; N_abce3ed. xd+6$Tx" "1 3 FEB 2003 FIELD EM SSI ON ELECTRON SOURCE ARRAY AND

| TS PRODUCTI ON AND USE BACKGROUND OF THE I NVENTION 5 Field of thk3IfBBa@i08on
~ *16G G6* The present invention relates to a field em ssion electron source
that emts electron beamthrough strong electric field em ssion using a

senmi conducmmmmmumw, and its production and use, and is an inprovenent
of the U. plication No. 09/140,647 (Field em ssion el ectron
source array, +«amoh2i ts production and use) of which 10 contents are

i ncorporated herein. Description of the Related Art The present inventors

proposed a pl anar fi el HTEDD ENISSIONILECTRONISOVRCHARRAY by forning a
porous polycrystal silicon layer that is processed by thernmal oxidation on

an electrically conducti veANIDITSRRODINGTIONAND U8Eace el ectrodes nade
15 of thin netal filnms on the thermally oxidized porous polycrystal silicon
| ayer (Japanese Patent Application No. 65592/1998). The field em ssion

el ectron source emts electrons through the surface of thﬁmm”%
el ectrode BYCKBRHUND DETHEGNGECTR Vol tage across the mw” trode
and the conductive substrate, with the surface el ectrode servigg.as t

posi tikve e#i%ﬁf&ﬂﬂ@lm%ﬂﬁoﬁpp' ying a direct current voltage across 20 the
surface electrode and a collector electrode that is disposed to oppose the

surface el ect 0dgye Wit NSeRINT PAReL1S S GO0 BN WechRn BT b¥fi o,

el ectrode. A display apparatu I"i zés
sour ce of thls t r bstrate 33 disposed, t t he
surface eI%EYtF%ggm}’%%nt#ﬁé&f’?%le%& 'géﬁoﬁﬁ“‘éﬁlg‘&t“%‘ﬁ &9 1(98“‘&'“5?“&‘8 glvm in
Fig. 22, while collector electrodes 31 forned 25 i he for f stripes on
5 Sur face B FraroESe tabuts and 58 imac Vet Lt ﬂé§ Baiedt ARplcaio Nogs
2003 em ssion el ectron source 10', and a phosphor ger 32 forned tq cover
the col | ecPYr4QPEE(Fisdeemission eletpr s9uige W@m @pé ﬂls'pgﬂ uchipaand ppddfaviieh wi t h
el ectron beans emtted by the surface electrodes 7. The field em ssion
el ectlPon seitenss arg ingpsporatedhsraidl | y oxi di zed porous pol ycrystal silicon
| ayer 6 fornmed on an n-type silicon substrate 1' that 5 is an electrically
conduct i veDsseniptionioéthedkelatedAftace el ectrodes 7 formed in stripes on the
porous polycrystal silicon |ayer 6. The n-type silicon substrate 1' has an
ohm ¢ el ectrode 7Thd qresedt anvédrtersbpoiposadr faaplnahdreddfemiksion hedeatiiorpkayrce
apparatus descri bed above, it is necessary to apply a voltage
produced by forming a porous polycrystal silicon layer that is processed by thermal
oxidation on an electrically conductive substrate, and forming surface electrodes made
15 of thin metal films on the thermally oxidized porous polycrystal silicon layer (Japanese
Patent Application No. 65592/1998). The field emission electron source emits
electrons through the surface of the surface electrode by applying a direct current
voltage across the surface electrode and the conductive substrate, with the surface
electrode serving as the positive electrode, and applying a direct current voltage across
20 the surface electrode and a collector electrode that is disposed to oppose the surface
electrode, with the surface electrode serving as the negative electrode.
A display apparatus that utilizes the field emission electron source of this type
comprises a glass substrate 33 disposed to oppose the surface electrodes 7 of the field

emission electron source 10’ as shown in Fig. 22, while collector electrodes 31 formed

25 in the form of stripes on a surface of the glass substrate 33 that opposes the field



+seleetively to regions fromwhich it is desired to emt el ectrong3ifepngsr
to emt 10 electrons from predeterm ned regions of the planar field

~em ssion electron source 10'. Thus in the display apparatus of this type,
the surface electrodes 7 are fornmed in the configuration of stripes and the
collector electrodes 31 are fornmed in the configuration of stripes that
cross the surface electrodes 7 at right angles, so that electrons are
emtted only fromthose of the surface electrode 7 to which a voltage is 15
applied, by selecting sonme of the collector electrodes 31 and sonme of the
surface el emipueR §lepiramgouispl N ngnd aohosnhosdaver 32 fonged te covercthe esllggtor
therebetween. O the electrons emtted, only those electrons emtted from

t he regi on ebctiode 3d ufof améttiog avisibledight Whep dusdiatgdt wich elgctren beame emittadoble 31
to which the voltage is applied are accel erated, thereby to cause the
phosphor cdhbersurface lekecroddse@t oThel fiaid remissi®d elextrem sourcegi0’ hio asther@ellup,

in the display apparatus of the configuration shown in Fig.22, light is
enitted fraxidibel pirosppsiycrysbsilidch k6 SrnedRardn ReypehdialsubQrtespaadi ng
to that where the electrodes 7, 31 to which the voltage is applied

intersect qagh eRthiRally ByndRAVY butttrafte aN@ birfide eletrohss Padrde@Yh airipsbh e
el ectrode 7 and the particular collector electrode 31. By switching the

surface el grf5adgolgcARdl tshﬁcoﬁolla%/&CBQr mleem}?i@danéan ﬁebmit&h’trgalgsagfggﬁ&e :

25 is appli'ed, inages or characters can be spl aye I'n the

appar at us %@%gong%mged o% e%aﬁf&vr?&%@%ﬁ?&ve’ however, it is necessary to

accel erate the ectrons by applying a high voltage to the coll ector

el ectrode 31 in g y.er: 1t light with the
cl cotrons e t 1 edni i, ERrAlF dBReE et 4Es BEreb B b anklyE yolhds)

vol tage of s ver Ithundred%.to sgv%r l. t ouiﬁgds OL Xolts i.s usually .

appl i ed to SEWEMERY (18 IE8IONE | LU  WhIE sl IF rPesired, 4O SR SSFCIEoRs ’Hi%raFra;t/o emit
apparatus using the field em ssion elegtrqn s e., Howeyer, it is__|
norostry (efint BRmprEicT bt et CitAru DRI e HOn ok 80P I ousands
of volts applied to the collector electraode 31 in the case of the disp]ay
appar at us usi ng tH®sfR éhed‘?‘éﬂﬂé@%a@F of this typso theciringe elsrtredrs TangriPggdat i on
shown in Fig.22, thus giving rise to such a problemthat a surge voltage
gener at ed \ihethe ssanfighTatign 10f staipehiagd thel eellpstareglestradesi3l ree dewned iwithehi ng
el ement that has a hi%h wi t hstandi ng voltage that |leads to a higher cost.
Fur t her nor eonfigerativm i sstidpss| thet ross uhe eurfaed electradés @watnaghitnanghes, sol thefct or
el ectrode 31 and a collector voltage of 1 kV applied, for exanple, a

swi t chi ng elestrens ateaemitigd ontyafrabi thasy obthelsuiface etestpoile Gctofwhick actoltage ishe
coll ector electrodes 31, nere switching el enents provided for the nunber of
col | et3 or HEpphéd diy selectingl sdree @fethe edojlebiot lefectiodeteB 1tdnd sdmw @f the surface

ci rcunst ances, the present invention has been nmade, and a first object
thereof is dletiodey 7dgndaappleing el Bsltags (elrewd eleotrROfleldy thérabetiveerapaphiee of
emtting electrons selectively froma desired region of surface el ectrodes

W t hout SWe‘lééhbﬂgerfnh%dQQﬁngﬁés@rel@Jt@% ERUER] fréin Y Fdgich oF tHE sPlce @R trodes
applied, and a nmethod of 20 producing the same. In order to achieve the

first objeet o%fo?ﬁrgi 136 CoRRQYLelebtRSdd?S £56 Whidh 8 mo:lt;ﬂge W Q%;Jlﬂﬁ_sar@ abéedrited,

em ssion el ectron source conprising an electrically conductive , 25
substrate I i g n hve
Cayer o3 e aRe pRLGRGE BRI o e RBAFSL 14 A Refip 8l
stro eleciric,fiel L1, for Iy yer: e
eIec?g?calﬁ?’@b%ﬁd@%ﬂ@g&gﬁkg?$§ﬁgfc Hgﬁgﬁﬁ&éggﬁ%f§§€§§§E§§@§%§§§?§%S%§% a
thin conductive fi,lmfor on the strong..electric field drift, |ayer
wherei n el dht FORSPAT d274s] T2 BNV 3 hoRPHLTRPRRCEd: EorTaspoRiRdR 1o VG Hoat o
into the strong.,5 electric¢.field qrift |ayer, .and are drifted and, emtted
e ough t he\CHBAS Gt Pty feralipee spRoRRg AREET U0 HbF 0y AR e
conductive filmand the conductive |ayer of the electrically conductive
substrate Woltage tetherpaitiedarasisface elctiods Jetnd g pesticulasoeglierie elackieds dde,
wherein the conductive |ayer provided on the conductive substrate is forned
from a pl uBy swijchiig thersurfece elsctenddi Thand the saliettorcdleatwde 3d o athicdy thatvoltage .
predeterm ned intervals

25 is applied, images or characters can be displayed. In the display apparatus described



»10 and the thin conductive filmis formed froma plurality of stripes
extending in parallel to each other at predeternined intervals 13 fEffhaga
.and cross the stripes of the conductive |layer via the strong electric field
drift layer; and wherein the strong electric field drift layer is a porous
pol ycrystal sem conductor |ayer that is oxidized or nitrized, with the
conductive |layer and the thin conductive filmhold the strong electric
field drift layer 15 therebetween at each position where the strips of the
conductive layer, and the stripes of the thjn conductive filmthat oppose
each of her FHRVEhSRAVer, iiia MepssSary thisresleraisitl sepronshy anbips & igloyaltags to
arranged at predeterm ned intervals on the conductive substrate. By

sel ecting tihe cpbeaser dedradedddn aider:tasaussrthe phosphet tayerd2 themidighy witd the
voltage to them electrons can be enmtted only froma selected region of

t he surf aceeledrass gotitestiey the field emission elestren selree i Poaed ahighswltaghef siverat,
firstly it is nade possible to emt electrons only froma desired region of
t he surf acehwildexzistodesral Ahausasdscafindilty is tisually mppléedoosthe bbldectar eddctrnoadl én a
circuit that switches a high voltage of several hundreds to several .

t housafids athe ¢adetaf thpdispleyl apparatoe usiag kieciiad emlissiin adet@ronsoarse of a di spl ay
appar at us having such a configuration as the collector electrodes is

di sposed to opposHowavdrlieisntctaes 1l sttichadfigh Voltigeldfee WA IRArdS HEgHvERN has
an advantage to reduce the size -4 1 3 FEB 2003 and cost of the field

em ssion el @6hdaAds DEWokS pplidd thhat dofle@aPaRlcRo® 33einefiel ¥RL Yoremikt dikf8y
el ectrons froma desired region of the surface electrode. The term

"conductive, r iy tRefel Riish tyat j gﬁ,g;;,'

| ayer for sﬁgﬁ%s gglsﬁga nedgltd?e\/rg gelﬁe?tl%cgrgg %P&t%hfe f‘lﬁe g‘@é)ﬁ?%lg'lagﬁ{‘e ecxtl \}ﬁgn
source 5 prgyide : =L NGl f ' .
trength § o bdapnS BBl b Roh  BH0IARG: ISR oL 08¢ sehed BhpL R uting,

t here inyaguym yal | t term " caonductive tyatey. neans .a ..
subst 10t e HES M AR otred et T RiHRERES lafert VB At el R ying

pr edet er m ned, regi f a p- e senm,cgnductor layer that forns o of, the
princi pal S{ﬂ?t@ggg@??ﬁgf He2 B%é‘p‘é?&'p%'ﬁﬁ@“gg?ﬁ EﬁHHﬁ%ﬁ BF?ﬁ?fﬁ‘H cayrept %]aﬂ’éé‘ 10 a
substrate having a netal | ayer fornmed thereon in the case of _an insul ating
substrate. HAANHeRaS %%}@Ptowéﬁct%iﬁsﬁi BT @SRRI YRIBEE afel 1KY, @PPRFS, (RE
conductive |layer doped with the n-type inpurity is _formed on the substrate
in a confi (teEPIGR dyitdiing glegegt ayasa eapapiibyef dr W Begdnipdefar Aagh of the he
case of an insulating substrate, such a configuration may al so be enpl oyed,
as a mat t ercabiectopgles@odas\d lnwrgre gwitchiagietemantc providedyfer theanumber i colpgtact i ve
| ayers conprising an inpurity diffusion [ayer on the insulating substrate.
In ca$® thagledrodendlibedorme veaybulkys forned on a seniconductor layer, it is
preferable that an inpurity |layer of the opposite polarity (conductivity
type) to the condundarwtbe labyer cirqurhsianves] the présent invaktioruhaebéendmede, remd £ | ow
across the conductive layers. In case that a p-type sem conductor is used
as the subsfirsabbjectuthenddf)is tbhgowide cofididcémissioh asledtranssovretethas inbapabtey pf
impurity layer and the layer that isolates it is nade as a p-type inpurity

| ayer. To nakigir Rc@Ensiseleativetp Ttdmte debited fegilsiofadirRicé @létsivdaN without
i nsul ati ng substrate such as glass and forma conductive | ayer as a netal

film by Vapé%\?itcﬂﬁ%oﬁxktéoﬂgctef elefifodds 6 whitlea BigH PeitagRfis hPSieA0BRG thétRod By er
are each several tens to several thousands of mcrometers in wdth and

di spoggd i n,Ban Bl she€ach other at 25 intervals of several hundreds of
m cronet er rsbr %‘?ﬁcings?s S'f t he conductive |layer is -5 13 FEB 2003 from
several hundreds of angstrons to several microneters in the case of a
netal, and several mcroneters in the case of a diffusion |ayer.

SUMMARY OF THE INVENTION
In order to achieve the first object described above, the present invention
provides a field emission electron source comprising an electrically conductive |

25 substrate having a lower electrode which may be formed from a conductive layer



. On the other hand, while the polycrystal sem conductor |ayer may, ge made of
a polycrystal material of a IV group el enent such as Si, Ge or (i d%ﬁbaﬂﬁd
of IVIV 5 elenents SiC, conpound of I11-V elenments such as GaAs, &GN or

" InP, conpound of Il VI elenents ZnSe or other polycrystal sem conductor,
pol ycrystal silicon is preferable since it can be made porous by anodic
oxi dati on (anodi zation) and an insulation filmcan be fornmed easily on the
crystal surface by subsequent oxidation or nitrization step, thereby to
forma strong electric field drift layer. Detail ed description of the
strong 10 dbatdd orcatflemdt dneliof ptintipylesurfasesgn wrong eletthie fidlSdrifPddyenformed on
Application No. 09/140, 647, Japanese Patent Application Nos. 272342/ 1998
and 115707/t49%6nduetive Heyer oot thet ele&ricalocqatuatiead shilsstiate) apy suefed @efoddsn
order to prevent current |eakage fromoccurring between drift |ayers, a

ptype i npurdohstirnobe ghapedndiRtiveilnt Reinfelr S eheebiesg tlectricefidld dirit tajepyer s
when using a 15 substrate having a p-type sem conductor |ayer, or

r ef er abl i: i F i ; : her, shut
p y vﬁ{érélﬂ%wc%gf‘gre ifpettedifforh Qﬁaa@ctﬂealgwﬁnfdtgﬁm%ﬁa&?&e gﬁls tﬁé)ytrén% o

of f .current | eakage. SO a portion or a par e sem conductor nm

r enmov fr ri I: (St r . [.RQ, SO
t hat % insucg"?alt ﬁgﬁ{ﬁéfﬁgﬁy%éﬁﬂges (gli&%gc?hgﬁwlﬁ%adjtlh’;é\dgh “s‘%??{géé“&g‘%“%g‘ﬂgr ove
thereafter, or.th tch y be fitled wt n insulating | r. 20
The strong agP{é'(I:rfgr ?c‘?%ltl%%??flc&%%]&ﬁ © {Ig%legongg%mﬁeﬁ%ra dt%Bycopg?cﬁivﬁglagﬂegy&e

pol ycrystal ,sem condugt or | ayer on the, conductive.supstrate, applyi

Dot ¢ oxi FATBATY randugive FERkaS whinf SREHEn e s AOR Hosie
sem conduct or | qyer, or, ap u r .portion thereof |ocated-on . the conductive
Cayer i nt o SeciBRbEhTEindRe GPRtuctlE layRERrayiied OB the CBRCUSHYS SYRSHAeL SRR oS
portions. It is nade easier to make the whole | ayer porous, when.a portion
25 wher e t HEom 2 pdyaliy fstnpes etadingging peralleh{pachothes ap predgteraped dntgwvalsed
and the other -6 1 3 FEB_200 tporti ons are renoved by etching and then
subj ek ed tagd sheothinzeandygetiverfiler s farmediBarrd patliboelhtapesextendingfin paiatgl tohe
strong electric field drift layer on the conductive substrate, conditions
f or anodi zaetloathanat predetatmiond orterviatsrto xpposenandi arossabe swipes hé theotopdugtisteal
sem conductor of polycrystal silicon, in detail in the U S. Patent

Appl i cat i odayer Nia e/ strbdg GlettriA§ eldiedreht ldyed addowkereinrthe alseng Blectpiorftelddrift

bet ween nei ghboring strong electric field drift |ayers anong the

pol ycryst allayeenis & pocsist mulydrastelr senfiadnduoos ldyeti tieat i exidized g nithieed, rwich theel d
drift layer is renoved by etching thereby to expose the principal surface
of the semiceamditivt Adyes Wagtthe ifn Boddidive flIEUhEH ithe sfrodgTelestrit qleld dri@nlayédre
princi pal surface of 10 at | east the exposed sem conductor substrate,

i nsul g8 i on thEtNREBer NCeadR pBEINGH Wharesthe @itths I €t ddnduétive! 18l fahfl thd enpéssofcan
be i nmproved. Wien a silicon substrate is used for the sem conduct or

substrate, ¢ i cHRAVARIR th dﬁg@s@&cﬂ'oEW%t@séét%E&By ItG¢Rhe A Wurkli§ of

conductive layer and an silicon o0xide layer for the insulating layer. In a
¢ q . , A . ¢ h

D onet el SRR BB SHRE5, BhoHAOT AL 07 I MBS E 0, o 1

silicon oxide | axsy s@lgﬁ:t?r%lc)ﬁ{:etsl Vseltr?%ll?c?ﬂlot 'ﬁgn'agthtehs%{ﬁ% teie%ﬂag% fkaﬁang{“% I(?pal

surface of a p-type u e i S not covere on
itride fil d [ t h il Wtride fil - . i i
for med bet SURES HTHeg), gRIomR 28 ey amied anlteFioay o e lisd FRRISR AF 1RF siffece”
ayer " b G Bhe SBRaSHR A SR Y SRS

carried out to nmake the polycrystal sem conductor |ayer porous, tge. prous
pol ycryst alengbﬂﬁ@mlmﬂbgonméwﬁeg regipr P g Stlﬁ‘aqeo?lﬁﬁt'f%és-st&é‘hﬁecé’ln it 1sc
field drift layer, and surface electrodes conprising thin metal filmthat
cross the rmadgmossiblyi toreliarinate eraitsyitdhatiwatches ohighaioltege picseveral Burprpds to
layer. In the field em ssion el ectron source array described above, when
t he 25 condevdralvthdusarels ¢ff opoltexrppldd to rthe yolestenieteadrodmdn tchse of reodgsplay
electric field drift |layer are

apparatus having such a configuration as the collector electrodes is disposed to oppose

25 the surface electrode. Thus the present invention has an advantage to reduce the size



., 73 FEB 2003 forned in the configuration of stripes on the corp§1&t£8v§
substrate, there is a possibility of Ieak current flow ng between 003
.conductive layers or between the strong electric field drift |ayers. Wen
such a leak current flows, electrons are emtted fromthe surface el ectrode
| ocat ed above the conductive | ayer where no voltage is applied, thus 5
maki ng a cause of cross-talk in a display apparatus, thus giving rise to a
possibility of preventing the selective em ssion of electrons fromthe
desired region of the surface el ectrodes. A second object of the present

i nvention iaad eost ofdihadfisld anispomeletéroa fouededamay ghiton edpebler of selectivety
array that can be reduced in size and produced at a reduced 10 cost,

wher ei n el entittgselemonb&oana déstrdd sedi@cof thelsyrfideciedtfodedesi red regi on of the
surface el ectrodes while preventing | eak current fromflow ng. According to

the present inverfheomern N‘condiRfivé OsudsthateV eheréift sefeRNEb 0dbj BktrAe SEdvideh
above, first, when the conductive substrate is forned from a sem conduct or

llayer in thenfhdive 1878 861 RRif £C4 hQAITOHIeERo R dfale fidldtngsiGPReaRdd &furn
impurity diffusion I5 layer is provided between the conductive |ayers

(i rmpurdty djbdiHsd f ri1QCi r I of .
The hi h. conoaar S rPiTiel | REEE bt b R Slngd R E AT BB FE

di f f usi on 'P%Yg‘gtﬁistélrs‘%ifﬁﬁ%(f‘,dhg“’gf@eggﬁ‘?‘] | BRlHREER EL0T (LRI Detagemd ne

diffusion I'a rrty rs dopedin e polyctrys

sem conduct | 0 b n,the stron lectri.c field drift | rs

t her eby tot [(r')l} m%égé)q%vsesib\é\gﬁgn Ié‘ﬁ%]“p?e?)'g’ﬁ&atlee K108 e ArYPY olfﬂWJIr%gﬂ%ed

bet ween the strong,electric.field, drift layers.. In this case, it is

raoes cal  ORPRTIE eE eR i Rred e s RO S P SPTEacbsbRlaks e
surface el ectrode and the.pol ycrystal sem cgonductor |ayer that is doped
with the p-f9v%°@%{}gmpy}wlphleﬁ¥1§rﬁgesva thy HE prtéa%seewwﬁ{ctqff%arl%mew from
t he conductive substrate via the pol ycr%stal .25 sem cgonductor |l ayer to the
surfat® el dciubsigate haying a getal fayer Semnipdtherean in Hhe @ael obRn prslatimenyybstrate.

pol ycrystal sem conductor layer, that is formed between the strong electric
field driftTheapetpklay¢rrthatgongfituies she eapiduetivedaydr nsitha ¢andugtivedepersioped ivdtini ng
in the direction of thickness nmay be provided in a part of the portion

bet ween t héhsotypecmmirdgy iy futmed amcthe substrate ipar condigutation pdrstripes disposekat t he
conductive 5 layers by renoving the strong electric field drift |ayer or

t he pol ycr yps¢detersemddcimbatvals.or Inl thgemsd ef we emsul dimgssubsingie esuehta canfiguedtobndr i f t

| ayers by nmeans of etching. The inner surface of the isolation groove may

be coated whdyhaled b 2aipidyiednad fyrkteosf ddigse, by efiakimps semdicohdiftdrslayatiading
groove may be filled with the insulation material to inprove the isolation,

therepy to dphéwtive ldyRacamtiriseipt arf ingiiity Sifusion MBienee thd insulsiingibsehtect ri c
field 10 drift layers. Leak current can also be prevented fromflowi ng from

the conductive syRs¢akaitRatt ® dohgudivkfiagq Rl RpME@Um arseRftNRIBRtor NBy&Uk ace
el ectrodes. Fourth, when a back el ecttode connected to the sem conduct or

substrate irﬁ%fgfawé fi2¢ aANinfgdGinP §5/er DEAfe Q{pggée?% ﬁﬁgﬁ@gﬁgl&&&%n?ﬁggg? Ene | eak

current can be prevented from flow ng be uctive y
controlli ng:ohg\fctingtlgyrbtr'i@lfo%ecf B& that leak current does not flow across the conductive

layers. In case that a p-type semiconductor is used as the substrate, usually, the
20 conductive layer is made as an n-type impurity layer and the layer that isolates it is
made as a p-type impurity layer. To make a large-sized substrate, it is desirable to use
an insulating substrate such as glass and form a conductive layer as a metal film by
vapor deposition or the like. The stripes of the conductive layer are each several tens
to several thousands of micrometers in width and disposed in parallel to each other at .

25 intervals of several hundreds of micrometers. Thickness of the conductive layer is



< 15 sem conductor substrate using the back electrode. Fifth, when Qrfgg 2003

i nsul ating layer is provided between the conductive substrate and the

. polycrystal sem conductor |ayer, |eak current fromthe sem conductor
substrate and the sem conductor | ayer through the polycrystal sem conductor
| ayer to the surface electrode or the adjacent strong electric field drift
| ayer can be prevented. 20 In case the conductive layer is fornmed as an
impurity diffusion layer on the principal surface side in the conductive
substrate, it is practical to provide highconcentration inpurity |ayers on
bot h si des figm sayeral figndieds ofipagstromsito seysranmiasiomptersdinrthe cassrofof matagtand | ¢
is preferable that the inpurity diffusion |layer is provided as an ntype
regi on on stwerag-nmigmemetensiicthechast of a diffiosionddyer. and t herefore an n+ | ayer
havi ng 25 hi gher concentration of inpurity than the n-type region is

provi ded to adj olOmthéetlenhirl, wile the-pdyé&drRal/@nd cdiiustor dayker may dt intadersflses it
possible to reduce the total resistance of the n-type portion even when the
i mpurity cepleRistakinderidiofthBV prévpelenrei Qithi & SieGeas ey combbeR! bHEVIVE ype
region and the n+ |ayer adjoin with each other. Furthernore, when an n++

L ayer sof aei%hfblﬂ%rSiCFBé%{:é%dC&ﬂTﬁvtdléﬁérﬁﬁsdcﬁ R TCAA €N &} E]P?cd?ﬁpduf'f\){%"f,ll—_
convergence of strong electric 5 field can be prevented thereby inproving

the insul a%‘%’ﬂedﬁ‘ér&?%é@% Bthe O‘ﬁ%%ﬁ}%%&03%5*‘ﬁ’g’%f{ﬁé%%m@?r@éﬁ?l& q

di sposed across the strong el ectric rift l'ectron

be. | mpoded o i Rate PP e BYHcH abliSa Tl R C LA GE B
| nventi on iy bO sarRUISIT o SRl SEREE 5 BRI SRUR SR APY, R Orec

performancg tiv ing e ons Trom Sire ion t he

ot opagat | OO P ie{r?%te@ifﬁi%ﬁ?lhgd‘?ﬁ iﬂ%%ﬂi DA Ao 6 Hrsgpesen
acl ol g’ eleiskted gl abier s Bpas bihe U.§ st APpREssoy ey b, Ipasese

sem conductor |ayer between the strong electric field drift |ayers is
renoved or Pelsat epliedioniNgsn2¢l 3% 1998 rad vid e 70T F99%and hg centept is iRcorpaspigddr i f t
| ayers is increased by doping the p-type inpurity in a high concentration.
Wi | e t hesbenest boreferanes. ef f ective in maintaining the strai ghtness of the
electron traveling direction, in order to further ensure the straightness,
first, the surfadeoslesdo pockest dirsgddeakage fiogs ocdvering betveger|deiftt layersf agl-d 20
drift layers are formed in such a configuration that the portion thereof

| ocat ed ontypedmpariyyccasbatopeihbatwreiuttemtrong yebactiafield dufdidyesmahdreusinghan
that of the portion |located on the strong electric field drift |ayer,

t her élsy i mpultriateghdvieg St payphiseaiondictdéhiayet, emt preferablaval insgladhg deydras t han
in the case where width of the surface electrode is constant over the

entire | engdrmedRCiBBtop tefedif ehtrétas® shhit bffeustedediage.t r Aleld mgtich begphen can
be , 25 inproved also by formng the surface electrode in such a

conf i gur at pPthelsBRiconBEctBPMaY BB remdbd frork bdtvdeR tROGForiBERRd fidldakrifdRpsrs not
overlap the strong electric field drift layer has |larger thickness than the
portion th : [ ] jefi d &Fthd

di rection g? eﬁlﬁ{gkﬁgglsa? Q?h@&%@@%@éﬁggﬁp ib%gﬁgﬁéecg??gﬂﬁgh?ér%ﬁ%%ng r ag iror?g‘jle

t her et hrou Lr t i [ bl m: ] Lfded between the
surface el grt(;é % t‘Ogﬁhcf’l\l\%lﬁ{ekdﬁg%écﬁﬁ/zFgrhg&]g‘étlrl}ia?éfr]l llfg[ng\ﬂh ayer, straightness
can B0 reduced. Wb aBoas el BEFLERDS forfRe By YoRBthedle sSleRRA " ¢
portion of the surface el ectyode that does not oyerlap t.he electron grift
| ayer, st ré?"@‘l‘ff’ﬂ&é%orogy than d tCPBéJCé‘IVEéPE%%G’tarpWéW ﬁB%i‘F rBL3HOR t@'grr? e
further ensured. Also provjding the insulating |ayer causes a steﬂlto be
gener at ed BEreRYel9 wﬁbt}meqtﬁg,gp&cméahsgwngm% ehef £ YAPSTPartien thereof
pol ycrystal sem conductor |ayer |ocated between the strong_ electric field
drift Iayetaesatedionctheicondustivedeyssdntp o paropngrustuses anshidien pxidizieg er aitiidingd

t hrough the strong el ectridc fi;g drift Izétehr tgﬁggss through]ﬂthe surface
el ect r ode, thehporeus patiene| dtisrrosdesearee té oake thefw dyien porss whén axporiona .
consequence, the thin nmetal filmfornmed over the step is likely to break.
Ther e¥sor e, wilierd shepstanigi elattric ofifldrdrift heyer is to be formed is masked and the other



» 15 insul ating layer in such a configuration as the thickness at bgt?l’_.ggd@o
in the direction of wdth gradually decreases toward the end and @03
the step between the polycrystal sem conductor |ayer surface and the strong
electric field drift |ayer surface, thereby to prevent breakage of the
surface electrode due to the formation of the insulating layer. In case a
silicon substrate is used for the sem conductor substrate, the insulating

| ayer 20 can be formed relatively sinply by LOCOS nethod that is enpl oyed
in the steps of MOS devices and the like, with stable configuration of the
i nsul at i ngppgipas . argtremovad shy eiching aadi thea subjdcted: heranpdizetéon. t Bherguareace
el ectrode from breaking and restrain the increase of the electrical

r esi st ance dbscribad ceaditions fondotnhing khe stsorgf eletteic Sield ddé leyeradn thd conduigivef t he
thin conductive filmforned on regions other than the strong electric field
25 drift | aylestratd-usonbitionmrier miodizatibheanduokidatioreloe Chitrigdeions it lvage afdthaas a
hi gh electrical -11 13 FEB 2D03 resistance, Joule heat due to the
current fl @yiydgstahesmicondutebripobychaadl sticontia defis! inuhd B8, Maledwpplidafiohhe
strong electric field drift |layer generate significant heat. Thus it is
pref ersabl eNgQopriauiede Wi ring el ectrodes for electrical and thernal
connection separately fromthe surface el ectrode. By nmaking the wring

el ectrode thi ckemstﬂs&igéae%b%%fﬁpeasé tgé gghf&thﬁﬁetw%&?%i?h&?rli J &8t ARGRCOf

the surface el ectrode can be decrease e operation clraractieristics

Cen, e % L4 48l Ko RE SLEDARLS P IR EF O NP NPl ™

el ectrode. Jt,.is.akso.practical t rovide,an,insul ati | ayer . bel.ow the

i ring el eglerisida aRRHERE & GiayefpVieRiieifiok 18 fritn it prtis! SFLERSne
entering directly into the wri | ayer.. 10 Preferred enbodi pents .for
produci ng f}FFesefqléqngu%tﬁ{ § Sgﬁteéllnag}ﬂer 'Sg‘ﬁ%?ﬂ gg“bsf of’ﬂﬁge'@)ﬁ?q Wﬁlﬁ? SHfge Ly i bed
above will be described, below., Wil e the description w]l e reference to
the diawi n@gleﬁfﬁéf’e SFROAF SR EQTHUGHE SHOSRER dRsulasion etmméw%r@gé&rpﬂsn
source enploying_an insulating substrate can be fornmed with the sanme nethod
except f or elesirie figld drifelayerst gannbeyimproyeshduWhen @ gikigasy substretads upeslifaitthag
substrate. 15 The nethod of producing the electron source array of the
present i neemicopducternputistiats, iihds prefprabler tg Alse fasr mitype aliffusiomlilayey fof theri pes
of conductive |ayer disposed in parallel to each other at predeterm ned

i nt erval s aendustige laeeand caeslicon oxide daydarhfor phe irsufrsing daydracks a gfrefarred
conductive substrate; 20 (B) form ng a polycrystal sem conductor |ayer that
covers t he embodinoint, stripeaydfrsiliconnediderfiltrherepformed palthe prifidpa saffatdef a p-
conductive substrate; (C) applying anodi c oxidation (anodi zation)

sel ecltsi vel yypeasilicqnadubstodte tahé, gftdryfornyiagal siieor oxiddUgtepibyl saleetivdlp oxidizingt
into a porous material by using the conductive |ayer as one of the

el ect r odesihe pottiof BF tl@(ﬂ)ﬁiclﬂ)dg Q\éﬂ’éccﬂbﬂ 4 paiypdsiliben Baswatehhek ndebeRedugt or

| ayer that has been -12 , 1 EB ~0~~ made porous; and

the silicon nitride film and removing the silicon nitride film, an n-type region is formed
between the neighboring silicon oxide layers on the principal surface side in the p-type
silicon substrate, a polycrystal semiconductor layer is formed on the n-type region,

20 anodic oxidation process is carried out to make the polycrystal semiconductor layer
porous, the porous polycrystal semiconductor layer is oxidized to form the strong
electric field drift layer, and surface electrodes comprising thin metal film that cross the
n-type region are formed on the strong electric field drift layer.

