 6, a photo resist lavyer 1s
applied and formed on the electrically conductive thin film
7. Then, the photo resist layer is patterned by means of
p] the photo lithography technique. Next, the electrically
conductive thin film 7 1is etched using the photo resist
layer as a mask, and then the photo resist layer is removed.
Hereupon, the electrically conductive thin films 7 of
striped shape may be directly formed on the strong field
15 drift layer 6 by means of the vapor deposition process or
the like using a metal mask having an aperture pattern of
the striped shape.
In Fig. 12, there is shown an example of a display
using a field emission-type electron source 10' which is
20 provided ~with a substrate in which an electrically
conductive film 12 is formed on a glass plate 11 as shown in
Fig. 6B.
As shown 1n Fig. 12, in the display P2, an anode

electrode 42 is disposed ebove the field emission-type

25 electron source 10' while forming a space 41 therebetween,
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source .0' and the anode electrodes 42. The field emission-
type electron source 10' is provided with a plurality of
electrically conductive thin films 7. Further, irn the

10 position Zfacing each of the electrically conductive thin
films 7, a flucrescent member 46 is provided on the lower
surface of the anode electrode 42.

Thus, when a predetermined voltage is applied between
specific (desired) ones in a plurality of clectrically

15 conductive thir films 7 and the anode electrodes 42 facing
the specific films 7, electrons e- emitted from the specific
electrically conductive thin film 7 proceed in the direction
saown by the arrow X, and then collide to the fluorescent
members 46 facing the specific electrically conductive thin

2C films 7. In consequence, the fluorescent members 46 emit
light as shown by the broken line L.

In the display P2, by applyving voltage to specific

electrically conductive thin films 7, and specific anode

electrodes 42 and electrically corductive film 12, tLhe

25 specific ones in a plurality of fluorescent members 46,
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5 electrically conductive thin film 7 and the electrically
conductive film 12, to each of which voltage is applied.
{(Example 5)

Hereinafter, as Example 5, there will be described a

field emission-type electron source 10 (see Fig. 11)
10 manufactured under the following conditions, oy means of the
manufacturing method according to Embodiment 14,

In Example 5, as the n~-type silicon subslrate 1, there
was used a (100} type silicon substrate, in which the
alectrical resistivity was 0.1 Qcm and the thickness was

15 525 um. The polycrystalline silicon layer 3 {sce Fig. 7A)
was formed by means of the LPCVD process. In the film
forming process, the degree of vacuum was 20 Pa, the
temperature of the substrate was 640 °C, and *“he flow rate
of the monosilane gas was 600 sccm.

20 In Lhe anc;dic oxidation treatment, there was used an
electrolyte in which hydrogen fluoride aqueous soluticn of
55 wt¥% and ethanol were mixed together in the ratic of
rearly 1:1. 1In the anodic oxidation Lreatment, the surface

of the polycrystalline silicon layer 3 was made contact with

25 the electrolyte. Further, a predetermined current was let
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10\ 2! 109% & posgtmogae qtroNe} [ 9Hegeupon, the current density in the
anodic oxidation process was the constant value of 30 mA/cnd,
and the time of anodic oxidation process was 10 seconds.

In the rapid heating process for oxidizing the porous

po.ycrystalline silicon layer 4, the flow rate of the oxygen

10 gas was 300 sccm, the oxidizing temperature was 200 °C, and

the oxidizing time was 1 hour. Thne electrically conductive

thin filn 7 was formed by patterning & thin gold film using

a photo lithography technique, an etching technique or the

like, the gold fiim beinyg deposited on the upper surface of

15 the strong field drift 1layer 6 by means of the vapor

deposition process. Hereupon, the thickness of the
electrically vonductive thin £ilm 7 was 10 nmn.

After the electrically conductive thin film 7 had been

formed, there was ©performed an oxidation treatment

20 {hereinafter, it is referred to "after treatment™) which

applied ultraviolet rays to the layer ir a mixed gas

atmosphere (2000 ppm) containing oxygen (0;} and czone (Q;).

