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Field of the invention The present invention relates to a field
em ssion-type 10 el ectron source usin? sem conductor materials, for

r

em tting el ectron beans by neans of elec .
manufact uri ng method thereof, the electron source b ﬁgAPR
light-enmitting apparatus, a display, a solid vacuum device

ical field em ssion, and to a

ned to a pl ane
so on. 15

2. Description of the prior art ¢ecciErcaTionel d em ssion-type

el ectron source, conventionally, there has been known a

Spi ndt-type el ectrode which is disclosed, for exanple, in the United States
Pat ent No. 3,665,241 and so on. The Spindt-type 20 el ectrode is

provi ded WFEPBLE 2OF STHStINMENTIEON which nany emitter chips of triangular
pyram d shape are di sposed, and algate | ayer having emtting holes for

exposi ng apexes BIERPEMESSIQY-THY

di sposed so as to be insulated to the emtter chips. The 25

el ectrode NERHORHERRQE ([ on beans fromthe
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Spi ndt -t ype

The present invention relates to a field emission-type

10 electron source using semiconductor materials, for emitting

electron beams by means of elecicical field emission, and

to a manufacturing method thereof, the electron source.

being applied to a plane light-emitting apparatus, a

display, a solid vacuum device and so on.
15 2. Description of the prior art

As a field emission~type electron

 source,

conventionally, there has been known a Spindt-type

electrode which is disclosed, for example, in the United

States Patent No. 3,665,241 and so on, The Spindt-—-type

20 electrode is provided with a substrate on which many

emitter chips of triangular pyramid shape are disposed, and

a gate layer having emitting holes for exposing apexes of

the emitter chips to the outside, the gate layer bein§

disposed so as to be insulated to the emitter chips. The

25 Spindt-type electrode can emit electron beams

from the




2 apexes of the emtter chips to the outside through the emtting holes by
appl yi ng high voltage between the emtter chips and the gate | ayer under a
vacuum at nosphere in such a manner that the emtter chips act as negative
el ectrodes 5 agai nst the gate |ayer. fowever, in the Spindt-type

el ectrode, there exists such a problem described bel ow. That is, the

manuf acturing process of the electrode is conplicated, and further it is
difficult to construct nmany em tter chips of triangular 10 shape with
hi gher effigperey. of | theorsdquercechipd itb itshepphlksddef dihwregipl theto a
plane light-emtting apparatus, a display and so on, it may be difficult to
enl arge t heepitaing hdbeellegtampldnd thigh swlftage. bkkweehi tbe enither

Spi ndt -type el ectrode, there exists 15 al so such anot her problem
described behips afiathesgats @hEESanéﬁrt?p@aépé@tPé@@spbﬁéeekécﬁﬁpéal
field converges to the apexes of the emtter chip I n coni g Ré

the degree 6fmﬁaé§HnFaﬁ§uﬁHetﬁ@l§5§¥e§thstﬁ@teﬁ§tP§9aEﬁVﬁs g<fF Fsso
that residual gas exists theyeabout, a part of the 20 residual gas is

i oni zed by PRBLBATLHRE ¥PETL ¥¥heans to become p03|t|ve i.ons. Because the

positive ions CO#%%% to Eﬁe1?§§X§§185tt@9p§”‘ﬁ%%%r DS, Ve apgX8EsOf the

emtter chips su ahages ue'to ron inpacts)-

Therefore, tfjg Cgf%egﬁl&‘? +§eé'r% i en%a‘?:f 142 thet h@naWbi-tading

el ectrons nmay eco unsta or the Iives of
process of the electrode is complicated, and further it is

difficult to construct many emitter chips of triangular
10 - shape with higher efficiency. In consegquence, if it is
applied, for example, to a plane light-emitting apparatus,
a display and so on, it may be difficult to enlarge the

area of the electron-emitting surface.
Meanwhile, in the Spindt-type electrode, there exists
15 also such another problem described below. That is, in the
Spindt-type electrode, the electrical field converges to
the apexes of the emitter chips. In consequence, if the
degree of vacuum around the apexes of the emitter chips is
lower so that residual gas exists thereabout, a part of the
20 residual gas is ionized by the emitted electron beams to
become positive ions. Because the positive ions collide to
the apexes of the emitter chips, the apexes of the emitter
chips suffer damages (for example, damages due to ion
impacts). Therefore, the current density and efficiency of

25 the emitted electrons may become unstable, or the lives of



3 the emtter chips may be shortened. In order to prevent the

above- nenti oned di sadvant ages,
under a hi gher vacuum at nosphere
In 5 consequence,

sealing it
i ncr eased.

em ssion-type electron source of MM (Mtal 10 | nsul at or Met al )

the Spindt-type electrode is required to use
(about 10-[err] Pa to about 10-[err] Pa).
there may occur sucB a di sadvantage that the cost for

wi th higher vacuum or for maintaining the higher vacuum nay be
In order to inprove the above-nentioned di sadvantages, a field

type or thesenitige: ghirs|navi Be ofh®ekerethduct or) type has been
The forner, is a f|at f%eld e 'ssion-tgpe el ectron source having

pr oposed.

a | am nated strudPuPEIBF ERePhEYSR

flat field
structure
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ype €

e|eCtr%ﬂ5),cF%fE&ﬁ%ﬁE@?S%ﬁﬁrE°#@§”63§ﬁit§ﬁ§ﬁhécéﬂgﬁav9£¥%$e thhPe the

i nsul ator fi

wever, if the insulator 1l m becones

bet ween the upper and

10

15
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25

the higher vacuum, may be increaczd.

In order to improve the above-mentioned disadvantages,
a field emission-type electron source of MIM (Metal
Insulator Metal) type or MIS (Metal Insulator
Semiconductoer) type has been proposed. The former is a
flat field emission-type electron source having a laminated
structure of (metal)-(insulator film)-(metal).' The latter
is a flat field emission-type electron source having a
laminated structure of (metal) - {insulator film) -
(semiconductor). 1In order to elevate the electron-emitting
efficiency of the above-mentioned type of field emission-
type electron source (nhamely, in order to emit more
electrons), it is necessary to decrease the thickness of
the insulator film. However, if the insulatér film becomes
thinner to excess, it is feared that dielectric breakdown
is caused when voltage is applied between the upper and
lower electrodes of the laminated structure. Because there
is a certain restriction on decreasing the thickness of the

insulator film as described above, there may exist such a

nner to excess,
it is fearedokhatrodi eeqlinoC i aakedovmi hBe£avaedumhep okt 3@ it ianRl ed
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| ower el ectrodes of the lam nated structure. Because there is a certain

restriction on decreasing the thickness of the 25 I nsulator filmas
descri bed above, there nmay exist such a 4 problemthat its

el ectron-emtting efficiency (electron eqtracting efficiency) can not be
el evated so nuch. Moreover, in recent years, as disclosed in the

Japanese Lai d- Qpen Patent Publicati-on No. 8-250766, there 5 has been
proposed another field emssion-type electron source (sem conductor

el enent for pHydilengtaatd £tctdlettron-ensftitihga perdoseseyi clulkhiran | ayer
(porous silicon layer) is forned by perform ng anodi c oxidation to a

surface of @xEIRREIYS alfifineenel) CoafURbDIbEUbBéTat&d Séshnddh. as a
silicon substrate or the like, and further a thin netal filmis forned on

t he porous sem copdeivel,| ayer. deteblte fyealx®,emassi ai-solesed echy ortisour ce,
el ectrons are emtted by applying voltage between the sem conduct or
substrate agdgdirsichineimiohen i baterdtS PublicattiomeNer, 8-i25007166,f itake
em ssion-type el ectron source described in the Japanese Lai d- Open Pat ent
PublicaionHide 8edB076Popbéeds aidtfiextil tfilddenbnt geibhetgpea aledtrmn
el ectron-em tting surface, because the nonocrystalline sem conductor
substrate ispurde (@em@kbhdlcteenslerehtveéor emitting cold electrons),
in which a porous semiconductor 1layer (porous silicon
layer) is formed by performing anodic oxidation to a
surface of a monocrystalline semiconductor substrate such
10 as a silicon substrate or the iike, and further a thin
metal film is formed on the porous semiconductor layer. 1In
the field emission-type electron source, electrons are
emitted by applying voltage between the semiconductor
substrate and the thin metal film.
15 | However, in the field emission-type electron source
described in the Japanese Laid-Open Patent Publication No.
8-250766, it is difficult to enlarge the area of the
electron-emitting surface; because the monocrystalline
semiconductor substrate 1is an essential constructiﬁe
20 element. In consequence, it may not be suitable for
applying to an apparatus which requests an electron source
having a large electron-emitting surface area, such as a
flat display apparatus. Meanwhile, in the Japanese Laid-
Open Patent Publication No. 9-259795, there is disclosed a

25 construction for achieving a flat type display based on the



20 el enent . In consequence, it may not be suitable for applying to
an apparatus which requests an el ectron source having a | arge

el ectron-emtting surface area, such as a flat display apparatus.

Meanwhil e, in the Japanese Laid- Open Patent Publication No. 9-259795,
there is disclosed a 25 construction for achieving a flat type display
based on the 5 invention disclosed in the Japanese Lai d- Qpen Pat ent
Publ i cati on No. 8-250766. In each of the above-nentioned field

eni ssi on-t ygevn®Glohon dEewlesed eliect nas agadsd ed.adue dpent hedtent
el ectrical field produced by applying voltage to the both surfaces of the

porous sem &KUY cha¥Bl,. s-bBot/BeS case, the porous sem conductor |ayer
i's conposed of many fine pores and the remaining silicon particles while

differing from the cabRvefMerheonasbvdidniiondd Sfield Hameiiiibon -ty 10
porosity is 10 to 80 % - while the inner dianeter of each of the fine pores

Is 2 to sevenaetidn | Nsdliec)ovesTentidciied Ludl i eaitoed thaee it sutke a
description that because the nunmber of atoms in the renmaining silicon

particl®s i £159%81dal R d irodifda aby hupel ¢iisg vaDt&yecteomheeBdtt ng 15
phenonenon may be expected due to the quantum size effect. Meanwhile, in
the JapaneseurFate@F RMeeordty ismdicondNetor layer. In this case,
the porous semiconductor layer is composed of many fine
pores and the remaining silicon particles while differing
from the above-mentioned MIM or MIS. Hereupon, the
10 porosity is 10 to 80 %, while the inner diameter of each of
the fine pores is 2 to several nm. In the above-mentioned
Publication, there is such a description that because the
number of atoms in the remaining silicon particles is
several tens to several hundreds, an electron emitting
15 phenomenon may be expected due to the quantum size effect.
Meanwhile, in the Japanese Laid-Open Patent Publication No.
9-259795, there is such a description that because the
electron emission occurs at a position which is very near
with the surface of the porous semiconductor layer, it is
20 desirable that the thickness is thinner, in consequence the
practically usable range of the tbickness may be 0.1 to 50
pm.
However, in the field emission-type electron source

described in the Japanese Lalid-Open Patent Publication No.

25 8-250766 or Japanese Laid-Open Patent Publication No. 9-



9- 259795, there is such a description that because the el ectron em ssion
occurs at a position which is very near with the surface of the porous

sem conductor layer, it is 20 desirabl e that the thickness is thinner,

i n consequence the practically usable rapge of the thickness may be 0.1 to
50 [err]m However, in the field em ssion-type electron source described in
t he Japanese Lai d- Open Patent Publication No. 25 8- 250766 or Japanese

Lai d- Open Patent Publication No. O9- 6 259795, an el ectron poppi ng
phenonenon gBY7HE, eafi éYectror oaish rig ri@iondiprmynbeokagliegt canseam tted
wi thin the sane plane may be easily dispersed. I n consequence, if the

el ectron sodndefusthepl tied imowntl dheeldghiormdndiitt@ddit@@ndthe @ama
di splay, there gay occur such a di sadvantage that the brightness dispersion

or flicker plahBe s eba rasignondispeesed Meanhi kenseheanthe elfcthen
source is applied to the plane light-emtting- device or the display, it is
necessary telbatteasgonhee ai®unppbfed heo emipglia dlighitrenittidy dekéeeupon,
if it is intended to increase the anobunt of the emtted el ectrons by

decreasi ng bheat Hislnags eherbempgr edsugesienndudl eadvaneaget BRat the
above-nenti oned di sadvant ages may grow nuch | arger.

brightness dispersion or flicker of the screen may grow

larger. Meanwhile, when the electron source is applied to

the plane light-emitting device or the display, it is

necessary to increase the amount of the emitted electrons.

10 Hereupon, if it is intended to increase the amount of the

emitted electrons by decreasing the thickness of the porous

semiconductor layer, the above-mentioned disadvantages may

grow nuch larger.

15 SUMMARY OF THE INVENTION
The present invention, which has been performed to
solve the conventional problems described above, has an
object to provide a field emission~-type electron source, in
which the popping phenomenon or in-plane dispersion of the
20 emitted electrons hardly occurs while the amount of the
emitted electrons and the electron-emitting efficiency are
higher together, and to provide é manufacturing method of
the electron source.
A field emission-type electron source according to the

25 present invention which is preformed to achieve the above-



15 SUMMARY COF THE | NVENTI ON The present invention, which has been
performed to solve the conventional problens described above, has an object
to provide a field,em ssion-type electron source, in which the popping
phenonenon or in-plane dispersion of the20 emtted electrons hardly
occurs while the anount of the emtted electrons and the electron-emtting
efficiency are higher together, and to provide a manufacturing nethod of
the el ectron source. A field enission-type electron source according to the

25 t VR t
nentioﬁggsggbetggﬁgﬁtﬁﬂagétc ﬁé?@%%%ﬁ%??&%‘%ﬁ strate %ﬁ%sﬁgg'sén1conductor
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the | ayer bein con tive
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i'nto the conductive strate are em he conddctive

through the, ”‘Cﬂﬂﬂﬂﬁtog"%ﬁﬂ%ﬁ&t@ﬂ?'ykﬂﬁnvoLfﬁﬂﬁ betywreRn t coQg ctlve

thin f|In1an t he conducti ve substrate in such a manner that the conductive
thin figl m 1Qem1caﬁ[?ﬁct3§ 18yePOSijHat@ ine! B0 O8€ec BB EISin bRBeaCqR@ECti Ve

substrate. The em Ssion-type electron source is characterized in
that (v) thengeBaRRAUGhRr W rdtl! HEES emitted from the conductive
thin film through the semiconductor layer by applying
voltage between the conductive thin film and the conductive
substrate in such a manner that the conductive thin film

10 acts as a positive electrode against the conductive
substrate. The field emission-type electron source is
characterized in that (v) the semiconductor layer includes
a porous seniconductor 1ayer in which columnar struc£ures
and porous structures composed of fine semiconductor

15 crystals of nanometer écale coexist, the surface of each of
the structures being covered with an insulating layer, and
(vi) the average dimension of each of the porous structures
in the thickness direction of the semiconductor layer is
smaller than or equal to 2 pum, _

20 Because the thickness of each of the porous stfuctures
is smaller than or equal to 2 um in the field emission-
ﬁype electron source, the amount of emitted electrons may
be highly stabilized, and further the amount of the emitted
electrons may be increased. In consequence, the popping

25 phenomenon, which is a large time-depending fluctuation of



a porous sem conductor |ayer in which columar structures and porous:
structures conposed of fine sem conductor 15 crystals of nanoneter scale
coexist, the surface of each of . the structures being covered with an
insulating layer, and (vi) the average digmensi on of each of the porous
structures in the thickness direction of the sem conductor |ayer is smaller
than or equal to 2 [err]m 20 Because the thickness of each of the
porous structures is smaller than or equal to 2 [errImin the field

en ssi on- typR elagelih®n 88Ur eRe t BRiAHBANt e PécEFdrid £d r@&d;ﬁCtr{di:nS Jaehe
highly stabilized, and further the amount of the emtted el ectrons may be

i ncreased. Mdrio¥@RSEGHEACEn-NANROPHL SifePSion BHENERENAmoudt ChHr i Lma | arge
ti me-dependi ng fluctuation of 8 the anmobunt of the emtted el ectrons, may

not occur. MRfiRRVRr elkberbAsPhapendi soghst@n of the amount of the emtted
el ectrons may be reduced. In order to apply the field em ssion-type

el ectron 5 SOYHC o tdlery altbOUSpBY S thist fﬁemsgﬁ&gghoho%ﬁ@r@%@;ﬁm _
anount of the emtted el ectrons. The present inventors have found that it

i's desiyabl gdihele tHe LALCENESHadls,earh 9F (e ddRiQus &4 uakYegSei el | er
than or equal to 2g m in view of the amobunt of the emtted el ectrons of
the field amount of the emitted electrons. The present inventors
have found that it is desirable i:hat the thickness of each
of the porous structures is smaller than or equal to 2um,
in view of the amount of the emitted electrons of the field
10 emission-type electron source.

Hereupon, the conductive substrate according to the
present invention includes a semiconductor substrate in
which a conductive regién is formed by doping impurities
into the substrate, and a substrate in which a thin metal

15 film (bottom electrode} is formed on a surface of an
insulating substrate such as glass plate.

In the above-mentioned fi-e;d emission-type electron
source, it is preferable that the thin film side end
portions of the columnar structures and the thin film side

20 end portions of the porous structures are located on the
same position 1in the thickness direction of the
semiconductor layer (namely, the height of the columnar
structures being equal to the height of the porous

structures at the conductive thin film side). In this case,

25 because comparatively larger irregularity (namely, convex



10 em ssion-type el ectron source. Hereupon, the conductive substrate
according to the present invention includes a sem conductor substrate in
whi ch a conductive.region is formed by doping inpurities into the
substrate, and a substrate in which a thign netal 15 film (bottom
electrode) is formed on a surface of an insulating substrate such as
glass plate. In the above-nentioned field em ssion-type electron source, it
is preferable that the thin fil mside end portions of the col umar

structures apdttiBAst BhA EbhAusédgoROions PNils PRst | Eotnedd drhecheolsmiFace
structures are located on the sane position I n t he t hi ckness

direction o@f tnet Bersgy Q%ﬂééﬁ&ﬁct@felaﬁé@ﬂeih/e ddienhaiiohd tofint e 1m
col umar structures being equal to the helght of the porous structures at

the conduct 'o\fevEQ'?rnsfnlah.m shil@kness thiBe83SR, tRS surhHefAUSE HHRMpralisV el y
| arger irregul ari nanel y, convex 9 portions and concave portions) is

nat forned g@mtlagnau&a@e Déyéhe s oudvean ehsdusdosud aysmiddmehuwdmaduct i ve
thin filmof very small thickness forned on . the surface of the porous

semi comduct Ok yedy &1 FRY ved¥erhidle R@WIE mentabhdudioor ah eldca‘.yrercawltyh very
hi gh covering ratio in an electrically comunicated state.
consequence commuii® catBar OUstate. In consequence, the porous
semiconductor layer and the conductive thin film are
electrically connected to each other. Further, because the
covering ratio for the porous structures is higher, the
10 necessary electrical field may be effectively applied to
the porous structures. In consequence, its properties such
as the amount of the emitted electrons or the electron-
emitting efficiency may be efficiently improved.
In the above-mentioned field emission-type electron
15 source, it is preferable that lthe porous semiconductor
layer is composed of porous polycrystalline silicon formed
by the anodic oxidation process. In this case, the
columnar structures and the porous structures can be formed
by a single step by performing the anodic oxidation to the
| 20 polycrystalline silicon. Therefore, the manufacturing
process may be simplified. Further, the formation or
anodic oxidation of the polycrystalline silicon layer is
advantageous for enlarging the area of the electron-
emitting surface. Particularly, if there exist grains

25 (columnar structures) which have grown to the columnar



sem conductor | ayer and the conductive thin filmare electrically connected
to each other. Further, because the covering ratio for the porous
structures is higher, the 10 necessary electrical field my be
effectively applied to the porous structyres. In consequence, its
properties such as the amount of the emitted electrons or the el ectron-
emtting efficiency may be efficiently inproved. In the above-nentioned
field em ssion-type electron 15 source, it is preferable that the
porous senmsiapésGt Ahd e i foreriened progreseus lRalgy &hesi@ldine Sitd con
formed by the anodic oxidation process. In this case, the

col ummar st riitelr ess@Nd thBe REYIMES &t 1 #BbURra) Peri@FiRss byna Hidgh e
step by perform ng the anodic oxidation to the 20 pol ycrystal |l i ne
silicon. dEpef @ ect 1d1E bEBEHKE AEHPFORIMPEOLLSBerPBEdDBuL 8L RLI frirgd.
Further, the formation or anodic oxidation of the polycrystalline silicon

layer is adwdHaeeave tabserhaegi NOnt B6ndégaeie | NEn&! &I cLM £11d 11D

surface. Particularly, if there exist grains 25 (col ummar
struct @ es) inti clhe haveogonan totthetuted UMmBecomed0 ShaRS%x It 4IGF €
formati ons progress along the grains. In this case, the angles of the

porous strugeipendigulbel tcdephd dubetrats. be@EwEa A0l eké Mainek¥ion of
per pendi cul ar to the
electrons is dominated by the electrical field in the
porous structures, the electrons are emitted in the
direction perpendicular to the substrate in this case. In
10 consequence, the dispersion of the emitting-angles of the
electrons 1is decreased so that a higher definition can be
achieved when it is applied to a display or the like.
In the above-mentioned field emission-type electron
source, it is preferable that the difference between the
15 maximum dimension and minimum dimension of the porous
structures in the thickness direction of the semiconductor
layer is smaller than or equal to 0.5 g m (namely, the
‘.thickness dispersion of the porous structures being small.er
than or equal to 0.5 pum ). If the thickness dispersion of
20 the porous structures is smaller, the electrical field
applied to the porous structures is uniformed so that the
in-plane distribution of the amount of the emitted
electrons may be restrained. Particularly, when the

columnar structures and the porouis structures are provided

25 to prevent occurrence of the popping phenomenon etc. and



conductive substrate. In consequence, the electrical field 5 I n t he
por ous structures becones approxi mately perpendicular to the
substrate. Because the em ssion of electrons is dom nated by the

el ectrical field in the porous structure the electrons are emitted in the
direction perpendicular to the substrate in this case. In 10

consequence, the dispersion of the emtting-angles of the electrons is
decreased so that a higher definition can be achieved when it is applied to

di spl th t et
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to the porous st ures-ls un| hat the 1 n-plane distribution of

the a unt the emtt | ectpo may-_ b ed rly,
when t 34"@% &F ST u?esﬁa%d”fﬁ‘e po%%ugorsl%g c%%lfé;s 5re 65%&%&3;@
to prevent &h%“”e?c{lccet (s&t teﬁ%cFEQBBkngwﬁliﬁ'iﬁne%ﬂ@ elsameaN$land henayhi geness

of each of € porous ructures 1s snal
comparatively uniformed.

In the above-mentioned field emission-type electron
source, it is preferable that the thickness of the porous

10 semiconductor layer is approximately equal to the thickness
of the semiconductor layer disposed between the conductive
thin film and the conductive substrate. In this case, the
voltage loss does not occur in a portion which is not made
porous. In consequence, the amount of the enitted

15 electrons is increased when the same voltage is applied so
that the electron-emitting efficiency may be elevated.
Therefore, when the field emission-type electron source is
applied to a display or the like, the electrical demand of
the display may be reduced.

20 In the above-mentioned field emission-type electron
source, it is preferable that an anticorrosive conductive
layer, which has an anticorrosion against an electrolyte
for the anodic oxidation process used for making the
semiconductor layer porous, is provided on the surface of

25 the conductive substrate at the semiconductor layer side.



than or equal to 2 [err] m an extrene dispersion of the intensity of the
electrical field does not occur if the thickness dispersion of the porous
structures is smaller 5 than or equal to.0.5 [err] m |In consequence,
t he amount of the emitted electrons withiyp the sane plane may be
conparatively uniformed. In the above-nentioned field em ssion-type

el ectron source, it is preferable that the thickness of the porous 10

sem conductor |ayer is approximtely equal to the thickness of the

seni conduct gk, kRyer cﬁsap%ﬁé ESh&BéBﬁré%ﬁ@@@'ﬂ&&é Vesibdtrdtid miand ft ke

conductive substrate. In this case, the vol tage | oss does not occur in a
portion whi ‘B'&t't%mn%tle'&@%dg?r%@ not ldorreRRICHYCHER ellR@roaf@unt mf the
emtted 15 el ectrons is incréased when the sanme voltage is applied so

that the el eghy; %'au%m:ht' Rdecbibeteneyr r@yep@ f&, eaff@@tlmey %ﬁ%{l%ed/\’f’d%ﬁ the

field em ssion-type e 'ectron source is applied to a display or ‘the |

the electri¢ale dssmigs okti-Herdies! ay MyabetheduweRbint?bs the en{ﬂ:ttehﬁ

above-nmentioned " field em ssion-type electron source, it is preferable

that ars ant i-QQeshyenganHuet huerbayed, Whithhéas B DidLfdmadtragai nst
an el ectrolyte for the anodic oxidation process used for naking the

sem conduct @ lia¢@kiBer QUmeht REOPLEQEcEA dlle Soird adeapfoR2The Hotrom
conductive substrate at the sem conductor |ayer side.

electrode.
In the above—méntioned field emission-type electron
source, it is preferable that 2 low-resistance layer of
10 predetermined thickneés is provided on the thin film side
end portion of the porous semiconductor layer in the
thickness direction of the semiconductor layer, the low-
resistance layer having a lower resistance in comparison
with other parts of the porous semiconductor layer. In
15 this case, the low-resistance layer provided in the surface
portion of 'the porous semiconductor layer acts as a mimic
electrode. Therefore, even if the porous semiconductor
layer does not partially contact to the conductive thin
film, the electrical potential in the whole surface portion
20 of the porous semiconductor layer is uniformed in the same
prlane. Ih this case, because the electrical field is
uniformly applied into the porous semiconductor layer at
the same plane, the dispersion of the amount of the emitted
electrons at the same plane may be restrained. Therefore,

25 when the field emission-type electron source is applied to



12 In this case, the conductive substrate (substrate itself or bottom

el ectrode) may not corroded by the electrolyte. In consequence, the
electrical field is effectively applied to the porous structures so that
the anount of the emtted 5 el ectrons jaay not decreased. Further, it is
prevented that an inferior elenent is produced due to a snap of the bottom
el ectrode. In the above-nentioned field em ssion-type el ectron source, it
is preferable that A | owresistance |ayer of 10 predet er mi ned t hi ckness

i s provided 0mitdia &N rer{d |52 sdice &ﬂéi;?]@@éié@no@f thBe spREeHS maGNieaftetiect or
|l ayer in the thi ckness dlrectlon of the sem conductor |ayer, the | ow

resi stance lgugnehaving a lower resistance in conparison with other parts
of the porous sem conductor |ayer. In 15 this case, the [owresistance

| ayer provided ijpt hgnsUiRR-RREkiBReal £1€lPOERYSsSEA-EPPEUEIRIHrRYEr
acts as a mmc el ectrode. Therefore, even if the porous sem conductor

| ayer does ngf,rartigllysCytedelrahd et hen£OneuHst it didiies sf idfM thie low-

el ectrical potentlal I n the whol e surface portion 20 of the porous

sem confuct Qe giaY8h deS llé?/lefrori@‘?%rda'l 16he t3IRE thledRRan firidel PathCTE the
because the electrical leld is uniformy applied into the porous

sem conduct 1 d3¥ehsatird NensagBmPbaAguctde dogpeh§l AheOf1dharaymitiineef the
emtted el ectrons at the sane plane may be restrained. Therefore,
layer. In this case, the deterioration of the electron-
emitting efficiency due to the low-resistance layer may be
restrained.

10 In the above mentioned field emission-type electron
source, the low-resistancec layer may be composed of a low-
porosity layer having a smaller porosity in comparison with
other parts of the porous semiconductor layer. In this
case, because the irregularity of the surface of the porous

15 semiconductor layer becomes less, it may be restrained that
the electrical field converges at the apexes of the convex
portions or ﬁhe bottom of the concave portions on the
surface of the porous semiconductor layer. In consequence,
when the field emission-type electron source is applied to.

20 a display etc., it may be prevented that only specific
spots become bright. Further, the brightness dispersion in
the same plane may become smaller.