In the field emission electron source array described above, when the

25 conductive layer (for example, n-type region) and the strong electric field drift layer are



(E) formng a plurality of stripes of thin conductive filnms di spos8dgEg2433
parallel to each other at predeterm ned intervals to oppose and cross the
_ stripes of the conductive |ayer on the oxidized or nitrided pol ycrystal
sem conductor |ayer a part of 5 which has been nade porous. The step of
appl yi ng anodi ¢ oxidation selectively to the part of the polycrystal

sem conductor |layer forned in the step (B) to nmake it porous may include a
step of form ng a masking material |ayer that opens in predeterm ned
regions for applying anodic oxidation on the polycrystal sem conductor

| ayer. 10 foimedde theeonfigheationtof siripes osdh¢ contigtive substiate, Hreepis(aypossidilityr mi ng
a plurality of stripes of conductive |ayer preferably conprises a step
(a-1) of neSlkekgutiest Sowirngchstweeh¢he tdraluctveptaydest er betnedn tiegiteong électriche
pur pose of doping, of the substrate having a p-type sem conductor |ayer on
the princifield drift flayees. orwhbe speli vpRalk eitrenn flocis 0 elestibind Akt €mitRE dfrémsSthep
(a-2) of doping the predeterm ned region described above wwth an 15 n-type

inpurity tOerREYIdeaol®Idtafid Aoty B ¢dHAUE ey afed WHEeOTd VAMEE is dfjRied! Rs(A)
of formng a plurality of stripes of conductive |ayer nmay further 1nclude a

step ga-3) makin%%mugaoﬁer_dsaﬁ;m'hragsph@ysgpamu@ tRis %lpﬁlgm%catﬁaé@ibﬁu frate

whereon the n-Type inpurity diffusion’l ayer déscribed above has bee

f or med, a][lgregp,hjr@gthe%%t&{wé eﬂissié)@s%lél ?‘%&tp&sl ﬁ‘?(r%rthle raegj}'ggd P{g%{%fitg%gﬁﬁce

regions of "the n-type inpurity usi on [ayer. step 0O yi ng
anodi ¢ oxi gg t';ood}ssel ectively to a part of the polycrystal sem conductor
| ayer forned 1n step (C) to turn it into a porous material is preferably a

step of applyi ng,anaodi Xxi dagi.on b si ng .t he. el ect r.od rovi ded o he
back surface of f\hsé’c%%cﬁf’@’(?ﬁtd ﬁglﬂber prs%?)'ﬁt’l“& 10gis,, agcoggin 1&08‘? ?f%vé‘?eeflefgetla odes.
25 The net hod .according to the present, i nventjpn may include, a ste F) of
2a T oo Gl oA Pt Y i SRR T Eeb R s S dEedived gt £ ypiond
opposite to that of the diffusion |ayer that constitutes the conductive
layedd to SRt assein g CHERDEAD wrpﬁﬁe3§ﬁla1=tl reBhids dedired raglon ot Sy wirkeng
each other thereby to forma polycrystal sem conductor |ayer of a
conduct i vi elgctiadss whilp dsgveatinglegh serrestt frame flevinguct i ve | ayer, and a step (G
of formng an 5 insulation filmon the polycrystal semi conductor |ayer of
t he conducti vi t yAtggsdingpiootiiet present tingention, tiherderntiuechiove Fheysscomheeobsackp, of
etching away a part or whole of the sem conductor |ayer between the
nei ghbor i ndescobrtugtiaveefitsyywhen theccontectsensubstraterds formedyfeom avdeanieondietot hi n
layer in the field emission electron source array, a high-concentration impurity diffusion
15 layer is provided between the conductive layers (impurity diffusion layers) formed on
the principal surface side thereof. The high-concentration impurity diffusion layer is
provided between the diffusion layers thereby to prevent leak current from flowing
between the diffusion layers.
Second, a p-type impurity is doped into the polycrystal semiconductor layer
20 between the strong electric field drift layers thereby to form a p-type region and prevent
leak current from flowing between the strong electric field drift layers. In this case, it
is practical to interpose an insulating layer in the interface between the surface electrode
and the polycrystal semiconductor layer that is doped with the p-type impurity, thereby

to prevent leak current from flowing from the conductive substrate via the polycrystal

25 semiconductor layer to the surface electrode.



+ conductive filmis not to be fornmed, may be carried out either after or
before the anodic 10 oxidation process. Al so before the anodic oxl3aFE®2003
process, a step of formng a plurality of stripes of insulating |ayer

di sposed in parallel to each other at predetermned intervals to oppose and
cross the conductive | ayer on the polycrystal sem conductor |ayer may be

i ncl uded, while anodic oxidation to turn the polycrystal sem conductor

| ayer into a 15 porous material is carried out at predeterm ned intervals
al ong the conductive |ayer. The step descri bed above may be carried out
under the condit ifbitg, idstead pHproviding the nolBrysak semicoxsiukior dayiegrthadds formed

09/ 140, 647. Specific enbodi nents as descri bed bel ow are proposed. The first
met hod i s bétoren ithe §trang décttibfelddrifii lgyerd, iG the pAypemegiomdancisolatisnlpséovat e 1
of p-type conductivity is prepared (Fig. 1 A) whereon a predeterm ned mask
9 is formegosithehring Yipehe dirtictiony of shiclaes nidyr belghovided e ai gt 8f akel partion
conductive |layer 8 that serves as a lower electrode is fornmed in a

confi gur at h&@wedh tifd SUrRRE elbcHiRasLanddr 1Y £Pak &IFThe partiont BtwadrSthedadudBe-
Then a pol ycrystal sem conductor layer 3 is formed (Fig. 1 C). Portions

ot hers, 25 ! 8 sROKPH & | B85 9.
1D) arsld, a%a?rgr;%‘rb Oﬂr%%{oxgr%atﬁ -SGQAQ QE?CFIIE%@ggggQ%%}?é? trléogg@%rgg%?geﬁ g%&%"ﬁgdrback

surface of I rate is i i | e is
ol Ut on_t SYEGPRUREY (A Sudng ERERLREM A il BYSHEAE dufflpl! PTHENT,
el ectrode [ S. .anode t her nadi ¢ Ldation of th
predet er m %]Lgrﬁa%gggit}gcnl’sggggr&%??orﬁ |ﬂg§y%%ag%cﬁ§’%kl@§?&?tﬁ% @g?re% %g ugue( ﬁPagC% 1E).
Crystal in € POorQus 5 region is i dized or.nitrized to turn it into a
St ong el ogt M RRIRIE grdort iy bp BednaRG K, imRyloR irtsRel 1 dmfoveniy®
entire strong.el etg‘tr'c field drift |a gr 6 bei.nég turned into porous

pol yer yst alSORHAN-ORE xeaprqvagéﬁalbgwa tfeam SRvRe Rethiers e BrnIstRCtiniisldt he
upper. portiqon may be turned into porous polycrystal sem conductor |ayer b
oxi 4401 on BREHAYSS oks nClHéeﬁéﬁaPr?gsoohe PR CEAOM Fvige EPBd P(ﬂoyéwyvelo A
thin metal film?7 that serves as a surface electrode is forned on the

pol ycr yst afubsspiede tifuerisee plagtepdesoribgbveanibe suréasetelfstradesong el ectric fiel d
drift layer 6 (Fig. 1F), and an insulation film 16-2 to nake a second mask
is formed on theFourtln wherah Hack nelactiodeacanpegitedh totthe semivandudier substratg is
electric field drift layer 6, thereby to ensure strai ghtness of the

el ectron t paweledrg tte bedt side of thiegemicoBluctdbsubstratseleskn dumatt lvenl be prgyentsds
steps shown in Fig. 2A through Fig. 4D and Fig. 4G branching out of the
step shownfrom MHogving BetWednhehd icoatuatipehbagersAby econtiofingg tieen potdnyiple of nthar ity
to forma conductive |ayer 8 on the sem conductor substrate 1, a mask 9 is
once 16enoVsgitcondictor Aubartk hdnghthelbackelepiesdest al sem conductor layer 3 is
formed (Fig. 2B). Portions other than that to be nmade porous 20 are covered

by the first maskifhb-whehRiinsdielingMer 3§ pasvidedr vétRged B &ndattivedgibsamer 2
on the back surface of the substrate 1, the substrate is imersed in an

el ectrol yshy fifel M}&*‘stél%ﬁﬁé&n}du%} [6§/k£ GéAK0buYen b et 1he seRRCBHSALS Qigtriayer 2
as an anode thereby 1o apply anodi c”oxidation to the predeterm ned region,

resulting Liy ﬁle%%@éb?ldh&éffgg%&%hﬁﬂe %g}érﬁﬁﬂ gﬁrg?c?hdué[&eﬂ%%rng gﬁée %’Lﬁ?a%g. |n

the porous region Is oOXl ri t’o ma e stro ectric

fi ol d dr i1 4L BYRTorhe 2d)fochl §R0ME SLARE Heft drePlaerlidnle driiloc® OF the

pol ycrysta

20 In case the conductive layer is formed as an impurity diffusion layer on the
principal surface side in the conductive substrate, it is practical to provide high-
concentration impurity layers on both sides of the impurity diffusion region in the
direction of width. It is preferable that the impurity diffusion layer is provided as an n-
type region on the p-type semiconductor substrate, and therefore an n+ layer having .

25 higher concentration of impurity than the n-type region is provided to adjoin therewith.



. - 15 , 13 FEB 2~3 sem conductor |layer 3 is covered by a third mask 16-3
(Fig. 2E), the polycrystal semiconductor |ayer other than the strdryFEB 2003
electric field drift layer is renoved by etching, the insulating layer 9 is
deposited between the etched-away strong electric field drift layers 6
(Fig. 2F), the insulation film16-3 of the third mask | ocated on the strong
5 electric field drift layers 6 is renoved (Fig. 4D) and the thin netal
film?7 that serves as the surface electrode is forned thereon (Fig. 4E),
thereby form ng an el ectron source, The third nethod conprises steps shown
in Fig. 3AThH@ugigurstign makep itpnssiblegtoggducstthe ftetakresistaspo ahthe m-1Hpg pottiod of
the first nmethod. After doping an n-type inpurity to formthe conductive

| ayer 8 onevérewhen theriinpuoritjuesinoentsatiogtof dheen-1ypeFiegion 18)gcreased, puicy theystye

sem conductor layer 3 is formed (Fig. 1 C. Portions other than that to be
made por ousegiore andvtereedladygr adjeint With dactasthed 6-Fair(heimore3%hemnnl nt-hdayer of a

pol ycrystal sem conductor |ayer other than the strong electric field drift
| ayer is raigheethpiritpicofiengratidr - proédiled e ndflhpr, sRvogeR® dfiiGrohgsleb@ici on
film16-3 of the third mask | ocated on the strong electric field drift

layers 6 (el cad®e pkévedtedl theeby napgobmgqh@msmmsnmﬁ@fanaing%rtkgq. back surface
of the substrate 1, the substrate is inmmersed in an el ectrolysis solution

to carry out el eqyrdl ih3isarfied agcﬁms%r@arsbegg Jc?ds@rt{l%sﬁﬁnﬁaeége%ld’vﬁﬁﬁ a

constant current thereby to apply anodi c oOxI I t he& predet erm ned

ation
e e R T g

°OF Mtz urn i the s
electric figl [ ) The. thin. petal film7 that serves as the
surface el ggetc&%dées I{Iéy ¢eg¥r?rée8g%ﬁ%{%reun§‘tn%§h@'ggﬁect ric field drift |layer 6 of

t he pol ycrystal m copduct.ar | r 3 (Fig. 3E), .and the. thi tal] film7
ot her than the stsr?’%g? ird pipet ‘?ﬁy&ledpr&g? 5“Y%’58P ‘Sqf’spr(%\?i&raegeﬁse‘aﬁs‘on

i nsul gtion {i | m of th(lf1 secqond maak 16-2 thereb}/ t.0 .secure tffe st rai ght ness
of the el eCtFERAN SPYGRNPVYS dMPERE cmrfgﬁr@nceaf selectyely fegH R letroas 8n
source. , 25 A varjation of the third mit hod .conpri ses steps proceedi ng
from Fig. Sesited negign of thg surface elegtrodmwhile maipiginingythe-stanighipess (gectilingar g
21, branching out of the step shown in Fig. 2B of the second nethod. After
dopi ng an &reppgaiamefithesjectonitevalingdiressioduct i ve | ayer 8 on the

sem conductor substrate 1, the mask 9 is once renoved (Fig. 2A) and then
the 5 pol ycryst alAcsendingo el Libe oprebeny einvention, fior putér (16i grevel) croestalk dnemot her
than that to be made porous are covered by the third mask 16-3 (Fig. 2G),
and t he pootiwringtbetwedrhaime tadminihg dengadlectior feld daftdaged, whe polycpystalpe
inmpurity, the mask 16-3 is renoved and the portion other than that to be
made 13or ousemiconday@r lgebpettvaen fthe strommslectiis- fieldFdrift 12fers isTheamovat taerthe
formng the electrode layer 2 on the back surface of the substrate 1, 10
the substr degret f iM¥uRIISR Yetweea BhebtesHg édeatsit SielIdrift 1ayerstio ituaéasyd By doping

el ectrolysis using the electrode |layer 2 as an anode with a constant

current thegeepdtypimpitity NP digh e¥hddatra@sh. t OWhie tRésedatba BRAeff&EVEO NN
resulting in a porous |ayer indicated by 6 (Fig. 2D). Crystal in the porous

region is Hﬁ'iﬁtsﬁ‘ﬁfngg}ﬁé %ﬂg@igﬁnQ{s drithd .élé@cgoé Ravetihp dirkctidh & bMer RIHARG Blget ric

field drift |ayer 6. he thin metal film 7 that serves as the surface

L TR SISt S i g

L B T SRR AL s
i i ng. di i i9..,21). 20 T

oS 15005 SRR ISR ek oSt oAt Rl 80

the step shown in Fig., f the first nmethod., The first nas 6-1, |ocated
on the pol Y& §fsang clsie ifg}fﬁdeﬁgayqra%reby HREP YRR tﬁ?\afawshtaﬁﬁso@ﬁ%s&}% n
applied in Fig. 1E and the strong electric field drift |layer 6 was forned
by oxi dat i mvgrngrdltqet@athaanr} thescase whoredwidth gf the ayrfagerplecirade tgcansiaat oyeE
field drift , 25 layer 6 of the polycrystal sem conductor layer 3 is

cover ed bythehentirei ledgthasiSetnd3 stRiightness of the electron traveling direction can be

25 improved also by forming the surface electrode in such a configuration that the portion

-10-



.- 17, 1 3 FEB 2003 4B), the polycrystal sem conductor |ayer ot het 3tFgd 260e
strong electric field drift layer is renoved by etching (Fig. 40, the
insulation filmof the third nask 16-3 on the strong electric field drift
| ayer 6 is renoved (Fig. 4D) and the thin netal film7 that serves as the
surface electrode is fornmed thereon (Fig. 4E), thereby form ng the el ectron
source. 5 The fifth nethod conprises the steps shown in Fig. 5A through
Fig. 51. Aprelimnary mask 14 is fornmed in a configuration of stripes on
the principal surface side of the p-type silicon substrate 1 (Fig. 5B), and
an i nsul at ithggeofahatrdoes n@wrla@rhﬁgst@ngiechmﬂddida@ Iaygrhas fargesrthiskingsy thapCos
method (Fig. SC). The n-type region 8 is fornmed in stripes by using the
i nsul at i ng theagatiod thahsverlapashe stoongogbecttihfeld diift laypreinghé direnionwfshickhness,wi t h
the n-type inmpurity on the principal surface side (Fig. SD), and the
pol ycryst altheeby quadkntingr eleayets From pemermengnthekethrougly pe Tig@i, owhandtien t he
insulating layer (Fig. SE). The portion other than that to which anodic
oxi dati on iigsulatione fi@plis gstovided Obétivech itte t Rafdcer slecti®&k ah@- ihd Fidlycryddl and
the portion of the polycrystal sem conductor |ayer 3 |ocated on the n-type
regi ors i s tshRBHdhdbO 18ePOLRMEhIBH UF e SRR Gldet B4 Gt%weﬁﬁg Pdifceda KS! NY
the n-type region 8 as the eléctrode (Fig. SG. The polycrystal
sem conductQr: r i ' or [ jdi ; h
strong el egﬁl?%@‘él&e ngng??% gmfacggﬁ%%gﬁeedg tlﬂgl%gz?rf geéﬂeeqeﬁlg(c:litn %Lg?:ltéés?{ ?gtrnrpfr%l si ng
t hin condugt.d | ' ' ' [ kNng
FrBed b B ifion OF (R Gul e ISR AR R by alab. REBIeEREL R

over the strong e ayer an

sem conduc I Ei . the thin tal film20,7 other than
The. st rong s fH bR b o Evyy e strong el B Bon cam AR R, 0D 1T
16-2 of the seco mask. hereb.% t]o.se ure the straig t ness of, the el ectron
travel i ng direct FH5f Praviflingfhe meylating {ayer causesg sigad etﬁfﬂeréffé\}?t'ivﬁe‘bg‘ﬁabl e
of formng.the n-type region (.congqyctive |ayer) .in the confjguration of
stri by 1‘?%‘!&"‘8&&&%@“& Pﬁé‘%@gwywﬁ rsepEcanductar faﬁéﬁ PteéﬁPF?"éﬁf’é si de
of the p-type silicon substrate using the insulating |ayer made - 18 13
FEB 2003 ofthe peong ¢lpeten figld deftrlayersf obingel itbly nepessarpdostheeelpeerraghethbkaviask,
the step of separately formng the mask for formng the n-type region
becomes. undeed ghioygh thectione elestsior Galg doft leyes to onss tuasighohs sirbues ebRtrofe
n-type region and the insulating | ayer can be inproved. Al so because the
strong el ethe pufdce allettrdes arel faymed dwom ihen froetakefilnby Asrancangediente thorthinon of
t he pol ycrystal sem conductor |ayer |ocated on the n-type region into a

por ous r egingatalfilmafooded ovetitHastepis liteby esbrealsi Mbhdréfore) ittiy peactiedito forasthehe

el ectrode and oxidizing or nitriding the polycrystal sem conductor |ayer

t hat Ifas béesnlatingddayeoiossch 4 botdignesioni asrthé tiackmessoatybotti efidsennhé yipectiongifon
and the strong electric field drift layer is inproved and, as a result, it

i's made possifhl@adallprdevietes tbardithe %&ﬂ@&@éc@é&s@hﬁ@té@lﬁbt&@erﬁﬂl@?ﬁ@cﬁbﬁla n
el ectrons can be emtted only froma desired region of the surface

el ectrode 3adicadiRitoY RPerSiurfabdakd B! ditdhgldi&hit Heldf drift fyeF Surbic8, igRbgied

fromeach other. The sixth nmethod conprises steps shown in Fig. 6A through

Fig. 6F an ' [ i Q. ' : ' s Qfr

shgwn in Fi 6&@%5% teedetF!F g%rf%tﬂ%fﬁlf%iuﬁﬁtg é?pggrguﬁﬂgﬁlgﬁ%‘t@%%ﬁ% rﬁ) y to

formthe c t]v (o) ] t fiL .St
opdLGtd ¥1ﬂc&?§§{§tr?59. lg _uts%%cfrecgl: %?Ag]ﬁ%ﬁ&&‘iox%ﬁg&e{té‘ tﬁ% ggnesrufa%gilgy

mask 16-1 i's once reno I concentrati on or ned

For oY 1 & PEBe dfeBic Ve E il S OPES o W e ARG YFens T o
- [ ] 0 b f.th ' I . th he, 20
pr ty COROR ey ey B HEQBiRe S GRS SOOI TP PRdP MBI Yty N dR Bl Basi ng

the resistance of the conductive |ayer. Oher steps are {he sanme as those
shown in Figpdeposghlg tphfgrtgen 9’@?”?‘5&"3? sg@ﬁeecgﬁm&d@ot?omévwlr@ pad’ ¥Q§F’ﬁ¥§’dh‘(’Fi g.
6B). Portions other than that to be nade porous are covered by the first
mask 16-1 dmirepse @Efheaglectriegliresisthngendhipcrassing|tea thickaess efytbe serfens aledradack
surface of the substrate 1, the substrate is inmersed in an ,

made of the thin conductive film formed on regions other than the strong electric field

25 drift layer. Furthermore, since the surface electrode is thin and has a high electrical
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+ 25 electrolytic solution to carry out electrolysis using the el ep%]rf_%ég 0
| ayer 2 as an anode with - 19 13 FE8 2403 a constant current, there §P%o
. apply anodic oxidation to the predeterm ned region, resulting in a porous
| ayer indicated by 6 (Fig. 6D). Crystal in the porous region is oxidized or
nitrized to turn it into a strong electric field drift layer 6. The strong
electric field drift layer 6 of the polycrystal sem conductor layer 3 is
covered by the 5 third nask 16-3 (Fig. 6E), the polycrystal sem conductor
| ayer other than the stronpg.el.ectric field drift layer is removed b
et ohi ng. ( FEgiSBERs Tof Bef il SHeciient Hoisbisein ang Bfle teir AERGRE etent ¢ ong
electric fjleld drift |ayer 6 i,sfreim)v, d (Fig. 4D) and_.the thin nmetal film7
that servedowing: Meths sroageeleqtae icddidlrifls laygr Berpretevamificanti hyat. aEThus Kdp eby
formng the electron source, 10 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1A
t hrough 1Qrgfesatie savprayidecwising elecitpdgs forlectriead endthermal eonnsetionesapatately
according to the present invention. Fig. 2A through 21 are draw ngs
expl ai ni ngframfthe\wugfhesetleeiroden e Byemakingribe wgdng Blestrade thigkdrahan theofurfane
third nethod according to the present invention. Fig. 3A through 3F are
drawi figs eelptteddej refectridal aesisthecet offthe hwarfabé refectretibochnabe atediaaged and hie
present invention. Fig. 4A through 4E are draw ngs explaining a flow sheet
of the fouspdnationtdharhcaeisticsdéandet statiiliedpr @sie pteféerablenbiselbct afintting maledialshr ough
5] are draw ngs explaining a flow sheet of the fifth nethod according to
t he presenthai dre@ifférem. frdth @actbdtheh FUEE wiing@électedRVindhe Surflceienichigd@ fit ow
sheet of the sixth nmethod according to the present invention. Fig. 7 is a
drawi ng shQWilfdpfadfcal DIFBYIHE af ARSHAHHY 198 eélpcvhﬁlefw;rrﬁlg QR TRE by 22 Fi 0-
8 is a perspective view of a key portion“of Fig. 7. -2 1 3 FEB 2603 Fig.
9 is a si : | Yy j [ A0A: £ aw ngs
expl ai ni ng&?%}l%ﬁ?{“&/ﬁg ggguﬁog?ﬁ%roﬁg re gttenéﬁ@oré%}kgﬂtgb th%fe\arlﬂé%ylgg a draw ng
showypg the sch j ! i . odi t i is a
W § eﬂ%k r&d%?r{f/b%%%r&%% g& Oﬁk@%&g ﬁ%’%@é‘i‘ S_rr?ns%@x LRI soubdebt

perspective view of a ke _ I'S"a side sectional
v on o P bt AR BP0 SR R Lo o
SEhemti o SSSLIAULLE, She LA W RBROAE R L Rk, R hefcRt | o0
sheet of tggctEoT sro%rc%ng)n?p ioyr'ri?lgtah insulating substrate can be formed with the same method
except for forming a metal film as a conductive layer on the insulating substrate.
15 The method of producing the electron source array of the present invention
comprises the steps of’
(A) forming a plurality of stripes of conductive layer disposed in parallel to
each other at predetermined intervals as lower electrodes on one of the principal
surfaces of a conductive substrate;
20 (B) forming a polycrystal semiconductor layer that covers the conductive layer
formed on the principal surface of the conductive substrate;
(C) applying anodic oxidation (anodization) selectively to a part of the
polycrystal semiconductor layer to turn it into a porous material by using the conductive

layer as one of the electrodes;

25 (D) oxidizing or nitriding the polycrystal semiconductor layer that has been
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15 Fig. 18 is a draw ng showi ng the schematic constitution of th&g‘gggt@w
enbodi nent. Fig. 19 is a side sectional view of Fig. 18. Fig. 20At

20E are drawi ngs explaining a major flow sheet of the fourth enbodi nent. 20
Fig. 21A through 21D are drawi ngs explaining the major steps of the fourth
enbodi ment followng Fig. 20. Fig. 22 is a drawi ng showi ng the schematic
constitution of the display apparatus proposed in the prior art. Fig. 23 is
a drawi ng showi ng the schematic constitution of the fifth 25 enbodi nent.
-21 13 FEQ ﬁglpB Fig. 24 is a drawi ng showi ng the schematic constitution
of the sixM“eRESE AN, Fi g. 25A through 25C are plan view, side sectional

vi ew and section i ew taken al o lines CC respectively, show n part
of “the i et ent U5 et blgis of Riripes o1 endETRA HmS dibasdbm pardis). P56
t hrough 26C are plan view, side sectional view and sectional view taken

al ong | i net® @aeh qthespalc predetepmingd oinienyala 19a0PPRSE 2k CFOs8| theesiripes @f the

el ectron source of the eighth enbodinent. Fig. 27A, 27B are plan view, side
sectional vomslchyrilayecon dimpxidized or sitsided Polyicorstr! Isemisonduatpr ﬁﬁ@‘p@parit wél y,
showing a part of the field em ssion electron source of the ninth
enbodiSment whidhchas 8¢y mBdaperoparti al |y enl arged plan view and sectional view
taken along lines B-B, respectively, of the field em ssion electron source
of the ninth epb@He septof applyging2hadicBrddationasetectildly te teapagiest thk polyerawl and
sectional view taken along 15 lines B-B, respectively, showing a variation

of the fiebshmieshdigt@riapdrefoimed isthe step ¢B) td enakie rit Pob eghiynillude gep IDA
t hrough 30C are plan view, side sectional view and sectional view taken

al ong |i negorfrifg af @aeRd invérial 18R@WhAD oferRaint profietbitfinéd ebsloMFdiSlying
el ectron source
anodic oxidation on the polycrystal semiconductor layer.
10 In case the substrate is a semiconductor, the step (A) of forming a plurality of
stripes of conductive layer preferably comprises a step (a-1) of masking the surfaces
other than a predetermined region, for the purpose of doping, of the substrate having a
p-type semiconductor layer on the principal surface or the p-type semiconductor
substrate, and a step (a-2) of doping the predetermined region described above with an
15 n-type impurity thereby to form an n-type impurity diffusion layer.

The step (A) of forming a plurality of stripes of conductive layer may further
include a step (a-3) of forming an insulating layer on a p-type conductive substrate
whereon the n-type impurity diffusion layer described above has been formed, and
making openings of insulating layer in the predetermined regions of the n-type impurity

20 diffusion layer.

The step of applying anodic oxidation selectively to a part of the polycrystal
semiconductor layer formed in step (C) to turn it into a porous material is preferably a
step of applying anodic oxidation by using the electrode provided on the back surface of
the semiconductor substrate as one of anodizing electrodes.