A low-pressure mercury lamp of 110 W was used as a source of

ultraviolet rays. The zemperature and time of the heating

25 process were 200 °C and 30 minutes, respectively.
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comparison). Moreover, as Lhe comparative example 2, there

5 was also manufactured a field emission-type electron source,
in which the electrically conductive thin film 7 had been
formed using a metal mask and to which the after treatment
had not been performed. The differerce between Example 5
and the comparative example 1 was only whether the after

10 trecatment was performed or not. The difference between
Example 5 and the comparative example 2 was as fcllows.

Namely, in Fmbcdiment 3, the electrically conductive thin
film 7 was patterned by means of the pholo lithography
technique or the like, and then the after treatment was

15 performed. On the other hand, in the comparative example 2,
the electrically conductive thin film 7 was patterned during
the film-forming step using thke metal mask, and then the
after treatment was not performed.

Eackh of the field emission-type electron sources 14,

20 which had been manufactured as described above, was
introduced into a vacuum chamber (nct shown), and then a
collector electrode 21 (electrode for collecting emitted
electrons) was disposed at a ©positicn facirg the

electrically conductive thin film 7 as shown in Fig. 8.

25 Thus, the degree of vacuum in the vacuum chamber was set to
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0 current Ie flowing between the collector electrode 21 and

the electrically conductive thin film 7 due to electrons e’

emitted outward from the field emission-type electron source

10 through the electrically conductive thin film 7, while

10 variously changirg DC voltage Vps applied betwsen the

electrically conductive thin film 7 (anode} and the ohmic

cleczrode 2 (cathode). The result of the measurement are
shown in Fig. 13.

In Fig. 13, the hori;ontal axis shows the DC voltage

15 Vps. The left vertical axis shows the current density of

the diode current Ips or the emitted e.ectrcn current Ie.

The right vertical axis shows the electron emitting

eificlency (Ie/IpsX100). Further, the graphs in Fig. 13

show the following physical properties, respectively.

20 Continuous line @O (WM): Ips in Example 5
Dashed line @ (M): Ie in Example 5
Broken line ® (R): Eff in Examp-e 5

Continuous line @ (M): Tps in the comparative ex. 1
Dashed line ® (O): Ie in the comparative ex. 1

25 Broken line ® (O): Eff in the comparative ex. 1
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Eff: electron emitting efficiency

In Fig, 13, when the comparative example 1 is compared
with the comparative example 2, the current density of the
emitted electron current Ie of the comparative example 1 is
10 smaller than that of the comparative example 2 (see graphs
® , y, although the current densities of the diode
currents Ips of the both are ncarly same (see graphs @,@).
Accordingly, the -electron emitting efficiency of the
comparative example 1 is smaller than that of the
15 comparative example 2 (see graphs ®,®). The reason may
be considered as follows. Namely, in the comparative
example 1,. there may remain contamination of organic
materials due to the remaining resist of the photo rgsist
layer used for patterning the electrically conductive thin
20 film 7. On the other hand, i;>the comparative example 2,
such contamination of organic materials may 1less remain,
because the metal mask is used for pattering the

electricelly conductive thin film 7.

Next, when Example 5 is compared with the comparative

25 example 1, the currenl densily of the diode current Ivs of
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Example 5 is smaller than that of the comparative example 1

(see graphs O, ®), although the current density of the
emitzed electron current Ie of Embodiment 3 is larger than
that of the comparative example 1 (see graphs @, ®).
5 Accordingly, the electron emitting efficiency of Example 5
is higher <than that of the comparative example 1 (see
graphs @,®). For example, when the DC voltage Vps is 20
V, the current density of the emitted electron current Ie
of Example 5 is as 30 times as that of the comparative
10 example 1, the current density of the diode current Ips of
Example 5 being as one fourth {1/4) as that of the
comparative example 1, and the electron emitting efficiency

of Example 5 being as 120 times as that of the comparative

examnple 1. Namely, the electron emitting efficiency of
15 Example 5 is much larger than that of the comparative
example 1.

Further, when Example 5 is compared with the
comparative example 2, the current density of the emitted
electron current Ie of Example 5 is larger than that of the

20 comparative example 2, in conseguence the electron emitting
efficiency of Example 5 is higher than that of the
comparative example 2. Hereupon, the reason why the
current density of the emitted electren current Ie of
Example 5 is larger than that of the comparative example 2,

25 ray be considered as follows. Namely, in Example 5, there
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may be obtained such an effect that the surface of the
field emission-type electron source 10 is purified by the
after treatment, and/or an effect that the quality of the

silicon oxide film 64 (see Ytig. 10A) in the surface of the

fine crystal silicon layer 63 which constructs the strong

tn

field drift layer 6, is improved (the ratio of the surface
covered with oxygen atoms is increascd).