In the above-mentioned field emission-type electron
source, the low-resistance layer may be composed of a re-

25 crystallized layer which is formed by re-crystallizing a



25 when the field em ssion-type electron source is applied to 13 a

di splay, the bright dispersion on the screen may becone smaller. In the
above-nmentioned field enm ssion-type electron source, it is preferable that
the thickness of the low 5 resi stancgyl ayer is smaller than the nmean
free path of the electrons in the seniconéuctor formng the | owresistance
| ayer. In this case, the deterioration of the electron- emtting
efficiency due to the | owresistance |ayer nmay be restrai ned. 10 In

the above "%wf%%%dgg&ggggeﬁgaﬁhgn;w&&se%&ﬁié&rgamxc%géie | ot gsigSt ance

| ayer may be "Conpos ofosity Tayer having a smaller porosity in
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field converges at Phe apexeS of the convex portions or the bottom of the
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consequence, when the field em ssion-type electron source is applied to 20
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bright. Further, the brightness dispersion in

portions on the surface of the porous semiconductor layer.
In consequence, when the field emission-type electron
- source is applied to a display etc., it may be prevented
that only specific spots become bright. Further, the
10 brightness dispersion in the same plane may become smaller.
In the above-mentioned field emission-type electron
source, the low-resistance layer may be composed of an
impurity-implanted layer which is formed by implanting
impurity ions into the porous semiconductor layer through a
15 surface of the porous semiconductor layer. In this case,
it may be easy to control the concentration or distribution

of the impurity in the low-resistance layer.
In the above-mentioned field emission-type electron
source, the low-resistance layer may be composed of an
20 impurity—diffused. layer which is formed by diffusing an
impurity into the porous semiconductor layer through a
surface of the porous semiconductor layer. In this case,
it may be easy to enlarge the area of the electron-emitting
surface in comparison with the case that the impurity is

25 implanted by the ion implantation process.



the sane plane may becone snmaller. In the above-nentioned field

em ssion-type electron source, the |owresistance |ayer may be conposed of
are- 25 ° crystallized layer which is formed by re-crystallizing a 14
surface portion of the porous sem conductgr layer. In this case, the
irregularity of the surface of the porous sem conductor |ayer becones |ess
so that it may be restrained that the electrical field converges at the 5
apexes of the convex portions or the bottom of the concave portions on the

surface of the pgpousheelho@ddieheiohBdCIeidl CoRESELERCEypan@ ddte o el d

em ssion-type el éctron source 1s applied to a display etc., it may be
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| ayer may be cOnpaos an rmpurity-inplant’ed l'ayer which is formed by
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surface of the porous sem conductor [ayer. 1In this case, it may be easy to

contr olg  he (4anGeah 2hkOBobudi StEMLLLIOD O JMISLISPUL (thd RediRictive
ow-resi stance layer e above-nentioned field em ssion-type el ectron
substrate in the direction perpendicular to the substrate.
In.'consequence, the ‘electrons, which are emitted in the
direction approximately perpendicular to the surface of the
porous structure, are also emitted in the direction
10 approximately perpendicular' to the surface - of the
conductive substrate. As .the result, the in-plane
distribution of the emitting-angles of the electrons is
further decreased. That is, the directions of the emitted
electrons uniformly become perpendicular to that. In
15 consequence, higher definition can be achieved when the
field emission~type electron source is applied to a display
or the like.
A method of manufacturing a field emission-type
electron source according to the present invention 1is a
20 process for producing the field emission-type electron
source including (i) a conductive substrate, (ii) a
semiconductor layer formed on a surface of the conductive
substrate, which includes a porous semiconductor layer in

which columnar structures and porous structures composed of

25 fine semiconductor crystals of nanometer scale coexist, a



source, the |owresistance | ayer may be conposed of an 20

I mpurity-diffused | ayer which is fornmed by diffusing an inpurity into the
porous sentconductaor |ayer through a surface of the porous sem conduct or
layer. In this case, it my be easy to a‘n%arge the area of the

el ectron-emtting surface in conparison With the case that the inpurity is
25 I npl anted by the ion inplantation process. In the above-nenti oned
field em ssion-type electron source, it is preferable that the thin film
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field em ssion- iype el'ectron source Is
the semiconductor 1ayer by applylng a voltage between the

conductive thin film and the conductive substrate in such a

manner .that the conductive thin film acts as a positive

10 electrode against the conductive substrate. The

manufacturing method is characterized in that it includes

the step of (v) making the semiconductor layer porous by

means of an anodic oxidation process to form the porous

semiconductor layer, wherein (vi) the thickness of the

15 porous semiconductor layer is controlled by adjusting the

depth of the semiconductor layer to be made porous by means

of an amount of electric charges during a period that the

semiconductor layer acts as a positive electrode in the

step. According to the manufacturing method, the thickness

20 of the poroﬁs semiconductor layer may be easily controlled

by means of the electric charges during the anodic
oxidation process so as to become a predetermined value.

In the above-mentioned method of manufacturing the

field enmission-type electron source, it is preferable that

25 pulse current or pulse voltage is applied between the



or the like. A nethod of manufacturing a field em ssion-type el ectron
source according to the present invention is a 20 process for producing
the field emssiogn-type electron source including (i) a conductive
substrate, (ii) a semconductor layer formed on a surface of the conductive
substrate, which includes a porous sem conductor |ayer in which columar
structures and porous structures conposed of 25 fi ne sem conduct or
crystal s of nanoneter scal e coexist, a 16 surface of each of the

structuzes hej Var h LRSU ' | ﬁgé?t |£kness
of the poroLfgo“{si,l%reucteﬁiﬁggrglg%naﬁgrrgp?elﬁ %Hggtgﬁégﬂgﬁ%’%% %}/n% an (t{}}elc) a
conductive thin filmfar t ' d | ayer ; N Y
el ectrons i%?"@'(ﬁoélémqt%trgeﬁr\%g %nﬁﬁ&%@% gﬁ%@??a?é afpgﬁg% tlﬁggﬁrhorﬁghe)
conductive thin fil ro A ) ) AhRled val t age
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manner that fNgogepdye! |G ddidyd | LkACE S fRtid?OBheL VaRt) curfbge! rfde
agai nst t he conducti ve substrate. The manufacturing nmethod is
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[
.l ayer porous by ans an anodi c oxi dation process to formthe porous
of the porous semiconductor layer is controlled by changing

the amount of electric charges during the period that the
semiconductor layer' acts as the positive electrode. In
this case, the thickness of the porous semiconductor layer
10 may be easily controlled so as tb become the predetermined_
.value. Further, because the anodic oxidation process can
be intermittently performed by the pulse treatment when the
porous semiconductor layer of predetermined porosity ig
formed with larger current density, the rate of progressing
15 the anodic oxidation can be set to a comparatively smaller
value, Therefore, the thickness of the porous
semiconductor layer may easily controlled in comparison
with the case that the current is continuously fed.
In the above-mentioned method of manufacturing the
20 field emissién-type electron source, pulse current or pulse
voltage may be applied between the counter electrode and
the conductive substrate on which the semiconductor layer
to be made porous is formed in such a manner that a period
that the conductive substrate acts as a positive electrode

25 and a period that the conductive substrate acts as a



sem conductor |ayer, wherein (vi) the thickness of the 15 por ous
sem conductor layer is controlled by adjusting the depth of the
sem conductor | ayer to be nmade porous by neans of an amount of electric
charges during a period that the sem conqyctor |ayer acts as a positive

el ectrode in the step. According to the manufacturing nethod, the thickness
20 of the porous sem conductor |ayer nay be easily controlled by neans
of the electric charges during the anodi c oxidation process so as to becone
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field em ssion-type electron source, it IS preferable that 25 pul se
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layer acts as the positive electrode, and while the
condition of the ;;ore formatioﬁ disperses in accordance
with the surface shape or state of the semiconductor layer.
10 When the polarity is reversed then so that the
semiconductor layer acts as the negative electrode, the
electrical field converges at the portion where the pore
formation has rapidly progressed so that carriers converge
at the same portion. In consequence, a large amount of gas
i5 is produced at the portion by the electrolysis process.
Thus, at the portion where the gas has been produced, the
contact between the portion and the electrolyte is snapped
so that the pore formation does not progress when the
semiconductor 1layer .acts as the positive electrode next.
20 The above-mentioned steps are repeated so that the
thickness of the porous structures is uniformed all over
the plane. The degree of the uniformity can be controlled
by means of the amount of the electric charges during the

period that the semiconductor layer acts as the negative

25 electrode. If the thickness of the porous structures is



value. Further, because the anodi c oxidation process can be intermttently
performed by the pul se treatnent when the porous sem conductor |ayer of
predeterm ned porosity is fornmed with larger current density, the rate of
progressing 15 t he anodi ¢ oxi dation can be set to a conparatively
smal | er val ue. Ther ef or e, t he t hi'ckness of the porous

sem conductor |layer may easily controlled in conparison with the case that
the current is continuously fed. In the above-nentioned net hod of
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formati on difsperses iR actor dance
source including (i) a conductive substrate, (ii) a
semiconductor layer formed on a surface of the conductive
substrate, which includes a porous semiconductor layer in
10 which columnar structures and porous structures composed of
fine semiconductor crystals of nanometer scale coexist, a
surface of each of the structures being covered with an
insulating film; and the average thickness of the porous
structures being smaller than or equal to 2 pm; and {iii)
15 a conductive thin film formed on the semiconductor layer,
wherein (iv) electrons injected into the conductive
substrate are emitted from the conductive thin film through
the semiconductor layer by applying a voltage between the

conductive thin film and the conductive substrate in such a

20 manner that the conductive thin film acts as a positive
electrode against the conductive substrate. In the
manufacturing method, (v) a low-resistance layer of

predetermined thickness is provided on a thin film side end
portion of the porous semiconductor layer in the thickness

25 direction of the semiconductor layer, the low-resistance



with the surface shape or state of the sem conductor |ayer. 10 When
the polarity is reversed then so that the sem conductor |ayer acts
as the negative electrode, the electrical field converges at the portion
where the pore formation has rapidly progpessed so that carriers converge
at the same portion. In consequence, a |arge anount of gas 15 S
produced at the portion by the electrolysis process. Thus, at the portion
where the gas has been produced, the contact between the portion and the
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the sem con ayer acts as ositi've el ectrode next. 20
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according ta,tR A €3 ¥hd WaMHdSHUStGX layer in comparison with the
porosity of other parts of the semiconductor layer, after
the semiconductor layer has been formed on the conductive
substrate, (vii) forming the porous semiconductor layer

10 including the low-resistance layer by oxidizing or
nitrifying the porous semiconductor layer, and (viii)
forming the conductive thin film on the porous
semiconductor layer. According to the manufacturing method,
the low-resistance 1layer may be provided without

15 independently adding another step for forming the low-
resistance layer. Moreover, the field emission-type
electron source, in which the in-plane dispersion of the
emitted electrons is smaller, can be achieved with a lower
cost.

20 If the semiconductor layer is made porous by means of
the anodic oxidation process in the above-mentioned method
of manufacturing the field emission-type electron source,
it is preferable that the current density is set to a

smaller value during a predetermined initial period of the

25 anodic oxidation process, and then the current density is



process for producing the field em ssion-type electron source including (i)

a conducti v
t he conducti

e substrate, (ii) a sem conductor |ayer forned on a surface
i ve substrate, which includes a porous seniconductor |ayer

whi ch col umar structures and porous strgﬁcures conposed of fine
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or crystals of nanoneter scal
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When the semiconductor layer is made porous by means
of the anodic oxidation process in the above-mentioned
method of manufacturing the field emission-type electron
source, the light power applied to the surface of the
semiconductor layer may be smaller during a predetermined
initial period of the anodic oxidation process, and then
the light power may be inereased after the predetermined
initial period. During the anodic oxidation process, there
exist an interrelation between the light power and the
porosity. On the other hand, the resistance changes in
accordance with the degree of the porosity. Therefore, the
resistance of the low-resistance layer can be controlled by
controlling the light power applied to the surface of .the
semiconductor layer.

If the low-resistance layer 1is composed of a re-
crystallized layer formed by re-crystallizing a surface
portion of the porous semiconductor layer in the above-

mentioned method of manufacturing the field emission-type

electron source, there may be provided a step for forming

e
by

a
ed

tor
| ower



| ayer. Further, the manufacturing nethod is characterized in that it

I ncl udes the steps of (vi) formng the porous 5 sem conduct or | ayer by
decreasing the porosity of a surface portion of the sem conductor |ayer in
conparison with the porosity of other paghps of the sem conductor |ayer,
after the sem conductor |ayer has been formed on the conductive substrate,
(vii) formng the porous sem conductor |ayer 10 i ncluding the

| ow-resi stance layer by oxidizing or nitrifying the porous

sem conduct @ ol ARebus2REmb ¥bhithcE8EM AYer blg}zmakqﬁﬁd"&%tei \@michhidlctoli | M

on t he porous semni conductor layer. Accofding to the manufacturing
met hod, thellayhgw'pﬁ%éhg after thdy §mitBAduckSr 1RYEY¥ H8H beWht 'f@'ﬁrﬁegﬁ
i ndependent | y“addi ng anot her step for formng the 'ow resistance ayer.
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di spersion of the emtted electrons-is smaller, can be achieved with a
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of the anodi c oxidation process in the above-nentioned nethod o
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that the current density is set to a smaller value during a predeterm ned
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porous semiconductor layer by decreasing the porosity of
the surface portion of the semiconductor 1layer in
comparison with the porosity of the other parts of the

10 semiconductor layer after the semiconductor layer has been
formed on the conductive substrate. 1In this case, the low-
resistance layer can be easily provided, comparatively.
Meanwhile, the field emission-type electron source, in
which the in-plane dispersion of the emitted electrons is

15 smaller, can be achieved with a lower cost.

Meanwhile, if the low—resistancé layer is composed of
an impurity-implanted layer formed by implanting impurity
ions into the porous semiconductor layer in the above-
mentioned method of manufacturing the field emission—type

20 . electron source, there may be provided a step for forming
the porous semiconductor layer by making the semiconductor
layer porous after the semiconductor layer has been formed
on the conductive substrate, and another step for
implanting the impurity ions into the porous semiconductor

25 layer from the surface side of the porous semiconductor



21 increased after the predetermned initial period. During the anodic

oxi dati on process, there exist an interrelation between the current density
and the porosity. , Meanwhile, the resistance changes in accordance with the.
degree of the 5 porosity. Therefore, oghe resistance of the

| owresi stance | ayer can be controlled by controlling the current density.
When t he sem conductor |ayer is nade porous by .neans of the anodic

oxi dation process in the above-nentioned nethod of manufacturing the field

eni ssion-tyaﬁggsl,re Y eatfs of S@HECRon {41 dd i ROSYockyY | €dThO thig

surface of t em-conductor |ayer may be smaller during a predeterm ned

it al . ; i - - , t i gh
initial perigdgs0 a\%r{bgrﬁ%kﬁ-gté?sﬁ(ﬁ%é ODa PELCEER, RNGEdARIY therh | ahlgoRaver

may be increased predetermned initial period. During the anodic
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power and the porosity. the other hand, the resistance changes'in
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the |l owresistance | ayer can be controlled by "controlli’ng the Iight power
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| ow-resi stance layer is conposed of a re- crystallized |ayer forned by

re-crystall igjgpg a surface portion of the porous sem conductor |ayer in the
above- nentioned nmethod of manufacturing the field em ssion-type 25

el ectron source, Mpheb@etBY iFe tHOVIERdrds S EndeOr1d @ DY composed of

an impurity-diffused layer formcd by diffusing an impurity

into the porous semiconductor layer in the above-mentioned

10 method of manufacturing the field emiésion—type electron

source, there may be provided a step for forming the porous

semiconductor layer by making the semiconductor layer

porous after the semiconductor layer has been formed on the

conductive substrate, and another step for diffusing the

15 impurity into the porous semiconductor layer from the

surface of the porous semiconductor layer by means of the

thermal diffusion process. In this case, the low-

resistance layer can be easily provided comparatively,

while enlarging the area of the electron-emitting surface.

20 Meanwhile, the field emission-type electron source, in

which the in-plane dispersion of the emitted electrons is
smaller, can be achieved with a lower cost.

A further method of manufacturing a field emission-

type electron source according to the present invention is

25 a process for producing the field emission-type electron



22 the porous sem conductor |ayer by making the sem conductor |ayer porous
after the sem conductor |ayer has been fornmed on the conductive substrate,
and another step for re- crystallizing t he surface portion of

t he porous 5 sem conductor | ayer by ans of the |l aser anneal process,
I nstead of the above-nentioned step of (% ) form ng the porous

sem conduct or | ayer by decreasing the porosity of the surface portion of
the sem conductor Jlayer in conparison with the porosity of the other

Sl il b el i,
gg?ffggnéfgﬁgméFggé?§§°§?gP§8Fl?§?m Ecﬁ' ﬁ%'?$$§%%ﬁm9qig%grgfgﬁngF;Pﬁ?
Meanwhi | e, %?gfﬂgatghfgg%thg%%% dgfe%pﬁ%%g%%%o§%§9%¥ﬂéﬁkﬁ%%u$$¥§?i%p ant ed
ayer in tneodbn, BB AT CrbER s A ndkchd M ARRESERSS FpRRcACLY
Forming. t netgBPonemiERREbRaRe SHREE B AR A Uedr 2aftfle Moy

porous aftegugggcge@fx%g%§tgk Hﬂ%ﬁrspgﬁcéﬁ¥g5f85§§8 covered with an
insulating film; and the average thickness of.the porous
structures being smaller than or egqual to 2 pm; and (iii)

a conductive thin film formed on the semiconductor layer,

10 wherein (iv) electrons injected into the conductive
substrate are emitted from the conductive thin film through

the semiconductor layer by applying a voltage between the
conductive thin film and the conductive .substrate in such a
manner that the conductive thin film acts as a positive

15 electrode against the conductive  substrate. The
manufacturing method is characterized in that it includes

the step of forming the porous seﬁiconductor layer in which

the surface of each of the porous structures i; parallel to

the surface of the conductive substrate by performing the

20 anodic oxidation process to the semiconductor layer after
the surface of the semiconductor layer has been smoothed.
According to the manufacturing method, the surface of the
porous semiconductor layer is smoothed. In consequence,

the surface potential is approximately uniformed during the

25 anodic oxidation process so that the rate of progressing



on the conductive substrate, and another step for inplanting the

I mpurity ions into the porous sem conductor 25 | ayer fromthe surface
si de of the porous sem conduct or 23 | ayer by neans of the ion

i npl ant ati on process. In this case, th d ow-resistance layer can be
formed wth a good controllability. anwhi | e, the field

em ssion-type electron source, in which the in-plane dispersion of the 5
emtted electrons is smaller, can be achieved with a | ower cost. Moreover,

if the | i st .| . I jt - di :
(1 Lhe Low g S pHe eV i SIPOSGholagn (ERULiE o stuseibavery
sbove-rent | 006 b ™™ S, Lo TUMEAERYT! Dot TAapLS) SoBm Lot

_ _ d-a’step for tormng the pofous
som concuct o Laver b THELIG S hessam o overporaye alier Lie
e conduct F1eTeAaL T BRetdhe 1B, aRslgd | Ve lind By oM ROmRLY s ey
esistance | BURe T pe ki Fyebfo, PR ETT ms  FATTRR [ 38EF S gty the
area of the gl £6l o0z eqhil) 0. SHEEBEEsion of the emitted electrons is

smaller, can be achieved with a lower cost. Meanwhile, the

direction of progress of the anodic oxidation becomes
approximately perpendicular to the conductive substrate so
10 that the electrical field in the porous structures becomes
approximately perpendicular to the conductive substrate.
In consequence, the progressing directions of the emitted
electrons become uniformly perpendicular to that. Further,
because the distribution of the emitting angles of the
15 electrons is very small, a displal\y with high definition may

be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully
20 understood from the detailed description given below and
the accompanied drawings.
Fig. 1 is a schematic view explaining the principle of
the electron-emitting mechanism in a field emission-type
electron source according to the present invention.

25 Fig. 2 is a schematic view explaining the electron-



20 Meanwhile, the field emssion-type electron source, in which
the in-plane dispersion of the emtted electrons is snaller, can be
achieved with a | ower cost. A further nmethod of manufacturing a field

em ssion- type electron source accordingsgo the present invention is 25

a process for producing the field em ssion-type el ectron 24 source
including (i) a conductive substrate, (ii) a sem.onductor |ayer fornmed on
a surface of the conductive substrate, which includes a porous

seni conduct @mikaY 8l LREWBHCH nC HHETEle 1Y rditldY RN - D YIRS rIhl WOhIHARS
conposed of 5 fi'ne sem conductor crystals of nanoneter scal e coexist, a

surface of @aehmoOfint Pegstiuctures being covered with an insulating £ilm
and the average thlckness of the porous structures being snaller than or

equal to 2 [err]migand3(ijid) s sepdushhye didvhtfiddn haewedo®n 4 heield
sem conduct or Iayer 10 wherein (iv) electrons injected into the

conductive %ﬁ%@&%ﬁﬁba egl bteforh ' WBURG Carduehing 6N fid Moryseugh the
Re

sem conductor |ayer by applying a voltage between t conductive thin film

and the Con%%h\e%aub%@%@nl RheUednautRiner subal bt §endUGhipg ddtien film
acts as a positive 15 el ectrode agai nst t he conductive

fﬁgﬂj (rj gts €. in whichhg eBAYhacivei pO1AEL HOotbifed el actErigediiatd.hat it

Fig. 4 is a schematic view explaining the condition of
the heat transfer in the porous semiconductor layer,

Fig., 5 is a graph showing a relation between the

10 thickness of the porous semiconductor layer and the amount
of emitted electrons per unit area.

Fig. 6 is a schematic view showing the estimated
electron-emitting conditions iﬁ such cases that the
thickness of the porous semiconductor is larger and it is

15 smaller,

Fig. 7 is a schematic view showing the conditions of
the conductive thin films in such cases that the height of
the columnar structure and the height of the porous
structure are different from each other and they are

20 identical.

Fig. 8A is a schematic view showing the construction
of a porous semiconductor layer which does not use
polycrystalline silicon. Fig. 8B 1is a schematic view

showing the construction of a porous semiconductor layer

25 using polycrystalline silicon.



the step of form ng the porous sem conductor layer in which the surface of
each of the porous structures is parallel to the surface of the conductive
substrate by performng the 20 anodi ¢ oxidation process to the

semi conductor |ayer after the surface of,4he semiconductor |ayer has been
snoot hed. According to the manufacturing nethod, the surface of the porous
sem conduct or | ayer is snoothed. I n consequence, the surface potential is
approxi mately uniformed during the 25 anodi ¢ oxi dation process so that

the rate of prog€$§$I gls a ?ﬁ&@fongfogigvaefbga%igﬂ oPrQﬁSFﬁer'flef&SO

approxi mately un consequence t he or ous

ZLLF?LSreZpbﬁggﬁggWOX'e LG lggam?soaegafdmge eéoeCtth'ecabreEbﬁkd i's

unitorm’y her efor e t he
em.ssion-ty
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emtted eIeg?YSRQESéISﬁafihlgﬁx%heIéb%gﬁ1 v%h%ub%tEE%@elglésﬁ sseg gt the

can be 1 eved W a | ower t. Meanwhil e

the direction of _progre fﬂ?¥g C OX|dat|on becones apprOX|nater
perpendicul%? ﬁ t?%% %dﬁﬁﬁﬁilve substrate so 10 that the electrica

field F. o, he porgus Si§“f£“£e§c98ﬁ9€§é QE%Oéhm&ﬁgytnsresa&iaeybﬁg be the

conduc e substtafe n“consequence, the progressing directions of the

emtted el eghrons Q@Ef*’{@ai’n'f éﬂﬁ' pel penditulAlsded thak. EHEt hEBrous

semiconductor layer is not provided with a low-resistance
layer and it is provided with that.

Fig. 11 is a schematic view showing the conditions of

10 the conductive thin films in such cases that the porosity
of the low-resistance layer is lagger and it is smaller.

Fig. 12 is a schematic view showing the conditions of
the surfaces of the low-resistance layers in such cases
that the low-resistance layer is not re-crystallized and it

15 is re-crystallized.

Fig. 13 is a schematic view showing the conditions of
the electrical fields in such cases that the surface of the
porous semiconductor layer is inclined to the surface of
the conductive substrate and they are parallel to each

20 other.

Fig. 14 is a sectional elevation view of a field
emission-type electron source, in which the dispersion of
the thickness of each of the porous structures is larger.

Fig. '15 is a sectional elevation view of a field

25 emission-type electron source, in which the dispersiop of



because the distribution of the emtting angles of the 15 el ectrons
very smal |,
DESCRI PTI ON OF THE, DRAW NGS The present invention  wll becone nore

fully 20

according to the present invention. 25

01507, o RLALL58 PLAS0 At BN 1,

el ectron so

a display with high definition nay be achi eved. BRI EF
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understood fromthe detailed gescription gi ven bel ow and t he
acconpani ed drawings. Fig. 1 is a schena?ic vi ew expl aining the principle
of the electron-emtting nechanismin a field em ssion-type el ectron source

Fig. 2 is a schematic vi

field em ssion-t e .I 0 r caor.di L he.present,:5.
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and it is smaller.

Fig. 17 is a schematic view showing the conditions of
the porous semiconductor 1layers in such cases that the
thickneés of the porous semiconductor layer is smaller than
the interval between the conductive thin film and the
conductive substrate, and they are approximately identical
to each other.

Fig. 18 is a schematic view showing the conditions of

the etching processes in such cases that an anticorrosive .

conductive layer is not provided on the conductive
substrate and it is provided.

Fig. 19 1is a perspective view of another field
emission-type electron source according to the present
invention, in which the conductive substrate is composed of
a p—type silicon substrate.

Fig. 20 is a perspective view of the field emission-
type electron source shown in Fig. 19, in which contact
portions are formed.

Fig. 21 is a sectional elevation view of the field
emission-type electron source shown in Fig. 19.

Figs. 22A to 22F are sectional elevation views showing

ew

ctor
of

uni

t



Fig. 6 is a schematic view showing the estinmated el ectron-emtting
conditions in such cases that the thickness of the porous sem conductor is
|l arger and it is 15 smaller. Fig. 7 is a schematic view showi ng the
conditions of the conductive thin filnms iy such cases that the height of
the col ummar structure and the height of the porous structure are different
fromeach other and they are 20 Identical. Fig. BAis a schematic view
showi ng the construction of a porous seni conductor |ayer which does not use

pol ycrystal liidg%m%idiia%%n prodﬁicg;s o3Ba i é%‘éf%%gtc i eYes Mrp%ﬁ%ﬁs

construction a porous sem conduct or usi ng polycrystal’line

silicon. 0%741_-‘1'%%'i P%oE@s@ oGt iIgm&dfgéﬁypitﬂc_ﬁnt}\{ge‘%ﬁﬁ@@ﬁ%icﬁﬂ%}%%i ch

em ssi on-type on source accordi ng to the present 1 nvention,

the conduct igfe SYRI! ALE kS sRBITROSRIFQE. a1 N-type silicon substrate. 5
Fig. 10 i-s a schematic view show ng thé conditions of the electrical fields

|0 such cases 1haldl hgsaisous SeRemARIUCIPIew AYEM dip BRLAREOVGLRELLIAT 2
yer and It 1s provided wth that.
5 apparatus for manufacturing the field emission-type
electron soufce shown in Fig. 19.

Fig. 24 is a schematic view showing the condition that
the pore formation progresses, when the anodic oxidation is
performed while changing the polarity mutually.

10 Figs. 25A to 25D are sectional elevation views showing
intermediate products or a final product in the main steps
of the process for manufacturing another field emission-
type electron source according to the present invention,
the source having a conductive substrate in which a

15 conductive film is formed on a glass plate.

Figs. ?;6A to 26D are sectionai elevation views showing
intermediate products or a final product in the main steps
of the process for manufacturing another field emission-
type electron source according to the present invention,

20 the source having a conductive substrate composed of an n-

type silicon substrate.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Hereinafter, preferred embodiments of the present

25 invention will be concretely described.



Fig. 11 is
thin filns
| ar ger and

condi ti ons

el ectri cal

a schematic view show ng the conditions of 10 t he conductive

I n such cases that the porosity of the | owresistance | ayer
it is smaller. Fig. 12 is a schematic view show ng the

S

of the surfaces of the lowresistance |ayers in such cases that
the lowresistance layer is not re-cryst@%ized and it 15 i s
re-crystallized. Fig. 13 is a schematic view show ng the conditions of the

fields in such cases that the surface of the porous

sem conductor_layer is inclined to the surface of the conductive substrate
and they ar elEghagdiment; d)each 20 other. Fig, 14 is a sectional elevation

view of a field em ssion-type el ectron source,

the thickness of I@acpréertke pohdeyestihrt abe¥ersephigeed phgects jthe

secti onal

el evation view of a field 25
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t he porous structures is larger 5 dit is smaller-
to J%lectron source"), and tgen have gﬂtained thém&nowledge

described below.

That is, the electron source, which is described in
the Japanese Laid-Open Patent Publication No. 8-250766 or
the Japanese Laid-Open Patent Publication No. 9-259795, has
the semiconductor layer which is provided with the ohmic
electrode on one main surface thereof., Further, the porous
layer, into which electrons are injected, is formed on the
other main surface of thé semiconductor layer by making the
semiconductor layer porous. Meanwhile, the thin metal film
electrode is provided on the surface of the porous layer.
However, in the above-mentioned construction, the popping
phenomenon of the electrons is easily caused, and further
the in-plane dispersion of the amount of the emitted
electrons.easily occurs.

It may be considéred that the reason why the above-
mentioned disadvantages easily occur, is as follows., That
is, originally, the heat-insulating property of the porous
layer is very high. In addition, the heat-insulating
property of the porous layer becomes extremely high because

the electron source is operated in the vacuum atmosphere.

I n which the dispersion of

em ssion-type el ectron source,

in



Fig. 17 is a schematic view showi ng the conditions of the porous

sem conductor |layers in such cases that the thickness of the porous

sem conductor |ayer is smaller than the interval between the conductive
thin filmand the 10 conductive substrate, and they are approxi mately

I dentical to each other. Fig. 18 is a schemat i c vi ew showi ng the conditions
of the etching processes in such cases that an anticorrosive conductive
|layer is not provided on the conductive -15 substrate and it is

provided. Fig. 19 is a ers i ve vi ew, of anot her |eI em _ssi.on e

el ectron soutR¥FSHQIS i b p yt# [ﬁ?ﬂﬁﬂﬂeq%séﬁ??Bn ScVe ﬁ%ctive
substrate is conposed of a yp I C n sub trate. 20 S
a perspectl$§Wﬂ¥ﬁ?o?eFﬂ%ﬁ?l5%8 Zﬁﬁgb %I%ﬁt?gﬁtséan

Fig. 19, in whjch contact portlon are forned 21 is_a sect naI

el evation vi'BWeh t2kes | BREL eAPs&P6n TS iore& oﬂ‘%oﬁlr%%tlémm ﬁ?'

25 Flgs 22A to 22F ar sectlon I el evati on vi ews, show ng

i nt er medi at eEBR o FEMPETSTUZES | Fepr‘dHu & nPPR]YFrai Yﬁrep?eﬁf’mFﬁe Ib‘ﬁ%l&ess

for manufacturing the field em ssjon- e
5 largé%; Moreover, %he izgkice vibration in the porous

layer becomes larger due to the temperature rise. Thus, at
a position where the temperature rise is larger, the numbér
of scattering of the electrons, which pass through the
porous layer, increases due to the lattice vibration. In

10 consequence, the amount of the emitted electrons is made
extremely unstable. There 1is repeated such a phenomenon
that the temperature is elevated due to the current flow at
first, the current flow is restrained by the temperature
rise so that the temperature is lowered, and then the

15 temperature returns to the initial state. Thus, the amount
of the emitted electrons is made unstable with the lapse of
time. It is considered that the popping phenomenon of the
electrons may easily occur due to the above. Meanwhile,
the resistance of the senmiconductor is lowered by the

Zd temperature rise so that the amount of the electrons, which
are injected into the porous layer, increases. It is also
considered that the popping phenomenon may easily occur due
to the above-mentioned change of the amount of the
electrons due to the temperature change.