25 The method according to the present invention may include a step (F) of
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rof the tenth enbodinent. 20 Fig. 31A through 31C are pl an view, 153' g? W3
sectional view and sectional view taken along lines CC, respectivVv 9)
showing a part of the field em ssion electron source of the el eventh
enbodi ment. Fig. 32A through 32F are draw ngs explaining a major flow sheet
of the twelfth enbodinent. 25 Fig. 33 is a drawi ng showi ng the schematic
constitution of the thirteenth -22 1 3 FEB 2009 enbodinent. Fig. 34 is a
drawi ng showi ng the schematic constitution of the fourteenth enbodi nent.

Fi g. 35A through. 35D are draw ngs explaining a major flo h of the 5
i Pteonth SHOUHCWE Y, REA oRGUHD A5 eopaboitady it SEaRt Btbishy i) or
fl ow sheet of the. sixteenth epbodi nent 37 is a draw ng show ng the

Fi g.
schemati ¢ dEhSPRtteotegfondug edlauen i hetyeRithsiporont Polyrysrbesmisondseter TrHe
PREFERRED EMBCODI MENTS (Enbodi ment 1) Fig. 7 is a perspective view
schemat i cala¥prssadiqing sadh epien yherphaiatonn thpelyeysigl semicondror Hyss o @
el ectron source 10 of this enbodi nent, wherein a glass substrate 15 33 is
di sposed t confystiviey type dppesite terthatsofahe ebrdictive layouranéd alstep (G)oafl fomvingran
el ectrode 31 is forned on the surface of the glass substrate 33 that
opposées t hénshlagibd fidmri ansthe pobicestal sempoudacorliayenvdfithe cortnctvity Bpe@pposite
el ectrode 31 is coated with a phosphor layer 32 that emts visible |ight
when i r r adit@thatloftht Bosduedive tiysr emitted fromthe field emission el ectron
source 10. The gl ass substrate 33 is integrated with the field em ssion 20

el ectron source IfeRiepMBRaShial advayRAFET oNRUBleS tHE 8érdichbidictdrdayi@tbebheum,
with the inner space enclosed by the glass substrate 33, the spacer and the

1; } e{/gcﬁgims $heOmeRINBEAAO eonBUERR Td)eReiang BiasiRlcBRdUcI2 18R dGhefeTRedhiear ee
conductive film is not to be formed, may be carried out either after or before the anodic
10 oxidation process.

Also before the anodic oxidation process, a step of forming a plurality of
stripes of insulating layer disposed in parallel to each other at predetermined intervals to
oppose and cross the conductive layer on the polycrystal semiconductor layer may be
included, while anodic oxidation to turn the polycrystal semiconductor layer into a

15 porous material is carried out at predetermined intervals along the conductive layer.
The step described above may be carried out under the conditions described in the U.S.
Patent Application No. 09/140,647.
Specific embodiments as described below are proposed.
The first method is shown in Fig. 1A through Fig. 1G
20 A semiconductor substrate 1 of p-type conductivity is prepared (Fig. 1A)
whereon a predetermined mask 9 is formed. An n-type impurity is doped through an
opening 8 and a conductive layer 8 that serves as a lower electrode is formed in a
configuration of stripes disposed at predetermined intervals (Fig. 1B).

Then a polycrystal semiconductor layer 3 is formed (Fig. 1C). Portions other

25 than that to be porous are covered by a first mask 16-1 (Fig. 1D) and, after forming an
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*As shown in Fig. 1 through Fig. 3, the field em ssion electron source 10
conprises a p-type silicon substrate 1, a polycrystal silicon IajbeB 2006t
-is a polycrystal , 25 sem conductor |ayer forned on the p-type silicon
substrate 1, an n-type region 8 fornmed - 23 1 3 FEB 20U3 in the
configuration of stripes on the principal surface side in the p-type
silicon substrate 1, a strong electric field drift |layer 6 nade of oxidized
porous polycrystal silicon |layer fornmed in the portion of the polycrystal
silicon layer that is_|ocated on the n-type region 8, and surface _,

ol ect 1 odes ERCHARGIET 2 BATAHERSH SUrachPF BRSO eybSEALS B mMersed i 5

| ayer 3 in a confjguration of stripes crossing the n-type region 8 at right
angl es. Whielestrglysig solutipyiedo fearryt o1t eletrelyss é’i’lgbtar enstany currerthby usingodherent
material for nmaking the surface electrodes 7 is not limted to gold, and
may be any elestrade teyer Bpsaan awdacherebyiteapply anodie edationndfrthenpredetermingd
tungsten, nickel, platinumor an alloy of sone of these netals. Although

t hi ckness oégivheresultihgde aepewus dales iddicsted dty 6 qFif 1By ChwtalGntthe PJoresss i s
not limted to this value. Also carrier concentration of the n-type region
8 is et i medlon angLidfzed dr hitizdd'tS nafift o2 rohg' et fielddifh @ayer &, d The

em ssion el ectron source 10 of this enbodinment, a matrix is fornmed fromthe

n-type regidpfvigd SHOWRd stdte SF thed@ftiraRfohg @lestcf P18 dRinelalE0688ing thateRAtol N
stripes that cross the n-type region 8 at right angles. As a conseguence,

as a volt a%grdug poRIrysesl sbaisdildBeror Yzfy'ey g?corxﬂfaﬁoﬁ%ﬁﬁtﬁfzatﬁ&ﬁ ble BMP%E %g ans 8

and sone of the 'surface el ectrodes ectrons are emtted only fr such

a region o L ﬁ\'dflft?écﬁlrﬁécﬁﬁf[té%&ﬁ?%szpélﬁcmarQeﬁ&%m&d&é@ﬁ?gﬂéﬁyt Radied dhat

crosses the n-type’region 8 e“voltage 1s app us making it

possi bl e t?‘i}?' i tord e@?étﬁﬁé‘?g%%onﬁftﬁ%%fgﬁééf&ﬁggr egion of the surface

el ectrodes nne € regio is made with a wire Wby
t chi t of, the 20 st |ectric field ift | . d [
part B the-surt & 8M8r el A JoBeF abrish  sekbtriocnbf g Tfgh e e " °

di spl ay appayatus. as sho in Fig..7.s to be made, it, i,s npt. pece ry to
form the cophenim Sanierime loer itiathgfshe siets éipgtic feld dniy fpuecs By

t he di spl t h in Fig.22. Th it is nmad ihle t

cl' i nat e SFbIha dn i HIonGim Uriedd mak agerimgimans e ATEes iond by Byt fle ds

to several thousands of volts applied to the collector -24 1 3 FEB Z003
el ectrode 31in gneegimy other fhahghe |srorg Llechify fielk drifi laype 6adheretlit 3. enswret he
field em ssion electron source 10 of this enbodi nent, the voltage applied
across t he saighimessafghoelegiremiavebiog dire¢tiene(Feg.d€ir odes 7 is in a range from
about 10 V to about 30 V 5 The nethod of producing the field em ssion

el ectlSon source Theesécondimsetbodovtnpmses steips Bhdyen thelSigr 24 thitobgdi Big. 4Ptand Fig.
reference to Figs. 10A through F. First, a mask for thermal diffusion or

i on i nmpl an¥& branchisg putafithiestepshdvirein®ignid phthe firstfraethodf t he p-type silicon
substrate 1, and a dopant such as phosphorus (P) is introduced on the
princi pal surfacefsrdéopihg tdie nptyby Pignpiirity conferabsd rcahducliveylajdresmah 2

di ffusion technique or ion inplantation technique thereby to formthe
n-type regiséfic8nduttor substrate 1, a mask 9 is once removed (Fig. 2A) and then the polycrystal
semiconductor layer 3 is formed (Fig. 2B). Portions other than that to be made porous
20 are covered by the first mask 16-1 (Fig. 2C) and, after forming the electrode layer 2 on
the back surface of the substrate 1, the substrate is immersed in an electrolysis solution
to carry out electrolysis using the electrode layer 2 as an anode thereby to apply anodic
oxidation to the predetermined region, resulting in a porous layer indicated by 6 (Fig.

2D). Then the crystal in the porous region is oxidized or nitrized to make the strong

25 electric field drift layer 6. The strong electric field drift layer 6 of the polycrystal
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the formof stripes. Then when the mask is renoved, the structqgﬁow in
Fig. 10A is obtained. Wen the undoped polycrystal silicon |ayeér a %g a
thickness of 1.5 a mis formed by LPCVD step on the principal surface of
the p-type silicon substrate 1 15 whereon the n-type region 8 has been
fornmed, the structure shown in Fig. 10B is obtained. Conditions of formng
the filmby the LPCVD process are set to substrate tenperature of 610C,
SiH4 gas flow rate of 600 sccm and pressure of evacuated chanber of 20 Pa.
Step for formng,the polycgrystal sjlicon.layer 3 ] ot limted to the
LPCVD pr océ%@‘,cog‘il%&t%rugﬁeégp ot VEERY aog}“é‘ﬁﬂ%%hé‘gs&é& 2o rthe Aebyesystalc on
| ayer is 20 forned by sputtering or plasma CVD net hod and then the
anor phous  §¢miceadnatenayer othes thastthe ptrongcelesiria finldrithigyer is serapxedrhyretehing.t he
polycrystal silicon |layer 3. Then a photo-resist is applied to the
pol ycr yst athesinsylating laypeP ig depositedthetweenpthetatehedewayhsstangrededtae fiekd/ difto i s
formed by selectively renoving part of the | ayer above the n-type regions 8
by the photayeist (figa@Fy), thecinmiletiar filiel@byoft the dbirdi maskhiocsted wmt theestrong5
shown in Fig. 10C. -25 ~ a ~Ea ~~u~ Then an el ectrolysis solution made by
m xi ng 55 ‘ekcghtfidd dfiftHyybrogénrdrharedi(Hig. 4D) uhd e thivdmetdh fihal7 that srves as
proportion of 1:1 and cooled to OC, a platinumelectrode (not shown) as

negative ekiacdurfadeeletthstieds fdfﬁﬁd&hérk@rpgig.l@}ﬂh@ﬁe@y1‘01_(r1ﬂﬂg9ﬁ€ie@tr6rﬁ ssifréode not
shown is forned on the back surface of the p-type silicon substrate) as 5

posi tive el ectroqge tRRMMeHRARBPIsELHES shh@ah g 3 Hﬂ@uéfﬁﬁ?hﬁpbrﬁeﬁ’ﬂkc

oxi dation are used to carry out "anodi ¢ oxi dati on  process w a constant

current mbhﬁ?fgtgf}?‘éb%ﬁémix{ﬁgk?@B‘Pﬁﬁqirg%tttjheﬁ'. of the polycrystal silicon

| ayer 3 with hus a porous polycrystal silicon layer 5 is partially
formed in stripes, (o]¥] g | .0 - i y

results in the s?ﬁﬁg{%rpz&égﬁgv#?%e &ﬁg‘%?oﬁ fﬁ%ﬁgh%&&g (FtR'I%nﬁ&ﬁJi ? sh t%e
enbodiment it f, 1A oghi ¢ idatio rocess are set.to
constidnt carPEaiaRicd 8PP 1G5 pRS OBk, SaBERER: LT % et onas
and irradiat.o ith J.ight emtt means of a SO0 Wt sten, ) uring
the anod: ¢ i et drbrpeesb M fis B et Ree dhop B arechaerethP% S tardmashed
constant dyrcing.the, anodi.c oxi dati on process and the degree of porosity of
the poroustB& &d&y%‘?‘b?n‘gf}}q aﬁﬁcwaty§§er@09%demgawb@§%rn A they Stieg, flEGtEF m i n
this enbodinent, the current density may be changed during the anodic

oxi dati on peblcda laysr foramaygd Pyactehing €Figr dBas peanyeftey Jempvigg|the gmulatiger s of
a high degree of porosity and pol ycrystal silicon |ayers of a |ow de%ree of
porosity afiém|1gm ehthedthifdtresskdpeated opthe steongaeleatria dield drifidgyens 8 dFige 3Edr med
as the degree of porosity changes continuously in the direction of )

t hi ckfess. apd fmingtheslgctnode laykr gionitbe hadkaspefac@of thersubgrar® 1,0be substiate is he
direction of thickness down to such a depth as reaches the p-type silicon
substrat e iminersethiissaeelsoniolysinsoluting tegodryc oytseladtradysis wsdmg thayebactiddetayen? so be

made porous
as an anode with a constant curmrent thereby to apply anodic oxidation to the

predetermined region, resulting in a porous region indicated by 6 (Fig. 3D). Crystal in
the porous region is oxidized or nitrized to turn it into the strong electric field drift layer

20 6. The thin metal film 7 that serves as the surface electrode is formed on the strong
electric field drift layer 6 of the polycrystal semiconductor layer 3 (Fig. 3E), and the
thin metal film 7 other than the strong electric field drift layer 6 is covered by an
insulation film of the second mask 16-2 thereby to secure the straightness of the
electron traveling direction (Fig. 3F), thus forming an electron source.

25 A variation of the third method comprises steps proceeding from Fig. 2G to Fig.
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"to a md point in the direction of thickness. Then the porous polycrystal
silicon layer 5 is subjected to rapid thermal oxidation (RTO i’naa‘EBerm

- oxygen atnosphere using a | anp anneal i ng apparatus, thereby 25 to formthe
strong electric field drift layer 6 conprising the thermally oxidized

por ous -26 1 3 FEB 2003 polycrystal silicon layer, resulting in the
structure shown in Fig. 10E. Conditions of the rapid thermal oxidation step
are set to oxidizing tenperature of 900C and oxi dati on period of one hour.

Then a thi tal _film(3hi )l d_fi | js fornqed on the polycrystal
silicon 5 Egﬁ‘ﬁ ngh& @g;a‘i‘ﬂ'é’glg‘ﬁr d’aﬁrgcg@grq"ﬁ tha ﬁe%lﬁliq“(‘{)l &r Xé qaf§h? or med
by vapor deposition using a netal nmask having openings forned in the

conf i gur at $esandmetiodi pes, thereby forming the surface el ectrodes 7 forned
in stripes made of thin netal film resulting in the field em ssion

el ectron source ABeofdoping sn ruutsper enpswtoi form ghe tomuséiverdaysist &i oredhe The
pattern of the surface electrodes 7 may be nade by a conbi nation of 10

phot ol i t hogpmaipdmducer hsubsuge ahdthet ohsing tiecnoe qemoved (Bige @A) aad ithen afe
phot ol i t hography technique and lift-off technique. Thus the nethod of
produi ng pdigcrystel sencivdsduicton 18fee St isdbrmali(Rig. 2B). t Posticnstotichr ik thagto be ovi de
the field emssion electron source 10 that is capable of emtting el ectrons
only from madepbroad afegdv@redoby tHeethird mhakel 623 €Eigr 268 Sand thd port¥oh! sthdrhiBan
photo-resist layer 9 is used as the nmask in the anodi c oxidation process, a
silicon ox{jidetd hd Ma pdrok lid G&PrARVtH b Perybé ipdRy@e ndik 63 RESmERY b0 be
used as the mask and, in case a silicon"oxide filmor a silicon nitride

L bobse bolfpoiiitn ShePuah AT Velfadd SorlBS freXdveied Viane mod fasR I cIR(HED

process becorres unnecessary. 20 Fig. "11 is a perspe

el cot ron ot car'eh PP e SRR IRR DN Tod RN JIEEE: DM BT 73
ol cotPode. 5 RNy lofnhSidis*l PRkddy s SEhUCH S 8H Bt oot Bhing b

opposes the fie em, ssion el.ect.r.on source 10 ile the collgctor, .

oot T ode SHetraledi A Hode IR AP pdishehoy o abput fredis b&Basian | g
when irradiated with el ectrans em'hled. fromthe field,-27 %gQEEB e

eni ssi on el%eHter BIFsisIRIREd Te8lomo AR & Roreus layer indifatedoby (héFig 2D)-
enbodi nent _are denoted by identical reference nunerals. In the field

eni ssi on efB6stal an the PRI TERIRAVS ABrReOXidiAsd guMHIEHh iR flelnto thg strong
enbodi ment shown in Fi ? 1 through Fig. 3, there is a possibility, though
slight it ehgstrisfigkd dréift layee@t rons drifting through the polycrystal silicon
| ayer 3 interposed between the strong electric field drift |ayers 6. Wen
t hi s16ccurs, sin€ke thie rastakfilmis that servas s dhe Surdanet dlectrode fisdermgdeen thdes 7
| ocat ed above the n-type region 8 to which the voltage is not applied, the
di spl ay appelyatstal semicondiiter [dyeodtlat oxdudeakhe. stibng efeceicdieddilsR layrer 61(Eigt r on
source 10 of this enbodinent has a feature for 10 preventing such a

troubl e. ASH}hhawportionfofghe fhiln hietal dijin Fother than thderdngeledtranficld ideft leyedd r on
source 10 of this enbodi nent conprises the p-type silicon substrate 1, the

ntype regi @Brofere@bieakul f1ion & ncoMthe gedontlinpak a6-2 thetdd§ 3o SecurditheBtraipbinesd
surface side in the p-type silicon substrate 1, the strong electric field

drift |ayepfe gﬁgﬁoﬁ){ra@éﬂngid;@&i&pgm%QIPO| ycrystal silicon |ayer forned on
the n-type region 8, the polycrystal silicon |ayer 3 15 forned on the side

var 128l Lhe St7oge abith meinbl e*ﬁé‘ﬁ%,% LsteY Shoyth ARG Prd ARRuBR! Big! Vet 2

silicon | ayer 3 bet ween l'ycrystal silicon |ayer

| | i Lf | il | 3 d
T e
s u | 5 4
surface el ectr pgviﬁe ‘i“m&éfémp H?Cﬁle?lﬁleofn)a/tt f%ipﬂyﬁ{y%f ﬁgﬁ'°8‘ﬁ&°ﬁ°ﬁ%’c§’f9§?§e§%g 20
L oht angt vodimdaiemuapappihiee Bl SR g catic Beul s et BN e

wal | of the strong electric field drift |layer, the polycrystal siligcon
| ayer 3 nafpried byewxdidation; qrynitsizatipry s 6@@0‘520(,1:'8- e g, StORS efﬁﬁ?riﬁcgfllgt ]

sem conduct or | ayer may al so be constituted only fromthe strong electric

fiel @driflayb§ of the palxerystal spmicppdugsor lagend isadoveteriby dhe thigdamask: 16-3 (Fig.
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» 25 Thus according to this enbodi nent, since the p-type pol ycryﬁtfl Eiei'con
| ayer -28 ~ 3 FEB Luu3 3' is forned between the strong el ectrii FEP el
drift layers 6, electrons can be prevented frombeing injected fromthe
n-type region 8 into the p-type polycrystal silicon layer 3" by applying a
reverse bias voltage between the p-type polycrystal silicon |ayer 3 and
the n-type region 8, thus naking it possible to electrically isolate the
adjoining strong 5 electric field drift layers 6 fromeach other. As a

result, si eak current .can, be prevented fromfl ow ng.int e strong
et ot PEF Ao EyPaf Sim SRt Btyet APieh than +hg e e B iager 8

adj acent to the n-type region_to which the voltage is applied, it is nmade
possi bl e t Ermeyved by §iching (FigufEdthe insrlatign fim thtgﬁéhlfdm@ls’ééé‘t-” & therdrongt ype
region 8 and the_ surface el ectrode 7 when a voltage is applied between the
n-type regelgeirig fighddiiRdayey %ﬁrrﬁm@ée%(ﬁaet4la)j@nd7t.he|tgmt metat 1@11 d thati sevesras

el ectron source 10 of this enbodinent, too, since a matrix is fornmed from
t he n-typethesyifoce dedtmdedsifarmed thérges(Fag diR) Hbewhy ferceng theseate sodrce.or ned
in stripes crossing the n-type region 8 at right angles, as a voltage is
appl i 8d sel ect i v&hy fikbmoathod comeprides theestepstshpenieHigo 94 tBromghl Fipsk of t he
surface electrodes 7, electrons are 15 emtted only fromsuch a regi on of
the surface el ecArgreléminary magkilghis fortmeddh hagafigsradpplof edipkah tiey pssgsalt he
n-type region 8 to which the voltage is applied, thus nmaking it possible to

emt el ect safe Wi of tRéMpatype iR Juesirap IOKFiEhSBi_UBﬁdiﬁﬁ iﬁd@ﬁinrﬁpxal?@r 15

Connection to the n-pype.reglon.S is made with a wre Wby etching a part

of the st recs}gpﬁgiﬁga@u&ofnl Slide arhfil f&rﬁYe‘ﬁrbﬁL_@@bS?Mé@l?dd"@I{% 5%}“ TRk nueyse

surface of the n-Type region 8 as 20 shown in Fig. 12. reover, whén a

di splay ap i b G L & Ao ] ary to
FC?H 8§35 for %E‘qmggé%?&?ﬁm##gb ?nsﬁ.lpatilﬁg lgfériiels asta ImsRY %cgﬁgtggz of

formthe collector electro ormo ipes as Int

ol i miigat o YPERARGA BB i B s bpe ShpultH Uk SR L SUPRR YR i dPx 6
Cher eby r et e RevEfL iemRRRUSEY 1her B Sopal st e Fa RRL B s he
embodi mont TakEH T 0ae 0o $04  pFGRHIAT ATPEer dhedopgim godiodethndagn o
e Rl o SRIBE et e Sl S g aiBt

technique or ion inplantation 5 technique, thereby to formthe n-type

regi on 8 i fericondustor layerid Ipcatedion theen-tipedesionds dimesh into TheerovhEgiRHBbed
pol ycrystal sjilicon |layer 3 having a thickness of 1.5 ~ mis formed by
LPCVDSst eparflic Rxidptiomh prosess ysing dkendype Faiqn Byascthsielactrode £TiBs Gt eThe
whereon the n-type region 8 has been fornmed, followed by anodi c oxidation
of the porpolyerybtat streidonbisier lajer which fes begn ordg porousak @xidizedotodigsmhel
rapid thermal oxidation 10 to formthe strong electric field drift |ayer 6
made of t hstrorg dlgctixfididairdi ageotTheoltlycswyitaklestrbdes @omprisisg khin wgndustivéie
structure shown in Fig. 8A to be obtained. Photo-resist is applied and such
a pattern fifndaefoased e ar @dfighratioy &f slipds xdndigodver e stromngleariediold C
field drift layer 6, so that the structure shown in Fig. 8B Is obtained.

Thus the rsﬁﬁsféyekaﬁﬁhel;?oljzcﬁyitﬂrg@m;dnﬂu&clae1@%@@5}@}.i Is0theshin Mesl fikd Then
ions such as boron B are 1njected into the polycrystal silicon |ayer 3

bet wogn t he oafer eh Bk %&bﬁ% elebirR! kg utift la} @YPTsToPerdY b:yQHe ir(¥RlafiBh & 0rE-2
techni que using the resist layer 12 as the nmask, thefeby to formthe p-type

pol ycrysta |l ' : sk hayer
12, Y Fetul  heiseERR bk Therthy 10 QS sfighlitst SN Aocon e ERubEY
conprisingaphqsyolycrystal silicon layer 3 remains on the 20 side wall of
the strong é?eg'ric field drift layer 6, the strong electric field drift

| ayer 6, the polycrystal sjljcon layer 3 and t ~type paqlycrystal .silicon
| ayer 3' constit ‘c“égttﬁ% %i‘%ﬂc%&"&ﬁgé@ﬂi’%&awﬁq gfa@/@?‘?‘gﬁw B (P esi st
| ayer 12 is forned so that the_side wall |ayer, conprising the polycrystal
silicon | a{eonductiysdayerbin the eanfigyatomgr stHaes Binintipdusing 4be aynegpuity %'g t he
resist layer 12 as the magsk, the polycrystal sem conductor 25 |ayer can be
form@d fr othetimmcipat siréaceisidetafithe prigpaisiticor substigterusigthel inshlatipg laygemade

pol ycrystal -30 1 3 FEB 2003
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*silixton layer 3. Then after formng an insulating |ayer 16 made of silicon
oxi de having a thickness of 0.5 ,u mon the polycrystal sem cohauEE&)rZU[Bayer
by PCVD process, a part of the insulating |ayer 16 | ocated on the strong
electric field drift layer 6 is renoved by etching. 5 Then a thin netal
filmis fornmed by vapor deposition on the polycrystal sem conductor |ayer
using a netal mask havi ng openings fornmed therein in the configuration of
stripes, thereby formng the surface electrodes 7 fornmed in stripes made of
the thin netgl f.il resulfi in the fie m ssigqn el ectrqgn source 10 of
t he structﬁé g‘esﬁ‘il‘\%r’g O lah“ %ﬂtﬂ‘edr:’?é! %ﬁt%éeﬂgo?‘eﬁ’r?g %%beeaﬁ‘éa%@&%t%ég 7
may be made by a 10 conbj nation of photaqglithography technique and etching

t echni que, SePRT3elY Spsmiagthe mask fphEBING HEJHRIPRY eBIOR MSFAmES HRRECEISREY, 8Rd
techni que. (Enbodinent 3) Fig. 15 is a perspective view schematically

showi ng a theaprurgcyapithe aelative prsitions of thermetype e¢gior andsthie dnsubiitiogtlayen carobe ce 10
of this enbodi nent, wherein the glass 15 substrate 33 is di sposed to oppose
the field impresédon Alsebecase sheustoomg ldectih Beldadrife tayer cal ke farodd b3 ltuimng or med
on the surface of the glass substrate 33 that faces the field em ssion

el ect fon stherpoetid0ef thei palytrhsalcsdnieetductoe llget loded3dn tte cogeadgiohtibtot he
phosphor layer 32 that emts visible |ight when irradiated with el ectrons
emitted frpofotibieegidrebydanddis okidatien priceBrusi@gthe a-tiPe régse BB lefecton hid to

t hose of tﬂcﬁeﬁ)fi rng 20)derrbodi ment arpe deno?%tit by ?genti cal reference

nuneral s.  bfidiziy &i SikiliREHRS pAPcSLRL bRIRoARIIFTAayd? thaVial Bebh eradie HokQll4r at i on
of the first enbodi mnent shown in"Fig. 7 through Fig. 10, there is a

possi bi ity tppgaeﬁhls.llcwia&y bk twt@ggggafon%e%é Qesngdéibditit rmf& erif?.‘f%}?:]g}iie‘le g

pol ycrystal silicon layer 3 interp between the strong el ectri

the. surt acrpued AR B RBEOHS mpld BRIPIFLRRIIONS BUE (R E fecmod Lo

the surface ‘el ectrodes ocate ype region

1oL 98° ! Sqdh v FERAAOR0N, BBy 10 8 sBlsy RBRIS el

em ssion el'ectron source e
has a feature for preventing sugh a t.r | As sho i.,n Fig. .15 and Fig.
16 The 11 Srsiradh B et e AFpdt 8q B LRSS Eley e 2 BB i Bocop ses Che
p-type silicon supstrate 1 he n-type region 5 8 .forned in the
Pont Pgur ati on of 185 sibandihod Harprissiesists St de it 68 e sghel . (Fpend
silicon substrate, 1,  the strong _electric field drift |ayer 6 made o
oxi di zed p@ﬂ%le}ge%m Kigr 412 2nf Fé%-l%iE@BF?“Fl%wéPuT %frtgﬁateaﬁﬁwmnhﬂgyb% 0?‘ i rIemt 8, an
insulation film 13 made of silicon oxide filmforned on the p-type silicon
substrat e metwedween t he adjoining strong electric field drift layers 6, and
the surface electrodes 7 made of thin netal filmformed 10 on the strong
el ectlfic field dAfter dopipgr al n-typg epwrityupaforon ther cenductes layesskiang thene
n-type region 8. The surface electrodes 7 are formed also on the insulation
film13. Asowcaidugtar substrate dpyisbelifirgninasks il ddeist treei resolvad i(Big. fGA)malilighs
formed between the strong electric field drift layers 6 so that the
adj oi ni ng sdncemgat@helayed d7f isefatnmddi byt Heayibr slopingr p-tylee ithpuretal begweanltlet ed
fromeach other by the insulation film 13 interposed

adjoining conductive layers 8 for the isolation thereof, and double layers 18, 19 are
formed by doping an n-type impurity to both ends of the conductive layer so that the
20 impurity concentration becomes higher toward the inside, thereby decreasing the
resistance of the conductive layer. Other steps are the same as those shown in Fig. 2,
and the polycrystal semiconductor layer 3 is formed (Fig. 6B). Portions other than that
to be made porous are covered by the first mask 16-1 (Fig. 6C) and, after forming the
electrode layer 2 on the back surface of the substrate 1, the substrate is immersed in an

25 electrolytic solution to carry out electrolysis using the electrode layer 2 as an anode with
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+ 15 therebetween, current can be prevented fromfl ow ng between t4® rFEg 2003
adjoining strong electric field drift layers 6. In the field em ssion

el ectron source 10 of this enbodinment, too, since a matrix is formed from
the n-type region 8 formed in stripes and the surface electrodes 7 forned
in stripes crossing the n-type region 8 at right angles, as a voltage is
applied selectively 20 across sone of the n-type regions 8 and sone of the
surface electrodes 7, electrons are emtted only fromsuch a region of the

surface el ectrodes 7 t ich the voltage is | i ed, that, crosses the

ot ype:r eof GATEao oA RHEY, 1 Bnl 4095, RioBEh thine MadelEt TR e ol e ¢
emt electrons only froma desited region, of the surface el ectrodes 7.

Mor eover, TRIEHNS 1gidsRATgys gﬁﬁ’a’r“éf‘iﬁ‘?da@’ Qﬁgbﬁn - Fi(%YSt“_’LlE}"itEe OIS TRBIAB 1S it i s
not 25 necessary to formthe col]ector electrode 31 in the formof stripes
as in the @&ggeéf"ftfﬁg‘méio tusn § Intgs aseireng cRlegitiayiekh geftalatier &hothhe istfong g.