Although Lhe present invention has been described in

relation to particular embodiments thereof, many other

10 variations and modifications will become apparent to those

skilled in the art. It is preferred, therefore, that the

vresent invention be limited not by the specific disclosure

herein, but only by the appended claims.
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sﬁbstr_ate and an electz.:ically conductive thin film formed
on the strong field drift layer, wherein electrons, which
are injected into the electrically conductive substra_te,
drift in the strong field drift layer to be emitted outward
through the electrically conductive thin film by applying
voltage between the electrically conductive thin f£film and
the electrically conductive substrate in such a manner that
the electrically conductive thin film acts as a positive
electrode against the electrically conductive substrate,
_whérein

| the strong field drift layer is formed by a process
including .an_ oxidation step of oxidiziﬁg a porous
semiconductor layer, the strong field drift layer including fine crystalline silicon
layers of nano structure and silicon oxide films formed on surfaces of the fine
crystalline silicon layers, each of the films having a thickness smaller than the
diameter of crystal particles of the fine crystalline silicon layers.

2. The field emission-type electron source according
to claim '3, wherein the strong field drift layer is
oxidized in a liquid phase in the oxidation step.

3. The field emission-type electron source according
to claim 2, where;n the porous semiconductor layer is

formed by performing an anodic oxidation to a semiconductor
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layers of nano structure and silicon oxide films formed on surfaces of the fine
crystalline silicon layers, each of the films having a thickness smaller than the
diameter of crystal particles of the fine crystalline silicon layers, and an
electrically conductive thin film formed on the strong
field drift layer, wherein electrons, which are injected
into the electrically conductive substrate, drift in the
strong field drift layer to be emitted outward through the
electrically conductive thin film by applying voltage
between the electrically conductive thin film. and the
electrically conductive substrate in such a manner that the
electrically éonductive thin film acts as a positive
electrode against the electrically conductive substrate,
the method comprising a main ox;i.dation step of forming a
strong field drift_  layer Dby oxidizing a porous
semiconductor layer.

5. The method of manufacturing the field emission-
type electron sourcé according to claim 4, wherein the
porous semiconductor layer is oxidized in a liquid phase in
the main oxidation step.

6. The method of manufacturing the field emission-
type electron source according to claim 5, wherein the

liquid phase is an acid solution.
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main oxidation step.

8. The method of manufacturing the field enmission-

type e.ectron source according to claim 7, wherein the
5 eleclrolyte solution is an acid solution.

9, The method of manufacturing the field emission-
type electron source according to «claim 4, further
comprising a supplemental oxidation step by means of &
heating process, the supplemental oxidation step

10 being performed beiore and/or after the main oxidation step.

10. The m2thod of manufacturing the field emission-
type electron source according to claim 5, further
comprising a supplemental oxidation step by means of a
neating process, the supplemenial oxidation step

15 seing performed befo?e and/or after the main oxidatiorn step.

11. 7The method of =manufacturing the field emission-
type electron source according to claim 6, further
conprisirng a supplemental oxidation stcp by means of a
heating process, the supplemental oxidation step

29 being performed before and/or after the main oxidation step.

12. The method of manufacturing the field emission-~
type electron scurce according to «claim 7, further
comprising & supplemental oxidation step by means of a
heating process, the supplemental oxidazion step

25 being performed before and/or after the main oxidation step.
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comprising a supplemental oxidation step by means of a
rapid heating process, the supplemental oxidation step
being performed before and/or after the main oxidation step.
14. The method of manufacturing the field emission-
type -electron source according to claim 4, further
comprising a pre oxidation step of oxidizing the porous
semiconductor 1layer using an oxidant solution, the pre

oxidation step being performed before the main oxidation

step.

15. The method of manufacturing the field emission-
type electron source according to claim 5, further
comprising a pre oxidation step of oxidizing the porous
semiconductor layer using an oxidant solution, the pre

oxidation step being performed before the main oxidation

step.