25 Meanwhile, because the porous layer has an extremely



el ectron source shown in Fig. 21. Fig 23 is a schematic view of an anodic
oxi dation 5 appar at us for manufacturing the field emssion-type

el ectron source shown in Fig. 19. Fig. 24 is a schematic view show ng the
condition that the pore formation progreﬁé when the anodic oxidation is
performed while changing the polarity nu aIIy 10 Figs. 25A to 25D
are sectional elevation views show ng internedi ate products or a final

pr oduct in the mai n steps of the process for nanufacturing anot her field

em ssi on- Iectron sour.ce ccordln o-t ent invention, the
sour ce haV| “Eﬁc‘&?&ﬁ q:rjﬁ"e gv\A’nscHP]af Ut t bAdBECRDEet iUHR | s
formed on a gl ass . 206A t e sectional elevation views
showi ng i nt a@ét roflu ‘3%016 t%llqaﬁnals %(?duct IR tFRASRIHEIG s W@ t he

process for manu ctur g anot her field em.ssion- ,type, el eciron source
accor di .ng té“‘FFf@’%r e§’8 i iSEnt P20 ununﬁ‘rg’rgbuf'é‘e FB%i iyt eP%ondud® ve
bstr at d .of - bstr LED DESCRI PTI ON OF
TV PREFERRED VBRHRENTS Pt S RPEPS I ErHGHEE eSS it csen
25 |5nvent e no lVéII lLXlSagloggr e;;[reclalesdsescrl beday

be more difficult to

obtain a poérous structure in which the pores are arranged

in _the geometrical state because an electrochemical

reaction is used. If the current path becomes ununiform in

the plane, the current flowing in the porous layer becomes

10 ununiform. In consequence, the heat generated by the

current also becomes ununiform in the plane. As described

above, the generated heat has a function to restrain the

current flow; Therefore, the generated heat further

enlarges the in-plane dispersion of the current due to the

15 ununiformity of the current path, Hereupon, because a part

of the current contributes to the emission of the electrons,

it may be considered that the in-plane dispersion of the
amount of the emitted electrons easily occurs.

Meanwhile, in the electron source described in the

20 Japanese Laid-Open Patent Application No. 9-2597%85, the

| emission of the electrons occurs at a position which is

very near to the surface of the porous semiconductor layer.

Therefore, it is preferable that the thickness of the

porous semiconductor layer is smaller. However, it is

25 necessary that the thickness is larger to a certain degree



(Enbodi ment 1) In order to achieve the above-nentioned object, the present
I nventors have eagerly nmade studies of a field em ssion-type el ectron
source (hereinafter, nerely referred 5 to "electron source"), and fhen
have obt ai ned the know edge descri bed belgw. That is, the el ectron source,
which is described in the Japanese Lai d-&pen Patent Publication No.
8-250766 or the Japanese Lai d-Open Patent Publication No. 9-259795, has 10
t he sem conductor |ayer which is provided with the ohm c el ectrode on one

mai n surface thereof. Further, t orous layger, into Lch_electrqns are
inj ected, i<Tf oPFRRKE orfd h@gg??@r qﬁ’eﬁpnugﬁ%f’ﬁ?}gggf cf"ﬁesggﬁilg&ﬁguc?%r%?’fyer by
maki ng the seni conductor |ayer poroys. M il,e, the thin tal film15

el ectrode i $8§i6¢i-ded TBHSt hellsu ﬁac%‘cﬁ‘fn t ﬁg\éfgor Pﬁ?ﬁlﬁ.lcf;mvé]rs,alqlt‘? t he
above-nentioned construction, the popping phenonenon of the electrons is
easi |y caus&@nagn@ff fhendhickaess. gisafe 1ditepelsi bR -of HEFEURRBunt fofththe
emtted electrons easily occurs. 20 , LE ngg be consj dered that the
reason why theCXBEFa- OfiehPEoRRECHF sS R R WasiaXP H dcude e25e% dM ous.
That is, originally, the heat-insulatin roperty the porous |ayer is
very hidgh. °%Idﬁrad¥ﬂ tFahse gﬁ% ﬁéﬁcﬁﬁrﬁgl‘aﬁ?gﬁénﬁr c?gefﬁ%}e&yt e pBP ol 1 ayer
o e ro i fiehsd Itn@°CHEEES or Hfe® SRILAD SUIGR ISP o4 N the

considered that the heat generated in a portion which
highly influences the emission of the electrons at the
surface layer, may causes a certain problem, because the
10 amount of the emitted electrons increases. It may be
considered that the problem becomcs more remarkable as the
thickness of the porous semiconductor layer becomes smaller.
Therefore, it may cause a practical problem to simply
decrease the thickness of the porous layer. That 1s, in
15 the prior art, it may be considered that it is difficult to
increasé the amount of the emitted electrons and the
electron-emitting efficiency while restraining the popping
phenomenon and the in-plane dispersion of the amount of the
emitted electrons.
20 The present inventors ha?e achieved the present
invention on the basis of the above-mentioned knowledge.
An electron source according to Embodiment 1 of the
present invention includes a conductive substrate, a
semiconductor layer formed on a surface of the conductive

25 substrate, at least a part of the layer being made porous,



31 Therefore, it may be considered that when the voltage is applied between
the both electrodes so that the current, which takes part in the em ssion
of the electrons, flows, the tenperature rise in the porous |ayer becones
much 5 | arger. " Moreover, the lattice vibration in the porous |ayer
beconmes | arger due to the tenperature rise? Thus, at a position where the
tenperature rise is |larger, the nunber of scattering of the electrons,

whi ch pass through the porous |ayer, increases due to the lattice

vi brati on. ln 10 onsequence, %h anopunt. of the emtted electrons is
made ext r enetY ufts A _Ctnghékgqs }ﬁﬁeéF@HfEGéh%%ﬁﬂﬁﬁ%ﬁ%n&?ﬁmﬁﬂ ®he
tenperature js el evated dugato the current flow at first, the current flow

i s restrai ned by SFRACPBABEFAE U Yalee YRoTHR PREcLERpEr dMested | HEP ed,

and then the 15 tenmperature returns to the jnitial state.  Thus, the
amount of thg‘%n{:?f’gﬂgg?‘g‘étrs sstir?léﬁacPer%n?’PéBF%dvviftrﬁmt HS apRRIBELivee. |t

I s considered fhat_the pi ng phenonenon of the el ectrons may. easily occur
due to the aﬁb’t}b fl]ﬁ‘eaﬁ%ﬁ # tEgeré?%%%ﬁf&f@“Eﬁoq hd2¥&¥ cBXduePptying

| ower ed. by t he 20 tenperature rise so that the_anount of the electrons,
whi ch ate irﬁ%&ﬁ%ﬁ?iqﬁyﬁgaﬂa%§ﬁwﬁﬁ?qW&FéWF Fﬁ&Pe§§é§.aP9 FRe areRdeeHEYRler ed

Lhat N POPRLAG DENOIENaN ™ SaSindk OBREE PHE 'RadiR 352 il 1O
acts as a positive electrode against the conductive
substrate. In the electron source, the semiconductor layer
includes a porous semiconductor layer in which columnar

10 structures and ©porous structures composed of fine
semiconductor crystals of nanometer scale coexist, the
surface of each of the structures being covered with an
insulating layer. Hereupon, the average dimension of each
of the porous structures in the thickness direction of the

15 semiconductor layer is smaller than or equal to 2 um.

Hereinafter, an electron source and the electron-
emitting mechanism thereof will be concretely described.

As shown in Fig. 1, the electron source 10 is provided
with a conductive substrate 1 composed of an n-type silicon

20 substrate. Further, on a main surface of the conductive
substrate 1, a porous semiconductor portion 6a of a porous
semiconductor layer 6 (strong field drift layer) is formed
with a laminated state, the portion being composed of an

oxidized porous polycrystalline silicon layer (In the

25 construction shown in Fig. 1, the whole porous



el ectrons due to the tenperature change. 25 Meanwhi | e, because the
porous | ayer has an extrenely 32 conplicated construction, it is
difficult to arrange the pores wth a geonetrical state. In
consequence, the current path. may beconme wununiform in the plane.

In particular, when the porous layer is f¥ nmed by neans of the 5 ° anodic
oxi dation process, it may be nore difficult to obtain a porous structure
in which the pores are arranged in the geonetrical state because an

el ectrochem cal reaction is used. If the current path becomes ununiformin
the pl ane, téemiconduttdt cdvdyer 6 functionsuasl sher pbrousesenpconduatiorf orm
In consequence, the heat generated by the current al so becones

“ununi form i npoheiqh ane. Merdeseri bed dihevmondvs gericandhdiat hagen 6
function to restrain the current flow Therefore, the generated heat
further enl afpesothesémigirhctdin pordiion f8)yhe condegtivgethént félms7
ununi formty of the current path. Hereupon, because a part of the current
contri butes {surfiecentksirods) tdempasest vdng, thinnapted £44Bi d8r farrpdt t he
i n-pl ane di spersion of the anbunt of the emtted el ectrons easily occurs.

Meanwhi e, iwithe x| damionteduretatiescri 98d -thet Heagl surfasgnesd the

Lai d- Open Patent Application No. 9-259795, the
conductive substrate 1, an ohmic electrode 2 is formed.

When the electfons are emitted from the electron
source 10, a collector electrode 12 is disposed so as to
face the conductive thin film 7. The space between the

10 conductive thin film 7 and the collector electrode 12 is
maintained in a vacuum condition. Then, DC voltage Vps is
applied between the conductive thin film 7 and the
conductive substrate 1 {(ohmic electrode 2) in such a manner
that the conductive thin film 7 has a higher electrical

15 potential against the conductive substrate 1. On the other
hand, DC voltage Vc is appliéd between the collector
electrode 12 and the conductive thin film 7 in such a
manner that the collector electrode 12 has a higher
electrical potential against the conductive thin film 7.

20 If each of the'DC voltages Vps, Vc is conveniently set, the
electrons injected into the conductive substrate 1 drift
through the porous semiconductor layer 6, and then emitted
from the conductive thin film 7 (The dashed line in Fig. 1
shows flows of the electrons e emitted from the conductive

25 thin film 7.). The conductive thin film 7 is composed of a



em ssion of the electrons occurs at a position which is very near to the
surface of the porous sem conductor |ayer. Therefore, it is preferable that
t he thickness of the porous sem conductor layer is snaller. However,
it is 25 necessary that the thickness is larger to a certain degree
33 in order to obtain the uniformity or sStability of the device. Thus,
it is shown that the practically usable range of the thickness is 0.1 to 50
A m Hereupon, if the thickness of the porous sem conductor |ayer is
decreased in 5  order to raise the electron-enitting efficiency so as to
i ncrease t h@aheduml daving énismadd el svwkorfiindtiions cdhe ddvetkrdsat dfhe
heat generated in a portion which highly influences the enmission of the
el ectrons attheheonducidael shén fidp dalseset terakout pr®bierm5 because t he
10 anmount of the emtted el ectrons increases. It may be considered
that the probl emPSe&hea gt eFignaZkalfhe ®oroms terdiaresiotbrt e yidonus
sem conduct or |ayer becones smaller. Therefore, it may cause a practica
probl em t o $ianppf; tber paseusheamiagndasy-caf awemofoundlages. collimmiar s, in
15 the prior art, it may be considered that it is difficult to increase
the andunt &trusEuzsst fad (eraénsbneonpasedeotl eelymme malyany sfaflildinency
whil e restraining the pogging
' silicon. On the surface of each of the columnar structures

21, a thin insulating film 22 composed of a silicon oxide

film is formed. Meanwhile, the porous semiconductor

portion 6a includes fine crystalline silicon particles 23

10 of nanometer scale disposed among the columnar structures
21. On the surface of each of the fine crystalline silicon
particles 23, there is formed an insulating film 24
composed of é silicon oxide film, the thickness of the film
being smaller than the crystalline particle diameter of the

15 fine crystalline silicon particles 23. The many fine
crystalline silicon particles 23 with the insulating films
24 constitute porous structures 25. It may be considered
that the surface portion of each of the grains, which is
contained in the polycrystalline silicon before pore-

20 forming process, 1s made porous so that the crystalline
state is maintained by means of the remaining grains,
hamely columnar structures 21, in the porous semiconductor
portion 6a. Therefore, the most part of the electrical

field, which is applied to the porous semiconductor portion

25 6a, is converged and applied to the insulating films 24.



phenomenon and the in-plane dispersion of the amobunt of the emtted

el ectrons. 20 The present inventors have achieved the present
i nvention on the basis of the above-nentioned know edge. An el ectron source
according to Enbodinment 1 of the present invention includes a conductive
substrate, a semiconductor |ayer formed o¥/ a surface of the conductive 25
substrate, at |least a part of the |ayer being nmade porous, 34 and a
conductive thin film(surface el ectrode) formed on the sem conductor | ayer,
wherein electrons injected into the conductive substrate are emtted from
t he conductile cbhsefuéncehr shgh injected cvkrititans | elyardyaappl sTaged

vol tage between the conductive thin filmand the conductive substrate in
such a nmanneamongt théecobununari e&ruptures| dladys the aspeona i ebeeteicabde
agai nst the conductive substrate. In the electron source, the sem conductor
| ayer incl udébeld mpmlieddd dévwddasydatdper fiamehedh anflubher doplft in
structures and porous structures _conposed  of fine sem conductor
crystal s of Hamohierestiomlal cldesiarrov e SurFige df (@Rardfin el rakt ures
bei ng covered with an insulating | ayer. Hereupon, the average di nensi on of
each of5t he Fereuponst r btt meys ba coesideretesbali tde ohprPiranfe which

have reached the surface of the porous semiconductor
portion 6a, are hot electrons so that they easily tunnel
the conductive thin film 7, and then are emitted into the
vacuum atmosphere.

10 In the electron source 10, the current flowing between
the conductive thin film 7 and the ohmic electrode 2 is
referred to "diode current Ips".. Meanwhile, the current
flowing between the collector electrode 12 and the
conductive thin film 7 1is referred to “emitted electron

15 current Ie" (see Fig. 1). The larger the ratio of the
emitted electron current JTe to the diode current Ips
(Ie/Ips) becomes, the higher the electron-emitting
efficiency becomes. Hereupon, in the electron source 10,
even if the DC voltage Vps applied between the conductive

20 thin film 7 and the ohmic electrode 2 is a low voltage such
as about 10 to 20V, the electrons can be emitted. Further,
in the electron source 10, the electron-emitting property
less depends on the degree of the vacuum. In addition, the
popping phenomenon does not occur when the electrons are

25 emitted so that the electrons may be stably emitted with a



15 sem conductor |layer is smaller than or equal to 2 pm Hereinafter

el ectron source and the electron- emtting nechanismthereof wll be
concretely described. As shown in Fig. 1, the electron source 10 is
provided with a conductive sibstrate 1 coq?osed of an n-type silicon 20

substrate.

field drift

Further, on a main surface o}

| ayer) is formed with a |am nated state, the portion being

conposed of an oxidi zed porous polycrystalline silicon layer (In the 25
const ruct i orhighgmgiectnen-anigting effigiencywhole  porous 35

sem conductor |ayer 6 functions as the porous serni conductor portion.).
Moreover, on the Iorithe abaveaentdoned gpasteucsdpbusaBent E¥REUEL bCPBIti on

6a), a conductive thin film?7 (surface el ectrode) conposed of a thin netal

filmis fornsdb$tratenih used aas nbkedcondickive SUpstRitdakk HOWEHEE: of

the conductive substrate 1, an ohmc electrode 2 is forned. Wen the
el ectrons arbnstead edff the pndictdivieorsdpifialelol gosppredt f ditRode 12

I s disposed so as to face the conductive thin film7.

the 10 5 cohveetsidican mutigtnateandhere &6 b6t 81 sel Beefofectpdpstive
mai ntai ned in a vacuum condi ti on. Then, DC voltage Vps.is

10

15

20

25

substrate in which an ITO film or a conductive film such as
a metal film of Al, Ni, Cr, Mo, Ti, W, Pt etc. is formed on
an insulating substrate such as a glass plate. In this
case, the area of the electron-emitting surface of the
electron source 10 can be made iarger so that the cost of
the electron source 10 may be reduced.

In Fig. 3, there is shown an example of the conductive
substrate having the construction described above. The
conductive substrate includes an insulating substrate 13
composed of a glass plate and a conductive layer 8b
composed of an ITO film, which is formed on the insulating
substrate 13. A conductive thin film 7 (surface electrode),
which is composed of a thin metal film, is formed with a
laminated state above the conductive layer 8b, while
interposing a porous semiconductor layer 6 (porous
semiconductor portion 6a) between the film 7 and the layer
8b. In the electron source 10, after a non-doped
polycrystalline silicon layer has been deposited on the
conductive layer 8b, the polycrystalline silicon layer is

made porous by means of the anodic oxidation process, and

t he conductive substrate 1, a
porous sem conductor portion 6a of a porous sem conductor |ayer 6 (strong

The space between

an



appl i ed between the conductive thin film?7 and the conductive substrate 1
(ohmc electrode 2) in such a manner that the conductive thin film7 has a
hi gher el ectrical 15 potential against the conductive substrate 1. On
the other hand, DC-voltage Vc is applied between the collector electrode 12
and the conductive thin film?7 in such a ¥nner that the collector

el ectrode 12 has a higher electrical potential against the conductive thin
film7. 20  If each of the DC voltages Vps, Vc is conveniently set, the
el ectrons injected into the conductive substrate 1 drift through the porous
seni conduct o¥hely ekt 6 isan@xdddzedn Prediitbhiisd SShdldetvethi nPPYPHE7
(The dashed line in_ Fi 1 shows flows of the electrons e& emtted fromthe

g.

conduct i ve 2%emicenqyckey layer 6 fife LUH@dctive thin film7 is conposed of
a . 36 material having a smaller work function. The thickness of the
conductive thin fierguPeny skhet Braesas f0Tt dFoImDy ARG FPBICS, the
por ous sem conductor portion 6a of the porous sem conductor |ayer 6

i ncl udes col i¥mapown 1ngFiget o} el EBRaPAEFLESAPOSAE GF SAMFnAF the

pol ycrystalline silicon. On the surface _of each of the columar structures
21, a thin i7a3f £F ighe i IRITVORVLES 30 POV dBnFdTi dé- f PRREPF st br med.

Meanwhi | e, the orous senl conduct or_ . . .
the DC voltage Vps 1is applied between the conductive thin

film 7 and the condictive layer 8b in such a manner that
the conductive thin film 7 has a higher electrical
potential against the conductive layer 8b

10 As shown in Fig. 4, in the electron source 10, heat is
generated in the porous structures 25, due to collision of
the electrons which is caused by the current flowing
through the fine <crystalline | silicon particles 23
(composition of the porous structures} of several nm, the

15 particles constituting the porous structures 25. The heat
is discharged from the porous structures 25 to the columnar
structures 21 as shown by the arrow H,, and further
discharged to the conductive substrate 1 through the
columnar structures 21, which exist near the porous

20 structures 25, as shown by the arrow H,. In consequence,
the temperature rise of the porous structures 25 becomes
extremely small, If the temperature rise is émall, the
increase of the lattice vibration of the atoms constituting
the porous structures 25 is restrained. Therefore, the

25 number of scattering due to the lattice vibration of the



portion 6a
nanoneter s
of each of

filmbeing
crystalline

It may be c
i's containe

process, is nmade porous so that the crystalline state is maintai ned by

I ncludes fine crystalline silicon particles 23 10 of

cal e di sposed anong the columar structures 21. on the surface
the fine crystalline silicon particles 23, there is formed an
insulating film 24 conposed of a silicon oxide film "the thickness of the

smal l er than the crystalline ﬂgrticle di aneter of the 15

fine

silicon particles 23. The many fine crystalline silicon
particles 23 with the insulating filns 24 constitute porous structures 25.
onsi dered that the surfacepﬁortion of each of the grains, which

glpatraBspBRysingt RRrPREhsERPCBRTBEFOPETPEERTE 285 dopsr Moy

nmeans of t héRFERBFAFNg ghhi FONSEINEMESe 0| tRAar2BeMREL Rfes e eRitkedpor ous

sem conduct
field, whic

converged and appljed to the insulating filns 24.

or portion 6a. . Therefore, the nost part of the electrical
BLESLERPFi é8 DIy STddid ig@t c LR LHRK tt oM amountgQf |

37 I n consequence,

S
t he

i nj ected el BREr opRIkLeq LRIt dACERBAGSt he BF unthe JEsWditur e$bgl by

electrical field applied tq the jnsulating filnms 24, and then

t he strong
drift Pn th
Her eupon, |

10

15

20

25

BOBPiREt PBRANGPCRAR alP3GRALSH FFi {AT9R (ChARGR ?h Ehg. apung

t _may be considered that the el ectrons,_ which
of ghe em{%ted electrons w?tﬁ £he lapse of time, 1is

diminished, and further the in-plane dispersion of the
amount of the emitted electrons due to the generated heat
is reduced.

In the conventional electron source, the porous
semiconductor layer 1is composed of the porous structures
only, the structure having a very high heat-insulating
property. On the other hand, in the above-mentioned
construction according to the present invention, the heat
generated in the porous structures 25 due to the electron
emission 1is discharged to the conductive substrate 1
through the columnar structures 21. In consequence, the
temperature rise of the porous structures 25 becomes
extremely small in comparison with the conventional
construction.

Meanwhile, if the temperature rise of the porous
structures 25 is large, the resistance of the adjacent
semiconductor layer is lowered so that the amount of the
injected electrons increases. The above-mentioned change

of the amount of the injected electrons due to the



have reached the surface of the porous sem conductor portion 6a, are hot

el ectrons so that they easily tunnel the conductive thin film?7, and then
are emtted into the vacuum at nosphere. 10 In the el ectron source
10, the current flow ng between the conductive thin film?7 and the ohmc
electrode 2 is referred to "di ode current4) ps". Meanwhi | e, the current

fl owi ng between the collector electrode 12 and the conductive thin film7
is referred to "emtted electron 15 current le"" (see Fig. 1). The

| arger the ratio of the emtted electron current |e to the diode current

| ps (1e/|ps)tempryafiiee change MaghePTromOke SBLBctPBRLRRSt t FRAT of BRI ency
becones. Her eupon, in the el ectron source 10, even if the DC voltage Vps
appl i ed bet ve@PPINgE: BHRROBENOE BRSLLIY NPRCREF mWheAndthfe ediRtEoBSecti®de 2
is a low voltage such as about 10 to 20V, the electrons can be enitted.
Further, in emkte@bctansh Barirberagilamiet el Rkt v - FPIRT R pHopefritieds
depends on the degree of the vacuum In addition, the popping phenongnon
does not occeteqkrang 2wl BEIOFr Sy ¢ BOWeVeRy the gt emPeFatuher et ct? ons
may be stably emitted with a 38 hg%per electron-enittinqletficiencg. In
the abo%e- nedxtesralyofseldctitonthan abompr@estipRgd construction, th

occurrence of the popping phenomenon may be extremely
. restrained. Further, because the occurrence of the in-

plane dispersion of the temperature rise plane is

restrained, the irregularity of the amount of the emitted
10 electrons less occurs.

Meanwhile, in order to apply the electron source 10 in
various ways, it is essential to increase the amount of the
emitted electrons: Therefore, it is necessary to achieve a
further increase of the electron—eﬁitting efficiency of the

15 construction and an increase of the amount of the emitted
electrons. In order to achieve the above, it is necessary
to increase the intensity of the electrical field of the
porous structures 25. However, even if the applied voltage

.is elevated in order to increase the intensity of the

20 electrical field in the construction, it may be nothing but
that the intensity of the electrical field around the apex
portions of the columnar structures 21 increases,
Therefore, the intensity of the electrical field may not be
highly improved,.

25 Thus, based on the result shown in Fig. 5, the present



substrate is used as the conductive substrate 1. However, instead of the
conductive substrate 1 conposed of the n- 5 type silicon substrate,
there may be al so used a conductive substrate in which an ITOfilmor a
conductive filmsucth as a netal filmof A, N, C, M, Ti, W Pt etc. is
formed on an insulating substrate such a42a gl ass pl ate. In this case,
the area of the electron-emtting surface of the 10 el ectron source 10
can be made | arger so that the cost of the electron source 10 may be
reduced. In Fig, 3, there is shown an exanple of the conductive substrate
havi ng t he d&®ventessi oma¥escfiopad alded. 1tThd scorthsdtriabd esulidtartat ehe

I ncl udes an insulating substrate 13 15 conposed of a glass plate
and a condddokpess| pfereadd ebnpdsedaroumn $tndtnrgs whbchsi srfadrlsd on
the insul ating substrate.13. A conductive thin film7 (surface el ectrode),
whi ch is cofpegednfeguahi fonm &l mf ihmorder ororedifiechivelnniappled tdieat e

above the conductive _|ayer 8b, while 20 i nterposing a porous
sem conduct Glectyiepl Fleldpdipushe emé@wuétéucg@rw 04564 1nommerthehe
film7 and the | ayer 8b. In the electron source 10, after a

non- doped p&lpstyicall ifiels) i vdnilayaehhesingehhegeponstsdyctnonhaehich

conductive | ayer 8b, the polycrystalline silicon |ayer is 25 made porous

by neans of CBRe Apdffc Vhe ddreafirdssdesgingndproperty of the porous

structures 25 (the width of each of the porous structures

25 1is smaller than or equal to 2 um in the horizontal

section). If the electrical field in the porous structures

10 25 1is uniformed, the porous structures 25 ‘may be

effectively utilized for emitting the electrons. As the

result, the amount of the ewnitted electrons and the

electron-emittiné efficiency are increased so that the in-

plane dispersion of the amount of the emitted electrons is

15 restrained (the brightness irregularity is restrained as to
a display).

Fig. 6 shows an estimated mechanism. If the thickness

of the porous structures 25 is larger (left side in Fig. 6),

the electrical field converges at the region R,. On the

20 other hand, if the thickness of the porous structures 25 is

smaller (right side in Fig. 6), the electrical field is

uniformed in the region R,. That is, if the thickness of

each of the porous structures 25 is smaller, the electrical

field, which converges at the contact portions between the

25 columnar structures 21 and the conductive thin film 7 in



39 then it is oxidized or nitrified so that the porous sem conductor | ayer
6 is formed. Hereupon, the process for making the electron source 10 shown
in Fig. 3 emt the electrons, is as sane as the 5 case of the electron
source 10 shown in*Fig. 1, except that the DC voltage Vps is applied
bet ween the conductive thin film7 and tHe& conductive layer 8b in such a
manner that the conductive thin film7 has a higher electrical potential
agai nst the conductive |ayer 8b 10 As shown in Fig. 4, in the
el ectron source 10, heat is generated_in the porous structures 25, due to
col i si on ofthéhe RIIQE r oREtmhi &8 |§né§8§ﬂaybyapﬁé169rr$ﬁt s RPEMDugh
the fine crystalline S|I|con gartlcles 23 (conp05|t|on of the porous
structures} SSrustygied A% tRe-15 In particndareondiq t aEfaet t kbajorhe
structures 25. The heat is discharged fromthe porous structures 25 to the
col umar stﬂu&ﬂhr@%DGEEte%sinsm§ﬂ1PQﬁPuﬁhétr%?F%%PSst ignFPischareed

di scharged to the conductive substrate t hrough the col umar
struct ures Zhropghcibexicolvregr shEVFEHEES Qér isgpefeteteated ag Wpwn by
the arrow H err In consequence t he tenperature ri se of, the porous

struct i es 24 $ecoresRbanentielsnef | sach| pti fhe araus FFISHFess Sl |,
the increase of the lattice vibratjon %f the atons, constitutin the Oor ous

structures 25 ¥4 f%aj Hbpoudhnther § geCttﬁ S95 depengsh &R It i ng

due to the lattice vibration of the
of the porous structures 25. It is necessary that the

thickness of each of the porous structures 25 is smaller
than or equal to 2um, in order to uniform the electrical

10 field while effectively elevating the above-mentioned
effect,

(Embodiment 2)
Hereinafter, Embodiment 2 of the present invention
will be described.

15 In the electron source 10 according to Embodiment 1,
irreqularity (convex portions and concave portions) may be
formed on the surface layer of the porous semiconductor

.1ayer 6, depending on the process condition for forming the
layer. If the columnar structures 21 and the porous

20 structures 25 are individually formed by different
processes, very large irregularity may be easily formed
between the both. If there is used, for example, such a
process including the steps of forming columnar structures
and fine pores in the semiconductor layer by means of the

25 RIE process or the FIB process, dispersing fine silicon



40 el ectrons passing through the porous structure 25 does not increase.

In consequence, the anobunt of the emtted electrons is highly
stabilized, and further the anbunt of the emtted electrons increases.
As the result, the 5 poppi ng phenomenon, which is a | arge change of
the amount of the enmitted electrons with 4%he |apse of tinme, is dimnished,
and further the in-plane dispersion of the anount of the emtted el ectrons
due to the generated heat is reduced. 10 In the conventiona

el ectron source, the_ porous sem conductor |ayer is conposed of the
porous strudQWder & ythe Hd ke Qictthee SRAN-rE-g1eepyori fhehbbkei kaufhilng
property- On the other hand, in the above-nentioned construction
accor di ng t FRhePprEsEnt IR erfhieonfinfe RFAS 152nd RewkeRNg nat heedbr ous
structures 25. due to the electron em ssion is discharged to the conductive
substrate | G¥gaddmpntihevedy udddgestiradies ity may nbeomasddencEormede
tenperature rise of the porous structures 25 becones extrenely small in
conpari son WeanWiHd eoneaR| @ndpo rrystadiddmeyct i biconedihkhi Iformed tie

tenperature rise of the porous structures 25 is |large, the resistance of
t he adj%cenﬂmans of the LPCVD process, for example, is used as the

porous semiconductor layer, irregularity may be easily
formed in the direction that the grains grows if the
thickness of the polycrystalline silicon film is larger.
Further, when the semiconductor layer is made porous by

10 means of the anodic oxidation process, mahy fine convex
portions and concave portions are formed on the surface.
As the result, many fine convex portions and concave
portions (irregulafity) are formed on the surface of the
porous semiconductor layer.

