1 DESCRI PTION FI ELD EM SSI ON-TYPE . ELECTRON SOURCE 5 TECHNI CAL FI ELD The

pr esent

invention relates to a field em ssion- type el ectron source

arranged to emt an el ectron beam by wusing a sem conductor nmateri al
according to field emssion. 10 BACKGROUND ART Conventionally, as-a field
em ssion-type electron. source (which hereinbelow may be shortly referred

to as

an "electron source"), there i s known a Spi ndt-type 15 el ectrode

disclosed in, for exanple, U S. Patent No. 3,665,241. The Spindt-type
el ectrode includes a substrate and gate |layers, in which a | arge nunber of

trigonal - pyram d-shaped emtter cﬁh%%gégﬁ§ﬂ§£anged on the substrate, and.

the gate layers are insulated from

emtter chips that have

em ssi on openi ngs provided to expose end portions of the emtter chips. In
the Spindt- type el ectrode, when a high voltage is applied in a vacuumto
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TECHNICAL FIELD

The present invention relates to a field emission-
type electron source arranged to emit an electron beam by
using a semiconductor material according to field

emission.

BACKGROUND ART

Conventionally, as a field emission-type electron.

' source (which.hereinbelow may be shbrtly referred to as

an "electron source"), there is known a Spindt-type
electrode disclosed in, for example, U.S. Patent No.
3,665,241. The Spindt-type electrode includes a
substrate and gate layers, in which a large number of
trigonal-pyramid-shaped emitter chips are arranged on the
substraté,'aqd the gate layers are insulated fromfone—way
eﬁittér éhips that héve emission openingé proﬁided to
expose end portions of the emitter chips. In the Spindt-
type electrode, when a high voltage is applied in a
vacuum to cause the emitter chips to be cathodic with
respect to the gate layer, electron beams are emitted

from the apexes of the emitter chips through the emission



For the Spindt-type el ectrode, however, a nmanufacturing process is
conplicated, and it is difficult to manufacture a |arge nunber of the
trigonal -pyramd 5 shaped emtter chips at high precision. As such, a
problemarises in that it is difficult to inplenent area enlargenent when
the electrode is used for, for exanple, a flat emtting device and

di splay. Moreover, in the Spindt-type electrode, since fields concentrate
at the 10 apex of the emitter chip, when a residual gas exists because the
degree of a vacuum around the apex of the emtter-chipis |low the
residual gas.is-jonized..by emtted electrons to be of anodic ion. Since

t he anodi c 9RARLIRHPt nge on the apex of the emtter chip, the apex of 15
the emtter chip suffers danage %such as ion-jnpact- caused damage). For
this reason, def &% et BWERAY-CyREULLESTERSt HRVQVRE, & ectron
properties, such as the current density and em ssion:efficiency, become -
unstabl e, = ARNBEERGEBUFRBISBEQLEES| iife cOmMRIHECahAd andhip |8 %%Géealtzo To"
prevent the defects, the Spindt-type el ectrode needs to be used in a high
vacuum (i n ate dayeubaclors paleggeongmbey) ofrHibe dfykganal opyeasidhovever,
in that costs are increased, and in addition, handling becones difficult.
For eli®i natshepedeenibtbetschdper affed igthorred 9800 npl Rgrefcinpovenent, an

el ectron source of a MM (netal 3 insulator netal) type and an el ectron
source of a psblem arises in that it is difficult to implement area

enlargement when the electrode is used for, for example,
a flat emitting device and display. Moreover, in the
Spindt-type electrode, since fields concentrate at the

10 apex of the eﬁitter chip, when a residual gas exists
because the degree of a vacuum around the apex of the
emitter-chip_iS'lqw, the residual_gas_is:ionized"by o
emittéa électréns.to bé of anodid”ién.. Siﬂée the anodic |
ions impinge on the apex of the emitter chip, the apex of

15 the emitter chip suffers damage (such as ion-impact-
caused damage). For this reason, defects can easily
occur to an extent that electron properties, such as the
current density and emission efficiency, become unstable,
'and_hence the:sérVice life of thelemitter chip is reduCed;

20 T§ prevent the.defecﬁs, the Spindt—fypé electfodé ne;ds
to be used in a high vacuum (in a range of 10° Pa to 107°
Pa). This arises problems, however, in that costs are
increased, and in addition, handling becomes difficult.

For eliminating the defects described above to

25 implement improvement, an electron source of a MIM (metal



(metal oxide sem conductor) type have been proposed. The forner is a flat
el ectron. source that has a (netal) (insulator film-(metal) nultil ayered
structure, and the 5 latter is a flat electron source that has a (netal)-
(oxide)-(filmsem conductor) nultilayered structure. To inprove the

em ssion efficiency (to cause many electrons to emt) in either of the

el ectron sources of the aforenentioned types, the filmthickness of the
filmsuch 10 as the insulator filmor the oxygen filmneeds to be
reduced. However, with the insulator filntor the oxygen filmof which the

t hi ckness i s ex e55|ve reduced en. - i lie en upper
and | ower el& table W%.?\Bﬂ@e%d LeF E argo%pc% (—f')r,létj gmtlgeakdovm
can 15 occur ce th eleciric kdo eeds.to be revente t he
aducti on | EKAL RAAGR 3 ePRabe P EL CaR0oBRYE mery BdHARRA- AdtRtch, a
problentarlses i n that e el ectron em ssi.on efficienc i nduction = -

ef fi ciency) TOFRFH h%t%%s%ﬁe§5rﬂpgﬁ°ur§8 ﬁ$€§h§1 S&F% %h%closed in
Japanese Unexanlned Patent Application_Puyblication . 8-250766, an

el ectron sodmB &R &t Bl 7 GRckAL ssPBA %éﬁ’ly@&ﬁtﬂ’u@ttd?u%ec'e)a%sth%een

proposed. The electron source is configured such that a nDnocr stal line
sem comiuct dthpfstinta slrh aleqtssnsipicss Shed has 3 s(MRRL) 2 surface

of the senlconductor 4 _substrate is anodic-oxidized, a porous
seni conduct ofoXide) - (film semiconductor) multilayered structure. To

improve the emission efficiency (to cause many electrons
to emit) in either of the electron sources of the
aforementioned types, the film thickness of the film such

10 as the insulétor film or the oxygen film needs to be
reduced. However, with the insulator film or the oxygen
film of whiqh the thiCkngss is excessively-:educed, when'
vbitage is;aﬁplied.betwéeh upper éﬁd'ioWer.electtédes in
the multilayered structure, dielectric breakdown can

15 occur. Since the electrical breakdown needs to be
prevented, the reduction in the insulating film or the
oxygen film is limited. As such, a problem arises in
that the electron emission efficiency (induction
_efficiency) cannot be increased solhigh.f

20 Recéﬁtly, as 1is diéclosed in.Japanese'Uneﬁaﬁiﬁed
Patent Application Publication No. 8-250766, an electron
source (cold electron emission semiconductor device) has
been proposed. The electron source is configured such
that a monocrystalline semiconductor substrate such as a

25 silicon substrate is used, a surface of the semiconductor



| ayer (porous silicon layer) is thereby fornmed, and a thin netal
filmisformed on'the porous.-sem conductor |ayer. In the electron source,
voltage is applied 5 between the sem conductor substrate and the thin netal

filmto cause electrons to emt. However, in the el ectron source proposed

I n Japanese Unexam ned Pat ent Appllcatlon Publ i cati on No. 8-250766,

the substrate is limted to be of a senf%onductor
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However, in the electron éource proposed in Japanese
Unexamined Patent Application Publication No. 8-250766,
since the substrate is limited to be of a semiconductor,
a problem ariges in that it is difficult to implement the
area enlargement and the cost reduction. 1In addition, a
so-called popping,phenomenon_tends to occur in_electron
emiséion, and hence nohdniformity tehds to occur.ih iight
emission. As such, in a state where the electron source
is used with, for example, a flat emitting device or
display, light-emission nonuniformity can occur.

In view of the above, with Japanese Patent

Applications No. 10-272340 and No. 10-272342, the

‘ 1nventors proposed an electron source conflgured such _

20

25

that, a porous polycrystalllne semlconductor layer (such
as a porous polycrystalline silicon layer) is interposed
between an electroconductive substrate and a thin metal
film (surface electrode) by performing, for example,

rapid thermal oxidation at 900°C according to a rapid

thermal oxidation (RTO) technique; and thereby, a strong

a E{{gngo cafleld drift |la ere\ME(ﬁlherelnbeIOM/wnII be referred



as a "drift layer") in which electrons injected fromthe electroconductive
substrate drift is formed. As shown in Fig. 43, in an electron source 10

of 5 the aforenentioned type, a drift layer 6 is formed on a main surface
of an n-type silicon substrate 1, which is an el ectroconductive substrate,
in which the drift layer 6 is fornmed of _an oxidi zed porous pol ycrystalline
silicon layer. A surface electrode 7 made of a thin metal film10 is
formed on the drift layer 6. An ohmc electrode 2 is formed on a reverse
surface of the n-type silicon substrate 1.. The thickness of the drift

| ayer 6 is, f%%gd ?éﬁ'f%l ﬁgeée-xgl %iﬁ‘? I? g‘{hﬁglgﬁgwafﬁbbggﬁe&%r@e tt(rjoog

source 10', sur rode I's di'spose expose
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Slngle_dOttﬁgi%h%hQ éégﬂ%flhgqéLt§%% silicon substrate 1, which is

an electroconductive substrate, in which the drift laver
6 is formed of an oxidized porous polycrystalline silicon
layer. A surface electrode 7 made of a thin metal film

10 is formed on-fhe drift layer 6. An ohmic electrode 2 is
formed on a reverse surface of the n-type silicon

- substrate 1. The thickness of the drift layer 6 is, for
léﬁaﬁplé;.ils um; o | .
As shown in Fig. 44, in the electron source 10', the

15 surface electrode 7 is disposed to be exposed to a vacuum.
A collector electrode 12 is disposed to oppose the
surface electrode 7. In the configuration, a direct-
current voltage Vps is applied to cause the surface
electrodg 7 to be anodic with respect to the n-type’

20 silicoﬁ substiaté lh(ohmic electrode 2).- In additidn, a-
direct-current voltage Vc is applied to cause the
collector electrode 12 to be anodic with respect to the
surface electrode 7. Thereby, electrons injected from
the n-~type silicon substrate 1 into the drift layer 6 are

25 caused to drift, and are discharged through the surface



shows the flow of an electron e- emtted through the surface electrode 7).
As such, a material. having a small work function is preferably used for
the surface 5 electrode 7. A current flow ng between the surface el ectrode
7 and the ohmc electrode 2 is generally called a diode current Ips, and a
current flow ng between the collector electrode 12 and the surface
electrode 7 is generally called an enitPed el ectron current le. The 10
greater the emtted electron current le with respect to the diode current
Ips (le/lps), the higher the electron emssion efficiency. In the electron

ol 1age VpsetSEhECHEDI Rt o PhE T e B cPa i dahes ELEARY ae 1
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electrode 7 and the ohmic electrode 2 is generally called
a diode current Ips, and a current flowing between the
collector electrode 12 and the surface electrode 7 is
generally called an emitted electron current Ie. The
10 greater the éﬁitted electron current Ie with respect to
the diode current Ips (Ie/Ips), the higher the electron
~emi$sion3efficiency,' In the electron source 10',
eleéfrons caﬁ.be'emittedlevéﬁ When the difeét-éﬁffént
voltage Vps to be applied between the surface electrode 7
15 and the ohmic electrode 2 is in a low range of from 10 to
20 V.
The electron source 10' enables electrons to be
stably emitted at high electron emission efficiency
‘without causing popping phenomenon since it has a less
20 dependeﬁéy to the degfee of ﬁacuum as an.eléctfon
emission property.
As shown in Fig. 45, the drift layer 6 includes at
least grain 51 (semiconductor crystal) made of columner

polycrystalline silicon disposed on the main surface of

25 the n-type silicon substrate 1; a thin silicon oxide film



crystal 63 on the order of nanonmeter that is interposed between itens of
the grain.51; and.a silicon oxide..film 64 provided as an insulator film
that is formed on a 5 surface of the fine silicon crystal 63 and that has a
t hi ckness smaller than a crystal grain dianmeter of the fine silicon
crystal 63. That is, in the drift |ayer 3, the surface of each itemof the
grain 51 becones porous, and a crystal condition is maintained in a
central 10 portion of each itemof the grain 51. As such, nost part of the
field applied to the drift layer 6 is exerted on the silicon oxide film

64. He d | e | d
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fine silicon crystal 63. That is, in the drift layer 6,
the surface of each item of the grain 51 becomes porous,
and a crystal condition is maintained in a central
10 portion of edeh item of the grain 51. As such, most part
of the field applied to the drift layer 6 is exerted on
the silicon oxide film 64. Hence, the injected electrons
are eecelerated bf a strong field.appiied en the silieoh
oxide film 64, and is caused thereby to drift between
15 items of the grain 51 toward the surface as shownlby an
arrow A. Thereby, the electron emission efficiency can
be improved. Electrons reached the surface of the drift
layer 6 are hot electrons that easily pass through the
. surface electrode 7 and that are emitted in a vacuum.
20 .The film thickness of the eurface electrode 7 ie set in a
range of from 10 to 15 nm.
Instead of the semiconductor substrate such as the
n-type silicon substrate 1 as the electroconductive
substrate, a substrate formed such that a lower electrode

25 made of a conductive layer (such as a thin metal film) is



substrate can be used. Thereby, further electron-source area enlargenent
and cost reduction can be.inplenerited.' Fig. 46 shows an el ectron source
10" using an 5 electroconductive substrate formed of a dielectric
substrate 11 made of a glass substrate, and a |ower electrode 8 forned on
a main surface of the dielectric substratg 11. As shown in Fig. 46, in the
el ectron source 10", the |lower el ectrode®8 nmade of the conductive 10

| ayer is formed on the main surface of the dielectric substrate 11. A drift
| ayer 6 is forned on the lower electrode 8.. A surface electrode 7 nade.
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el ectron SOuéﬁﬁségétedaﬁegék@y%&?g:QﬁgééiE% Q@?a@@? ggd a lower
electrode 8 formed on a main surface of the dielectric
substrate 11. As shown in Fig. 46, in the electron
source 10", the lower electrode 8 made of the conductive
10 layer is forﬁéd on the main surface of the dielectric
substrate 11. A drift layer 6 is formed on the lower
- electrode 8. A surface electrode 7 made of a thin metal
film is formed on the drift layer 6. The drift layer 6
is formed such that, after an undoped polycrystalline
15 silicon layer is overlaid on the lower electrode 8, the
polycrystalline silicon layer is processed porous
according to an anodic oxidation treatment, and is then
oxidized or nitrided according to, for example, a rapid
.thermal technique peffbrméd at 900°C.
20 | Aé showﬁ in Fig; 47, in substantiall& the same
manner as that in the electron source 10' (refer to Fig.
44), in the electron source 10", a surface electrode 7 is
disposed to be exposed to a vacuum, and a collector

electrode 12 is disposed to oppose the surface electrode

25 7. In addition, in substantially the same way as in the



are applied, electrons injected fromthe |ower electrode 8 into the
drift.lay.er 6 are caused to drift in the drift layer 6, and are emtted

t hrough the surface electrode 7. 5 Also in the electron source 10",

el ectrons can be emtted even when the direct-current voltage Vps, which
is applied between the surface electrode 7 and the |lower electrode 8, is
inalowrange of from10 to 20 V. As shown in Fig. 48, the electron source
10" can be 10 used as a displ ay-dedicated el ectron source. In the display
shown in Fig. 48, a glass substrate 14 is disposed. to oppose the-el ectron
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applied between the surface electrode 7 and the lower
electrode 8, is in a low range of from 10 to 20 V.
As shown in Fig. 48, the electron source 10" can be
10 used as a diéblay—dedicated electron source.. In the
display shown in Fig. 48, a glass substrate 14 is
diSpgsed_to oppose'the-elegtron source -10". On a surface
'of.éhé glass Sﬁbstrété 14,.whiéh opposesjfhé eiécffoh
source 10", a collector electrode 12 and a phosphor layer
15 15 are provided. The phosphor layer 15 is coated on a
surface of the collector electrode 12 to emit visible
light according to electrons emitted from the electron
source 10". The glass substrate 14 is spaced with a
spacer (not,shqwn).from the electron source 10". A .
20 hermetié space formed betweeh fhe glass substréte 14'énd'
the electron source 10" is set to a vacuum state.
The electron source 10" used in the display shown in
Fig. 48 includes a dielectric substrate 11 made of a

glass substrate; a plurality of lower electrodes 8

25 arranged on a main surface of the dielectric substrate



portions 6a individually made of an oxi di zed porous
polycrystalline-silicon layer in such a.manner as.to. overlap the | ower

el ectrodes 8, and a plurality of 5 isolating portions 6b that are forned of
a polycrystalline silicon layer and that individually fill up spaces
between the drift portions 6a; and a plurallty of surface el ectrodes 7
arranged on the drift layer 6 in such a 1%anner as to cross the drift
portions 6a and the 10 isolating portions 6b in the direction intersecting
with the lower electrodes 8. In the electron. source 10", the drift

portions 6a. th | f e ndmnc f@ en t urality of
| ower electﬁgdes éggﬁét %%y%¥ éaf??@sgiggungb r% es As such,
when an associated s % % i ;ac% Iect ode 7 e Iomer el ect r ode
8 is des rm}*ﬂs%rrsec 2 ndhYigRe ae P05 B3N ot el PRBPER, g coupl e,
a strong fleld]t %P§%fd to the. dri ?prt on a I.n.the 05|t% ' '
cor respondi MY 1A thterd &FPBn SVe h&nsan & RIS 22 Bt r ode 7
Rl L R W R S A
I ntersections in a, check atter f %%ﬁ:s face el ectrodes 7 and the
| ower el e’cﬁf‘?:g?j‘e;‘sn% PGk bggﬁcggt ghmgelar@f é“esc{”cfaf;cae el ectrode 11 7 and
the Iower mﬁ%%§é@§s§aiflﬁglgg Egon ng%gegﬁgythat individually fill
up spaces between the drift portions 6a; and a plurality
of surface electrodes 7 arranged on the drift layer 6 in
such a manner as to cross the drift portions 6a and the
10 isolating poftions 6b in the direction intersecting with
the lower electrodes 8.
In the electron source 10“ the drift portlons 6a of'
the drlft layer 6 are sandw1ched between the plurallty of
lower electrodes 8 and the plurality of surface
15 electrodes 7. As such, when an associated set of the
surface electrode 7 and the lower electrode 8 is
desirably selected, and voltage is applied into the
selected couple, a strong field is applied to the drift
. portion 6a in the position corresponding to the
20 intersection of the selected surface electrode 7 and
lower electrode 8, and electrons are thereby emitted.
Specifically, as in a case where electron sources are
individually disposed at intersections in a check pattern

formed of the surface electrodes 7 and the lower

25 electrodes 8, an associated set of the surface electrode



el ectrons can be emtted froma desired intersection. The voltage to be

appl i ed between the surface electrode '7 and the |lower electrode 8 is set

to a range of from10 to 5 20 V. In the electron source 10" used in the

di spl ay shown

made porous in depth up to a portion reaiging the lower electrode 8. 10
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in Fig. 48, an undoped pol ycrystalline silicon layer is

talline silicon |ayer nay be

made porous in depth up to a portion not reaching.the | ower el ectrode

8.-.1n this case, an wundoped polycrystalline silicon layer 3 is interposed

bet ween theﬂ(%

source 10"

L f j 6 T I
LA AEConds) S0ReRNE B e SR R e MR £ L0c e

TR X SUT UGS e o401 BD Lhe U agsneLesiuadey Tand b L auer

el ectrodes

. nmutu

|ayer 6. 20 OMLAL ELOhe Sopl B8aTELEL N NS B A1e o AsUDBdG! 9 b

resi stors R

t hose sel ec
are assune

pIuraJigy o]
to an Ll ev

10

y opposes in X sO0 as.to s e drift.

n ase, ahon prural-l ace el e es 7, -

1 e LR RLBePEORT o} BRe et il 45 ERloPLES

&

qper el ectrodes 8, those selected 12 are assuned to be set
ahd t hose unsel ect ed
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in Fig. 48, an undoped polycrystalline silicon layer is
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de porous in depth up to a portion reaching the lower
ectrode 8.

However/.as shown in Fig. 49, the polycrystalline
licon layer may be made porous in depth up to a portion

t reaching the lower electrode 8. In this case, an

ﬁndbped-poiycryStalline silicon layer 3 is intéfpdsed

between the lower electrode 8 and the drift portion 6a.

The electron source 10" used in the display shown in

Fig. 48 has a so-called a passive matrix structure in

which the surface electrodes 7 and the lower electrodes 8

mutually opposes in a matrix so as to sandwich the drift

~layer 6.

20

25

Aé shown.in Fig. 50, the dfift portions 6a are

assumed to be resistors R. In this case, among the

plurality of surface electrodes 7, those selected are

assumed to be set to an H level, and those unselected are

assumed to be set to an L level. On the other hand,

among the plurality of lower electrodes 8, those selected



are assuned to be set to an Hlevel. In this case, as shown by a
single-dotted chain line in Fig..50, a current 1i is led to flow through a
passageway (surface electrode 5 7 at the H level)-(resistor R)-(I|ower

el ectrode 8 at the L level). However, in the electron source in which the
drift portions 6a are nmade of resistors R_ nmany passageways exi st that
pass | eakage current flowi ng reversely 93 the I ower electrodes 8 at the H
| evel to the 10 surface electrodes 7 at the L level. As such, the current
flows even to the unselected intersections in the check pattern, thereby

arite port ire easimefESoPR. shh teha Avelnad FiFel a¥athetR, (°
over| apped BT SREUBFAL KB BEr Fabe (@GR FoAR o and R nELER | RSB0 BPons 6a
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drift portions 6a are made of resistors R, many
passageways exist that pass leakage current flowing
reversely to the lower electrodes 8 at the H level to the
10 surface-elecffodes 7 at the L level. As such, the
current flows even to the unselected intersections in the
' qheck patte;n,_thereby increaSing-the_power;consumptipn.;_~
: Howévéf,'resistofs.afé.not used fér-thé'dfift
portions 6a in the electron source 10" shown in Fig. 48,
15 which has the passive matrix structure. In the electron
source 10", the overlapped portions of the surface
electrodes 7 and the drift portions 6a are individually
used as electron sources. Suppose the direction along
which current f;oWS'from the surface electrode 7 to the
20 lower elecﬁrode 8 in each of the electfoﬁ sburces.is a
forward direction. In this case, a current-voltage
property is of a nonlinear type between the surface
electrode 7 and the lower electrode 8 in each of the

electron sources. Accordingly, leakage current is

25 reduced less than that in the case where the drift



i npl ement the area enlargenment of the electron source 10", the total

anount of | eakage current cannot-be. neglected. Thus, problens arise in
that reduction in power 5 consunption and inprovenent in electron em ssion
efficiency are hindered. As shown in Fig. 51, the above-described | eakage-
current flow can be prevented if the configuration is nade such that a

di ode D having the anode on the side of 4% the surface electrode 7 and the
cat hode on the side of the Iower electrode 8 is fornmed between each of the
surface electrodes 7 and | ower electrodes.8. However, the diode D i S not

formed b h | d the.lo | h
of the ol eCPPat SoLthd S STIEAE 65 di BACSBAFAECRD- RenoWrHay i e

i.n that, as, shown bl e-dot.t ed chaln [ i

Thi bl
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Sauce the 58 Hia! SfudibionrlSaketS s 0E ERbEta e drediadn' O
EEf?g?encs. 5%&# 56 i \HHb h Pe reE n iHllﬁ h relatlonsh betmeen
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efficiency are hindered.

As shown in Fig. 51, the above—described leakage-
current flow can be prevented if the configuration is
made such that a diode D having the anode on the side of

10 the surface electrode 7 and the cathode on the side_of
the lower electrode 8 is formed between each of the
surface electrodes 7 and lower electrodes 8. Howeverr
the diode D is not formed between the surface electrode 7
and the lower electrode 8 in each of the electron sources

15 of the electron source 10" shown in Fig. 48. This arises
problems in that, as shown by a double-dotted chain line
in Fig. 51, leakage current flows from the lower
electrode 8 at the H level to the surface electrode 7 at
the L level, thereby making it difficult to reduce the

20 power consumption sod-to improve the electroo emissioh
efficiency.

Fig. 56 is a graph representing the relationship
between voltage and current in cases where a forward
voltage and a backward voltage.are applied. As shown in

25 Fig. 56, even in the conventional electron source, a



extent in the forward current and the backward current. However., with the
rectification property' at the illustrated levels, it is still difficult to
sufficiently 5 minimze the | eakage current. As a neans to solve these
problems, it can be considered that the electron source is configured as
shown in Fig. 52. Specifically, an n-type polycrystalline silicon region
41 is formed on the side 10 of a surfacetdf an undoped pol ycrystalline
silicon layer 3 to be spaced away froma drift portion 6a. In addition,
a.p-type polycrystalline silicon region 42 is formed on the side of a

[ - . [ | 1] . [ 41. A f
ol ectrode 77EC Tarnar i Fr ity Ofn B GECRLRER B8 BreshE Dortion 6

- | | Li 41. | ddi tion,
2 dummy sur PREST bt AT AEMEESTATGRRE Bho ER DETAESST bt | o

o1 100 U0 A pd SLLEL ERLLBIORT REELY L0 g gl ont vl tage
o et S35kt LR D, SR SRR LS STy A L1
o111698 [e0L9 320G O D20 PLRULRY (0 be spaced auay rom the drifl
As a means to solve these problems, it can be
considered that the electron source is configured as
shown in Fig. 52. Specifically, an n-type
polycrystalline silicon region 41 is formed on the side
10 of a surface 6f an undoped polycrystalline silicon layer
3 to be spaced away from a drift portion 6a. In addition,
a_p*type'polycrystalline'silicon region 42 is formed on
the Side of a-sugf;ce in the n;typé polycrystalliné.
silicon region 41. A surface electrode 7 is formed in
15 such a manner as to cross the drift portion 6a and a part
of the n-type polycrystalline silicon region 41. 1In
addition, a dummy surface electrode 17 is provided on the
p-type polycrystalline silicon region 42 to add a
.rectificatiqn.property to the current-voltage property in
20 a.portioﬁ.between the dummy sﬁrface elecfrode-17 énd the.-
lower electrode 8.
In the electron source shown in Fig. 52, however,
the n-type polycrystalline silicon region 41 and the p-
type polycrystalline silicon region 42 need to be

25 provided to be spaced away from the drift portion 6a; and



provided to be spaced away fromthe surface el ectrode 7. There arise
problems in that aper-unit-area electron. enmtting area is reduced with a
passive matrix structure 5 being enployed. In addition, in the electron
source 10" shown in Fig. 48, in which patterning is performed for the
drift portions 6a are patterned, the fif d intensity of a portion of the
drift portion 6a in the vicinity of a 10 boundary to the isolating portion
6b is higher than the field intensity of a central portion of the drift
portion 6a. Accordingly, the per-unit-area electron emssion anmount in
the af orementy ofegh ¥4 &h N o] yrdary o t%ﬁtngp
per-unit-arggielect?%ﬁhen$%§i%ﬁﬁggngﬂt%%geyﬁ %ﬁggﬁgﬁiral por?%gﬁoo ethe
drift porti s i i p ey i t qﬁ frons, are excessively
emtted thr g%g‘ﬁ?%%%@a?%r%éneﬁﬁlég%gdé&gg %:ﬂtoy _tot?’%t fe oyenq%lr yé.f]ﬂ%a%ogér , dar
since the fig i Lty d el enentjoned . vicinity, of. the boundary
high, a'casgﬁkgﬁéq%ggié ﬁbgﬁ%gﬁ %ﬂe?é%%rgg&%%égﬁ%&ﬁﬁﬁ%¥%u %??Fﬁ?%e-grrft'-
portion 6a ift tion erl:rate he _.af.orenentione
vicinity of (étrﬁgdgio%%d%%g/é L8 fluEeteh iy %gcs{}r‘}reeﬁ‘%a‘irgc’m‘i/‘;‘i? e f
bet weers t he o rode 8 and the surface electrode 7. Because o

t he 16r5 fl ovéégf% x%gpsﬁggg&éurrent, probl ens are caused in that

In addition, in the electron source 10" shown in Fig.
48, in which patterning is performed for the drift
portions 6a are patterned, the field intensity of a
portion of-the drift portion 6a in the vicinity of a
10 boundary to tﬁe isolating portion 6b is higher than the
field intensity of a central portion of the drift portion
6a. Accqrdinglyr~the perﬁunitvarea"electron emission :
amounf ih'the aforéﬁénﬁiohéauﬁiCinity of'thé.b$ﬁﬁdary is
greater than the per-unit-area electron emission amount
15 in the central portion of the drift portion 6a. This
arises a problem in that electrons ére excessively
emitted through the aforementioned vicinity of the
boundary.
" Moreover, sincefthe figld intensity in the
20 éforementiohed viciﬁity of the boundar§ high, a caSe-can
occur in which dielectric breakdown occurs in the drift
portion 6a (the drift portion 6a deteriorates) in the
aforementioned vicinity of the boundary, and hence
excessive current locally flows between the lower