22. Thus it is nmade possible to elimnate a circuit that switches a high
vol t age of elsetvierfzald daiftdlagers6 tof thewelyatystahsemiconducser lapen 3 inppnerediby dhe he
coll ector electrode 31, thereby reducing the size and cost of the

appar at us. thitdemaskt hed @Hig.poE)inind polytiystat sehdordrictari laperedtbert than tbowtrosg 10 of
this 5 enbodinent will be described belowwith reference to Figs. 17A

t hr ough F. eletteistficldiddft fayer istettoved byleachiip(Rig. §1D) thednsubdtiondilaeth-Broftthe
princi pal surface side in the p-type silicon substrate by thermal diffusion

techni que hirdi sk 6 kien§iadrigogledteie HRlDIER e abié remoled (FighgDYaky Bie: eI on 8
in stripes, simlarly to the first enbodi mnent. Next the undoped pol ycrystal

silicon | ayefal filMay it servelias K ST TRE elechrod® id!fdfed thabseoriRY 4B, &epyy OCESS
on the principal surface of the p-type silicon substrate 1 whereon the

n-type regiRRis: hasideesh shaesed, followed by anodic oxidation of the
portion | ocated above the n-type region 8 to nmake it porous and rapid

therqpgl oxidation step to formthe strong electric field drift layer 6 nade
of thermally oxidized porous polycrystal silicon layer, thus resulting in

t he struct ' h- bt ai ned. Then photo-resist is
applied angk%;ﬁz?%gt&a[?g‘g?ﬁ?%@ﬁ@mgresi st layer 12 remains on the
strong electric fiel rif yer .6, .so that .the strugctur hown in Fjg.
T7BTS oot ai ned. PiEndd PhbieholG R adpai SdRning & B4 Shed ol SR sidtadd On o
stripes. ThenHI.he J)?ll crystal silicon layer 3 | ocated between the strong

el ectric fRePEAING tothe present invention.

Fig. 2A through 21 are drawings explaining a flow sheet of the second method
15 and a variation of the third method according to the present invention.
Fig. 3A through 3F are drawings explaining a flow sheet of the third method
according to the present invention.
Fig. 4A through 4E are drawings explaining a flow sheet of the fourth method
according to the present invention.
20 Fig. 5A through 5I are drawings explaining a flow sheet of the fifth method
according to the present invention.
Fig. 6A through 6F are drawings explaining a flow sheet of the sixth method
accordir_)g to the present invention.
Fig. 7 is a drawing showing the schematic constitution of the first embodiment.

25 Fig. 8 is a perspective view of a key portion of Fig. 7.
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20 drift layers 6 is renoved by reactive ion etching technique usi ng t he
resist layer 12 as the mask. In this enbodi nent, since the resist 1 yRi8 2003
is wider than the strong electric field drift layer 6, a part of the
pol ycrystal silicon layer 3 remains on the side wall of the strong electric
field drift layer 6. Conditions of etching by the reactive ion etching
technique are set to 02 gas flowrate of 4 sccm CHF3 gas flow rate of 16
sccm pressure 25 of evacuated chanber of 8.3 Pa and arc di scharge power of
100 W (power den%lt)é).of 03 -.33, . C ]F.3 FEB 2003 WcnR). The structure
shown in Fig. 17883 3gsdesectian! viswRfitig % he resist layer 12. Step for
etching the polycrystal silicon layer 3 is not limted to the reactive ion
et chi ng t echni quéis. 94 theeugdy 1K arg dravings grRlainingny majefoftow sheetfafithe fissipl e,
may be enpl %ed, When the insulation film 13 nade of silicon oxide filmis
formed by gm@ednet.CVD process or the like to cover the entire principal
surface of the p-type silicon substrate 1, the structure shown in Fig. 17D
i s obtained. Condfig.i bhdsod drewimignghdwieg sthei schametic denftitutivaref thet s¢cond
substrate tenperature of 225C, SiH4, gas flow rate of 50 sccm N2O gas fl ow
rate of 87Bsmbodimenpr essure of evacuated chanber of 133 Pa and arc di scharge
power of 150 W (power density of 0.05 WcnR). 10 The structure shown in
Fig. 17E is obt a[[?ﬁ‘ggdzbyapeﬁpwtiﬁvidwoﬁ@ﬁ@@ﬂi@gofﬁgen.m | ocated on the
strong electric field drift layer 6. Then the surface el ectrodes 7 nade of

thin netal film @gin iggkﬂefsédti&laWi@wfo@FF(il.i n stripes on the principal
surface of the p-type silicon substrate I, so that the field em ssion

el ectron source ?gg of4 4 RRroRbh UAD ke BROWRLS BxdThi inﬁé‘? '%éée{ﬁxi ABHALIEE - of e

(Enbodi nent 4) F 18 i's a perspective ew scherrat i y show ng a
di splay ap ses the field em ssion electron source 10 of this
enbodi nent ?@J\?ﬂglrég}bhﬁt eenltl'gl ass substrate 33 is disposed to oppose the field

em ssjon el ectror.sougc 0. Ocll.t e de o o) . L he
Sor a0 of The” oIR8 SR Y bt b Fho SeRERRAE FeotbBod 0T Sk
el ectron sou cg. 10, while the collector electrode 31 is coated with the

phosphor | 59’%’? r"f'hat emts visible light when irradiated with el ectrons

emtted fromthe field enission el ectran. source 10. Conponents simlar to
those of the firS$is dfpoasiiesectional H%‘ﬁ@?glﬂ Eg i dentical reference numerals.
In the field em ssion el ectron source 10 having the configuration of. the
first 25 enbodi mEH IJAGRFPUEh IFFqgare drawipgs gplainigs ssmajor dloay flseehofgﬁ@st flity,
t hough slight it may -34
embodiment,
15 Fig. 18 is a drawing showing the schematic constitution of the fourth
embodiment,
Fig. 19 is a side sectional view of Fig. 18.
Fig. 20A through 20E are drawings explaining a major flow sheet of the fourth
embodiment.
20 Fig. 21A through 21D are drawings explaining the major steps of the fourth
embodiment following Fig. 20.
Fig. 22 is a drawing showing the schematic constitution of the display
apparatus proposed in the prior art.

Fig. 23 is a drawing showing the schematic constitution of the fifth

25 embodiment.
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1 3 FEB 2pp3 be, of electrons drifting through the polycrystal sbbiggs
| ayer 3 interposed between the strong electric field drift |ayers"e6:

this occurs, since the electrons are emtted fromthe surface el ectrodes 7
| ocat ed above the n-type region 8 to which the voltage is not applied, the
di spl ay apparatus may suffer fromcross-talk 5 The field em ssion el ectron
source 10 of this enbodi nent has a feature for preventing such a trouble.
As shown in Fig. 18 and Fig. 19, the field em ssion electron source 10 of
this enbodi ment conprises the p-type silicon substrate 1, the p-type region
8 formed in the %&ﬂﬂf PhulSadi GFRVERS sTaviRs @ﬁ §‘§’§“}§F‘F neqnskfutiop, P%éhe syd in
the p-type silicon substrate 1, the strong electric field drift |ayer 6
made of oxPGWQ@@“@érous 10 polycrystal sem conductor formed on the n-type
region 8, a silicon oxide |layer 15 forned between the adjoining n-type
regions 8, and t Hég M threugh @&€ rasel plan7virwdsidefsectinnal Nistahnd séatiohalr viewr on
the strong electric field drift layer 6 in a configuration of stripes
crossi ng t kaken-atongdines gl-GnreBpativelygstovdangh @art ofitleofield renidsiont dlecroargoneienent ,
since the silicon oxide layer 15 is fornmed 15 between the strong electric
fieldsdrifobftrserentbembodinesat. can be prevented from fl owi ng between the
adjoining strong electric field drift layers 6. In the field em ssion

el ectron source Fih d6A thrsughRediai@plan Ve, sidk REQichalRiek ¥nd SectishilBgedyr OM
the n-type region 8 formed in stripes and the surface electrodes 7 forned

|0 SUTi Pes (ARl e-0; fpeivey! Bbuineh phit G th Il Bhisshh dectin Rfe! o

applied sel ectlvef’y 20 across sone of the n-type region 8 and sone of the
surface el ge{ye thbShl‘\?xvﬁetn’E.ons are emtted only fromsuch a region of the
surface electrodes 7 to Ich the voltage is applied that crosses the
n-type region 8 e v IS I | Pt jhle to
emt electrons o%ﬁ%%ﬁ%%fg %(raesﬁiraégwqrggg?lgggo{;ﬁ@%é Vgs%#% gggslégtlﬂglgl &6"3@51*?3
Mor eaver , en.a displ ay a ratus.as. sh i [ .. 18 i o be nmad it is
o M55 HER1BeS CRE ApeRRVRL nsiRe B Pl ekl nistidn shickn B B e
stripes as inhthg .ase of the -35 1 3 FEe 1003 di splay apparatus shown in
Fig. 22. TREYDFPOPUMERHe possible to eliminate a circuit that switches a
hi gh vol tage of several hundreds, to several thousands of valts pljed to
the col | ector el L Zde @f,re pitially éaﬁasqqu%@weéw seticagkyiewrtakbb along
apparatus. The nethod of praqoducing the field em ssion electron source 10 of
this 5 enbbass@i r@\meptlw,&éé?&ﬁ%gemwwl%ﬁtm sputce b Heaniptd embgdimentang
Fig. 21. First, after a silicon nitride film14 is formed on the principal
surface of the pFig/PoAsiB iasvpatially enlargediplpy visva snd sevionaleeinwi tghien alpng
pattern of stripes of the silicon nitride film114 is nmade by
phot di5i t holjnespByB,tresentively shawing & Manajionetihe fjeld, emibsiom blgctren shire¢ of thae
structure shown in Fig. 20A. Conditions of formng the silicon nitride film
10 14 are soith émbedibent.at e tenperature of 300C, SiH4 gas flow rate of 30
sccm N2 gas flowrate of 450 sccm NH3 gas flow rate of 30 sccm pressure
of evacuated chaFieri30df thodudhal @ draplindiiswhsidgseqionel vietv £fi0sdtibnalvwaew
density of 0.17 WcnR) Wet oxidation is applied in steamto the p-type
sili con subeh alohglinel €-€Orspdreively) shoNingda bhrt € tHel fidld &hidsionfedéciE solircehe
formof stripes, thereby selectively oxidize only a

of the tenth embodiment.

20 Fig. 31A through 31C are plan view, side sectional view and sectional view
taken along lines C-C, respectively, showing a part of the field emission electron source
of the eleventh embodiment.

_Fig. 32A through 32F are drawings explaining a major flow sheet of the twelfth
embodiment.

25 Fig. 33 is a drawing showing the schematic constitution of the thirteenth
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*15 part of the principal surface of the p-type silicon substrate that is
not covered by the silicon nitride film 14, thereby formng the L3 | ik 8003
oxi de layer 15 so that the structure shown in Fig. 20B i s obtained. Next,
the silicon nitride film14 is renoved by etching thereby to obtain the
structure shown in Fig. 20C. 20 Then ion of phosphorus (P) or the like is
injected using the silicon oxide |ayer 15 as a mask thereby to formthe
n-type region 8 in stripes on the principal surface side in the p-type
silicon substrate 1, and the structure shown in Fig. 20D is obtai ned. Next,
pol ycryst als™aoCRYH | ayer 3 is formed by the LPCVD process on the n type
region 8 and on the silicon oxide |layer 15, so that the structure shown in
Fig. 20E 25 is oBt&i dtds aadtavdng shewmgptie: schamatic taeastiistion: of sheyfowitgenthon
| ayer 3 formed on the n -36 .1 3 FEB 2003 type region 8 is nade of
pol ycryst alembodime/i, the portion of the polycrystal silicon |ayer formed on
the silicon oxide 15 is made of anorphous silicon. Wen only the anorphous
silicon on the siHig.c3hAakiahghl 35[2rard Mrawinge resplathiy aemajor nilpw tsheetsdf tiet ur e
shown in Fig. 21 Ais obtained. 5 Then an el ectrolysis solution nmade by
m xi ngp 55 ifteghth émmfditpetr ogen fl uori de solution and ethanol in a
proportion of 1:1 and cooled to OC, a platinumelectrode (not shown) as the
negative el ectroddg 364 thftﬁlgﬂ‘?sémfaréidriﬁi(h?s euplalding @ major Huw Ghedtest fipde
not shown is formed on the back surface of the p-type silicon substrate 1)
as the posighitvatieb@ebdiaRat are used to carry out anodi c oxi dation process
with a 10 constant current while irradiating with light, so that the
polycrystal siliggn 3AYEH Galg BEAVIRG 1R ScHREE Bonkiulios B thE sQRhMth
pol ycrystal siliconh |ayer 6, agﬁ the Structure shown 1 n Fig. 2iB I'S
obt ai ned. \MidQihdlg silicon oxide layer 15 is also etched by the
el ectrolysis solutlbn during the anodi c oxidation process, etching rate of
the sj{icon oxide |layer 15 by the electrolysis solution is about 0.14 umm
per mnute and the 15 duration of the anodic oxidation process is from

about 10 s i1ld con oxide |ayer 15
formed to iﬁ%ﬁﬂg%ﬁggépgﬁqgﬁg§§56$§8§5%$@€$@b€§¢§%t$ions as a mask. Then the
por ous pol%ﬁr saal si&icon | ayer 6 is subjected to rapid thernmal oxidation
(RTO in a F&o WAPER) at mosphere using a | anp anneal i ng apparatus, thereby
20 to formthe stton%,electric,fie]d drift,laye 6'., conprising the
thermal |y oxi di z€d@8pbibadPesHesiiys yies| sciematigally showing ia%sxvlhy {RRAraus (thatyr e
shown in Fig. 21 C. Conditions of the rapid thermal oxidation step are set
to oxidi zi N§es@ppstdemissionfelagtorsawge dQiod this embediment vdrreihe glass pubstraien a
thin netal filmis formed as the surface el ectrodes 7 on the principal 25
surf abe si d8 isflispReedotorgppese thei Bed emitséar eleetran squrechE0.c ofvicolenten ¢lestraste
stripes that cross the -37 1 3 FEB 2003
31 is formed on the surface of the glass substrate 33 that opposes the field emission
electron source 10, while the collector electrode 31 is coated with a phosphor layer 32
that emits visible light when irradiated with electrons emitted from the field emission
electron source 10. The glass substrate 33 is integrated with the field emission
20 electron source 10 by means of a spacer made of glass that is not shown, with the inner
space enclosed by the glass substrate 33, the spacer and the field emission electron
source 10 being evacuated to a predetermined degree of vacuum.
As shown in Fig. 1 through Fig. 3, the field emission electron source 10

comprises a p-type silicon substrate 1, a polycrystal silicon layer 3 that is a polycrystal

25 semiconductor layer formed on the p-type silicon substrate 1, an n-type region 8 formed
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»n-type region 8 at right angles by vapor deposition, thereby to obtain the
field emi ssion el ectron source 10 of the structure shown in Fig. bdmEB 2003
(Enmbodi nent 5) Basic configuration of the field em ssion electron source 10
according to this 5 enbodi nent is substantially the same as that of the
enbodi nent descri bed above. As shown in Fig. 23, the basic configuration
consists of the p-type silicon substrate 1 that is a conductive substrate,
the n-type region 8 (diffusion layer) forned in the formof stripes on the
principal surface side in the p-tXpe.sLIicon substrate 1, the strong
el ectric firethg canfiguratieny el stdpaseaahe printipal surfacersde indhe pdyprotilicanyssibatrate
silicon layer and fornmed on 10 the n-type region 8 wherein el ectrons
i nj ect ed fdpastrbeg elettyipdialddiifidagr dr mhde of trddized porops tpalycsystdl sdivohdywr 3
formed between the strong electric field drift layers 6, and the surface
el ect r odes fofmedde tief pdrtiom of thehobyicyuseal fsilicon layereidt islosdted pe she mityipeeegion
direction to cross the n-type region 8 to bridge over the strong electric
field drife, bayeisad dekoiber ldcMbimhosl FO0Bnhay 6h e paherslal eiton
electric field drift layers 6 can be fornmed by 15 form ng the "pol ycrystal
silican | ayger 3i0YRbnfigRatsH off $riftsi ACIsRB thS HItyRER R & 1&gt L PIes. ST Wwihfen
substrate 1 and then applying anodic oxidation to turn a part of the

pol ycryst abogiisi e @rsuﬁ’aéé"EIQTtar e)?/l’?tsign?hseé&@ddiﬁ.@ﬁ{ bt dr e ForOla jél g it

by rapid thermal oxidation, sim e constitution descri

ELEXL}"%‘ZL??“f\r‘r‘%”;eée??°§"d§%7?§#1“ﬁa%ét%§ o w3, S o P AR el Bt e ok e
having & | S1UBH e AL, oonROR WAREE rigeel sl Pl SRS S kot ur

tungsten, nickel | at,i,pum.or, .an all of sonme of these.netals be used.
ATt hough t Piecs rRstelSof AREUE fhicksst o the sudese elpdradds 7 is ¥ 1nf0 ffl the

t hickness is not Jimted to this valu 25 )Jn the field em ssion el ectron
sour a8 10 BROTRFSIsablsa e A3, Vg r | Alsp SAIISF GRRPentpion of the PREPSTIBEON § om

t he n-type,regj on 8 formed in sfripes and the surface el ectrodes 7 fornmed
in stripesistsshin zrapsefromel n<t Ihechegioon 8 W ¢Mght angles. As a
consequence, as a voltage is applied selectively across sone of the n-type
region 8 and somn B ft C@Gﬁlpa@g?ctfpééwfé@é@OﬁGhl%‘P@dei@ﬁBt, ameatexis fosaedn| y
fromsuch a ren%ioon of the surface electrodes 7 to which the 5 voltage is
appl i ed t hfroncthe sstype régom? forped e gfiripas 8nd the whifade eléntroded 7 Saymeddn ajpypies ed,
thus making it possible to emit electrons only froma desired region of the
surface el gt codetheh-typhesgian Satspglaanglepar A$ asonsquanchesrmmddtags ispplibd
field emssion electron source 10 of this enbodi nent, although not shown in
Fi g. 133, t beddeglvebsacuisssonad ef (h3 mype T6gibes Bianfasad dfaheppdse: ¢lberddes!|7d

em ssion el ectron source 10 simlarly to the constitution described above.

The col | ectleetredseart leatteBdnlpEyorhuétos Mo Bf tHeesusitd aleeiredesthd WhitBhe
substrate 33 that faces the field em ssion electron source 10, while the

col lector @blesleli9@BplRH that &oe€ the-typelrBEioR BABRIKIE tHRYWI1ta3e id Xt?ﬂie@,mhh§

visible light When irradiated with €lectrons emtted fromthe field

e ssi 0N ehaklApSAER It olEBRoM Ats FRMDPALAGE I3 e XultFed dlbaRiARS o

f
with the field enPsm on electron source 10 by neans of a spacer nmade o

gl ass t hat i S caahe HIONE i blhelEioh R mARASN GNGHOTP By Betidlen $oASS the

substrate 33, spacer an emssion ele n so 10 bel ng

evacyated to a prede ' degree of .vacuu en di tals of
the eBnet i POp RoeqEE ST By bientosifR S o WS BeC PR N BEREIA £° 0
formthe coll.ector 1:el eétrode 31 in the formof stripes as in the case of
the di spl a® S04 B8 Shown in Fig. 22. Thus it is made possible to
elimnate a circyuit that switches a gigh vaol.tage of several. hundreds to
several thousand¥Vhsm a,&isplay appAratas as shawieindig) Las 19rbeanads, ol 08 NECESHEY eby
reduci ng the size and cost of the apparatus, In the field em ssion electron
source 10 tF farpi thecsablsetorslsetrodendl i theafpem o xripgsmsi indthe causal theedipplay pe

region 8 and the surface electrodes 7 is in a range from about -39 ~ 3
FEa Zoo3 1@pparatos shoovrt inF0g 92 ChRhwesct ssrmade pos§iblettaebmimte 2 bigcfii thaswitdhesi on
el ectron source 10 of this enbodinment will be described bel ow

25 a high voltage of several hundreds to several thousands of volts applied to the collector
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- In the field em ssion electron source 10 of this enbodinent, a p++ type
region S 17 that is a p-type region of high inpurity concent r at i loh FES 2003
formed at substantially the central portion between the n-type regions 8 on
the principal surface side in the p-type silicon substrate 1. Consequently,
since the p++ type region 17 is provided, |eak current can be prevented
fromflow ng between the n-type regions 8. Also n+ diffusion |ayers 18 that
are n+ layers having a higher concentration of 10 inpurity than the n-type
region 8 and adjoins the n-type region 8 are provided on both sides in the
direction eectipdf hl, sherebyereduding thesizs and ‘@Skﬁftgﬁépﬁfﬁt%i pal surface side in
the p-type silicon substrate 1. And an n++ diffusion layers 19 that is an
n++ | ayer havi nglthitlghéield emdssin gleictran ofouraep i@ i afythishambodienant; thef voltagen

| ayer 18 is provided in the n+ diffusion |layer 18. Consequently, even when
t he i npuri applicdracenss thet n-typeinagiohe and thp sudBcer elgitonles 7iis ima dmgk dwen about

el ectrical resistance of the n-type portion can be decreased since the
n-type regl®WV 3 abodt 3Ch¥ n+ di ffusion | ayer 18 adjoin each other. Moreover,
since the n++ diffusion |layer 19 having higher concentration of inpurity
than she n+ diff¥hé afethay e6f pfodusingr ehe dRMl iemibdién etecttoh strir@ 1bayLRhid8,
concentration of strong electric field on the principal surface side of the

p-type silkneadifieRpiilRbEddscHBEY BRoR AYPRESEnce BTz TRBA Mol it possible to
i nprove the insulation wthstanding voltage. Al so because The ohmic

electrode 2 is pgpy qegllagelg {6pﬁ1epﬁﬁf(dﬁ'ﬂfsfcﬁ'108r ?6n §lplaRtati¥RGs -ré\i’igé?ﬁ ]pﬁutlﬂét rate

1 as a back el ectrode, current can be surely prevente rom fl ow ng
bet t he..n- i 8 i t L f =t

i 11 con supefbBEEOLeRs (2oBY sARphRbalall), 49 PUAGL AT SrbifoRis ap®
ili I h i sQl at i . hat trate -4 S.1 3 FEB

2003 her oRrPBRER o°s e HalrPRePhaReEN oLl BeuBeRfichBafontl vt e

porti.on thereof |ocated between the surface el egtrodes 7. The isalati.on
brooull 3adHESEngfaRidg TR FRBPAAGRR Heh RN SO doTb Aipar Do AgEion 8 if
correspondi.ng, to the, surface e|ectrodes .7 and shorter side corresponding
to the | on@ﬁeq“ Siriges e ol ISrWBF fhegmay 155@%@&*&% Rrucfus ahoyrn e Fis. Mer 6.
Consequent ]y, leak current flow ng between the strong electric field drift
| ayers 6 aliPbbRSeen the surface el ectrodes 7 can be suppressed. Further in
the field em ssion electron source 10 of this enbodiment, the insulating
| ayer 15 is for méthepyhe outoped polyssysta stliveedpyend havingmethiskness of LSubismriat e 1
and the polycrystal silicon layer 3. The insulating layer 15 is forned with
a part 10 formeddiy LRCGVI2 stié¢pr oot thenprirfcipali sukfaes ©f ibe mytypairelipadsubstrateel
p-type silicon substrate, while the thickness on both ends in the direction
of wildt h gwheneah |the detypeasgiont Hwas beehdosnet], the sstruefued shdwen iimFug.alOBigs | ayer
15 is forned between the p-type silicon substrate 1 and the pol ycrystal
silicon | ayeuindd. t Oenditiems bfforming theefilauby alkeEPCVD bmocpssl are rsytstoadubstrdte con
| ayer 3 and the strong electric field drift layer 6 can be decreased 15
t hus prevefdhipeghttiReos 61 6°a; €Siel, afdst H6ke Srate bf BTObsceAK b)) pessurt Coft B@achgedat i on
of the insulating |layer 15. The LOCOS process, as is well known, is a
techni que dpether Bf 20 PRS SiepTbPRHHINDtHYPRlReYt A 88icdNATdayleR 8 4 hétdihiddd dothé at i ng
el enments. Use of the LOCOS nethod in formng the insulating |ayer 15 nakes
it possi bl S haddl i i i i :
nsl ati o] Gyer T e o Ay B Sofan gHimapRR OIS arer s 1
such cas e [ [ I r LS Ki ng
28 SARufitd tr?@b?ﬁg%g%%ﬁ%s OV Bhloflahl P8 anforb s MR (BYer

a porous porti ano oXI ion a part of the polycrystal
the petypeodretizat B BB REGR '8y REMIRY oMl ool ibBE Noeaa & -
Blat i num “and ¢ noRet rihatgresl ib ArREL 88 5, PEReryel eSS TRPS LCRIvETPE | m
“4 pattern of photo-resist layer 9 is formed by selectively removing part of the layer above

the n-type regions 8 by the photolithography technique, thereby to obtain the structure

25 shown in Fig. 10C.
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» 13 DEB 2003 on the polycrystal silicon |ayer 3 when applying anodic

oxi dation, thus making the step sinpler. The surface el ectrode 21 BaREBA W3

. portion 7a, having smaller width than the portion thereof |ocated on the
strong electric field drift |layer 6, |ocated on the polycrystal silicon 5

| ayer 3. Since the surface electrode ? is formed with the portion | ocated
on the polycrystal silicon layer 3 (narrow portion 7a) having smaller width
than the portion |ocated on the strong electric field drift layer 6, when
used in a display, apparatus, possjbility of electrons being emtted from
the surface el ec%fF‘%‘gé’é‘ .e%fb‘?ﬂgs {SRitiQN: tade hygrdxing 2w t¥Rssht Yeorf dydregspl i ed
thereto is decreased conmpared to a case where width of 10 the surface

el ectrode Hupdde selutiamtand ashanphén énpioperticangf h:1t aed sosled tthUBCs tar platittmes s
of the electron traveling direction can be inproved resulting in reduced
cross-t al keleGrodas(notiskownnahaegatiste ctagtralle otheyp-typewsilitiongubstrated ufaat étomicf i | m
bet ween the surface electrode ? and the polycrystal silicon |ayer 3,
because t hilectroge noteshotvings Sormagdgon s badkf surfaee elf ehd pappd sitived sutgtidid) @gt i on,
too. 15 Steps characteristic of the nmethod of producing the field enm ssion
el ectison spogitiee dlectaatepant thg phototriesist leydr@dasehe mask Fdr dnedidexidatibs drdagle@W.
After a silicon nitride filmis fornmed on the principal surface of the
p-type sil td:@ﬁrr%l&ﬁffarn_aﬂi@ dxi@tiodl pTBssOXidht £CBRdtEHEciRFent Rehillel iR diatinpathter n
of stripes of the silicon nitride film14 is nmade by photolithography

t echni que i qgw i h nehpal -type
silicon su%gt'gbrsg(% gaﬁl%\gmogr eon1 hetzélt%(rpl iu%@?a%éf?@;?{t? gg?\ﬂgniﬁhr%iklégafoi%ﬁs%%%g% %agr med

i s subj ect gﬁcamaﬁgs 5 %g'gﬂaawgbr{n}gd H %ﬁketagp%eﬂ&g&em&g@afﬁéf%&t @gﬁ&g&s}de' y

oxidizing only t portion o e principal surface I con

substrate Rk EQUESFNENES SIS ALFIL PRI KIS A SIS,
L5 o e R RO AR TR L M0 s g, i e

mask to inject jons of osphar us or the like,.therehy to formithe
n-type regMHCH i Hiogi B’F)‘Br?tb n ume; %éi)g SFeqnds aid; ﬁ@ld&élpns‘ﬁﬁ/é'@gt §F’6‘éeqt Hyt he
p-type silicon substrate 1. This is foll owed by the formation of the

pol ycryst afmeans Pfgsﬁof)g&é\-‘n@t%fame Wingyihe anadicrieption Progest-he A thuighdhe ng

| ayer 15 by LPCVD process_or, the |ike. Then by using an 5 electrolysis

sol ution neerEenhydeaity iy madntaiaed ponsiarlf dwgng dfe Angdic Oxidatos dirgesy @na ribe
ethanol in a proportion of 1:1 and cooled to 0C, a platinumelectrode (not
shown) as t¢grenafanarosityepEdhe poeousapelyenystah silicpn leyeyi dnis gnade sehstanvisily i ve
el ectrode, anodic oxidation process is carried out with a constant current
whi | d5i r r adniferimén whis lembogiment sthet ¢uarent engityl ey vt ehanged idoung Ithe @nodic

| ocated the n-type region 8 is nade porous thereby to forma 10 porous

pol ycr yst abxidafiorcproctsayte fornThesh a siicpoe @asipolyotyptal yidican layetsi afarhiglagegree s
subjected to rapid thermal oxidation (RTO in a dry oxygen atnosphere using
a | anp annefibbrugitpppd rplysystilhshiedy layersf of smlohedeptreeoof perosicy aieclaiiedtdd dri f t
| ayer 6 conprising the thermally oxidized porous polycrystal silicon |ayer.