15 Between the porous semiconductor layer 6 and the
conductive thin film 7 formed thereon, there exist portions
in which the both contact to one another and portions in
which the both do not contact to one another, if
irregularity is formed on thé surface ‘of the porous

20 semiconductor layer 6. In consequence, when the electrical
field is applied between the conductive thin f£film 7 and the
conductive substrate 1, the electrical field is ununiformly
applied into portions in the porous semiconductor layer 6,
depending on whether the conductive thin film 7 and the

25 porous semiconductor layer 6 contact or not to one another



sem conductor |layer is |lowered so that the anmount of the injected el ectrons
| ncr eases. The above-nenti oned change 25 of the anpunt of the
injected electrons due to the 41 tenperature change may pronote such
matters that the poppi ng phenonenon easily occurs when the electrons are
emtted, and the irregularity of the anp of the emtted electrons easily
occurs. However, the tenperature rise is 5 extrenely small in the
above-nentioned construction, the occurrence of the poppi hg phenonmenon may
be extrenely restrained. Further, because the occurrence of the in- plane
di spersi on af théeporttinrer.at Ae the seespltanethe sameunt Hhekhe tepitted
irregularity of the anbunt of the emtted 10 el ectrons | ess occurs.
Meanwhi | e, ielartdems coepphgs t housiBermodnsdtceplianen vahegiefarsys ift is
essential to increase the anbunt of the emitted electrons. Therefore, it is
necessary t ctlahekeetzorn usoweee | her éasarpiliede to ectdRlaN « tYHRFRFRXi ency
of the 15 construction and an increase of the anpunt of the emtted

el ectrons. lecordesudty aactisedyanraggbdhat ithej brightngasydisPeRTIRASE t he
intensity of the electrical field of the 'porous structures 25. However,
even i f5the tipplplana o f agee | CEPNY RREPMES okfFeX o | ¥erwdrklehel nElPisity

of the
electron source 10, the electron field applied to the

porous semiconductor iayer 6 converges at the apexes of the
convex portions or the bottoms of the concave portions on
the surface of the porous semiconductor layer 6. Thus, the
10 amount of the emitted electrons increéses at the portions
where the electrical field converges. In consequence, 1if
the electron source 10 is applied to a display or the like,
there may occur such a disadvantage that the luminous
brightness of specific points becomes brighter so that the

15 in-plane bright dispersion of the screen becomes larger.
Hereupon, in the Japanese Laid-Open Patent Publication
No. 10-269932, there is disclosed an electron-emitting
device in which a low-porosity layer with a high resistance
is provided on a surface portion of a porous silicon layer
26 to which the electrical field is applied. In the electron-
emitting device, the contacting property between the porous
silicon layer and the conductive thin film can be improved
by providing the low-porosity layer with a high resistance.
Further, the diode current flowing through the electron-

25 emitting device can be made small so that the electron-



20 electrical field in the construction, it may be nothing but that the
intensity of the electrical field around the apex portions of the
columar structures 21 increases. Therefore, the intensity of the
electrical field my not be highly inproved. 25 Thus, based on the
result shown in Fig. 5, the present 436i nventors have found that it is
desirable that the thickness of each of the porous structures 25 is smaller
than or equal to 2 p min order to effectively apply the electrical field
to the porous structures 25 (uniformthe 5 electrical field), while
achi evi ng t §81E8A80r effilehentycmayaber dpgovid. he dowdiverhabgicagser dper ty of
the porous structures 25 (the w dth of each of the porous structures 25 is
smal | er t hadoyrpegasityo 12yjear rpromided hen hthiezontrflacsecd £ obhe Iorohe
el ectrical field in the porous structures 10 25 is uniforned, t he
porous str@dddcen l@yenmyto behéthedthievetheattiidaledf fold ekt hippg itks
el ectrons. As the result, the ambunt of the emtted electrons and the
el ect ron- emhesi iy bigherexeypistencacrigastiie selebaronheni btiplyadevdiceper si on
of the ampbunt of the emtted electrons is 15 restrained (the brightness
i rregulParit §bes elenatrdicsdd Bkeld appliedayp. the porous silicon layer

may easily converge at the apexes of the convex portions or

the bottoms of the concave portions on the surface of the

low-porosity layer. In consequence, it may be considered

that the amount of the emitted electrons increases at the

10 portions where the electrical fiéld converges. Therefore,
if it is applied to a display or the like, it may be feared
that the luminous brightness of specific points becomes
brighter so that the in~plane brightness dispersion of the
screen becomes larger.

15 Thus, in order to solve the above-mentioned
disadvantages, in the present Embodiment 2, the porous
semiconductor layer is formed by making the polycrystalline
silicon layer porous, in which the .semiconductor layer to
be made porous is uniformly formed on the conductive

20 substrate. According to the construction, the
polycrystalline silicon layer itself does not have large
irregularity (convex portions and concave poxrtions).
Meanwhile, if it is made porous by means of the anodic

oxidation process, the height of the porous structures and

25 the height of the columnar structures are identical to one



Fig. 6 shows an estimated nechanism. If the thickness of the porous
structures 25 is larger (left side in Fig. 6), the electrical field
converges at the region Rlerr]. On the 20 ot her hand, if the thickness
of the porous structures 25 is smaller (right side in Fig. 6), the
electrical field is uniformed in the regidfnh R2. That is, if the thickness
of each of the porous structures 25 is smaller, the electrical field, which
converges at the contact portions between the 25 columar structures 21
and the conductive thin film?7 in 43 the prior art, is uniformy applied
to the poroumaihrerct uther2foregoporthionpar incwhach thbéecaidwctivdathime
heat generated in the porous structures 25 is discharged through the

col umar st rilidinureesd 2tihe i ponoue ekmiabrduatothéa§er doi didlt (@onipEcnetsi ze)

of each of the porous structures 25 is smaller, although the effect also

depends on refcdr icdiherof malyebgodess formedupver2the wildeixegisaessarhathat
the thickness of each of the porous structures 25 is smaller than or equal
to 2[err] m the abdere-trentiohedndikedehntagesabreOpartiakblyl salwed,

effectively elevating the above-nentioned effect. (Enbodi mnent 2)

Herei nditer, Enbadi nemdw? dih tRbgprdsenifi mhentheight of each of the
porous structures 25 and the height of each the columnar
structures 21 are different from each other (left side in
Fig. 7), it may be feared that the conductive thin film 7
is electrically snapped. On the other hand, if the height

10 of each of the porous structures 25 and the height of each
of the columnar structures 21 are identical to each other
(right side in Fig. 7), it may not be feared that the
conductive thin film 7 is electfically snapped. That is,
if the height of each of the columnar structures 21 and the

15 height of each of the porous structures 25 are different
from each other, irregularity may be formed on the surface
of the porous semiconductor layer. In this case, the
conductive thin film 7 with a very small thickness formed
on the porous semiconductor layer cannot cover with the

20 irregularity completely. In consequence, the conductive
thin film 7 falls into a state that it is electrically
snapped so that it cannot function as the electrode. On
the contrary, if the height of each of the columnar

structures 21 and the height of each of the porous

25 structures 25 are identical to each other, the above-



wi |l be described. 15 In the electron source 10 according to
Enbodinent 1, irregularity (convex portions and concave portions) nay be
formed on the surface |ayer of the porous sem conductor |ayer 6, depending
on the process condition for form ng the | ayer. If the columar
structures 21 and the porous 20 strdfctures 25 are individually
formed by different processes, very large irregularity may be easily
formed between the both. If there is used, for exanple, such a process
including the steps of formng columar structures and fine pores in the
seni conduct aeertayared prraslsnofatdes@bved BbEtpatcdde aonductilve prloiess,
di spersing fine silicon 44 powder or the |ike on the spin-on-glass or
the like to filnt % hgsydsder elrictrode)f mag ber Esrmaddipear oe hecigr bedkhy
treatment, very large irregularity my be easily forned. Meanwhile, when a
pol ycryst al Igoremaiildated fsitlamef.or med by 5 means of the LPCVD process,
for exanple, is used as the porous sem conductor layer, irregularity may
be easily fornedf n tie dcoeducoive hathihe didmns Tgrovs i €ledericakkness
of the polycrystallin: silicon filmis larger. Further, when the
sem consluct orormaydrcatedaddieporcessbyvielectpbaad ietdeiamnefifecokvelyi on
process, many fine convex
applied to the porous structures 25. In consequence, the
properties of the electron source 10 may be sufficiently
pulled out.
Further, 1if the porous semiconductor layer 6 is
10 composed of a polycrystalline silicon layer formed by means
of the anodic oxidation process, the columnar structures 21
and the porous structures 25 can be formed by a single step
by performing the anodic oxidation process to the
polycrystalline silicon layer. In consequence, the
15 manufacturing process of the electron source 10 may be
simplified. Further, the formation or anodic oxidation of
the polycrystalline silicon 1layer is advantageous for
enlarging the area of the electron-emitting surface.
Particularly, if there exist grains which have grown to the
20 . columnar shapes, the pore formations progress along the
grains. In consequence, the angles of the porous
structures 25 in their depth direction become approximately
perpendicular to the conductive substrate so that the

electrical field in the porous structures 25 becomes

25 approximately perpendicular to the conductive substrate 1.



portions and concave portions are fornmed on the surface. As the result,
many fine convex partions and concave portions (irregularity) are fornmed on
the surface of the porous sem conductor |ayer. 15 Bet ween the
porous sem conductor layer 6 and the conductive thin film7. formed
t hereon, there exist portions in which t4& both contact to one another and

portions in which the both do not contact to one another, if
irregularity is formed on the surface of the porous 20 sem conduct or
| ayer 6. In consequence, when the electrical field is applied between the

conduct i ve Beicausel e ardssHorcofduthe velechronat és 1domhnatedchbyi ddie fiel d
is ununiformy applied into portions in the porous sem conductor |ayer 6,
dependi ng olleissrienlt Hdeddndic tthee Poon st iStFurtanest B6 48 thisoanss,

sem conductor layer 6 contact or not to one another 45 at the portions.
As the resulthe eiecswoust avt emdtbadtindthe cdiresiiaedarrendiilagy hd n the
pl ane. Therefore, if the electron source 10 is applied to a display,

there may odder scemdectivadvapba§eateat ihe brilght nesnsediggecei on the 5
t he plane of the screen becones larger. Meanwhile, in the electron source
10, thé el ecistribusignappf i sbet et ingrmnglasn ebndine oeleaheeng is
converges at the apexes of the
decreased. Thus, higher definition can be achieved when
the electron source 10 is applied to a display or the like.
Fig. 8A shows an example of a process for forming a
construction, in which columnar structures and porous
10 structures coexist, without wusing the polycrystalline
silicon substrate. In this case, the columnar structures
26 are formed by means of the etching treatment using the
RIE process or the FIB process. Then, fine powder with a
nanometer structure is buried into the concave portions
15 among the columnar structures 26 so that the porous
structures 27 are formed. Alternatively, wvertical holes
are formed by performing the anodic oxidation process to an
Al plate or the like, and then fine powder with a nanometer
structure 1is buried into the 'vertical holes (concawve
20 portion}. However, in this case, it is necessary to
individually form the columnar structures 26 and the porous
structures 27 using different manufacturing processes.
Further, it is difficult to enlarge the area of the

electron-emitting surface.

25 On the other hand, as shown in Fig. 8B, if the process,



convex portions or the bottonms of the concave portions on the surface of
t he porous sem conductor |ayer 6. Thus, the 10 anount of the emtted
el ectrons increases at the portions where the electrical field converges.
In consequence, if ‘the electron source 10 is applied to a display or the
li ke, there may occur such a di sadvant ageb@ hat the | um nous brightness of
specific points becones brighter so that the 15 I n-pl ane bri ght
di spersion of the screen becones |arger. Hereupon, in the Japanese
Lai d- Open Pat ent Publication No. 10-269932, there is disclosed an
el ect r on- enivhichy pexvfeoens nthi ahodi¢ coxpdatoiin yto afre wolicaydtghline
resi stance is provided on a surface portion of a porous silicon |ayer 20
to which thesklizanitayer, eid musedpplthed polyenysdadlldater oyl igmirt t Lager
device, the contacting property between the porous silicon |layer and the
conductive th$nmaden earoNs in%pogedtmg'pgnﬁmnﬁ nyhtileh | bawpor 9sowy |tyer
with a high resistance. Further, the diode current flow ng through the
el ectron- 25olurggn t ishpresvi ce da&n engeduesgeal | thet halbovéersmeh etoneh-
46 em tting efficiency may be inproved. However, because the | ow porosity
| ayer p?ovi cepstirudieiosur fdze eBsihy pdicomedsi |Widn | ayemsingdenhi step he
electrical field is applied, has a higher resistance in the
el ect ron- eniMeamvhidesi cdf the film formation using polycrystalline
silicon or the pore formation by means of the anodic
oxidation is used, the area of the electron-emitting
surface may be easily enlarged.
10 (Embodiment 3)
Hereinafter, Embodiment 3 of the present invention

will be described.
An electron sourﬁe according to Embodiment 3 1is
characterized in that a low-resistance layer of
15 predetermined thickness is provided on the thin film side
end portion of the porous semiconductor layer in the
thickness direction of the semizonductor layer, the low-
resistance layer having a lower resistance in comparison
with other parts of the porous semiconductor 1layer.
20 Hereinafter, the electron source and the electron-emitting
mechanism thereof will be described.
As shown in Fig. 9, in the electron source 10, a low-
resistance layer 6c of predetermined thickness, which has a
lower resistance in comparison with the other parts, is

25 provided on the thin film side surface portion of the



5 the electrical field applied to the porous silicon |ayer may easily
converge at the apexes of the convex portions or the bottons of the concave
portions on the surface of the | ow porosity |ayer. I n consequence, it may
be considered that-the amount of the emtted el ectrons increases at the 10
portions where the electrical field convédges. Therefore, if it is applied
to a display or the like, it nmay be feared that the | um nous brightness of
specific points beconmes brighter so that the in-plane brightness dispersion
of the screen becones |arger. 15 Thus, in order to solve
the abovepomotisonsemiterdnctinmgdsyern & hénprideenthisksasferflpection
porous sem conductor layer is formed by making the polycrystalline silicon
| ayer poroushereofhi ch Thee 3eowrceadlatanece| shptenr o6Be aglRe PSr ods Mignic
uniformy formed on the conductive 20 substrate. According to
the constreledtomde schdhadl yidrey siraipliane laagndady @oterddial ddeshot
have large irregularity (convex portions and_concave portions).
Meanwhi | e, isurfiades poarddopopfuthbypatans senigendpert kpyematé Iegmnatess,

t he height of the porous structures and 25 the height of the col umar
struct res drdentdentli.cal tolbne CONSEOuRisither . €VRSr ef dfe, BRRt | AREOUH

whi ch the conductive thin '
semiconductor layer 6 does not partially contact to the

conductive thin film 7, the electrical field is uniformly

applied into the porous semiconductor layer 6 at the same

plane. Therefore, the dispersion of the amount of the

10 emitted electrons at the plane may be restrained. Thus, if

the electron source 10 1is applied to a display, the
brightness dispersion on the screen may become smaller.

As shown in Fig. 10, if the low-resistance layer 6c is

not provided (left side in Fig. 10), the electrical field

15 converges at the portions shown by T,. On the other hand,

if the low—resistancé layer 6c¢ is provided (right side in

Fig. 10}, the electrical field is uniformed. That is, 1if

irregularity exists on the surface of the porous

semiconductor layer 6, the conductive thin f£ilm 7, which is

20 formed in a very thin shape to increase the amount of the

emitted electrons, tends to become a net-like shape In

consequence, the electrical field converges at the portions

where the conductive thin film 7 of net-like shape contacts

to the porous semiconductor layer 6. Thus, the amount of

25 the emitted electrons extremely increases at the portions



filmand the porous sem conductor |ayer do not contact to each other, may
be I ess fornmed over the wide region so that the above-nenti oned

di sadvant ages are partially solved, 5 As shown in Fig. 7, if the
hei ght of each of the porous structures 25 and the hei ght of each the

col umar structures 21 are different fro®2each other (left side in Fig. 7),
it may be feared that the conductive thin film7 is electrically snapped.
On the other hand, if the height 10 of each of the porous structures 25
and the height of each of the columar structures 21 are identical to each
ot her (righisositdeti unphgformnityt ofmtheocampent caf cthe hemitited coefttotdnge t hin
film7 is electrically snapped. That is, if the height of each of the

col umar st egeugses(tigitdasse dbspergioyhasoftaeash difspilay)por oda the
structures 25 are different fromeach other, irregularity may be fornmed on
t he surfaceosherh®agshous then towrresbstanggetaver g iR Proyided darhe
conductive thin film7 with a very small thickness formed on the porous
sem conduct &hel gpsfacgndeveroedr thiet Paneasy Gemiqondagiiogr ileyexorp| dthe y.

I n consequence, the conductive thin film7 falls into a state that it is
el ectrikal | yownzppéatspcehanyer @Rty uatt Bomiad ct Ifairdlaget reddstroden t he
contrary, if the height of each of the columar structures 21 and the

hei ght of e&6h Wfak hatporadestasical spetenrtiiels bgsomgpe idepditdadal tI® each

other, the above- ] )
consequence, the intensity of the electrical field in the

porous semiconductor layer 6 is uniformed., As the result,
the in-plane dispersion of  the amount of the enitted
10 electrons of the manufactured electron source 10 becomes
extremely small.
Preferable examples of the above-mentioned low-
resistance layer 6c are as follows. .
It is preferable that the thickness of the low-
15 resistance layer 6c is smaller than the mean free path of
the electrons in the semiconductor forming the low-
resistance layer 6éc. If the thickness of the low-
resistanée layer 6c is set to a value smaller than the mean
free path of the electrons moving in the layer, the energy
20 loss of the electrons due to scattering of the electrons in
the low-resistance layer 6c may be reduced. 1In consequence,
the amount of the electrons which tunnel the low-resistance
layer 6c and then are emitted into the vacuum atmosphere,
may be highly increased. |

25 Meanwhile, the low-resistance layer 6c may be composed



48 menti oned problens are solved so that the conductive thin film7
(surface electrode) may be fornmed in an electrically conmunicated state. |If

the conductive thin film 7 is electrically 5 comuni cat ed, the
necessary electrical field is effectively applied to the porous structures
25. In consequence, the properties of the3electron source 10 may be

sufficiently pulled out. Further, if the porous sem conductor layer 6 is 10
conposed of a polyctystalline silicon |ayer ‘formed by neans of the anodic
oxi dation process, the columar structures 21 and the porous structures 25
can be fornedfbya a Mwrporosidy byayerf ohavigdt e Stadi ketox Peaoisds ypr dess
to the polycrystalline silicon |ayer. In consequence, the 15
manuf act ur i ngeppacksen ofithethg eatihem protrsc @ f1 Whenpprioy ssisppiicPndyctor
Further, the formation or anodic oxidation of the polycrystalline silicon
layer is ab@@wrageous for enlarging the area of the
electron-emtting surface. Particularly, if there exist grains which have
grown to the 20 Ascsthawiarishdpas, 11he ifor Eheommiasdny pebgrtdss abwng t he
grai ns. In consequence, the angles of the porous structures 25 in
their dépth Besbetanmebdevae apphexiledgery Pedferrdidaulin ¥bot hbklton8betive

substrate so that the electrical field in the porous structures 25 becones
electrical field converges at the portions shown by T,. On

the other hand, if the porosity of the low-resistance layer

6c is smaller (right side in Fig. 11), the electrical field

is uniformed. That is, if the low-resistance layer 6c is

10 composed of the low-porosity layer, irregularity on the

surface of the layer becomes vary smaller so that the

coverage of the conductive thin layer 7 may be elevated.

In consequence, the elect';rical field does not converge at

the convex portions or concave portions of the porous

15 semiconductor layer 6. As the result, the electrical field

is uniformed s¢ that the dispersion of the amount of the
emitted electrons may be restrained.

The above-mentioned low-resistance layer 6c composed

of the low-porosity léyer may be formed, for example, by a

20 process including tﬁe steps of forming the porous

semiconductor layer 6 by decreasing the porosity of the

surface portion of the semiconductor layer in comparison

with the porosity of the other parts of the semiconductor

layer after the semiconductor layer has been formed on the

25 conductive substrate 1, and oxidizing or nitrifying the



25 approxi mately perpendi cular to the conductive substrate 1. 49
Because the em ssion of the electrons is domnated by the electrical field
in the porous structures 25 in this case, the electrons are emtted in the

direction perpendicular to the conductive substrate 1. In
consequence, the 5 di stribution of tdHe emtting-angles of the
el ectrons is decreased. Thus, higher definition can be achi eved when

the el ectron source 10 is applied to a display or the like. Fig. 8A shows
an exanple of a process for formng a construction, in which col umar
structures amrquy ossmifondustonctlayes @oexikt, thikt ltase, ustngs tiet
polycrystalline silicon substrate. In this case, the columar structures
26 are fornetedpssmanstof pravigtechimgindéyidual ey for RoEmingcethe or
the FIB process. Then, fine powder with a nanometer structure is buried .
i nto the conomwergmirdtiagiee 15ayeran®ng thHe coulsemiBncest r gbeurekect28on so
that the porous structures 27 are forned. Al'ternatively, vertical holes
are formed bgoyeod okGj nint Weiahodthe dxi~pdianen dispeasdono ofn thle pimewntor t he
l'i ke, and then fine powder with a nanometer structure is buried into the
verticab holed t{leormeitd:2D eleqigmonisonp. smafidesyeran ba achigvedageth 4t s
necessary to individually formthe columar structures 26 and the porous
low cost.
Hereupon, if the semiconductor layer is made porous by
means of the anodic oxidation process, the current density
~may be set to a smaller value during a predetermined
10 | initial period of the anodic oxidation process, and then
the current density nay be increased after the
predetermined initial period. During the anodic oxidation
process, there exist an interrélation between the current
density and the porosity. Meanwhile, the resistance of the
15 low-resistance layer 6c changes in accordance with the
degree of the porosity. Therefore, the resistance of the
low-resistance layer 6c can be controlled by controlling
the current density.
Meanwhile, when the semiconductor layer is made porous
20 by means ‘of the anodic oxidation process, the light power
applied to the surface of the semiconductor layer may be
made smaller during a predetermined initial period of the
anodic oxidation process, and then the light power may be

increased after the predetermined initial period. In this

25 case, the resistance of the low-resistance layer 6c can be



structures 27 using different manufacturing processes. Further, it is
difficult to enlarge the area of the electron-emtting surface. 25
On the other hand, as shown in Fig. 8B, if the process, 50 whi ch
perforns the anodi c oxidation to the polycrystalline silicon layer, is
used, the polycrystalline silicon layer i% made porous al ong the grains
whi ch have grown to columar shapes. In consequence, the
above-nentioned 5 construction is weasily fornmed with a single

step. Meanwhil e,

if the filmformation using polycrystalline silicon or the

por e for maticontyolnesdsbpf conéradddng dhiedatight | powsed appidedr & ofhé he

el ectron-emtting surface may be easily enlarged. 10 (Enbodi nent 3)
Her ei naf t er , sionfack nefittix: efentienpiuetent lageentbonhangé bke desessbieg. An
el ectron source according to Enbodinment 3 is characterized in t hat a

| ow-r esi stance

Funteher pireferablpr eeedraphésedt hithleneabove-penticmed on

the thin filmside end portion of the porous sem conductor |ayer in the
t hi ckness dilewtresisifande lsamn Gedaceors| §pélowshe | ow resi stance | ayer

having a | ower resistance in comparison

5

10

15

20

25

The low-resistance layer 6c may be composed of a re-
crystallized layer which is formed by re-crystallizing a
surface portion of the porous seﬁiconductor layer 6.

As shown in Fig. 12, in a regular porous semiconductor
layer 6 using polycrystalline silicon {left side in Figq.
12), irregularity exists on the surface of the porous
semiconductor layer 6. On the other hand, if the low-
resistance layer 6c is composed of a re-crystallized layer
{(right side in.Fig. 12), the irregularity on the surface
becomes very small so that the coverage of the conductive
thin film 7 is raised. In conséquence, the electrical
field does not converge at the convex portions or concave
portions of the porous semiconductor layer 6. As the
result, the electrical field in the porous semiconductor
layer 6 is uniformed so that the dispersion of the amount
of the emitted electrons may be restrained.

The above-mentioned low-resistance layer 6c composed
of the re-crystallized layer may be formed, for example, by
a process including the steps of forming the porous
semiconductor layer 6 by making the semiconducto.r layer

porous after the semiconductor layer has been formed on the



with other parts of the porous sem conductor |ayer. 20 Hereinafter, the
el ectron source and the electron-emtting nmechanismthereof wll be
described. As shown in Fig. 9, in the electron source 10, a |l ow resistance
| ayer 6c¢ of predeterm ned thickness, which has a | ower resistance in
conparison with the other parts, is 25 Séprovided on the thin film side
surface portion of the porous sem conductor layer 6 in the thickness
di rection thereof. The | owresistance |ayer 6c acts as a mmc el ectrode
so that the in-plane electrical potential in the surface portion of the
porous seni comdiucttdvel aysubsidsdeonel, 5 re-cdgatatdizing then surface
consequence, even | f t he porous sem conductor |ayer 6 does not
partial ly ceourddiont oft tbecpnttausi semibondactor 7layée &@|lvtméarsd df dihek i s
uniformy applied into the porous sem conductor |ayer 6 at the sanme pl ane.
Therefore, lasexdi speeslonpobceshe, armnsht axfidilzdng0 or emitrifytectilens at
the plane may be restrained. Thus, if the electron source 10 is applied to
a display, theerodus gremiesmdiichosr slayewnbt he Brrekbs negsbecbesavsel Ithe As
shown in Fig. 10, if the lowresistance layer 6¢c is. not provided (left
si de i rP Fi gpor®jiont me-ehkrystridikeflibydths lasepnamipeml RIOGIRS IRAAMHES
shown by T,. On the other hand, if the |owresistance |ayer 6¢c is provided
(right sidethe low-resistance layer 6c¢, the low-resistance layer 6c
can be easily provided, comparatively. In consequence, the
field emission-type electron source, in which the in-plane
dispersion of the enmitted electrons is smaller, can be
10 achieved with a lower cost.

The low-resistance layer 6c may be composed of an
impurity-implanted layer which is formed by implanting
impurity ions into the porous semiconductor layer through
the surface of the porous semiconductor layer. In this

15 case, it may be easy to control the concentration or
distribution of the impurity in the low-resistance layer.

The above-mentioned low-resistance layer 6c composed
of the impurity-implanted layer may be formed, for example,
by a process including the steps of forming the porous

20 semiconductor layer 6 by making the semiconductor layer
porous after the semiconductor layer has been formed on the
conductive substrate 1, implanting the impurity ions into
the porous semiconductor layer from the surface side of the

porous semiconductor layer 6 Dby means of the ion

25 implantation process, and oxidizing or nitrifying the



Fig. 10), the electrical field is uniforned. That is, if irregularity
exists on the surface of the porous sem conductor |ayer 6, the
conductive thin film7, which is 20 formed in a very thin shape to

i ncrease the anount of the emitted electrons, tends to become a net-Ilike
shape In consequence, the electrical field converges at the portions where
the conductive thin film?7 of net-like shape contacts to the porous

sem conductor |ayer 6. Thus, the anmount of 25 the emtted el ectrons
extrenely increases at the portions 52 so that ununiformty of the
anount of tpomns t sdmiétentinoherodayer Ebri gletbidi spEsesi obhas,law- a
display). - On the other hand, if the |lowresistance |ayer 6¢c is provided
on t he surf amsishperceof fLhgepor oés sexdinconbact ofotmgdr Giithhe 8 good

| owresistance layer 6¢c acts as a mimc surface electrode so that its

el ectrical pmiamdldlabidddiyessd dehatcdhe electumsesoence, 10he imtwnsthy of
the electrical field in the porous sem conductor layer 6 is uniforned. As
the result, tthee impilearee ddispeesdiobnodf thrReemsbbad elechrorsiis eshalller,

el ectrons of the manufactured el ectron source 10 becones extrenely small
Preferdbl e iy eschiefved wd thabovewrenticsted | ow resistance | ayer 6c¢
are as foll ows.

The low-resistance layer 6¢ may be composed of an
impurity—diffused- layer which is formed by diffusing an
impurity into the porous semiconductor layer through the
surface of the porous semiconductor layer. When the low-

10 resistance layer 6c (impurity-diffused layer) is formed by
diffusing the impurity, it may be easy to enlarge the area
of the electron-emitting surface in comparison with the
case that the low-resistance laysr 6c (impurity-implanted
layer) is formed by implanting the impurity ionms.

15 The above-mentioned low-resistance layer 6c composed
of the impurity-diffused layer may be formed, for example,
by a process including the steps of forming the porous
semiconductor layer 6 by making the semiconductor 1layer
porous after the semiconductor layer has been formed on the

20 conductive substrate 1, diffusing the impurity into the
porous semiconductor layer from the surface of the porous
semiconductor layer by means of the thermal diffusion
process, and oxidizing or nitrifying the porous

semiconductor layer 6. In this case, the low-resistance

25 layer 6¢c, which has a larger area of the electron emitting



It is preferable that the thickness of the [ ow 15
Is smaller than the nean free path of the electrons in the sem conductor

resi stance | ayer 6¢

formng the | ow resistance |ayer 6c. If the thickness of the
| ow resistance layer 6¢c is set to a value snaller than the nean free path
of the electrons nmoving in the layer, thé&8energy 20 | oss of the

el ectrons due to scattering of the electrons in the | owresistance |ayer
may be reduced. In consequence, the anmpbunt aof the el ectrons which tunnel

the lowresistance |ayer Gc and then are emtted into the vacuum

at nospher e, smerfake, hi glany iher eeseilly 25provided Meamphrativéhe. In
| ow-resi stance | ayer 6¢ nay be conposed 53 of a low porosity |ayer
havi ng a smabheegpenaej t yhienetenpavnsspuwicehlOhe iat Waichathe dh-thleangor ous

sem conductor |layer 6. As shown in Fig. 11, if the porosity of the low 5

6C

resi stance dagpeer8dons dfar be (émftted deliectEogs 1il§, smhadlekectedrcalbefiel d

converges at the portions shown by T2. On the other hand, if the porosity

of the | ow eediswvardcwithyarlégerscestl ler (right side in Fig. 11), the

el ectri cal

10

field is uniformed. That is, if the |owresistance |ayer 6¢c is

Gonpod&aboflimbat| v porosity layer, irregularity on the

10

15

20

25

Hereinafter, Embodiment 4 of the present invention
will be described.