25 electrode 8 and the surface electrode 7. Because of the



| ocal heating occurs in the surface electrode 7, which is fornmed of the

el ectroconductive-.thin film and/or the |ower electrode 8 (conductive

| ayer); and hence the level 5 of deterioration in, for exanple, the surface
electrode 7 and the drift portion 6a is increased. The field intensity in
the aforenentioned vicinity of the boundary beconmes higher than the field
intensity in the central portion of thelfirift portion 6a for the reason
that the 10 porosity or the extent of oxidation or nitrization is

different in the central portion and the aforenentioned of the drift |ayer
6:. In the g%gctrog source. 10" or 10" shown.in Fig. 43 or 46, el ectron

eni ssion propetti®s ThePedtVEnCRLEEN:, PFobdely, detesed ol nkhakgree of
vacuum no i henonenon occurs,.in el ectron em ssion, and el ectrons
can. be stagﬁgg%ﬂg?$% 199 REGHEEI &bt FOF SMELETH LeGtiiry’, waieht kel ess,

however, in'the electron-source 10" aor 1Q",.. .the diode current Ips . S
gradual ty va’it’c?%%e s°%iﬁ’%ep§§-§8§r8§°2§°§%dmrahlal oridfy PR ¢F gthe3 and |
the emtted eIectroQ curren | e gradually varies as tine passes as shown
by a graph GV theeShhedfi Julsondyetimiec Aa%er)si mnd thRnNCyli e teveént
"1 ps grqgualu%%hgcreases, and the emtted electron current Ie gradually
decr eas®s, t FERTT QR 550RNTBei SR ePFEERd ey hadit faceieeleatrede| A thi s
case, 17 effqitshcan bg exerted tg inhibit the gradual reduction;
and the drift portion 6a is increased. The field
intensity in the aforementioned vicinity of the boundary
becomes higher than the field intensity in the central
portion of the drift portion 6a for the reason that the
10 porosity or the extent of oxidation or nitrization is
different in the central portion and the aforementioned
of the drift layer 6.
In the electron source 10! of iO" shown in Fig; 43
or 46, electron emission properties thereof include a
15 less dependency to the degree of vacuum, no popping
phenomenon occurs in electron emission, and electrons can
be stably emitted at high electron emission efficiency.
Nevertheless, however, in the electron source 10' or 10",
.the'diOQe ¢ﬁrrent-Ips gradually.varies_as'time passes as
20 shown by a graph P in Fig. 53, and the emitted electrbn
current Ie gradually varies as time passes as shown by a
graph Q in the same figure. Specifically, since the
diode current Ips gradually increases, and the emitted

electron current Ie gradually decreases, the electron

25 emission efficiency gradually decreases. 1In this case,



however, it involves the problem of increasing the power consunption:
These problens are considered to occur for the 5 followi ng reasons. In the
el ectron source 10" or 10", since the drift layer 6 is formed according to
the oxidation of the porous polycrystalline silicon layer, it 1is
difficult to formthe silicon oxide filns 52 and 64 (refer to Fig. 45)
uniformed in quality and thicknesses 10 fdr the entirety of the drift |ayer
6. In addition, in the drift layer 6, in conparison between the total film
t hi ckness of the silicon oxide filnms 64 in the region where the fine

silicon crystal 63 is fornmed and the thickn f th R ,de fi
52 10 por (FBFORRES SBoPENETGRIRR $P MM e STFPLBh SRPUGAPR 52

tends to be thinner. As such, when a drivin {?Itage gdlrecg- current

vol tage Vps)howeuppii éf doVORTeS dha & T 1IPCHRagymg LRE PRYSHi ode
current Ips is thereby -applied. to flow therethrough,.dielectric breakdown
gradual | y 20cee8UmBtipn:for exanpl e, portions where the fil'm thicknesses
are insufficient, defective portions, and _portions incluging | ar ge
amount of i npurit Phefet PEobdiemse G oG ¥4445/S L QrO¢HRE s PFcEﬁeoxi de film
64 or both the silicon oxide film52 and silicon oxide film&64. 25 1n a
por t i onSwher 8odilewaagr reasoddedoi Hite RtecEEen 8ABTE8 1PésPLt dfce val ues

of the silicon oxide films 52 and 64 .
since the drift layer 6 is formed according to the

oxidation of the porous polycrystalline silicon layer, it
is difficult to form the silicon oxide films 52 and 64
(refer tb Fig. 45) uniformed in quality and thicknesses

10 for the entiféty of the drift layer 6. In addition, in
the drift layer 6, in comparison between the total film
thickness of the silicon oxide films 64 in the regigp_.
where fhe fiﬁé Silicon crystél 63 is-forméd.and the
thickness of the silicon oxide film 52 in a portion where

15 the grain 51 remains, the silicon oxide film 52 tends to
be thinner. As such, when a driving voltage (direct-
current voltage Vps) is applied to the electron source
10" or 10", and the diode current Ips is thereby applied
to flow'therethrough,_diélectric.breakdown gradua;ly.“

20 oécurs in, fof example; portions where fhe film "
thicknesses are insufficient, defective'portions, and
portions including a large amount of impurity in the
silicon oxide film 52 or the silicon oxide film 64 or
both the silicon oxide film 52 and silicon oxide film 64.

25 In a portion where dielectric breakdown has occurred, the



are reduced, whereas the diode current Ips gradually increases: On the

ot her hand, current contributing to electron em ssion decreases, and the
emtted electron 5 current le gradually decreases. For the above reasons,
when the electron source 10° or 10" is used with, for exanple, a display,
because of dielectric breakdown occurring in the silicon oxide filns 52
and 64, problens are caused in that the wer. 10 consunption and the
heati ng value are gradually increase, thereby causing the |um nance to
gradual |y decrease. The el ectron source-10" shown in Fig.. 46 or 49 can be

d di_spl dedi cat I h Fi 4. Th | ect
Source. 10" SRAPRARG e Breqs néﬁgd%%%%pir%ﬁ% R et
on s main soaedidade thetede FhecAiBeRel R Fe iRy o7 0

including a ,plurali ortl ns 6a. formed of an oqulzed por.ous

of . drj
.polycrystalHQR¥%RF%%A|63% #%ﬁe PREsheRda ﬁEﬁﬁ@P‘ SR tHR wi ri ngs
8a, and isolatin ortions, 6b éhat are forned olcﬁr line silicon
| ayer and t TN PP YOR ?Crﬁﬁs§ﬁacé§db§§\ﬁe&¥”t)tﬁe“j i ons 6a;
a plurality of surface el de t hat individually oppose the W rings
\/4 gagiy éﬁer

25 8a W a tI&dSHt Hordrd §35F&rality of bus 19 electrodes 25

comonl y couplln%,the plurality of surface
he above reasons, when the electron source 10'

or 10" is used with, for example, a display, because of
dielectric breakdown occurring in the silicon oxide films
52 and 64, problems are caused in that the power.

10 consumption end the heating value are gradually increase,
thereby causing the luminance to gradually decrease.

The electron source 10" shown in Flg 46 or 49 can

be used as a dlsplay—dedlceted electron source shown in
Fig. 54. The electron source 10" shown in Fig. 54

15 includes a dielectric substrate 11 made of a glass
substrate; a plurality of wirings 8a (lower electrodes 8)
arranged on a main surface of the dielectric substrate
11; a drift layer 6 including a plurality of drift
.portions'ﬁasformed_of an ogidized_porous polyorystelline

20 silicon'layer in such a manner es to onerlep hhe wirings
8a, and isolating portions 6b that are formed of a
polycrystalline silicon layer and that individually fill
up spaces between the drift portions 6a; a plurality of
surface electrodes 7 that individually oppose the wirings

25 8a via the drift portions 6a; and a plurality of bus



el ectrode 7, which are arranged in the direction intersecting with the
wirings'8a, in units of each rowon the drift |ayer 6. The bus el ectrodes
25 are arranged in 5 such a manner as to cross the drift portions 6a and
the isolating portions 6b in the direction intersecting with the wrings
8a. In substantially the sane manner as that in the electron source 10"
shown in Fig. 48, in the electron 10 sout ce 10", when an associ ated set of
the bus electrode 25 and the wiring 8a is selected, electrons can be
emtted froma desired intersection. The wiring 8a. is formed as a stripe

h j d wh 27
i v dual | §1E8 KRR 2 érﬁeormpsn‘%?;%%f&@ngs hERaRRadisy oy siacess
th h th di,vi dua ! ._Ho 10" sh
in Fig 54 CLAETOE dyertUTLATY | ShETPErfeth Fﬁseéﬁé%%lt‘é%%{ Sﬁe 25 Saﬁﬁ“
t he surface,el.ectro S can oc

7 ) 0}
‘el ectrons eXPESLSS dﬁar’:gr eY‘”&rﬁt e(’tl “I’Jr%mgﬁegﬁfl te uB& 8% zi‘cé’orrroé%&{hdl ng
to th | d t t b th th
| Dterseoti ofhes M dReHs S o (Jie devecELRtER Préfe*-%eg m&lf%ct%uﬁé%a&gﬁrs Fd cisi ng

a short-circuit current to flow between thﬁ W rin urf ace
el ectrode 75 & NEE A 1P BFRFE FRet AALEE h@otrgﬁ'ﬁé’rsat ses in
the drift

isolating portions 6b in the direction intersecting with
the wirings 8a.
In substantially the same manner as that in the
electron source 10" shown in Fig. 48, in the electron
10 source 10", ﬁhen an associated set of the bus electrode
25 and the wiring 8a is selected, electrons can be
emitted-from-a desired intersection. The wiring'Ba_is
fdrmed aé a stripé-having'two énd portiohé in a
longitudinal direction on which pads 27 are individually
15 formed. The bus electrode 25 is connected to pads 28
through the individual pads 27.
However, in the electron source 10" shown in Fig. 54,
when an overcurrent flows between the bus electrode 25
and thehsurface eléctrqde 7, for example,fcases.cah occur
20 in ﬁhich electréns excessively are emitted from the drift
portion 6a corresponding to the selected intersection,
and dielectric breakdown occurs with the intersection
corresponding to the selected intersection, thereby
causing a short-circuit current to flow between the

25 wiring 8a and the surface electrode 7. This arises



portion 6a, and the surface electrode 7, and the wiring 8a; and:the
deterioration continues.for.-the overall. electron source, thereby
reducing the reliability thereof. 5 That is, problens occur in that
deterioration is introduced not only to the drift portion 6a, the surface
el ectrode 7, and/or the wiring 8a that correspond to the selected
intersection, but also to the drift poréﬂbn 6a, the surface electrode 7,
and/or the wiring 8a that 10 correspond to an unsel ected intersection. In
addition, since excessive electrons are emtted fromthe drift portion 6a
that caused the .diel ectri,c. breakdown, when the.' electron sourge is used
with a di SpPEFPLERS RritRAR e COMRERe FIES pi REFABRGT AR 199 Prdiies,
intrascreen_ .15 nonunifor 'Hy in IPninan e 'nc&ea es. Thz el ectr.on source
10" or the &P§g§'11:%7‘,__ i ARG SRS HOWRE70C AP ?Cl%ﬁ? PndrudBe IEadBgidt® that
i s made of gl as ubstrate and that is, disposed opposite ta the .

el ectron solifce 36k, CROAGKETHRAL 19H FEgntEBUCH FaFs CBE SUETA i ded in
units of the individual surface el ectrqodes 7 t he_ el ectr.on ource_10".
hree phospRIEIRIan, S et herep gotedtar pes BBRAFRG LAB UG HIRECOE
primtive colors of R and B are,coateg and formed .in each of the

t

pi xel s 231. FhR@©H3§ndALA S PSEPE 37 LRAtt AEtERISPRGLO%eiS 32a, 32b, and

21 32c in each of the pixels 31 are individually isolated. b
%ntro uced é%t only to the erft por%ion 6a, thg/surface

electrode 7, and/or the wiring 8a that correspond to the
selected intersection, but also to the drift portion 6a,
the surface électrode 7, and/or the wiring 8a that

10 correspond taian unselected intersection. In addition,
since excessive electrons are emitted from the drift
portion 6a that caused the dielectric breakdowh, when the -
élecfron éource is uséd with a‘dispiay; the luﬁiﬁance 6f
a specific pixel abnormally increases, intrascreen

.15 nonuniformity in luminance increases.
The electron source 10" or the display, which is

shown in Fig. 54, includes a faceplate that is made of a
glass substrate and that is disposed opposite to the
électron source 10". |

20 As shown in.Fig. 55, pixels‘31 are provided in units
of the individual surface electrodes 7 of the electron
source 10". Three phosphor cells 32a, 32b, and 32c
corresponding to the three primitive colors of R, G, and
B are coated and formed in each of the pixels 31. The

25 individual pixels 31 and the phosphor cells 32a, 32b, and



isolating layers 33 fornmed of a black pattern called a black.strip.e. In
substantially the sane manner as that in the 5 electron source 10" shown
in Fig. 48, in the electron source 10" shown in Fig. 54, the per-unit-area
electron emssion anount in the vicinity of a boundary to the isolating
portion 6b is greater than the per-unit-area electron em ssion anount in a
central portion of the 10 drift portion & in the direction al ong which the
wiring 8a extends; hence electrons are excessively emtted through the.
af orenenti oned. vi ci nityof the boundary. As such, when the configuration is

made such th the distance.between the pixels 31 s reduced, _and the size
15 (area) ofél%ﬁelﬁi ?8!3?13? i glﬂeea}&fgl,s B%]ee?ﬁ%gl%&:ﬁ’r uallyndsoilaged dyal

pi xel s 31. This kes Lt difficult to .inple t high precision display.

DI SCLOSURE dﬁ?fxl%g&ﬁ‘ﬁ _aé’(?rrfhé%prfté’s%‘%ﬁd_i%e@n{gﬂﬁcﬁsgﬁgér?qcééll@é fhe
above- descri?ed prgbLenE,'and an obj.ect thereof is to provide an 'electron
source (fiel A efiksStOAPype el ectron source) - that' enables:a - S
power - consunption_reduction, to _he inplenmented without reducing a
per-unit-area fiefd 98 éﬁ?&§?&&ggié§qI?QRﬁnﬁﬁqﬁﬁﬁlQ% Rt cbAvEREi ona

cases. 22 Anﬁgggr object is tq provide an_electron source that enables

the preventi® QR SOUFFCofl lex ShaW R el | Big r o$8, in the electron

source 10" shown in Fig. 54, the per-unit-area electron
emission amount in the vicinity of a boundary to the
isolating portion 6b is greater than the per-unit-area
electron emission amount in a central portion of the

10 drift portioﬂ 6a in the direction along which the wiring
8a extends; hence electrons are excessively emitted
.through_the_afqrement;oned.viqinity-of'the_boundary, As
such; when theléohfiéﬁfééion is madé sﬁch fhét the
distance between the pixels 31 is reduced, and the size

15 (area) of the pixel 31 is reduced, bleeding occurs in the
individual pixels 31. This makes it difficult to

implement high precision'display.

" DISCLOSURE OF INVENTION |
20 | The preseﬁt ihvéntion-is madé to solve the above-
described problems, and an object thereof is to provide
an electron source (field emission-type electron source)
that enables a power-consumption reduction to be
implemented without reducing a per-unit-area field

25 emission area in comparison to the conventional cases.



Still another object is to provide an electron-soutce that has a high
ageing stability as an electron em ssion 5 property. Yet another object is
to provide a high- reliability electron source that can be used as an

el ectron source in a high-precision display. An electron source (field

em ssion-type electron source) is charﬁﬁgerized by including a substrate,
an 10 el ectroconductive |ayer forned o surface of the substrate, a
sem conductor |ayer forned on the electroconductive |layer, a strong field
drift.layer- including a drift portion that is nmade of an oxidized or

T ded PORSUTRSTIGAE LA LSYEroand.! IRt shclaned g o i o1 de of
Surface ol SERROSE (O ba st Rt elpERi RO BRIl i 1"
Frard ar 1 Seaer e ETh Enole Ryt ARCRl e o e e Y
merber for ROt AT b M ST R bt nge BBnkebet SR R on of
of ‘the 23  EROREOmAUT vERTEDeF | OPhelELrPate BrBYAASIE M brtion
bet ween thef%f?érf¥¥¥§ug ég€r$gy§£u%gg %Hgtdggktbe used as an
electron source in a high-precision display.
An electron source (field emission-type electron
source) is characterized by including a substrate, an
10 electroconduétive-layer formed on a surface of the
substrate, a semiconductor layer formed on the
eleqt;oconductive layer, a st:ong'fieldldrift_layer;_ﬁ,
inclﬁdihg a drift fortion théﬁ'ié made of éﬁ indized o;
nitrided porous semiconductor layer and that is formed on
15 the side of the surface of the semiconductor layer, and a
surface electrode formed on the strong field drift layer,
wherein when voltage is applied to cause the surface
electrode to be anodic with respect to the
"_electfoconductive layer,'electrons_injected from the
20 eléctrocbnductive layef to the stroné field drift layef
drift through the strong field drift layer, and are
emitted through the surface electrodes; wherein a current
restraining member for restraining a current that does

not contribute for emission of a current flowing through

25 the drift portion is provided in at least one of the



portions., and a.portion between the' surfac.e electrode and the drift
portion. 5 According to a first aspect of the present invention, the
current restraining nmenber is a | eakage-current preventing nenber for
preventing a current fromleaking into the surface electrode fromthe

el ectroconductive |ayer, thereby reducE%g t he amount of power consunption.
10 in this case, a |eakage-current flow“an be prevented, and a reduction
i n power consunption can be inplenented w thout reducing the
per-unit-area-field em ssion area in conparison to the conventional cases.

orof or abl y RL8BHEBORATAAT Ty e S ottt Rg7 526R FHERFFBRC"| A PRPoR

preferably & ( or laye i‘ncrudi g a p case,
Lhe on | Uk iehogte S Al el Leokagg cutpenpeLowbo e
Layer L ncl Ui ag AR NPT, L0 e flop L SLEEMLECEIUELLR T and
el udi ng.  REenorayer BRRF i p- | ayer fo enable the 25 | eakage- current flow
to be Rrevent ed. 24 rI a case Y}%fretthe Ice ka eﬂglgrr%gtsegq:e\i%r\}teinn&orxrlenber
is the senlconduéfgpliiﬂﬂ & ﬁﬁytﬁﬁpﬁ- a@ r p g
the current restraining member is a leakage-current
preventing member for preventing a current from leaking
into the surface electrode from the electroconductive
layer, thereby reducing the amount of power consump_tion°
10 In this case;la leakage-current flow can be prevented,
and a reduction in power consumption can be implemented
: without'redﬂcing-the perfunit—area-field emission area in
coﬁﬁarison to the cohventional caéeé; H
In the electron source, the leakage-current
15 preventing member is preferably a semiconductor layer
including a pn junction. In this case, the pn junction
is used to enable the leakage-current flow to be
prevented.
The leakage-current preventing member may be_a.
“20 semicénductor iayer including én n-laver éﬁ fhe side of
.the electroconductive layer and a p-layer on the side of
the surface electrode. In this case, a rectification
property of a pn junction of the semiconductor layer

including the n-layer and the p-layer to enable the

25 leakage-current flow to be prevented.



..on the side of the electroconductive.layer and the p layer on the side
of the surface electrode, a low 5 concentration sem conductor |ayer may be
formed between the p-layer and the drift portion. In this case, a
rectification property of a pn junction of the sem conductor |ayer
including the n-layer and the p-layer to enable the | eakage-current flow
to be prevented. In 10 addition, accordi4fy to the | ow concentration

sem conductor |ayer, the sem conductor layer including the n-layer and the
p-layer and drift portion can be spatially isolated, and the drift portion

can be formed wibhout loe) o i |encedl byod 0, SE0h EOBAUGLAL byer . 15 I

the el ectron source, in a case where u a sem conduct or

cubsLrale, hiped! S ROMMEAYEVSE SLE AL LBELIIES R o

the side of € substrate "and a p-Tayer on ‘'srde-or uri _
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n-Iaye%. I'n thisaggs .érlcquariﬁon to Qe case 2% %pereé%he ween
rectificati Sﬁm&,e A Yt THR %?in YREPT one¥§T B8ddEo ﬁlrg\? tbe[the
eakage-curent fhoWe ) BISVETEGriPt portion. In this case, a

rectification property of a pn junction of the

semiconductor layer including the n-layer and the p-layer

to enable the leakage-current flow to be prevented. 1In

10 addition, acéording to the low~concentration
semiconductor layer, the semiconductor layer including

';the'nflayer and thg.pflayer-and drift'pqrtion can be
spéfiélly-iéslated, and the drift pdrtion cén be formed
without being influenced by the semiconductor layer.

15 In the electron source, in a case where the
subst;ate is a semiconductor substrate, the
electroconductive layer preferably includes an n-layer on
the side of the substrate and a p-layer on the side of
the surface electrode. In_this_case, since the

20 eléctfbcénductive iayét can formed using anlordinary
silicon process, and the patter precision of the
electroconductive layer can be improved, the display
precision can be easily improved.

An i-layer may be provided between the p-layer and

25 the n-layer. 1In this case, in comparison to the case



..resistance can '.be. inplemented. In the electron source, the surface
electrode is 5 preferably formed of a material that is to be coupled wth
a Schottky junction to the drift portion. In this case, a rectification
property of the Schottky junction is used to enable the |eakage-current
flowto be prevented. Moreover, since j?BCtions such as a pn 10 Junction
and a pin junction need not be additionafl'y provided, the structure of the
el ectron source is sinplified. In the electron source, in a case where a

| ow- concentration sem conductor layer is provided between the 15 I

el ectrocond i e 3 I.f LN, el.ect tive |l ayer
is prefer abﬁ%#%?n% o#egegﬁ%?g#%b %Jﬁg) S ﬁgébrﬁ}:eoﬁfei}%\%m&?ﬁg% {Sgﬁ.hot t ky
junction t t i (of ( r.. n S case,
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| eakage-curr Tre o~be Rr Led My eover, since junctions such as'a .
pn: junctidﬁﬁgil'ggﬁéé f%ﬁc??o%ﬁﬁgéggﬁgggﬁe additionally.  provided, the - -

structure of the PA ﬁgﬁégglégﬁggﬁ Eéur?:ier,rplt. fei esq&rf%%eA% grcdélg(gdt 0, a second

aspect of the prese Tnvention, an’isolati ng por §sbfating the
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with a Schottky junction to the drift portion. In this

case, a rectification property of the Schottky junction
is used to enable the leakage-current flow to be
prevented. Moreover, since junctions such as a pn

10 Junction and-é pin junction need not be additionally
provided, the structure of the electron source is
simplified.

In:the electfénﬁsourée,-iﬁ é.éase wheré‘é 1ow¥'.“:
concentration semiconductor layer is provided between the

15 electroconductive layer and the drift portion, the
electroconductive layer is preferably formed of a
material that is to be coupled with a Schottky junction
to the low-concentration semiconductor layer. Also in
this case, a rectificatidn'property qf the Schottky_

20 junction is-used to enablé the léakage—curreﬁt floQ to be
prevented. Moreover, since junctions such as a pn
junction and a pin junction need not be additionally
provided, the structure of the electron source is
simplified.

25 According to a second aspect of the present



addition-, the current restraining menber is a field noderating nenber for
reducing the field intensity in a5 vicinity of a boundary to the
isolating. portion in the drift portion to be [ower than the field
intensity in a central portion of the drift portion to thereby reduce
power consunption. In this case, since the field intensity in the vicinity
of the boundary becomes |ower 10 than tﬁg field intensity in the central
portion, and nost of electrons drifting through the drift portion are |ed
pass through the central portion, excessive electrons can. be prevented

pass through the central portion excessive electrons can
Lhe boundar yoBECOEER1 5aRoRaP TBA G R S 400 oves L3 TR0 (R canteal

e fie nt ensi In"the centra

portion, dielectric breakd in_th i,cinit
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central portion of the drift portion to thereby reduce
power consumption. In this case, since the field
intensity in the vicinity of the boundary becomes lower
10 than the fiei& intensity in the central portion, and most
of electrons drifting through the drift portion are led
"__'paSS through the centtal portiop( exCessive el§ctrons can.
be-prevénted from being émitted.ﬁ ﬁoreover, sinée the
field intensity in the vicinity of the boundary becomes
15 lower than the field intensity in the central portion,
dielectric breakdown in the vicinity of the boundary can
be prevented, and an overcurrent can bé prevented from
locally flowing between the electroconductive layer and
the surface electrode.

.20 | In the electrén source, fﬁe.field moderaﬁing-membef
may be an insulator film interposed between the drift
portion and the surface electrode in a position
corresponding to the vicinity of the boundary. In this
case, when a matrix structure is employed in which a

25 plurality of the surface electrodes and a plurality of



pairs of.the adjacent surface el ectrodes can be insulated by the insulator
films. 5 The field noderating nmenber may be an insulator film disposed on
the el ectroconductive layer in a position corresponding to the vicinity of
t he boundary. In this case, when a matrix structure is enployed in which a
plurality of the surface el ectrodes and 3 plurality of 10 the

el ectroconductive | ayers are arranged i ¥ /di rections I ntersecting with each
ot her, occurrence of crosstalk can be prevented. The field noderating
menber may be fornmed of a high resistance layer in a position

CorrESpondiEﬂetgégg%r%%dﬂéq#ﬂfﬁbcﬁa%ég%t%&@m@%¥aﬁggge?nlaWr%%ﬁg§ﬁﬂﬁce

| ayer interpos between e drift ion and t ectroconducti ve
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‘surface 20 ghoety ade and Jhe, eletsocpnduct] e Lauge: clherkl 9hd madatat i ng

menber may Deé a cutout por or Ne ace electr

position cg&g%%%omﬁgﬁléﬁggr¥afg inity of the boundary. In this case,

excessive electrons can be prevenied frombeing 25 emitted only by changing

Lhe pattern of tEﬁﬁS‘frifeal%e rfsterd S WnodPenbyehd TRISHALL AL TEHG Y MY
e a cutout portio
disposed on the electroconductive layer in a position
corresponding to the vicinity of the boundary. In this
case, when a matrix structure is employed in which a
plurality of the surface electrodes and a plurality of
10 the electroconductive layers are arranged in directions
intersecting with each other, occurrence of crosstalk can
be prevented. | _
) The field ﬁodéééting membef may'be formed of a high
resistance layer in a position corresponding to the
15 vicinity of the boundary, and a low resistance layer
interposed between the drift portion and the
electroconductive layer in a position corresponding to a
central portion of the drift portion. In this case/
pattern restrictions can be eLiminated-for the surface
20 eléctrode.énd the electroconducfive layef.