The surfacgliethgely! efesch/a streetlier MRy alty bBeafopmedepebd Hégrte of gmts@y chirges on
the principal surface of the p-type silicon substrate in 15 the form of

stripes i ncdhimudhdlf et tHRUiREAAEHOihtknads. t Alid e bolptPRitdl 8RiceR 18er Alié haugh the
p-type silicon substrate 1 is used as the conductive substrate and the

Conaagy | vapBuSil BelRREAST of el HRLRT, LREEY bt o e ST SR 1 e
di 7 usi oy e ¢ : ' . e Cffusi

o be. f or nilr fheybig s eploBleBéts; e PGt RO RRYER s oyt O i bfdus 2V
as long as the.&ii f.f{,lsitgn layers forned in stripes are electrically isolated
from each BthEVd Beigt I BRAFEABSERIEEISE substrate. (Enbodi ment 6) Basic

constitution of e field em sgion elegctron sougce 10.of this e dinment is
substantial ly thin%‘h ezPquuﬁaPa?é%%ﬁ isﬁw?f‘ ayy3- ‘én%‘gﬁtegh%aﬂlﬂqgf@g?m is
25 characterjized in that the surface el ectrodes 7 are formed to have

const ant whdEdRtion&TQ)a a dry oxygen atmosphere using a lamp annealing apparatus, thereby

25 to form the strong electric field drift layer 6 comprising the thermally oxidized porous
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'9 3 FEB 2003 entire length, and an insulation film21 is provifg%ﬁngﬁ
portion that does not overlap the strong electric field drift ?n
the direction of thickness. Conponents simlar to those of the first

enbodi nent will be denoted with identical reference nunerals and
description thereof will be omtted. 5 In the field em ssion el ectron
source 10 of this enbodi nent, since the insulation film21 is provided on a
portion that does not overlap the strong electric field drift layer 6 in
the directiop of thickness, possibilify of electrons heing emtted fromthe
surface el ®OCHEEAl silicogdawer; Frsuliingyipdhe é@?%WCSS?WH&H’g-V -adeondiipnserf i s
decreased when used in a display apparatus or the like, and therefore

st r ai ght nedke ¢#pid hthesnalcoxidation stepagwsl sefatp loxidizipg demperatirel afi A0 Ch andduced
cross-tal k. In case such a configuration is enployed instead of providing

t he i nsul atoxitatipn penicd of erdedtour.hi ckness of the surface el ectrodes 7 at
portions not overlapping the strong electric field drift layer 6 is

i ncreased conpar étheha thive nidnalcfilne §thiro goldhflnporst foemed varthe pplyreystdh asilsdohong
electric field drift layer 6, in an application for a display 15 apparatus
or thes | i kédayep3sehbrebn ttiie efrofd eletirienficlbeadrify l4et btigdofmal by RapsudéeRion

el ectrodes 7 above the n-type region 8 without voltage applied is

decreased, wang 4 heraf Rak ﬁmrgg GREAIBSS féHmelhig Bk QBhfigiatis@ b€ lstrfR8 RRreby
i nproved resulting in reduced cross-tal k. (Enbodi ment 7) The el ectron

source of ifhingingAROLITRE el RBBE 7 &tmedSn §t‘?@\é§‘n{'aﬁe ioF Shin 2l At li‘ésﬂ!—i?'@ Olﬁ the

strong electric field drift [ayer 6 nmade of porous polycrystal sil

formed on Q@@f}gg%ﬁg%oﬁ cht?ol’xf ér%Qﬁcéid LEQE sﬁ'lH{:‘:}Efer Gb&nlin 8 0F Yel tained.

el ectrodes go aving at ness of nm t hat” has a | ow

wor k functi [ [ [.Qn | sfa 0.cover, a, payt . st rcong
electric fi’@lgdigt??rp t gFa@ér Q@{qu‘(& hgfeggéiéser}gg'%a o&% gﬁr(rlﬁdgyoé %%%B%ﬁonq fcﬁ)m
havi ng, a thic ss of 0.5 a.mfornmed .the back surface of 25.the sildcon
cubst foace. PhOGRGRE ey Befilld P BE A%t B 6o R £ seBBRlSR ; e 7
and -44 it 3 FEB 2003.a term.n electrode 71. The wiring electrode 72
and the terpll}P'i?iFh"@Faé’Sﬁ'rtﬁfg“@‘qu a&i’é‘ﬁb‘g‘%wchﬁlﬂge'of al umi num film having a
thickness of 1.5 a m whil he, wiring el ectrode 72 is disposed to_ _,
electrical |y conrfd¥é the ‘Pﬁgo‘itﬂff BOduEng e RIS emission SHectirg uionrGengf ItBifer 16
made of silicon oxide having a thickness of 0.5 a mis fornmed between the
wiring 5 elegbpdigarnt 7anaprevidsethst figldgemissions slectrqnopepras 10t thahyecapable of
According to this enbodiment, since the wiring electrode 72 having a {arge
t hi ckness #mittingetastropeonlyfrom adesited region of thecurfree glewdtadded separately from
the surface electrode 7, it is nmade possible to inprove the el ectron
em sslon ef fi ci el¥lile thedpleatoirbsstolwrera® iimgsedls dlge mask dudhe ahedipagudation
generation, increase the operating speed, reduce the 10 variations in the
el ectron emressgn sdidoncixéteciimoda isilicohaitdde fibmforamdssistipesieryialsp be udeidn a
pl ane, reduce failures due to breakage of the surface el ectrode 7, and
i nprove t hes piey hasknads én cayealsiligonagxideyfiled dr wbitivonsddé filndlissysedyihe gteptdfe
| i ke. Al so because the insulating |layer 16 made of silicon oxide film
having a tfﬂéxﬁKﬂﬂgf@h&Ba&-zﬁ’cth}{Bdr@dfo@ﬁi@éﬂioﬂ%&d@%&h&e%ﬁﬁd&%sﬁy@ctdee 72 and
the strong electric 15 field drift layer 6, ineffective current caused by
el ectrons qpL®bHiAknt ppm the strong electric field drift layer 6 directly
into the wiring |ayer” can be elimnated, thereby further inproving the
el ectgpn em ssi or: £ff1 Gi 5164} : 72.
3P FiLT 1 G £ €r¥?$&ﬁ9@§/§§v géhﬁ@\é%lﬂ’ 9&&@%&%@%3@&&% R

Mor eover, since t wiring efectr e ter rode 71 are

rade uses the field emission electron source 10 of this embodiment, wherein the glass
substrate 33 is disposed to oppose the field emission electron source 10. The collector
electrode 31 is formed on the surface of the glass substrate 33 that opposes the field

emission electron source 10, while the collector electrode 31 is coated with a phosphor

25 layer 32 that emits visible light when irradiated with electrons emitted from the field
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« 20 of the sane material with the same thickness, the wiring electrode 72
can be forned sinultaneously as the termnal electrode 71 is fcranpﬁanggf

. therefore providing the wiring el ectrode 72 does not increase the nu of

steps. Also as the wiring electrode 72 having greater thickness is provided

separately fromthe surface electrodes 7 that are about 10 nmthick, Joule

heat generated in the 25 strong electric field drift |ayer 6 can be

effectively dissipated through the wiring - 45 1 3 FEB 2003 el ectrode

72, thereby inmproying the aging, stability. af the elegtron source. B

bl oy ng. UtsoR e ciristdo”? Rrdanpis Srlasce e OF Wedkt® Shibodmsatereny

the thick wiring e] ectrode 72, heat dissipation performance is inproved,

t her eby f ufieneied byisienticas sefereaceimeralst abil ity of the el ectron source. 5

(Enbodi ment 8) The el ectron source of this enbodi nent conprises, as shown

in Fig. 26A throlythedield pmission glgcuprsevrice 10; kavingdthefaonfigyration ofghie fiott

porous polycrystal silicon formed on one side of the p-type silicon

substrat e émbodimegtisicvorineFigel thupagh Figreddthapé isgo pdssttiility) thoughrskightdk mapat

has a | ow work function and hi gh oxidation resistance to 10 cover a part of

t he strongbelofededtons idelftingithréugh thy eolyerystdiesilbaakapdrécintargesed bensiesnothe

alum num filmhaving a thickness of 0.5 a mforned on the back surface of

the sili cogtrengbeledteit dield deftdaydre 6M rWheh eicotdursiasintd theRweabhdgret digitisdr f ace

electrode 7 and the term nal electrode 71. The wiring el ectrode 72 and the

term nal efigflthedarfide éle@rduet 7 168ded ovaltHehayipe fegldn HayivAthant RbRidegss of
1.5um while the wiring electrode 72 is 15 disposed to electri calcly

connect topdthphed tREEisFlaf ahFL5aS mhy stiter ROLQussshkycrystal silicon that
makes up the strong electric field drift layer 6 1s renoved from bel ow t he

wring el ectroderhe e eRlisslol olcRA LAidle 1OYrRs cbBhifBR! nla iRul ff O
el ectrode 72 is interpose y the insulating layer 16 made of silicon oxide
filmpgavin Sg?r](i)tn'{gﬁ%i@ﬁ?ri{)rggblg: 5{\@ sﬂbivﬁgg?fﬂg.oi‘l %}SP%A #lg. Sial L ﬂelﬁ”@ﬁi{sﬁgﬁe .

0
20 Accor di Inment, Ina on to the dtlvantages o

seventh e i ment .  sSi .he OUS | verystal silicon tha up the
Strong er cGPRrar ruapd L GoF #h R8RS EERE b8 St RGN SORlE [iiRg ¥

el ectrode 72 exce or a.portiop thereof, the wiring el ectrode,72 can be
Formed on bRe et sdarnefisl B pRBsiriot ohecacey te ol Shibipersde in e

pol ycrystal silicon |ayer that has sjgnjf] t..surface uneyvenness. As a 25
consequenc%jtyﬂfr%]é%’g%‘%gﬁﬁ%feilngﬁeég@@g eleeiticeliald deif lpver6 mads of anigied poioHs

el ectrodes can be -46 1 3 FEB 2003 prevented from occurring, thus naking
it possi bl BOlyerystabsifigen {ayver &raed rasnthe mi-tyge aesien £ theeprlycrystalsitieon layer 3
operating vol tage, reduce the heat generation, increase_the operating
speeds redfesmed ga thapidamadref thastrong dewtee figld dif layeoh aad pinciyepeglysnata n t he
current em ssion density within a plane, reduce failures due to breakage of
t he surf acsilisorelayet Boflermed batdeemtheqnadyarpigialpsili¢an lawersed. dlkel strongaelectsie el d
when used in displays or the |ike, conpared to the seventh enbodi nent.

( Enbodi menfiel@)drifnlayérn & therpoldirystal siliasn blyemh andtiei mytyp2 palyamdstds siliche layter ong
electric field drift layer 6 nmade of porous polycrystal silicon layer is
formed in Batddstitudatie solpalstal emitatdutdrdagenpivkild the milydreoal sutisdndatter 1,
the surface electrodes 7 made of gold filmhaving simlar thickness to that

of the sevrgehhantheajuttatd cRokOdEsNE ade dFahinomBRH fitl fohRed bh Qhg pelyesistal C
field drift layers 6, and the wiring electrodes 72 are fornmed in parall el

and o@rresgoash Nget th 4 RBnBAIEAGE o keipEs CHRSINg tRY hARUCrbgidh & af fight dd}esi i Ng
el ectrodes 72 aré made of alum numfilmhaving simlar thickness to that of

t he sevent [ [ , il BEL 3 d1b&n
corr espond?lﬂk@i@?&?@%%@gﬁcsﬁg%ggg@%?s foPhiE o lsldé AN BF Hehrdrd e
field drift layer, the polycrystal silicon layer 3 may not necessarily be provided and,
instead, the polycrystal semiconductor layer may also be constituted only from the

strong electric field drift layer 6 and the p-type polycrystal silicon layer 3°.

25 Thus according to this embodiment, since the p-type polycrystal silicon layer
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- l'i nkage el ectrodes 73 of substantially the same thickness as the surface

el ectrodes 7 as shown in Fig. 28A, B, while at the sane tine hda FEBrigilat ed
in the strong electric field drift layer 6 is transmtted through the

| i nkage el ectrodes 73 and the silicon substrate 1 thereby to be dissipated.
The insulating layer 16 is forned below the wiring el ectrode 20 72. Wile
the surface electrodes 7 are connected by the |inkage electrodes 73 to the
wiring electrodes 72 in the configuration descri bed above, the surface

el ectrodes 7. al,.so be electrically connected to _the wiring electrodes 72
by 1 or i ng 3 T YER Rttt Sang sepfiod{Fld BliRAeYae oo HEFlicns BREEMEMEEd as
shown in F%g. gQA,,B, in which case , 25 higher effect of heat dissipation
by the wi riffRjn BFdgpigered from thern-bipedegipa ddato the p-type olyemystabsilicemifyen frent
10) The field em ssion electron source of this enbodinment will be described
bel ow wi t h byedPpheng @ reverss bias yokagmbaswgen B@-typeepdlyeystalesitiensi lapiere} eandr on
source conprises the p-type silicon substrate 1, the 5 n-type region

(di f f usi on thagdype Bglor Setus making pesswbie tth elgstricatly psdlats uhd adjeinddg stheng
p-type silicon substrate 1, the back el ectrode (ohm c el ectrode) 2 nmade of
al um rium f idlevtrivafiehigd@ft t layerk fefisnnéachbothtr. 0.4 a resulipsined leak tiveediank be
surface of the p-type silicon substrate 1, the polycrystal silicon |ayer
(sem condugirévenird! fysen fRiveihg liy @hg stdorfgosldelc Gield Beft Jayrek &Clectd bh hddntypiee
silicon substrate 1 by, for exanple, the LPCVD process, the 10 porous

pol ycryst alregibh BaRa ik aREerdt 36 tRN8-tRleqekTohGo f“nﬁé}dméwoha%é Rvblied if RMRE by
appl yi ng anodi c oxidation while irradiating a part of the polycrystal
silicon la i b tdhiabi j 1R&ee g i jed
Cher mal o e e T e B el et
silicon la r f oOf : Do r Sl el cONal ayers
o and thopech BRAGIER WAL 2 BfHEE in WBRIAAEAURE Y Fiokle Paidi 1 B

thickﬂfss %Pf%gﬂﬂ%x&m§7a m formed by, for exanple, vapor deposition on the
surface of ‘the pol'ycrystal silicon layer 3 for electrical connection of the

surface el ectrodes,7 w,th external circuits. e surf.ace electrode 7 .
comprises the tnih el St/ SR sobrce Dinf 1OE ahpp M JoR Pt P dsut 10
nm t hi ck foqrped vapor deposi.ti on t.he surfaces of . th olycrysta

ST con 1 ayelmed SproemmiPe i § Tummet Subeones 86 surir sodiabs femizd

| ayer 6, and the thin nmetal film7b _made of al um numfil m hayi a.

t hi ckness df SEHESFrossiBg the Rr¥RsTRBIGN SyAt right a@siasprﬁﬁ & volagrols aaeb%@?eclwﬁelan t he
surface of the thin netal film7a that is forned in the region of the

pol ycryst al2ckiss peiae of Hieat-type regiony 8 aad $ops(of she/surgce slactredess 7. Hlastrops are
constitutes the porous polﬁcrystal sem conductor |ayer. The insulating

| ayerli6 i smidedrealypBemesienteheeghon € thes surfacsil¢cttades dyter which the veBagsoist i on
ot her than the porous polycrystal silicon |layer 6 and the surface

el ect r odes applieddthat cross FlEBn-2y@areglnnl & ta Wbich-thy peltagel is eppliesly bintsrraakéng it
havi ng a conductive |layer fornmed thereon wth an n+ diffusion |layer is used
as t he congusdibleetosernit ¢latteons norlii fsore nd adsinentegidrhef cbedurfacey elestnbdesr At e
constitutes the negative electrode of the field enm ssion el ectron source,
supports t iGonaedtinnsiopid y-Eypesiegion 8SisImazienyitiny erirebwi by atelting mpan ity eaing

el ectrons S into the porous polycrystal silicon |layer 6. Therefore, the
conduct i Ve esdelifd fisltedrifs 14yefl8ian ExpBiiNg b Paciosrsthe tsiifRced HPthe e0FbE Yepieh 8Gdsr ode
of the field em ssion el ectron source and support the porous polycrystal
siliogp | aggbwRin Pipd12s not limted to the p-type silicon substrate 1. An

i nsul ati ng substrate such as glass with a conductive filmformed thereon
may al so be used L . Shnc Sit

pol ycrystal sili é\gﬁreﬁgﬁ’eﬁﬂ%ﬂ?ﬂg’ }@e‘iﬁyﬁe}?{%g&? ]P1oe s{r‘rsl(:)l%g?% Ese?(?g g‘?ﬂét ltllia?loetr is

ot or il e R E SR ol CPL BT L) B bR shE s el B pfle”

pol ycrystal,.silicon |ayer 3.and rface of th or qQus | ycrystal sijicon
| ayers 6 ardéSP*aé’rqPé’ﬁraﬂ'? sz‘ﬁﬁ'gtlﬁﬁfg';ity H%ltéﬁf?égf)ggﬁgo.e a‘fﬁ‘ a%lﬁ‘f‘?ﬂf@ that

el ectrodes 7a are forned to extend over the porouys polycrystal silicgn

| ayer 6 andwtﬁ@sp%h*ghdﬁﬂag% swa&ﬂhvﬁe%ﬁooﬁﬁgersb%e?ayég af V2t anple fuffer 6
on the surface of the p-type silicon substrate 1 whereon the porous

pol yc2y st alcolgqtprcelectiosp i, Serehnredusing the size gnd pest of thedgpaiaist ric fiel d

drift layer is formed. Since the portion other than the porous pol ycrystal
silicon layer 6 and the porous polycrystal silicon |ayer 6 are
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+ 20 fornmed so that the surfaces thereof are in the sane plane, the thin
metal film 7a can be forned in a stepless region. Therefore, bqga#g?qygnd
increase in the electrical resistance of the filmcan be nade 1ess likely
to occur than in the case of formng the thin netal film7a in a stepped
region. Also the thin nmetal film 7a fornmed on the surface of the porous
polycrystal , 25 silicon layer 6 is formed to a very small thickness in
order to prevent the electrons -49 1 3 FEB 2003 reaching the surface of
t he porous pol ycrystal,,si,l

on_ | ayer 6 fur bei ng scattered in.the.thin
metal film ra. biiie pedd,of plodilne, tip fstdvertssioh, QR e AP B AR ¢ hat
is formed in ,a.region other thapn the porqus polygrystal siljigcon |ayer 6, to
be so t hi némbgd tf’”lr‘nllil Ee B@%C&ﬁ)ec?)?lﬁwmﬂf ge%qrgp%ﬁteﬁlg. B@ﬁtﬂ}*ﬁoB&IéP' than the thin
metal film7a. Thus it is nmade 5 possible to further prevent the thin netal
film7b from br elKsh@ dapant srcheaseptiosphagys (Bsis dntipduced [partbe pringipal surface
increasing. Also since the insulating |ayer 16 is provided between the
pol ycryst aksidgiin theoprtypgyséliconp sobsteate d harthermal diffusinn tsoliniqueyertiah implantation| ayer
6 and the surface electrode 7, the straightness of the electron traveling
di r ectSi on ¢echnigee,i thprebyedo fohmsther oaypl megiomed éhf sopespfsimidanlicitagthehéirst
cross-tal k. 10 Since the increase in electrical resistance of the thin
metal fil membadinydnt.t hHhenctheatndbpédepélperystal §ilicen tiyecs hadiag arthécknedseof 1.5
suppressed as descri bed above, heat generated in the surface el ectrodes 7
by the currentis fo@wdty LPEVD dlefsamteerinclRubiaeite of fsp-tpdudidod shb@ratder mal

| oss and preventing the electron em ssion efficiency fromdecreasing. Wile

an increasehefeofl 86 ti-iypelrepidfi ShadeePFortlee, BIwAREbElhREdiE URRtidn 10T the
i ncreases the voltage drop due to the current flowng in the surface

el ectrodes g@ﬂ%ﬂqocajtéd AbovBREER SRk Bn 18 ¥o ARG E?xrc‘mQQﬁcf Pa?id’&er‘éﬁ%l tsogi?%ﬁpgcause

the voltage applied to the porous polycrystal icon layer wer than
Eg back
y

the oper atifgoelhadeeApPhLaf: TIPSR et &f MR oLUREMARIGx AN ol
el ectrode 2, an increas® In the operating voltage can be “suppress
suppressin |Gk [ i st a her, a 20
vol tage dr ggfy?ﬁfs{aﬂgﬁlgﬁiﬁ g%;(lg% ”{éhigéﬁ‘% %ﬁ.&:&ﬁr%@b%»&rl?gdsﬁgépég%pé;g'lgt%ﬁg ‘he position.
Thus when the su ce electragdes 7 have a high el,ectrical resistance, there
Tos posei bi i oy PRRGreRHaS abaieraof DR € erufindF mcr any Hint 1Rs 1o FPEEhe
current densi var ith t aQgi tion, However, the electron em ssian
effici encyoaﬁhgtsﬁgngﬁchgm @ﬁ* Egﬁoﬁyﬂeﬁ’s Fe \)?ﬁ rt8e SHUGturR P Smfi&rSB Y with
t he positioB as elegtrical,r sistance of the surface 25 electrodes 7 is
prevent ed PPBHEAnCcABusthsgesisidaveny e s fomehindhe contfigusationafistingsce of the - 50
1 3 FEB 2003 surface el ectrodes ? increases, tinme constant also increases
resulSing in sl okBen dgysr siehoas. bosendy are injegieds Intp dhe polygrystad SiliceBa¥eTot t he
surface electrodes 7 is suppressed fromincreasing, decrease in the
operating bpiewen dmstrangprlesiinfiehl drithdayers 6 hydoeimplensdes techaigne usingtthe t he
positive electrode of the field em ssion S electron source. Wen a voltage
i s appl i edrestst dayer t12eas thef mesk, dhercby ddderm? the pviype) palyctystal pdisoni kager 3°,

el ectrodes and the n-type region 8 serving as the negative el ectrode,

el ectrons foljoswiddsy fheaemoha of-thy pesist ényieon 2 Sregultihg it kireostgiaturé shqvar ouBig.

pol ycrystal silicon layer 6 and are, upon reaching the surface of the
porous pol gCr ygisathe Sidei walh [dyay eomprisiagithd pelyédystal silicors layeas eerdding loa théri n
metal film7a due to the tunnel effect. Energy of 10 free electron that has
been 2 t t gdeivall &ethe_rs&bg% eRCHRNGAN drifelaflér € Ghe SttbRLEECtYO TefDEri R 1D} er &
across the n-type region and the thin nmetal film7a mnus the work
function Ofne ftydrDital BEGH 1alér IMagd theTfLesbel doly ty 4RSIl 18ydr 3 K &ithizghyOr K
function o; t eygﬂ%n netala Il'm?~?a ggﬁﬁﬁﬁqoig?poséfble.yAIso beéause
formation i j e : p lARasidae to
t he oxi dat Pélﬁ/eﬁf&?h%ﬁtch#&ndan%pgﬁ}ﬂ ré#gqgeegsggga seP ?%ull} fl%'tng{l éé?l#ag]n e?rl?ssi on
efficiency_through the.thig netal film.?a ,a tal that is resistant. to

oxi dat 1 o MBIt samHEisi s herBo famvareh ey 19hafia hes ioR refin. FIng) fRyioA
Wiile gold,is used for the thin.,metal film ?a i hi s .enbodi nent terial
for maki ngiPAantaHpem steRusing fthFrﬁes?%f ?%errﬂtglt a3 thisi rpas. E}P} %Y‘Hyséﬂoseﬁ’égptgggﬁﬁy \
nmetal that has a |ow work function and s, resistant against oxidation such
as pl28t i nulayer sandhelformedh5amuthe stranselastrimiisld diift laven§ apd thep-ygerpolyerysitse
metals. Also it is desirable to use a material of lowresistivity for the
thin metal film?b formed in a region other than the porous pol ycrystal
silicon layer 6 on the surface of the in metal film?a, and alum numis
used in this enbodi nent. However, the haterial of the thin metal film?bis
not limted to alum numand may be any netal having low resistivity. A so
thicknesses of the thin netal films 7a, ?b and 25 the electrodes ? 1, ?2

L o o




*1 3+FEB 2003 As described above, since the surface el ectrodes 7b fqrnmegs a3
the surface of the polycrystal silicon layer 3 and the term nal el ectrode
71 are nade of the same material with substantially the sanme thickness, the
el ectrodes 7b and 71 can be fornmed in the same one step. 5 (Enbodi nent 11)
The field em ssion electron source of this enbodinment will be described
below with reference to Fig. 31 Athrough 31 C. In the field em ssion

el ectron source of the tenth enbodi ment, the surface electrodes 7 is
constituted,.fromthe,thin netal fil.m7a made.of, for exanple, .a gold film
formed on HHEPTs E?ryﬁ'él es :’{Seq Fﬁbe SPipg anainsulaiing, dayer a@;ﬁefnagg Og Sé]ﬁ‘ff%t REdBor ous
pol ycrystal silicaon layer 6, and the thin netal film?b made of, for

exanpl e, ahavig@nttickngss of fel 4 m Inetheegplyprystel tsamigenryetes daver by PCAGA
layer 3 on the thin nmetal film7a. In the field em ssion electron source of
t hi s enbodprieeess, a part ohthednhdatingdaykr bhlocated pathe srongtelentisfigldidsift st 6t ut ed
fromthe thin netal film 7a nmade of, for exanple, a gold filmabout 10 nm

t hi ck f or nedehyvadipoetchiegositi on on the surfaces 15 of the porous

pol ycrystal silicon layer 6 and the thin netal film 7b made of, for
exanpbe, al uni nuBhén amhimvietg Aloh Hi corasd bef vapoo udepdsifionl on tlar peychstal f or
exanpl e, vapor deposition on the surface of the polycrystal silicon |ayer
3. Consti t sdmieendexeplayéronsihfea sHethReRask| ROlifD dPRnifigh Sfoshed |thérelro id hget ent h
enbodi ment. Therefore the same conponents will be denoted with identical

reference Pt VAGrHRS GhdrBly RIRminpeihe QhirfAR elédtlodBe7 Ptnict 86l stripedaRdE he
surfaces of the polycrystal silicon l'ayer 3 and the porous pol ycCrystal

silicon | ayeihe® iﬁrﬁetﬁl%lﬁﬁ%sﬁﬁixﬁ}ﬂtthﬁﬁ@ld%%ﬁi@%S:?.%ieEf?@ﬁ SRirc&i € of the structure
pl et i e

substantially the sanme ane, In neta ms /a and 7b can or med

in a stepl %%nrﬁgi@élﬁ.ﬁ;?g}é’[pgnem 89'&@‘%%&9& Eﬁg{rg&’e%eﬂ ay %ggﬁ%ge?% gt the

filmcan be nmade | . occur an nt case o ng the
thin 1g®t al cgnll irqgtio7na0f g}%télﬂhggrgﬁlﬁp ggﬁjnia&gEﬁ)cpetcﬁing%echnique, or a combination of

photolithography technique and lift-off technique.
(Embodiment 3)

Fig. 15 is a perspective view schematically showing a display apparatus that

uses the field emission electron source 10 of this embodiment, wherein the glass
15 substrate 33 is disposed to oppose the field emission electron source 10. The collector

electrode 31 is formed on the surface of the glass substrate 33 that faces the field

emission electron source 10, while the collector electrode 31 is coated with the

phosphor layer 32 that emits visible light when irradiated with electrons emitted from

the field emission electron source 10. Components similar to those of the first
20 embodiment are denoted by identical reference numerals.

In the field emission electron source 10 having the configuration of the first
embodiment shown in Fig. 7 through Fig. 10, there is a possibility, though slight it may
be, of electrons drifting through the polycrystal silicon layer 3 interposed between the
strong electric field drift layers 6. When this occurs, since the electrons are emitted

25 from the surface electrodes 7 located above the n-type region 8 to which the voltage is
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+ ~ 3'FEB 2003 As described in relation to the tenth enbodi nent, thf surface
el ectrodes 7 constitute the positive electrode of the field em ss %rfEB 2003
el ectron source. Wien a voltage is applied across the surface el ectrodes 7
serving as the positive electrodes and the n type region 8 serving as the
negative el ectrode, electrons injected fromthe n-type region 5 8 drift
t hrough the porous polycrystal silicon |layer 6 and are, upon reaching the
surface of the porous polycrystal silicon |layer 6, emtted fromthe surface
of the thin mstﬁé fli&I]én 7a due to tunneé er{ffect. Ezgﬁrgy of free electron
that has bBY#PRISY. thedisrlay pRPazatus By Sikierdrasy crasetalkr ect current vol t age
applied across the n-type.regign 8 and the thin netal film 7a mnus the
wor k function ofT’flﬁgel‘%Flﬁlsﬁ’@ﬂaﬁlqunﬁoﬂz&Qe 10@f this qmbodiment s fagturailer 10
the work function of the thin nmetal film7a as_small as possible. Al so
because f opieuentng syeh atrogRiede Asishewn in Fige 1% and Hige 16fthe fieldtemipsiomelgbtrén | m 7a
due to the oxidation of the thin nmetal film 7a decreases the el ectron
emi ssi on e$dured Ehefithiskenthegimenteotrprisestbe attypé siticatasubatraretl athetrhtype region
resistant to oxidation is desirable for the material to nmade the thin netal
film3a. V@ifbengblrd thes cordfegirdtion ohetripbs on ke girinkipahmsiidadersiddiirs tHb p-type
enbodi nent, material for nmaking the thin netal film7ais not limted to
gol d and ngijicdie sabryrateet akhd badndrakcricl fsidvarifk 1hysrcs imdleadf okidide@Spsrbadt
agai nst oxidation such as platinum iridium rhodium rutheniumor an alloy

of some _C’fpél?%ﬁanﬁli@érfﬁlay@ﬂ fotmell onSthél@stypbdgiort 8, 445 fhsd@lafi®d Alhal3 @hdd
resistivity for the thin"netal film4b forned in a region other than the

porous pol ¥aE%Ssale Bl ifSPMd GVEE plypOsiliBsn Sibshaea Blwbtleint Qhﬁiﬂﬁéa?&% film

7a, and alumnumis used i n this emodi nent. However, the nHterl t he

thin netal el&th?ﬁ%ﬁ}{d@% %ré 6, Mnk & e ELﬂfa%L: %mcﬂpgs?{‘ﬂﬁgﬁ%f&%@m@hg&&@d’ i ng

| ow resistrvit s df the thin neta

el ect Odesorz ?heel sgl%n. S1dfc ﬁélﬁidg'ﬁtdla%)r é n:ea X&lf*ﬁl?ﬁ%%s&r r?%l{?})}lg rcr:e%égl\ﬁ%t‘l«% E-ggﬁ)edi ment

12) é The emmi ssion electron source o IS e

descri bed bel ow - 3 EE wih reference to.Fig. 32 hrough F. In
Chis enbodiBe- ¢ Tsraedadend o opubd afh S bl irtid "havi ng
resistivity of 10 S2.cm, is used for the conducti.ve substrate. First, the
o type 1 eqton (rASHER i SEpden et I oA ST 138 Tt R RR e pal
surface of .the p-type.siljcon_substrate 1, and an.ohmc electro 2. 1S
formed on terHensA4Ctis fell &R IRgs the m@aéfpeeadlaml%ﬁwgaﬂe@rlﬁfgﬁﬁ Fifyer 3
having a thickness of 1.5 a mis formed by LPCVD process to cover the
n-type regidyers®, acralecsncallyciselatesh from each qthen by thadugylatian dilg 13 merposed
Conditions of formng the filmby the LPCVD process are set to substrate

t enpéf at ur deebetzreT, CGireM aasbe praventgd STon pwing ceaivesid thsr edigining strong
evacuated chanber of 20 Pa. Step for formng the polycrystal silicon |ayer
3 is not l1€ettiipifiekdrifolaybes 6.PCVD process, and such a process may be

enpl oyed as an anor phous
In the field emission electron source 10 of this embodiment, too, since a matrix

is formed from the n-type region 8 formed in stripes and the surface electrodes 7 formed

in stripes crossing the n-type region 8 at right angles, as a voltage is applied selectively

20 across some of the n-type regions 8 and some of the surface electrodes 7, electrons are

emitted only from such a region of the surface electrodes 7 to which the voltage is

applied that crosses the n-type region 8 to which the voltage is applied, thus making it
possible to emit electrons only from a desired region of the surface electrodes 7.