An electron source according to Embodiment 4 is
characterized in that the thin film side surface of each of
the porous structures 25 is parallel to the surface of the
conductive substrate 1. Hereinarter, the electron source
10 and the electron-emitting mechanism thereof will be
described. |

As shown in Fig. 13, if the .surface of each of the
porous structures 25 is not parallel to the surface of the
conductive substrate 1 (left side in Fig. 13), the
electrical field is bent. On the other hand, if the
surface of each of the porous structures 25 is parallel to
the surface of the conductive substrate 1 (right side in
Fig. 13), the electrical field in the porous semiconductor
layer is applied to the conductive substrate 1 in the
direction perpendicular to the sﬁbstrate. In consequence,
the electrons, which are emitted in the direction
perpendicular to the surface of each of the porous

structures 25, are also emitted in the direction



surface of the |ayer becones vary snaller so that the coverage of the
conductive thin layer 7 may be el evated. In consequence, the electrical
field does not converge at the convex portions or concave portions of the
porous 15 sem conductor layer 6. As the result, the electrical field is
uni formed so that the dispersion of the &%ount of the emtted el ectrons may
be restrai ned. The above-nentioned | owresistance | ayer 6c conposed of the
| ow-porosity |ayer may be fornmed, for exanple, by a 20 process

including the steps of formng the porous sem conductor |ayer 6-by
decr easi ng weepeoddsiflproftot hbesanf faee pof t thd efndurtisari sdsduster Y.ayer

I n conparison wth the porosity of the other parts of the sem conductor

| ayer after Thierefomesohtiectiorplaperdhatrbeehidmroldlon amid t2519-argdreduct i ve

substrate 1, and oxidizing or nitrifying the 54 porous sem conduct or
| ayer 6. lof t Hile caslgctrdng s ot ferthenr ydecrpaseddesan ithditvi dieel step
for formng the I owresistance |ayer 6c. I n consequence, the electron

source 10, idirekitdbnshe oifn- gihene afiidpgedsi gleaftrone anmiflorhly dfedore
emtted electrons is smaller, can be achieved with a | ow cost. Hereupon, if
t he ser congecpendiaydnri SontiletporBesthy result, a screen with higher
definition can be achieved in a display for which the
electron source 10 is used.
The above-mentioned porous semiconductor layer 6 in
which the surface of each of the porous structures is
10 parallel to the surface of the conductive substrate may be
formed, for example, by a process including the step of
performing the anodic oxidation process to the
semiconductor layer after the surface of the semiconductor
layer has Dbeen smoothedi If the surface of the
15 semiconductor layer, which is to be made pofous, is
subjected to the anodic oxidation after being smocothed, the
surface potential during the anodic oxidation process is
uniformed because the surface has Dbeen smoothed. In
consequence, the progressing rate of the anodic oxidation
20 process is uniformed. |
{(Embodiment 5)
Hereinafter, Embodiment 5 of the present invention
will be described.

When the electron source 10 according to Embodiment 1

25 is manufactured, for example, using the process accerding



means of the anodic oxidation process, the current density nmay be set to a
smal | er value during a predeterm ned 10 initial period of the anodic

oxi dation process, and then the.  current density may be i ncreased
after the predetermned i'nitial period. During the anodi c oxidation
process, there exist an interrelation betdfeen the current density and the
porosity. Meanwhile, the resistance of the 15 | ow-resi stance |ayer 6¢C
changes in accordance with the degree of the porosity. Therefore, the
resistance of the |owresistance |ayer 6¢c can be controlled by controlling
t he current werRnbodindrdnvdi | rgnede the ergtsormaiudinatdre istersicohor ous
20 by nmeans of the anodic oxidation process, the |ight power applied to
t he surface mgkinee theri pohviorystalbine $hiigen npAEoYHabYeredns| N@Fp athe
predetermned initial period of the anodic oxidation process, and then the
| i ght power angdite dxiciaddeond pxiocessy hangr etz indedr | Rl trbfvheg ibd.tan
this 25 case, the resistance of the |owresistance |ayer 6c¢ can be 55
control | ed bfomonthel Porgusheanigigndseher aAleled 16 idFe PsekRkde dfhate

sen conductor |ayer to change the porosity. Further preferable exanpl es of
t he abo¥e- nethe ofibdckoassesifst Ahee Hapmls GeepiecRdueEPy oRgructures 25

(region made porous) in the porous semiconductor layer 6
highly disperse {(becomes ununiform) in the plane, as shown

in Fig. 14.
The reason may be considered as follows. That is, in
10 the present anodic oxidation process, a constant current is
continuously fed between the conductive substrate and the
counter electrode in such a manner that the conductive
layer of the conductive substrate is used as the positive
electrode, while immersing the counter electrode and the
15 object to be treated, in which the polycrystalline silicon
layer is formed on the conductive substrate, in the
electrolyte. In the polycrystalline silicon, the holes,
which contribute the anodic oxidation, do not move
uniformly due to the grain boundary and so on. Therefore,
20 it may be considered that the portions, through which the
holes can easily flow, are selectively oxidized by the
anodic oxidation if the current is continuously fed. That
is, the rate of the pore formation of the polycrystalline
silicon disperses. Meanwhile, in the portions, which have

25 been eaxrlier made  porous, the thickness of the



5 The | owresi stance | ayer 6¢c nmay be conposed of a re- crystallized
| ayer which is forned by re-crystallizing a surface portion of the porous
sem conductor |layer 6. As shown in Fig. 12, in a regul ar porous

sem conductor | ayer’ 6 using polycrystatligﬁ silicon (left side in Fig. 10
12), irregularity exists on the surf of the porous sem conductor

| ayer 6. On the other hand, if the low resistance |ayer 6¢c is conposed
of a re-crystallized |ayer (rlght side in Fig. 12), the irregularity on the

surface becones ver snall so, that the cov e 0 he conductlv ,
thin film 7 BAYH Ling, Tohkdfie %%er E gl&?%c#‘?BBF’rf =8 ik 1?’Rt%t
conver ge at the conv x ort ons or conc gor |ons f HPGIPQHQ 2150
seni conduct dtL €9 CORVRFI&3u ELEPBCAM catt %i P2t

por ous sem conduct or Ia er

IL.formed,_so _that the di rsian .of _the
anount 20 SV hEi%d e#ESF?Sﬂge ﬁtb@alyeﬁer ac%sdlé%?eds that” the
above-nenti oned W-resi stance osed of,th |.zed
| ayer may b4 n&}'maf neﬂr%’lr’éla){:&? £’°|5PQ'&E’E’§$ Phic B&IFﬁgEEﬁee ?8@“‘%%f
forntng t he porous sem conduct.or e the, conductor ] ayer
25 por ou ]t‘\’ercf’ﬁgeé'gﬁt“cori‘cﬁjcf:gxe@yer E\’Tg;']‘&?%r?df ot"fre?h %éeari d
conducti ve substrate 1, re-cr t Z|ng the surface portion of the

porous sem cONdftorts SETPURY df t he

As described above (see Embodiment 1), in the porous
semiconductor layer 6, the electrical field becomes strong
at the insulating films 24 (stlicon oxide films) formed on

10 the surfaces of the fine crystalline silicon particles 23
which exist in the porous structures 25 (regions made
porous}) . Therefore, if the thickness of the porous
structures 25 is ununiform, the intensity of the electrical
field disperses at every region in the porous semiconductor

15 layer 6. That is, the electrons can not be emitted
uniformly from the whole surface of the conductive thin
film 7 (surface electrode), while the energy of the
electrons emitted from the conductive thin film 7 disperses
depending the position. As the result, if the electron

20 source 10 is applied to a display, there may occur such a
disadvantage that the brightness dispersion in the plane of
the screen becomes larger. Meanwhile, if the thickness has
the distribution shown in Fig. 14, in the porous
Qemiconductor layer 6, there may increase such portions at

25 which the intensity of the electrical field is smaller. 1In



| aser anneal process, and oxidizing or nitrifying the porous sem conductor
|l ayer 6. In this case, because the 5 portion re-crystallized by the

| aser anneal process becones the | owresistance | ayer 6c¢, the

| owresi stance | ayer 6¢c can be easily provided, conparatively. In
consequence, the field em ssion-type el ecbfon source, in which the I n-pl ane
di spersion of the emtted electrons is snaller, can be 10 achieved with
a lower cost. The | owresistance |ayer 6¢c may be conposed of an
impurity-inplanted | ayer which is fornmed by inplanting inpurity ions_ into

t he porous sBhfcahaversentageedt RPEGEANENe 1§uffedt P PEPRADLR ofiRat the

sem conduct or _| ayer. In this 15 case, it may be easy to control

the concentRaeFbRONYr agpsNOth ARGt iheaPnpifticeei Casge §ovihaki shance

| ayer. The above-nentioned | owresistance |ayer 6c¢ conposed of the

i npurity-i npVaAtedergreroragmhetingned firdenexamfl chdyelbepirRrs §OMRERUdI ng
the steps of _formng the ggrous 20 sem conduct or | ayer 6 by _ naking the

semi conduct ot 01 5AR  pRtoubear PeFfiFentely c&fdFeor | afkr thes BE&RLFBPRed on

t he conductive substrate 1, inplanting the inpurity ions into the parous
seni conduct of™i BYERT PRI EHRPSYr $8ckO¥RRelD LhRcebBFBEIN sBAVESRILEL 6P ayer
6 by neans of the ion 25 | mpl.antation process, _and oxidizing or

nitrifying gnéisplay, it is difficult to raise the brightness.” In
consequence, there may occur such a disadvantage that the

screen becomes darker.
Thus, as shownlin Fig. 15, in the electron source 10

10 according Embodiment 5, the difference between the maximum
dimension and minimum dimension of the porous structures 25
in the thickness direction of the semiconductor layer is
made smaller than or equal to 0.5 uxm. Hereinafter, the
electron source 10 may be described.

15 As shown in Fig. 16, if the dispersion of the
tk}ickness of the porous structures 25 is larger (left side
in Fig. 16), the electron field is ununiformly applied to
the porous structures 25. However, if the dispersion 1is
smaller (right side in TFig. 165, the electron field is

20 uniforme&. Namely, if the thickness of each of the porous
structures 25 changes, the electrical field applied to the
porous structure 25 changes. The electrical field applied
to the porous structures 25 highly influences the emission
of the electrons from the porous structures 25. Therefore,

25 if the dispersion of the thickness of the porous structures



57 porous sem conductor |ayer 6. In this case, the |ow resistance

| ayer 6c can be f or med wth a good controllability so that the
el ectron source 10, in which the in-plane dispersion of the emtted
electrons is smaller, 5 can be achieved with a | ower cost. The

| owresi stance |layer 6¢c may be conposed 8P an inpurity-diffused | ayer which
Is fornmed by diffusing an inpurity into the porous sem conductor |ayer

t hrough the surface of the porous sem conductor |ayer. Wen the [ow 10

resi stance layer 6¢ (inpurjty-diffused |layer) is formed by diffusing the
inpurity, i2onehf bkAEgRNr t BP@nPRPYBL RE e S iRe e?§%?¥599%ﬁ9t itﬂl&

surface in conparison wth the case that_thg | ow-resi stance | ayer, 6¢
(i npurity-i PARARL 84 SPAFSEF i s Flor hBdTBYUE RpFaktPhg e & GFWFétPSH§§ 15
The above-nenti oned | owresistance |ayer 6c conposed of the .
i npurity-di dlffedengged smepapd efrorthed, dore®@ahpte, 0by “atpiBcesserndoudi ng
the steps of form ng the porous sem conductor |ayer 6 by making the
seni conduct SEStapdR JeheudisPessirRe SemtbSndtRtOFNesS ePthas1®e @O Sned on
t he 20 conductive substrate 1, diffusi,ng the inmpurity into the porous
seni cofduct SEXREFBESHr 6/ BRe aSuPadESH 3lRe &@§%§€HFC@H§E@F§F°Pa§5r by
means of the_ thernal diffusiongﬁrocess, gnd oxhdhzingﬁé gr, nitrifying
the poroudPSeAMOSRFu@ortheyeritted| RLERFEOREse"PLLE PG FEYFBPaE 25
| ayer 6c¢, which has a | arger ,area of the electron emttin
y condlt?on of E odgment {. 9
If the dispersion of the thickness of the porous
structures 25 is smaller, the electrical field applied to
10 the porous structures 25 is uniformed so that the in-plane
dispersion of the amount of the emitted electrons can be
restrained. Further, the electrons can be emitted from the
whole surface of the poroﬁs structures 25 so that the
electron-emitting efficiency is raised in comparison with
15 the conventional structures. If the columnar structures 21
and the porous structures 25 are formed by making the
semiconductor layer ©porous using the anodic oxidation
process for the polycrystalline silicon according to
Embodiment 2 while satisfying the condition of Embodiment 1
20 (namely, relation between the columnar structures 21 and
the porous structures 25 for preventing the popping
phenomenon, the thickness of th¢ porous structures 25 is
smaller than or equal to 2 pm), the size of each of the

columnar structures 21 and the porous structures 25 is

25 influenced by the grain size of the polycrystalline silicon.



58 surface, can be easily provided conparatively. In
consequence, the electron source 10, in which the in-plane dispersion of
the emtted electrons is smaller, can be achieved with a |ower cost. 5
(Enbodi ment 4) Hereinafter, Enbodi nent 4 of the present invention will be
described. An el ectron source according t% Embodi nent 4 is characterized in
that the thin filmside surface of each of 10 t he porous structures 25
is parallel to the surface of the conductive substrate 1 Fbreinafter t he

| ect 10 d th tr it h f |1

desor | bed: AP EhRE ! horrpi Bl P bR e gl “Bhg Thisn®) pamigh 'ngk ous
(left ol do (R o Songre i éPecFﬁl?ia%%rr??%iedgfcrﬁgﬁgﬁgy iy Ubiﬁtfﬁgﬁe '
hand, f th f h of th t,,uct 5 | J.el

tﬁg sur:‘ace cg? I ace gﬁgfe:?‘\%’éegubst &Se%iu%??gﬁﬁcs:éégaﬁ‘ﬁlgés &)ar aﬁle %)

conduct | ve G H'Si %”?%@5%12 arPEeREERE DBRNE drosRlF meRen g uitihe R
CONSeqUENCe, iy o electron source, and have found that if the dispersion
of the thickness of the porous structures 25 is smaller-
than or equal to 0.5 z m, the amount of the enitted
electrons is comparatively uniformed in the plane, as to
the field emission~type electron source in which the
10 popping phenomenon of the electfons is restrained and the
amount of the emitted electrons is increased. The reason
may be considered that an extreme dispersion of the
intensity of the electrical field is nof caused in the
porous structures 25.

15 Hereupon, it is preferable that the thickness of the
porous structures 25 1is approximately equal to the
thickness of the semiconductor layer disposed between the
conductive thin f£ilm 7 and the conductive substrate.

As shown in Fig. 17, if the thickness of the porous

20 structures 25 is smaller than the interval between the
conductive 1layer 8b (conductive substrate) and the
conductive thin film 7 (left side in Fig. 17), the
semiconductor layer, which has not been made porous, exists
under the porous structures 25. On the other hand, if the

25 thickness of the porous structures 25 1is approximately



the electrons, which are emtted in the direction perpendicular to
the surface of each of the porous 25 structures 25, are also

emtted in the direction 59 perpendicular to the surface of the
conductive substrate 1. Therefore, the in-plane distribution of the
emtting-angles of the electrons is furt decreased so that the
directions of the emtted electrons uniformy becone 5 perpendi cul ar to
that. As the result, a screen with higher definition can be achieved in a
di splay for which the el ectron source 10 is used. The abqve-nenti oned -
porous seni c¥filtict &P | Bher GeFVad cRetieely ke Ct?fndé%gﬁv&f Tﬁ@eﬁor%ﬂs
structures is 10 parallel to the surface of the conductive substrate may
be formed, frondughiiee ibstyasedssandcl g nFCHYS of NpBr f B Hing’  the
anodic oxidation process to the sem conductor |ayer after the
surface of tfeldnidsirdde did-aydy s khs sSEBdRONEHEEPRelaYer, whigh hag
surface of the 15 sem conductor layer, which is to _ be mde
porous, is Rbj e8] P@oEhePaRBEfc HFERLY 0¥t HBARY sHBBt RREFCYHe

surface_potenti al duriggsthe anodi ¢ oxidation process is unifornmed because
the su?faceStHREEULESFS snoot hed. I n consequence, the progressing rate

of the anodic oxidation
If there exists a portion, which has not been made

porous, between the porous structures 25 and the conductive

substrate (conductive layer 8b). which acts as the lower

electrode when the voltage is applied, a voltage loss

10 occurs at the portion., In consequence, the voltage applied

to the porous structures 25 is reduced so that the

intensity of the electrical field becomes smaller. On the

other hand, if the thickness of the porous structﬁres 25 is

approximately equal to the thickness of the semiconductor

15 layer between the conductive substrate and the conductive

thin film 7, the voltage, which applied between the

conductive substrate and the conductive thin film 7, is

wholly applied to the porous structures 25. In consequence,

the intensity of the electrical field becomes larger so

20 that the amount of the emitted electrons becomés larger for
the same voltage.

Hereupon, it is preferable that an anticorrosive

conductive layer, which has an anticorrosion against the

electrolyte for the anodic oxidation process used for

25 making the semiconductor layer porous, is provided on the



20 process is unifornmed. (Enmbodi nent 5) Hereinafter, Enbodinent 5 of the
present invention will be described. Wen the electron source 10 according
to Enbodi nent. 1 25 i s manufactured, for exanple, using the process
accordi ng 60 to’ Enbodi nent 2, nanely ggﬁ process including the steps of
maki ng the polycrystalline silicon porous®y means of the anodic oxidation
process, and oxidizing or nitrifying it to formthe porous sem conduct or

| ayer, it is probable that 5 t he thickness of the porous sem conductor

structures 25 eqgi on de porqus).in the porous, senjcqnductor | ayer 6
hi ghly di spet E%%%éﬁ%ggh%nEﬂPaBF VFnH?H?%pﬁghefc %ﬁ%iﬁ?i?P?ﬁEﬁg§ﬁ@. The
reason my ngggnsidened S follgms. That, is, in 10 t he present anodic

oxi dation pr SEG?: OEutPERE FL%o0nti nuously fed between the
conductive substrate .and the counter, el.ectrode in such a manner that the
conductive | ayer &5 stl'ffﬁf"rbojrfblugf‘?ve Subdtr N | P ARF RS iR RRGYGRAYe

el ectrode, ile i mrersi t he counter. electrode and the 15 object to be
treated, in%% tfe gl cr%vﬁc*%‘#e 'qqetcor?H erth sq?’(?r'madl%n t Hee

conductjive substrate, i.n the ,
é conductive layer 8b or the conductive substrate {(substrate

itself or lower electrode) is cérroded by the electrolyte

during the anodic oxidation process. In consequence, it

may be feared that etched portions 28 are formed in the

conductive layer 8b. The above-mentioned corrosion

10 decreases the amount of the emitted electrons, and further

may lead to a deterioration of the device due to a snap of

the electrode. On the other hand, if the anticorrosive

conductive layer 29 is provided (right side in Fig. 18),

the corrosion of the electrode or the substrate is

15 prevented so that the etched portion may not formed in the

conductive layer 8b. Therefore, there may be achieved such

a2 construction that the thickness of fthe porous structures

25 is approximately equal to the thickness of the

semiconductor layer between the conductive thin film 7 and

20 the conductive suBstrate, while preventing the decrease of

the amount of the emitted electrons and reducing the
deterioration of the device.

According to the above-mentioned construction, for

example, if the polycrystalline silicon is made porous by

25 means of the anodic oxidation process with longer anodic



el ectrol yte. In the polycrystalline silicon, the holes, which contribute
the anodic oxidation, do not nove uniformy due to the grain boundary
and so on. Therefore, 20 it may be considered that the portions, through
whi ch the holes can easily flow, are sel i vely oxidized by the anodic
oxidation if the current is continuously T'ed. That is, the rate of the
pore formation of the polycrystalline silicon disperses. Meanwhile, in the
portions, which have 25 been earlier nmade por ous, t he

that el SERTIREHOH (U Bhdic ThebH (T P 1h G S Cwer o6
por 1 0ns, atb PR TPHESE! T caPes de%ﬁ?#ﬂ%‘%siﬁq%e%bésf o fEri At fine '
(See Enboa Mo TR 55! EGEL, hPudhibh: 87 Figersd 4 htg%jeifsé%% ae%e;b‘”.e
field beco Sqagngn%& bREQLIGH, RobABCES V™ 5™ 49 28R, PIHddddin .

formed on 1 e sur aces t e |ne cry i n€ SI

LTI ik g T
the |ntenS|té6&ge&Jg%é§ eCtt'Calpore formation is facilitated at a
position where the péfe formation has slowly progressed, so
that the dispersion of the thickness of the porous
structures 25 becomes ver§ small. Due to the above-
10 mentioned construction, the electron field applied to the
porous structures 25 1is uniformed so that the in-plane
dispersion of the amount of the emitted electrons is
restrained. Moreover, the conductive layer 8b or the
conductive substrate (substrate itself or lower electrode)
15 is not <corroded by the electrolyte. Therefore, the
electrical field may be effectively applied to the porous
structures 25. 1In consequence, the amount of the emitted
electrons is not decreased. Further, the deterioration of
the device due to snap of the lower electrode may be
20 prevented.
(Embodiment 6)
Hereinafter, Embodiment 6 of the present invention
will be described.
As shown in Fig. 19, in the construction according to

25 Embodiment 6, a glass plate 14 is disposed so as to face



field disperses at every region in the porous sem conductor 15 | ayer 6.
That is, the electrons can not be emtted uniformy fromthe whole
surface of the conductive thin film7 (surface electrode), while the energy
of the electrons enmtted fromthe conductive thin film7 disperses
dependi ng the position. As the result,6 If the electron 20 source 10
Is applied to a display, there may occur such a di sadvantage that the
bri ght ness di'spersion in the plane of the screen becones |arger. Manwhil e,
t he

A Y A R e g YL
Bbove- mont i GedWBEER] GASES; N 168 T5PBLREPE N0  FBeERe T PoRET %R0t
of the ol oot 67 DEGERE F e HRor Tod P LI Aoa 0ET 13- rrems
G opl oy, i BRGSEF T OB tph Sy 2 S RLARy | gritis EuS Seains IRYRRCA S her e
Y OB Py 9 oaanase . S AU RO ER S aleed® |
the differe'ﬁ? %%Pi\%%e%fSQ%l@)ﬁiiw due to the electrons emitted from
the electron source 10. To the collector electrode 12,
there is applied a voltage for accelerating the emitted
electrons, which make the fluorescent layer 15 emits light.

10 Meanwhile the glass plate 14 is disposed apart from the
electron source lb by means of not-shown spacers. The
sealed space formed between the glass plate 14 and the
electroﬂ source.lo is held in a vacuum condition.

As shown in Figs. 19 to 21, the electron source 10 is

15 provided with a p-type silicon substrate 16, On the main
surface side of the p-type silicon substrate 16, there is
provided a conductive substrate, in which a plurality of n-
type regions 8a are formed as the conductive layers, each of
regions having a striped shape. Meanwhile, the electron

20 source 10 is provided with a porous semiconductor layer 6,
which has porous semiconductor portions 6a composed of
porous polycrystalline si.licon formed so as to overlap with
the n-type regions 8a corresponding thereto respectively,

and separator portions 6b composed of polycrystalline

25 silicon burying the gaps among the porous semiconductor



di mensi on and m ni mum di mensi on of the porous structures 25 in the
t hi ckness direction of the sem conductor |ayer is nade snaller than or

equal to 0. 5 [err] m Hereinafter, the electron source 10 may be
descri bed. 15 As  shown in Figgq 16, if the dispersion of
t he thickness of the porous structures 2? Is larger (left side in Fig. 16),

the electron field is ununiformy applied to the porous structures 25.
However, if the dispersion is snaller (right side in Fig. 16), the electron
Struct ures PRTERERGects ¢ HOTEREct BTN E o hBpl T T he por Bus Suct ur e
nf | uonces. PheCkanSsrariope, pecf 2Bt sBITPel 't AT, S e Brrcugs. O Y
Iner el ore, Zimggobluublsy I1388LSI 0N Oheblo ot sl ANpaasiayey o
Sl er ¢ hasoBrugkisy Chip A 1) ReubPgel RACeTEBheRNEelbhp BT ¢

sgallﬁr Lhaﬁ equa restrarn the dispersion of
t he thigckne of _the,porpus sta.uct ur 5 g0 r.aj

i n-plae di 33’ r??‘&ﬂ?&_g’ tﬁgl%ﬁno%%%l_ o] lql%ﬁ;é %%cﬁt 83 g?éc{f?gﬁgsi \A%%éﬁl%g
satisfying Eg%rc%%gl%b?gugfsEﬂEthHEE%o}'portions 6a and the separator

portions 6b in the direction perpendicular to the n-type

regions 8a, and further being formed in a striped shape.
In the electron source 10, the p-type silicon substrate
10 16 is used as the conductive substrate, and the n-type
region 8a is used as the conductive layer. However, the
conductive substrate is not limited to the p-type silicon
substrate 16. Meanwhile, the conductive film is not limited
to the n-type region B8a. For example, there may be used
15 such a conductive substrate that a conductive layer composed
of a thin metal film such as a chrome film or ITO is
provided on an insulating substrate such as a glass plate.
Hereupon, if there is wused a substrate in which the
conductive film is formed on the surface of the glass plate,
20 the area of the electron-emitting sufface of the elecfron
source 10 can be enlarged in comparison with the case using
the semiconductor substrate So that the cost may be reduced.
A material for the glass plate may be selected from quartz
glass, non-alkali glass, low-alkali glass, soda lime glass

25 or the like, in accordance with the process temperature



| f the dispersion of the thickness of the parous structures 25 is smaller,
the electrical field applied to 10 t he porous structures 25 is uniforned
so that the in-plane dispersion of the anount of the emtted el ectrons can
be restrained. Further, the electrons cag be emtted fromthe whol e surface
of the porous structures 25 so that the Pectron-enitting efficiency is

rai sed in conparison with .15 the conventional structures. |If the
columar structures 21 and the porous structures 25 are forned by making
t he sem conduct, or }L-F}%/ OUS USI n%the anodi ¢ oxidation process for the
pol ycryst al [F9engi %?Hﬁfgf’q BM558i ment 2 while satisfying the

condi ti on of Enbaqdi nent 1 20 (narrel y,. relation bgh_tel en the col umar

structures 21 andDt F&SpSHARETOPr ROUKECEs B8 RFtHReEy Ay Re Jhshi
h t h th K f th t 2 [
equal to 2 [Férrgt 'Cr%ﬁé 5%2@98? T L S A 3 d the

porous structures 25 I nf.l uenced rain size of the..

pol ycryst al Is’ttﬁép§pl |S(1?t‘?ﬁe dlsé’z?sfﬁe ﬁrfgrﬁ%ggﬁlfa’fagf’e FS BT RS he
heat , i ch has peen generated in the PO ous ruct ur ugh th

col urmat st Pdet uE r@élfedseﬁlﬁco?ﬂ‘éc %%n&of%gﬁnsdes%rloge 0\P°rq T
present Inves%&n?.i:%n uc oga e£7|e¥ rgadaereStJ{Jn e Spoosfed. When a pair of on

conductive thin film 7 and one n-type region 8a are
conveniently selected and voltage is applied between the
pair, the strong electrical field is applied only to the
10 porous semiconductor portion 6a corresponding to the
intersection of the selected conductive thin film 7 and n-
type region 8a, and then the electrons are emitted. That 1is,
it may be equivalent that the electron source 10 is disposed
at the lattice point of the lattice composed of the
15 conductive thin films 7 and the n-type regions 8a. Thus,
the electrons can be emitted from desired lattice points by
selecting pairs of the conductive thin films 7 and the n-
type regions 8a, to which the voltage is applied. Thus,
images or letters can be displaYed on the screen of the

20 display. |
As shown in Fig. 20, the contacts to the n-type regions
8a are formed by etching the end portions of the porous
semiconductor portions 6a to expose parts of the n-type
regions. Thus, the contacts are connected to the outer

25 circuit via electrical wires W. Hereupon, the concentration



5 the el ectron source, and have found that if the dispersion of the

t hi ckness of the porous structures 25 is smaller than or equal to 0.5 A m
the amount of the enmitted electrons is conparatively uniforned in the
plane, as to the field emission-type eIeg@{on source in which the 10
poppi ng phenonmenon of the electrons is r rai ned and the anmount of the
emtted electrons is increased. The reason nay be considered that an
extrene dispersion of the intensity of the electrical field is not caused
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i cknebs. 0% FBehGRERLE: FicPhF 58S sr%qﬁﬂr%x%ﬁaea Foeabh Loty ieb R 1
t hi ck f. & d | d bet t duct t hi

1 m 7 and 05 @omducige YOYLRaP abEP. AEALRBRAeRR ERG  nrFVEEr RS OP Bk ness
f th t . N t he i | bet

?he cgngacr:?ﬁﬂéiz tf“&y&f%mri‘g% u‘r’?eg%kHdhcéﬁﬁ\%qaéﬁgrEFFap abo‘giﬁljw Pjr'10\(=§)acongu\(lzvtele\r/]e
thin film?7 {Ieft si de

d h
bfeen ) made por Olﬁls keé?llgf"; Qﬁﬁdth? hé‘aﬁﬁfﬁﬁémg‘jfrg%og? ﬁéf:ctéegsrs%o CE‘P‘? V\gi%‘f%?%s hgﬁtj
I t he thic

th t 25 t el
65 cqud o STETnLD, JGPERIIBCTT DA COMRIGL PviTayef apforitRdz! T el

At first, in order to obtain the construction shown in

Fig. 227, a mask for the ion implantation or thermal

diffusion is provided on the main surface of the p-type

silicon substrate 16. Next, the n-type regions 8a of

10 striped shape are formed by introducing the dopant such as

phosphorus (P) to the main surface of the p-type silicon

substrate 16 by means the ion implantation process or the
.thermal diffusion process. Then, the mask is removed.