The field moderating member may be a cutout portion
formed in the surface electrode in a position
corresponding to the vicinity of.the boundary. In this
case, excessive electrons can be prevented from being

25 emitted only by changing the pattern of the surface



formed in.the-el ectroconductive layer in a position corresponding to the
vicinity of the boundary. In this 5 case, excessive electrons can be
prevented frombeing emtted only by changing the pattern of the

el ectroconductive layer. According to a third aspect of the present
invention, the current restraining nenbgé is a field noderating 10 | ayer
that is disposed between the drift |ayer“and the surface el ectrode and
that reduces the field intensity of the strong field drift layer to

t her eby reduce power consunption. In this case, the field intensity in a
portion of tgﬁ%égfg& layer in-which dielectric breakdown 15 tends to occur
can be reduced, and %ence dielectric breakdown in that portion can be

prevented. Consegygnt yeldtl{qugggicﬁgﬁsgg#}\%gktiﬁa' bteh%bglﬁfglf@rb L 550N

~properties such as electron emssio clency can be I nproved; and  when

‘the above is;anpljed toye -E?Eo%@%h%gc%\;v@teﬁﬁ'téﬁ%@% iaierfd% %%girgioﬁeducti on in

the screen I'um nance-can be “prevente . trng nenber
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electroéonductive layer.
According to a third aspect of the present invention,
the current restraining member is a field moderating
10 layer that iéldisposed between the drift layer and the
surface electrode and that reduces the field intensity of
the strong field -drift layer to thereby reduce power -
cohsﬁmbfion. In fﬁisicaéé;'fhe field ihtehsigfnin a
portion of the drift layer in which dielectric breakdown
15 tends to occur can be reduced, and hence dielectric
breakdown in that portion can be prevented. Consequently,
the ageing stability in the electron emission properties
such as electron emission efficiency can be improved; and
' When the above is.applied to, for example, a display, a
20 -graduai feduction iﬁ fhe:screeﬁ luminénce can be |
prevented. With the field moderating member being
provided, the field intensity to be applied between the
surface electrode and the electroconductive substrate is

reduced. As such, when voltage to be applied between the

25 surface electrode and the electroconductive substrate is



an emtted electron current is reduced snaller than that in the case where
the field noderating layer is not 5 provided. However, by increasing the
voltage, the level of the emtted electron current can be increased to
beconme equivalent to that in the conventional case. In the el ectron source,
the field noderating nenber nmay be one gf a silicon nitride filmand a
multilayer 10 filmincluding a silicon Atride film In this case, since
the resistivity of the silicon nitride filmis high, the filmthickness'of
the field. noderating nenber can. be reduced. In addition, since electrons

drifted throughe ot IEaOth! bel XS B NI @RS |y ALLL USEobRe 1 Bas! |1 cON 15

nitride film ctronin el ectron emssion efficlency ecause of the
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reduced. |n~addi si'nce - el'ectrons drif Uhr oug he“drift |ayer are
101 o281 BRBLASeuhelAs o) SO IUELLES LhMSEREl BBl
provi ded Cagfb%hgnghgk%%é_electron current can be increased to
become equivalent to that in the conventional case.
In the electron source, the field moderating member
may be one of a silicon nitride film and a multilayer
10 film includiﬁg a silicon nitride film. In this case,
since the resistivity of the silicon nitride film is high,
the film thickness of the field moderating member can be
reduced;.'Ih additioh, since éiédtrons driftéd through
the drift layer are not easily diffused in the silicon
15 nitride film, reduction in electron emission efficiency
because of the field moderating member being provided can
be inhibited.
The field moderating member may be formed of a
- silicon nitride film and an_silicon oxide film disposed
20 on tﬂe-silicon nitride fiim. In this éase, sinée'the
resisfivities of the silicon nitride film and the silicon
oxide film are high, the film thickness of the field
moderating member can be reduced. In addition, since

electrons drifted through the drift layer are not easily

25 diffused in the silicon nitride f£ilm, reduction in



Mor eover, in conparison to a case where-'the surface.. electrode is forned
on the silicon nitride film since 5 the surface electrode is forned on the
silicon oxide film the electron novenent to the surface el ectrode easily
occurs, thereby enabling the electron em ssion efficiency to increase. The
field noderating nenber may be fornmed of 10 silicon oxide film a silicon
nitride filmdisposed on the silicon ox?@e film and another silicon oxide
film formed on the silicon nitride film In this case, since the
resistivities of the silicon nitride filmand the silicon oxide filmare
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the electron movement to the surface electrode easily
occurs, thereby enabling the electron emission efficiency
to increase.
The field moderating member may be formed of a
10 silicon oxidé'film, a silicon nitride film disposed on
the silicon oxide f£ilm, and another silicon oxide film
formed on the silicpn nitridg‘film. In . this case, sincg_'
£he resistivities 6f'£he siliébﬁ nitride filﬁ and théu
silicon oxide film are high, the film thickness of the
15 field moderating member can be reduced. In addition,
since electrons drifted through the drift layer are not
easily diffused in the silicon nitride film, reduction in
electron emission efficiency because of the field
. moderating member being provided can be inhibited.
20 -Moreover,.in coﬁparison to.é éése wﬁere thé sufféce
electrode is formed on the silicon nitride film, since
the surface electrode is formed on the other silicon
oxide film, the electron movement to the surface

electrode easily occurs, thereby enabling the electron

25 emission efficiency to increase.



surface electrode. In this . case;. ageing deterioration. and ageing
variations in electron em ssion property that 5 can occur because of
separation of the surface electrode can be inhibited. For the material
havi ng the high property of adhesion, a chronme oxide film may be used.
Since the chronme oxide filmhas a high transmttance property, 10
reduction in electron enission efficiencytbecause of the field noder ati ng
menber being provided can be inhibited. A resistance value of the field
noder ati ng-nenber is preferably on the same order of a resistance val ue of

the strong fieldudrifie]@¥gaolBetRSyeagey b eg,@%,!af%qg{g@w%eg%g?fase

where the field rating D 8§ Inot prOV| y of
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appropriately,n pe inhibited.
For the material having the high property of
adhesion, a chrome oxide film may be used. Since the
chreme oxide film has a high transmittance property,
10 reduction in:electroh emission efficiency because of the
field moderating member being provided can be inhibited.
A re51stance value of the fleld moderating member 1s
preferably on the same order of a resistance value of the
strong field drift layer. 1In this case, in comparison to
15 a case where the field moderating member is not provided,
the field intensity of the drift layer can be moderated
without greatly increasing the voltage to be applied
between the surface electrode and the electroconductive
sﬁbstrate. 
20 | | According to a fourth-aspect of the present
invention, a bus electrode commonly coupling a plurality
of the surface electrodes is provided. Moreover, the
current restraining member is an overcurrent protection

element for limiting a current flowing between the

25 surface electrode and the bus electrode to thereby reduce



selected, and voltage is applied to the selected set, a strong field is
applied only to the drift portion 5 positioned bel ow the surface el ectrode
that is proximate to a portion corresponding to an intersection with the
wiring in the selected bus el ectrode, and electrons are thereby emtted.
As such, the electron source can be wused_as an electron source for a

di spl ay. Moreover, an 10 overcurrent can e prevented fromcontinually
flowng to the surface electrode, drift portion, or the wiring, increase
in the tenperature thereof.can be inhibited. Consequently, a deterioration
range can be prevented from being._i

nﬁﬁeased, and.t he reliabiljtg gan ee

i mproved. 1FONRF SRR EHE pr ol BetPoR SPERent™ TRy 3k 305G RS
causes di sconnect.i on when, an ovgrcur&ent flows .between the %%{face

el ectrode an®% H*% U%|%%%?BH%,9|ﬁn tﬁi¥16é§§,%ﬂu§PEﬁ?HﬁkﬁE t¥ent flows
to a specific -one of . the_surface el ectrodes,. disconnectiion is caused
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be a high resistance | ayer di sposed between the surface el ectrode
to a portidn corresponding to an intersection with the

wiring in the selected bus electrode, and electrons are
thereby emitted. As such, the electron source can be
used as an electron source for a display. Moreover, an

10 overcurrent éan be prevented from continually flowing to
the surface electrode, drift portion, or the wiring,
increase in the temperature thereof can belinhibited.

'.Cdnséquéntiy,.a deterioiéfion'féhée cah be prevéntea'from
being increased, and the reliability can be improved.

15 The overcurrent protection element may be a member
that causes disconnection when an overcurrent flows
between the surface electrode and the bus electrode. 1In
this case, when an overcurrent flows to a specific one of
the surface electrodes, disconnection is caused between -

20 the éurface.electrode énd the:bus eiectrodé. As such,.an
overcurrent can be prevented from continually flowing to
the specific one of the surface electrodes. Conéequently,
a deterioration range can be prevented from being
increased because of heat generation, and the reliability

25 can be improved.



and the. bus electrode. As such,. an overcurrent can be prevented from
flowwng to the surface electrode. 5 Consequently, a deterioration range can
be prevented from being increased because of heat generation, and the
reliability can be inproved. The overcurrent protection elenment may be a
therno- sensitive layer that is disposed between the surface 10 el ectrode
and the bus el ectrode and that has a poé*%ive resi stance tenperature
coefficient. When an overcurrent flows-to a.specific one of'the surface

el ectrodes, and the tenperature increases, the resistance of the therno-
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reliability can be improved.
The overcurrent protection element may be a thermo-
sensitive layer that is dispdsed between the surface
10 electrode and the bus electrode and that has a positive
resistance temperature coefficient. When an overcurrent
flows-to a.spggific one of 'the surface electrodes( and .
'the'teﬁperaturehincfeases, tﬁe resistahée'éf the ﬁhérﬁb;
sensitive layef increases to thereby limit a current
15 flowing to the surface electrode, a deterioration range
can be prevented from being increased because of heat
generation, and the reliability can be improved.
- According to fifth aspect of the present invention,
the current restraining member is an electron-emission
20- réstraining ﬂember for restfainihg electron emission frdm
a peripheral portion of the drift portion to thereby
reduce power consumption. In this case, since electron
emission from a peripheral portion of the drift portion,

when the electron source is adapted in a display,

25 occurrence of bleeding can be prevented, and a high-



In this case, when the thickness of-the metal layer is. set larger than
the nmean free path of electrons, 5 electrons can be prevented from bei ng
emtted through a position positioned below the netal layer in a
peripheral portion of the drift portion. The netal layer is preferably

di sposed around the drift portion. In tgis case, when the thickness of the
10 netal layer is set larger than the ne f free path of el ectrons,

el ectrons can be prevented frombeing emtted through the overall

peri pheral portion of the drift portion, and a hi gher-precision display

can be inplﬁf@g?ggonléig?lggcggglg@eqaﬂyéﬁéﬂé?afon source includes a bus

el ectrode commonly connectin urali e surface electrode, a
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position positioned below the metal layer in a peripheral
portion of the drift portion.
The metal layer is preferably disposed around the
drift portion. In this case, when the thickness of the

10 metal layer ié sef larger than the mean free path of
electrons, electrons can be prevented from being emitted
through'the overall peripheral pqrtion of ﬁhe drift:
péftioh, and é highér—precision'display can;bé
implemented.

15 In a case where the electron source includes a bus
electrode commonly connecting a plurality of the surface
electrode, a portion of the bus electrode may be
concurrently used as the metal layer. 1In this case, when
the thickness of the bus’electrode is set larger than. the

20 mean free path of electrons, Qith the bug.eiectrodes,
electrons can be prevented from being emitted through a
peripheral portion of the drift portion. 1In this case,
when the electron source is adapted in a display,
occurrence of bleeding can be prevented, and a high-

25 precision display can be implemented.



el ectrode,. the bus electrode is preferably disposed on two sides of a
pixel. In this case, when the electron 5 source is adapted in a display,
occurrence of bleeding can be prevented, and a high-precision display can
be inplenented. BRI EF DESCRI PTI ON OF THE DRAW NGS 10 The present invention
wi |l becone nore fully understood from g detail ed description given bel ow
and the acconpanied drawings. In the ac anyi ng drawi ngs, |ike

ref erence synbol s indicate comon configuration elenments. 15 Fig. 1 is a
partially-cutaway schematic perspective view of an electron source (field

emi ssion- type el eghr gn. 30Ul AQ) AGGA difig.{ 0o EnbadiaEnt L1y BhoLNg Brgsent
invention. Figs. ZA'to are schematic cross-sectronal views 20 show ng
| ect . ¢ ) . h .
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5 source is adapted in a display, occurrence of bleeding

can be prevented, and a high-precision display can be

implemented.

BRIEF DESCRIPTION OF THE DRAWINGS

10 The presént invention will become more fully
understood from a detailed description given below and
the acgompanied:drawings. In the accompanying drawings,
like feférence syﬁb&lé indicaté common cbhfigurafion |
elements.

15 Fig. 1 is a partially-cutaway schematic perspective
view of an electron source (field emission-type electron
source) according to Embodiment 1 of the present
invention.

 Figs. 2A to 2E are schematic cross-sectional views

20 | showing an eieéfrén source accordihg to Embodimeﬁt 1 of.
the present invention or intermediate products during the
manufacture thereof, and a manufacturing method for the
electron source.

Figs. 3A to 3G are schematic cross-sectional views

25 showing an electron source of Embodiment 2 of the present



Fig. 4 is a schematic cross-sectional view of an 5 el ectron source
according to Enbodi nent 3 of the present invention. Fig. 5is a schematic
cross-sectional view of an electron source according to Enbodi mnent 4 of
the present invention. 10 Fig. 6 is a schematic cross-sectional view of an
el ectron source according to Enbodi nment of the present invention. Fig. 7
is a schematic cross-sectional view of a el ectron source according to
Enbodi ment 6 or 7 of the 15 present invention. Fig. 8 is a schematic
cross-sectional view of an electron source according to Enbodi mnent 8 of

h . Con. "Fia O e d : h : ¢
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schematic cross-sectional view of an 37 el ectron .source according to-

Enbodi nent 13°%FEhe present: invention. Fig. 12-is a schematic

cross-sectional view of. .an . . .
- kgg. 4’ is a schematic cross—-sectional view of an

5 electron source according to Embodiment 3 of the present
invention.

Fig. 5 is a schematic cross-sectional view of an
electron source according to Embodiment 4 of the present
invention.

10 Fig. 6 ié a schematic cross-sectional view of an
electrpn source according to Embodiment 5 of the present
invention.

.'Figll7 is a Séhematic créss;éeétional viéQ of an
electron source according to Embodiment 6 or 7 of the

15 present invention.

| Fig. 8 is a schematic cross-sectional view of an
electron source according to Embodiment 8 of the present
invention.

‘Fig. 9 is a schematic cross-sectional view of an

20 electron source according folEmbodiﬁeht 9 of fhe-présent
invention.

Fig. 10 is a schematic cross-sectional view of an
electron source according to Embodiment 10 of the present
invention.

25 Fig. 11 is a schematic cross-sectional view of an



el ectron source according to Enbodi mrent 12 of the present 5 invention.
Fig. 13 is a schematic cross-sectional view of an electron source
according to Enbodi nent 13 of the present invention. Fig. 14 is a
partially-cutaway schematic perspective 10 view of an el ectron source
according to Enbodi nent 14 of the present_invention. Fig. 15.is
a.partially-cutaway schematic perspective37viem/of an el ectron source
according to Enbodi nent 15 of the present invention. 15 Fig. 16Ais a
schematic cross-sectional view of an electron source according to

Enbodi 16 of th i i d Fig. 16B.i |
Schomat 1o cr RAECGERR | L0 BHEOF CARSeSeoRTPRIBEIY o Git (HE® areet 7Bk

source shown .in Fi_'g),r 16A. 20 Figs. 17A to 17D are schematic cross-sectional
views show nf*dPet®tron source of Enbodinent 16 of the present

Dventi on of It ergEdl &5, PLOSUELE AL INg NS . SRRl & T Pl and 2
cxplaning Uhe BILCPLES oL 38ccoNsebott, g el anan PP s b Llsy
19 is a gersg&g&éggigk?MLof.a di splay using the
Fig. 13 is a schematic cross-sectional view of an
electron source according to Embodiment 13 of the present
invention. |
Fig. 14 is a partially-cutaway schematic perspective

10 view of an eiéctron source according to Embodiment 14 of

the present inventionf

Fig. 15 is-a partially-cutaway schematic perspective °
view.éf an electfan.sodréé';ccofding to EﬁbodiﬁéntIIS of
the present invention.

15 Fig. 16A is a schematic cross-sectional view of an
electron source according to Embodiment 16 of the present
invention, and Fig. 16B is an enlarged schematic cross-
sectional view of an essential portion of the electron

- source shown in Fig. 16A.

20 'Fiés. 17A to 17b ére schématic éross—sectional views
showing an electron source of Embodiment 16 of the
present invention or intermediate products during the
manufacture thereof, and a manufacturing method for the

electron source.

25 Fig. 18 is a view for explaining the principles of



el ectron source according to Enbodi mrent 16 of the present 5 invention.
Fig. 20 is a schematic cross-sectional view of an essential portion of an
el ectron source according to Enbodinent 17 of the present invention. Fig.
21 is a schematic cross-sectional view of an 10 essential portion of an

el ectron source according to Enbodinené 18 of the present invention. Figs.
22A to 22D are schematic, cross-section P views. showi ng an el ectron
source of Enmbodi nent 19 of the present invention or internediate products
during the 15 manufacture thereof, and a manufacturing nethod for the

el ectron so CSleE{:annbgg&ésiongFe’E?} And JAETSPEGIL V€L XL ERLRT sé‘%c lectron

source acco I Ng I ment e present I nvention 24 is

LTSy R AR AR Bhgghgipzour e
schomat ¢ pan vkgy ol a8, c8SEaLBec 0 L Plod e LSFLAGTEMES R |

schemati ¢ pef SRRELEVE VLW ol AR ALY kAg SeRE 6% B0the BoatiaEnt 21

of the pres

5 invention.

Fig. 20 is a schematic cross-sectional view of an
essential portion of an electron source according.to
Embodiment 17 of the present invention.

Fig. 21 is a schematic cross-sectional view of an

10 essential porfion of an electron source according to
Embodiment 18 of the present invention.

FlgSQ.ZZA to 22D are schematic cross—sectidnal vieWs
show1ng an electron source of Embodiment 19 of the
present invention or intermediate products during the

15 manufacture thereof, and a manufacturing method for the
electron source.

Fig. 23 is a schematic perspective view of an
electron source according to Embodiment 20 of the present
_invention.

2b | Fié. 24 isﬁa schematic plan vieﬁ of an essentiai
portion of the electron source according to Embodiment 20
of the present invention.

Fig. 25 is a schematic plan view of an essential
portion of the electron source according to Embodiment 20

25 of the present invention.



Fig. 27 is a schematic plan view of an essenti al
source according to Enbodi nent 21 of the present invention. Fig. 28 is a

schemati c perspective view of an electron source accordi ng to Enbodi nent

22 of the present invention. 10 Fig. 29 is a.schenmatic plan view of an

essenti al

t he present
portion of the electron source according to
t he present

essenti al

pr esent

i nven

portion of the electron souréﬁaaccording to Enbodi nent 22
invention. Fig. 30 is a sch

e presen Irnvention: I'S"a schenmatic

ron. S a sChemati ¢ plan view of an~eSs

per specti ve Yol .- eLestal o 48 AN L S Fbpdient 23 at the

portion of th eg%fghrbn source according to Enbodi ment 23 25.06f the
/ent T on.

present i nven

essenti al

5

10

15

20

25

1ah” view an essentla
portion of the electron source according to Embodiment 21
of the present invention.

Fig. 28 is a schematic perspective view of an

electron source according to Embodiment 22 of the present

invention.

Fig. 29 is a .schematic plan view of an essential
portion of the electron source according to Embodiment 22
of’tbe éresent invention.

Fig.-30 is a schematic’cf§SS—sectiéﬂal view.of.éﬁ
essential portion of the electron source according to
Embodiment 22 of the present invention.

Fig. 31 is a graph showing the relationship between
the temperature and resistance values in an electron
source according to Embodiment 22 of the present
invention.

Fig.‘32 is a schematic perspective.view of an
electron source according to Embodiment 23 of the present
invention.

Fig. 33 is a schematic plan view of an essential
portion of the electron source according to Embodiment 23

of the present invention.

5 portion of the electron

tic cross-sectional view of an
15 Enbodi nent 22 of
invention. Fig. 31 is a graph showi ng the relationship between

the iemperature And 1£81 pLagCECHaLUES ol BRGNP APUEECACCOrding Lo

O - Fig. 34 is a schematic cross-sectional “view of an
porti op, of e.el ectron _source . accaordin o.. Enbodi pent 23 of the
pr esent inventi Oﬂ:{_g. 59 i8S a scgema%J.c %ZE 5. .



Fig. 35 is a schematic perspective view of an 5 el ectron source according
to Enbodi nent 24 of the present invention. Fig. 36 is a schematic pl an
view of an essential portion of the electron source according to

Enbodi nrent 24 of the present invention. 10 Fig. 37 is a .schenmatic
perspective view of an electron source according to Enbodi ment 25 of the
present invention. Fig. 38 is a schemafPc pl an vi ew of an essenti al
portion of the electron source according to Enbodi nent 25 15 of the
present invention. Fig. 39 is a schematic perspective view of an electron

source accordingE%ﬁfE?EgggngngCﬁgmggi%h%ﬁ?€§$ggct{éﬁginéfgh g}g%%40. is a

schematic pl an e €l ectron. urceaccording to odi nment

ol octron sCERSEh k20 HPRGLOD Bl G SF B THE G ACHILaT A ehP) on. 25

ol Setron soPRSRERRbE IR, 3R, R B B SF VR o aent Tnventi on. Fig.
43 is a schenatiﬁigfogg-igcgiggﬁgm%E%% %Lf%pective view of an
5 electron source according to Embodiment 24 of the present
invention.

Fig. 36 is a schematic plan view of an essential
portion of the electron source according to Embodiment 24
of the present invention.

10 Fig. 37 is a schematic perspective view of an
electron source according to Embodiment 25 of the present
invention.

Fig. 38 is a schemétic plah.vieﬁ 6f an esééntial
portion of the electron source according to Embodiment 25

15 of the present invention.

Fig. 39 is a schematic perspective view of an
electron source according.to Embodiment 26 of the present
invention.

' Fig. 40.is a schematic plan view of the electron.

20 sourée acéording té ﬁﬁbodiment 26 of thelﬁreseﬁt
invention.

Fig. 41 is a schematic perspective view of an
electron source according to Embodiment 27lof the present

invention.

25 Fig. 42 is a schematic plan view of an essential



conventional electron source. 5 Fig. 44 is a view for explaining the
principles of an electron em ssion nmechanismin the conventional electron
source shown in Fig. 43. Fig. 45 is an enlarged schematic cross-sectional

vi ew showi ng an essential portion of the conventional 10 electron source,
and an electron-emtting operation in the electron source. Fig. 46 is a
schematic cross-sectional - view of: anofher conventional electron source.
Fig. 47 is a view for explaining the principles of 15 an electron eni ssion
mechani smin the conventional electron source showmn in Fig. 46. Fig. 48 is

hown 1 Fi EoE O of e TR EELERA B hiRe, GRS Re SRR TReRRIHT® 20

anot her con%ﬁpHiqg%h:elgc ron sougce. Fig. 50 is a schematic circuit
di agram f or ©expraiti fig- o et FBh 8F-a display enploying a passive matrix

stucture £1% HaS FUFe e b RS
52 is a scheqyié&hgfqgsisefti nal view of still another conventional.
el ectron solidy onal "efectron source.
5 Fig. 44 is a view for explaining the principles of
an electron emission mechanism in the conventional
electron source shown in Fig. 43.
Fig. 45 is an enlarged schematic cross-sectional
view showing an essential portion of the conventional
10 electron sourée, and an electron-emitting operation in
the electron source.
Figi,46 is a-schematic-cross—sectional”view_of;.
anothef éonventioﬁéi eléctfon soﬁfcé. |
Fig. 47 is a view for explaining the principles of
15 an electron emission mechanism in the conventional
electron source shown in Fig. 46.
Fig. 48 is a perspective view of a display using the
conventional electron source shown in Fig. 46.
‘Fig. 49 is a sghematic'cross—sectional Viewlof-still
20 another convéntioﬁal electfon sourcé.. | | |
Fig. 50 is a schematic circuit diagram for
explaining operation of a display employing a passive
matrix structure.

Fig. 51 is a schematic circuit diagram for

25 explaining operation of another display employing a



Fig. 53 is a graph show ng ageing variations of a 5 diode

emtted electron current in the conventional el ectron source.

current and an

schematic perspective view of still another electron source. Fig. 55 is a
schematic view of pixels provided on a 10 faceplate of a display using the

el ectron source. Fig. 56 is a graph shomﬁgg the rel ati onsh
vol tage and current Wen.a forward voltaé and a backward

p between
vol tage are

applied in the conventional electron source. 15 BEST MODE FOR CARRYI NG QUT

THE 1 NVENTI ON This application is based on Japanese Patent

Appl i cati ons

No. 2000-344301, . No. 3800-32 274, No. 2000- 326276, No. 2001-145527, and

2001- 145528 R3DHYE R
i ncorporated 20 h i Her ei nb ; i
oot o PO Rl 52 PR Shiter 3 TR Yo ARA ot

|l i'ke reference - nuneral s/synmhol s . are assigned for common nenbers, i.e., -
nmenber s haviﬁ@°§§e§uﬁngﬁ%ﬁ&Pﬁ?Hiﬁgﬁékﬁ?éaﬁﬁQEégatiohs“and functions’ and

hi¥3§ §Hthﬁ§‘all the contents thereof are

Sy Ob £t Bes present

enbodi nent s,

43 duplicated d i ptions th itted.. 1) -First.
Enbodi ent 1 of tF&Spt B3aR ProBRPoRT I ioh AT Rg AR rots be7a" e

5 diode current and an emitted electron current

conventional electron source.

in the

Fig. 54 is a schematic perspective view of still

another electron source.

Fig. 55 is a schematic view of pixels provided on a

10 faceplate of.é display using the electron source.

Fig. 56 is a graph showing the relationship between

. voltage and current when a forward voltage and a backward

Voltage are apblied in the éonﬁénfiohal electton-source.

15 BEST MODE FOR CARRYING OUT THE INVENTION

This application is based on Japanese Patent

Applications No. 2000-344301, No. 2000-326274,

No. 2000-

326276, No. 2001-145527, and 2001-145528 submitted in

~ Japan; and all the contents thereof are incorporated .

20 herein.

Hereinbelow, a number of embodiments of the present

invention will be described in detail. For the

individual embodiments, like reference numerals/symbols

are assigned for common members, i.e., members having

25 substantially the same configurations and functions; and

Fig. 54 is a



As shown in Fig. 1, an electron source 10 (field- em ssion el ectron source)
of Enbodinent 1 includes a dielectric substrate 11 nade of a gl ass
substrate; a plurality of |ower electrodes 8 arranged on a nain 10 surface
of the dielectric substrate 11; sem conductor |ayers 20 individually
formed in such a manner as to overlap hﬁger el ectrodes 8; an undoped
polycrystalline silicon layer 3 indivi Iy formed on the sem conductor

| ayers 20 in such a nmanner as to overlap the |lower 15 el ectrodes 8 (refer
to Fig. 2E) on a plan view, a drift Jlayer 6 (strong field drift |ayer)

i neluding agpfiraldden QlsdkiiftioptiinBser hadi Khdyaldy formed of an
oxi di zed porous polycrysta ne sitlrcon layers on the polycrystalline
silicon layer 3'in such.a manner as to 20 overlap the |Iower el ectrodes 8

on a plan view, and.a plurality of isolating portions 6b that are

i ndi vi dual 'y, o\ rﬁﬁﬁ] \ pol ycrystaliine silicon |ayers and that each
fills up spégggﬁ£e-mé§i f%e drift portions 6a; and-a plurality of surface

ey o ISR AL, 5LV BRI R L

the drift portions a an e isolatrn rons i'Tection

intersgctin fendi cular to) with the | ower electrodes 8. The | ower
electrgge SQF%P 6@%%g’of an 5 el ectroconductive thin filmmade of a thin

alum num film ‘As shown in Fig. 1, an electron source 10 (field-

emission electron source) of Embodiment 1 includes a
dielectric substrate 11 made of a glass substrate; a
plurality of lower electrodes 8 arranged on a main
10 surface of tﬂe dielectric substrate 11; semiconductor
layers 20 individually formed in such a manner as to
~overlap loWg:-electrodes_S; an'quoped polyCrystalline
siliéBh iaYer 3 indiﬁidﬁ;ily formed §n the semiconductor
layers 20 in such a manner as to overlap the lower
15 electrodes 8 (refer to Fig. 2E) on a plan view; a drift
layer 6 (strong field drift layer) including a plurality
of drift portions 6a individually formed of an oxidized
porous polycrystalline silicon layers on the
"polycrystalline silicon layer 3 'in such a manner as to .
20 oéerlap.fhe 1oWér electrodes 8 on a blan View, énd a-
plurality of isolating portions 6b that are individually
formed of a polycrystalline silicon layers and that each
fills up spaces between the drift portions 6a; and a
plurality of surface electrodes 7 arranged on the drift

25 layer 6 in such a manner as to cross the drift portions



The surface electrode 7 is formed of an el ectroconductive thin film made
of a thin netal film (such as a gold filn). The filmthickness of the
surface electrode 7 is set to 15 nm but the filmthickness is not limted
thereto. 10 The thickness of the drift layer 6 also is set to 1.5 pm but
the thickness is not |imted thereto. 22 dielectric substrate 11 forns
the substrate. Wiile the electron sourcé”10 has a passive matrix structure
that is simlar to that of the conventional 15 el ectron source 10" shown in
Fig. 48, it is different in that the seniconductor | ayer 20 includes a pn

junction taat,pgeyq tisb?%‘&ﬁi?@t Ea‘ég’tﬁgatné réﬂ“ QE’l‘r{gdiPeéE'f gurface

el ectrode 7 rom-t | ower SpeC| omn in Fig. 2E,
t he sem con n r d wer

el ectrode BﬂHg%géeEEXﬁg %Ee&%%%#ﬂ qbﬁQPhé$ﬂ¥f£¥§% ngg¥h%?§8§9§g%%ing_
the pn jungtion. The senlconductor Iayer_20 is provided between the
surface electrode 7 and the |ower eléctrode 8 mﬁth the drift |ayer 6

added. Thus, theT ”18&@9”% rcth@ﬁ%r 82!152(%(; I&ekage current
preventing nenber %rever e rent preven |ng neans) t hat prevents

| eak f I t h
eFZc??gdgugéfe%ﬁrOEg 8%e§W§%?§%§§EQ%1 |ﬁ%ﬁ§$l$%g% #gfﬁrg Lﬁ%gg@i l& etmeen

the sem con gCt Oﬁrkg 8@% qhe7 drd féorﬁnepé)réf05568‘1£8{:9‘8c%nduct1ve

| ow concent ayer.

thin film made of a thin metal film (such as a gold film).
The film thickness of the surface electrode 7 is set to
15 nm, but the film thickness is not limited thereto.