Moreover, when a display apparatus as shown in Fig. 15 is to be made, it is not

25 necessary to form the collector electrode 31 in the form of stripes as in the case of the
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« siliccon layer is formed by sputtering or plasma CVD nethod and thep pe ﬁma
anor phous silicon layer is crystallized by annealing, thereby fornlng t

pol ycrystal silicon layer 3. Then a silicon oxide |layer 4 having a
thickness of 1 a mis formed by plasma CVD process on the polycrystal
silicon layer 3, so that the structure showm in Fig. 32B 15 is obtained.
Conditions of formng the silicon oxide |ayer 4 are set to substrate
tenperature of 225C, SiH4 gas flow rate of 50 sccm N20 gas flow rate of
875 sccm pressure of evacuated chanber of 133 Pa and ac discharge power of
150 W ( powdisplaycanaiatus sbewo inEign2ne Thusités medhpassitde tof diminaty a diesuitithatcon
oxide layer 4 is not limted to the plasma CVD process and, for exanple,

t her mal oxiseitthesra ighyoltege dfse2@akhmidrgdsdo sEveral, thohisands bf valts applied tatthen t he
pol ycrystal silicon layer 3 is patterned by conbi ning the photolithography
t echni que aollectdradieongde 8¢/ thegbe redudingahy sit@ambéast bf theappirimet ure shown in
Fig. 32C. Then an electrolysis solution made by m xi ng 55 wei ght % of

hydrogen 25 fl uomhgdemsmbat bp@r@duéx e Fleld TendlsdibiP R kioANsRircel 15 8RGni00! ed
to 0C, a platinum-54 EB 2003 el ectrode (not shown) as negative

el ect rsode @moamnmwB@dédchbemelaww fﬂetf@reace(tbfﬁg@hﬁmhr%beﬁrr ode 2) as

positive electrode are used to carry out anodi c oxi dation process with a

constant cur rent gyl LddahAdjch tasng%&gprgoorrsg@sgqpﬁea&aeaarq e iR Yokt al

silicon Iayer 3 polycryct stlrco ayer 5 1is

partially f congh?a?qXé@ﬁ 15’?:?515%?1%{8{{@ el l@fuﬁog tegh%%de rolg}lq pgﬂtatl H this

enbodi nent , € ano I ONn process are co sta t

curren, :’ssécwaﬁgrt.héﬁp%t n LS ﬂ%%%ip&%us T
R N R B O B A G iR Y

point_ in the 10 irectjon_of thickness thereof, in this epbodi nent,

pol ydOyst al# By 15 &mer el PE Y pracess o thadenpiprbsurtacs elithe &- "Mlé‘btsﬂlcag
reaches the p-type silicon substrate 1. Also the current density is

mai nt ai ned S‘&ﬁ@{ hwhergen the rfpedesiond kpsibgan fameds fllowsd by anpdic oxifatigegr ee
of porosity of the porous polycrystal silicon |ayer 5 is substantially

uni f or m i nof Hiesperhipn dedetadt aboyetho mcitipe Fesien Brtermakseit Porgusramgl repidcthemepdd
during the anodic 15 oxi dation process to formsuch a structure as a

pol ycr yst abxilation step tafam te strohg glectigfield doift laperas image afitheamplly pxidized al
silicon layer of a | ow degree of porosity are |lam nated alternately, or
such a st r potous @olyayystdl sbicbe ldyer, rthds sesuiting id dgr ericafre ploovas it Fige haAge be
continuously in the direction of thickness. Wile the silicon oxide |ayer 4
havi ng a t bbxkmedss of | ,u mis also etched by 20 the electrolysis solution
during the anodi c oxidation process, etching rate of silicon oxide by the
el ectrolysis sol ghe®pBhotd-rafistlit a@phéd antl Badhed patdtiiemAad ab i fbdisatdyen1®f the
anodi ¢ oxidation process is 15 seconds. Therefore, the silicon oxide |ayer

4 surely f eifdih988 tiRSstRdnFREStricHal drifClaPRreuys tmltw&gtuf&&k sBdwln BOFigl gy@r S
is subjected to rapid thermal , 25 oxi dation (RTO), that is a part of the

porous pol yeanahad. Srtustreksi@VBYero1d i fOPhhediif Bt configuration of stripes.
Then the polycrystal silicon layer 3 located between the strong electric field
20 drift layers 6 is removed by reactive ion etching technique using the resist layer 12 as
the mask. In this embodiment, since the resist layer 12 is wider than the strong electric
field drift layer 6, a part of the polycrystal silicon layer 3 remains on the side wall of the
strong electric field drift layer 6. Conditions of etching by the reactive ion etching
technique are set to O, gas flow rate of 4 sccm, CHF, gas flow rate of 16 sccm, pressure

25 of evacuated chamber of 8.3 Pa and arc discharge power of 100 W (power density of 0.3
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« 13 FEB 203 resulting in the structure shown in Fig. 32E bei ng obtai ned.
Conditions of rapid thermal oxidation are set to oxidizing tenperbd F&EB 2603
900C and oxi dati on period of one hour. Although a part of the porous
pol ycrystal silicon layer S is oxidized in this enbodi ment, the porous
pol ycrystal silicon layer 5 may al so be oxidized as a whole. 5 Then a thin
gold filmis fornmed in stripes on the porous polycrystal silicon |ayer 6
and on the polycrystal silicon layer 3 so as to cross the n-type region 8
by vapor depos tion using a nmask, thereby to formthe thin metal film?7
(metal el edy ﬁ@d)e) Thecerueture shownga Kig ans ahbainerhby removing the repistsleyernl 2.
el ectron source 10 of the structure shown in Fig. 32F is obtained. Wile
gol d i s us&tepffor etchimgtth¢ polyenyatial silicon fayen3 ihnet lemiteditothatreactie ot etchiag f or
making the thin nmetal film7 is not limted to gold and may be any netal
havi ng a | teshwigné, andnict etohing technimse abingiargom gas,hioo example tmaygbé emplogedkel |
platinumor an alloy of some of these metals. Although thickness of the
thin gold filmi3isattht dnshatiomfilie13 maelsrofsstlidon oide Filiis €stnied ByhpRsmal ue.
The field em ssion electron source 10 descri bed above is put in a vacuum 15

chanbegr (n@VIs HRYeEss bk tthe tike t6 oddvelcmr etir8 Giriréal (shffhcess BOWY pdisPeRREn At a

position to face the thin netal film?7, and the inside of the vacuum
chamber i s spuRR01 VREWHTLR SoRFERSHEE 19D 3 0?6tame05 F@on\éhmsaoﬂbﬁﬁﬁ ther rent
voltage of 20 Vis applied across thé€ thin metal Il m 7 as p05|t|v

el ectrode @omﬁd@fggp@er&gw g BRgel @fﬁe‘?'ﬁ 5% 96181, 390 pRWCHt 6 s0

current vo tage O 1S ap I ea acr as

posi tive 20, gl el pepLhil BEs LTS }&Lqry gmg%ﬁ&d%ﬁgapérvsf ﬁh;ﬁtin%da%

em ssion o e sur FeTd t he
col | ector trode ca serve Th ctrode 2 is preferably at
a negati vegBS LRE PAYLA 1%8\22 BSIEyh(gfob&f&% region. In the nethod of
prod ng the figld em ssion el.ectro ource according to, this enbodi ment,
Sincalt he sili col MATHEAE wndn&é%t@rﬁi&ao%wfe% TRPRYg e islating layer
photolltho ph tec ni que and . e in echnique is used as the mask in the
anodi c ? ?qcaé ?@@@&Fﬁ?cﬂ%‘ %BIE &b‘éé%rs‘sto formthe porous poI ycrystal
silicon Iayer 5, the accuracy of form ng the lEattern of the porou

pol ycrystal silid6en theysirfage|eleqtipdenVemadeot 6 lne@a@k@lmh@h@oﬁql@cﬂlnwé@ of

t he oxidi zed porous polycrystal silicon |layer 6 and the thin nmetal film?7

i s det er ni frseheByinstiepeacautha yineipal sirfice @f theeppene silieorosubstietedl;, Isp dbat thsi de

| ayer 4, 5 accuracy of the electron emtting area can be inproved at a | ow
cost. Al t htialgrenibsompelestpen siukdecidrofbbsttucture shigwo ) Figubdl isaibéritealvi ng
resistivity of 10 S2 cm is used for the conductive substrate in this
enbodisment (Embedioenddict i ve substrate is not limted to the p-type silicon
substrate. For exanple, a glass substrate coated with a thin conductive
film(such as thFig aBriem pempettive olewt sthembfi€lllyi sholwingy displaysgsharatOs thaki ng
it possible to increase the surface area and | ower production cost conpared

to a case QfesUthkNeld &RIBIIEHMBLELAN soukdes 1 0 adfettid @hbadinient,y Pheid itk Blass
substrate. (Enmbodiment 13) Fig. 33 shows the schenmatic confi guration of a

pl anar |i ghibsgaiessl 19'alsﬁaféﬂrtabﬁﬁoéésth@ﬂeM@mgdl@ﬂ EleBitb s SRt B3 CCEeblRORF Ce 10

of the twelfth enbodi nent. Conponents 15 simlar to those of the twelfth
enbodi ment o) t e 1
descripti on ttlhéédregg AR m@ owo&r%?ts%lfe}%& %ﬁl ;ﬁlg%gug&ﬁﬁpggﬁnés Z%Saf}eac% us of

thi s ;grbodinent, c e

tr andBar enf o ogy PR %‘%3d&Eploiﬁ*}?ﬁ%%%%@%%ﬁﬁﬁm ! %ﬁat%é’ G e
field em ssjon, el ctr urcel ei,n the.tr aret eleo e 20 31
i s coated Rj’?ﬁifh%f Pff)rs%?q §§"tf ‘8%@%826%?‘8*‘ ?dﬂ@’ Oqsr% ? F wi t h
el ectrons the field emission electron source 10. Components similar to those of the first
embodiment are denoted by identical reference numerals.

In the field emission electron source 10 having the configuration of the first

25 embodiment shown in Fig. 1 through Fig. 3, there is a possibility, though slight it may
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»emtted by the field em ssion electron source 10. The transparent el ectrode
31 is made of a transparent conductive film and is fornmed in a tﬂaanﬁﬁarzemt
sheet 33 conprising a glass substrate. The transparent sheet 33 whereon the
transparent electrode 31 and the phosphor 32 are forned is nmade integral
with the field em ssion electron source 10 via a 25 spacer 34, with the

i nner space encl osed by the transparent sheet 33, the spacer 34 and - 57
.13 F~a zoos the field em ssion electron source 10 evacuated to a
predeterm ned degree of vacuum Wen electrons are emtted fromthe field
em ssi on ebecefrdectemsdidting throngh heordyrsystalosilieorclayered interposdd bativgen thehat

is guided through the transparent electrode 31 and the transparent sheet 33
to the out stiroeg electridi fsgdd ayift Byens 6. heWhleanbis dccgrisf sined tei dectmnp aratmittedf
this enbodi nent, when a direct current voltage Vc of 1 kV is applied across
t he transpéfioanthecsiefate eldetrddesanldcited abbventhemi-ibe tédion §,to whidh theasoltage is
transparent electrode 31 at a positive potential with respect to the thin

netal fil mds appliddahédisplay ameﬁ@tm ufREGoMPGoRftal0 V is sel ectively
applied across the thin netal film?7 of the field em ssion el ectron source

10 as sthe positi Yge &eff ehfPéfonl Bleditn $60@RE 11900t fHid eABbdmeht hil 1. fehtufor S
emtted in a pattern that corresponds to the selected intersects. Thus

since the ﬁgﬁgﬁ%@k&ﬁ‘éﬁ?&b@”@ié SHoeh ahﬁq%%tsraﬂwig:@&ﬂé freld ﬁhﬂi&@l%—&aya

6 that is oxl di zi ng the porous polycryst sem conguct or Tayer in

this enbodi ; : ar ]k I i i il d Y.

per pendi cukg{ﬁ% %0,(‘8 gﬁ{ %{ﬁﬁédﬁe egﬁ &#Hl“? rﬁﬁc‘%g t}g{h{g’ gﬁ{lﬁgf’|sg&ﬁﬁ|&%}§&ﬁ€§'tﬁne r%éﬁleonpl ane
t hereof, if 4 t. . QY 5 nverdi ng el ectrode that has
been used PriotmEr dnABERBRBRRhch SRR h 1 PAREHDRe SR PR -G ne
constitution si er .and educi ng,the . 0 because t.he.el ectron
critting asleShabafaids theHBnEreadie dBRbHAE Boer §umedt ckcdee pors
enbodi ment has a hi gh,acguracy, the planar |ight, em ssign apparatus qf | ess
uneveihessPP cmsﬁ‘lﬂtsg@ﬁﬁ% PYAr E%Wf’ge%éﬁi? RS TRGIPR G4 éﬁWn §>‘|‘f{fe}atyﬁ’é l8hni ¢
el ectrode 2 is charged 20 with ne%%tqi ve, potential wth resPect to the n+
conduct i veforagdrbetween thejadiinisgdi-pmstregioanR, and thensurkasp elsstrpdes /e madg ofy om
fl ow ng between the conductive layers and is therefore nore preferable.

( Enbodi menthin gyetgl §lm Farmddoow the steenenelepteic dinld idgify leypoh infa eanéiguiasipg of

em ssion electron source , 25 10 of the twelfth enbodi nent applied to a

di spl ay apptaipas orossingithetri-type megion fehtighteangles5g 1 3 FEB 2003 shown in
Fig. 34, the thermally oxidized porous polycrystal silicon layer 6 is
fornmed on the n+Acoording tos¢his sopgrodB8mbuaty ishge athé arilivonf ositle ilges End fdrenetlhi n
metal filnms 7 in the formof stripes are forned to cross the stripe pattern

of thHeé n+ bemaecsithey strompyelectic fRld driftneyédrs Snspaemrdan deguevenckel Hdmi fowingposed
to face the thin netal filnms 7 of the field em ssion 5 electron source 10,

and a transgpafeenthed sihingderodd ecaiRBdd dtift I19ppose the thin nmetal film 7 of
the field em ssion electron source 10, wherein the transparent el ectrode 31

is coated w th aypiRIRPEMREiohMct@m sbrcéi19idThEs bnBb8inWAERod, IsiiRdiagh/exW t h
el ectrons emtted by the field em ssion el ectron source 10. The transparent

el ect 1 ode Rlrohfed i B ntybd AN KiincAQRSpEL U i sl & Meck BabOY MBtfhelin

transparent sheet 33 conpfising a glass 10 substrate. In this embodi ment,

at 11 ot aoaeef e AE Ui pdhdloh B ARG BPRYBMude, SRR BRI o
8 t he thi ld fi,lm7 . ds_t ixelo T ' i xel
e R e R R e R

| ectrode 7 t + ' 8. 15.1.n the displ £, f this .
ertboct ment e ORI Fars ke oy 8 b pifaee e lehd P ghEh of valig i

| ect ) 10 h hi gh ! , it i.ble t hi e\
B e o i et on o hakS Toler e S B RS, 2
the field em ssion el ectron source of this 20 enbodinent will be descri bed
bel ow wi t hppssitde enemit elecirprs ordy Aromhe degjfedzsgion of the surface electrodes 7.

Moreover, when a display apparatus as shown in Fig. 18 is to be made, it is not

25 necessary to form the collector electrode 31 in the form of stripes as in the case of the
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v First, after the lower electrode 12 is forned in stripes on the principal
surface of an insulating substrate 11, the undoped pol ycrystal silld £e8 2003

| ayer 3 having a thickness of 1.5 u mis forned by LPCVD step to cover the
| ower el ectrode 12 over the entire principal surface of an insulating
substrate 11, thereby to formthe structure shown in . 25 Fig. 35A. Surface
of the polycrystal silicon layer 3 is made substantially flat. - 59 13
FEB 2003 Conditions of formng the filmby the LPCVD process are set to
substrate tenperature of 610C_ SiH4 gas flow rate of 600 sccm and pressure
of evacuat SEPiBYapprTAtusshogn prFigsRen % Bits i rmadrgpasaibless) dligtinase aicirsiit thapn
layer 3 is not limted to the LPCVD process, and such a process nay be

enpl oyed aswieheamdriph vokiagsi dfisevrral byndredsgo fsmdhwaadmipmome rappldedoto the asma
CVvD net hod and then the anorphous silicon layer is crystallized by

anneal i ng, collestaisjectfrode hghuhredpahy theysszeadnd cobti afdhe dpppaeatus. Then a sili con
oxi de layer 4 having a thickness of 1 a mis fornmed by plasm CVD process
on the pol ycryst he sinéthodnofl pymlucidg Pendicld entssidn fetectrongsoubfe 30! b @lils oxi de
| ayer 4 are set to substrate tenperature of 225C, SiH4 gas flow rate of 50

sccm 510 NeRbgdisneht @il batiescabeSHdlowasith refirefeud Fighoavaguabed chanmber of
133 Pa and ac di scharge power of 150 W (power density of 0.05 WcnR). The

met hod for fornm pgst BRersd $ili6QHMIEKd IR Y & ftmbd oRQhe piifbipa Suitice d¥ahPhasma
CVD process and, for exanmple, thermal oxidation step nay be enpl oyed. After

o1 09+ BB FEATBsde | By Plashalonr Laflaa0 Y Banerh e Skl pp s ttEoh v
angl es by go éﬁmwm@@m ghmﬁggﬁgpg@ﬁg@ggg&@ﬁ%ﬂﬂg%&n@%@g{etyaglkégue’

thereby to obtain the structtire s en-an e

sol ution . b ], X] [ 9% Of .0gen ri Luti.on, a

et hanol i gggt%grtﬁgglrﬁ:tg% %?‘%Eq:g%'dﬁc%ol Qﬁ@%cgﬁﬁ%ﬂggﬁ%ﬁﬁ% 'élgrfqeo@gn (not
sho as the negative electrode a : r electro 12 as.the 20
oot 10y e’ el B SUD sbSirie Sinente g 0By Sfleghe oRThel dn shrb oS it o
constant currept_while_jrradiating the exposed porfion of the polycrystal

si licon | ajds o&*3f scam Nihigas dgwrh OfQﬁécﬁgerﬁgsugf‘o?@WM%ﬂ ChambPESAs] %@er 5
is formed in stripes. In this enbodi nent, conditions of the anodic

oxi dati on prbeEskscharge payer of X0t (apverdansienel GdAN/ER i 20 mv cn2, anodic
oxidation time of 15 seconds and irradiation wth |light emtted by a 500 25
Wtungsten | anp et prigatioreisapplipd irostrarate the pxpeaticontshbsteaty 1 mherdondghe he
porous -60 1 3 FEB 2003 polycrystal silicon layer 1 a mthick. Wile the
si | i con oxbitleon niyrade film 34 i foomed uhibe foryn ofripese theredlyysslestivaby oxidize olyra ng

t he anodi c oxidation process, the silicon oxide |ayer 4 has a thickness of
1 ,ulfm inpaoof thesprincpilsarface of tiip pdype sificdrsubstirbiedbat isxiotl eovergd by 4hdy t he
el ectrolysis solution being about 0.14 a mper nmnute and the duration of

t he 5 anodsiticex hijadé Giim ddpdeschy forihngsthe ailiton okider lefar k5, sd that el stwoturoxi de

| ayer 4 surely functions as a mask. Then the porous polycrystal silicon

| ayer 5 i sstana) datig0Bislobpditkdt her mal oxi dati on (RTO) ‘'t hereby to oxidize

t he porous polycrystal silicon layer to a predetermined depth (that is, a

part of the poroNgx@he/ Sili¥sdt altridd Fila 0 {seéfiovbd b9 et ehifE therebytaobitdlg the
thermal |y oxidi zed porous polycrystal silicon layer 6 1s formed resulting

in the 10 &Hdﬂlﬁ%‘éﬁ@wﬁm bicFi g. 35C. Conditions of rapid thermnal

oxidation are set to i zing tenperature of 900C and oxi dation period of

one hgur. At hou?ﬁ?{ﬁié)@iacfft rlllt(agpl'{oﬁlgs ggroﬁ"t'l?e f?@{ %qﬁjééttealusﬁiiolthgﬁnc P¥kile gly'errlzy

oxidized in this e rous pol ycr stal_sPllcon ayer
2: th Pg dggﬁg%iﬁ%aﬁg t%}r%gﬁlogfgp;lr Qﬁenn-?y;;[ehrlegiog% igl stcﬂi}geryolnsthg 8Firqagalas§rfgpeesi§é” face
in the p-type silicon substrate 1, and the structure shown in Fig. 20D is obtained.
Next, polycrystal silicon layer 3 is formed by the LPCVD process on the n-

type region 8 and on the silicon oxide layer 15, so that the structure shown in Fig. 20E

25 is obtained.  Although the portion of the polycrystal silicon layer 3 formed on the n-
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+ 15 surface side of the insulating substrate 11 in stripes that cross the
stripe pattern of the |ower el ectrode 12 at right angles by vapckd FEB 2003
deposition, thereby to obtain the field em ssion electron source 10 of the
structure shown in Fig. 3 SD. Wile gold is used for the thin nmetal film?7
in this enbodinent, material for making the thin netal film7 is not
limted to gold and may be any netal having a | ow work function such as

al um num 20 chrom um tungsten, nickel, platinumor an alloy of sone of
these netals. AlLthough thigckness o _hhe tR%n %pld filmis set to 10 nm the
t hi ckness B Fgion B if made pbpelyrmysiphsitieon, the Pemion ofdhe polypryisial silicem ket ut e
the upper electrode in this enbodinent. In this enbodi ment, since the

si | i con oxiosreed ay the siligpataxédenkdis Ipjade @fBmarphgus idicpmot ol i t hogr aphy t echni que
and etching technique is used as the mask in the anodic , 25 oxidation
process to formWhen polysths apwirghouy silizbn onlthe sitlicbmpaidedaydrie iacemowalybyof
formng -61 1 3 FE8 2003 the pattern of the porous polycrystal silicon

| ayer 5 i setchipg,akestrucfhirechdrer aukig. 2 heiscabndiaet. area of the oxidi zed porous
pol ycrystal silicon layer 6 and the thin netal film?7 is determ ned by the
accurficy of for Ty ahelguaiolysisnssliitibhendlel by anixing d6 Waisht %,ofaﬁ%&rb?&v of
the electron emtting area can be inproved at a low cost. 5 In the field

eni ssi on efl@hideodblRA &1 &thafdl fnhh Hrepirash BENL1 BUe&Q o 0&N eIkt ed
fromonly a particular pixel by applying voltages to sel ected | ower

I d H | [
SR R DR O R S R i S A Gl
bel : S t 1R di

el ow w t %Hﬁ%%{/&%ﬁ&&e h& dholm 1§Edg{nteglfo(ﬁt{ﬁgb%§%ur%@§ ﬁ@ﬁﬂ%ﬁﬁp@ sxl{cgh Subdthpdi ment

is substantia e sanme as I fteen ment except Tor

the Sam o) FhoieoBiR Betoed af Rt BORREHE e ot mbi kiR b § ©

Firs after the | ower .el ectrode 12 .is for i,n stripes.on.th rinci pal
sur £ 3061 ectptapn P ytller B it Bett'SE ' B st sk el £ Peon
| ayer 3 having a thickness of 1.5 u mis forned.b PCVD. step,to. cover the
| ower o oTPORBSToS Y, el SEALS BOfs HDINSEI T SRt G rand e Giriciiey
substrate 11, thereby_to qQbtain the structure sho in Fig. 36A.  After
form ng tHBORNIndds T8 Beobtaiped Mhlé@rh?g%ﬂmnc%%%g%& 131s Hsarpished he theo
pol ycrystal silicon |layer 3 by plasma CVD process, the silicon oxide |ayer
4 is patteers@lysss solution dugng dke paediataxidstiop Diperss.agtching dateepinthgegilicon
intervals long the longitudinal direction of the | ower electrode 12 above
t he | ower @iidxiayeddSiby he ctastrolyisisgsaltéonpksortaiitt hddr aphypet auinnieqens dred
etching technique, so that the structure shown in Fig. 36B is obtained. 25
Thenlan elducatian pEithke gnddic iaxidanad eprogessiixifrogn 3Houkil§htecondst tonelrsegrds.- 62

~ 3 FE8 2003 fluoride solution and ethanol in a proportion of 1:1 and

cool ed t o Therefareplthd bitivon ekilet lnpatel { furined hovinhickmethof negatld.veu el emelyode
and the |l ower electrode 12 as the positive electrode are used to carry out
anodi ¢ oxifuatticas apaaeeks Wi th a constant current while irradiating the
exposed portion of the polycrystal silicon layer 3 with light, so that 5
the porous pol ycrhent fle foroh€ Polycasedl fidon f9endis EgsctbdaoP@pidUshermal
pol ycrystal silicon layer 5 is oxidized to a predeterm ned depth by rapid

t her mal Ogﬂﬁtioﬁ'(R(l‘B?— W a dWSingMlaErﬂoip%m sty 4 et Ae){lirgiiﬁa?aﬁlﬁjs, BRI 95

pol ycryst silicon layer 6 resulting in the structure own In Fig. "36C

Then t hi i i : v

pri n%?pal ‘?69 %ﬁefagé}e%iezeé% Hiaﬁecﬁ?t n%gﬁa?%ﬁﬁbg@g%&ﬁﬁy E»dsgitrﬂzreltd esrm%shat
cross the stri pattern_of.th QWer ctrode 12 a ig e vapor
deposi ti orPotl i %alam{‘r%s PR 3 ﬁ\ Lhee\rl\sgﬁ‘fﬁlrg Sééwgi‘ﬁ]ﬁﬁ'eh@el ggxéc%ﬂgésl g%%

el ectron source 10 .0of .fhe structure shawn.in Fig. 36D. ol € | d.is used
For t het HRbCriBarel Rridaton SiEn b SeEimb o e temmrasiieatt SURC madhicioe i n
nmetal film?7 is not limted to gold and may be any netal having a | ow work
function PsTOAOf o8& MM Ui num chromium tungsten, nickel, platinumor an
all oy of sone of these nmetals. Although thickness of the thin gold filmis
set to 10 nm t heTheniathiemetaldilmots formed s theosurfics elestrades Tioa theiprinpipela) |
films 7 constitute the upper electrode in this enbodinment. In this

enbo@$ mentsurfgiaside ofitheqi-lype siticox substratgylein the penfigurating afystripsaithaticrags thee 20
phot ol i t hography techni que and etching technique is used as the nmask in the
anodi ¢ oxidation process to formthe porous polycrystal silicon |ayer 5,
the accuracy of formng the pattern of the porous polycrystal silicon |ayer
5 is inproved. Al so because the cont aé¥ -area of the oxidized por ous

pol ycrystal silicon layer 6 and the thin netal film?7 is determ ned by the
accuracy of formng the pattern of the silicon oxide |ayer 4, 25 accuracy

Y e T



*13 FEB 2003 In the field em ssion el ectron source 10 of this enbodi nent,

el ectrons can be emitted fromonly a particular pixel by applyi g FeBt 280%s
to selected | ower electrode 12 and upper electrode 7. This enbodi nent is
al so preferable because the insulating layer 4 is provided below the thin
nmetal film7 other than the porous polycrystal silicon |layer S 6 and

i nproves the cross-talk characteristics and the strai ghtness of the

el ectron traveling distance. (Enmbodinent 17) Fig. 37 shows the schenmatic

configuratjon of the fiel m ssion el ectr.on urce 10 of th nbodi.nent 16
appl 1 od + o hsegtols &t aBie B) Hapdh EblBBnARISEY 1S o BinghA BB TRERFE o7
the transparent el ectro 31 is disposed.to pose the thin netal filnms 7
of the fi e?lac"é?ﬂ W%{oe‘%gé? F%Ct‘é@lfﬁggni’bfl%gﬁei n the transparent el ectrode
31 is coat&gﬂw('ﬁﬁh ateﬁlhosphor 32 that emts visible light when irradi ated

wi th el ect bagkin itted by the field em ssion electron source 10. The
transparent electrode 31 is nade of a transparent conductive film and is
forned in a tranBps¢ earfigiiatéan gBthedligd ieslissipraclgetaess saubees L secoading to his hi s
enbodi nent, the transparent electrodes 31 are forned in an array in the
sane Pl aneembedimgneisisubstentially the same iag thahof the ehbodimentxdespitesli abgve.heAs
portions of the gold electrodes 7 that are forned on the thermally oxidized
por ous pol stowsindlig.s33), tledrasicapafigratidh eotsisinsithe prypebiicon adetr@2 1ahat is he
transparent sheet 33 whereon the phosphor 32 is applied are nmade integral
with the faeabddeonivesubstrazé ethermiypRotegivg 8Qdiffidion Rfedfoeted (ke shraway,
with the inner space enclosed by the transparent sheet 33, the spacer and

the fiel d @Ap&sH®thegiriRipadBuiFdrside HAhbYLPe SiVidsh allRtrate0], ahdstpshpt &édhided
degree of vacuum Electron beamcan be emtted fromonly particul ar pixels

by conbi ni pgdtdegr I'E?EIZ‘JS ln%d%“dﬂtﬁ@@ﬁid?zeﬁ%‘iigjs’]ﬁﬁ}&ﬁstﬁlesfil‘?@dnquérchn@?oﬁﬂél gpper

el ectrodes 7) and ower el ectrodes to Which voltages are applied, so
t hat I i 2,4l [ Lgelsnd
causeq 1o R IRCRAN SRR SREIOR, FIeORP IR (R nDRhL (EpoRE Rl Py
2003 el ect t t Sl iL.spl ay.
elec né,@ﬂﬁé%{ ?ﬁga]nelﬁﬁer c] ?o%%@%@t%eeﬁ ‘E&feeé\t/%ﬁﬁgggegt@ﬁe@‘g{}ﬁp erd @ranqgﬁ@ ay

In this e a direct curren appl 1'ed across
t he transpargn | ectrode 31 and the,upper..el gctrodes, 7, wth t.he.
tr anspar entor ok R EERESE Pt ot Dol AROURRB IR REMRE s IR %o 9, pper
el ectrodes_7 nd di rect current volt of 0 {s,applied _acrqQss the
Gpper ol ectrPsteBpeREoR A iiEea i b Hins fede HelhaRnielt b 350 %S
only the phqsphor, 32 cofrrespondjing to a partjcuyl ar, pixel of the electron
ot ce | s Rtk 5lieet HEng: o 1nF Strphe Slegiisot fefie Tayfrece ¢ méeierareﬁda@y of
el ectron emtting area pattern of the field em ssion e]ectron spource 10 is
det erlfti ne %9‘”’(&18‘3&8@!&'&%9‘ dlicameayss PiQvsh thexeiee mnpw{e?urf@csafﬁﬁ? R;tYPhe
accuracy of the electron enmtting area is high and a high definition
di spl ay catiligen sbsirateddandadenegplying snadiceopdaiiamto tupye perted thagolypiystabe
apparent fromthe foregoing description, electrons can be enmtted froma
desired r egjlicm layert hinte pofausenasbraltand durtherrakidiziogritby rapidthesmalt @hdatipna hi gh
vol tage of several hundreds to several thousands of volts

similarly to the constitution described previously.