Next, on the main surface of the p-type silicon

15 substrate on which the n-type regions 8a are formed, the

non-doped polycrystalline silicon 1layer 3 of 1.5 g m

thickness is formed by means of-the LPCVD process so that

the construction shown in Fig. 22B is obtained. Hereupon,

p-type regions of higher impurity concentration may be

20 provided among the n-type regiﬁns 8a. In the film forming

conditions of the polycrystalline silicon layer 3, the

pressure is 20 Pa, the substrate temperature is 640 °C, and

the flow rate of the monosilane gas is 600 sccm. However,

the film-forming process of the polycrystalline silicon

25 layer 3 is not limited to the LPCVD process. For example,



(conductive substrate) and the conductive thin film?7 (right side in Fig.
17), the sem conductor |ayer, which has not been made porous, hardly exists
under the porous 5 structures 25. If there exists a portion, which has
not been nade porous, between the porous,structures 25 and the conductive
substrate (conductive |ayer 8b) which aclé as the | ower el ectrode when the
voltage is applied, a voltage |oss 10 occurs at the portion. In
consequence, the voltage applied to the porous structures 25 is reduced so
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to the thickness of the sem conductor l.ayer b en_the conduyctive
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sem conduct gr, Layele POf O chS 1R Wil vb $i1m such as ITO or the
like 1s formed' on the glass plate, the polycrystalline
silicon layer 3 may be formed by forming an amorphous
silicon film on the conductive thin film by means of the CVD
10 process and annealing it. Meanwhile, the CGS (Continuous
Grain Silicon) process or the catalytic CVD process may be
used in order to form the polycrystalline silicon layer 3.
Hereupon, the thickness of the polycrystalline silicon layer
3 may be larger than or equal to the predetermined thickness
15 of the porous semiconductor layer 6 formed by the pore
formation process.

After that, on the polycrystalline silicon layer 3, a
photo resist is applied to form a layer thereof as a mask
layer. Then, the layer is partially removed using the

20 photolithography technique to form holes at positions above
the n-type regions 8a so that resist layers 9, which are
patterned to striped shapes as shown in Fig. 22C, are formed.

Hereupon, although the resist layer 9 is utilized as
the mask layer for the anodic oxidation process, a silicon

25 oxide film or silicon nitride film of striped shape may be



66 surface of the conductive |ayer 8b (conductive substrate) at the

sem conduct or | ayer side. As shown in Fig. 18, if the anticorrosive
conductive layer is not provided (left side in Fig. 18), the 5
conductive layer 8b or the conductive su gtrate (substrate itself or |ower
el ectrode) is corroded by the electrolyte“during the anodi c oxidation
process. I n consequence, it nmay be feared that etched portions 28 are
formed in the conductive |ayer 8b. The above-nentioned corrosion
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silicon oxide film or silicon nitride film is used, the mask

layer need not be removed after the anodic oxidation process

for the polycrystalline silicon layer 3.

10 Further, on the back surface of the p-type silicon
substrate 16, the ohmic electrode, which is not shown, is
formed. Then, the porous semiconductor portions 6a composed
of porous pelycrystalline silicon are formed on the
polycrystalline silicon layer 3 by performing the anodic

15 oxidation process thereto utilizing the resist layer 38 as
the mask.

The anodic oxidation is performed using the apparatus
shown in Fig. 23. Hereupon, a processing tank 31 containing
electrolyte in which hydrofluoric acid, ethanol and water

20 are suitably mixed together, 1is put into a constant
temperature water bath 32 so that the temperature of the
electrolyte is controlled.

The process object 30, in which the conductive

substrate and the polycrystalline silicon layer 3 are formed

25 on the p-type silicon substrate 16 as shown in Fig. 22C, and



25 means of the anodic oxidation process with | onger anodic 67
oxidation tinme so that the pore formation is originally to be perforned
over the thickness of the polycrystalline silicon |layer, the pore formation
is stopped by the Surface of the anticorn?sive conductive layer 29 at the
position 5 ‘where the pore formati on’? has rapidly progressed. In
consequence, the pore formation is facilitated at a position where the pore
formati on has slowly progressed, so that the dispersion of the thickness of

th t t 25. b . t t b - 10
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55 wt% and ethanol are mixed together in the ratio of nearly
1:1.
On that occasion, light with a constant light power is
applied from a tungsten lamp 34 of 500 W to the exposed |
10 portion of the polycrystalline silicon layer 3, The pattern
of the current flowing between the p-type silicon substrate
16 and the counter electrode 33 is controlled by a function
generator 35 and a galvanostat 36. Hereupon, the function
generator 35 cbntrols the current polarity, current-fed time
15 and the degree (larger, smaller) of the current. The
galvanostat 36 (galvanometer) feeds current. Hereupon, the
anodic oxidation process may be performed by applying the
voltage instead of the current. . In this case, a
potentiostat (potentiometer} may be used instead of the
20 galvanostat 36. | |
According to the current pattern in the present
embodiment, the current is continﬁously fed in such a manner
that the p-type silicon substrate 16 acts as the positive

electrode. The current-fed time and the current density are

25 conveniently set in accordance with the composition and



Herei nafter, Enbodinment 6 of the present invention will be described. As
shown in Fig. 19, in the construction according to 25 Enbodi nent 6, a
glass plate 14 is disposed so as to face .68 the electron source 10. On
the surface of the glass plate 14, which-faces the electron source 10,
there are provided a collector electrode fb and a fluorescent |ayer 15.
Those nennbers constitute a display. The fluorescent |ayer 15, 5 whi ch
is applied on the surface of the collector electrode 12, emts visible
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layers, eacr%égether, is used, it is preferable that the temperature of

the electrolyte is controlled so as to be in the range from

0 °C to the room temperature. Further, it is desirable that

the current or voltage is contrnlled so that the current

10 | density is in the range of 1 to 200 mA/cm’. When the total

amount of the electric charge is controlled by the process

time while holding the current density during the anodic

oxidation- process to a constant value as the present

embodiment, the depth of the region, which is made porous,

15 is determined in accordance with the amount of the electric

charge. In consequence, the depth of the region, which is

made porous, can be easily controlled on the basis of the

amount of the electric charge. Therefore, the thickness of

the porous structures 25 can be made smaller without

20 changiﬁg the porosity thereof, by -shortening the process
time of the anodic oxidation process.

For example, when the current density is set to 25

mA/cr’ while the current is fed for 6 seconds in the anodic

oxidation process, the porous structures 25 can be made

25 thinner so that the thickness of the region, which is made



regi ons having a striped shape. Meanwhil e, the electron 20 source 10
Is provided with a porous sem conductor |ayer 6, which has porous
sem conductor portions 6a conposed of porous polycrystalline silicon fornmed

so as to overlap with the n-type regions correspondi ng thereto
respectively, and separator portions 6b nposed of polycrystalline 25
silicon burying the gaps anong the porous sem conductor 69 portions
6a (drift portions), the surfaces of the both portions form ng one fl at
surface Furt her, op the porous Sﬁggconguctor I E gere ar pr.ovi ded
a plural i tyHﬂroé’émdu’c?l patt Hhargsy Uk Bee BieEyeTonBEs Sl , 5
f or exanple thin nmetal filns, .each the filmns extendln over the
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di rection perpendi_cul o the n ere |o and .further belng f or med
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becomes the porous semiconductor layer 6 in which the
columnar structures 21 and the porous structure 25 coexist.
If the porous semiconductor layer 6 is formed by making the
10 uni-plane semiconductor layer porous so that the porous
semiconductor layer 6 maintains its uni-plane state, the
conductive thin film 7 formed on the surface of the porous
semiconductor layer 6 in.the later step, hardly become net-
shape. In consequence, the in-plane dispersion of the
15 amount of the emitted electrons hardly occurs., Further, the
deterioration of the communication due to snap hardly occurs.
Meanwhile, if the current density is set to a value
smaller than or equal to 1.5mA/cm’® in the anodic oxidation
process so that the anodic oxidation process is performed
20 for a long time while suitably selecting the composition of
the electrolyte, the polycrystalline is not made porous
while the surface layer 1is electro-polished so that
irregularity on the surface due to the growth of the grains
may not occur. Therefore, the surface of the porous

25 semiconductor layer 6 becomes parallel to the surface of the



of athin netal filmsuch as a chronme filmor 1TOis provided on an

I nsul ating substrate such as a glass plate. Hereupon, if there is used a
substrate in which the conductive filmis formed on the surface of the

gl ass plate, 20 the area of the electrop-emtting surface of the

el ectron. source 10 can be enlarged in cdﬁgarison with the case using the
sem conduct or substrate so that the cost may be reduced. A material for the

gl ass plate nay be selected fromquartz gl ass, non-al kali gl ass, |ow al kal
i.n_accprdance with t rocess
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e{ectrons A i 84122 o! Seonductive substrate. Therefore, the
direction that the pore formation of the porous structures
25 progresses 1is uniformed. Hereupon, the electrons are
accelerated by the electrical field in the porous structures
10 25( If the pore-forming direction is uniform and
perpendicular to the substrate, the electron-emitting
direction is also uniform and perpendicular to the substrate.
Therefore, if the electron source is applied to a display or
the like, much higher definition may be achieved. Further,
15 if the polycrystalline silicon layer 3 is made porous using
tpe silicon oxide or silicon nitfide as a mask, the etching
may be performed for a period longer than the predetermined
period when the open holes are formed in the silicon oxide
film or the silicon nitride film by the RIE process. In
20 this case, if the surface layer of the polycrystalline
silicon layer is merely etched, irregularity of the surface
due to the growth of the grains does not occur so that the
same effects as described may be obtained. Further, the

above-mentioned method for smoothing the surface of the

25 polycrystalline silicon layer does not require adding a



it may be equivalent that the electron source 10 is disposed at the lattice
point of the lattice conposed of the 15 conductive thin filns 7 and the
n-type regi ons 8a. Thus, the electrons can be emtted from desired
lattice points by selectlng pairs of the7 onductive thin filnms 7 and the n-
type regions 8a, to which the voltage is ‘applied. Thus, i'mages or letters
can be di splayed on the screen of the 20 di splay. As shown in Fig. 20,
the contacts to the n-type regions 8a are fornmed by etching the end

-type Togi dHEENBETHEY “HRE oA asRe, %B?ﬁ%és‘a’e PRGerRG S riets
circuit via eIe trigc Her eupon, concentratlon 71 of the
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germanium, gallium arseplde (GaAs) may be formed on the n-
type region with a predetermined thickness by means of the
MOCVD process or the MBE process. Then, the fine pores may
be formed in the predetermined depth by the RIE process or

10 the FIB process. In this case, for example, the above-
mentioned construction can be formed by dispersing the fine
crystal powder composed of the above-mentioned material with
the spin-on-glass, burying the paste into fine ‘pores, and
then performing the heat treatment.

15 By means of the above-mentioned anodic oxidation
process, the porous polycrystalline silicon layer with
striped shape is formed so that it becomes the porous
semiconductor portion 5 before the formation of the
insulating layer. Then, the construction shown in Fig. 22D

20 is obtained by removing the resist layer 9. Thus, pore
formation has progressed to a halfway in the thickness
direction of the polycrystalline silicon layer 3. Moreover,
the current-flowing direction is mutually changed during the
anodic oxidation process, and further the current is fed in

25 a pulsing state. Therefore, as shown in Fig. 15, the



10 striped shape are forned by introducing the dopant such as phosphorus
(P) to the main surface of the p-type silicon substrate 16 by neans the ion
i npl antation process or the thermal diffusion process. Then, the mask is
renoved. Next, on fhe main surface of th% p-type silicon 15 substrate on
whi ch the n-type regions 8a are forned, Phe non- doped pol ycrystalline
silicon layer 3 of 1.5 A mthickness is formed by neans of the LPCVD
process so that the construction shown in Fig. 22B is obtained. Her eupon,

p-type regiqns of higher inpurity concentratio bhe 20 provi ded anong
the n-type. redoRES8act (59 ROFTUSH T GrARTHE SSortdl { \RFIOUST Fgaions) may
pol ycrystal l.ine silicon er 3, the pressure is 20 Pa, the substrate

tenperatureqes_a@%oéﬁnéﬁlﬁg {HRFE 3 ate of the monosi | ane gas is 600 sccm
Honever, (e 11 | peuiiag broskss Sludlis polyeorsiel e Sl 200y
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composed of the porous polycrystalline silicon 5, which is
thermally oxidized, is formed so that the construction shown
in Fig. 22 E is obtained. If the rapid thermal oxidation is
10 used, it may be possible that the temperature is elevated to
the oxidation temperature in a several seconds. Theréfore,
the involvement oxidation in the initial stage, which is at
issue in the normal oxidation apparatus of core internal
structure, is restrained. In the rapid thermal oxidation
15 according to the present embodiment, the flow rate of oxygen
gas is 300 sccm, the oxidation temperature is 900 °C, and
the oxidation time is 1 hour.
Hereupon, as the process for oxidizing the porous
polycrystalline silicon layer, the plasma oxidation, the
20 electrochemical oxidation (for examéle, oxidation wusing
acid), or the oxidation using UV or ozone may be used,
instead of the rapid thermal oxidgtion. Further, the porous
polycrystalline silicon layer may be nitrified, without

using the oxidation.

25 Then, on the polycrystalline silicon layer, the



like is formed'" on the glass plate, the polycrystalline silicon |ayer 3 may
be formed by form ng an anorphous silicon filmon the conductive thin film
by neans of the CVD 10 process and annealing it. Meanwhi | e, the CGS
(Continuous G ain Silicon) process or thﬁacatalytlc CVD process may be used
in order to formthe polycrystalline sili hn | ayer 3. Hereupon, the

t hi ckness of the polycrystalline silicon |ayer 3 may be | arger than or

equal to the predeterm ned thickness 15 of the porous sem conduct or
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met hod. 1T¥géess h%orpo%g stak Ineconductlve thin film 7 is not
limited to the evaporation process. For example, the

sputter process may be used. As the process for patterning
the conductive thin film 7, the photolithography technique
10 and the etching technique may be used. Alternatively, the
photolithography technique and the 1ift off process may be
used.
Hereupon, although the resist layer 9 is used as a.mask
layer during the anodic oxidation process, a silicon oxide
15 film or silicon nitride f£ilm, which is formed in a striped
shape, may be used as a mask layer. When the silicon oxide
film or silicon nitride film is used, the step for removing
the maék layer after the anodic oxidation process is not
required. Further, an insulating layer may be provided
20 between the conductive thin film and the polycrystalline
silicon layer at a position where the electrons are not
emitted.
Further, the electron-emitting phenomenon is such a
phenomenon that the electrons, which have reached the

25 surface of the porous semiconductor layer, are emitted from



silicon layer 3 is partially renmoved using photolithography 5 t echni que
and the etching (wet or dry etching) technique to formholes at positions
above the n-type regions 8a. If the silicon oxide filmor silicon nitride
filmis used,, the nmask | ayer need not bg,renoved after the anodic

oxi dation process for the polycrystalline silicon layer 3. 10

Further, on the back surface of the p-type silicon substrate 16, the
ohm c el ectrode, which is not shown, is forned. Then, the porous
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the energy difference obtained by subtracting the energy of
the work function of the conductive thin film 7 from the
energy of the electrons obtained by applying voltage
between the conductive substrate and the conductive thin

10 film 7, Therefore, the smaller 'the work function of the
conductive thin film 7 is, it is more desirable. As the
materials for the conductive thin film 7, aluminum, chrome,
tungsten, nickel, platinum or alloys of the above may be
used, in addition to gold. Moreover, the thickness of the

15 conductive thin film 7 is 10 nm. However, the thickness
may be conveniently selected, if only the electrons, which
have passed through the porous semiconductor layer 6, can
tunnel.

When the anodic oxidation process is performed, the

20 current may be fed in a pulsing state, instead of feeding
the current continucusly. Further, the process may be
controlled by voltage, instead of the current. If the
current is fed in a pulsing state, the current is fed

intermittently so that the progress rate of the anodic

25 oxidation can be lowered in comparison with the case that



the counter electrode 33, nanely a platinumelectrode, are imersed in the
el ectrol yte. Thus, the current is applied between the p-type silicon
substrate 16 and the counter electrode 33. In the present enbodi nent,
there is used an 5 el ectrolyte in whi hydr ogen fl uori de aqueous
solution of 55 wt % and et hanol are m xed together in the ratio of nearly
1:1. On that occasion, light wwth a constant |ight power is applied froma
tungsten lanp 34 of 500 Wto the exposed 10 portion of the
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and the d smaller) of the current. The gal vanost at
36 (galvano%g%ggy %égggg%ﬁ??ént. Her eupon, the anodi c oxidation process

may be perf ptying the voltage instead of +the current.
In this cgggﬁgdgﬁgg? ZYiostat (potentioneter) may be used instead of the
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time and the current density are 25 conveniently set in accordance
with the conposjtERBoa@lEnt 6, the anodic oxidation process for the

polycrystalline silicon is ﬁerformed such that the current
is fed with a constant current density or fed in a pulse

10 shape, On the contrary, in the current pattern according
to Embodiment 7, a period that the p-type silicon substrate
16 acts as a positive electrode and a period that it acts
as a negative electrode are mutually set, while pulse
current (current of pulse shape) is fed to each period.

15 According to the above-mentioned current pattern, the
pore formation progresses during the period that the p-type
silicon substrate 16 acts as the positive electrode. Oon
that occasion, in the porous structures (regions made
porous), the thickness of the polycrystalline silicon layer

20 becomes smaller so that the electrical field convergeé
there, in consequence the current can easily flow there.
On the other hand, during the period that the p-type
silicon substrate 16 acts as the negative electrode, gas is
produced near the porous structures 25 due to the

25 electrical field convergence. Therefore, in the position



75 tenperature of the electrolyte. That is, the anount of the electric
charge during the anodi c oxidation process is adjusted in accordance with
t he conposition or tenperature of the electrolyte. As described above, if
the electrolyte, 5° in which hydrofluoric acid, ethanol and water are
m xed together, is used, it is preferablee%hat the tenperature of the
electrolyte is controlled so as to be in the range fromO [err]C to the
roomtenperature. Further, it is desirable that the current or voltage is
controll ed so that the curr%nt 10, densitg,ii in the range .of /1 to. 200
mV crerr]. WARER Phe Poral IorBaRioRrheReraPidlyi PrefLegted sARERRT ofNed by
the process tine while holding the current density during the anodic
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approximately uniformed as shown in Fig. 15.

As shown in Fig. 24, concretely, in the process for

forming the porous semiconductor layer 6, the polarity of

10 the anodic oxidation process is ‘mutually reversed by the

pulse. On that occasion, the pore formation progresses

during the period that the substrate is positive electrode.

Hereupon, the state of the pore formation disperses in

accordance with the shape of the surface or the condition

15 of the semiconductor. Thus, when the polarity is reversed

so that the substrate becomes negative electrode, the

electrical field converges at the position where the pore

formation has rapidly progressed so that the carriers

converge at the position. In consequence, a large amount

20 of gas 38 is produced at the position. At the portion

where the gas 38 has been produced, the contact between the

portion and the electrolyte 1is snapped so that the pore

formation hardly progresses when the substrate becomes

positive electrode next. The above-mentioned steps are

25 repeated so that the thickness of the porous structures 25



oxi dation process, the porous structures 25 can be nade 25 t hi nner so
that the thickness of the region, which is nmade 76 porous, is not |arger
than 2 [err] m The thickness of the polycrystalline silicon layer 3 is
set to 1.5 [err] min the present enbodingnt, the pore formation is
performed by setting the current density 1'n the anodi c oxidation process 5
to 25md cnferr while feeding the current for 3 seconds. Hereupon,

t he formed porous polycrystalline silicon |ayer becones the porous
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conveniently selected in accordance with the composition
and temperature of the electrolyte. That is, the amount of
the electric charges during the anodic oxidation process is
10 adjusted by the composition and temperature of the
electrolyte. Concretely, as same as the case of Embodiment
6, the condition of the 1light application is set in
accordance with the composition and temperature of the
electrolyte. Hereupon, it 1is preferable that the pulse
15 current is fed in such a manner that the current density is
set to 1 to 200 mA/cm’® during the period that the p-type
silicon substrate 16 acts as the positive electrode, while
the current density is set to -2 to -100 mA/cm® during the
period that the p-type silicon substrate 16 acts as the
20 negative electrode. Meanwhile, it is preferable that the
time for feeding the pulse current during the period that
the substrate 1s positive, is shorter than or equal to 1
second. |

In the present embodiment, during the anodic oxidation

25 process, the current-flowing direction is mutually reversed,



the electrolyte, the polycrystalline is not made porous while the surface
| ayer is electro-polished so that irregularity on the surface due to

the growth of the grains may not occur. Therefore, the surface of
the porous 25 sem conductor |ayer 6 bhecones parallel to the surface of
t he 77 conductive substrate (n-type ﬁgbrons 8a). Then, if the

above- nenti oned anodi ¢ oxidation process is perforned, the electrical field
is uniformy applied to the substrate in the direction perpendicular to the
substrate so that the 5 direction that the pore forpation progresses
becones al sAEr fEAEPEHI dfbe t SUTEBRFuUctT vcfedsuggt Pat BUlse JhéaRs-ore, 1Mt he
direction that the pore formation of the porous structures 25 progresses is

uni formed. CERINBICS, t hBCel BITIARSSr OTackBR e AR Dy SERECEPERE i T
oL RS St 5D i B, bt s Y,
Substrate.  HRADIRs eaPpFORhBate Dk P Rest ce FETRBEE odtt 0'2 FSHISIDr the
B Ty D Wi
silicon nitride as a mask, the etching may be_performed for a period | onger

than the predetidrarinpgpus structures 25 is smaller than or equal to 0.5

nm. Thus, the damage of the n-type region 8a due to the

electrolyte may be prevented, by contrxolling such that a
part of the porous structures 25 does not previously reach
10 the n-type region 8a. Further, the thickness of the porous
structures in the porous semiconductor layer 6 is
approximately uniformed. In consequence, in the poroué
semiconductor porfion 6a selected by the n-type regions 8a
and the conductive thin films 7, the electrons can be
15 emitted from the whole surface. In consequence, in
comparison with the case that the thickness of the porous
structures 25 is ununiform, the electron-emitting
efficiency is elevated so that the amount of the emitted
electrons is increased. Other constructions and functions
20 are as same as the case of Embodiment 6.
(Embodiment 8)
Hereinafter, Embodiment 8 of the présent invention
will be described.
In Embodiment 8, there is used a substrate in which a

25 platinum electrode as the conductive layer is provided on a



peri od when the open holes are fornmed in the silicon oxide filmor the
silicon nitride filmby the RIE process. In 20 this case, if the
surface layer of the polycrystalline silicon |ayer is nerely etched,
irregularity of thé surface due to the gr %fh-of t he grains does not occur
so that the sane effects as described naf? e obtai ned. Further, the
above-nenti oned nethod for snoothing the surface of the 25

pol ycrystalline silicon layer does not require adding a 78 further

new st ep. Therefore, the above- tion ef f.ects e o Lhe L1 hout
i ncreasi ng tPRTERRR . oFh@ A% Eggrg%t)nd t&rﬁagﬁer%.&yrﬁiﬁ b&i%ﬁ nﬁ&yﬁ i ng
mat eri al s except polycrystall'ne silicon. . For exanpl

t.h
seni conduct oraY pgay&eleghe om ﬁBﬁHﬁ?@SQ%ﬁ§§men°nsﬁf#%%h?gg%§%hnﬂﬁﬁf

gal lium arseni de (GaAs) may be forned on the n-,type region with.a

pr edet er mi ne@lka} EkA288S hyPIedfdd oft 1Pfe FASD pi‘Bc&Cé:%’%apﬁg Wﬁgkbr%%ss.
Then, the fine pores may be forned_ in,the edetern%neg de&th b oEhesRIE
process or 1PToCeithe EPRPQrRE. during, Eh?s 388 oM B AnpPEC tRe -

above- nti oned construct, on can be r di %ﬁsin t he fk@@aﬁEXStm

powder ConpoSSERAT A rfél%\}lg‘-ﬂ'esnﬁ‘s@ﬁ;ga% b?/cé%nd\?ﬁ%t Fhe®dpith- on- gl ass,
burying the paste into fine pores, 208 i0ehPRJAWDAS Lhegheat treatment.
As shown in Fig. 25A, on a surface of an insulating
substrate 13 composed of a glass plate, a conductive layer
8b composed of a thin platinum film with 0.2 um thickness

10 is formed by means of the sputter process. Then, - the
conductive layer 8b is pattered to a stripe shape by means
of the ion milling process. The process for forming the
conductive layer 8b (thin platinum film) is not limited to
the sputter process. For example, the evaporation process

15 may be used.

Next, as shown in Fig. 25B, a non-~doped
polycrystalline silicon layer 3 is formed so as to have a
thicknesé of 0.5pum and to cover the insulating substrate
13 and the conductive 1ayer.8b.

20 Further, as shown in Fig. 25C, the polycrystalline
silicon layer 3 1is pattered so as to keep the portion
thereof located above the conductive layer 8b by means of
the RIE process. By the patterning, there is formed a
pattern corresponding to the shape of the porous

25 semiconductor portion 6a in the porous semiconductor layer



15 By nmeans of the above-nentioned anodic oxidation process,
t he porous polycrystalline silicon |ayer with striped shape is fornmed so
that it becones the porous sem conductor portion 5 before the fornmation of
the insulating layer. Then, the constru%ﬁlon shown in Fig. 22D 20 IS
obtai ned by renoving the resist |ayer 9 Thus, pore formation has
progressed to a halfway in the thickness direction of the polycrystalline
silicon Iayer 3 Nbreover the current-flowing direction is nutually

I AL SO RS el g S i 1
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e poss b o et eaApEARrE % @8vst %t ?ﬁale&ax.sda%ppr%f%ﬁ?@ Wure
'n a several Seﬁ?%o the Q%E%&%%%s of the polycrystalline silicon layer
3 so that the region of the pore formation nearly reaches
the conductive layer Bb.' Hereupon, if the electrolyte
contains hydrofluoric acid during the anodic oxidation
10 process, the conductive layer 8b is not corroded because
the conductive layer has anticorrosion against hydrofluoric
acid. After the anodic oxidation process, the porous
semiconductor portion 6a composed of porous polycrystalline
silicon which is thermally oxidized, is formed by means of
15 the rapid thermal oxidation (RTO) process in the dry oxygen
atmosphere using a lamp anneal apparatus. In accordance
with the kind of the glass, the plasma oxidation process or
the electrochemical oxidation process (for example, using
acid) may be used.
20 Then, as shown in Fig. 25D,Ia conductive thin film 7
{surface electrode) composed of a thin gold film is formed
by means of the EB evaporation process so as to cover the
insulating substrate 13 and the porous semiconductor
portion 6a. Further, the conductive thin film 7 (surface

25 electrode} with stripe shape is formed by patterning so



the invol venment oxidation in the initial stage, which is at issue in the
nor mal oxi dation apparatus of core internal structure, is resLrained. I n
the rapid thermal oxidation 15 according to the present enbodi nent, the
flow rate of oxygen gas is 300 sccm the gldatlon tenmperature is 900 tC,
and the oxidation tine is 1 hour. Hereupon; as the process for oxidizing

t he porous polycrystalline silicon |ayer, the pl asma oxi dation, the 20

el ectrochem cal oxidation (for exanple, oxidation wusing acid), or the
oxi dation us W or ozone may be used,, i nstead of the rapid thernma

oxi dat i on. tﬂgFthetﬁ%ﬁﬁﬁﬁQﬁl ?Rﬁ%&x%&n%ﬁlq eidcon Iayer may be
nitrified, wthout using the OX|dat|Bn on the

pol ycrystal line EPFewR 'IayéLrI1 hae 8®r%%ﬁﬁﬁct|€@thlﬁePFPnl7 Bhen
striped shape, . whi ch nposed of a thin gold fi or ned

evapor ati on B?%%%EXSE%J? ??e]tja‘? Wq{a\hsgé’ré’ﬂlgﬁ lt[‘gr F‘lnﬁPE%tH‘gi ped
shape so that the construct ' 1 S obtalne

t hi ckness of S Pﬂ%tfﬁﬁﬁuiﬁrvekgﬁfﬁg???ﬁ19 ngiﬁn%n?lrcﬁﬁg o §sTlFﬁr°f

formng. the_, con lve

evapor aPi on tB?oE §§ roan?urg§aL%|%nd th %Bﬁ?k%g15?oﬁgg§tﬁ%€ Spe3uBBY. As

the process for pallerliGer, b

by forming a semiconductor device which

utilizes the polycrystalline silicon layer around the
electron source 10.