10 The thicknesssof the drift layer 6 also is set to 1.5 um,
but the thickness is not limited thereto. The dielectric

. substrate 11 forms the substrate.
'While the.eiectron eourcello has a paesiﬁe matriil

structure that is similar to that of the conventional

15 electron source 10" shown in Fig. 48, it is different in
that the semiconductor layer 20 includes a pn junction
that prevents leakage current from flowing to the surface
electrode 7 from the lower electrode 8. Specifically, as
shown ip'Fig, 2E, the semiconductor layer 20 includes an

2O n-ieyer 21 formed on the.lOWer electrode.B, and a ﬁ;leyer
22 formed on the n-layer 21, thereby forming the pn
junction. The semiconductor layer 20 is provided between
the surface electrode 7 and the lower electrode 8 with
the drift layer 6 added. Thus, the semiconductor layer

25 20 forms a leakage-current preventing member (reverse-



| ower ‘el ectrode

As above, since the polycrystalline silicon layer 3, which is the

| ow- concentration sem conductor |layer, is fornmed between the p-layer 22
and the drift portion 6a, the sem conductor |ayer 20 and the drift portion
6a are 10 spatially isolated fromeach other. Consequently, the drift
portion 6a can be fornmed w thout being ig{luenced by the sem conduct or

| ayer 20. In substantially the sane manifer as that in the conventional

el ectron source 10" shown in Fig. 48, in the 15 electron source 10, the
drift portions 6a of the drift |ayer 6 are sandw ched between the plurality

of | ower el:ﬁ?&'treglg.egrgv%?&titﬁge 4 iél?’af’f;?%%géﬁggaggﬁtﬁhégd%ﬁr?:-en such,

when an associ a et o surface elect | ower. el ectrode

8 15 appr opiiaheley aleoted 20 Aol tagec 538ph T #ohntAet ie,agl ect ed

_set, the strong I s applie 0 e dri portion oba i n e position

cor respondi ng E%§5%§hgqter ggghgﬂgg%ihﬂ§¥z§é§%ﬁgg%gg§f%ggicgge %&%geé7-and

‘el ectrons pecitica , as in a-

case where 23.8LEH EALAMN 8% UG OB LIl Y 0LPgRed A8 aripe

intersectioﬁs inac ern Torne € surfacé electrtod

N A s R e W B L PR
emtted froma podes 'Bhdd S G881 90y 081 YPhERLE 15208 13RR] & between
which is the low-concentration semiconductor layer, is
formed between the p-layer 22 and the drift portion 6a,
the semiconductor layer 20 and the drift portion 6a are
10 spatially is&lated from each other. Consequently, the
drift portion 6a can be formed without being influenced
by the semiconductor layer 20.
In subStanfiéily the s;ﬁe ﬁannéf as:that in tﬁé
conventional electron source 10" shown in Fig. 48, in the
15 electron source 10, the drift portions 6a of the drift
layer 6 are sandwiched between the plurality of lower
electrodes 8 and the plurality of surface electrodes 7.
As such, when an associated set of the surface electrode
7 and the lower electrode 8 is appropriately selected,_
20. and voltége ié applied iﬁto the selected set;.thelstrong
field is applied to the drift portion 6a in the position
corresponding to the intersection of the selected surface
electrode 7 and lower electrode 8, and electrons are

thereby emitted. Specifically, as in a case where

25 electron sources are individually disposed at



the surface electrode 7 and the |ower electrode 8 is set to a range of
from1l0 to 20 V. Each of the surface electrodes 7 is fornmed as a stripe
having two end portions in a longitudinal direction on which pads 27 are
10 individually forned. Simlarly, each of the lower electrodes 8 is
formed as a stripe having two end porti£g5 in a longitudinal direction on
which pads 28.ar.e individually forned.”As in the drift layer 6 shown in
Fig. 45, the drift 15 layer 6 includes at |east grain 51 (sem conductor
crystal) made of colummer polycrystalline silicon disposed on one surface

of the di el Galldrs SUNYH Al 1 cifeck bt BLEACEB AKRIBE! kh® Balridied on a
t he I 6 0

surface of grain 51; fine siliconh cryst.a .that 1s fine 2

sem conduct n s of 4 KELoRL:"BARELEREAN,  iflen L, [t or posed

bet ween itens 1, and a silicon oxide fi 64 provided as an

insul at or -f'-ia's@bté]%t‘%& Ssétoré'n?f't-rrgé‘_ f‘%ﬁfééécgl%t%gaefh”%@ ":h%orl&fé’ét al- 63

and that has™a thickness shma an a crystal grain ameter of the

fine silicopuystale 6.1 &7e s Oegcr Lhgdrabrerhnpthe ghaely gt geu ce 10
e t ? %, ele

in addition to ri ayer sf nce akage-currént ~preventing

e o MBS S T oBhe (BT gkl O 80 LRI PHIAE
el ectrode 7the surface electrode 7 and the lower electrode 8 is set
to a range of from 10 to 20 V. Each of the surface
electrodes 7 is formed as a stripe having two end
portions in a longitudinal direction on which pads 27 are
10 individually;formed. Similarly, each of the lower
electrodes 8 is formed as a stripe having two end
portions in a longitudinal’diregtipn on Which_paQS 28 are
.individuall§.formed.'.' o N |
As in the drift layer 6 shown in Fig. 45, the drift
15 layer 6 includes at least grain 51 (semiconductor
crystal) made of columner polycrystalline silicon
disposed on one surface of the dielectric substrate 11; a
thin silicon oxide film 52 formed on a surface of the
' grain 51; fine-silicon crysta1'63_that is fine
26 semiconductor chstal on the 6rder of hanometer énd.thét
is interposed between items of the grain 51; and a
silicon oxide film 64 provided as an insulator film that
is formed on a surface of the fine silicon crystél 63 and

that has a thickness smaller than a crystal grain

25 diameter of the fine silicon crystal 63.



and the |l ower electrode 8, |eakage current can be prevented fromfl ow ng,
and a reduction in power consunption can be inplenented w thout reducing
10 conventi onal

the per unit-area field em ssion area in conparison to the

cases. The | eakage-current preventing nenber is forned of the

sem conductor |ayer 20 that includes the pn junction. between the drift
portion '6a and the | ower electrode 8. at is, only by interposing the
sem conductor |ayer 20 that includes the pn junction 15 between the drift
portion 6a and the | ower electrode 8, a rectification property of the pn

junction is used

source 10, electﬁ%ﬁge§2%§%§§%%§5§ﬂ§ e é%?g%%é%g%ggrcénlbheiﬁ!eCtrO”

rom’t he | ower

o nét "' npi nge on

o e t 0 PRALGHAL B R 6 11T AT o ¥hagSar P TeRkPSEn <Y ¢ ¢

_case, *heat'gener ted in_ the drift |
' g ey

col umner 51 PTRY & N&o) OEERF% g@h%??eaGS-agﬁr

i s.dischar: e% thEP
SREEEAC

%%p' the
e - wi t hout

ing ph i . 25 nbodi ment 1, . the drift portion 6
o The a1 BRI Nt S S ehIEn BT REOORI A BEADPBud By cryst al i ne

silico% | aye

. Ho fhe isol i 6b b f d of.
a. ni trided ﬁgre&}f\g%e)rﬁc r%/%?pa%?s‘?h éé ink??g‘gégfllgggﬁ' .S‘H%%PF% ﬁ&%rc\r%ﬁe the drift

porti on 6. Iy, B5.d AR o1 80t S92 6] 268aRE4Y LLLged G il Tnstead of a

preveﬁted from flowing, and a reduction in power
consumption can be implemented without reducing the per-
unit-area field emission area in comparison to the

10 conventional.éases. The leakage-current preventing
member is formed of the semiconductor layer 20 that
-includes the pn ‘junction between the drift portion Ga:and -
the léﬁér electrodé 8. -Théé is,.only by interbosiﬁg the
semiconductor layer 20 that includes the pn junction

15 between the drift portion 6a and the lower electrode 8, a

rectification property of the pn junction is used to

enable leakage current from flowing. In the electron

source 10, electrons injected from the lower electrode 8

do not impinge on the fine silicon crystal 63, they are

20 further accelerated by a field appliéd to the silicon

oxide film 64, and they drift therein. In this case,

heat generated in the drift layer 6 is discharged through

the columner 51. As such, electrons can be emitted at

high efficiency without popping phenomenon being caused.

25 In Embodiment 1, the drift portion 6a of the drift



pol ycrystalline silicon layer. Wen the drift portion 6a is forned of a
nitrided porous polycrystalline silicon layer, a silicon nitride filmis
formed for either the silicon oxide film52 or 64 in the Fig. 45. 10 In
the el ectron source 10, while the gold filmis used as the

el ectroconductive thin filmthat forns t surface electrodes 7, the
material of the surface electrode 7 is hot limted to the gold material.
Instead of the material, for exanple, another material having a 15 small
wor k function, such as an aluninun1 chronme, tungsten, nickel, or platinum

material , %a}%u & ¥ad ffieneddk { C&k?&tQ% 9Bbfolis ?:o]i% ?%ﬂzﬁeli’i%k

functi on of mnumis 4.28 eV, e Wor t|on 0 Is 4.50 eV,

the work félqiicam ofay %(fmgsﬁc?@e\’rér Feifso&a%lm%ox%qofry i ey Ge N1 Ckel

is 5.15 eV, Tunction of atrnumis™5.65 eV tively,

the surfaceg &%ﬁeg S Y b F08 B tgoggcggy%&q %d%qtrlv # Mdyedilm

formed-of a Ity of ers am nated I'n t

thipkness dir(gfﬁgk 4&2&?| &aéfife ﬁgrgﬁgﬁrkglerga%énnuék%%w datlon

resi stance an unctton is pref he t op

thin-fidm g clzoedc?axayﬂtzfﬁag ApBLEL S flap has e SHRldoyork  function

and a hi gh a esi on respec dri ayer 6 is

pref er ably ?ﬁ:ﬁl&%ﬁs&%ﬁlﬂ%tgﬂigbﬂ e eh%%w die i Jhe B cgbal of

t he bottom

is formed of a nitrided porous polycrystalline silicon
layer, a silicon nitride film is formed for either the
silicon oxide film 52 or 64 in the Fig. 45.

10 In the éiectron source 10, while the gold film is
used as the electroconductive thin film that forms the
surface_eleptrqdes 7, the material of the surface
eiééffbde 7 is not Iimiféd to the goid métérial. Instead
of the material, for example, another material having a

15 small work function, such as an aluminum, chrome,
tungsten, nickel, or platinum material, may be used. The
work function of gold is 5.10 eV, the work function of
aluminum is 4.28 eV, the work function of chrome is 4.50

_.eV,_the_work function of tungsten is 4.55 eV, the work

20 | fﬁnctioﬁ of'niékel is 5.15 ev, and the work fﬁnction'of
platinum is 5.65 eV. Alternatively, the surface
electrode 7 may be formed of an electroconductive thin
film formed of a plurality of thin-film electrode layers
laminated in the thickness direction. In this case, a

25 material that has a high oxidation resistance and a small



el ectrode | ayer preferably has a property of not easily diffusing into the
drift layer 6 in conparison to the top thin-filmelectrode |layer (that is,
the diffusion coefficient in the material of the drift layer 6 is 10
small). By using the surface electrode 7 that has a small work function
and a hi gh adhesion property with respect, to the drift layer 6, the
surface electrode 7 can be prevented fré%1be|ng I solated fromthe drift

| ayer 6. 15 Thereby, disconnection of the surface electrode 7 can be
prevented, and the ageing stability thereof can be inproved. Furthernore,
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reduced rel%&ec%&%de\%ayer preferably has a property of not easily
diffusing into the drift layer 6 in comparison to the top
thin-film electrode layer (that is, the diffusion
coefficient in the material of the drift laver 6 is

10 small) .

By using the surface electrode 7 that has a small
. work function and a high adhesion property with respect
.to.the drift léyér 6, the suiféée electféde 7 caﬁ be
prevented from being isolated from the drift layer 6.

15 Thereby, disconnection of the surface electrode 7 can be
prevented, and the ageing stabiiity thereof can be
improved. Furthermore, the manufacturing yield can be
improved, and cost reduction can be implemented.

For example, gold is preferably,bé'ﬁSedlfor the

20 material of the top thin—film electréae-iayer, and chrome“
is preferably used for the material of the bottom thin-
film electrode layer. However, for the material of the
bottom thin-film electrode layer, any one of nickel,
platinum, titanium, zilconium, rhodium, and hafnium, or

25 an oxide thereof may be used instead of chrome. 1In



In the electron source 10, a thin alumnumfilmis wused for the

el ectroconductive layer that forns the | ower electrodes 8. However, the
material of the lower <electrode 8 is not limted to the alum num materi al,
and 10 an el ectroconductive material other than the alum num material may
be used therefor. Hereinbelow , referripg to Figs...2A. to 2E, a

manuf acturing nmethod for the electron so¥rce 10 of the present invention
will be described. A cross section of 15 only an essential portion is shown
in each of Figs. 2Ato 2E The el ectroconductive |ayer, which is formed of
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surface of the dielectric ubstrat eafter the re5|st | ayer is

renoved. THEREDY, Cah BSi ke Pﬁ§8|§F§ %ﬁB&ﬁé& Aing a structure shown in

Fig. 2A In the electron source 10, a thin aluminum film is

used for the electroconductive layer that forms the lower
electrodes 8. However, the material of the lower
electrode 8 is not limited to the aluminum material, and

10 an electroconéuctive material other than the aluminum
material may be used therefor.

Hereinbeléw, referrlng to Figs-.. 2A to 2E, a
manufacturlng method for the electron source 10 of the
present invention will be described. A cross section of

15 only an essential portion is shown in each of Figs. 2A to.
2E.

The electroconductive layer, which is formed of a
thin aluminum film having a predetermined film thickness,
is deposited (overlaid) bﬁ'the gntirety of one face (thé

20 upper éurface in Fig; éA) of the dielectrié.substrate 11.
according to a sputtering method. Subsequently, a resist
layer that has been patterned corresponding to a pattern
of the lower electrode 8 is formed on the
electroconductive layer. Then, unnecessary portions of

25 the electroconductive layer are etched using the resist



I s obtained. Subsequently, the n-layer 21, which is forned of an n-type
polycrystalline silicon | ayer containing phosphorus added as an n-type
impurity, is deposited 10 (overlaid) on the-entire portion on the side of
the aforenentioned surface of the dielectric substrate 11 according. to
.a plasma CVD. nethod. Thereby, an. internediate product having a
structure shown in Fig. 2B is obtained. 3ince the n-layer 21 is deposited
according 15 to the plasma CVD nethod, the | ayer can be deposited by a

| ow-t enperature process at a tenperature of 600C or |ower (100C to 600C)

In addition, _since the n-layer 21 is doped with an inpurity_at the

| ayering tin%aXSEoPSiﬁgmaﬁgxth Eﬁﬁﬂ&(§h?ri§?ﬁﬁ,e}?g85ﬂd8a i °396e Ofor med.
20 Thereafter, the p-layer. 22, which is. forped of.a p-_type polycrystalline
silicon |ayef EBFF&FHF%%9&%4%F%ﬁﬁﬁéhc5ﬁv%..§¥§Bel?ngﬁFF¥§,OBstéEposited by
using, for exanple, .a .plasma CVD nethod. Thereby, an.internmedi ate product .
having a stratParBestdRReth stfack 9% Eﬁﬁa?h%ﬁ?gg$ﬁEeSEESFH@%ﬁ-ﬁ er 22 is

overlaid according to the plasma CVD 52 nethod, it canmge d% osited by a
| ow-t enper at 4PELFRdEELs e FethtleriYee bF BBOEVEH:| oRBPTE 8@05‘5’0 600C) .

In addition, the p-layer- 22 is doped with an inpurity at the_ |ayering
time accordi A§tesTERE AHARROIAET A FbYY #t SEEHCTBr8aSPPYpe s Fifded 22

is obtained.

Subsequently, the n-layer 21, which is formed of an
n-type polycrystalline silicon layer containing
phosphorus added as an n-type impurity, is deposited

10 (overlaid) oﬁ the entire portion on the side of the
aforementioned surface of the dielectric substrate 11
accordingftq_a plasma CVD method. :Thereby, an
intermediaté product ﬂéving a stfucturé.shown in.FiQ. éﬁ o
is obtained. Since the n-layer 21 is deposited according

15 to the plasma CVD method,'the layer can be deposited by a
low-temperature process at a temperature of 600°C or
lower (100°C to 600°C). In addition, since the n-layer 21
is doped with an impurity at the layering time according

' to the plasma CVD method, it-can easily be formed, |

26 Thereafter,lthe p-layer 22, whiéh is formed of a b—
type polycrystalline silicon layer containing boron added
as a p-type impurity, is deposited by using, for example,
a plasma CVD method. Thereby, an intermediate product
having a structure shown in Fig. 2C is obtained. Since

25 the p-layer 22 is overlaid according to the plasma CVD



Subsequently, in each of the n-layer 21 and p-layer 22, oxygen ions are
injected to insulate a portion nonoverlapping with the |ower electrode 8
froma portion overlapping with the |lower electrode 8. Thereafter, an 10
undoped pol ycrystalline silicon layer 3 having a predetermned film

thi ckness (for exanple, 1.5 um) is fornmed on the. entire portion' on the
side-of the. aforenmentioned surface of ?he dielectric substrate 11 by

usi ng, for exanple, a plasma CVD nethod. Thereby, an 15 internediate
product having a structure shown in Fig. 2D is obtained. Since the undoped
polycrystall licon er 3 1is aid ccordln the | asma CVD

net hod, Wé£$941(ﬁﬁxﬁﬁ?g%e e%??bﬁfgehﬁe?aiﬁwé Spg%éé% TReHperature
of 600C or | ower (100C to 600C) The_ 20 form ng neth of the undoped '
pol ycryst al |5itn@* siiermrz,%atm%?e? 36pg° (ho‘?rllr?r‘f’?Ed %Botfhet?)l %%?reF)CVD Rt hod.

exampl o, 5 CEA %Sé?)w'e%?h%iﬁé¥§§20$§Yﬁép§9“v«étﬁﬁv¥n?&%§aiﬁ N

600C or Iomer 25 After the undaE rréﬁﬁyséalllne Sil cggyer 3 53 has
been for med,l2¥P A 1% ASEPEAL PPk Psa QMQﬂﬂf ebet i ned
conditions. In the treatnent, :an anodic OX|dat|on process tank that

cont ai s ane§§¥&ﬂrkﬁy PEmet yt i on conposed of a mixed liquid in which 5 a

55-wt % hydr ogen fl uori de agueous sol ufio d ethanol
°ny g ubsequeng&y, fn each @ R n-layer 21 and p-layer

22, oxygen ions are injected to insulate a portion
nonoverlapping with the lower electrode 8 from a portion
overlapping with the lower electrode 8. Thereafter, an

10 undoped polyé?ystalline silicon layer 3 having a
predetermined film thickness (for example, 1.5 um) is
formed on the_eptire portion”pn the side-of the
afbgemenfioﬁed surféce of the.diéleétfie.subétrate-ll by
using, for example, a plasma_CVD method. Thereby, an

15 intermediate product having a structure shown in Fig. 2D
is obtained. Since the undoped polycrystalline silicon
layer 3 is overlaid according to the plasma CVD method,
it can be deposited by a low-temperature process at a

'.temperature of 600°C or lower (1oo°c ‘to 600°C) T:he'

20. forming method of the undoped polycrystalline 8111con
layer 3 is not limited to the plasma CVD method. The
undoped polycrystalline silicon layer 3 may be deposited
using, for example, a catalytic CVD method, according to
a low-temperature process at 600°C or lower.

25 After the undoped polycrystalline silicon layer 3



are mxed at a ratio of about 1:1 is used, and light is emtted onto the
undoped pol ycrystalline silicon layer 3 with a platinum el ectrode (not
shown) being set to be cathodic and the |ower electrode 8 being set to be
anodic. 10 Thereby, a porous polycrystalline silicon layer is forned in a
portion of the polycrystalline silicon | ayer 3, which overlaps with the

| oner el ectrode. 8. Thereafter, the el rolytic solution is renoved from
the anodic oxidation process tank; and acid (for exanple, 15
approxi matel y-10% dilute nitric acid, approximtely-10% dilute sulfuric

fank. Subscqientir SRl otk B She, bRbtebREnC R ERT &4 10 BTG v
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emitted onto the undoped polycrystalline silicon layer 3
with a platinum electrode (not shown) being set to be
cathodic and the lower electrode 8 being set to be anodic.
10 Thereby, a pdfous polycrystalline silicon layer is formed
in a portion of the polycrystalline silicon layer 3,
which éverlaps-with the lower electrode 8. Thereafter,
theﬁeiecfrbiific éolutidn ié reﬁoved'from the anbdic
oxidation process tank; and acid (for example,
15 approximately-10% dilute nitric acid, approximately-10%
dilute sulfuric acid, and aqua regia) is newly poured
into the anodic oxidation process tank. Subsequently,
the porous polycrystalline silicon layer is oxidized in a
way_that the anodic oxidatidn process tank containing the
20 aféreménfioned écid, the platinum électrode.(not shown)
is set to be cathodic, and the lower electrode 8 is set
to be anodic. Thereby, the drift portion 6a, which is
made of the oxidized porous polycrystalline silicon layer,

is formed on the portion overlapping with the lower

25 electrode 8. Subsequently, the surface electrode 7,



10 showmn in Fig. 3E is thereby obtained. In this configuration, the
I sol ating portion 6b is fornmed with the polycrystalline silicon |ayer 3
existing in the drift portions 6a and the portions into which the oxygen
ions 10 have been injected. During the anodic oxidation treatnment in
Enbodi ment 1, the power of the |ight eq%tted onto the . surface. of the
undoped pol ycrystalline silicon |ayer 3 4 set at a predeterm ned | evel,
and the current density also is set 15 at a predeterm ned | evel. However,
these conditions may be optionally changed (for exanple, the current

donsity Mg T YA ANIE) 0 SOy S RUGRLE ey St ve
a vapor - depegi Lo et fod. L1, 20, et dad of {or gid.bngoelag! Lpqaqduct i ve
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the electroqo shown in Fig. 3E is thereby obtained. In this
configuration, the isolating portion 6b is formed with
the polycrystalline silicon layer 3 existing in the drift
portions 6a and the portions into which the oxygen ions
10 have been iniected.
During the anodic oxidation treatment in Embodiment
1, the_power-of-the_light‘emitted onto the.surféce:of the
'ﬁhdopéd polycryétaliine éilicon 1ayet.3 is set at.a :
predetermined level, and the current density also is set
15 .at a predetermined level. However, these conditions may
be optionally changed (for example, the current density
may be set variable). In addition, although the
electroconductive thin film used as the surface electrode
7 is formed according to a ‘vapor deposition method, the
20. method 6f forming the electrocoﬁductive thin fiim is not
thereby limited, and, for example, a sputtering method
may be employed.
According to the above-described manufacturing

method, since the n-layer 21 and the p-layer 22 are

25 formed with an impurity being doped at the layering time,



source 10 that enables the prevention of a | eakage- current flow and the
i npl enentation of a power- consunption reduction w thout reducing the

per-unit-area field emssion area in conparison to the conventional 10
cases. Furthernore, the sem conductor |ayers 20, the |ow concentration

sem conductor | ayers, and the |like are de of polycrystalline-silicon. In
this case, since an ordinary silicon process, a manufacturing process for
a |iquid-crystal display apparatus, and the |i ke can be 15 used, a cost

reduction can be inplenented. (EMBODI MENT 2) Hereinbel ow, Embodinment 2 of
the present #Hwesti SPer Wil 28 gﬁécﬁLﬁﬁ%ﬂ@%\@c{n -k f rfcﬁé Oﬁ%ﬁggﬁge

according 20 to Enbodi nent 2 has the sane configuratiom as t ectron

source 10 ofid o FEPOEHE M- Lay@E2Nk% R LHIARINAGIN 119 g hod therefor is
different. As such, hereinbeldow, only the manufacturing nethod therefor

wil'l be descgibpgyaip Bgf'faéﬁasgttea-ﬁss.ﬁ-gk_)ghe; %raﬁ%;)nf{gﬁédéﬁbgétmgSG each. "

show only a cross section of an essentia

el ectrocond ﬂé@h*?ﬁegfﬁfhéggﬁéiegg%ggﬁﬁgﬁwadwﬂ{%ﬁéﬁf%ﬁﬁ$ﬂ%fi'”‘haVing a

predeterm ned filmthi ess, 1 ( (overl: _ entirety of
one facs (tfﬁéﬁhfﬁE%ﬁréuééﬁcﬁﬁ'gagggg éé&f%&F&Qf;égf”éﬁ%réfeéyPgﬁrate 11
according to a sputtering nethod. Subséequently, a resi's
source 10 that enables the prevention of a leakage-
current flow and the implementation of a power-
consumption reduction without reducing the per-unit-area
field emission area in comparison to the conventional
10 cases. Furthermore, the semiconductor layers 20, the
low-concentration semiconductor layers, and the like are
"+ made of polycrystalline silicon. 1In this case, since an
ordinary silicon process} a manufecturing process for a y
liquid-crystal display apparatus, and the like can be

15 used, a cost reduction can be implemented.

(EMBODIMENT 2)
Hereinbelow, Embodiment 2 of the present invention
" will be described. However, .an electron source according
20 to Embodiment 2 has.the samelcehfiguration as the

electroh source 10 of the Embodiment 1, and only a
manufacturing method therefor is different. As such,
hereinbelow, only the manufacturing method therefor will
be described with reference to Figs. 3A to 3G. Figs. 3A

25 to 3G each show only a cross section of an essential



| ayer that has been patterned corresponding to a pattern of the |ower

el ectrode 8 is formed on the el ectroconductive |ayer. Then, unnecessary
portions of 10 the electroconductive |ayer are etched using the resist

| ayer as a mask. Thereby, the | ower electrode 8 nmade of a patterned

el ectroconductive layer is fornmed on the-.. aforenentioned surface of the
dielectric substrate 11. Thereafter, thePresist | ayer is renoved. Thereby,
an 15 internedi ate product having a structure shown in Fig. 3A is
obt ai ned. Subsequently, an undoped polycrystalline silicon layer 24 is
deposited on the entire portion on the side of the aforenentioned surface
of the diel B8 € %ubstrate 20 11 according to, for exanple, a plasma CVD

3815 obt ai ne ReS o Ee TR TSt pOr YO o i FindSe FPIRSH Py dr Bt
e el b bt Y RS TEL R SRR 50 B
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according to a sputtering method. Subsequently, a resist
layer that has been patterned corresponding to a pattern
of the lower electrode 8 is formed on the
electroconductive layer. Then, unnecessary portions of

10 the electrocdhductive layer are etched using the resist
layer as a mask. Thereby, the lower electrode 8 made of
a patterned electrqconductive;layér is formed on the -
aforéﬁeﬁtioned-surééce of the.dielectric subéffate 11.
Thereafter, the resist layer is removed. Thereby, an

15 intermediate product having a structure shown in Fig. 3A
is obtained.

Subsequently, an undoped polycrystalline silicon
layer 24 is deposited on the entire portion on the side
of thé'aforemeﬁtioned surface.qf_thé_dielectric substrate

20 ll.accbrding to, for e#ample; a plasﬁa CVD ﬁefhdd.
Thereby, an intermediate product having a structure shown
in Fig. 3B is obtained. Since the undoped
polycrystalline silicon layer 24 is overlaid according to

the plasma CVD method, the layer can be deposited by a

25 low~temperature process at a temperature of 600°C or



silicon layer 24. Thereby, an intermedi ate product having a structure
shown in Fig. 3Cis obtained. Subsequently, an undoped pol ycrystalline
silicon layer 25 10 is forned on the entirety portion on the side of the
aforenmentioned surface of the dielectric substrate 11 by wusing, for
exanple,. a plasma. CVD nethod. The.reby i nternedi ate product shown in
Fig. 3D is obtained. Since the undopedE%oncrystaIIine silicon layer 25 is
overlaid 15 according to the plasma CVD nethod, it can be deposited by a

| owt enper at ur e pr ocess at a terrper ature of 600C or |ower (100C to 6000

Thereafter the % ned whi |l e .perform ng doping wth an

p- typelnpurQPV 20 accordlng to an ion-injecting nethod or
an inpurity dlff S|n oy 1ion erla h.the | ower
"electrode 8 in t# Iboﬁ?% ys?%?Y?hngif?cg§%a§9£%51}§ Ther eby, an.
:internedjateepfﬁguct ha |n a strueture , shown in. % s qbt ai ned. 25
Subsequent | )? o Jnﬁﬁ}:ﬁ)p ?y‘ﬁ%t%ﬁll Pngygﬁl HELBH §§ %‘r‘é:#‘ FHhavi ng a

predeterninﬁgﬁflIn1th|ckness on the

Bt i rety poPPCSPI e SCRTEALEY . ERealy o brbRs oRERSS a‘,ﬁr%eéf’
o L e g L AT P QR P, O,
undoped pol yt%rg%?o%éf nelec':tl:llrgge 8 in the undoped polycrystalline
silicon layer 24. Thereby, an intermediate product
having a structure shown in Fig. 3C is obtained.
Subsequently, an undoped polycrystalline silicon layer 25
10 is formed onsthe entirety portion on the side of the
aforementioned surface of the dielectric substrate 11 by
using, for example,.a plasma CVD method Therebyr
1ntermed1ate product shown in Flg 3D is obtalned Since
the undoped polycrystalline silicon layer 25 is overlaid
15 according to the plasma CVD method, it can be deposited
by a low-temperature process at a temperature of 600°C or
lower (100°C to 600°C).
Thereafter, the p-layer 22 is formed while
_perfgrming doping with an p—type”impurity {such as'bo?on).
26.. according to an.ibn;ihjecting ﬁethod or ah impurity—
diffusing method on a portion overlapping with the lower
electrode 8 in the undoped polycrystalline silicon layer
25. Thereby, an intermediate product having a structure

shown in Fig. 3E is obtained.