While Cr/Au is used for the surface electrodes 7 in this embodiment, material

20 for making the surface electrodes 7 is not limited to Cr/Au and may be any metal or

conductive film (for example, ITO film) having a low work function and, in the case of

a metal, aluminum, chromium, tungsten, nickel, platinum or an alloy of some of these

metals may be used. ~Although thickness of the surface electrodes 7 is set to 10 nm, the
thickness is not limited to this value.

25 In the field emission electron source 10 of this embodiment, a matrix is formed
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+ 15 applied to the collector electrode is made unnecessary when ani Zm
di spl ay apparatus wherein the collector electrode is disposed to dﬁ%% ?he
surface electrode. As a result, a high accuracy field em ssion el ectron
source array capable of emtting electrons selectively froma desired
region of the surface el ectrode can be made smaller in size at a | ower

cost. -65 ~13 FEB 2Q03 WHAT IS CLAIMED IS 1. An array of field em ssion
el ectron sources conprising an electrically conductive substrate having a
conductive | ayer |ocated on one of principal suLfaces; sfrong, electric
field dri ftfrq"ﬁf)@rn-?yam%% fagn éRFétaiHBth %W%Fe sﬁctgaﬁ% 7teﬁ[°é‘6f~‘4 cATIpSp 5
conductive substrate; and surface electrodes of a thin conductive film
formed on tha ceass Siegn-typedegipe 8rat sight enalest 1Adyeesonsegisned, gs aveliegedn applied
injected fromsaid conductive 1 ay ar into said strong electric field
drift | ayemselgelavedy ecrgss somel ofrthe airtyph aegien 8tandosagie obithe sunfage eteatiaddsi Ve
filmby applying a voltage across said thin conductive filmand said
conduct i ve eleatrons afe emittdd enbcfromcaichya egvdudftthe sufadesdl ectodesvi7 it wificts thied
thin conductive filmserving as a positive electrode, wherein said

conducd i ve voltygr isiapplied thad cfassemnthe pltypatdgion dto sithidhphe vekignidiapplidd) thus
parallel to each other at predeterm ned intervals on said conductive

substrate, nidkihgipdssitile fo eMRtdlettions ohlyl fid @ de@i&éﬂeﬂgfdnmﬂtae filrficaleictitodds
stripes extending in parallel to each other at predetermned intervals in a

manner to @ppose and cross over the stripes of said 1 S conductive |ayer
via said strong electric field drift layer, and wherein said strong

electric field dryfidy Eadi?;gagl %Pﬁéraﬁ‘lspi@rﬁu& P&'d_ié‘&ﬁﬁ%&@hﬁaﬂ”&rﬁ%g{fgél&&ohayer

which is subjected to oxidizatton or nitrization, regions of sail

strong el eghhicg 16ioghifls g,qlg@ir,leﬂg ?Etpﬂ'féé‘%tgﬁévg" Hﬁ%‘nge%t? tﬁﬁgﬂsscs%ﬂ}%% b%’ %Sag?yer

i
and said thrn congggﬁl ve Tilm rsect poln stripes O d

d i I i hi i fi t f i .
CoRIUE v b, s DB SRS AP R B S
conductve ot Bhie 2miRbbl aebeel b ERER SR RBeF LS
oo ConSUCtok SUPSY B Bl D' RO BR,BUSOLATLS RESY' OB HRCCRIBECS, o

inmpurity-diffusion |ayers extending in parallel to each other at -66
P Y electrode 31 1s c%ated with the phogphor laF;ler 32 that emlg%s visible light when irra(?iated

with electrons emitted from the field emission electron source 10. The glass substrate
15 33 may be integrated with the field emission electron source 10 by means of a spacer
made of glass that is not shown, with the inner space enclosed by the glass substrate 33,
the spacer and the field emission electron source 10 being evacuated to a predetermined
degree of vacuum.
When a display apparatus of the constitution described above is to be made, it
20 is not necessary to form the collector electrode 31 in the form of stripes as in the case of
the display apparatus shown in Fig. 22. Thus it is made possible to eliminate a circuit
that switches a high voltage of several hundreds to several thousands of volts applied to
the collector electrode 31, thereby reducing the size and cost of the apparatus.
In the field emission electron source 10 of this embodiment, the voltage

25 applied across the n-type region 8 and the surface electrodes 7 is in a range from about
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* 13 PEB ZU03 predeterm ned intervals on said conductive substrate. 3. An
array af filed enission sources according to claim1, wherein sdidFEB 2003
conductive substrate is an insulate substrate provided with netal film
stripes extending in parallel to each other at predeterm ned intervals on
said substrate. 5 4. An array of field em ssion sources according to claim
2, wherein between the stripes of said conductive |ayer, there are forned

| ayers doped with a high anount of a different type inpurity fromsaid
conductive | r.. S. Ag,array of field em ssion sources according to claim
4, wherein ng?fﬁo 6%683{ ve substrate is of a p-type sem conduct or
substrate, said igpurity diffusion 10 layer is of a n-type inpurity doped

| ayer and said higieraciesistict fpatysese @f| tigefields eptissipry elsption; seuies AP @8 pihis

| ayer. 6. An array of field em ssion sources according to claim2, wherein
i nsul at e | #yrhodimens Wil beslgsasibeddelow. he stripes of said conductive |ayer to
shut out | eakage current flowi ng fromsaid conductive substrate through

sai d pol y- cryst allnltbe/Beld Emissiors eliectrarhsourcoHtlof thisvembaodiment; afptewlypgregicam
sai d conductive layer to said neighboring strong electric field drift

|l ayer.57. A thar By piydei legidneasfiligh impwityrcorsentiation @ fugnied ac kabistandiallywier ei n
at both cross direction side of the stripes of said conductive |ayer there

are a pair oehtrili nticlebetiwieyn tHenHypelregiiohs 8UnOthe IpaiviCipalDéurtdee sRiRME the p-type
conductivity as said conductive layer 20 extending along the stripes. 8. An

array of fisﬁlc@nemb%ﬁ’it@nl.SCG_Brﬁ@@e@aﬂg,OEiﬂEé‘ghé +¢ BB régionher & Preaded, Niah
inpurity doped | ayer conprises double |ayers wheéere t%e i nside | ayer has a

hi gher densiytinanit@Rlchiea' R Floinbk:HielibtredGhe rébioiy array of fiel d

em ssi on sources according to claim™, wherein 1d™25 strong electric

fleld drift | ayeryts s difsorPlay8aiid A i SR nAVIRL SHGHE bRcchith Sror o0

10 impurity than the n-type region 8 and adjoins the n-type region 8 are provided on both
sides in the direction of width of the n-type region 8 on the principal surface side in the
p-type silicon substrate 1. And an n++ diffusion layers 19 that is an n++ layer having
higher concentration of impurity than the nt+ diffusion layer 18 is provided in the nt+
diffusion layer 18. Consequently, even when the impurity concentration in the n-type

15 region 8 is made lower, electrical resistance of the n-type portion can be decreased since
the n-type region 8 and the n+ diffusion layer 18 adjoin each other. Moreover, since
the n++ diffusion layer 19 having higher concentration of impurity than the n+ diffusion
layer 18 is provided in the n+ diffusion layer 18, concentration of strong electric field on
the principal surface side of the p-type silicon substrate 1 can be prevented, thus making

20 it possible to improve the insulation withstanding voltage.

Also because the ohmic electrode 2 is provided on the back surface of the p-
type silicon substrate 1 as a back electrode, leak current can be surely prevented from
flowing between the n-type regions 8 by controlling the potential of the p-type silicon
substrate 1 by using the ohmic electrode 2.

25 The polycrystal silicon layer 3 has isolation grooves 3a, that penetrate
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' on said conductive substrate which is subjected to oxidation or Pbtﬁ%g%ﬂl on
after polarization, said strong field drift |ayer being surround!By 3
pol y-crystal sem conductor |ayers doped with a different type inpurity from
that of said conductive |ayer or without inmpurity and said poly-crystal

| ayer is covered by an insulate |layer at the top of said 5 poly-crystal

| ayer. 10. An array of field em ssion sources according to claim1, wherein
said strong electric field drift layer is a part of said poly-crystal

sem conducfor | ayer. forned on {d,conductiye substrate ich is.subjected
Lo oxi dati DRregroRet in Sadiesichrdhesara toimed e bt ohihe poginy Heispiiosrte

| ayer being surround by ingulate | aye forped or 10 filled in grooves nade
by renovi ngetyEqn otHeaS Fe decteadss chnd 0}50@9&groaf’esa?éagavﬁogp?‘?‘%d’%

bet ween the stripes of sajd conductive |ayer, and/ or covered not by said

thi n condutectapguler phapeqwith Anloaswavd%mfrmoad@mtgstg%ﬁu@m @e@r@@&fr’ #dhg to
claim2, wherein said conductive substrate conprises a sem conductor

subst r at e, shonteesidetcpuaepopdinggofthe tangitadinal Grectioniod dhestrongel¢ctde fiolpdrifit e t o
where said inmpurity diffusion layer is fornmed. 12. An array of field

em ssPon skayercés Eouvsequently, tleake baiirent 1flowingr kstweemitht stoorpuelecivie Seldsdrifat e
conprises a silicon substrate, said poly-crystal sem conductor |ayer

conpri si nglagerp 6l anddietweemrthe 48facArleatrodys Dearf beedugpmssedsi on sour ces accor di ng
to claim1, wherein said 20 strong field drift layer conprises a plurality

of stripes forneButconig the fiéld &mlssipaseleftramnisdurconauef ithie émbyRlimedi4.thédn
array of field em ssion sources according to claim1, wherein said strong

field drifinshlaligs fayar &5 @xfoeiiéd BY LLCOS gﬁl@ée@f bétiveen tHatpefypalsiicah eiistate 1 he
stripes of said conductive layer. 25 15. An array of field em ssion sources

according 41 Heapdydrstal silidon 18fr 3.1 BhEERENDgVAGE L] i firthedt wiRRG pdg! d

drift layer is of a porous poly-crystal sem conductor nmade by subjecting a

part 7gf th - : Sen : j I g B i 6. An
e TR Sy Bl e RIS Bk tel BB LlcH ),

concict v S R0 A R BB AR b
layer on Sﬁlieden%pn%%i%ﬁen the insulating layer 15 is formed between the p-type silicon
substrate 1 and the polycrystal silicon layer 3, the step between the surfaces of the
polycrystal silicon layer 3 and the strong electric field drift layer 6 can be decreased
15 thus preventing the surface electrodes 7 from breaking due to the formation of the
insulating layer 15. The LOCOS process, as is well known, is a technique used in
steps of producing MOS devices and the like for isolating elements. Use of the
LOCOS method in forming the insulating layer 15 makes it possible to decrease the
variation in the configuration of the insulating layer 15 in the wafer and among wafers
20 relatively easily.
In such a case as the strong electric field drift layer 6 is formed by making a
porous portion by applying anodic oxidation to a part of the polycrystal silicon layer 3
that has been formed over the entire principal surface of the p-type silicon substrate 1,

the n-type region 8 can be used as a positive electrode in relation to the negative

25 electrode made of platinum, and therefore it is not necessary to provide a protective film
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* substrate. 17. An array of field em ssion sources according to cl a1'|g1F’lEB 2003
wherein said surface el ectrode conprising the stripes of said thin
conductive filmcrosses over said strong electric field drift layer and the
wi dth of said surface el ectrode becones narrower 10 at any other area than
the area on said strong electric field drift layer. 18. An array of field
em ssion sources according to claim1, wherein said surface el ectrode
conprising the stripes of said thin conductive filmcrosses over said

Tayers ot PRePRNE S Fien LgYGE vAPA shavBlaRbbUE R, Aok e M lens o

strong electri,c field drift layer. 15 19. An array of field em ssion

sour ces acé'(S?RJFrng to claim6 or 18, wherein said insulate |ayer is~ fornmed
by neans of L nmet hod to becone thinner_tqward bo&h cross direction
sides. 20. An ar f&§ SBFtaqe dectrodsi /s drpation Ze dagng sratipgwidsh thagithe portipher ei n
said surface el ectrodes conprising the stripes of said thin conductive film
crossi ng ovkareafdpeptedonsthe sirgngeleetricifield fuft deyvea§deocaied emthetnolyskestal silicany
other area than the surface el ectrode crossing area on said strong field
drift 3 ayelayer 31. SAnceatheagurfice féledtrpdeny dsiformeso withetheapartionlilogpted ool them 1,
wherein said thin conductive filmconprises a wiring el ectrode for

el ectri cal Ipplyandta fsédrooallhyer (o (rdirrogy port@h 29 .haningasmzdler ofidthi thhwl tlerpssionn
sources according to claiml1, used for a -69 13 FE8 2003 displ ay device
conpri si nglacatkidsph aye sfreng eledeict fieldr drifeilayends, elient uedsinr adispladagpaanmusai d
array of field em ssion sources and a fluorescent material nounted on one

of upper apdssisiUgr of vlettee® Wing aiittell SBlAtheaduefate eletrddys Eabdvel the d-iyght and
maki ng i mage. 23. A nethod of preparing an array of field em ssion sources

whi ch 5 copglib$ewithod vilRgEhpslicd thbidtPisidedreNed TompRRA t8h ceQINGE WighloRYer s

in parallel To each other "at predetermined intervals as |ower el ectrodes on

one ofp Pri B RMface Bleb@EdS7 Rfcoflstant over the entire length thereof, thus straightness of the
electron traveling direction can be improved resulting in reduced cross-talk.

Cross-talk can be reduced also by providing an insulation film between the
surface electrode 7 and the polycrystal silicon layer 3, because this improves the
straightness of the electron traveling direction, too.

15 Steps characteristic of the method of producing the field emission electron
source 10 according to this embodiment will be described below.

After a silicon nitride film is formed on the principal surface of the p-type
silicon substrate 1 by plasma CVD technique or the like, a pattern of stripes of the
silicon nitride film 14 is made by photolithography technique and etching technique,

20 and the principal surface of the p-type silicon substrate 1 whereon the stripes of silicon
nitride film are formed is subjected to wet oxidation in steam atmosphere, thereby to
selectively oxidizing only the portion of the principal surface of the p-type silicon
substrate 1 not covered by the silicon nitride film 14, and form the insulating layer 15

from silicon oxide film. In short, the insulation film 15 is formed by LOCOS method.

25 Then after removing the silicon nitride film by etching, the insulation film 15 is used as
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' conductive substrate; (B) forming a poly-crystal sem conductor Iay$r é@g%}]
covers on the principal 10 surface on which said conductive |ayers gr 3
formed; (C) applying an anodi c oxidation selectively to a part of said

pol y-crystal sem conductor |ayer to becone porous by using said conductive
| ayer as one of anodi zing el ectrodes; (D) subjecting said porous
poly-crystal sem conductor layer to a treatnent of 15 oxidation or
nitrization; (E) formng a plurality of stripes of thin conductive filns in

paral lel to _each ether. at pne er m-ped i nt.erval s, i ner, t 0 _oppose and
cross sai dg&?g%ﬁ%?r}-'?/cg l?%y%ffpshogﬁoﬁ? oX ida‘? Qg%lt by For %E@HE)BIWE%’F%%@%?

sem conductor .l a a part.of .which has heen de, porous. 20 24. A nethod
of prepari W%ﬂ%ﬁ%@p%pnﬁﬁgp@@ﬁﬁ&f@ﬁeg B pé%@ P 'CHE)S‘?‘?J‘trGTea1'm’§§§
wherein (B step, of formn ol y-crystal. sem conductor |ayer, which
covers on zsrfgn?)‘f’?‘ﬁ@{ Hﬁlfgé‘mt\“g’c‘g tReP Fré’ﬁtatﬁllﬁorb]glﬁﬁf@c?‘i‘ N-ypeFegion 8 2rdr ned
conprises a step of formng a mask_|ayer or an insul ate | ayer provided with
openi ngs fer thacasylpting dayea tomyudd SRIBSEsk atle thendiker Jby -yt psing| an

sem conductor | ayer therethrough. , 25 25. A nmethod of preparing an array
of fiéld enleetsdlypsis solution anadecyr mixiggtSd weight %4 of hpdieg@o fsondeasatutiad) awher ei n
(A) a step of formng a plurality of stripes of conductive |ayers conprises
(a-1) a st ethamd]l imalproppriomesk 1 and toaledta 070, pplatinumf eetrode (nst ahaws)dsshe at e
provided with a p-type sem conductor |ayer or a p-type sem conductor
substrate gegtipé efpcaddd, andithed-tapeagidro8 adahe posidveeleatrade, ansdie pxhtibor m ng
a n-type inpurity diffusion 5 layer by doping n-type inpurity into said

predet er ni pR@edrigaarriedboutAvite bhadsaht pirega g imdﬁﬁh%wwmf lighte ksl tedithei on
sources according to claim25, wherein (A) a step of formng a plurality of

stripes of pgQagat sikior ﬁ?_@m IdcHiedNRE nAPPFRAB (sanatle JoR60E thereB té it AL 1 NY
| ayer on a p-type conducfive substrate whereon said n-type inpurity

e e L
N L T e e
Do O b S B B RS B2 S Bl B R
anod 2 70 SeRA KRR APwgSes BRI AFERBERRLBR- Y ol ghlhy
vapor deposition of metal film on the principal surface of the p-type silicon substrate in
15 the form of stripes in the direction perpendicular to the n-type region 8.
Although the p-type silicon substrate 1 is used as the conductive substrate and
the n-type region 8 is used as the diffusion layer in this embodiment, the conductive
substrate is not limited to the p-type silicon substrate and the diffusion layer is not
limited to the n-type region 8. The diffusion layer to be formed in the form of stripes
20 may be made in other configuration as long as the diffusion layers formed in stripes are
electrically isolated from each other and from the conductive substrate.
(Embodiment 6)
_Basic constitution of the field emission electron source 10 of this embodiment

is substantially the same as that shown in Fig. 23, and as shown in Fig, 24 is

25 characterized in that the surface electrodes 7 are formed to have constant width over the
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* (F) 'form ng between said nei ghboring porous poly-crystal |ayers E 003
poly-crystal |ayers which conductivity type is opposite to that ])13 s%qg
conductive layer by doping an inmpurity having an opposite type to that
doped into said conductive layer; 20 (G formng an insulating | ayer on
said poly-crystal layers which conductivity type is opposite to that of

sai d conductive layer. 29. A nethod of preparing an array of field em ssion
sources according to claim 23, which further conprises (h-1) renoving all

or a part of. said.sem conduct.or .be en_said nei ghbori,ng ,conductiye |ayers
and of - whe i Bty 8 AP RSB CPR A8 1 ProS.oh SOHh LGB By Shathahe)
etching, after said anodi zj step.,-71 . 13 FEB 2003,_30. A nethad of
preparing %W“&rei%”‘b ‘e\%i %’I‘%Tag’ﬁf és‘gdhe QHG‘?t@é‘SOfa{gtch%angCPWp@P%ﬂtﬁF‘Z@gr\Rﬂ’\i ch
conprises (h-2) rempving all or a part of sai.d sem conductor between said
nei ghbori n o8 Al thet isk en&yé%er&ﬁuﬂlmh‘éﬂen%ds ydthgidentical sefeernse inpmerals gad was
formed on by neans of etching, before said anodizing step. 5 31. A nethod
of prepar i ¢Rgcapticry thesgobwilf bepaittsd ssi on sources according to claim29 or
30, which further conprises formng an insulating |layers into renoved parts
of safd seni condicthe fiekd emissien eleatmenhecirod Iy @pathisngmbndiamengy sinte fthel d
em ssion sources according to claim23, which further conprises formng a
plurality imbulstion fils 2dfis prosidedtdnngpdrage that dodOngravatliethetstronag eleciwicheld at
predeterm ned intervals in a manner to oppose and cross said conductive

| ayer on sduiftll43et ¢ thesdifdction of thickhdss, @bssitaligroftetdodrions being eaitdel fbmghst ep,
and anodi zi ng said poly-crystal sem conductor |ayer to becone porous al ong

on the stripgse @iectrades 7bdVE the/ a-thgy eédion 33withouteydiRge AppREERATEdIEAsED
array of field em ssion sources according to 15 claim2G wherein said

seni conducf,Rén _ﬁéeta%raaa@%l_ey aPPr8tus S EONRL Ghathdraieé sehlgfabd cTURS blelén | S
silicon and said insulating Tayer is silicon oxide. 34 A nethod of

LB 10, GG 4l g QuamEERR RGO 1, L0 ol 33, el
In case such a configuration is employed instead of providing the insulation
film 21, that thickness of the surface electrodes 7 at portions not overlapping the strong
electric field drift layer 6 is increased compared to the thickness of the portion
overlapping the strong electric field drift layer 6, in an application for a display
15 apparatus or the like, possibility of electrons being emitted from the surface electrodes 7
above the n-type region 8 without voltage applied is decreased, and therefore
straightness of the electron travel can be improved resulting in reduced cross-talk.
(Embodiment 7)
The electron source of this embodiment comprises, as shown in Fig. 25A
20 through C, the strong electric field drift layer 6 made of porous polycrystal silicon
formed on one side of the p-type silicon substrate 1, the surface electrodes 7 made of
gold film having a thickness of 10 nm that has a low work function and high oxidation
resistanc_:e to cover a part of the strong electric field drift layer 6, the back electrode 2

made of aluminum film having a thickness of 0.5 £ m formed on the back surface of

25 the silicon substrate 1, and a wiring electrode 72 connecting the surface electrode 7 and
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improving the aging stability of the electron source.
5 (Embodiment 8)

The electron source of this embodiment comprises, as shown in Fig. 26A
through C, the strong electric field drift layer 6 made of porous polycrystal silicon
formed on one side of the p-type silicon substrate 1, the surface electrodes 7 made of
gold film 10 nm thick that has a low work function and high oxidation resistance to

10 cover a part of the strong electric field drift layer 6, the back electrode 2 made of
aluminum film having a thickness of 0.5 u m formed on the back surface of the silicon
substrate 1, and the wiring electrode 72 connecting the surface electrode 7 and the
terminal electrode 71. The wiring electrode 72 and the terminal electrode 71 are both
made of aluminum film having a thickness of 1.5 x m, while the wiring electrode 72 is

15 disposed to electrically connect to the surface electrodes 7. The porous polycrystal
silicon that makes up the strong electric field drift layer 6 is removed from below the
wiring electrode 72 except for a portion thereof, and most of the wiring electrode 72 is
interposed by the insulating layer 16 made of silicon oxide film having a thickness of
0.5 p m formed on the flat silicon substrate 1.

20 According to this embodiment, in addition to the advantages of the seventh
embodiment, since the porous polycrystal silicon that makes up the strong electric field
drift layer 6 is removed from below the wiring electrode 72 except for a portion thereof,
the wiring electrode 72 can be formed on the flat surface of the silicon substrate 1, not
on the polycrystal silicon layer that has significant surface unevenness. As a

25 consequence, breakage and increase in the electrical resistance of the electrodes can be
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(Embodiment 9)
In this embodiment, as shown in Fig. 27A and B, the strong electric field drift
layer 6 made of porous polycrystal silicon layer is formed in matrix on a substrate, for
10 example the silicon substrate 1, the surface electrodes 7 made of gold film having
similar thickness to that of the seventh and eighth embodiments are formed on the
strong electric field drift layers 6, and the wiring electrodes 72 are formed in parallel
and corresponding to the surface electrodes 7 arranged in a row. The wiring electrodes
72 are made of aluminum film having similar thickness to that of the seventh and eighth
15 embodiments, electrically connected to the corresponding surface electrodes 7 by
linkage electrodes 73 of substantially the same thickness as the surface electrodes 7 as
shown in Fig. 28A, B, while at the same time heat generated in the strong electric field
drift layer 6 is transmitted through the linkage electrodes 73 and the silicon substrate 1
thereby to be dissipated. The insulating layer 16 is formed below the wiring electrode
20 72.
While the surface electrodes 7 are connected by the linkage electrodes 73 to the
wiring electrodes 72 in the configuration described above, the surface electrodes 7 may
also be electrically connected to the wiring electrodes 72 by forming the wiring

electrode 72 to surround the surface electrodes 7 as shown in Fig. 29A, B, in which case

25 higher effect of heat dissipation by the wiring electrodes 72 can be achieved.
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silicon substrate 1, the back electrode (ohmic electrode) 2 made of aluminum film
having a thickness of about 0.5 x m formed on the back surface of the p-type silicon
substrate 1, the polycrystal silicon layer (semiconductor polycrystal layer) 3 formed on
the surface of the p-type silicon substrate 1 by, for example, the LPCVD process, the
10 porous polycrystal silicon layer (strong electric field drift layer) 6 formed by applying
anodic oxidation while irradiating a part of the polycrystal silicon layer 3 with light to
make it porous and further applying rapid thermal oxidation, the surface electrodes 7
formed to cover the polycrystal silicon layer 3 and a part of each of the porous
polycrystal silicon layers 6, and the terminal electrodes 71 made of aluminum film
15 having a thickness of about 1.5 u m formed by, for example, vapor deposition on the
surface of the polycrystal silicon layer 3 for electrical connection of the surface
electrodes 7 with external circuits. The surface electrode 7 comprises the thin metal
film 7a made of, for example, a gold film about 10 nm thick formed by vapor deposition
on the surfaces of the polycrystal silicon layer 3 and on the surface of the porous
20 polycrystal silicon layer 6, and the thin metal film 7b made of aluminum film having a
thickness of about 1.5 u m formed by, for example, vapor deposition on the surface of
the thin metal film 7a that is formed in the region of the polycrystal silicon layer 3.
The porous polycrystal silicon layer 6 constitutes the porous polycrystal semiconductor
layer. The insulating layer 16 is formed between the polycrystal silicon layer 3 in a

25 portion other than the porous polycrystal silicon layer 6 and the surface electrodes 7.
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with an n+ diffusion layer is used as the conductive substrate in this embodiment, the
conductive substrate constitutes the negative electrode of the field emission electron
source, supports the porous polycrystal silicon layer 6 in vacuum and injects electrons
5 into the porous polycrystal silicon layer 6. Therefore, the conductive substrate is
required only to constitute the negative electrode of the field emission electron source
and support the porous polycrystal silicon layer 6, and is not limited to the p-type
silicon substrate 1. An insulating substrate such as glass with a conductive film
formed thereon may also be used as the conductive substrate.
10 Since the porous polycrystal silicon layer 6 that serves as the strong field drift
layer is formed by turning a part of the polycrystal silicon layer 3 into a porous material
and further applying rapid thermal oxidation, surface of the polycrystal silicon layer 3
and surface of the porous polycrystal silicon layers 6 are formed in substantially the
same plane.
15 The surface electrodes 7a are formed to extend over the porous polycrystal
silicon layer 6 and the portion other than the porous polycrystal silicon layer 6 on the
surface of the p-type silicon substrate 1 whereon the porous polycrystal silicon layer 6
that constitutes the strong electric field drift layer is formed. Since the portion other
than the porous polycrystal silicon layer 6 and the porous polycrystal silicon layer 6 are
20 formed so that the surfaces thereof are in the same plane, the thin metal film 7a can be
formed in a stepless region. Therefore, breakage and increase in the electrical
resistance of the film can be made less likely to occur than in the case of forming the
thin metal film 7a in a stepped region.
Also the thin metal film 7a formed on the surface of the porous polycrystal

25 silicon layer 6 is formed to a very small thickness in order to prevent the electrons
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resistance thereof from increasing. Also since the insulating layer 16 is provided
between the polycrystal silicon layer 3 other than the porous polycrystal silicon layer 6
and the surface electrode 7, the straightness of the electron traveling direction can be
improved, thus providing the effect of reducing the cross-talk.

10 Since the increase in electrical resistance of the thin metal films 7a, 7b that
constitute the surface electrodes 7 can be suppressed as described above, heat generated
in the surface electrodes 7 by the current flowing therein can be s reduced, thus
reducing the thermal loss and preventing the electron emission efficiency from
decreasing. While an increase in electrical resistance of the surface electrodes 7

15 increases the voltage drop due to the current flowing in the surface electrodes 7 and, it is
necessary to increase the operating voltage because the voltage applied to the porous
polycrystal silicon layer 6 is lower than the operating voltage applied across the
terminal electrode 71 and the back electrode 2, an increase in the operating voltage can
be suppressed by suppressing the increase in the electrical resistance. Further, a

20 voltage drop in the surface electrodes 7 varies depending on the position. Thus when
the surface electrodes 7 have a high electrical resistance, there is a possibility that the
electron emission efficiency and the emission current density vary with the position.
However, the electron emission efficiency and the current emission density are

prevented from varying with the position as electrical resistance of the surface

25 electrodes 7 is prevented from increasing. Moreover, when electrical resistance of the
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The surface electrodes 7 constitute the positive electrode of the field emission
5 electron source. When a voltage is applied across the surface electrodes 7 serving as
the positive electrodes and the n-type region 8 serving as the negative electrode,
electrons injected from the n-type region 8 drift through the porous polycrystal silicon
layer 6 and are, upon reaching the surface of the porous polycrystal silicon layer 6,
emitted from the surface of the thin metal film 7a due to the tunnel effect. Energy of
10 free electron that has been emitted is the energy given by the direct current voltage
applied across the n-type region 8 and the thin metal film 7a minus the work function of
the thin metal film 7a. Thus it is desirable to make the work function of the thin metal
film 7a as small as possible. Also because formation of an oxide film on the surface of
the thin metal film 7a due to the oxidation of the thin metal film 7a decreases the
15 electron emission efficiency through the thin metal film 7a, a metal that is resistant to
oxidation is desirable for the material to made the thin metal film 7a. While gold is
used for the thin metal film 7a in this embodiment, material for making the thin metal
film 7a is not limited to gold and may be any metal that has a low work function and is
resistant against oxidation such as platinum, iridium, rhodium, ruthenium or an alloy of
20 some of these metals. Also it is desirable to use a material of low resistivity for the
thin metal film 7b formed in a region other than the porous polycrystal silicon layer 6
on the surface of the thin metal film 7a, and aluminum is used in this embodiment.
However, the material of the thin metal film 7b is not limited to aluminum and may be

any metal having low resistivity. Also thicknesses of the thin metal films 7a, 7b and

25 the electrodes 71, 72 are not limited to the values described above.
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in the same one step.
5 (Embodiment 11)

The field emission electron source of this embodiment will be described below
with reference to Fig. 31A through 31C. In the field emission electron source of the
tenth embodiment, the surface electrodes 7 is constituted from the thin metal film 7a
made of, for example, a gold film formed on the surfaces of the polycrystal silicon layer

10 3 and the porous polycrystal silicon layer 6, and the thin metal film 7b made of, for
example, aluminum film formed in the region of the polycrystal silicon layer 3 on the
thin metal film 7a. In the field emission electron source of this embodiment, on the
other hand, the surface electrodes 7 is constituted from the thin metal film 7a made of]
for example, a gold film about 10 nm thick formed by vapor deposition on the surfaces

15 of the porous polycrystal silicon layer 6 and the thin metal film 7b made of, for example,
aluminum film having a thickness of about 1.5 um formed by, for example, vapor
deposition on the surface of the polycrystal silicon layer 3. Constitution except for the
surface electrodes 7 is similar to the tenth embodiment. Therefore the same
components will be denoted with identical reference numerals and description thereof

20 will be omitted.