16. The method of manufacturing the field emission-
type electron source according to «claim 6, further
comprising a pre oxidation step of oxidizing the porous
semiconductor layer using an oxidant solution, the pre

oxidation step being performed before the main oxidation

step.



10H 10H610%H4& () - 2&10%H& () - 010%4& () - meeee&f bf f dEBC  10' ! &10%4& () -

109448 () - MLOYHE () -: 10944& ()-y 109%4& () - &Z109%4& () - f f 2ggahhi z[ <bC
10'|I(V<10%-l&()-llo%-l&()-lllo%-il-&()-lFsllo%-Il-l&() fIFST10%HE (¥of bl O
()-iiiijA~jjaB7C 10 10Hs6& 10%4& (

4810%&' () - 210%&' () - . MLOYK&' () - )1100/%3254()-I )1 10%H8 ()-jjjiiii9knNC 10
10Hs&10% 0& ()- ' 10% 0& ()- ' 10% o0& ()- 9%, 10% o0& ()- @0% o0& ()- 10H
10HOKKk(lal I11}7?NC 10 10' 1109% 0& ()-0' ! 10% 0& () - 0910% 0& ()-F10% o0& ()-!L
10%08& ()-!'L 10% o' 0& ()-11111mmjL2C '!10%0&'()-

N&! ' 1109% o0& ()-9'!110% o0& ()-F !10% 0& () -

N& ' 1'10% o0& ().
0 (f7. Thengetgvgpgﬁg manufacturing the field emission-

type electron source according to claim 7, further
comprising a pre oxidation step of oxidizing the porous
semiconductor layer using an oxidant solution, the pre
oxidation step being performed before the main oxidation

step.

18. The method of manufacturing the field emission-
type electron source according to claim 8, further
comprising a pre oxidation step of oxidizing the porous
semiconductor layer using an oxidant solution, the pre
oxidation step being performed before the main oxidation

step.

19. The method of manufacturing the field emission-
type electron source according to «claim 9, further
comprising a pre oxidation step of oxidizing the porous
semiconductor layer qsing an oxidant solution, the pre

oxidation step being performed before the main oxidation

step.

20. The method of manufacturing the field emission-
type electron source according to claim 10, further

comprising a pre oxidation step of oxidizing the porous
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comprising a pre oxidation step of oxidizing the porous
semiconductor layer using an oxidant solution, the pre
oxidation step being performed before the main oxidation

step.

22. ‘The method of manufacturing the field emission-
type -electron source .according to claim i2, further
comprising a pre oxidation step of oxidizing the porous
semiconductor layer using an oxidant solution, the pre
oxidation step being performed before the main oxidation

step.

23. The method of manufacturing the field emission-
type electron source according to claim 13, further
comprising-; a pre oxidation step of oxidizing the porous
semiconductor layer using an oxidant solution, the pre
oxidation step being performed before the main oxidation

step or before the main oxidation step and the supplemental

oxidation step.
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before and/or after the main oxidation step.

27. The method of manufacturing the field emission-
tyoe electron source according to «claim 25, further
comprising a supplemental oxidation step of oxidizing the

5 porous semiconductor layer by neans of a heating
process, the supplemental oxidation step being performed
before and/or after the main oxidation step.

28, The method of manufacturing ihe field emission-
type electrorn source according to «claim 24, further

10 comprising a further supplemental oxidation step of
oxidizing the porous semliconductor layer using an acid
solution, the further supplemental oxidation step being
performed before and/or after the main oxidation step.

29. Tke method of manufacturing the field emission-

15 type electron source according to c¢laim 25, further
comprising a furtner supplemental oxidation step of
oxidizing the porous semiconductor layer using an acid
solution, the further supplemental oxidation step keing
performed before and/or after the main oxidation step.

20 30. The method of manufacturing the field emission-
type electron source according to «claim 24, further
conprising a pre oxidation step of oxidizing the porous
seniconductor layer usirg an oxidant solution, the pre

oxidation step bheing performed before the main oxidation

25 stepo.
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comprising a pre oxidation step of oxidizing the porous
semiconductor layer using an oxidant solution, the pre
oxidation step being performed before the main oxidation
step and the supplemental oxidation steps.