25 Subsequently, the undoped polycrystalline silicon



| ayer 3 is overlaid according to the plasma CVD nethod, it can be
deposited by a lowtenperature process at a tenperature of 600C or | ower.
(100C to 600C). The 10 form ng nethod of the undoped pol ycrystalline
silicon layer 3 is not limted to the plasma CVD nethod. The undoped
polycrystalline .silicon |ayer-3 may be posited wusing a different

nmet hod, such as a catalytic CVD nethod, ccording to a lowtenperature
process at 600C or lower. 15 After the undoped polycrystalline silicon

| ayer 3 has been forned, an anodic oxidation treatnent is performed at

preet o1 NS4 R0 US| BEILLERLIEDD ri30 Sholhiy don process
thieh 20 2 SV OS] | Hor gy a0 oL B Bl e m xed

at aratio O ut’” i1 i's used, & ight 7I's e undoped
pol ycrystal ||, sid i,.gan | ave LWL LD sa Linumeelectr gggg- hown) _
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layer 3 is overlaid according to the plasma CVD method,
it can be deposited by a low-temperature process at a
temperature of 600°C or lower (100°C to 600°C). The
10 forming methdd of the undoped polycrystalline silicon
layer 3 is not limited to the plasma CVD method. The
- undoped polyc;ystalline silicon_layer-B may be depositedg'
ﬁéiﬁé a differeﬁflméthb&['éﬁch as a cataiytié“CVD'method,'
according to a low-temperature process at 600°C or lower.
15 | After the undoped polycrystalline silicon layer 3
has been formed, an anodic oxidation treatment is
performed at predetermined conditions. In the treatment,
an anodic oxidation process tank that contains an
electrolytic solution composed of a mixed'liquid in which
20 | a 55;w£% hydrogeh.fluofide aQueous solution and'efhanol |
are mixed at a ratio of about 1:1 is used, and light is
emitted onto the undoped polycrystalline silicon layer 3
with a platihum electrode (not shown) being set to be

cathodic and the lower electrode 8 being set to be anodic.

25 Thereby, a porous polycrystalline silicon layer is formed



i nto the anodi c oxi dation process tank. Subsequently, the porous
polycrystalline silicon layer is oxidized in a way that the anodic

oxi dation process tank containing the 10 aforenentioned acid, the platinum
el ectrode (not shown) is set to be cathodic, and the lower electrode 8 is
set to.be..anodic. Thereby, the drift paortion 6a, which is formed of the
oxi di zed porous polycrystalline silicon59layer, Is formed on the portion
overlapping with the 15 | ower el ectrode 8. Subsequently, the surface
electrode 7, which is made of a gold filmhaving a predeterm ned film
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manner,. in the Enhodi ment 2 he. respective. n-layer. 21 an -l ayer 22
are;foﬁmd-aﬁprema@rrgﬁfynawg% &G&%ge BT L 2Ghdri 9?585&%%@3&%%% ion 5
i njecting method or the inmpurity-dif using nmet hod after fornati%P of the
pol ycryst al ALASES Isiuéf?ﬁlq];ypé}%l 4 agud regia) is newly poure

into the anodic oxidation process tank. Subsequently,

the porous polycrystalline silicon layer is oxidized in a
way that the anodic oxidation process tank containing the

10 aforementionéd acid, the platinum electrode (not shown)
is set to be cathodic, and the lower electrode 8 is set
to.be anodic. 'Thereby,'theldriftlpqrtion.Ga, which.is
'fdrmed of the 6xidized porous polycfystalliné silicdn
layer, is formed on the portion overlapping with the

15 lower electrode 8. Subsequently, the surface electrode 7,
which is made of a gold film having a predetermined film
thickness (for example, 15 nm), is formed on the drift
layer 6 according to, for example, a vapor deposition
method, using é metal mask) Thereafter, the pads.27 and .

20. 28.$hoWn in Fig. 1 are formed,.and the eléctroﬁ source 10 :
shown in Fig. 3G is thereby obtained. In this
configuration, the isolating portion 6b is férmed with
the polycrystalline silicon layer 3 existing in the drift
portions 6a, the undoped polycrystalline silicon layer 24,

25 and the undoped polycrystalline silicon layer 25 existing



whi ch are undoped sem conductor |ayers. As such, w thout depending on a
fil mdepositing apparatus, the inpurity concentration in the n-layer 21
and the p-layer 22 can be 10 controlled at a high controllability.

(EMBODI MENT 3) Herei nbel ow, Enbodi nent 3 of the present invention wll be
descri bed. The basic configuration of an, 15 el ectron source according to
Enbodinent 3 is substantially the sane %5 that of the electron source 10
according to Enbodinent 1 shown in Fig. 1. As shown in Fig. 4, however,
the configuration is different in that the drift.portion 6a is formed on

the p-layer . 22,,1n 2 SQQQ jqytent 3, the sem conductor | ayers made of the p-
| ayer 22 anéatﬁgenﬂ g& r 2%2 ‘orm a | eakage-current preventing nenber

(reverse-currentggr?égn Eggéqggggr%§g§$¥3+égﬁybggigﬁgtEﬁbggimggtE@bpdinenf

1, in addition rift age-.current prevent’i ng

PR R i e e e s A

convent Ponapebgornity | riaR i S FRbRPLEY RetB- ST e A

reduct on | BRI SOTRAIRIA O A D IPLGTRRE RS BY WATHEY Yrdde
formation of the polycrystalline silicon layers 24 and 25,
which are undoped semiconductor layers. As such, without
depending on a film-depositing apparatus, the impurity

concentration in the n-layer 21 and the p-layer 22 can be

10 controlled at a high controllability.

(EMBODIMENT 3) -
ﬁeréiﬁbelbw, Embadimeht 3 of the pfeséﬁt invengién
will be described. The basic configuration of an
15 electron source according to Embodiment 3 is
substantially the same as that of the electron source 10
according to Embodiment 1 shown in Fig. 1. As shown in
Fig. 4, however, the configuration is different in that
the drift portion 6a is formed on the p-layer 22. In
20 | Embodiment 3, the semiconductor iayeré made of tﬂé b—
layer 22 and the n-layer 21 form a leakage-current
preventing member (reverse-current preventing means).
Thus, in Embodiment 3, as in Embodiment 1, in
addition to the drift layer 6, the leakage-current

25 preventing member is provided to prevent leakage current



simplified in conparison to that of Enbodi ment 1 since the undoped
polycrystalline silicon layer 3 used in Enbodinment 1 is not provided

bet ween the sem conductor 10 | ayer, which forms the | eakage-current
preventing nmenber, and the drift portion 6a. In conparison to the

manuf acturi ng nmet hod according to Enbodijvent 1 or Enbodi nent 2, a

manuf acturing nmethod for the electron source 10 of Enbodinment 3 is
different 15 only in that the entire portion overlapping with the | ower
el ectrode 8 is formed porous according to the anodic oxidation treatnent.

( EMBODI MENT £40hn 4Q oIy rﬂ%x@%h@”ﬁ’&ﬁéf’?@ieét%déhg RGESRRAL shitsild on  wi

be descri bed. The basic configuration of an electron source according to

Enbodi ment 4 3ieet R4S tANt Ic%ﬂsye&&&%ye @§tﬁaat; etedht&‘in %ter %ﬁﬁurce 10

according to. Enbodi nent. 1 shown in Fig. 1. shown in however ,
the Conf'guhﬁWﬁm&ﬂééckféﬁﬁegﬁlééhéﬁaéréa @3 c%h%h?@@o%”% tr £ 1 “which is
a semnm conductor substrate, 'Is used for the su rate; an e Iomer

el ect 1 ode 8 oy FHIMIPaded sfaprf@gkg{, eLbg, ew%%ogzm\ggch i's formed

of an n-type silicon reglon aving a atrve ration, the

p-1 ayets 22, ohhiehdey,f o gée@u@ehwpﬁnswgen chEAR N Re.p d! ati vely
g concentratlon nbodi nment 4, the Tower ectr
implemented. Furthermore, the configuration is be
simplified in comparison to that of Embodiment 1 since
the undoped polycrystalline silicon layer 3 used in
Embodiment 1 is not provided between the semiconductor
10 layer, which forms the leakage-current preventing member,
and the drift portion 6a.

In comparlson to the manufacturlng method accordlng
to Embodiment 1 or Embodlment 2 a manufacturlng method
for the electron source 10 of Embodiment 3 is different

15 only in that the entire portion overlapping with the

lower electrode 8 is formed porous according to the

anodic oxidation treatment.

(EMBODIMENT 4)

20 Héreinbelow, Emboaiméht 4 éf the preséht inﬁeﬁtion
will be described. The basic configuration of an
electron source according to Embodiment 4 is
substantially the same as that of the electron source 10
according to Embodiment 1 shown in Fig. 1. As shown in

25 Fig. 5, however, the configuration is different in that a



formed of the p-layer 22 and the n-layer 21 forns a |eakage-current
preventing nenber that prevents a | eakage 10 current fromflowng to the
surface electrode 7 fromthe |ower. electrode. Thus, in'Enbodi ment 4, as
in Enbodinent 1, in addition to the drift layer 6, the |eakage-current
preventing nmenber is provided to prevent..) eakage current 15 fromflowing to
the surface electrode 7 fromthe |ower “électrode. Consequently, w thout
reducing the per-unit- area field enm ssion area in conparison to the
conventional cases, a |eakage-current flow can be prevented,. and a

reduction i 9;09Rh GABMKTRION Ca A% 20 4 TBLATEShAACtbY %ﬁss%'r%@er on

source 10 accor ng to rrent 4, since the silicon substrate is used

for Lo SubWr aice e andl A )AL SN OLSS1 0TUEN SABERRANS! HheCt | g

met hod or an inpurity-di si ng net can ormthe n-layer

21 and the p @Yiﬁ'ine%% thals ffoRéci‘eoﬁe‘tl%éoéﬁei gé?céio‘j@rhl@gc%‘és%o%éd‘e :

conf|gurat|on pattern precision o wer “ el ectrode can be

d, t t ,
whtoh can bOTT GFrEd T i ok NS R Ay PG L TBE1REISRT B L " o1 e
on the galf of epgoLianed S f a6 -1 b6 SYPSLIALEn CANSEAHRNI L

dlscontlnuatlon In Jur ode’ 7 can be prevented, an&)the
di spl ay type silicon region having a relatively high

concentration. In Embodiment 4, the lower electrode
formed of the p-layer 22 and.the n-layer 21 forms a
leakage-current preventing member that prevents a leakage

10 current from flowing to the surface electrode 7 from the
lower electrode.

Thus, in'EmbOdiment 4, as in Embodiment'l, in
addition to the drift layer 6 the leakage current
preventing member is provided to prevent leakage current

15 from flowing to the surface electrode 7 from the lower
electrode. Consequently, without reducing the per-unit-
area field emission area in comparison to the
conventional cases, a leakage-current flow can be
prevented, and a reduction in power consumption can be

20 -implemented: | |

In the electron source 10 according to Embodiment 4,
since the silicon substrate 1 is used for the substrate,
an ordinary silicon process, such as an ion-injecting
method or an impurity-diffusing method, can be used to

25 form the n-layer 21 and the p-layer 22 that form the



preci sion can be easily inproved. 10 (EMBODI MENT 5) Herei nbel ow, Enbodi nent
5 of the present invention wll| be described. The basic configuration. of
an electron source according to Enbodinment 5 is substantially the sanme as
that of the electron source 10 15 according to Enbodi mrent 1 shown in Fig.

1. As shown in Fig. 6, however, the cog{'guration is different in that an
i-layer 23 fornmed a | owconcentration p crystalline silicon layer is

i nt erposed between the p-layer 22 and the n-layer 21..That.is, in

Enbodi nent 5, the 20 sem conductor |ayer fornmed of the p-layer 22, the

aver | 2310008 bhgchibaner BLdAIME 2t caadsRHLLaRLLPERVEREND  MeMber

that prevents a | eakage current fromflown & surtake electrode 7

fromthe !OﬁﬁEtgkﬁcbg ?sqoﬁﬂgfsﬁﬂélﬁm? 'Qf@ét?od@sghg4ggb9g§ggg%d; in

25, additioh to t l'ayer 6 eakage- cur.ren enting

P ooeT oo DEpY, 362 0-ALReEnd SAARE: f0H SR0ei 600 “%ﬁgﬁﬁo opS iR o
the per unj; 1éﬁe%a5'5'dqayﬁﬁﬂ(Niéﬁf¥hérk8§$9§{b gftgh hﬁ Ie%onyentlonal

cases, a |eakage- carr ent TIow can pr even n in power

consungt i ong g%gtggde'myf@“¥gfﬁ£ Iéhegggtéf@ eéggt%ﬁﬁhﬁosu%%ggg O%yer that

forms the le ge-curfrent preventing nenber
the substrate. Consequently, discontinuation in the

surface electrode 7 can be prevented, and the display

precision can be easily improved.

10 (EMBODIMENT 53
Hereinbelow, Embodiment 5 of the present invention
' will be described.  The basic COnfiguration of an
électronlééurée aécofdiﬂé fo Embodiméﬁt'S ié- :
substantially the same as that of the electron source 10
15 according to Embodiment 1 shown in Fig. 1. As shown in
Fig. 6, however, the configuration is different in that
an i-layer 23 formed a low-concentration polycrystalline
silicon layer is interposed between the p-layer 22 and
"the n—laye;_Zlf_fThat_is,-in_EmbodimeptHS, the
20 semiéondﬁctor layér formed of the p-layer 22, thé i—layéf
23, and the n-layer 21 form a leakage-current preventing
member that prevents a leakage current from flowing to
the surface electrode 7 from the lower electrode 8.
Thus, in Embodiment 5, as in Embodiment 1, in

25 addition to the drift layer 6, the leakage-current



junction. As such, conpared to Enbodinent 1 having the 10 pn junctions, the
pressure resistance of the | eakage- current preventing nenber can be

i nproved. The i-layer 23 may be provided between the p-layer 22 and-the
n-layer 21 of each of the other embodinments. A nanufacturing method for
the el ectron source 10 of 15 Enbodi mentgp is substantially the sanme as
that in either Enbodinent 1 or Enbodi nent 2. The nmanufacturing nmethod is
different only in that a step of formng the i-layer 23 is added;
therefore, detail ed description thereof is omtted herefrom 20

( EMBODI MENT pi)e vidertintp el e b9 db it d8d 0t ot pe eRedseNieakav@Ntd@rent | | be
descri bed. The basic configuration of an electron source according to

Enbodi ment Grict 3 csulisg ar i ehé ysiheaganelastirBak of ridem @mRCtrfmsource 10
65. according to Enbodinment 1 shown in Fig. 1. As shown in Fig. 7,

however, thele@trony a3 J orcdﬁsé@@l@nw%k)ew'iéh%%r QBluYGy thal pdistead of -
providing. the semiconductor layer 20, a material for formng a Schottky 5

junction i nuaiRerren MRl fae H6i ght Arthe i fr bbhpRe%ilsodn tbaHes used as a
material of the surface electrode 7, and a |eakage-current preventing

EEﬁb$L553CQﬂhW@ﬁﬁ%$ﬁHlt&&%e§ﬂr$aP@aEéSELEﬁgﬁeﬁtaQQOhh%dﬂwﬂé portion 6a
> ° prevented, and a reduction in power consumption can be
implemented. In addition, the semiconductor layer that
forms the leakage-current preventing member has a pin
junction. As such, compared to Embodiment 1 having the
10 pn junctions,;the.pressure resistance of the leakage-
current preventing member can be improved. The i-layer
'23 may be providedubetween the p-laye:_22 and-the_n—layer_'
21 of'éacﬂ of the_otﬁéf émbbdiménts.' -
A manufacturing method for the electron source 10 of
15 Embodiment 5 is substantially the same as that in either
Embodiment 1 or Embodiment 2. The manufacturing method
is differént only in that a step of forming the i-layer
23 is added; therefore, detailed description thereof is
_omitted herefrom.
20 |
(EMBODIMENT 6)
Hereinbelow, Embodiment 6 of the present invention
will be described. The basic configuration of an

electron source according to Embodiment 6 is

25 substantially the same as that of the electron source 10



material of the surface electrode 7, for exanple, Cu, Pd, 10 Ag, A, Ti,
M, Pb, Bi, Ni, G, Fe, My, Pt, Be, Sn, Ba, 1In, Co, Sh, IrSi, PtSi, Pt2Si,
MhSi, Pb2Si, Co2Si, NiSi, N 2Si ., or Wi may be used. Thus, in Enbodi nent
6, in addition to the drift |ayer 6, the | eakage-current preventing nenber
is 15 provided between the surface electégde 7 and the lower electrode 8
to prevent | eakage current fromflowng to the surface electrode 7 from
the |l ower electrode 8. Consequently, w thout reducing the per-unit-area
field em ssion area in conparison-to the conventional cases, a 20

| eakage- cur ent, fdi0yy Gah MbpheNent ed. sABEnaihedyeli an i As RN in

consunption can be Inplenented. In addition, in Cc¢onparison to Enbodi nents

1 to 5 themgnfigunpliiiefantndecshiPhlhihedodl 1 madeetd fdLation property
of the.Schofgﬁg fﬁhction et ween %ﬁe.sgrfaceoelectrode 7 and the 25 drift

layer 6 can figgy é[;sipéﬁvsﬂét? Lgakagq e4r Lol iBnd tqw avoi ding the

needs for additiona :

pi N iunctiorg-e]n}i( ) es’%@gl%g_ze?_hf@rehhﬂﬁlt%‘ﬁ".a&”%@ mﬁaggfat PEEEENt

invention w ! ed. e baslc configurati el ectron
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the 6a is used as a material of the surface electrode 7, and
a leakage-current preventing member is configured of the
surface electrode 7 and the drift portion 6a. For the
material of the surface electrode 7, for example, Cu, Pd,
10 Ag, Al, Ti, Mﬁ, Pb, Bi, Ni, Cr, Fe, Mg, Pt, Be, Sn, Ba,
In, Co, Sb, Irsi, PtSi, Pt,Si, MnSi, Pb,Si, Co,Si, Nisi,
_.Nizsi,,o;“WSi_may be used. '
o Thus, in Embo’diméﬁﬁ's, in addition to the drift’
layer 6, the leakage-current preventing member is
15 provided between the surface electrode 7 and the lower
electrode 8 to prevent 1eakage current from flowing to
the surface electrode 7 from the lower electrode 8.
Consequently, without reducing the per-unit-area field
-emission area in comparison- to the conventional cases, a
20. :leakage—currént flow can bé preveﬂted, and é reducfion in
power consumption can be implemented. In addition, in
comparison to Embodiments 1 to 5, the configuration can
be simplified since a rectification property of the

Schottky junction between the surface electrode 7 and the

25 drift layer 6 can be used to prevent a leakage-current

providing a  junction such as the pn juncti-on or the o



10 configuration is nmade to be different such that a material for formng
a Schottky junction in a portion interfacing with the undoped

pol ycrystalline silicon layer 3 is used as a material of the | ower

el ectrode 8, and a | eakage-current preventing nenber is configured of 15
the | ower electrode 8 and the undoped po%%crystalline silicon layer 3. For
the material of the | ower el ectrode exanple, Cu, Pd, Ag, A, Ti,
Mh, Pb, Bi, Ni, G, Fe, My, Pt, Be, Sn, Ba, In, Co, Sh, IrSi, PtSi, Pt2Si,
MnhSi, Pb2Si, Co2Si, NiSi, NN2Sil1l or Wsi may be used. 20 Thus, in Enbodi nent

7, in additi wogxr&cﬁmé the HELAl, £be 2LBALABGAGUY YU PAURNIA NG mENber

i's prOV|de et'ween 1 ace e ectrode rode 8 to

prevent | eaﬁq%pct%wé% rom Eﬁ?v‘%ﬂga}l@ﬁtﬁgﬁ 3 rtt%(ée elhe(‘jtl{nocggl 7 from t he B

| ower. el ect nsequen out reducing-t per un| -area

field 67 enmission area i-n conmparison to the.conventional cases, a. '
| eakage- curtent flom/can be prevented, ard a reéduction in power g
consunpti on. ( pented In addition, in conparison to Enbodi nents
1to 5, the con |gurat|on can 5 be S|an|f|ed since a rectification

property of the géﬁﬁghe SI #ncﬁ QdPﬁE en Eg th% &e%g%pﬁéggﬁ?l and t he

undoped pol ycrysta |con ayer can e use

| eakage- cur ngny oW 841 €149 nBE85 L85 A 1 B o 409 @ J uncti on

such as a pn junc

electron source 10 according to Embodiment 7 is
substantially the same as that of the electron source 10
according to Embodiment 6 shown in Fig. 7. However, the

10 configuratioﬁ.is made to be different such that a
material for forming a Schottky junction in a portion
interfacing with the undoped polycrystalline silicén
layer'3 ié“uSed as a méterlél of the lowér'electrodé'é)
and a leakage-current preventing member is configured of

15 the lower electrode 8 and the undoped polycrystalline
silicon layer 3. For the material of the lower electrode
8, for example, Cu, Pd, Ag, Al, Ti, Mn, Pb, Bi, Ni, Cr,
Fe, Mg, Pt, Be, Sn, Ba, In, Co, Sb, IrSi, PtSi, Pt,Si,
Mnsi,_ Pb,Si, Co,Si, NiSi, Ni,Si, or WSi may be used.

20 Thus, in Embodiment 7, in addition to the drift

layer 6, the leakage-current preventihg member is
provided between the surface electrode 7 and the lower .
electrode 8 to prevent leakage current from flowing to
the surface electrode 7 from the lower electrode 8.

25 Consequently, without reducing the per-unit-area field



10 or a pin junction. (EMBODI MENT 8) Hereinbel ow, Enbodi nent 8 of the
present invention wll be described. The basic configuration of an 15

el ectron source 10 according to Enbodinent 8 is substantially the sane as
that of the conventional electron source 10" shown in Fig. 46. However,
the follow ng aspects are different. Ingspecific, as shown'in Fig. 8, an
20 el ectroconductive |ayer 8 (I ower eIec?rode) made of a thin netal film
(such as a thin tungsten film is formed on one surface of a dielectric
substrate 11, and a drift layer 6 is formed on the el ectroconductive |ayer
8, in  whichudihes ik fdrdé@Yeh EohPslides 2odihk! RAMMN i Pd L apd;of an

oxi di zed porous polycrystalline silicon 68 |ayer, and iIsolating portion 6b

that is forMebplgdcRPLUftyeish! baR Bel balehduel, ah ddledicd KR
around the'drift portions 6a . A'surfacé electrode 7 madé of a -t IP met al
fil m (such : ' b} 4 4 e 3t 4avef{q6- i 5he drift
Igyer(qus ?%pﬁﬁgq%%€%ﬁ¢ﬁ%%bﬁa?§gpsgngﬁﬁgggggtpo’yc9§€f§FFﬁﬁg£2ﬁL?%on | ayer
[ over | ai t§ i he .sizde .af, t : ; e

Iclisel ectric %u stérgf%&glt%ﬁE%?gflﬁﬂt@ﬂggl gv\gro 5él gglter oé(g)gh%lq{: orcnrgd?élg

portions of the POLYEIYSLAl 5iRE10 SLERGRR LAYBhn WHsHEA) T$EPOds to the
drift portion 6a

Schottky junction between the lower electrode 8 and the

undoped polycrystalline silicon layer 3 can be used to
prevent a léakage—current flow, avoiding needs for
additionally providing a junction such as a pn junction

10 or a pin junction.

(EMBODIMENT 8) .
f Hereinbelbw).Embodiméh£ 8 of the p}esent invention
will be described. The basic configuration of an

15 electron source 10 according to Embodiment 8 is
substantially the same as that of the conventional
electron source 10" shown in Fig. 46. However, the
following aspects are different.

In specific,-as shown in Fig. 8, an

26 electrocondﬁctive layef“B.(lowéf electrodef madeIAf-a
thin metal film (such as a thin tungsten-film) is formed
on one surface of a dielectric substrate 11, and a drift
layer 6 is formed on the electroconductive layer 8, in
which the drift layer 6 includes a drift portion 6a

25 formed of an oxidized porous polycrystalline silicon



Is formed porous according to an anodi c oxidation treatnent to

thereby. forma porous polycrystalline silicon layer; and the porous
polycrystalline silicon |ayer is oxidized by using, for exanple, a rapid
thermal 15 techni que. The thickness of the el ectroconductive layer 8 is
set to 200 nm the thickness of the drif%elayer 6is set to 1.5 pm the

t hi ckness of the drift portion 6ais set to 1.0 pm and the filmthickness
of the surface electrode 7 'is set to 15nm However, these nunerical 20
val ues are exanples; that is, the thicknesses are not limted trerfao.' In
Enbodi nent 8 e dhakeekbh Gt 4 &nlls t age. .In the
drift layer %agggfhgﬁglg%?&%ﬁ1§%ﬁ?%gﬁ%8n;agi8?%%%gb§of§§%%éi%gn? 8, when

form ng the goi{brpathi@0ne?% 8acdha Hpdo ppagerﬁgt géé%l%lga g%hﬁ&n | ayer

Is .made 69 ‘porous fromthe side of the surtface Iint I'rection,

and-'t he - por opfef QEARE B8R ¥itS ey Gnat O &L~ WA $.hat
does not reagﬁet-ﬁg%gl ggtrrt?)'go%dlrjgc?t*i-vgglﬁg{/kefa%%égﬁ%ﬁééa sem conrductor- 5

layer 3 formed;af nacR9rti9n Afsiidie ROIY st 3t 10 181 ELEQRS! BYek s
ég and 8u

I nt erposed between the drift portion € electrocon i ve 1 ayer 8.

However 5t heqHngppedyeROley Cr Yleald:i e Sidy&ions | Ay ek IR 4DE, LAY BRYPOT OUS
? t g %1|r1%§§ dé%%h I'r 6

from the side o surface thereo ectron up to a

portion reacfepgrt Bg GhBOLAC YAt Vet 4 @Gl 851 AlGon layer is

overlaid on the entire portion on the side of the surface
of the dielectric substrate 11 on which the lower
electrode 8 is formed, a portion of the polycrystalline

10 silicon layef'which corresponds to the drift portion 6a
is formed porous according to an anodic oxidation
treatment_to thereby.form_a porous polyC;ystallinel,
'siiicon 1a§éf} énd:ﬁhe ﬁbrous polYéstfaliine.éiiicbh
layer is oxidized by using, for example, a rapid thermal

15 technique. The thickness of the electroconductive layer
8 is set to 200 nm, the thickness of the drift layer 6 is
set to 1.5 pm, the thickness of the drift pdrtion 6a is
set to 1.0 pm, and the film thickness of the surface
electrode 7 is set to 15 nm. However, these numerical

20. values éfe.éxampies; that is).the-thicknesées are nbt
_limited thereto. In Embodiment 8, the dielectric
substrate 11 forms the substrate.

In the drift layer 6 of the electron source 10

according to Embodiment 8, when forming the drift portion

25 6a, the undoped polycrystalline silicon layer is made

. ghe_pargus portion



the drift portion 6a nmay be fornmed on the electroconductive.layer 8

W thout. the.sem .conductor |layer 3 being interposed. The basic
performance of the electron source 10 15 according to Enbodinent 8 is
substantially the same as that of the conventional electron source 10"
shown in Figs. 46 and 47; hence, a deta'%ed description thereof is
omtted herefrom In addition, the elect¢ n em Ssion process.is
substantially the same. as in the cases of the 20 conventional el ectron
sources 10" and 10" (refer to Fig. 45); hence, a detailed description

thereof is omtted _herefrom.Ln i t i f lon 6a is
forned of tﬂﬁfQBﬁ(ﬁsﬁQlE&ﬁoﬁ%d%ogggﬁggpgpFF%ges?ﬁi%&?:ﬁ%ﬁgﬁ 25 However

e, o | bGP OS AL Ao, FpObbuAsd 0 i, B gyt o e
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it de i1 dISCHERRarer vl KEPERE o e e PR Shown i n
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silicon layer is interposed between the drift portion 6a |
and the electroconductive layer 8. However, the undoped
polycrystalline silicon layer may be formed porous from
the side of the surface thereof in the depth direction up
10 to a portion.ieaching the electroconductive layer 8, and
the drift portion 6a may be formed on the
electrocondubtive.layerf8 without,the_semiconductqr_layer
3 being.intefpoééd. - “
Thé basic performance of the electron source 10
15 according to Embodiment 8 is substantially the same as
that of the conventional electron source 10" shown in
Figs. 46 and 47; hence, a detailed description thereof is
omitted herefrom. In addition, the electfon emission
process .is subStantially the same as in the cases of the
20 cbhventional eléctron Sources 10'-and.10“ (reféf to Fig.
45); hence, a detailed description thereof is omitted
herefrom.
In Embodiment 8, the drift portion 6a is formed of

the oxidized porous polycrystalline silicon layer.