In the present embodiment, the thickness of the porous

10 structures (regions made porous) in the porous

semiconductor portion 6a 1is approximately equal to the

thickness of the polycrystalline silicon layer. Therefore,

the whole voltage is applied to the porous structures in

the porous semiconductor portion 6a. In consequence, the

15 applied voltage can be utilized for emitting the electrons

without causing wvoltage lo§s so that the amount of the

emitted electrons may be increased. In the present

embodiment, there is used such a conductive substrate that

the conductive layer 8b composed of platinum is provided on

20 the insulating substrate 13. However, other materials may

be used instead of platinum, if only they have

anticorrosion against hydrofluoric acid. Meanwhile, the

conductive layer B8b may be formed, by protecting other

conductive materials with anticorrosive materials. Other

25 constructions and functions are as same as the case of



t he conductive thin film7, the photolithography technique 10 and the

et ching technique may be used. Alternatively, the photolithography
technique and the lift off process may be used. Hereupon, although the
resist layer 9 is used as a mask |ayer dLéH ng the anodi c oxi dati on process,
a silicon oxide 15 filmor silicon nittide film which is fornmed in a
striped shape, may be used as a nmask layer. \When the silicon oxide filmor
silicon nitride filmis used, the step for renoving the nask | ayer after

t he anodic Cﬁ(l da |028§)r cess is not required. Further, an insulating

| ayer may beI?)t? bet ween the conductive thin filmand the

pol ycrystal l tlﬁ@i Sd| | cché ayer at a position where the electrons are not
emtted. Fur ° dctron-emitti ng phenonenon i s such a phenonenon

that the el ectror , V\/mc have_reached th surface o t he por.ous

seni conduct or Ia;}g"’r &ﬁ’tt@ﬁg‘f’& nt %1 bhe Wi r REESSH th’e’%%h i ve
thin film?7 | 0 .t he, vacuum at nosphere using the tunnel effect, by applying
the el ectricft Jflk?eq(‘j:l §#§%orous sem conductor |ayer in such a nmanner

(D 11 COMIUCTIA Lhbth BT gECt, oL BB LR condth LELEHS o
the electron source according to Embodiment 9 is
characterized in that, on the surface portion of the porous
semiconductor layer 6 of Embodiment 6, a low-resistance
layer 6c of predetermined thickness, whose resistance is

10 lower in comparison with other parts 6d, is provided.
Hereupon, the thickness of the low-resistance layer 6c is
made smaller than the mean free path of the electrons in
the low-resistance layer éc. In consequence, the
deterioration of the electron-emitting efficiency due to

15 the low-resistance layer 6c may be restrainedl.

In the electron source 10 according to the present
embodiment, when the electrical field is applied thereto,
the low-resistance layer 6c acts as a mimic electrode so
that the surface portion of the porous semiconductor layer

20 6 has a uniform electric;al potential. In consequence, even
if the porous semiconductor layer 6 does not partially
contact to the conductive thin film 7 composed of a thin
gold film, the electrical field is uniformly applied to the

porous semiconductor layer in the plane. Therefore, the

25 dispersion of the amount of the emitted electrons at the



the energy difference obtained by subtracting the energy of the work
function of the conductive thin film7 fromthe energy of the el ectrons
obt ai ned by appl ying vol tage between the conductive substrate and the
conductive thin 10 film?7. Therefore,<}he smal [ er 'the work function of
t he conductive thin film7 is, it is nDré;desirabIe. As the materials for
the conductive thin film7, alum num chrone, tungsten, nickel, platinumor
al l oys of the above may be used, in addition to gold. Mreover, the

t hi ckness of_the 15 condycti.ve t hi

fil ' 0 Ho t
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porous) rmmay fg} forming a low-porosity layer is dgscribed as the low-
resistance layer 6cC.
In the anodic oxidation ©process according to
Embodiment 6, the current density is changed during the
10 anodic oxidation process, while applying light thereto with
a constant light power. Hereupon, the current density is
set to a smaller value during a predetermined initial
period of the anodic oxidation process, and then the
current density 1is 1increased after the predetermined
15 initial period. In consequence, on the upper surface of
the porous polycrystalline silicon layer whose porosity is
larger, the porous polycrystalline silicon layer, whose
porosity is smaller and whose resistgnce is lower, is
formed. Hereupon, the light power may be changed during
20 the anodic oxidation process while holding the current
density at a constant value, ‘as same as the case of
Embodiment 6. In this case, the light power applied to the
surface is set to a smaller value during a predetermined
initial period of the anodic oxidation process, and then

25 the light power is increased after the predetermined



easily controlled. (Enbodinment 7) 5 ‘Herei nafter, Enbodinent 7 of
the present invention wll be described. In Enbodi nent 6, the anodic

oxi dation process for the polycrystalline silicon is performed such that
the current is fed with a constant curreg density or fed in a pulse 10
shape. On the contrary, in the current Eattern according to Enbodi nent 7,
a period that the p-type silicon substrate 16 acts as a positive el ectrode
and a period that it acts as a negative electrode are nutually set, whi |l e

pul se current .(current . of puI sha S fed ri.qd
Accor di ng t&nﬁﬁé ;b89§l ntig &Obuﬁﬁéh &ﬁt%%%g §§ 3 ana iogd

progresses during-the period t the p- type silicon substrate 16 acts as
t he positivéggwﬁcP?XdBB acky, Yﬁgt occasion, in the porous structures

oo e g e Ck“@a«zvezrt%wg%wt ol B
conequence LSS SEMESARLLY LLR"EhIBLS, s31oHITsRE iR R G 0
g:gg%;?§§| gggﬁé§cgﬁ6grg§%5§&gr b eﬁ%ogalféé%he posat%15 qggego RH%WZS
resistance layer) whose porosity is smaller, can be
simultaneously formed at the surface portion of the porous
polycrystalline silicon layer. Therefore, the electron
source 10, in which the in-plane dispersion of the emitted
10 electrons is smaller, can be achieved with a low cost,
without individually adding a further new step for forming
the low-resistance layer 6c.
Concretely, if the thickness of the polycrystalline
silicon layer is, for example, 1.5um, the current density
15 during the anodic oxidation process is set to a constant
value of 3mA/cm® for the initial 4 seconds, and set to a
constant value of 30mA/cm® for the following 10 seconds.
The porosity of the porous polycrystalline silicon layer is
determined in accordance with the current value during the
20 anodic oxidation. Thus, the porosity in the surface
portion of the porous polycrystalline silicon layer becomes
smaller than the other portion of the porous
polycrystalline silicon layer.
(Embodiment 10)

25 Hereinafter, Embodiment 10 of the present invention



83 where the pore formation has rapidly progressed during the
above-nentioned period that the p-type silicon substrate 16 acts as the
positive el ectrode, the pore formation woul d be restrained during the next
period that the pore formation 5 progrgsses. The above-nentioned
phenonena are repeated so that the thick s of the porous structures 25 is
approxi mately uniforned as shown in Fig. 15. As shown in Fig. 24,
concretely, in the process for form ng the porous sem conductor |ayer 6,

he pulce. el i b SEREIBRY- { neRRRPUTRY matton PRSGEBtcHbEbnG T he
peri od that Lhco SRSl el ShanOalt b 9hec adhe U BB r BB ene 1
CON 0N 154 v ofbt i SO0 SO s o oM™ EPSBRLBEALY | hrgy oo
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are 25 repeated 50, L0, JE UHIHNGSS e HROLRUEFLLYEL U5 8ig2Phe

surface portion of the porous polycrystalline silicon layer.

4. Therefore, only the manufacturing process of the

10 electron source 10 according to the Embodiment 10 will be
described below. Hereupon, the process except forming the
low-resistance layer 6¢c is as same as that of Embodiment 9.
That -is, the porous .polycrystalline silicon layer '4 is
formed by making the polycrystalline silicon layer 3 porous

15 by means of the anodic oxidation process. Hereupon,
because each of the current density and light power during
the anodic oxidation process is constant, the porosity of
the porous polycrystalline silicon layer is uniform in the
thickness direction thereof.

20 As shown in Fi§. 26A, in the manufacturing process of
the electron source 10, an ohmic electrode 2 is formed on
the back surface of a conductive substrate 1 Eomposed of an
n-type silicon substrate. Next, on the upper surface of
the conductive substrate 1, a polycrystalline silicon layer

25 3 is formed so that the construction shown in Fig. 26A is



84 is unifornmed all over the plane. I f the thickness of the porous
structures 25 is uniforned as descri bed above, the electron source 10, in
whi ch the in-plane distribution (dispersion) is extrenely snall, may be
achieved. 5 The current-fed peri%g per one pul se current (nanely,
pul se wdth), or the current density per "0ne pul se may be conveniently

sel ected in accordance with the conposition and tenperature of the

el ectrolyte. That is, the anount of the electric charges during the anodic

oxi dati on prg&%ﬁigds 10 adjusted by the conposition and tenperature
of the el ect Cbncretely, as sane as the case of Enbodi nent 6, the

Composi {1 on’and ?Zlﬁsé'rg Ea it b cRE e
Curront dendriyerh Saoterng” epe BHLREPksb ol s J‘é&'&ﬂ%fﬁer%” PR ype
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t hat the sugﬁk%ggﬁeh%,p%%b%hgg’éé%ﬁ”5¥tfﬁetgﬁprgﬁteggﬁsi£y and light

power during the anodic oxidation process is constant, the
porosity of the porous polycrystalline silicon layer 4 is
uniform in the thickness direction thereof.

10 After the porous polycrystalline silicon layer 4 has
been formed, the surface portion of the porous
polycrystalline silicon layer 4 is re-crystallized by means
of the laser anneal process. Then, a porous semiconductor
layer 6 including a low-resistance layer 6c is formed, by

15 oxidizing (or nitrifying) thé porous polycrystalline
silicon layer 4 so that the construction shown in Fig. 26C
is obtained. Hereupon, when the surface portion of the
porous polycrystalline silicon layer 4 is re-crystallized
by means of the laser anneal process, for example, argon

20 laser or excimer laser may be applied to the surface of the
porous polycrystalline silicon layer 4.

After the porous semiconductor layer 6 has been formed,
on the porous semiconductor layer 6 {(namely, on the low-
resistance layer 6c) a conductive thin film 7 composed of a

25 thin gold film is formed so that the electron source 10



second. In the present enbodi ment, during the anodic oxidation 25

process, the current-flowing direction is nmutually reversed, 85 and
further the current is fed in a pulse shape. I n consequence, the

t hi ckness of the porous structures 25 (rggions made porous} in the porous
sem conductor |ayer 6 becones approxi mat€Fy uniform Further, it is
possi ble 5 that the dispersion of the thickness in the depth direction
of the porous structures 25 is snaller than or equal to 0.5 [err] m Thus,

t he danmage of t.he ty reagi.on.8a due to,the el al te.nmm prevented;
by controll ?’ﬁé’ l?ﬁcﬁhfehg nﬁgg‘éﬁl %ﬂ%wrboll’%&gl%t r%'ﬁé:é qu o %‘&%g not
previously reach_10 . n-t gi on Eur t her, thlckness of t he
o ous st ucturedhoey ipnEnd HEEeht eembe?ﬁa‘&&tm the, é’rr'}e " ppttich
appr oxi mat el y .uni f or ned nse nce int sen1condu or
portion 6a §’éil€5t et® bf‘?'lﬁaryr?tﬂ};l Xs B2 d r}ﬁ ﬁer’{/e SRR i 1 ns
7, the electrons can surf ace.

|
consequenceP |ﬁ 50np§¥¥§@ﬁ%mt{%?he98gs£eFﬁ3%a?ﬁﬁ tﬁ?gfﬁess f theIBOPous

struct es
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ConStrUCt'O%%o%&%e&“@%&bgggtively. Therefore, the electron source 10,
in which the in-plane dispersion of the emitted electrons
is smaller, can be achieved with a low cost.

Further, in the electron source 10 according to the
10 present embodiment, the same effects as that of Embodiment
9 may be obtained. Moreover, because the low-resistance
layer 6c is composed of the re-crystallized layer, which is
formed by re-crystallizing the. surface portion of the
porous polycrystalline silicon layer 4, the irregularity of
15 the surface of the porous semiconductor layer 6 becomes
less. In consequence, it may be restrained that the
electrical field converges at the apexes of the convex
portions or the bottom of the concave portions on the
surface of the porous semiconductor layer 6. Therefore,
20 when the electron source 10 is applied to a display etc.,
it may be prevented that only specific spots become bright
so that the brightness dispersion in the plane may become
smaller.
(Embodiment 11)

25 Hereinafter, Embodiment 11 of the present invention



20 are as sane as the case of Enbodi ment 6. (Enbodi nent 8) Hereinafter
Enbodi nent 8 of the present invention will be described. In Enbodi nent 8,

there is used a suhstrate in which a 25 pl ati num el ectrode as the
conductive layer is provided on a sur f %e of a glass plate. Material s
for the glass plate may be selected fromuartz gl ass, non-al kali gl ass,

| ow- al kali glass or soda linme glass, in acCordance with the process
tenperature during the nmanufacturing process. Her eupon, platinum

hydrof | uori c¥ E“i&?ﬁr@“%ve B Seﬁ‘%‘%%ﬁpé# “a'élaé‘%‘ae?é r%aaﬁ"%hix%r:%??hﬁs
bstrate 13 t.e duct 8 f
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process. For~exa e evapora cess as
?Q?ﬁgd ggnasr? %FeEﬁayer 6cngs 989 dpglyc§¥§£9££§n?oglh& rlfnge; 31is
the impurity-implanted layer, which is formed by implanting
impurity ions (for example, phosphorus, boron or the like)
into the porous po;ycrystalline silicon layer 4 through the
surface thereof.

10 The manufacturing process of the electron source 10 is
approximately as same as that of Embodiment 10. The
difference 1is as follows. Nanely, after the porous
polycrystalline silicon layer 4 (see Fig. 26B) has been
formed, impurity ions are implanted into the porous

15 polycrystalline silicon layer 4 through the surface thereof
by means of the ion implantation process. Then, the low-
resistance layer 6c is formed by oxidizing (or nitrifying)
the porous polycrystalline silicon layer 4.

Thus, in the present embodiment, after impurity ions

20 are implanted into the surface portion of the porous
polycrystalline silicon layer 4, the surface portion is
oxidized (or nitrified) to become the low-resistance layer
6c. In consequence, the low-resistance layer 6c can be
provided with a good controllability so that the electron

25 source 10, in which the in-plane dispersion of the amount



t hi ckness of 0.5 [err]mand to cover the insulating substrate 13 and the
conductive |ayer 8b. 20 Further, as shown in Fig. 25C  the
polycrystalline silicon layer 3 is pattered so as to keep the portion

t hereof | ocated above the conductive |ayer 8b by neans of the RIE process.
By the patterning, there is forned a pat@érn corresponding to the shape
of the porous 25 sem conduct or portion 6a in the porous sem conduct or

| ayer 6. Then, the anodic oxidation process as sane as that of

Enbodi ment 6 or 7 is perforped in such a nmanner that the conductive |ayer
8b acts as &f @P@cﬁmég§e§oeiﬁ§Fr?H§ bol Y55 1T kg 1atuievies) ¢ ths anpde
porous. The depth of 5 the pore formation is set to a value which is
appr oxi mat ePWe§@8L -t o the thi ckness of the polycrystalline silicon |ayer 3
so that the region of the pore formation nearly reaches the conductive

| ayer 8b.  Her efB&fheryf ithetRe cBLPEEYPR SONESEN hydFSRTLRT ctacitdeduri ng
t he anodic oxidation 10 = process, the conductive |ayer 8b i s not
corroded bePX§$ENEHETRRRARERTEY e thEy SPTRaETLRCES0 RS0 PEY SfaiFbrodiment
hydr of | uori ¢ aci d. After the anodic oxjdation process, the porous
seni comduct 8 56 t PBn °B%2dBRAos e MOFEQBRDUSPRERYER y $18I I FHE TESLSEGR SN ch
is thermally oxidized, is forngd y neaps of 15  the rapid thernal

oxi dation ( TpPEcesSs CPHPPRE d?? BR§ gHpPurity-implanted layer, which

is formed by implanting impurity ions into the porous
polycrystalline silicon léyer 4 through the surface thereof,
the concentration or distribution of the impurity of the
10 low-resistance layer 6c may be easily controlled.
(Embodiment 12)
Hereinafter, Embodiment 12 of the present invention
will be described. Hereupon, .the electron source 10
according to Embodiment 12 is as same as that of Embodiment
15 9. Merely, the manufacturing process is different. The
present embodiment is characterized in that the low-
resistance layer 6c is formed by oxidizing {(or nitrifying)
the impurity-diffused layer, which is formed by diffusing
an impurity (for example, phosphorus, boron or the like)
20 into the porous polycrystalline silicon layer 4 fxrom the
surface thereof.
The manufacturing process of the electron scurce 10 is
approximately as same as that of Embodiment 10. The
difference 1s as follows. Namely, after the porous

25 polycrystalline silicon layer 4 (see Fig. 26B) has been



at nosphere using a | anp anneal apparatus. In accordance with the kind of
the gl ass, the plasma oxidation process or the electrochem cal oxidation
process (for exanple, using acid) may be used. 20 Then, as shown in
Fig. 25D, a conductive thin film7 (surface el ectrode) conposed of a thin
gold filmis formed by neans of the EB eWdporation process so as to cover
the insulating substrate 13 and the porous sem conductor portion 6a.
Further, the conductive thin film7 (surface 25 el ectrode) wth stripe
shape is formed by patterning so 88 that the electron source 10 is

conpl et ed. He n, thejnimpuidty pigsestiffusgdyodipent, the t perous

pol ycrystalline silicaon |layer is provided on the insulating substrate 13.
Theref ore, ®PAYAYRFailing ©idlcore 1pyRE 8f Trom theesuriree chReMRRELH0 and
the insulating substrate 13 may be forned together, by formng a

seni conduct gr€aEY i @% WAECHLHENFLoBs PERECSS yory @il TR $PYTERF $EaRse
around the electron source 10, In the present enbodi nent, the thickness of
the porous IJmyer 8¢ ut3 uferred (begpeidlzingdeor phptEying) fthe (prrousor ous
sem conductor portion 6a is approximtely equal to the thickness of the

pol ycr y3t al IRy aystegd ingy &l livesr dpypeE, 4-

Thus, in the present embodiment, after the impurity is
diffused into the surface ©portion of the porous
polycrystalline silicon layer 4, the surface portion is
oxidized (or nitrified) to become the low-resistance layer

10 66. In consequence, the low-resistance layer 6c, which has
a larger area of electron-emitting surface, can Dbe
comparatively easily provided. Therefore, the electron
source iO, in which the in-plane dispersion of the amount
of the emitted electrons is smaller, may be achieved with a

15 low cost.

Further, in the electron source 10 according to the
present embodiment, the same effects as that of Embodiment
9 may be obtained. Moreover, because the low-resistance
layer 6c is composed of the impurity-diffused layer, which

20 is formed. by diffusing the impurity into the porous
polycrystalline silicon layer 4 from the surface thereof.
In this case, the area of electron-emitting surface may be
larger in comparison with the case using the ion implanting
process.

25 Although the present invention has been described in



the whole voltage is applied to the porous structures in the porous

sem conduct or portion 6a. |In consequence, the 15 appl i ed vol tage can be
utilized for emtting the electrons w thout causing voltage |oss so that

t he ambunt of the emtted el ectrons may Bg increased. In the present

enbodi nent, there is used such a conducti’'ve substrate that the conductive

| ayer 8b conposed of platinumis provided on 20 the insulating substrate
13. However, other materials may be used instead of platinum if

only they _have.antigorrosi,on ai nst ,hydrof L uorjc acid. Meanwhile, the -

conducti ve FS@@%@B O AT bf;ms’ro%itlg‘@f]fcﬁg tﬁﬁﬁ?ogbnd‘lﬁﬁx v\g?:;l?&freri al's

with anticorrosige mat er.i,al s O her 25 1 CE%structions and fugﬁ%ions are
& ¢E

a?rb sgme as UR&E1G481E and BGILIASA-ARAP lé’ll ( dSSF‘ﬁeﬁ‘Ppéfe r EOnAFPER i
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10 | ower in conparison with other parts 6d, is provided. Hereupon,
the thickness of the |lowresistance |layer 6¢c is made smaller than the nean
free path of the electrons in the |owresistance |ayer 6c. In
consequence, the deterioration of the electron-emtting efficiency due to
15 the | owresistance | ayer 6¢c may be 3%strained. In the el ectron source
10 according to the present enbodi nent, when the electrical field is
applied thereto, the |lowresistance |ayer 6¢c acts as a mmc el ectrode so

that the sur rii f 16 porous sem conductor |ayer 20 6 has a
uni form el ecﬁ}ﬁﬁm%alﬁ&h I n consequence, even if the porous

sem conduct or | ayer 6 .does not partially contact. to the conductive thin
T 7 composed o a thi rElohdl FeTraSion: Gt 1 1SR TATE PTG o

applied to the porous sem conductor |ayer in the plane. Therefore, the
25 di sperS?™HE6i®%'he amount of the emtted el ectrons at the 90 pl ane
may be restrained. Thus, en the el c%ron source 10 is applied to a

di spl ay, the bright ness & V6n SYRSLRELE4r een may become smal | er

ST OWLINEE. WREARCE, NI L g L T A
's descri bedcéinsdlgc eivleomé-ubstrate, at least a part of the semiconductor
layer being made porous; and
a conductive thin film formed on the
semiconductor layer, in which electrons injected into the
10 conductive substrate are emitted from the conductive thin
film through the semiconductor layer by applying a voltage
between the conductive thin film and the conductive
substrate in such a manner that the conductive thin film
acts as a positive electrode against the conductive
15 substrate, wherein
the semiconductor layer includes a porous
semiconductor layer in which columnar. structures and porous
structures composed of fine semiconductor crystals of
nanometer scale coexist, a surface of each of the
20 structures being covered with an insulating film, while an
average dimension of each of the porous structures in a
thickness direction of the semigonductor layer is smaller
than or equal to 2 zm.
2. The field emission-type electron source according
25 to claim 1, wherein thin film side end portions of the

I

—_—
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resi stance layer 6¢c. In the anodic oxidation process according to
Enbodi nent 6, the current density is changed during the 10 anodi ¢

oxi dation process, while dpplying light thereto with a constant |ight
power. Hereupon, the current density is St to a smaller value during a
predetermned initial period of the anod?g oxi dation process, and then the

current density is increased after the predeterm ned 15 initial period.
I n consequence, on the upper surface of the porous polycrystalline silicon
| ayer whose rosity orous.pol ycrystaglline silican Iayer
whose por05|BgupgagnﬁkFBFgﬁgﬁsmﬁB tgégigféﬁ §¥§ ?B POriopg, Rédth

t he anodi ¢ oxi dation

He th ht b d.d

pr(r)ggggnwhl Pgrﬂ‘d?d sr%“\tlz\ﬁélr%%ﬁr?rg?lftﬂ gg??y%&t % S8REt ARSI, 18s to8ne as

th f, Enb th lied to th

suffggzeig §Eﬁcg8e3§sﬁﬁf?%%lﬁﬁl Sﬁﬁamﬁg (%ggiéfﬂﬁﬁéﬂaPﬁlisal gerlgd of
h di d d. th t.h

| nor eased. Sfxl e? R e et

constrggtlo escr bed bove be achi eved. Accordin to the
above- nentl f&ﬂtuw ﬁﬁebPoc & Porous . semiconduct layer is

composed of porous polycrystalline silicon formed by an
anodic oxidation process.
4, The field emission-type electron source according
to <claim 1, wherein a difference between a maximum
10 dimension and minimum dimension of the porous structures in
the thickness direction of the semiconductor layer 1is
smaller than or equal to 0.5 unmn.
5. The field emission-type electron source according
to claim 1, wherein thickness of the porous semiconductor
15 layer is approximately equal to thickness of the
semiconductor layer disposed between the conductive thin
film and the conductive substrate.
6. The field emission-type electron source according
to claim 1, wherein an anticorrosive conductive layer,
20 which has an anticorrosion against an electrolyte for an
anodic oxidation process used for making the semiconductor
layer porous, is provided on a surface of the conductive
substrate at a semiconductor layer side.
7. The field emission-type electron source according

25 to claim 1, wherein a low-resistance layer of predetermined

U



in the step of form ng the porous polycrystalline silicon 5 | ayer, the
porous polycrystalline silicon layer (low resistance |ayer) whose
porosity is smaller, can be sinmultaneously formed at the surface portion of
t he porous polycrystalline silicon |ayer. Therefore, the el ectron
source 10, in which the in-plane dispersit®} of the enmitted 10 el ectrons
Is smaller, can be achieved with a | ow cost, wi thout individually adding a
further new step for formng the | owresistance | ayer 6¢. Concretely, if
the thickness of the polycrystalline silicon |layer is, for exanple, 1.5g4m
the current terdnepsisis PHRYideAt AR anddiid ofdldnt $ide ppBEePporitionetofio a
constant value of 3mAMcnferr] for the initial 4 seconds, and set to a

const ant valtée GOV THPLFRAYHLT ol 2¥RF ndR 1Ghee ddigknepie digiasdiiiop of

t he porous polycrystalline silicon |layer is_determned in accordance with
the current faithe FePilcEPONELOT LavgRodbRe bQWkesbF-ance Apyer haydng
porosity in the surface portion of the porous polycrystalline silicon

| ayer beconds XMRYT eFesishamce LRe COMPRRESON B gfheRfpartfeof ghious

pol ycrystalline silicaon |ayer. (Enbodinent 10) 25 Her ei nafter,
Enbodi ment BPIOMSt ﬁ@“ﬁF@gé‘HFt_Pﬁv A¥EBN 92
8. The field emission-type electron source according

to claim 7, wherein thickness of the low-resistance layer
is smaller than a mean free pat£ of the electrons in the
semiconductor forming the low-resistance layer.
10 9. °~ The field emission-type electron source according
to c¢laim 7, wherein the low-resistance layer is composed of
a low-porosity layer having a smaller porosity in
comparison with other parts of the porous semiconductor
layer,
15 10. The field emission-type electron source according
to claim 7, wherein the low-resistance layer is composed of
a re-crystallized layer which is formed by re-crystallizing
a surface portion of the porous semiconductor layer.
11. The field emission-type electron source according
20 to claim 7, wherein fhe low-resistance layer is composed of
an impurity-implanted layer which is formed by implanting
impurity ions into the porous semiconductor layer through a
surface of the porous semiconductor layer.
12. The field emission-type electron source according

25 to claim 7, wherein the low-resistance layer is composed of

T



will be described. Her eupon, the electron source 10 according to
Enbodi nent 10 is as sane as that of Enbodinent 9. Merely, the manufacturing
process is different. Nanely, it is characterized in that the

| owresi stance | ayer 6¢ 5 provided in the surface portion of the porous
sem conductor layer 6 is formed by oxidi 208g (or nitrifying) the re-
crystallized layer, which is forned by re-crystallizing the surface portion
of the porous polycrystalline silicon |ayer 4. Therefore, only the
manuf acturing process of the 10 el ectron source 10 according to the
Enbodi nent B wWiRumEYseddiised Bervses. whdrbupdn formeds ke &L faved®gt afor ni ng
the lowresistance |ayer 6¢ is as sane as that_ of Enbodinent 9. That is,
the porous pPOPPEAESt alPFRe W14 | POROPSy PO GRNAUGLASY BRYREKI Hyrow@h a

pol ycrystalljne silicon_|layer 3 porous 15 by neans of the anodic

oxi dation PUGEEse of ther BOFBHS BERAGRRIEEEPE ok2¥®e current density and

| i ght power during the anodi ¢ oxidation process is constant, the porosity
of the porous pollyerydbgl FigddsprigshonaydRe i LT MIUF G @Gk s
direction thereof. 20 As shown in Fig. 26A, in the manufacturing
process of ti% ¥BcOPREn SbuFédind, lant®hri-c BrER¥dde Xhid f §ikBd Sdle he
back surface of a conductive substrate 1 copposed of an n-type silicon

substrate. SUGERCe &F t9pFhufpler tR&rPRERUST SERBCEBRRRICESvR2ERbSBLate B a

pol ycrystalline silicon_|ayer 25. 3 is forned so that the construction
shown in Fi&pr§@geigf the conductive substrate.

14. A method of manufacturing a field emission-type
electron source including:
10 a conductive substrate;

a semiconductor layer formed on a surface of the
conductive substrate, which includes a porous semiconductor
layer with average thickness smaller than or equal to 2 ugm
in which columnar structures and porous structures composed

15 of fine semiconductor crystals of nanometer scale coexist,
a surface of each of the struc*vzs being covered with an
insulating f£ilm; and

a conductive thin film formed on the
semiconductor layer, in which electrons injected into the

20 conductive substrate are emitted from the conductive thin
film through the semiconductor layer by applying a voltage
between the conductive thin film and the conductive
substrate in such a .manner that the conductive thin film

acts as a positive electrode against the conductive

25 substrate: the method comprising the step of:

| REN 0 G R



93 obtai ned. Then, a porous polycrystalline silicon layer 4 is formed by
maki ng the polycrystalline silicon |ayer 3 porous by neans of the anodic
oxi dation process so that the 5 construction shown in Fig. 26Bis
obtained. In the present enbodi nent, because each of the current density
and |ight power during the anodic oxidati®? process is constant, the
porosity of the porous polycrystalline silicon layer 4 is uniformin the

t hi ckness direction thereof. 10 After the porous polycrystalline
silicon |ayer 4 has been, formed, . the  surface portion  of t he
porous pol ycryst al | i nBaking cehe | sgreiconquctar daparapoross by means ef the

| aser anneal process, Then,, a porous sem conductor |ayer 6 including a

| owr esi st aRBe | aYREicc IR bPresess oxkei ziFREM (dhe ni PPrPitEng)
the porous polycrystalline silicon |ayer 4 so that ‘the construction shown
in Fig. 26CSP?1689§¥ﬁ§6? lageBupoheRtn t RRiskpeste BbrttBR oPOFRBSpor ous
polycrystalline silicon layer 4. is re-cr¥ tallized by neans of the | aser
anneal proc§§§}CPB?u€§%ﬁp%é¥eﬁranCQBtro f%@e?yo?eéﬁgiﬂ%rapaéﬁPuﬂﬁyOSe
applieg to the surface of the porous pol%gry talline silicon |layer 4. After
the porous &&RFEBMEUGTGTICS) cAUBIRAS 2heRFT$AF midta tont e SEBLGqEduUctor

seniconductgr | ayer 6 {nanely,,on the | ow )
ayer acts as a positive electrode in the step.

15. The method of manufacturing the field emission-
type electron source according to claim 14, wherein a pulse
current or pulse voltage 1is applied between a counter

10 electrode and the conductive substrate on which the
semiconductor layer to be made porous is formed in such a
manner that a period that the conductive substrate acts as
a positive electrode and a period that the current or
voltage is off state are mutually set, while thickness of

15 the porous semiconductor layer is controlled by changing an
amount of electric charges during the period that the
semiconductor layer acts as the positive electrode.