25 35. The melhod of manufacluring the [ield emission-



bACL0%0 D 10%& ()-- =~ 10%$f& ()-- ?2° 10%& ()-- S10% $f& ()-

@10% $f & () - F109940%% Nor mal " "Headi ng 13]c" "Heading 23] c" "Heading 33]c"
"Headi ng 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c"
"Headi ng 93] c"A "Default Paragraph Fontg | 9% 05*; 19 MaR 2002
@FKPUZd] ot | z@P?_I B, $) ! &<, 1f 7<"BGLyRWghgk] qv| cj CPj LA2@}

"$&(*, . 02468: <>@DFHILNPRTVXZ\ 2" bdf hj | nprt vxz| ~nt'

"+/5~<0 S mu+% (#4S@W clw :!r; 7ghij kl mmopgr st uvwxyz{|}~B h

#9Y&( ) +- Z. / 235B89: <+>"?@CGW | K LVNdOQS' UWK, \ ]~ acgDij I n

prr st vw} %5af Obg 82¢ roryJ A R&¥E Y 86 2AileS( ko- 70241 &9,  furtner
=?@ CERGIMOLT"WZ[ A" bdnefi j 9kl mmm n?nknnnnp3r ~t

uwy| g\ Y: NkbRG#2e 161 g/ 303267 hid dat ) S#SUBp) B, oxhA1RBAP6TRY: porous

<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ _" abcdef ghi j kI mopqgr st uvwxyz{| } ~6Ti nmes

New RomanAr i ademdaohéanctesy' DafRoot uEbhgy\4br dbociamentsalution, the pre

" #$9&' () *+,-./0123456789: ;

<=>? GABCDEFG-ixlide MANORPQREELNVBEYE] \ pér f anedie figfiork| rhepauas h uowa glaf g

" #$UR' ()*+,-./0123456789: ;

<=>7? (GABCBEFGHi tHiL MNOPORS RUNPK¥EEN§ 81 cxtiddbighigtepsmopgr st uvwxyz{| } ~

" #$9&' () *+,-./0123456789: ;

<=>? @ABCDEFGHI J KL BROPCRET nankez] \Jf" ragiddetephinok | theo fied duemwk ygidn—~
type electron source according to any one of claims 4 to 35,
wherein the porous semiconductor layer is a porous
monocrystallire silicon layer cr a porous polycrystalline

10 silicon lavyer.

37. The method of manufacturing the field emission-
type electron source according to any one of claims 4 to 35,
wherein the electrically conductive substrate is an n-type
silicon subsirate.

.5 38. The method of manufacturing the field emlssion-
type electron source accoraing to any one of claims 4 to 35,
wherein the electrically conductive substrate is a
substrate in which an electrically conductive film is
formed on a surface of an insulating plate.

20 39. The method of manufacturing the field emission-
type electron source according to claim 38, wherein the
insulating plate is composed of giass or ceramic.

40, The method of manufacturing the ZIield emission-

type electron source according to any one of claims 4 to 395,

25 further comprising a step of forming the porcus
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semicornductor layer by performing an anodic oxidation to a
semiconductor layer.

41. The method of manufacturing the field emission-
type clectron source according te claim 6, 8, 11, 13, 16,
18, 21, 23, 28, 29, 34 or 35, wherein the acid solution is
dilute nitric acid, dilute sulfuric acid or aqua regia.

42. The method of manufacturing the field emission-
type electron source according to any one of claims 14 to
23 and 30 to 35, wherein the oxidant solution is any one of
or a mixture of plural ones of concentrated nitric acid,
concentrated sulfuric acid, hydrochloric acid and hydrogen
peroxide.

43. The mathod of manufacturing the field emission-
type electron source according to claim 42, wherein the
oxidant solution is used in a heated state.

44. A display for displaying an image on a screen
thereof, including:

a field emission~type electron source according to any
one of claims 1 to 3;

a collector electrode dispused so as to face the field
emission-type clectron source;

a filuorescent member disposed on a surface of the
collector electrode, the surface facing the field emission-
type electron source; and

a member for applylug voltage betwesen the collector
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electrode and an electrically conductive thin film of the
ficld emnission-type electron source; wherein

when voltage is applied between the collector
electrode and the electrically conductive thin film, the
image is displayed on the screen by colliding electrons
emilled from the field emission-type electron source to the
fluorescent member so as to make the fluorescent member

emit light.