25 However, the drift portion 6a may be formed of a nitrided



I nt erposed between a vicinity of a boundary to the isolating portion 6b in
the.drift portion 6a and the surface electrode 7. Specifically, in the
drift portion 6a, while the surface electrode 7 is overlaid in a 15
central portion, the insulator filns 16 each forned in the vicinity of the
boundary to the isolating portion 6b. Ixn this particular case, the
insulator filns 16 are fornmed of a silicon oxide film However, the
material of the insulator film16 is not limted to the silicon oxide 20
film For exanple, the insulator film16 may be formed of a silicon

nitride fil g?réiﬁfa%\i‘incﬂﬁttajﬁi‘%ieecéirﬂbé?uig e20 of1Epbadicaval 8, thd nce

t he i nsul at m 167i s i nterposed between the vicinity of thé boundary

to the isol agiiﬁg ;%%rxit}i;ag & i P hd NeofRd & Lo PORAT BR168 7800 obrhe it ifRree

el ectrode 7, t _ dintensity in the .aforenmentioned vicinity of the

boundary "be gggﬁss%k%ﬁgéfwgéaedfwfayéﬁﬁﬂwﬁfggfi@'QifEEE%B%iE%bhﬂt&R?

central. poftion o t portion 6a. - such; nost electrons'drifting

(0 the drifbopBUd W18y @A ded {01 Pass 10vaNgh WhEnC MY driRqition of

the drift portion y enabling excesstve electrons to be prevented
nemen 0BG 10 vl of smal ptaca Busbal! ketyhmdnuiny,
boundary 10 JQqQQuzRs 18, tham 11€od | £1 dri BLERSALY 1N fiGietP A
either the silicon oxide film 52 or 64 shown in the Fig.
45.
The electron source 10 of Embodiment 8 is
10 characterized;in that insulator films 16 are each
interposed between a vicinity of a boundary tb the
- isolating portion 6b in the drift portion 6a and the - -
surfaée‘éiectrode f:' Speéifiéélly) in the dfifENPOrtioﬁ
6a, while the surface electrode 7 is overlaid in a
15 central portion, the insulator films 16 each formed in
the vicinity of the boundary to the isolating portion 6b.
In this particular case, the insulator films 16 are
formed of a siiicon oxide film. However, the material of
. the insulato; film 16 is not limited to the silicon oxide
20 film. For éxample,.thé iﬁsulatdr filmfi6 méy be formed
of a silicon nitride film.
As above, in the electron source 10 of Embodiment 8,
since the insulator film 16 is interposed between the

vicinity of the boundary to the isolating portion 6b in

25 the drift portion 6a and the surface electrode 7,'the



portion, dielectric breakdown that can occur in the aforenentioned
vicinity of,the boundary can be prevented, and an overcurrent can be
prevented fromlocally flowng between the electroconductive |ayer 8 and
the surface 15 electrode 7. Furthernore, in the electron source 10 of

Embodi ment 8, as in the conventional elegtron source 101 shown in Fig. 43,
the dependency to the degree of vacuum as an electron em ssion property is
reduced. Concurrently, a popping phenonmenon does not occur during 20

el ectron em ssion, and el ectrons can stably be emtted at high electron

eri ssi on efEE@E@ﬂtheH&%%ﬁ“%ﬂ'ﬁHﬁ Stot &ifieh BEGhaUOY1ELhTL L0 ofORMR a

fi el d-noderati ng nenber | el d-noderating neans) that reduces the field

intensity i Boub@athyCiviidaned dudrer 25 boundaiywte thsni sakatiipggportion 6b to

be-lower than the 72 field intensity in.the central portion of the drift

Por tion 6a. ; Beebishitgalihy tridi-ditelah MBYSE pbANGeBARCG B LOLERG Ol e,

insulator film16 interposed. between the aforenentione |c1n|ty-5#7thes

boundary andlst bRchr bRt IRl OGIEAIGT £ AngUE. HBCR, 3 eRRLLIL 1T Ul ure i s

enpl oyed in which a plurality of e sur ectrodes a plurality

of  Lhesel echiacaudi ¥ danarn ! eho AL£ARPEY LB, ILERCHEORRS BRATECt | NG

with each other, portions between individua rs o j acént surface

10 e|eCtr0d§§r%i%%n6Q9iﬂH%Eéﬁ§“Eﬁ%bifﬁhiQ§Hé§§95efghg5t}gns to be

prevented'frbm being emitted through_the aforementioned
vicinity of the boundary. Moreover, since the field
intensity in the aforementioned vicinity of the boundary
10 becomes lowerathan the field intensity in the central
portion, dielectric breakdown that can occur in the
;aforemeptipned vicinity of the boundary can be prevented,
" and an 6vercufren£ céﬁlbe preventéd frém'locally fldwihé
between the electroconductive layer 8 and the surface
15 electrode 7. Furthermore, in the electron source 10 of
Embodiment 8, as in the conventional electron source 10°
shown in Fig. 43, the dependency to the degree of vacuum
as an electron emission property is reduced.
-goncurrently, a popping phenomenon does not'occur'during-.
20 f electfon émiésion, and eléctrons éan stably be emitted at
high electron emission efficiency.
In Embodiment 8, the insulator film 16 forms a
field-moderating member (field-moderating means) that
reduces the field ihtensity in the vicinity of the

25 boundary to the isblating portion 6b to be lower than the



. (EVMBODI MENT 9) Her ei nbel ow, Enbodi nent 9 of the present invention wll be
descri bed. The basic configuration of an 15 el ectron source 10 according to
Enbodiment 9 is substantially the sanme as that of the conventi onal

el ectron source 10" shown in Fig. 46. However, the follow ng aspects are
different. In specific, as shown in Fig. % an. 20 el ectroconductive | ayer
8 made of a thin netal film(such as a 1 in tungsten film is formed on
one surface of a dielectric substrate 11, and insulator filnms 17 each nade
of a silicon oxide filmpatterned to have a predeterm ned shape are forned
on the el ecteiQARNAYR L+ RYEE BneAcéRt BT bok@YSh & Strﬂ‘eordﬁctton the side

of the surface of the 73 ™dielectric substrate 11 on which the

el ect rocondyglyitien leyer shaRfribglipsubabokibilimolie rtqrﬂ‘gorxd@&ef n yhi ch

the drift layer.6 includes a . drift> portion 6a. forne an oxi di zed
porous pol yaiogsleal ldmerisd | i£on1 haye" £18Rd1% '13&' fi? r@bcﬁ@at s
formed of a polycrystalline silicon [ayer an orne around t he

drift portigns Banth Sl arceceheel ! 8¢€ theBEGnY, % E’éurf één(SUCh.
Fafey. PE°) 2‘ o 2t Turtacd

as agold film i1s fornmed on t l"ayer _ ayer

for med such dinate Afders an 4odepedl, 1ngal ¥Chus srter@eufeoqu ayer i3

overlaid on the entire ~portion oh the side o e surface of the

dielectric employed in which a plurality of the surface electrodes 7
and a plurality of the electroconductive layers 8 are
arranged in directions intersecting with each other,

portions between individual pairs of the adjacent surface

10 electrodes 7 Ean be insulated by the insulator films 16.

(EMBODIMENT 9)-
' Herelnbelow, Embodlﬁent 9 of the present 1nveﬁ£10n
will be described. The basic configuration of an
15 electron source 10 according to Embodiment 9 is
substantially the same as that of the conventional
electron source 10" shown in Fig. 46. However, the
following aspects are different.
" In specific, as shown in Fig. 9, an
20 ) electrocondﬁctive léyer 8 made'of a thin metél.fiim (sﬁéh
as a thin tungsten film) is formed on one surface of a
dielectric substrate 11, and insulator films 17 each made
of a silicon oxide film patterned to have a predetermined
shape are formed on the electroconductive layer 8. A

25 drift layer 6 is formed on the side of the surface of the



substrate 11 on which the lower electrode 8 and the insulator filnms 17 are
formed, a portion of the polycrystalline silicon |ayer which corresponds to
the 15 drift portion 6a is formed porous according to an anodi ¢ oxidation
treatment to thereby forma porous polycrystalline silicon |layer; and the
porous polycrystalline silicon layer is OX|d|zed by using, for exanple, a
rapid thermal technique. The thickness of.'the 20 el ectroconductive |ayer 8
is set to 200 nm the thickness of thlckness of the drift layer 6 is set
to 1.5 pm the thickness of the drift portion 6a is set to 1.0 pm and

the filmthjcknass of shEseratace1ebacihadsd EhieS e3Rlcti®cokridbR iFowever,
t hese nunerical values are exanples; 25 that is, the thicknesses are not

limted thqra%;é)f d Nar{d tE8DOHETBAE S, ft1|1§15d'1©| QG Iforiikst rat aydchor ms the

-substrate. the' drift layer 6 of. the el ectron source "10. accordlng to

Enbodi ment. tgn Viee £ 0:[5‘1/89 Bhgngﬁ.hﬁfespgr Qe %o@%l&m%#%@&d

'polycrystalllne sil'rcon” l'ayer is made porous fromthe side of the surface

in the deptdy gii&rili@NpoRBst PE1RLLYETNAHRRS QN iicord ArdYdIaf eghgn a way

so that the porous portion does not feach the él'ect r ocoriduct i ve | ayer 8.

As sucd), a %QEt%Qn' Bheknatl AsMed e J20Td I W r§d€a11in

pol ycryst al |ne |con ayer is |nterposed bet ween "t he drlft portion 6a
silicon layer and that is formed around the drift

portions 6a. A surface electrode 7 made of a thin metal
film (such as a gold film) is formed on the drift layer 6.
The drift layer 6 is formed such that after an undoped

10 polycrystalliﬁe silicon layer is overlaid on the entire
portion on the side of the surface of the dielectric
substrate 11 on which_Fhe lower electrode 8 and the
'insulatbr films-17 are fofméd, a'porfion of thé”
polycrystalline silicon layer which corresponds to the

15 drift portion 6a is formed porous according to an anodic
oxidation treatment to thereby form a porous
polycrystalline silicon layer; and the porous
polycrystalline silicon layer is oxidized by using, for
example, a rapid thermal technlque The thlckness of the -

20 electroconductlve layer 8 is set to 200 nm, the thlckness'
of thickness of the drift layer 6 is set to 1.5 pm, the
thickness of the drift portion 6a is set to 1.0 pm; and
the film thickness of the surface electrode 7 is set to
15 nm. However, these numerical values are examples;

25 that is, the thicknesses are not limited thereto. 1In



and the el ectroconductive |layer.8.. However, the undoped polycrystalline
silicon layer may be fornmed porous from the side of the surface thereof in
the depth direction up 15 to a portion reaching the el ectroconductive |ayer
8, and the drift portion 6a may be fornmed on the el ectroconductive |ayer
8 without the sem conductor |ayer 3 behpg interposed. The basic
performance of the electron source 10 20 according to Enbodinent 9 is
substantially the same as that of the conventional el ectron source 10"
shown in Figs. 46 and 47; hence, a detailed description thereof is

omtted hereivodimeéAtaddi thendilhe irad rabESisd oN PS5 HEESBheS
substantially the sane as in the cases of the 25 conventional electron
sources 10" s@wdt2Qte(refer to Fig. 75 45); hence, a detail ed description
thereof is omitted herefrom In Enbodinent 9, the drift portion.6a is

formed of the oxhdiReddRP9ERUI aRRNY W Wt &lHd nA sditddWsd@y8s . 15 Hovever,
the drift portion 6a may be fornmed of a nitrided porous polycrystalline

silicon | aygeeohigpN2b! ¥Rbbd it I, WhdOrd QRifG FRY 88itergegLobn
an*oxi di zed or nitrided porous sem conductor layer, which is different

fromthe pesouUEhROLMBbYRPJIINR B}t L0 AYe1i ¥em sPerdisfiad@ portion
6a is formed of a nitrided porous polycrystalline silicon layer, a silicon
nitride filpgyhiguboryed f®e side of the surface in the depth
direction, and the porous formation is terminated on a
~ way so that the porous portion does not reach the
electroconductive layer 8. As such, a semiconductor
10 layer 3 formed of .a portion of the polycrystalline
silicon layer is interposed between the drift portion 6a
. and the_glectroconductive layer_87. Ebweve;, the_undoped”s
polycrystéiiine Silicoﬁ.layer méy'bé forméd.ﬁofdus from
the side of the surface thereof in the depth direction up
15 to a portion_reachihg the electroconductive layer 8, and
the drift portion 6a may be formed on the
electroconductive layer 8 without the semiconductor layer
3 being interposed.
~ .The basic performance of the electron source 10
20 accordin§ to Eﬁbodimeﬁt 9 is substéntialiy the Same'as.
that of the conventional electron source 10" shown in
Figs. 46 and 47; hence, a detailed description thereof is
omitted herefrom. In addition, the electron emission

process is substantially the same as in the cases of the

25 conventional electron sources 10' and 10" (refer to Fig.



either the silicon oxide film52 or 64. shown in the Fig. 45. The el ectron
source 10 of Enbodinent 9 is 15 characterized in that the insulator filns
17 are each interposed between a vicinity of the boundary to the

i solating portion 6b in the drift portion 6a and the electroconductive

| ayer 8. Specifically, in the drift poréion 6a, while only the

sem conductor layer 3 is 20 interposed b Pween portions interfacing with
the electroconductive layer 8 in a central portion thereof, . the

sem conductor layer 3 and the insulator filns 17 are interposed in the

formoo of a 135 SRECEL 3, MBCATIRE TRavimt 1 PR S0P} S opFRELESE ©

i nsul at or fiﬁg}%%rgﬁ not limted to the silicon oxide film For exanple,
the insulator Trim17 may be formed of.a silicon nitride film As above,
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portion 6a porous polycrystalline silicon layer. Alternatively, the

drift portion 6a may be formed of an oxidized or nitrided

porous semiconductor layer, which is different from the

porous polycrystalline silicon layer. When the drift

10 portion 6a iétformed of a nitrided porous polycrystalline
silicon layer, a silicon nitride film is formed for
either the silicon oxide film 52 or 64 shown in the Fig.
.5 S S -

The electron soﬁrce 10 of Embodiment 9 is

15 characterized in that the insulator films 17 are each
interposed between a vicinity of the boundary to the
isolating portion 6b in the drift portion 6a and the
electroconductive layer 8. Specifically, in the drift
portion_Ga{ while'only:thg semicoqduqtor_layer 3 is

20 ihterposed betWeen portions inteffacing.with fhe
electroconductive layer 8 in a central portion thereof,
the semiconductor layer 3 and the insulator films 17 are
interposed in the vicinity of the boundary. 1In

Embodiment 9, the insulator films 17 are formed of a

25 silicon oxide film. However, the material of the



are led to pass through the central portion.of the drift-. portion 6a.
Consequently, excessive electrons can be prevented frombeing emtted

t hrough the aforenentioned 15 vicinity of the boundary. Moreover, since the
field intensity in the aforenentioned vicinity of the boundary becones

| ower than the field intensity in the cepgral portion, dielectric
breakdown that can occur in the aforenentioned vicinity of the boundary
can be prevented,. 20 and an overcurrent can be prevented fromlocally
flowing between the electroconductive |ayer 8 and the surface electrode

7. Further mimsuliatdihef elmci7obssnotceihitetl tbmkod mENlidbn askidet he
conventional electron source 10° shown in Fig. 43, the dependency to the

degree of vaftilmm 25 @s evambbe} r BheelhsailamoRr RS 17 mdye B etbrdd
Concurrently, a popping phenomenon does not occur during electron
eni ssi on, arff el esiYiofsn cantsiabl yiba.enitted at  hi gh el ectron enission
efficiency. In Enbodinent 9, the insulator film17 forns a5 o

fiel d-nmoderating merdiesvd f i oh dri@deL 8kt BEnTBANE et NBt of ERlHREi e fo el d
intensity in the vicinity of the boundary to the isolating portion 6b to

be | owes thavirde tHé elfshDaedsi £¥1in1the sCeaichali ntitddtDfhdtheedii ft
portion 6a. Specifically, the field-noderating nmenber is 10 formed of the

I nsul ator fidHe WidivpEposedrhet ¥BEAdRRG taf @hemMay1at o/ igd Mt {on Okpt he
boundary and the surface

in the drift portion 6a and the electroconductive layer 8,
the field intensity in the aforementioned vicinity of the
boundary becomes sufficiently lower than the field

10 intensity in the central portion of the drift portion 6a.
As such, most electrons drifting in the drift portion 6a
_a;e'led to pass thrqggh the_cgntral_portion,of the drift- .
'pdrtion.éa;-'Consequenfiy; eXcéSéive électfons éan'ﬁé
prevented from being emitted through the aforementioned

15 vicinity of the boundary. Moreover, since the field
intensity in the aforementioned vicinity of the boundary
becomes lower than the field intensity in the central
portion, dielectric breakdown that can occur in the
anrementioned vicinity of the boundary can be prevented, -

20 and an overcurrent can ge'prévénted'from lbcaliy flowing
between the electroconductive layer 8 and the surface
electrode 7. Furthermore, in the electron source 10 of
Embodiment 9, as in the conventional electron source 10?7
shown in Fig. 43, the dependency to the degreée of vacuum

25 as an electron emission property is reduced.



.electrode 7. As such, when a matrix structure is enployed in which a
plurality of the surface electrodes 7 and a plurality of the
el ectroconductive layers 8 are 15 arranged in directions intersecting with
each other, occurrence of crosstalk can be prevented. (EMBODI MENT 10)
Her ei nbel ow, Enbodi nent 10 of the preseng-invention 20 will be described.
The basic configuration of an electron source 10 accordi ng to Enbodi nent
10 is substantially the same as that of the conventional electron source
10" shown in Fig. 46. However, the follow ng aspects are different. 25 In

specific, a &R 9 a ?opﬁﬂn§8 phehRelemEORIBEY ikt | Gyetir 8durdrgof a
thin netal f| m (such as a thin tungsten film is fornmed on one surface of

a d'eleCtr'&lé&@§%ﬁaéﬁlééionanﬁna ikt rodsAvain Gtdlsl § waeamodtetihat
el.ectroconductive.layer 8, in which the drift layer 6 5 includes a drift

portion 6a forgEdee CEPOHXéﬁlhégqoaoremchy:rystal line-silicon layer, and
i solating portfon 6 that is formed.of a polycrystalline silicon layer and

that is formed ar "é‘m&&&ﬂéh&t 9p0rth'e0&$1s%at%rstﬁifmel7 efeehsogde 7 made of
a thin metal film(such as a goid 10 is formed on the drift |ayer 6.

The dri gt 'ai’félﬁ—mba gﬁfﬁ% lég%etﬂﬁa@flaéﬂ&fm&&bfw@medm@%ywxﬁhalIlne

silicon layer rs over side of the surface
reduces the field intensity in the vicinity of the

boundary to the isolating portion 6b to be lower than the
field intensity in the central portion of the drift
portion 6a. Specifically, thé field-moderating member is
10 formed of théiinsulator film 17 interposed between the
aforementioned vicinity of the boundary and the surface
.;electrode 7. _ As such, when a matrix structure is
'employed in which a plﬁrallty of the surface electrodes 7
and a plurality of the electroconductive layers 8 are
15 arranged in directions intersecting with each other,

occurrence of crosstalk can be prevented.

(EMBODIMENT 10)
. Hereinbelow, Embodiment 10 of the present invention'
20. :will be déscribed. The baéic configuration of an.
electron source 10 according to Embodiment 10 is
substantially the same as that of the conventional
electron source 10" shown in Fig. 46. However, the
following aspects are different.

25 In specific, as shown in Fig. 10, an



the dielectric substrate 11, a portion of the polycrystalline silicon

| ayer which corresponds to the 15 drift portion 6a is forned porous
according to an anodic oxidation treatnent to thereby forma porous

pol ycrystalline silicon layer; and the porous polycrystalline silicon

| ayer is oxidized by using, for exanple,vi rapi dt hermal techni que.
The. thi ckness of the 20 el ectroconducti | ayer 8 is set to 200 nm the
thickness of the drift layer 6 is set to 1.5 um the thickness of the
drift portion 6a is set to 1.0 pm and the filn1 t hi ckness of the surface

T R L S e
the el ectrof® Eoﬁﬁéﬁ%“ﬁa%%%%f%‘%l‘ﬁ*‘eﬁnﬁgéﬁ&%ﬁ? %GE%ZJU 1“02%?%[%‘30&?
2nd 47 héﬂidéle it AR FonebfieR 8P ﬁel%ued s S
addi tion, ctron em ssion 0CesSS,i S.subst.ant ne asc in
the cases of A T aUmRsIdRer s ELEVER" Boui Robhs h% Tt H g,
45); hence, . | | ed on t here ted 10 herefrom
Evbodi font fdlqﬁ?g Sdraffc? £ ek %%ng SPRBRIPT taﬁleoasa%] o
polycrystaly (iégystcfh g sili¢on layer, and isolating portion 6b
that is formed of a polycrystalline silicon layer and
. that is formed around the drift portions 6a. A surface
electrode 7 made of a thin metal film (such as a gold
10 film) is forﬁéd on the drift layer 6. The drift layer 6
is formed such that after an undoped polycrystalline
silicon layer is overlaid on the side of the surface of
thé dieleétric'substrate 11; a portion of the
polycrystalline silicon layer which corresponds to the
15 drift portion 6a is formed porous according to an anodic
oxidation treatment to thereby form a porous
polycrystalline silicon layer; and the porous
polycrystalline silicon layer is oxidized by using, for
example, a rapid thermal technique. The.thiCkness'of the
.20 | électroconduétive layér 8 is setnto 260 nm, the thickness
of the drift layer 6 is set to 1.5 pm, the thickness of
the drift portion 6a is set to 1.0 pm, and the film
thickness of the surface electrode 7 is set to 15 nm.

However, these numerical values are examples; that is,

25 the thicknesses are not limited thereto. In Embodiment



However, the drift portion 6a may be fornmed of a nitrided porous
polycrystalline silicon layer. Alternatively, the 15 drift portion 6a nmay
be formed of an oxidized or nitrided porous sem conductor |ayer, which is
different fromthe porous polycrystalline silicon [ayer. Wen the drift
portion 6a is fornmed of a nitrided por ous polycrystalline silicon |ayer,
a.silicon nitride filmis forned. for 20 %ither the silicon oxide film 52
or 64 shown in the Fig. 45. The electron source 10 of Enbodinent 10 is
characterized in that a high-resistance first sem conductor |layer 23b is

Lterposed Hotwesll ad LOLLYc 29k HiRe RN ERLS! %@%dﬁéﬁea@ por ti on

6b in the drif por a and the el ectroconductive 8, and a

| ow- resistance 0 em ayer a_ hS r ween t he
central portion_ﬁ%%ﬁ%%%%#?#-por |%%c%a¥gn5ﬁétﬁ%ggkg%?iggﬁﬁ%ﬁEgﬁae | ayer 8.
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omitted herefrom. In addition, the electron emission
process is substantially the same as in the cases of the
conventional electron sources 10' and 10" (refer to Fig.
. 45); hence, a detailed description thereof is omitted
10 herefrom.
In Embodiment 10, the drift portion 6a is formed of
_the oxidized porous polyc?ystalline siligon layer. .
HoWeﬁer, the dfift-portionuGA hay bé foémed of a ﬁitrided
porous polycrystalline silicon layer. Alternatively, the
15 drift portion 6a may be formed of an oxidized or nitrided
porous semiconductor layer, which is different from the
porous polycrystalline silicon layer. When the drift
portion 6a is formed of a nitrided porous polycrystalline
silicon layer, ﬁ.silicon nitride film is formed for
20 either the silicon oxidé film 52 or 64 showﬁ in the Figqg.
45,
The electron source 10 of Embodiment 10 is
characterized in that a high-resistance first

semiconductor layer 23b is interposed between a vicinity

25 of the boundary to the isolating portion 6b in the drift



the vicinity of the boundary to the isolating portion 6b in the drift
portion 6a and the el ectroconductive |ayer 8, 15 and the second

sem conductor |ayer 23a having a resistance sufficiently |ower than that
of the first sem conductor |ayer 23b is interposed between the central
portion of the drift portion 6a and th% el ectroconductive |ayer 8.
Accordingly, the ' field. intensity. ({he 20 aforenentioned vicinity of

t he boundary becones sufficiently lower than the field intensity in.the
central portion of the drift portion 6a. Because of this arrangenent, nost

el ect rons gobthba0 6 e iid fa&@&w&%@@t%s LedelogPagd! r qugh. the

central tion of 1 ft portion nsequently, excessive

el ect rons eaeééﬂcan%% RN bl d OUDAS w& gg§d2§grgggl§-nttlé%13fosﬁd

af orenentioned vicinit oun ver since "the
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el ectron em ssi-on proper
to that of the first semiconductor layer 23b. For

- performing doping with the impurity, for example, an ion
implantation technique or a diffusion technique may be
10 used. |
As above, in the electron source 10 of Embodiment 10,
the flrst semlconductor layer 23b is 1nterposed between |
the v1c1n1ty of the boundary to the 1solat1ng portlon 6b
in the drift portion 6a and the electroconductive layer 8,
15 and the second semiconductor layer 23a having a
resistance sufficiently lower than that of the first
semiconductor layer 23b is interposed between the central
portion of the drift portion 6a and the electroconductive
layer 8.. ACcerdihgly,'the'field,intensity,in‘the
20 | aforementiened vicinity of the boundary becoﬁes
sufficiently lower than the field intensity in the
central portion of the drift portion 6a. Because of this
arrangement, most electrons drifting in the drift portion
6a are led to pass through the central portion of the

25 drift portion 6a. Consequently, excessive electrons can



Concurrently, a popping phenonenon does not occur during electron

em ssion, and electrons can stably be emtted at 15 high el ectron em ssion
efficiency. In Enbodi nent 10, the first sem conductor |ayer 23b and the
second sem conductor |ayer 23a forma field- noderating nenber that reduces
the field intensity in the vicinity. %f the boundary to the isolating
portion .6b to 20 be | ower than the field intensity in the central portion
of the drift portion 6a. That is, since the field- noderating nenber is
formed of the high-resistance first sem conductor |ayer 23b, which is
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the aforementioned vicinity of the boundary can be
prevented, and an overcurrent can be prevented from
locally flowing between the electroconductive layer 8 and
the surface electrode 7. In the electron source 10 of
10 Embodiment 10, as in the conventional electron source 10°'
shown in Fig. 43, the dependency to the degree of vacuum
-das .an electron emlss1on property is reduced
Concurrently, a popping phenomenon does.not occur durlng
electron emission, and electrons can stably be emitted at
15 high electron emission efficiency.
In Embodiment 10, the first semiconductor layer 23b
- and the second semiconductor layer 23a form a field-
moderating member that reduces the field intensity in the
v1c1n1ty of the boundary to the 1solat1ng portlon 6b to
20 be lower than the fleld 1nten51ty in the central portlon
of the drift portion 6a. That is, since the field-
moderating member is formed of the high-resistance first
semiconductor layer 23b, which is interposed between the
aforementioned vicinity of the boundary and the

25 electroconductive layer 8, and the low-resistance second



In specific, as shown in Fig. 11, an 15 el ectroconductive |ayer 8 nade of a
thin nmetal film(such as a thin tungsten film is formed on one surface of
a dielectric substrate 11, and a drift layer 6 is forned on the

el ectroconductive layer 8, in which the drift layer 6 includes a drift
portion 6a forned of an oxidized porous pol ycrystalline silicon |ayer,
and isolating portion 6b that is forne f a polycrystalline silicon |ayer
and that is forned around the drift portions 6a. A surface electrode 7
made of a thin netal film(such as a gold filn) is forned on the drift

aver 6 Theediiddndiiiels A2pet 2581 TRHl1EHChst Bk eRbbYdbatifitiedne

pol ycrystal l'i ne Icon layer 1s overlaid on the side of the surface of

the dielect UenetiiSldeidd oF hLCh iRe pBLesbhosandndclnee laver.8 is

formed, a portion o e polycrystalline silicon l'ayer which corresponds

to the 5-.dr e D d b2 5 ; PLYEE. BOT QUSaGERn A0 A0 FUAMMIL of -

oxi dation-treatnment to there m a" porous polycrystallilne st

layer; and thg Q%&ﬁ%\gér’inéﬁ%‘g%ﬁé! égg;ﬁ%hh@oﬁ. 'a%&e%lie%t@q]cfgx@gc@vém ng,

for exanple, @ rapid ni e thickness of the

el ect racond j\ve. 4%5{ [ 00 nm the thickness of the drift
| ayer ?i S g‘étl}et\% él. pn%get%%aflg%?%gﬁéés of .the drift portion 6a is set to
1.0'pm and the film thickness of the surface electrode 7 is set to 15 nm

(EMBODIMENT 11)
Hereinbelow, Embodiment 11 of the present invention
will be described. The basic configuration of an
10 electron sourée 10 according to Embodiment 11 is
substantially the same as that of the conventional
-electron source 10" shown -in Fig. 46. .However, the .
féllowiﬁg aépécfé'are difféfént. |
In specific, as shown in Fig. 11, an
15 electroconductive layer 8 made of a thin metal film (such
as a thin tungsten film) is formed on one surface of a
dielectric substrate 11, and a drift layer 6 is formed on
the electroconductive layer 8, in which the drift layer 6
includes a drift po;tion 6a formed of an oxidized porous
20 polycrystalline'silicon layét,.ana isoléting pértioﬁ 6b
that is formed of a polycrystalline silicon layer and
that is formed around the drift portions 6a. A surface
electrode 7 made of a thin metal film (such as a gold
film) is formed on the drift layer 6. The drift layer 6

25 is formed such that after an undoped polycrystalline



However, these nunerical values are exanples; that is, 15 the thicknesses
are not limted thereto. In Enbodinent 11, the dielectric substrate 11
forms the substrate. In the drift layer 6 of the electron source 10
according to Enbodi mnent 11, when forming the drift portion 6a, the undoped
polycrystalline silicon layer is 20 madegporous fromthe side of the
surface in the depth direction, and the porous formation is term nated on
a way so that the porous portion does not reach the electroconductive

| ayer 8. As such, a sem conductor |ayer 3 forned of a portion of ‘the

pol ycryst al lgine 2 sidy&pni s ayperigiinbar pased bRt ween e fdde ROFtion Ga
"84 and the el ectroconductive | ayer 8. However, the undoped

pol ycryst al ldHe idi&orri @ysapsByabe fLQrE;ﬁdeQ"cﬂu%hfer om the side.of..the
surface thereof in-the depth direction up ta. a portion reaching the

el ectrocondteqtéeterdmuétla@dlé¥ébesd&gf FoRREH, 00 %f@bxpeof ofged on the.
electroconductlve l'ayer 8 without the seni-conduct or | ayer 3 bei'rng -

i nt er posed. éwg:gapﬂﬁgrgﬁmeoﬁf 1hhereb@sihon WGkl @scosding to

Enbodi nment fﬁ i's substantially the same as 10 that of “the conventional

el ectron soysierd Gostoyh 68 Fh98orfBaapdrbis I&%‘&%dﬂlgde&?"a{r?daﬁjt?éfé' ption

thereof is omtted herefrom In addition, the electrom em ssion process

is substantigliyatih SePEaeRehl tgetﬁ@§%§yoEoEHFa porous

polycrystalline silicon layer; and the porous
polycrystalline silicon layer is oxidized by using, for
example, a rapid thermal technique. The thickness of the

10 electrocondudtive.layer 8 is set to 200 nm, the thickness
of the drift layer 6 is set to 1.5 pm, the thickness of

~the drlft portlon 6a is set to 1.0 um, and the fllm

thlckness of the surface electrode 7 is set to 15 nm.
However, these numerical values are examples; that is,

15 the thicknesses are not limited thereto. In Embodiment
11, the dielectric substrate 11 forms the substrate.