16. The method of manufacturing the field emission-
type electron source according to c¢laim 14, wherein a pulse

20 current or pulse voltage is applied between a counter
electrode and the conductive substrate on which the
semiconductor layer to be made porous is formed in such a
manner that a period that the conductive substrate acts as
a positive electrode and a period that the conductive

25 substrate acts as a negative electrode are mutually set,

ORI



resi stance | ayer 6c¢) a conductive thin film7 caonposed of a 25 thin gold
filmis fornmed so that the el ectron source 10 94 having the construction
shown in Fig. 26D is obtained. Thus, in the present enbodi nent, the surface
portion, which is re-crystallized by means_of the | aser anneal process,
becones the I|owresistance |ayer 6c. 104 In 5 consequence, the
| ow-resi stance |layer 6c¢c nmay be easily provided conparatively.

Therefore, the electron source 10, in which the in-plane dispersion of the

emtted el ect,r.ans | er n achieved with a | ow cost, Further, in
t he electroﬁhggﬁ? ifﬁﬂgg@@rdpﬁa Fgetthfﬁus SPBEEARdREEeHi nkaYer t hkS sane
effects as that_. of odlnent 9 may be obtai ned, Mor eover, because the

| ow resi st anfE g Y [ Pa0gHNgs 88 8FOURL PE- eipSERLE| chardes drer vineh i s
formed by re 1ﬁﬁy [1jzing the surface Eortlon of the porous

pol ycryst al ¥ q?&ﬂﬂlﬁ@%rpﬁrl?ﬂe heteddearianiqomanctor dayverurgee® of

t he porous sen1$fnductgﬁglaé§8F$ gcones | ess. In consequence, it may
be restraifed FAhAEIY reqf-field converges at the apexes of the
convex §ort|ons 3t boH: Q}Of t he c g ROFtIOﬂS on the surface of the
por ous sem condu %ﬁePEPB 9ping Gndiqlith FRERTIATERA ce 10

i's applied télé%éﬁd%P%%%x%%c1hclud1ng

a conductive substrate;
a semiconductor layer formed on a surface of the
conductive substrate, which includes a porous semiconductor
10 layer with average thickness smaller than or equal to 2 um
in which columnar structures and porous structures composed
of fine semiconductor crystals <. nanometer scale coexist,
a2 surface of each of the structures being covered with an
insulating film; and
15 a conductive thin film formed on the
semiconductor layer, in which electrons injected into the
conductive substrate are emitted from the conductiwve thin
film through the semiconductor layer by applying a voltage
between the conductive thin film and the conductjive
20 substrate in such a manner that the conductive thin film
acts as a positive electrode against the conductive
substrate, wherein
a low-resistance layer'of predetermined thickness
is provided on a thin film side end portion of the porous

25 semiconductor layer in the thickness direction of the

- —

————
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It may be prevented that only specific spots becone bright so that the
bri ghtness dispersion in the plane may becone smaller. (Enbodi nent 11) 25

Hereinafter, Enbodiment 11 of the present invention 95 will be

descri bed. Her eupon, the electron source 10 according to Enbodi nent
11 is as sane as that of Enbodi nent 9. k%$EIy, t he manuf acturing process

Is different. The present enbodinment is characterized in that the low 5

resi stance |ayer 6¢ is forned by oxidizing (or nitrifying) the

i mpurity-inplapted, layer, which is forped by inplanting inpurity ions (for
exanpl e, pﬂg§$h6?Q@HC%kﬁcn4Q¥eqvhetPer}°VﬁF%s%ﬁ aneR od2YSH yEAYIRG | Pne
silicon |ayer 4 throug%sthe surfacigthereof~ manuf acturing

10 The r
process of THRLILPECPPEASLLYIreRd18 1QWEppFERTFERRFS IR SoMBRaLiSPRaribh

Enbodi ment 10, The difference is as fo]lows. mely, ~after . the

bor ous pol yCRYSE aBRFRE. OF) 106n Bkt sseRlesiRistors Baresy et RoFREY.

I mpurity ions argﬁ%&gl nted into the porous 15 polycrystalline silicon
u

| ayer 4 thr 5oHR* S cE-§HRer by neans of the ion inplantation

process. Then, the |ow resistance |layer 6¢ is, forned by oxidizing (or
nitrifying) forming the porous semiconductor layer “bhy

decreasing the poxosity of a surface portion of the
semiconductor layer in comparison with the porosity of
other parts of the semiconductor layer, after t?he
semiconductor layer has been formed on the conductive
10 substrate;
forming the porous semiconductor layer including
the low-resistance layer by oxidizing or nitrifying the
porous semiconductor layer; and
forming the conductive thin film on the porous
15 semiconductor layer.

18. The method of manufacturing the field emission-
type electron source according to claim 17, wherein the
semiconductor layer is made porous by means of an anodic
oxidation process, a current density being set to a smaller

20 value during a predetermined initial period of the anodic
oxidation process, and the current density being set to a
larger value after the predetermined initial period.

19. The method of manufacturing the field emission-
type electron source according to claim 17, wherein the

25 semiconductor layer is made porous by means of an anodic

AR YRR



t he porous polycrystalline silicon |layer 4. Thus, in the present

enbodi nent, after inpurity ions 20 are inplanted into the surface
portion of the porous polycrystalline silicon |ayer 4, the surface
portion is oxidized (or nitrified) to bq@gne the | owresistance | ayer 6c.
In consequence, the |owresistance |ayer o6c can be provided with a good
controllability so that the electron 25 source 10, in which the in-plane
di spersi on of the anount 96 of the emtted electrons is smaller, nay be

Che present “aanadion 0¥oges s o8 Lyl BBuE: TEkE T st i e BpPEGRET o

t he present enbodi nment, e sane ects as t may

be obtai nedine MILAM se t ow tan er 6¢ is conposed of
t he inpurity-fnplante 9 gggﬁggwhiéE§F% fo%%% %by %%Bhgé ingdpﬁﬁﬂgityaions

nto the pobouncRalkshka! AihiiRgasi | bRaRokay gl 4&@0%%_%%3% Som

t hereof, the concentration or distribution of the i npuri

o esl st sseschag eamuinbe pALY St otk (VIND) e

Her ei nafter, Enbodiment 12 of the”present 1nve

Hereupen, bphedetberlin8h iSPHISE pé§&@&pording to Enbodi nent 12 is as sane
as that of Enbodi nent

20. A method of manufacturing a field emission-type
electron source including:
a conductive substrate}
a semiconductor layer formed on a surface of the
10 conductive substrate, which includes a porous semiconductor
layer with average thickness smaller than or equal to 2 um
in which columnar structures and porous structures composed
of fine semiconductor crystals of nanometer scale coexist,
a surface of each of the structures being covered with an
15 insulating film; and
a conductive thin film formed on the
semiconductor layer, in which electrons injected into the
conductive substrate are emitteq from the conductive thin
film through the semiconductor layer by applying a voltage
20 between the conductive thin £film and the conductive
substrate in such a manner that the conductive thin film
acts as a positive electrode against the conductive
substrate, wherein
a low-resistance layer of predetermined thickness

25 is provided on a thin film side end portion of the porous

AR R )P



15 9. Merely, the manufacturing process is different. The present
enbodi nent is characterized in that the | ow resistance |ayer 6¢ is forned
by oxidizing (or nitrifying) the inpurity-diffused |ayer, which is forned
by diffusing an inpurity (for exanple, pR@sphorus, boron or the like) 20
into the porous polycrystalline silicon [ayer 4 fromthe surface thereof.
The manufacturing process of the electron source 10 is approxinately as

sane as that of Enbodi ment 10. The difference is as follows. Nanel y,
after the REiQnhdiRRtor p%yéfysml lime Hilckaeskay@irdct{sge &F 9-the26B)
has been 97 formed, the "inpurity is diffused into the porous

pol ycryst al |§é&ﬁc%ddu‘&%ﬂ AWerd ftheMihe redikrasckhengerl, b%h%ﬁn%a%f d he
di ffusion process. Then, the 'owresi st ance | ayer 6c¢ is formed by

oxi di zi ng ( Ofgyit rkéﬂggéné@e iROT B&m ¥§rlsOIPO|VMQWSé@111éJ': ”Smsdtls' cop l@yer 4.
Thus, in the present enbodi naent, after the inpurity is diffused I nto

the  surfage it idhicaluctthe 189EeUS PRIXET Y Ebabbiaa Sild can layer 4,
the surface portion is oxidized (or n|tr|f|ed) to becone the | owresistance

layer 19  &Gstahn iGRISeIAas e forhed r&%fd@&%mm&lg&a Wi dias a

|larger area of electron-emtting surface, ca
portion of the porous semiconductor layer, the method

comprising the steps of:
forming the porous semiconductor layer by making
the semiqonductor layer porous, after the semiconductor
10 layer has been formed on the conductive substrate;
re-crystallizing the surface portion of the
porous semiconductor layer by means of a laser anneal
process;
forming the porous semiconductor layer including
15 the 1ow—resistance' layer by oxidizing or nitrifying the
porous semiconductor layer; and
forming the conductive thin film on the porous
semiconductor layer.
21. A methoa of manufacturing a field emission-type
20 electron source including:
a conductive substrate;
a semiconductor layer formed on a surface of the
conductive substrate, which includes a porous semiconductor
layer with average thickness smaller than or equal to 2 um

25 in which columnar structures and porous structures composed

[
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conparatively easily provided. Therefore, the electron source 10, in
whi ch the in-plane dispersion of the anmount of the emtted electrons is
smal l er, may be achieved with a 15 | ow cost. Further, in the electron
source 10 according to the present enbodH nt, the sane effects as that of
Enbodi ment 9 nmay be obt ai ned. Mor eover ,” Decause the | owresi stance | ayer
6¢c is conposed of the inpurity-diffused | ayer, which 20 is fornmed by
diffusing the inpurity into the porous polycrystalline silicon |ayer 4

fromthe surface thereof. In this cas the area of .electraon-emttin

surface nay Qofg ’z{}ege$e‘$’n°°&4$if§ﬂrso"ri‘%e‘i%‘% H’efac,%%réont?stieﬁg 19%S STPFHiEnt i ng

process. 25 Al t hou th esent invention.has been desgribed in

98 rel ation (f%ﬁ§%?%nﬁ€re%€%08?n§hfsSt 8F§8F?sn§ﬁ§ngtﬁ€F96§ i i &mhind

nndificatiOﬁiéglItﬂ§§qﬁg_apﬁghent to those skilled in the art. It is
t'hére 9 that''t

preferred, ore e present invention be linmted not by the
speci fic disclosure 5a Q%%%h%tigﬁt oq%&npy Hﬁﬁn@pp%ﬁg%%dFlabgF' the

) seniconductor layer, in which electrons injected into the
conductive substrate are emitted from the conductive thin
film through the semiconductor layer by applying a voltage
between the conductive +thin film and the conductive
substrate in such a manner that the conductive thin film

10 acts as a positive electrode against the conductive
substrate, wherein
a low-resistance layer of predetermined thickness
is provided on a thin £film side end portion of the porous
semiconductor layer in the thickness direction of the
15 semiconductor layer, the low-resistance layer, which has a
lower resistance in comparison with other parts of the
porous semiconductor layer, being composed of an impurity-
implanted layer formed by implanting impurity ions into the
porous semiconductor layer, the method comprising the -steps
20 of:
forming the porous semiconductor layer by making
the semiconductor layer porous, after the semiconductor
layer has been formed on the conductive substrate;
implanting the impurity ions into the porous

25 semiconductor layer from a surface side of the porous

—_—
—
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99 WHAT IS CLAIMED | S: 1. A field emssion-type electron source

whi ch conprises: a conductive substrate; 5 a sem conduct or

| ayer forned on a surface of the conductive substrate, at |east a part of

t he sem conductor |ayer being nade porou§69and a conductive thin film
f ormed on the sem conductor layer, in Which electrons injected into the
10 conductive substrate are emtted fromthe conductive thin film

t hrough the sem conductor |ayer by applying a voltage between the

conducti ve hch) t pn ti bsgkat g,i nsgych 4 -that the
conductive %%?nc§#éﬁ%§§€s fggé adH%osﬁg?ég . elec Podégﬂagélﬁggﬂegﬁégg
conducti ve ubstrate, wherein the sem conductor |ayer includes a

broces : .
por ous sem on%uc or layer in which columar structures and porous

Structures conposed ofodifigy SERL COBANALOLehihALSLOF RAYREELEL)LaERe |

coexist, a surface © _ _ ructures béi ng COVer
atruct uros The o o EimacR et et TR PU ORI e OBE" e R KB | o
than og equgl 5Qs 258 céndquctde fd il elfifsion-type el ectron source
according 2 to claim1, wherei'n thin filmside end portions of the
forming the conductive thin film on the porous
semiconductor layer.
22. A method of manufacturing a field enission—-type
electron source including:
10 a conductive substrate;

a semiconductor layer formed on a surface of the
conductive substrate, which includes a porous semiconductor
layer with average thickness smaller than or equal to 2 um
in which columnar structures and porous structures composed

15 of fine semiconductor crystals of nanometer scale coexist,
a surface of each of the structures being covered with an
insulating £ilm; and

a conductive thin film formed on the
semiconductor layer, in which electrons injected into the

20 conductive substrate are emitted from the conductive thin
film through the semiconductor layer by applying a voltage
between the conductive thin film and the conductive

stbstrate in such a manner that the conductive thin film

acts as a positive electrode against the conductive

25 substrate, wherein

-
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100 columar structures and thin filmside end portions of the porous
structures are located on a sane position in the thickness direction pf the
sem conductor | ayer. 3. The field em ssion-type el ectron source accordi ng
5 to claim 1, wherein the porous serpgonductor |ayer is conposed of
porous polycrystalline silicon formed by an-anodi ¢ oxi dati on process. 4.
The field em ssion-type el ectron source according to claiml, wherein a

di fference between a maxi num 10 di mensi on and m ni num di nensi on of the

porous structures in HheobirekR8eander 85¢EH N0 Pfpitdite s iGRIUM ikrdeder 1S
smaller than or equal to 0.5 gm 5. The fleldpen155|on-type el ectron

source accor@ 3 ddRidh la ¥hek eENlhhseleesadObolrieoR0bEUT hee Bor@ullIct or
15 | ayer is approximately equal to thickness of the sem conductor

| ayer di sposqsikehweerorhergpagucih vatdi rufickiessd dhgegOiERICIdVE the
substrate. 6. The field em ssion-type el ectron source according to claim

1, wherein amAlntRtes Y8 yeendudl UeW-aueistdfce 18ee) WAScANhas a
anticorrosion agalnst an el éctrolyte for an anodi ¢ oxidati on process used

for makj ng tige3enteondtshos |idY eEoRPE PUSon | WikhOVbHesk Opadtsuréacarf the
conducti ve
porous semiconductor layer, being composed of an impurity-
diffused layer formed by diffusing an impurity into the
porous semiconductor layer, the method comprising the steps
of:

10 forming the porous semiconductor layer by making
the semiconductor layer porous, after the semiconductor
layer has been formed on the conductive substrate;

diffusing the impurity into the porous
semiconductor layer from a surface of the porous

15 semiconductor layer by means of a thermal diffusion
process;

forming the porous semiconductor layer including
the low-resistance layer by oxidizing or nitrifying the
porous semiconductor layer; and

20 forming the conductive thin film on the porous
semiconductor layer.

23. A method of manufacturing a field emission-~type
electron source including:
a conductive substrate;

25 a semiconductor layer formed on a surface of the

AR



substrate at a sem conductor |layer side. 7. The field em ssion-type

el ectron source accordi ng 25 to claiml1, wherein a | owresistance |ayer
of predetermined . 101 thickness is provided on a thin filmside end
portion of. the porous sem conductor |ayer,i{n the thickness direction of the
sem conductor |ayer, the |owresistance |layer having a | ower resistance in
conpari son with other parts of the 5 porous sem conductor |ayer. 8.

The field em ssion-type el ectron source according to claim?7, wherein

the ol ect rorS Rt hivd SRR, MHRGH SRS TRkeS aupplefls: SapLcrafubeod,”
9. The figid em ssi,on-type el ectron source.according to claim?7, wherein
the | ow resi s?_‘%%%_emrta%/e?v%/’ga%% _ &51° a“‘\agwﬁeﬁorté’épt ?’lﬁ §BRLh&01 Ag A
P |1 00T OB iy CURBISON R R 3oL | DELRBLONS sellepnguctor
Cayer whi ch 15 Formeiopyce et A Py ele 5 ORI oG €1 E0H R Shr o
sem conguct of L@¥elce 1dr L88nT L2l Lr@MSSi A lnRe beéli%%t V32 G5 ding
insulating film; and
a conductive thin film formed on the
semiconductor layer, in which electrons injected into the
conductive substrate are emitted from the conductive thin

10 film through the semiconductor layer by applying a voltage
between the conductive thin film and the conductive
substrate in such a manner that the conductive thin film
acts as a positive eléctrode against +the conductive
substrate: the method comprising the step of:

15 forming the porous semiconductor layer in which a
surface of each of the porous structures is parallel to a
surface of the conductive substrate by performing an anodic
oxidation process to the semiconductor layer, after the

surface of the semiconductor layer has been smoothed.

AT



20 to claim7, wherein the |lowresistance |ayer is conposed of an

i npurity- |nplanted | ayer which is fornmed by inplanting inpurity ions into
the porous semi conductor |ayer through a surface of the porous

sem conductor layer. 12. The field em ssion-type el ectron source according
25 to claim7, wherein the Iom#resistﬁﬂge | ayer i s conposed of 102 an
inpurity-diffused | ayer which is formed by diffusing an inpurity into the
porous sen conductor |ayer through a surface of the porous sem conductor

| ayer. 13. The field em ssion-type electron source according 5 to any

one of clains 1 to 3, V\/nereAgsm@ of | ﬁm%ﬁ%&[ gee of each of the

porous structures is parallel a surface conductive substrate. 14.
A et hod of manufacturing a fleld em ssion-type el ectron source incl uding:

10 a conductive substrate; a sem conductor |ayer fornmed on a
surface of TAHEE ndUth i WVENIIQY at e, whi ch i ncl udes a por ous sem conduct or

| ayer with aver er_than or errJmin which
col ummar structéﬁgipigé¢%§§§ﬁl{igéLE¥B?E§°%oﬁBa§E§ é@D MANUFACAERING
sem conductor crystals of nanoneter scale coexist, a surface of each of the

structferr]s be'R9f§8XSr%%1%%E%n§%ype electron source 10 is prov1ded

with a conductive substrate 1, a semlconductor layer formed

5 on a surface of the conductive substrate 1, at least a part
of the semiconductor layer being made éorous, and a
conductive thin film 7 formed on the semiconductor layer.
Electrons injected' into the conductive substrate 1 -are
emitted from the conductive thin film 7 through the

10 semiconductor layer by applying a voltage between the
conductive thin film 7 and the conductive substrate 1 in

such a manner that the conductive thin film 7 acts as a
positive electrode against the conductive substrate 1. The
semiconductor layer includes a porous semiconductor layer 6

15 in which columnar structures 21 and porous structures 25
composed of fine semiconductor crystals of nanometer scale
coexist, a surface of each of thé structures being covered

with 'an insulating film 22,24: Further, an avefage
dimension of each of the porous structures 25 in a

20 thickness direction of the semiconductor layer is smaller

than or equal to 2 um.

Fig. 1



insulating film and a  conductive thin film forned on t he

sem conductor layer, in which electrons injected into the 20 conductive
substrate are emtted fromthe conductive thin filmthrough the '
sem conductor - | ayer by applying a voltage between the conductive thin film
and the conductive substrate in such a , oy anner t hat the conductive thin

filmacts as a positive electrode agai .sl’[4 t he conductive 25 substrat e:
t he net hod cqﬁ]’r'%s.i fg the step of: ° 103 meking the seniconductor |ayer
porous by neans *0f an anodi ¢ oxi dation process to form the

por ous sem conduct or Iayer,l2v\,herei n thickness of the porous

senmi conductor layer is contrlled by neans of an anount of 5 electric
charges during a pefrfl 'he” st conduct Ayer—a BS a positive

el ectrode in the step. 15. The nethod of manufacturing theifield em ssion-
type el ectron source according to claim 14, wherein a pu urrent or
pul se voltage is applied between a counter 10 el ectrode_and the
conductive substrate on which the sem conductor |ayer §o be nade porous
is formed in such a manner that a geriod that the.conducti¥e substrate acts

as a positive electroge andja perjodi that jthg cyrrent or - T\
TR T T
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voltage is off state are mutually set, while thickness of 15 t he porous
sem conductor layer is controlled by changi ng an anount of electric charges
during the period that the sem conductor |ayer acts as the positive

el ectrode. 16. The nethod of manufacturing the field em ssion- type

el ectron source according to claim 14, wherein a pulse 20 current or
pul se voltage is applied between a caeyntser el ectrode and the conductive
substrate on which the senm conductor |ayer to be nade porous is forned in
such a manner that a period that the conductive substrate acts as a

positive el ectrode and a period that the conductive 25 substrate acts as
a negative electr are, mutual ly set, 104 while thickness of the
porous sem cond cﬂdﬂ-'ﬁgyer is uniforned by changi ng an anount of
el ectric charges per one pulse during the period that the sem conductor
| ayer acts as the negative electrode. 5 17. A net hogd, of
manufacturing a field em ssion-type el ectron source includi g' a conductive
substrate; a semj R cacst-Fasexeé~tRegconduct i ve
substrate, whi ch'Ingl ugEs7 47 Mﬂ'ggﬁ?‘W‘V wi thQaver age
t hi ckness snal | er than i/ et Agﬁéglé;‘gﬂ?%~ Sy ‘/L
. - < < < A
. Bb | \\ N \\ \\
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in which columar structures and porous structures conposed of fine
sem conductor crystals [err] nanoneter scale coexist, a surface of each of
the structures being covered with an insulating film and 15
a conductive thin film forned on the sem conductor |ayer, in
which electrons injected into the conductive substrate are emtted fromthe
conductive thin filmthrough the sem conductor |ayer by applying a voltage-
bet ween the conductive thin film and3tRAé& conductive 20 substrate in such
a manner that thf£ dbctive thin filmacts as a positive el ectrode agai nst
t he conductive substrate, wherein a | owresistance |ayer of predeterm ned
t hi ckness is provided gn a thin filmside end portion of the porous 25
sem conductor $hyer i the thickness direction of the
sem conductor |gygey, .th ?gwtresi stance | ayer having a snaller porosity and
a lower resistape@lin arigon with other parts of the porous
sem conduct or I@/Eﬁ 1BheEnet hod conprising the steps of: 5
form ng the @DPEDUS _pisenm conducgor | ayer by decreasing the porosity
of a surface potd Fon 16 e sem conductor layer in conparison with the -
porosity of ot hggparts of the sem conductor |ayer, after the
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sem conductor | ayer has been forned on the conductive 10 substrat e;
formng the porous sem conductor |ayer including the | owresistance | ayer
by oxidizing or nitrifying the porous senm conductor |ayer; and formng the
conductive thin filmon the porous 15 sem conductor |ayer. 18. The

met hod of manufacturing the field em ssion- type-electron source according
to claim17, wherein the seniconductoral?xer i's made porous by neans of an
anodi ¢ oxi dation process, a current‘denélty being set to a snmaller 20
value during a predetermned initial period of the anodic oxidation
pfocess, and tﬁ?éu?ent density being set to a |arger value after the
predeterm ned’i hiXral period. 19. The nethod of manufacturing the field

em ssion- type electron source according to claim.17, wherein the 25

sem conductor layer is nmade pojous by neans of an anodic 106 oxi dation
process, a light power appliedl to a surface of the sem conduct or | ayer
bei ng smal lers——d n prSdetermned initial ,fperid@B of 28he
anodi ¢ oxi datfo e light power beind |arger]after the 5

pr edet er mi ned/i ni : =




20. A nmethod of manufacturing a field em ssion-type el ectron source

i ncludi ng: a conductive substrate; a sem conductor |ayer fornmed on a
surface of the 10 conductive substrate, which includes a porous

sem conductor |ayer with average thickness smaller than or equal to 2 A m
in which columar structures and porous structures conposed of fine

sem conduct or crystals of nanoneter scal e coexist, a surface of each of the
structures being covered with an 15 - PAdfllating film and a conductive
thin film forned on the sem conductor |ayer, in which electrons
injected into the conductive substrate are emtted fromthe conductive thin
filmthrough the sem cgpductog |ayer by applying a voltage 20 bet ween
the conductive thin 74 Gn d the conductive substrate in such a
manner that the conductive thin filmacts as a positive el ectrode agai nst

t he conductive substrate, wherein a | owresistance |ayelf of predeternined

t hi ckness 25 is provided on a thin filmside end porfion of+the porous
107 sem conductor |ayer in telress—sirartympon s s @i QéFUCtor
| ayer, the |owresistance CRVEFZAk p BT ;
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| ower resistance in conparison with other parts of the porous sem conduct or
| ayer, being conposed of a re- 5 crystallized | ayer formed by
re-crystallizing a surface portion of the porous sem conductor |ayer, the
met hod conprising the steps of: form ng the porous sem conductor |ayer by
maki ng the sem conductor |ayer porous, after the sem conductor 10 | ayer
has been forned on the conductive substrate; re-crystallizing the surface
portion of the porous sem conductor | &/t by neans of a | aser annea
process; form ng the porous sem conductor |ayer including 15 t he

| owresi stance | ayer by oxidizing or nitrifyi'ng the porous sem conduct or

| ayer; and fo ﬁ%}ﬁgd3oi conductive thin filmon the porous sem conductor

| ayer. 21. A manufacturing a field em ssion-type 20 el ectron
source including: a conductive substrate; a sem conductor |ayer fornmed on a
surface of the conductive substrate, which |ncludes a qs gnlconductor
| ayer with average thlckﬁhﬁezgiiller t han or 69 in which
col umar structures2ad pof ous It uctures co sed




108 of fine sem conductor crystals of nanoneter scale coexist, a surface of
each of the structures being covered with an insulating film and a
conductive thin film formed on the 5 sem conductor |ayer, in
whi ch electrons injected into the conductive substrate are emtted fromthe
conductive thin filmthrough the sem conductor |ayer by applying a voltage
bet ween the conductive thin filmand thesconductive substrate in such a
manner that the conductive thin film 10 acts as a positive electrode
agai nst the' fpgyckBve substrate, wherein a | owresistance |ayer of
predeterm ned thickness is provided on a thin filmside end portion of the
porous sem conductor |layer in the tbickness direction of the 15

sem conductor |ayer, the lowresistance |ayer, which has a | ower resistance

i'n comparifson~M g e of the porous sgm conductor |ayer, beging
conposed dgf an ippurity- | @&d | ayer formed)by inplanting inpurj ] ons
into the sem conduct ory | ayer, the method|conprising the stepg 20

of : form ductor |ayer by ki ng the sem conducjor
| ayer por

us, after the sem ctor layer hasy been forned on the
conduct i ve—stbstyate—tnptantfng the inpurity il;as_A_nw_Lhe_pQLgts_;&S'
sem conductor | 23 Ta surface_side of the porous 1
S g
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109 sem conductor |ayer by neans of an ion inplantation process; formng

t he porous sem conductor |ayer including the | owresistance |ayer by
oxidizing or nitrifying the 5 porous sem conductor |ayer; and form ng

t he conductive thin filmon the porous sem conductor |ayer. 22. A nethod of
manuf acturing a field em ssion-type electron source including: 10

a conductive substrate; a sem conductor |ayer forned on a surface of the
conductive substrate, which incluldes a ppriaus sem conductor |ayer with
average thickness smaller than or equal to 2 [err]min which col umar
structures and porougfiigfcygges conposed 15 of fine sem conductor
crystals of nanoneter? s’cel® exist, a surface of each of the structures
bei ng covered with an insulating film and a conductive thin film

f or med on the sem conductor |ayer, -in which electrons injected into the
20 conductive substrate are emt

through the sem conduc Eﬁﬁﬁ?,;zza,lgﬁﬁzgzzazy,,s, 07 t he
conduct i ve thin | f‘l | m //////;//////////////'///4
| i
10—
Fig.l6
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substrate in such a manner that the conductive thin filmacts as a positive
el ectrode agai nst the conductive 25 substrate, wherein 110 a

| owresi stance | ayer of predeterm ned thickness is provided on a thin film
side end portion of the porous sem conductor |ayer in the thickness
direction of the sem conductor |ayer, the | owresistance |ayer, which has a
5 | ower resistance in conparison with other parts of the porous

sem conductor |ayer, being conposed of an inpurity- diffused |layer forned
by diffusing an inmpurity into the por oud /démi conduct or | ayer, the method
conprising the steps of: 10 form ng the porous sem conduct or

| ayer by naking the sem conductor l.ayer porous, after the sem conduct or

| ayer has been forned on the conductive substrate; diffusing t he

impurity .- f'Spg porous sem conductor layer from a surface of
the porous sem conductor layer by nmeans of a thernal
di ffusi on process; fornwgg t he ous sem conductor |ayer including the
| owresi stance | ayer y’ xi di zi or nitrifying the porous sem conductor
| ayer; and
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20 formng the conductive thin filmon the porous

sem conduct or layer. 23. A nethod of manufacturing a field em ssion-type
el ectron source including: a conductive substrate; 25 . a

sem conductor | ayer forned on a surface of the conductive substrate,
whi ch i.ncludes a porous sem conductor |ayer wth average thickness snaller
than or equal to 2 [err]min which col@ifar structures and porous
structures conposzg-gi'v e sem conductor crystals of nanoneter scale
coexist, 5 a s r( &°of each of the structures being covered vv4}h an

insulating film and a  conduc thin frim  torned
sem conduct or | ayer,
substrate are emtted from
sem conductor |ayer by appfying a voltage between the
and the conductive subspfate in such a manner that the
acts as a positive elg i >_conducti-ve
conprising the step o
| ayer in which a surfg
surface of the conduc

thin film
elghin film
hg¥rat e: the net hod

$e¥ous seni conduct or
. //}es is rallel to a
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oxi dation process to the sem conductor |ayer, after the surface of the
sem conduct or | ayer has been snoot hed.

Fig.22A
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