Since the surfaces of the polycrystal silicon layer 3 and the porous polycrystal
silicon layer 6 are formed so that the surfaces thereof are in substantially the same plane,
the thin metal films 7a and 7b can be formed in a stepless region. Therefore, breakage

and increase in resistance of the film can be made less likely to occur than in the case of

25 forming the thin metal films 7a, 7b in a stepped region.
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10@10%&, ggnst(mtgmcmgtl(vy electrode of the field em1551on electron source. When a voltage
is applied across the surface electrodes 7 serving as the positive electrodes and the n-
type region 8 serving as the negative electrode, electrons injected from the n-type region
5 8 drift through the porous polycrystal silicon layer 6 and are, upon reaching the surface
of the porous polycrystal silicon layer 6, emitted from the surface of the thin metal film
7a due to tunnel effect. Energy of free electron that has been emitted is the energy
given by the direct current voltage applied across the n-type region 8 and the thin metal
film 7a minus the work function of the thin metal film 7a. Thus it is desirable to make
10 the work function of the thin metal film 7a as small as possible. Also because
formation of an oxide film on the surface of the thin metal film 7a due to the oxidation
of the thin metal film 7a decreases the electron emission efficiency through the thin
metal film 7a, a metal that is resistant to oxidation is desirable for the material to made
the thin metal film 7a. While gold is used for the thin metal film 7a in this
15 embodiment, material for making the thin metal film 7a is not limited to gold and may
be any metal that has a low work function and is resistant against oxidation such as
platinum, iridium, rhodium, ruthenium or an alloy of some of these metals, Also it is
desirable to use a material of low resistivity for the thin metal film 4b formed in a
region other than the porous polycrystal silicon layer 6 on the surface of the thin metal
20 film 7a, and aluminum is used in this embodiment. However, the material of the thin
metal film 7b is not limited to aluminum and may be any metal having low resistivity.
Thickness of the thin metal films 7a, 7b and the electrodes 71, 72 is not limited to the
values described above.
(Embodiment 12)

25 The field emission electron source of this embodiment will be described below
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principal surface of the p-type silicon substrate 1, and an ohmic electrode 2 is formed on
5 the back surface. Then the undoped polycrystal silicon layer 3 having a thickness of
1.5 pmis formed by LPCVD process to cover the n-type region 8, thereby to form the
structure shown in Fig. 32A. Conditions of forming the film by the LPCVD process
are set to substrate temperature of 610°C, SiH, gas flow rate of 600 sccm and pressure
of evacuated chamber of 20 Pa.  Step for forming the polycrystal silicon layer 3 is not
10 limited to the LPCVD process, and such a process may be employed as an amorphous
silicon layer is formed by sputtering or plasma CVD method and then the amorphous
silicon layer is crystallized by annealing, thereby forming the polycrystal silicon layer 3.
Then a silicon oxide layer 4 having a thickness of 1 1 m is formed by plasma
CVD process on the polycrystal silicon layer 3, so that the structure shown in Fig. 32B
15 is obtained. Conditions of forming the silicon oxide layer 4 are set to substrate
temperature of 225°C, SiH, gas flow rate of 50 sccm, N,O gas flow rate of 875 scem,
pressure of evacuated chamber of 133 Pa and ac discharge power of 150 W (power
density of 0.05 W/cm?). The method for forming the silicon oxide layer 4 is not
limited to the plasma CVD process and, for example, thermal oxidation step may be
20 employed.
Then, the silicon oxide 4 on the polycrystal silicon layer 3 is patterned by
combining the photolithography technique and etching technique, thereby to obtain the
structure shown in Fig. 32C.

Then an electrolysis solution made by mixing 55 weight % of hydrogen

25 fluoride solution and ethanol in a proportion of 1:1 and cooled to 0°C, a platinum
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electrode (not shown) as negative electrode and the p-type silicon substrate 1 (the ohmic

electrode 2) as positive electrode are used to carry out anodic oxidation process with a

constant current while irradiating the exposed portion of the polycrystal silicon layer 3

with light. Thus the porous polycrystal silicon layer 5 is partially formed and the

5 structure shown in Fig. 32D is obtained. In this embodiment, conditions of the anodic

oxidation process are set to constant current density of 20 mA/cm’?, anodic oxidation

time of 15 seconds and irradiation with light emitted by a 500 W tungsten lamp during

the anodic oxidation process, thereby forming the porous polycrystal silicon layer 1 u

m thick. While the polycrystal silicon layer 3 is made porous to a mid point in the

10 direction of thickness thereof in this embodiment, the polycrystal silicon layer 3 may

also be made porous to such a depth as reaches the p-type silicon substrate 1.  Also the

current density is maintained constant during the anodic oxidation process so that the

degree of porosity of the porous polycrystal silicon layer S is substantially uniform in

this embodiment, although the current density may be changed during the anodic

15 oxidation process to form such a structure as a polycrystal silicon layer of a high degree

of porosity and a polycrystal silicon layer of a low degree of porosity are laminated

alternately, or such a structure may also be formed as the degree of porosity changes
continuously in the direction of thickness.

While the silicon oxide layer 4 having a thickness of 1 u m is also etched by

20 the electrolysis solution during the anodic oxidation process, etching rate of silicon

oxide by the electrolysis solution is about 0.14 u m per minute and the duration of the

anodic oxidation process is 15 seconds. Therefore, the silicon oxide layer 4 surely

functions as a mask.
Then the porous polycrystal silicon layer 5 is subjected to rapid thermal

25 oxidation (RTO), that is a part of the porous polycrystal silicon layer 5 is oxidized,
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resulting in the structure shown in Fig. 32E being obtained. Conditions of rapid
thermal oxidation are set to oxidizing temperature of 900°C and oxidation period of one
hour. Although a part of the porous polycrystal silicon layer 5 is oxidized in this
embodiment, the porous polycrystal silicon layer 5 may also be oxidized as a whole.

5 Then a thin gold film is formed in stripes on the porous polycrystal silicon
layer 6 and on the polycrystal silicon layer 3 so as to cross the n-type region 8 by vapor
deposition using a mask, thereby to form the thin metal film 7 (metal electrode) made of
thin gold film, so that the field emission electron source 10 of the structure shown in Fig.
32F is obtained. While gold is used for the thin metal film 7 in this embodiment,

10 material for making the thin metal film 7 is not limited to gold and may be any metal
having a low work function such as aluminum, chromium, tungsten, nickel, platinum or
an alloy of some of these metals. Although thickness of the thin gold film is set to 10
nm, the thickness is not limited to this value.

The field emission electron source 10 described above is put in a vacuum
15 chamber (not shown) with the collector electrode (not shown) disposed at a position to
face the thin metal film 7, and the inside of the vacuum chamber is pumped vacuum to a
pressure of 5 X 10° Pa  When a direct current voltage of 20 V is applied across the
thin metal film 7 as positive electrode and the n-type region 8 as negative electrode and
a direct current voltage of 100 V is applied across the collector electrode as positive
20 electrode and the thin metal film 7 as negative electrode, emission of electrons from the
surface of the thin metal film 7 toward the collector electrode can be observed. The

back electrode 2 is preferably at a negative potential with respect to the n-type region.
. In the method of producing the field emission electron source according to this

embodiment, since the silicon oxide layer 4 patterned by combining the

25 photolithography technique and etching technique is used as the mask in the anodic
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F/ $109%& () oxidation process to form the porous polycrystal silicon layer 5, the accuracy of forming
the pattern of the porous polycrystal silicon layer 5 is improved. Also because the
contact area of the oxidized porous polycrystal silicon layer 6 and the thin metal film 7
is determined by the accuracy of forming the pattern of the silicon oxide layer 4,

5 accuracy of the electron emitting area can be improved at a low cost.

Although the p-type silicon substrate ((100) substrate having resistivity of 10
§2cm) is used for the conductive substrate in this embodiment, the conductive substrate
is not limited to the p-type silicon substrate. For example, a glass substrate coated
with a thin conductive film (such as thin chromium film or thin ITO film) may be used,

10 making it possible to increase the surface area and lower production cost compared to a
case of using a semiconductor substrate such as p-type silicon substrate.
(Embodiment 13)

Fig. 33 shows the schematic configuration of a planar light emission apparatus

using the field emission electron source 10 of the twelfth embodiment. Components
15 similar to those of the twelfth embodiment will be denoted with identical reference
numerals and description thereof will be omitted.

The planar light emission apparatus of this embodiment comprises the field
emission electron source 10 and a transparent electrode 31 disposed to oppose the thin
metal film 7 of the field emission electron source 10, wherein the transparent electrode

20 31 is coated with a phosphor 32 that emits visible light when irradiated with electrons
emitted by the field emission electron source 10. The transparent electrode 31 is made
of a transparent conductive film, and is formed in a transparent sheet 33 comprising a
glass substrate. The transparent sheet 33 whereon the transparent electrode 31 and the

phosphor 32 are formed is made integral with the field emission electron source 10 via a

25 spacer 34, with the inner space enclosed by the transparent sheet 33, the spacer 34 and
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and the transparent sheet 33 to the outside for display.

In the planar light emission apparatus of this embodiment, when a direct
current voltage Vc of 1 kV is applied across the transparent electrode 31 and the thin
metal film 7, with the transparent electrode 31 at a positive potential with respect to the
thin metal film 7, and a direct current voltage Vps of 20 V is selectively applied across
the thin metal film 7 of the field emission electron source 10 as the positive electrode
and selected thin metal film 7, light is emitted in a pattern that corresponds to the
selected intersects. Thus since the electron source comprising the strong electric field
drift layer 6 that is made by oxidizing the porous polycrystal semiconductor layer in this
embodiment, electrons are emitted in a direction substantially perpendicular to the thin
metal film 7 substantially uniformly in the plane thereof, it is not necessary to provide a
converging electrode that has been used in the conventional planar light emission
apparatus, making the constitution simpler and reducing the cost. Also because the
electron emitting area pattern of the field emission electron source 10 of this
embodiment has a high accuracy, the planar light emission apparatus of less unevenness
in light emission can be achieved. Particularly since the ohmic electrode 2 is charged
with negative potential with respect to the n+ conductive layer 8 in this embodiment,
leak current can be prevented from flowing between the conductive layers and is
therefore more preferable.

(Embodiment 14)
Fig. 34 shows a schematic configuration of the field emission electron source

10 of the twelfth embodiment applied to a display apparatus. In this embodiment, as
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7 of the field emission electron source 10, wherein the transparent electrode 31 is coated

with a phosphor 32 that emits visible light when irradiated with electrons emitted by the
field emission electron source 10. The transparent electrode 31 is made of a
transparent conductive film, and is formed in a transparent sheet 33 comprising a glass

10 substrate. In this embodiment, the n+ region 8 and the thin gold film 7 are disposed to
cross each other at right angles, thereby to form a matrix. Each intersect of the n+
region 8 and the thin gold film 7 corresponds to a pixel. Thus a particular pixel can be
caused to illuminate by applying voltages to selected thin metal electrode 7 and the n+
region 8.

15 In the display apparatus of this embodiment, the electron emitting area pattern
of the field emission electron source 10 has a high accuracy and makes it possible to
achieve a high definition display apparatus.

(Embodiment 15)

The method of producing the field emission electron source of this

20 embodiment will be described below with reference to Fig. 35A through 35D.

First, after the lower electrode 12 is formed in stripes on the principal surface
of an insulating substrate 11, the undoped polycrystal silicon layer 3 having a thickness
of 1.5 .z m is formed by LPCVD step to cover the lower electrode 12 over the entire
principal surface of an insulating substrate 11, thereby to form the structure shown in

25 Fig. 35A. Surface of the polycrystal silicon layer 3 is made substantially flat.
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5 sputtering or plasma CVD method and then the amorphous silicon layer is crystallized
by annealing, thereby forming the polycrystal silicon layer.

Then a silicon oxide layer 4 having a thickness of 1 4 m is formed by plasma
CVD process on the polycrystal silicon layer 3. Conditions of forming the silicon
oxide layer 4 are set to substrate temperature of 225°C, SiH, gas flow rate of 50 sccm,

10 N,O gas flow rate of 875 sccm, pressure of evacuated chamber of 133 Pa and ac
discharge power of 150 W (power density of 0,05 W/cm®). The method for forming
the silicon oxide layer 4 is not limited to the plasma CVD process and, for example,
thermal oxidation step may be employed. After forming the silicon oxide layer 4
described above, the silicon oxide layer 4 is patterned in stripes that cross the lower

15 electrode 12 at right angles by combining the photolithography technique and etching
technique, thereby to obtain the structure shown in Fig.35B.

Then an electrolysis solution made by mixing 55 weight % of hydrogen
fluoride solution and ethanol in a proportion of 1:1 and cooled to 0°C, a platinum
electrode (not shown) as the negative electrode and the lower electrode 12 as the

20 positive electrode are used to carry out anodic oxidation process with a constant current
while irradiating the exposed portion of the polycrystal silicon layer 3 with light, so that
the porous polycrystal silicon layer 5 is formed in stripes, In this embodiment,
conditions of the anodic oxidation process are set to constant current density of 20

mA/cm?, anodjc oxidation time of 15 seconds and irradiation with light emitted by a 500

25 W tungsten lamp during the anodic oxidation process, thereby forming the porous
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$10%& () - | hab@ thickness of 1 1 m, in contrast to the etching rate of the silicon oxide layer 4 by
the electrolysis solution being about 0.14 pm per minute and the duration of the
5 anodic oxidation process is 15 seconds. Therefore, the silicon oxide layer 4 surely
functions as a mask. Then the porous polycrystal silicon layer 5 is subjected to rapid
thermal oxidation (RTO) thereby to oxidize the porous polycrystal silicon layer to a
predetermined depth (that is, a part of the porous polycrystal silicon layer is oxidized).
Thus the thermally oxidized porous polycrystal silicon layer 6 is formed resulting in the
10 structure shown in Fig. 35C. Conditions of rapid thermal oxidation are set to oxidizing
temperature of 900°C and oxidation period of one hour. Although a part of the porous
polycrystal silicon layer 5 is oxidized in this embodiment, the porous polycrystal silicon
layer 5 may also be oxidized as a whole.
Then a thin gold film is formed as the surface electrodes 7 on the principal
15 surface side of the insulating substrate 11 in stripes that cross the stripe pattern of the
lower electrode 12 at right angles by vapor deposition, thereby to obtain the field
emission electron source 10 of the structure shown in Fig. 35D.  While gold is used for
the thin metal film 7 in this embodiment, material for making the thin metal film 7 is
not limited to gold and may be any metal having a low work function such as aluminum,
20 chromium, tungsten, nickel, platinum or an alloy of some of these metals. Although
thickness of the thin gold film is set to 10 nm, the thickness is not limited to this value.
The thin metal films 7 constitute the upper electrode in this embodiment.
. In this embodiment, since the silicon oxide layer 4 patterned by combining the

photolithography technique and etching technique is used as the mask in the anodic .

25 oxidation process to form the porous polycrystal silicon layer 5, the accuracy of forming
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the pattern of the porous polycrystal silicon layer 5 is improved. Also because the
contact area of the oxidized porous polycrystal silicon layer 6 and the thin metal film 7
is determined by the accuracy of forming the pattern of the silicon oxide layer 4,
accuracy of the electron emitting area can be improved at a low cost.
5 In the field emission electron source 10 of this embodiment, electrons can be
emitted from only a particular pixel by applying voltages to selected lower electrode 12
and upper electrode 7.
(Embodiment 16)
The method of producing the field emission electron source of this
10 embodiment will be described below with reference to Fig. 36A through 36D. The
method of this embodiment is substantially the same as that of the fifteenth embodiment
except for the pattern configuration of the silicon oxide layer 4. Features that are the
same as those of the fifteenth embodiment will be described briefly.
First, after the lower electrode 12 is formed in stripes on the principal surface
15 of the insulating substrate 11, the undoped polycrystal silicon layer 3 having a thickness
of 1.5 pmis formed by LPCVD step to cover the lower electrode 12 over the entire
principal surface of the insulating substrate 11, thereby to obtain the structure shown in
Fig. 36A.
After forming the silicon oxide layer 4 having thickness of 1 zm on the
20 polycrystal silicon layer 3 by plasma CVD process, the silicon oxide layer 4 is patterned
in a grating configuration opening at predetermined intervals long the longitudinal
direction of the lower electrode 12 above the lower electrode 12 by combining the
photolithography technique and etching technique, so that the structure shown in Fig.

36B is obtained.

25 Then an electrolysis solution made by mixing 55 weight % of hydrogen
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electrode (not shown) as the negative electrode and the lower electrode 12 as the

positive electrode are used to carry out anodic oxidation process with a constant current

while irradiating the exposed portion of the polycrystal silicon layer 3 with light, so that

5 the porous polycrystal silicon layer 5 is formed. Then the porous polycrystal silicon

layer 5 is oxidized to a predetermined depth by rapid thermal oxidation (RTO), thereby

to form the thermally oxidized porous polycrystal silicon layer 6 resulting in the
structure shown in Fig. 36C.

Then a thin gold film is formed as the surface electrodes 7 on the principal

10 surface side of the insulating substrate 11 in stripes that cross the stripe pattern of the

lower electrode 12 at right angles by vapor deposition using a metal mask, thereby to

obtain the field emission electron source 10 of the structure shown in Fig. 36D. While

gold is used for the thin metal film 7 in this embodiment, material for making the thin

metal film 7 is not limited to gold and may be any metal having a low work function

15 such as aluminum, chromium, tungsten, nickel, platinum or an alloy of some of these

metals. Although thickness of the thin gold film is set to 10 nm, the thickness is not

limited to this value. The thin metal films 7 constitute the upper electrode in this

embodiment.

In this embodiment, since the silicon oxide layer 4 patterned by combining the

20 photolithography technique and etching technique is used as the mask in the anodic

oxidation process to form the porous polycrystal silicon layer 5, the accuracy of forming

the pattern of the porous polycrystal silicon layer 5 is improved. Also because the

contact area of the oxidized porous polycrystal silicon layer 6 and the thin metal film 7

is determined by the accuracy of forming the pattern of the silicon oxide layer 4,

25 accuracy of the electron emitting area can be improved at a low cost.
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emitted from only a particular pixel by applying voltages to selected lower electrode 12
and upper electrode 7.  This embodiment is also preferable because the insulating layer
4 is provided below the thin metal film 7 other than the porous polycrystal silicon layer

5 6 and improves the cross-talk characteristics and the straightness of the electron
traveling distance.
(Embodiment 17)

Fig. 37 shows the schematic configuration of the field emission electron source

10 of the embodiment 16 applied to a display apparatus. In this embodiment, as shown

10 in Fig. 37, the transparent electrode 31 is disposed to oppose the thin metal films 7 of

the field emission electron source 10, wherein the transparent electrode 31 is coated

with a phosphor 32 that emits visible light when irradiated with electron beam emitted

by the field emission electron source 10. The transparent electrode 31 is made of a

transparent conductive film, and is formed in a transparent sheet 33 comprising a glass

15 substrate, In this embodiment, the transparent electrodes 31 are formed in an array in

the same plane, and are formed in a configuration of matrix opposing the portions of the

gold electrodes 7 that are formed on the thermally oxidized porous polycrystal silicon

layer 6. The transparent electrode 31 and the transparent sheet 33 whereon the

phosphor 32 is applied are made integral with the field emission electron source 10 via a

20 spacer (not shown), with the inner space enclosed by the transparent sheet 33, the spacer

and the field emission electron source 10 being evacuated to a predetermined degree of

vacuum. Electron beam can be emitted from only particular pixels by combining the

metal electrodes 7 (hereinafter referred to as the upper electrodes 7) and the lower

electrodes 12 to which voltages are applied, so that only the phosphor 32 disposed to

25 oppose the particular pixel is caused to emit light that is guided through the transparent
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#: 109 () - d@¥irode 12, only the phosphor 32 corresponding to a particular pixel of the electron
source is caused to illuminate.

In this embodiment, since the accuracy of electron emitting area pattern of the

field emission electron source 10 is determined by the accuracy of the silicon oxide

10 layer 4 pattern, the accuracy of the electron emitting area is high and a high definition

display can be achieved.

According to the present invention, as will be apparent from the foregoing

description, electrons can be emitted from a desired region of the surface electrode, and

a circuit for switching a high voltage of several hundreds to several thousands of volts

15 applied to the collector electrode is made unnecessary when making a display apparatus

wherein the collector electrode is disposed to oppose the surface electrode. As a result,

a high accuracy field emission electron source array capable of emitting electrons

selectively from a desired region of the surface electrode can be made smaller in size at

a lower cost.
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tratellmdng  conductive layer n one of principal surfaces; a
strong electric field drift layer formed on said conductive layer of said electrically
conductive substrate; and surface electrodes of a thin conductive film formed on the
strong electric field drift layer, wherein electrons are injected from said
conductive layer into said strong electric field drift layer and are drifted and
discharged through said thin conductive film by applying a voltage across said thin
conductive film and said conductive layer of said electrically conductive substrate with
said thin conductive film serving as a positive electrode,

wherein said conductive layer is formed from a plurality of stripes extending in
parallel to _each other at predetermined intervals on said conductive substrate, a.nd said
thin conduétive film is formed from a plurality of stripes extendiné in parallel to ;3ach
other at predetermined intervals in a manner to oppose and cross over the stripes of said
conductive layer via said strong electric field drift layer,

and wherein said strong electric field drift layer is of a porous poly-crysta]
semiconductor layer which is subjected to oxidization or nitrization, with regions of said
strong electric field drift layer being held between said conductive layer and said thin
conductive film at intersect points of the stripes of said conductive layer and said thin
conductive film, thereby forming a plurality of electron sources arranged at
predetermined intervals on said conductive substrate.

2. An array of field emission electron sources according to claim 1,
wherein said conductive substrate comprises a semiconductor substrate or an insulate

substrate provided on the surface with a semiconductor layer and the stripes of said

conductive layer are impurity-diffusion layers extending in parallel to each other at

1
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3. An array of filed emission sources according to claim 1, wherein said
conductive substrate is an insulate substrate provided with metal film stripes extending
in parallel to each other at predetermined intervals on said substrate.

5 4, An array of field emission sources according to claim 2, wherein
between the stripes of said conductive layer, there are formed layers doped with a high
amount of a different type impurity from said conductive layer.

5. An array of field emission sources according to claim 4, wherein said
conductive substrate is of a p-type semiconductor substrate, said impurity diffusion

10 layer is of a n-type impurity doped layer and said high impurity doped layer is of a p-
type impurity doped layer.

6. An array of field emission sources according to claim 2, wherein
insulate layers are formed between the stripes of said conductive layer to shut out
leakage current flowing from said conductive substrate through said poly-crystal layer

15 to said thin conductive film or flowing from said conductive layer to said neighboring
strong electric field drift layer.

7. An array of filed emission sources according to claim 2, wherein at
both cross direction side of the stripes of said conductive layer there are a pair of high
density impurity diffusion layer of the same conductivity as said conductive layer

20 extending along the stripes.

8. An array of field emission sources according to claim 7, wherein said
high impurity doped layer comprises double layers where the inside layer has a higher
density of impurity than the outside layer.

9. An array of field emission sources according to claim 1, wherein said

25 strong electric field drift layer is a part of said poly-crystal semiconductor layer formed
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layers doped with a different type impurity from that of said conductive layer or without
impurity and said poly-crystal layer is covered by an insulate layer at the top of said
5 poly-crystal layer.

10. An array of field emission sources according to claim 1, wherein said
strong electric field drift layer is a part of said poly-crystal semiconductor layer formed
on said conductive substrate which is subjected to oxidation or nitrization after
polarization, said strong field drift layer being surround by insulate layers formed or

10 filled in grooves made by removing all or a part of semiconductor layers at areas
positioned between the stripes of said conductive layer and/or covered not by said thin
conductive film.

11. An array of field emission sources according to claim 2, wherein said
conductive substrate comprises a semiconductor substrate, an electrode being formed at

15 a principal surface opposite to where said impurity diffusion layer is formed.

12. An array of field emission sources according to claim 1, wherein said
conductive substrate comprises a silicon substrate, said poly-crystal semiconductor
layer comprising a poly-silicon.

13. An array of field emission sources according to claim 1, wherein said

20 strong field drift layer comprises a plurality of stripes formed along on the stripes of
said conductive layer.

14. An array of field emission sources according to claim 1, wherein said
strong field drift layers are extending at predetermined intervals along on the stripes of

said conductive layer.

25 15. An array of field emission sources according to claim 13 or 14,
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subjecting a part of the poly-crystal semiconductor to oxidation or nitrization.

16. An array of filed emission sources according to claim 1, wherein said

thin conductive film is flush mounted on said strong electric field layer which is formed
5 on a level with the other areas than said strong electric field layer on said conductive
substrate.

17. An array of field emission sources according to claim 1, wherein said
surface electrode comprising the stripes of said thin conductive film crosses over said
strong electric field drift layer and the width of said surface electrode becomes narrower

10 at any other area than the area on said strong electric field drift layer.

18. An array of field emission sources according to claim 1, wherein said
surface electrode comprising the stripes of said thin conductive film crosses over said
strong electric field drift layer and is provided with insulate layer or layers at the upper
or lower side of any other area than the area on said strong electric field drift layer.

15 19. An array of field emission sources according to claim 6 or 18, wherein
said insulate layer is formed by means of LOCOS method to become thinner toward
both cross direction sides.

20, An array of field emission sources according to claim 1, wherein said
surface electrodes comprising the stripes of said thin conductive film crossing over said

20 strong electric field layer become thicker at any other area than the surface electrode
crossing area on said strong field drift layers.

21. An array of field emission sources according to claim 1, wherein said
thin conductive film comprises a wiring electrode for electrically and thermally
bonding.

25 22, An array of field emission sources according to claim 1, used for a
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display device comprising a display electrode for receiving electrons radiated from said
array of field emission sources and a fluorescent material mounted on one of upper and
lower surface of said display electrode for emitting light and making image.

23. A method of preparing an array of field emission sources which

5 comprises:

(A) forming a plurality of stripes of conductive layers in parallel to each other
at predetermined intervals as lower electrodes on one of principal surfaces of a
conductive substrate;

(B) forming a poly-crystal semiconductor layer which covers on the principal

10 surface on which said conductive layers are formed;

(C) applying an anodic oxidation selectively to a part of said poly-crystal
semiconductor layer to become porous by using said conductive layer as one of
anodizing electrodes;

(D) subjecting said porous poly-crystal semiconductor layer to a treatment of

15 oxidation or nitrization;

(E) forming a plurality of stripes of thin conductive films in parallel to each
other at predetermined intervals in a manner to oppose and cross said conductive layers
on said oxidized or nitrized poly-crystal semiconductor layer a part of which has been
made porous.

20 24, A method of preparing an array of field emission sources according to
claim 23, wherein (B) a step of forming a poly-crystal semiconductor layer which
covers on the principal surface on which said conductive layers are formed comprises a
step of forming a mask layer or an insulate layer provided with openings for anodizing
said conductive substrate and/or poly-crystal semiconductor layer therethrough.

25 25. A method of preparing an array of field emission sources according to
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further comprises (a-3) forming an insulating layer on a p-type conductive substrate
whereon said n-type impurity diffusion layer is formed and making openings of said
10 insulating layer at predetermined region of said n-type impurity diffusion layer.

27. A method of preparing an array of field emission sources according to
claim 23, wherein (C) a step of applying an anodic oxidation selectively to a part of said
poly-crystal semiconductor layer is carried out by usi'ng an electrode formeél on a
backside of said semiconductor substrate as one of anodizing electrodes.

15 28. A method of preparing an array of field emission sources according to
" claim 23, which further comprises:

(F) forming between said neighboring porous poly-crystal layers poly-crystal
layers which conductivity type is opposite to that of said conductive layer by doping an
impurity having an opposite type to that doped into said conductive layer;

20 (G) forming an insulating layer on said poly-crystal layers which conductivity
type is opposite to that of said conductive layer.

29, A method of preparing an array of field emission sources according to
claim 23, which further comprises (h-1) removing all or a part of said semiconductor
between said neighboring conductive layers and/or where no said thin conductive films

25 was formed on by means of etching, after said anodizing step.

-71 -



10

15

13 FEB 2003

30. A method of preparing an array of field emission sources according to
claim 23, which comprises (h-2) removing all or a part of said semiconductor between
said neighboring conductive layers and where no said thin conductive films was formed
on by means of etching, before said anodizing step.

31. A method of preparing an array of field emission sources according to
claim 29 or 30, which further comprises forming an insulating layers into removed parts
of said semiconductor layer. |

32 A method of preparing an array of field emission sources according to
claim 23, which further comprises forming a plurality of stripes of insulating layer in
parallel to each other at predetermined intervals in a manner to oppose and cross said
conductive layer on said poly-crystal semiconductor layer before said anodizing step,
anc_i anodizing said poly-crystal semiconductor layer to become porous along on the
stribes of said conductive layers.

33. A method of preparing an array of field emission sources according to
claim 26, wherein said semiconductor substrate or said semiconductor layer on said
substrate is silicon and said insulating layer is silicon oxide.

34, A method of preparing an array of field emission sources according to

claim 33, wherein said insulating layers are formed by means of LOCOS method.
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