In the drift layer 6 of the electron source 10
according to Embodiment 11, when forming the drift
_pqrtion §a,.the undoped polycrystalline silicon layer is

20 mede pdtous ffom the;side of the eurface in the depth
direction, and the porous formation is terminated on a
way so that the porous portion does not reach the
electroconductive layer 8. As such, a semiconductor
layer 3 formed of a portion of the polycrystalline

25 silicon layer is interposed between the drift portion 6a



conventional electron sources 10' and 10" (refer to Fig. 15 45); hence, a
detail ed description thereof is omtted herefrom I|n Enbodinent 11, the
drift portion 6a is forned of the oxidized porous polycrystalline silicon
| ayer. However, the drift portion 6a may be formed of a nitrided 20 porous
polycrystalline silicon layer. Alternatiggly, the drift portion 6a may be
formed of an oxidized or nitrided porous sem conductor |ayer, which is
different fromthe porous polycrystalline silicon |ayer. Wen the drift
portion 6a is fornmed of a nitrided porous polycrystalline 25 silicon |ayer,

a silicon nigxddenéi betsrbeomethictave8iarid her tHewsvér cothexufl@obedm 52
or 64 showmn in the Fig. 45. The electron source ' 10 of Enbodinent 11 .is

characteri zeghiPcthatal t¥heulinAO NSy AEy ehrdafd@dpoboliB ERemsur f ace
el ectrode 7 in a region.of the drift . portiaon 6a which overlaps with the :

vicinity of ¢he sbaEndar ¥hko stltgaiceo!tid b PO i e BepdRadiksctiBnt b
drift portion 6a, while the surface electrode 7 is overlaid in a central

portion, thecgugf gsﬁt%ﬁctr@%%ﬂlg_la;weeﬂé&r&a@@uww@ela&ege@?nhhaned
vicinity of the oundary. Specifically, in the left-right direction in

Fig. 11s thermedhbiet bHBetIwh aGe mfl\PUd Olfrrfed SosMBhber than the width of
the drift portion 6a, and two ends oOf

electroconductive layer 8 without the semiconductor layer
3 being interposed.
The basic performance of the electron source 10
according to Embodiment 11 is substantially the same as
10 that of the dénventional electron source 10" shown in
Figs. 46 and 47; hence, a detailed description thereof is
omitted herefrom. 1In additiopl the electron emission-
proééséIié'substantiéllysthe same as in the caseéwéf'the
conventional electron sources 10' and 10" (refer to Fig.
15 45); hence, a detailed description thereof is omitted
herefrom.
In Embodiment 11, the drift portion 6a is formed of
the oxidized porous polycrystalliné silicon layer.
- However, the drift portion 6a may be formed of a nitrided
20 porous polycfystalline silicon layef. Alterﬁafivély, fhe
drift portion 6a may be formed of an oxidized or nitrided
porous semiconductor layer, which is different from the
porous polycrystalline silicon layer. When the drift
portion 6a is formed of a nitrided porous polycrystalline

25 silicon layer, a silicon nitride film is formed for



the surface electrode 7 are positioned nore inwardly than 15 two ends of
the drift portion 6a. As above, in the electron source 10 of Enbodi nent 11,
the cutout portion 7a is forned in the surface electrode 7 in the region
overlapping with the vicinity of the boundary to. the isolating portion
6b. Accordingly, the 20 field intensityggn the aforementioned vicinity of
the boundary becones sufficiently |lower than the field intensity in the
central portion of the drift portion 6a. Because of this arrangenent, nost
electrons drifting in the drift portion 6a are.led to pass through the

central 25 gotheentdt e idon lbxid iPMPas2 OASEHUSALLY . 18X ER_SIFYEG .86
el ectrons can be prevented frombeing emtted through the aforenentioned

vicinity of4ghe boundary. Mreover, since the-,field intensity in the
af orenentioned.vicinity o.f.the- boundary becones |ower than the field

intensity.in therfecenkttkoROsbu@be dicel S tHikoPigakdonp {Bat - can occur in
t he aforenentioned vicinity of the boundary can be prevented, and an

overcurrent cRapabeeRiewentied tia] st YodtOvbRg Pt ¥BEN2bRB formed
el ectroconductive layer 8 and the surface electrode 7. In the electron

sour ce510 0f , 10nEMaedirERRl chbctidd! 1 he, CoMVERibeNgE £heCkigR sOUr Ce 10

shown in Fig. 43, the dependency to the degree” of vacuum as. an el ectron

em ssi on pregeEiyni $ar GAICEd ovdIAPY RetH Yeh@ POPPL PEyPEeNeRRNON does not
occur during
boundary to the isolating portion 6b. That is, in the
drift portion 6a, while the surface electrode 7 is
overlaid in a central portion, the surface electrode 7
10 does not exisf in .the aforementioned vicinity of the
boundary. Specifically, in the left-right direction in
Fig. 11, thg.width ofuthe surface_elegtrode 7 is smaller
than the widthlof the ariff poftioh:éé, and two ends of
the surface electrode 7 are positioned more inwardly than
15 two ends of the drift portion 6a.
As above, in the electron source 10 of Embodiment 11,
the cutout portion 7a is formed in the surface electrode
7 in the region overlapping with the vicinity of the
boundary to the isolating portion 6b. Accordingly, the
20 fieid intensity in fhe.aforéﬁentionéd viCinity-éf fhe'
boundary becomes sufficiently lower than the field
intensity in the central portion of the drift portion 6a.
Because of this arrangement, most electrons drifting in

the drift portion 6a are led to pass through the central

25 portion of the drift portion 6a. Consequently, excessive



el ectron em ssion, and electrons can stably be emtted at 15 high el ectron
em ssion efficiency. In Enbodi nent 11, the cutout portion 7a in the

surface electrode 7 forns a field-noderating nenber that reduces the field
intensity in the vicinity of the boundary to the isolating portion 6.b to
be I ower than the 20 field intensity ing¢he central portion of the drift
portion 6a. Consequently, excessive electrons can be prevented from being
emtted only by changing the pattern of the surface electrode 7 (i.e

-only by changing a nmask for patterning the surface electrode 7). 25 87

( EMBODI MENT g1kt el ave rbpdh v@at ridnobe i g BRESERY MU N | |

be descri bed. The basic configuration of an eleCtron source 10 accordi ng

to Enbodi negirokmchtd s twtid 4y 6Petﬁé”Boaﬁdh?§t Oﬁotr*é%v%@veé‘ﬂﬂ@é‘a'

el ectron-source 10" shown in Fig. . However oW ng aspects are

different. kpespacify qn@ém;il}?wm ”tl'fé JafdRem@AtiBhEaL Rr?%‘i%‘i Yot ige drpver 8

made of ‘a thin nmetal film( 10 as a thin tungsten I”s f-orned on

one surfacepghindiadeliiddnds S}@;éf%%ﬁlﬁhgnﬁlgé _P.Bttel.n%l{%r 6 sd,{é)rmed on

t he. el ectroconductive |ayer 8 I"a er- I ncludes a

drift morti @Rnfa 108k An AP b ZLH-PRLEYRdown that can occur in

the aforementioned vicinity of the boundary can be
prevented, and an overcurrent can be prevented from
locally flowing between.the electroconductive layer 8 and
the surface electrode 7. In the electron source 10 of

10 Embodiment 11; as.in the conventional electron source 10'
shown in Fig. 43, the dependency to the degree of vacuum
as an electron emission property is reduced
'Concurrently, a popplng phenomenon does not occdr durlng
electron emission, and electrons can stably be emitted at

15 high electron emission efficiency.

In Embodiment 11, the cutout portion 7a in the
surface electrode 7 forms a field-moderating member that
reduces the field intensity in the vicinity of the
boundary tc'the'isolating portion €b to be lower than the

20 | field infensity in the centrei porfion of fhe drift.
portion 6a. Consequently, excessive electrons can be
prevented from being emitted only by changing the pattern
of the surface electrode 7 (i.e., only by changing a mask
for patterning the surface electrode 7).

25



pol ycrystalline silicon layer, and isolating portion 6b 15 that is forned
of a.polycrystalline silicon layer and that is formed around the drift
portions 6a. A surface electrode 7 nade of a thin netal film (such as a
gold film and patterned to have a predeterm ned shape is fornmed on the .
drift. layer 6. The drift layer.6 is forgeed 20 such that after an undoped
polycrystalline silicon layer is overlald on the side of the surface of
the dielectric substrate 11 on which the el ectroconductive layer 8 is
formed, a portion of the polycrystalline silicon |layer which corresponds
to the driftEpmopmENIa 15 formed 25 porous according to an anodic
oxidation treatnent to 88 thereby forma porous polycrystalline silicon

layer; and the pereUsibRAlNE’ MEisdd inknsi1s con £ﬁ¥e§ré§eﬁ>el %%%ett%n using,
for exanple, -a. rapid thernal techni que. The thickness of th

el-ectrocondyglilved aaycBided SeITHO BH9i& Bahfiaﬁrhfelle‘ﬁ“%%ﬁ a91f “the drift
|l ayer 6 is set to 1.5 pm the thickness of the drift portion 6a‘'is set to

1O pm  andiihe sl Mok aknRssadiotiens Ut AefingheErgdgaT sl sel Lo 15

nm However, these nunerical val ues are” exanples I's, the thicknesses

are nots |'”%h@@ﬂéﬂ%fgﬂly|ﬂhé£%5ﬁ€“5%n§ﬂétlgf EE@ dbakenk! dﬁaﬁubStrate 11

forms the substrate. In the drift |ayer-6 of ectron source 10

accordi ng t1EMedneHude MersionT DY #£9§.d5klt However, the

following aspects are different.
In specific, as shown in Fig. 12, an
electroconductive layer 8 made of a thin metal film (such
10 as e thin tuﬁésten film) is formed on one surface of a
dielectric substrate 11, and a drift layer 6 is formed on
the electrocbnductive layer 8, 1n Wthh the drlft layer 6
1ncludes a drlft portlon 6a formed of an ox1dlzed porous
polycrystalline silicon layer, and isolating portion 6b
15 that is formed of a polycrystalline silicon layer and
that is formed around the drift portions 6a. A surface
electrode 7 made of a thin metal film (such as a gold
film) and patterned to have a predetermined shape is
formed on the.drift_layer §. The drift layer 6 is formed
20 sueh that after.an undoped'polycryetailiﬁe silicon la&er |
is overlaid on the side of the surface of the dielectric
substrate 11 on which the electroconductive layer 8 is
formed, a portion of the polycrystalline silicon layer
which corresponds to the drift portion 6a is formed

25 porous according to an anodic oxidation treatment to



portion 6a, the undoped polycrystalline silicon |layer is 15 nade porous
fromthe side of the surface in the depth direction, and the porous
formation is termnated on a way so that the porous portion does not reach
t he el ectroconductive |layer 8. As such, a sem conductor |ayer 3 fornmed of
a portion of the.polycrystalline 20 siligon layer is interposed between the
drift portion 6a and the electroconductive |layer 8. However, the undoped
pol ycrystalline silicon |ayer may be forned porous from the side of the
surface thereof in the depth direction up to a portion reaching the

el ect rocondugldredy Berm & Porbied p&eyEFiEtaPothiori8a 1%:3,4:01 Mgy on the

89 el ectroconductive |ayer 8 wthout™ the sem conductor [aye 3 béi ng

i nterposed. thelhRRAN GARdYSMAEELOL 51 18cEheThIAR I G oo di ng

to Enbodi nent 1 s substantially the sane as . hat of the conventi onal

el ectron SO%_I’SQ;%QJ;OHfo?'I%IﬁgS%g'i 9. A%?i&nghé%ﬁaﬁe?g?{dﬁﬁﬁ%@'gi l.gd, description

thereof i's omtted heref na tion, ee om-em ssion - proecess -

I s subst ant iralil M ddes Sc?fmd?éOé%%@%fgélig?g‘e%vghﬁay%?méeq}s: 2 al &l egigon

sources 10" and 10" (refer t ence, “a detai description

thereofs is o 6 dIPISHIAR dp EIDOGLIBR! 1100, e s il ROty an g 1o

formed of the oxidized porous polycrystalline siliconTayer.
the thickness of the drift portion 6a is set to 1.0 um,
and the film thickness of the surface electrode 7 is set
to 15 nm. However, these numerical values are examples;
that is, the thicknesses are not limited thereto. 1In

10 Embodiment 12; the dielectric substrate 11 forms the

substrate.

- In the drift_layer-ﬁ'of the.electrqn_squrce 10
according fo.Eﬁbodiment'ié,'whéﬁjféfming the driff
portion 6a, the undoped polycrystalline silicon layer is

15 made porous from the side of the surface in the depth
direction, and the porous formation is terminated on a
way so that the porous portion does not reach the
electroconductive layer 8. As such, a semiconductor
layer 3 formed_of_a portiqn_gf the,polycrystalliné

20 silicdn layef is interpoééd befween fhe drift portion 6a
and the electroconductive layer 8. However, the undoped
polycrystalline silicon layer may be formed porous from
the side of the surface thereof in the depth direction up
to a portion reaching the electroconductive layer 8, and

25 the drift portion 6a may be formed on the



.However, the drift portion 6a my be formed of a nitrided 15 porous
polycrystalline silicon layer. Alternatively, the drift portion 6a may be
formed of an oxidized or nitrided porous sem conductor |ayer, which is
different fromthe porous polycrystalline silicon [ayer. Wen the drift
portion 6a is formed of a nitrided poroyg polycrystalline 20 silicon |ayer,
a silicon nitride filmis formed for either the silicon oxide film52 or
64 shown in the Fig. 45. The electron source 10 of Enbodi nent 12 is
characterized in that, cutout portions 8c are each forned 25 in the
surface e'eélé@@%o%ohﬂu%ﬂrﬁﬁ<thért@awﬂthéut9Qhep§éhh@6n@@dﬂoﬁﬂldyéﬁ|apS
with the vicinity of the boundary to the isolating portion 6b. That is,
while the gl petihgcandeaidosed.ayer.8 is forned in a portion overlapplng

with .a central portion of the drift portion 5 6a, the electroconductive
1ayer 8 does not g% Bhsiilk PatfALEIEN F Ofed élébﬁkbﬁ QButrQ% heundary. -
Specifically, inthe left-right directionin Fig. 12, the width of the

surface el egbeddind TS MidSdiddign 1he; ¥ dhPsehntha11¢ el %&@l&é' ve

| ayer 8. Concurrently, two ends of the 10 el ectroconducCtive.layer 8 are
posi tigned wRLe ALY YoVt idWa ENdSeOf rbResdlirkle ROM isBR-if\s above,

in the electron source 10-of Enbodi nent 12, the cutout portion 8c is
each' formedpiRst "@6 and 47; hence, a detailed description thereof is
omitted herefrom. In addition, the electron emission
process is sﬁbstantially the same as in the cases of the
conveﬁtional electron sources 10' and 10" (refer to Fig.
10 45); hence, dtdetailed description thereof is omitted
herefrom.
. In Embodlment 12, the drift. portlon 6a is formed of
the ox1dlzed porous polycrystalllne 5111coo layer. |
However, the drift portion 6a may be formed of a nitrided
15 porous polycrystalline silicon layer. Alternatively, the
drift portion 6a may be formed of an oxidized or nitrided
porous semiconductor layer, which is different from the
porous polycrystalline silicon layer. When the drift
portlon 6a is formed of a nltrlded porous polycrystalllne;_
20 51llcon layer, a s111con nltrlde fllm is formed for
either the silicon oxide film 52 or 64 shown in the Fig.
45,
The electron source 10 of Embodiment 12 is

characterized in that, cutout portions 8c are each formed

25  in the surface electrode 8 in a region of the drift



el ectroconductive layer 8 in the region overlapping with 15 the vicinity of
the boundary to the isolating portion 6b. Accordingly, the field intensity
in the aforenmentioned vicinity of the boundary becomes sufficiently | ower
than the field intensity in the central portion of the drift portion 6a.
Because of this arrangenent, nost electrghns 20" drifting in the drift
portion 6a are led to pass through the central portion of the drift
portion 6a. Consequently, excessive electrons can be prevented from being
emtted through the aforenentioned vicinity of the boundary. Moreover,
since the fipelrdiict ewsiwhidch dher Papaf wiehefheoredivitiyniofy tofe t he boundary
becones lower 91 than the field intensity in the central portion,

di el ectric bosaldiawn tdhathe als@Tetingnpbheishosenentthered s,viwHilid ytwd t he
boundary can be prevented; and an.. overcurrent can be prevented from

locally flowlegtiefomaiudtive Bhpetr ocopdaskingd hayer p®rafidr he :surface -
electrode 7. ‘In the electron source 10 of - Enbodi nent 12, as in the: '

convent i onalbwircdgwims o€ 40cestonwnd pBrEion 43, thie dx(ieﬂa.e&siﬁmﬂoﬂo the
degree of vacuum as an electron em ssion property is reduced. Concurrently,

a poppisng ¥, phenorenad: 69esn ekt 266Ul agir 89 d8leC i@ XTSI aN, tidd
el ectrons can stably be emtted at high electron em ssion efficiency. In
Enbodi ment  bhForddiertttsidd Pei EiRt§CokENthBeboundary. Specifically,
in the left-right direction in Fig. 12, the width of the
surface electrode 7 is smaller than the width of the
electroconductive layer 8. Concurrently, two ends of the
10 electroconductive_layer 8 are positioned more inwardly
than two ends of the drift portion 6a. |
'As above, in the electron source 10 of Embodlment 12,
'the cutout portlon 8c is each formed in the |
electroconductive layer 8 in the region overlapping with
15 the vicinity of the boundary to the isolating portion 6b.
Accordingly, the field intensity in the aforementioned
vicinity of the boundary becomes sufficiently lower than
the field intensity in the central portion of the drift
_portion 6a. Because of thlS arrangement, ‘most electrons
20 drifting in the drift portlon 6a are led to pass through
the central portion of the drift portion 6a.
Consequently, excessive electrons can be prevented from
being emitted through the aforementioned vicinity of the

boundary. Moreover, since the field intensity in the

25 aforementioned vicinity of the boundary becomes lower



el ectroconductive layer 8 forns a field-noderating nenber 15 that reduces
the field intensity in the vicinity of the boundary to the isolating
portion 6b to be lower than the field intensity in the central portion of
the drift portion 6a. Consequently, in Enbodi ment 12, excessive electrons
can be prevented frombeing emtted onlygpy 20 changing the pattern of the
el ectroconductive layer 8 (i.e., only by changing a mask for patterning
the electroconductive |ayer 8). (EMBODI MENT 13) 25 Herei nbel ow, Enbodi nment
13 of the present invention 92 w |l be described. The basic configuration
of an el ecthem 0 GEidd am@éx@léthQnEﬁHedEEEB&al3pb%ti%lﬁtzst antially the
sane as that of the conventional electron source 10" shown in Fig. 48.

Hovever, thei% it Nor &sipeshs enge debheseBhr iR $RRCiIcrer@h Sy i n
Fig. ‘13, the confi.guration includes-a dielectric substrate 11 nade of

gl ass- subsknaliei By R Irehd tho@idd PYeEag! 86t pPEGEnSelifalin@ @n for ned. of an o |

el ectroconductive layer and that are 10 arranged on one surface of -the

dielectric guhstdatenl cdh W& iptetanesqbribal #6ing15 Ellmlﬂgt Yo Al f t

portions 6a that are forned of an oxidi zed porous polycrystalline silicon

llayer and thale aNQdtriodsiiabt Yl O18HEr1 8 gHENtRe sTBHAe 33 4 W& AP
with the |lower electrodes 8, and a
In the electron source 10 of Embodiment 12, as in the
conventional electron source 10' shown in Fig. 43, the
dependency to the degree of vacuum as an electron
emission property is reduced. Concurrently, a popping
10 phenomenon ddés not dccur during electron emission, and
electrons can stably be emitted at high electron emission
efﬁiciency.”'
'in Embodimént 12;.thézéutout portion 8c in-fhe-"
electroconductive layer 8 forms a field-moderating member
15 that reduces the field intensity in the vicinity of the
boundary to the isolating portion 6b to be lower than the
field iﬁtensity in the central portion of the drift |
portion 6a. Consequently, in Embodiment 12, excessive
_electrons.can'be prevented from being emitted only by
20 lchanging.tﬂe batterﬁ of the elédtrocoﬁducfivé layer'8 
(i.e., only by changing a mask for patterning the

electroconductive layer 8).

(EMBODIMENT 13)

25 Hereinbelow, Embodiment 13 of the present invention



15 plurality of

I solating portions 6b that are fornmed of a polycrystalline

silicon layer and that each fill up a space between the drift portions 6a;
and a plurality of surface electrodes 7 arranged in directions
intersecting wth (perpendicular to) each other in such a manner-as to 20

cross the drift

portions 6a and the isolgting portions 6b on the drift

| ayer 6. The lower electrodes 8 are forned of a thin tungsten film The
surface electrodes 7 are forned of an el ectroconductive thin filmnade of
a gold film The thicknhess of the Ilower electrode 8 is set to 25 200 nm
and the thi gkf@s®eoidastr ibigd.acerisd dsdsdelecantsg@Batieh bd 2h nm However,
t hese thicknesses are not limted to the above nunerical. values. The

t hi ckness otlehe rody isduday ero Gacdcrdiigt o IEhbpdimand tBeikhi ckness of .t he
drift portion 6a is set to 1.5 pm The thicknesses of 5 the drift layer. -6 .
and the drikubpeEntdailfay atee nime a4 tiedlt t 0Ft BReabor@entiieniaqal val ues. I'n’

‘Enbodi nent 13,

the dielectric substrate 11 fornms the substrate. In

subst anti al kY eldtecramuEieroassidvat im Fhg. genvenberalr,eltdel ron source
10" shown in Fig. 48, in the 10 electron source 10 of Enbodi nent 13, the

drift porti el 16witly td¥bsbitd tat@y®ifBepsgt sandwi ched between the
plurality of |lower electrodes.8. and the plurality of surface el ectrodes

7. As such, whenianspesddial,ehsadshd®in ihersylfagp ehectbade ghrand drhe
| ower electrode 8 is

includes a dielectric substrate 11 made of glass

substrate; a plurality of lower electrodes 8 that are

formed of an electroconductive layer and that are

10 arranged on ohe surface of the dielectric substrate 11; a

drift layer 6 including a plurality of drift portions 6a

_'that are formed of an oxidized-porous polycrystalline_ L

silicon layer and that are individually formed in such a =~

manner as to overlap with the lower electrodes 8, and a

15 plurality of isolating portions 6b that are formed of a

polycrystalline silicon layer and that each fill up a

space between the drift portions 6a; and a plurality of

surface electrodes 7 arranged in directions intersecting

"with (perpendicular to)_each other in such a manner-as to

20 cross the drift portions 6a and the isolating portions 6b

on the drift layer 6. The lower electrodes 8 are formed

of a thin tungsten film. The surface electrodes 7 are

formed of an electroconductive thin film made of a gold

film. The thickness of the lower electrode 8 is set to

25 200 nm, and the thickness of the surface electrode 7 is



15 appropriately selected, and voltage is applied into the selected set, a
strong field is applied only to the drift portion 6a in the position
corresponding to the intersection of the selected surface electrode 7 and
| ower el ectrode 8, and electrons are thereby emtted. 20 Specifically, as
in a case where electron sources are imgdividually disposed at
intersections in a check pattern forned of the surface el ectrodes 7 and
the | ower electrodes 8 when an associ ated set of the surface electrode 7
and the lower electrode 8 is selected, 25 electrons can be emtted froma

desired intgsgeebi 08. nR4 HbReveht aghdse hiappéssebeareenotheindtkdce
electrode 7 and the lower electrode 8 is set to a range of from10 to 20

V. Each of thetgdr bB69cehafkirades Faludr megkhastieickséss pethaueng two end
portions in a longitudinal 5 direction on which pads 27 are individually

formed. Sigibhatl Yayeach ek tshe. tonar, shect radestiSe i shioknedsastfathst ripe
havi ng two end portions in a |longitudinal direction on which pads 28 are

i ndi vi dual | yrfeenpdrt1be Basiie pet aldrance 1@, t hehel EBLeRAes8ECOELI0 10
according to Enbodi nent 13 is substantially the sane as that of the

conventi onakngel getiFen 159erCe Hhd KAt b@stidR 8ada#é: nbence, a
detail ed description théreof is omtted herefrom In addition, the
el ectron eny$3ieRd RLOGEES MWV MlinfdOSdd LGHAT €8T the dnbblikawner 18, (drift
the dielectric substrate 11 forms the substrate.
In substantially the same manner as that in the
conventional electron source 10" shown in Fig. 48, in the

10 electron soufée 10 of Embodiment 13, the drift portions
6a of the drift layer 6 are sandwiched between the
plurality'of‘lower-e;ectrodgs:a and_thg plurality of
sﬁrféce‘élééthdes 7. Aé'such;'Wﬁen.ah assoCiatéd-éét'of
the surface electrode 7 and the lower electrode 8 is

15 appropriately selected, and voltage is applied into fhé
selected set, a strong field is applied only to the drift
portion 6a in the position corresponding to the
intersection of the selected surface electrode 7 and
lower electrode 8, and.elegtrons are thereby emitted.

20 Specifically,.as in a déée whére electron ééurées are
individually disposed at intersections in a check pattern
formed of the surface electrodes 7 and the lower
electrodes 8, when an associated set of the surface

electrode 7 and the lower electrode 8 is selected,

25 electrons can be emitted from a desired intersection.



15 portion 6a) are substantially the same as in the cases of the
conventional electron sources 10" and 10" (refer to Fig. 45); hence, a
detail ed description thereof is omtted herefrom In Enbodinent 13, the
drift portion 6a is fornmed of 20 the oxidized porous polycrystalline
silicon layer. However, the drift portign 6a may be formed of a nitrided
porous polycrystalline silicon layer. Alternatively, the drift portion 6a
may be formed of an oxidized or nitrided porous sem conductor |ayer, which
is different fromthe 25 porous polycrystalline silicon |layer. Wen the

drift 95 pahe elGads fome fﬁlﬂe@lﬁétﬁéénpﬁh@%uﬁ@a&@ WlRldi g 7
silicon layer, a silicon nitri filmis fornmed for either.the silicon

oxi de film 32dorhed 1h@wm dTedtod&i 8. is45et5t5he %'a%%fer O %@Hn?ficﬁoc&f

Enbodi mrent 113 is - characterized in that insulator filns 16 are eac

i nt er posed b@tWQenE%dh(Bﬂ“ﬁhbCgufﬁ&c@°éﬂ@éﬁ¥oh@stbels'%@fﬂéd“ﬁ#xgi'on 6b
in the drift portion 6a and the "surface electrode 7. Specific in-the

drift porti @tri®edhawittid ecw&eeﬁ&rﬁ@fﬁlshscaﬁoge1Bnﬁitg\ﬁ‘ih' Adina

central portion thereof, the insulator filns 16 eac orne in the

af or ement | 0GR WtAIcH 1ok GiLide HaEHday VarbniA@qbiuoB 1y Shatey, f11 s 26
formed of a silicon oxide filmare each formed on the~si ‘the surface
of the Similarly, each of the lower electrodes 8 is formed as a
stripe having two end portions in a longitudinal
direction on which pads 28 are individually formed.
The basic performance of the electron source 10
10 according to ﬁmbodiment 13 is substantially the same as
that of the conventional electron source 10" shown in
'jFigs 46 and 47; hgnce,.a detalled descrlptlon thereof is
omltted herefrom In addltlon, the electron emission
process and a microstructure of the drift layer 6 (drift
15 portion 6a) are substantially the same as in the cases of
the conventional electron sources 10' and 10" (refer to
Fig. 45); hence, a detailed description thereof is
omitted herefrom.
“In Embodiment 13, the drift portion 6a is formed of
20 thé o#idized poious pdiycrystalliné silicon-layer. |
However, the drift portion 6a may be formed of a nitrided
porous polycrystalline silicon layer. Alternatively, the
drift portion 6a may be formed of an oxidized or nitrided

porous semiconductor layer, which is different from the

25 porous polycrystalline silicon layer. When the drift



15 drift portion 6a in such a manner as to overlap with the adjacent
surface electrodes 7. In the insulator film26, tw end portions in the

| ongi tudi nal direction of the drift portion 6a overlap with an end portion
in the wwdth direction. of each of the surface electrodes 7. . 20 In
Enbodi ment 13, the individual insulator g'lns 16 and 26 are forned of a
silicon oxide film However, the materi@al is not limted to the silicon
oxide films, and the filns may be forned of, for exanple, a silicon
nitride film 25 As above, in the electron source 10 of Enbodi nent 13, 96

si nce the iggg@@dﬂ'é&!ﬂE]fbfﬁééFBPrQPﬁEQrE§E§$??r5ﬂ§ P%g?%gg%%ﬁ?%ﬁgg

boundary to"the isolating portion 6b in t t por

surface . e'saggc%qﬁ Layed "% i EldohMhepsiby ERILNE salpiamentigned vicini ty

of the. 5 boun econes sufficiently lower than the d intensity in
the central i %Hg e A T L PRELEPD, 689 . oAS ggU - ctg.ons
drifting rne?%gkg?i t[ﬁﬁ%ﬁéﬁ#féf g%e'?g%'t% Bassat%pgygﬁabhgééyﬁ% 1
portion of thke drift portion 6a. Thereby, excessive el ectrons can be 10

prevented from being emitted through the aforenentioned vicinity of the

boundary. In add&iéﬁ%}%§$géﬁﬁ %é%%# Jf§pg§e%lggké?ﬁgnrth§3sgrsface-electrodes

7 can be insul ate e 1 nsu rlmai1 eover, since the insul ator

films 26 ”a%%éyééég}fﬁé&QBf 9%£geiﬂghfhégg %gﬁﬂsf?%”%ge each

interposed between a vicinity of the boundary to the
isolating portion 6b in the drift portion 6a and the
surface electrode 7. Specifically, in the drift portion

10 6a, while theisurface electrode 7 is overlaid in a
central portion thereof, the insulator films 16 each

._.formed‘in the aforementioned vicinity oﬁ'the'boundary._
In addition, insﬁlator films'26 formed of é siliébn 6éide
film are each formed on the side of the surface of the

15 drift portion 6a in such a manner as to overlap with the
adjacent surface electrodes 7. 1In the insulator film 26,
two end portions in the longitudinal direction of the
drift portion 6a overlap with an end portion in the width
di;eCtion_of each of the surface electrodes 7. .

20 In Embodiment 13; the.individual.iﬁéulatof films.16
and 26 are formed of a silicon oxide film. However, the
material is not limited to the silicon oxide films, and
the films may be formed of, for example, a silicon
nitride film.

25 As above, in the electron source 10 of Embodiment 13,



15 on the side of the surface of the drift layer 6 in such a manner as to
overlap with the adjacent surface electrodes 7, electrons can be prevented
frombeing emtted through portions between individual pairs of the

adj acent surface electrodes 7; and concurrently, crosstalk can be 20
prevented. Furthernore, since the field éﬁtensity in the aforenentioned
vicinity of the boundary becones | ower an the field intensity in the
central portion, dielectric breakdown that can occur in the aforenentioned
vicinity of the boundary can be prevented, and an 25 overcurrent can be

prevented frsGmdeoaald Yidd@vhfar bei veens97s LheekpiakdeRtl/REe thand the
surface electrode 7. In the electron source 10 of Enbodi nent 13, as in the

convent i onaky i ieGtdPb £ 0tKE rd@ndSHYWEoI BhLE siso&%tlh@epoq%qwemylﬂo the
degree of vacuumas an el ectron 5 em ssion property iI's reduced

Concurrent | Yohea PR b r PIGRNOFENGAGJERE Qakf%@ucel@ért'x%eelﬁcttﬁpé'

em'ssion, and electrons can stably be emtted at hi gh el ectron em ssion

efficiency. dinifbotid®itd3int PRel RBYLERERLELREGLS1{QATTE A P th
i

fiel d-noderating nenber that reduces the f|e intensity “in the V|C|n|ty

of the houndiyihddk | Nsedsbat grpeLEhLE £ RAdnOWSe tyand he. field
intensity in the central... portion of ?h grlft portion 6a. . 15
(ENBCD|NENTiHQen51ty in the central portion of the drift portion 6a.
As such, most electrons drifting in the drift portion 6a
are led to pass through the central portion of the drift
'portion 6a. Thereby, excessive electrons can be
10 prevented frdﬁ being emitted through the aforementioned
vicinity of the boundary. In addition, an individual
space between the surfacg'electrodes_V can be insulated -
by the insulator film 16.5 Moreover, siﬁée the insulator
films 26 made of the silicon oxide film are each formed
15 on the side of the surface of the drift layer 6 in such a
manner as to overlap with the adjacent surface electrodes
7, electrons can be prevented from being emitted through
portions between individual pairs of the adjacent surface
electrodes 7; and concurrently, crosstalk can be
20 prevented. ‘Furtherméré} éince fhe field iﬁténsitQ.in.thé
aforementioned vicinity of the boundary becomes lower
than the field intensity in the central portion,
dielectric breakdown that can occur in the aforementioned
vicinity of the boundary can be prevented, and an

25 overcurrent can be prevented from locally flowing between



Her ei nbel ow, Enbodi nent 14 of the present invention wll be described. The
basi c configuration of an electron source 10 according to Enbodi nent 14 is
substantially the same. as that*of the conventional 20 el ectron source 10"
shown in Fig. 48. However, the follow ng aspects are different. In
specific, as shown in Fig. 14, the configguration includes a dielectric
substrate 11 nade of glass substrate; a plurality of |ower electrodes 8
that are 25 forned of an el ectroconductive |ayer and that are 98 arranged
on one surface of the dielectric substrate 11; a drift layer 6 including a

plurality ofhdrilblepoillicets e d halq anes fAIMBSCOf « 2B:pxXbdbzed Pgmous
polycrystalline silicon |ayer and that are individually formed in such a 5

manner as tenavenkap ren Bduted aueo B edesns. 18Ndag ifl wpal ity of
i solating portions 6b that are forned of a _polycrystalllne sil.icon Iayer,

and that eagBnihltibhad SRAYGRLINRELL NEY AréfdwROLL PR 6a3, aRthed
pIurallty of surface electrodes 7 arranged in-directions’intérsecting 10

With (per peadbeulRindo)cd fihd QuRfed 0t roslasul 48 éﬂcglégt%ﬂ“er as to

cross the dritt portions 6a and t Isolating portions 6b on the.drift

layer 6. ThenheWebn §repdradesi S laécﬁlééa medc ol c@rt8hf1 Ungsgﬁp ;1 The
surface electrodes 7 are formed of an el ectroconductiv ﬁ Il m made
of a gold fphEhoh&dnicdee$Ht0l6ddf during electron emission, and
electrons can stably be emitted at high electron emission
efficiency.
In Embodiment 13, the insulator film 16 forms a
10 field—moderatlng member that reduces the field intensity
in the vicinity of the boundary to the isolating portion

6b to be. lower than the fleld 1nten51ty in the central.

portlon of the drift portlon 6a

15 (EMBODIMENT 14)

Hereinbelow, Embodiment 14 of the present invention
will be described. The basic configuration of an
electron source 10 according to Embodiment 14 is

"substantlally the same as that of the conventlonal
26 electron source 10" shown in Flg 48. However, the-
following aspects are different.

In specific, as shown in Fig. 14, the configuration
includes a dielectric substrate 11 made of glass
substrate; a plurality of lower electrodes 8 that are

25 formed of an electroconductive layer and that are



| ower el ectrode 8 is set to 200 nm and the thickness of the surface
electrode 7 is set to 15 nm However, these thicknesses are not limted to
t he above nunerical values. ..The thickness of the drift layer 6 is set to
1.5 pm and 20 the thickness of the drift portion 6a is set to 1.0 pm

The thicknesses of the drift |ayer 6amu§§he drift portion 6a are not
limted to the above nunerical val ues. n Enbodi ment 14, the dielectric
substrate 11 forns the substrate. 25 As in the conventional electron
source 10" shown in 99 Fig. 48, in the electron source 10 of Enbodi nent

14, the dr iafxfral?ﬁféci U He oéufﬁgcgréftthélya&elﬁ_eerte_«i%a%ws@}%e bei wegn the

plurality of lower electrodes 8 and the plurality of surface el ectrodes 7.

As such, whey ;& i%ﬁ?g&t g&&&@ingfe%tﬁgugagg@ggo%' etif@de, o @ngh 4 hey | ower

el ectrode 8 1's appr y selec n ge is . applied into the

sel ected setyy A Sirong fied doks, 'pé’ki’&fgiean%)}érbﬁst B adjdrlfeorifien 63 in -

the position corresponding to the intersection of ected surface 10

el ectrode 7 and loyer, gleciiodenfe 2pd ehaghians 134e sl et allidd ed-
f mﬁ e? éfV|dE§} y

Specifically, 'as 1'h ‘atase ere ectron.sourcés-are in

SPo0S 2 paA S Ao Pyt B SpRel o aLIdE allgey |

el ect r odes he” | ower associ ated s
surface e“aﬂfﬁ¥§ﬁ££§ngftfgoigﬁfﬁg portions 6b that are formed of a

polycrystalline silicon layer and that each fill up a
space between the drift portions 6a; and a plurality of
surface electrodes 7 arranged in directions intersecting

10 with (perpendicular to) the lower electrodes 8 in such a
manner as to cross the drift portions 6a and the
isolating portions 6b on the drift layer 6. The lower
eiéétfédes 8 ére'fofmed of a fhih tﬁﬁgééeh.film. The
surface electrodes 7 are formed of an electroconductive

15 thin film made of a gold film. The thickness of the
lower electrode 8 is set to 200 nm, and the thickness of
the surface electrode 7 is set to 15 nm. However, these
thicknesses are not limited to the above numerical values.

'_The_thipkneSS-of the qrift layerIG is'set fo 1.5 pm, and

20.l the thicknéss of thé drift poftién éa is Set to i;O pm.
The thicknesses of the drift layer 6 and the drift
portion 6a are not limited to the above numerical values.
In Embodiment 14, the dielectric substrate 11 forms the
substrate.

25 As in thé conventional electron source 10" shown in



electrode 8 is selected, electrons can be emtted froma desired
intersection. The voltage to be applied between the surface electrode 7
and the lower electrode 8 is set to a range.of from 10 to 20 V. Each' of
the surface 20 electrodes 7 is forned as a stripe having two end portions
in a longitudinal direction on which pad 27 are individually formed.
Simlarly, each of the |lower el ectrodes % is fornmed as a stripe having two
end portions in a longitudinal direction on which pads 28 are 25
individually forned. 100 The basic performance of the electron source 10

accordi ng tQuEFbQQ'“ﬂH @ﬁ%'éléé@§éﬁ”&bﬁtté Hbeo%a@%H%a(ﬁéﬁf ence

conventi onal ectron source. shown in Figs. 46 an c
detai | ed deggfiigt gy 194 £0§ '§f5tﬂa1 hEe¢chengkrom g}%‘# Uhed NC
el ectron enlsgionxggiebess S%d a nlcrostructu?e rift ﬁayer 6 (drift

el'ectron sources 10' an r to hence, | ed

descri pti on g0l cy oA Osu PPl LL o1 BEEEDRAT 7N %@%ﬁ&fl Lot dde dr !

portion 6a i's forne e oxI di zed porous polycr |con | ayer.

Howevers t he (diddits ey té Sf Qﬁr%gtgﬁgl@c 3.7y tr’l' d 8 Y Olsy
‘?Q = Y, oS

ie
polycrystalline silicon ernatively T portTon Ba may

be formed Off@tﬂ?ﬂ&gZ§d1§raﬂbféﬁgfgtely selected, and voltage is

applied into the selected set, a strong field is applied

portion 6a) b%rt%ve%%psﬁl?é‘oﬁﬁhféﬂ(%\gﬁeéfnﬁoﬁér' @l%%)%r%%%ess SOfanc{ t\:?léonventl orjal_.

only to the drift portion 6a in the position
corresponding to the intersection of the selected surface
10 electrode 7 ahd lower electrode 8, and electrons are
thereby emitted. Specifically, as in a case where
~_electron sources are 1nd1v1dually dlsposed at
tetersectlons in a check pattern formed of the surface'
electrodes 7 and the lower electrodes 8, when an
15 associated set of the surface electrode 7 and the lower
electrode 8 is selected, electrons can be emitted from a
desired intersection. The voltage to be applied between
the surface electrode 7 and the lower electrode 8 is set
. to a range.of from 10 to 20 V. Each of the surface
20 electrodes 7 is forﬁed as a stripe haviné two end
portions in a longitudinal direction on which pads 27 are
individually formed. Similarly, each of the lower
electrodes 8 is formed as a stripe having two end
portions in a longitudinal direction on which pads 28 are

25 individually formed.



porous sem conductor layer, which is different fromthe porous
polycrystalline silicon |ayer. Wen the drift portion 6a is forned of a
nitrided porous polycrystalline silicon layer, a silicon nitride filmis
formed for 20 either the silicon oxide film52 or 64 showmn in the Fig. 45.
The el ectron source 10 of Enbodi ment 14, characterized in that the

I nsulator filnms 17 are each forned on %Re | ower el ectrode 8 in the portion
between 25 the vicinity of the boundary to the isolating portion 6b 101

and the el ectroconductive layer 8 That is, while the central portion of

the drift portlomh@abla%l%vyéﬁd%ﬂhcéf@fehe&tépéeﬂelaﬁtwarbay@o 8, the'--
insulator film17" is' fornmed in the aforenentioned vicinity of the

boundary. SikRoaddiny @ Erbod At fid MBs34uBBE8nehad 19 kheoRatd G film
is each formed on the drift portion 6a on the side .of 'the wiring 8a in

such-a Manngh;3s oo t@lveerd&kﬁraﬂﬁfbﬂélf «20bRE6A! ssurbace ool epbiedas 7o 1n the
insulator fil'm37, two end portions in the [ongitudinal" direction of the

10 drift pog&ﬁﬁ d| %% QR{ | AP W nﬁb@n sn&eesmand@fs &Eﬁélsw face & £ Gtd odes

71in the Wi rection. I'n E odl ment t he |n I Vi insulator filns

8 T e sl ) s i) 15
for exa”plepf%d¥§é(§Hh a microstructure of the drift layer 6 (drift
portion 6a) are substantially the same as in the cases of
the conventional electron sources 10' and 10" (refer to
Fig. 45); hence, a detailed description thereof is
10 omitted hereffom.
In Embodiment 14, the drift portion 6a is formed of
'._the ox1dlzed porous polycrystalllne s111con layer.
However, the drlft portion 6a may be formed of a nltrlded.
porous polycrystalllne silicon layer. Alternatively, the
15 drift portion 6a may be formed of an oxidized or nitrided
porous semiconductor layer, which is different from the
porous polycrystalline silicon layer. When the drift
portion 6a is formed of a nitrided porous polycrystalline
silicon layer, a silicon nitride film is formed for
20 eiEher the silicon oxidé film 52 or 64 éhown in thé“Fig.
45,
The electron source 10 of Embodiment 14 is
characterized in that the insulator films 17 are each

formed on the lower electrode 8 in the portion between

25 the vicinity of the boundary to the isolating portion 6b



nitride film As above, in the electron source 10 of Enbodi nent 14, since
the insulator film16 is interposed between the vicinity of the boundary
to the isolating portion 6b in 20 the drift portion 6a and the

el ectroconductive layer 8, the field intensity in the aforenentioned
vicinity of the boundary becones suffigpgntly lower than the field
intensity in the central portion of the drift portion 6a. As such, nost

el ectrons drifting in the drift portion 6a 25 are led to pass through the
central portion of the drift 102 portion 6a. Thereby, excessive el ectrons

can be prevedt ethd UBdRtcEbdudt Pee t hapaghst heTRARr @BBNIhaNed thd cinity
of the boundary. .-Moreover, since the insulator. filnms 37 nmade of the

silicon oxi denftidam doxrteiaah dorims Sronttpereids 6h iBeover1aGR @n the
drift layer. 6 in.such--a manner as to overlap with the adjacent surface

el ectrodes the @le@itrtoreiitPever Bxpat ed, f £tRE DRENYaeB! radd hrough
portions between individual pairs of the adjacent surface  electrodes 7; .

and concurr edidied Gr0SHe Kf Srdmdet 10ndd ey 8Bl ATt yFUE! RAEMRndHLe t he
field intensity in the aforenmentioned vicinity of the boundary becones

| ower gt hanthheddiglibd NtansilaytdéP thEmsedyrahaBopti aNsi1diRIESiide
breakdown that can occur in the aforenentioned vicinity of the boundary

fc?gwbﬁgplr)gﬁgtelgﬂ,i@r&cqﬂ APr VT &M £ R8T aE 8Bt bEoPEEVANR o AR QCd ¥
of the wiring 8a in such a manner as to overlap with the
adjacent surface electrodes 7. In the insulator film 37,
two end portions in the longitudinal direction of the
10 drift portionLGa overlap with an end portion of the
surface electrodes 7 in the width direction.

- In Embodiment 14,_the individqal insulator films 17.
and 37 are fbrméd of a silicbn oxide Eilm. However, the
material is not limited to the silicon oxide films, and

15 the films may be formed of, for example, a silicon
nitride film.

As above, in the electron source 10 of Embodiment 14,
since the insulator film 16 is interposed between the
vicinity of the boundary to the isolating portion 6b in

20 the drift bortion Ga.énd the-électroconduttive layef 8,
the field intensity in the aforementioned vicinity of the
boundary becomes sufficiently lower than the field
intensity in the central portion of the drift portion 6a.

As such, most electrons drifting in the drift portion 6a

25 are led to pass through the central portion of the drift



the | ower electrode 8 and the surface electrode 7. Furthernore, in the

el ectron source 10 of Enbodi nent 14, as in the conventional electron
source 10' shown in Fig. 43, the dependency to the degree of.vacuum as an
el ectron 20 em ssion property is reduced. Concurrently, a popping
phenonenon does not occur during el ectrpp,em ssion, and hence el ectrons
can stably be emtted at high electron em ssion efficiency. In Enbodi nent
14, the insulator film17 forms a 25 field-noderating nenber that reduces
the field intensity 103 in the vicinity of the boundary to the isolating

portion 6bpbethen! @aar thrddis fdatdbdiNensidyttonkheafepkral portion of
the drift portion 6a. 5 (EVMBCODI MENT 15) Herei nbel ow, Enbodi nent 15 of the

present invppeivented |frdae bdasay idieick tdderbash§h CORE | §ebabheRtIbndd
el ectron source 10 according to Enbodinent 15 1s substantially the sane as

that of "theveeawemti eFalthb RN, SMUEEEHOr, SEQMee'EhE' Ensﬂ‘iat'd‘}wever
the follow ng aspects are different. I'n speC|f|c as -shown in 15,

the configuratingn'37 maAIdEs thdifl Bcddn CosLdst £ai g &rer@g‘ého%g%r%

substrate; a plurality of [ower electrodes 8 that are or e
el ectrgcondeat ke kaver AENdHN A HFfe BF HRPEAI PPN UL %C?LnOfsuLJ%e

dielectric substrate 11; a

manner as to overlap with the adjacent surface electrodes
7, electrons can be prevented from being emitted through
portions between individual pairs of the adjacent surface
electrodes 7; and concurrently, crosstalk can be

10 prevented. Furthermore, since the.field intensity in the
aforementioned vicinity of the boundary becomes lower
than the fleld 1nten51ty in the central portlon,
dlelectrlc breakdown that can occur in the aforementloned
vicinity of the boundary can be prevented, and an

15 overcurrent can be prevented from locally flowing between
the lower electrode 8 and the surface electrode 7.
Furthermore, in the electron source 10 cf Embodiment 14,
as in the conventional electron source 10' shown in Fig.
43, the dependency ‘to the degree of vacuum as an electron

20 emr551on property is reduced Concurrently, a popplng
phenomenon does not occur during electron emission, and
hence electrons can stably be emitted at high electron
emission efficiency.

In Embodiment 14, the insulator film 17 forms a

25 field-moderating member that reduces the field-intensity



drift layer 6 including a plurality of drift portions 6'a that are forned
of an oxi di zed porous polycrystalline silicon |ayer and that are
individually fornmed in such a 20 manner as to overlap with the | ower

el ectrodes 8, and a plurality of isolating portions 6b that are fornmed of
a polycrystalline silicon layer and thagzeach fill up a space between the
drift portions 6a; and a plurality of surface electrodes 7 arranged in
directions intersecting 25 with (perpendicular to) the | ower el ectrodes 8
on the 104 drift layer 6. The drift layer 6 includes drift portions 6a

that are nade ¢heawietinditaed PHIWIDPMIEEYStS! theeiséilhitqag; bayari and that
are each fornmed of.on the side of. the surface el ectrodes in a region

where the seébf &eebe alovair adtary oWl £1€1d0VBEeRkeey 9de tBORIaR W th each
ot her; isolating portions 6b that are made.of an undoped polycrystalline.

silicon laypbranént kat tafe @actt Ty Metbn bghween the adj acent drift -portions
6a in the longitudinal direction of the surface electrode 7; high 10
resi stance first sem conductor |ayers 23b each interposed between the
vicinity of a boundary to the isolating portion 6a in the drift portion 6a
and t hg | owvgeMBelDastaade 53, | owresi stance second sem conductor |ayers 23b
each forned between the drift portion 6a and the 15 | ower el ectrode 8; and

:f}olt at ing portionsréendRabu,omiRbaeineens tde adbageBkedt filhvRAtIYS 6a

will be described. The basic configuration of an
electron source 10 according to Embodiment 15 is
substantially the same as that of the conventional

10 electron source 10" shown in Fig. 48. However, the
following aspects are different.

-Ip spegifiq, as shpwn in Fig. 15, the configuration’ -

inciudés a-dielectric éﬁbétréfé”ii ﬁadelof glaéé o
substrate; a plurality of lower electrodes 8 that are

15 formed of an electroconductive layer and that are
arranged on one surface of the dielectric substrate 11; a
drift layer 6 including a pluralit? of drift portions 6a
that are formed of an oxidized porous polycrystalline
;iliCOnjlaye; and that are_individually formed in such a -

20 manﬁer aé Eo.oVerlap with thé lowef electfodes.B, and a
plurality of isolating portions 6b that are formed of a
polycrystalline silicon layer and that each fill up a
space between the drift portions 6a; and a plurality of
surface electrodes 7 arranged in directions intersecting

25 with (perpendicular to) the lower electrodes 8 on the



| ongi tudi nal direction of the |lower electrode 8. The | ower electrodes 8 are
formed of a thin tungsten film.. The surface electrodes-7 are fornmed of
an 20 el ectroconductive thin filmnade of a gold film The thickness of
the I ower electrode 8 is set to 200 nm and the thi'ckness of the surface
electrode 7 is set to 15 nm However, se thicknesses are not limted to
the above nunerical values. The thickness of the drift layer 6 is 25 set
to 1.5 pm and, the thickness of the drift portion 6a 105 is set to 1.0
pm The thicknesses of the drift layer 6 and the drift portion 6a are not

linited to dhereboygerngler irgadl ari@tuasyee didReddd casipetpateiondtl
forns the substrate. 5 As in the conventional electron source 10" shown in

Fig. 48, ir‘Géh@h@’ceﬁ’i’éoﬂaaeub(f?a%0o@:ficﬁrﬁt&ijiﬂ%usl%o%%§§%%ifiﬂertiOns 6a

of the - drift layer 6 are sandwi ched between the pliur ower

el ectrodes & pdoheayBUBAL Lha®f SW (AR HAGIIPIE dn Hie SHEHe §fgeh an

10 associ ated set of.the surface electrode 7 and-the | ower electfrode 8 is

appropr i at ef e Seheehed gﬁeétlse%fe%.ge/ 1% A4 Esh W &rd h@hée%&f%&éeset’

astrong field is applie only to the drift portion 6a in the position

corresgondidfederohie vNhRESERE AWl NGAGRR o LLPES dechl ggbhode 7
and | ower electrode 8, and electrons are thereby emtted. Spécifircally, as
in a case Wheker; isolating portions 6b that are made of an undoped
polycrystalline silicon layer and that are each formed
between the adjacent drift portions 6a in the
longitudinal direction of the surface electrode 7; high-
10 resistance fifst semiconductor layers 23b each interposed
between the vicinity of a boundary to the isolating
~portion 6a in_the drift portion 6a and the lpwer
'eiéC£rodé 8; low—résiéfance'second-semiédnductor'layefs'.
23b each formed between the drift portion 6a and the
15 lower electrode 8; and isolating portions 6c each formed
between the adjacent drift portions 6a in the
longitudinal direction of the lower electrode 8.
The lower electrodes 8 are formed of a thin tﬁngsten
film,_ The surface electrodes 7 are formed of an
-20. .électrbconduc£ive thin film made of a gold film. The
thickness of the lower electrode 8 is set to 200 nm, and
the thickness of the surface electrode 7 is set to 15 nm.
However, these thicknesses are not limited to thé above

numerical values. The thickness of the drift layer 6 is

25 set to 1.5 um, and the thickness of the drift portion 6a



el ectron sources are individually disposed at intersections in a check
pattern fornmed of the surface electrodes 7 and the |ower el ectrodes 8,
when an 20 associ ated set of the surface electrode 7 and the | ower
electrode 8 is selected, electrons can be emtted froma desired
intersection. The voltage to be applieqi9§tmeen the surface el ectrode 7
and the |lower electrode 8 is set to aTtange of from10 to 20 V. Each of
~the surface 25 electrodes 7 is formed as a stripe having two end 106
portions in a longitudinal direction on which pads 27 are individually

formed. Sinjfagly, £8a&N00fimt he Theweh i AEddadess &is cﬁPifEdlé?\%ﬁi 5 sads

stripe. having two.end portions in a longitudinal direction on

28 are 5 | o viduahly ropBRds of@DasIE A ORINGE 65 LHE ShegLron source

10 according to Enbodi nent 15.is substantially the sane as that of the

convent i'onahyRbBELEPNvAQUESE  1@heSRAWA ddt rifd -gs%bé!@ré‘?éi_ #7; £BERCELHR
detail ed description thereof ts 10 omtted herefrom [n addition, the
el ectron engsskppstRrocess and a mcrostructure of the drift layer 6 (drift

portion 6a) are'substantially the sane as in the cases of the conventional

ety 81 oot Femdpinnedy Bentastarak, ol adiee o kAol
portion 6a g$4f 05BRd;iQf the electron source 10 of Embodiment 15, the
drift portions 6a of the drift layver 6 are sandwiched
between the plurality of lower electrodes 8 and the
plurality of surface electrodes 7. As such, when an
10 associated sef of the surface electrode 7 and the lower
electrode 8 is appropriately selected, and voltage is
'  _ app1ied into_the selected.set, a strong field.is applied
onlf to;the drift portioﬁ 6a in fhé'position .
corresponding to the intersection of the selected surface
15 electrode 7 and lower electrode 8, and electrons are
thereby emitted. Specifically, as in a case where
electron sources are individually disposed at
intersections in a check pattern formed of the surface
electrodes 7 and the lower electrodes 8, when an
20 aséociated set of fhe surface-éléCtrodé 7 and'thellbwer.
electrode 8 is selected, electrons can be emitted from a
desired intersection. The voltage to be applied between
the surface electrode 7 and the lower electrode 8 is set

to a range of from 10 to 20 V. Each of the surface

25 electrodes 7 is formed as a stripe having two end



t he oxi di zed porous polycrystalline silicon |ayer. However, the drift
portion 6a may be formed of a nitrided porous polycrystalline.silicon

| ayer. Alternatively, the 20 drift portion 6a nay be formed of an oxidi zed
or nitrided porous sem conductor |ayer, which is different fromthe

porous polycrystalline silicon |ayer. gg the drift portion 6a is forned
of a nitrided porous polycrystalline silicon layer, a silicon nitride film
is formed for 25 either the silicon oxide film52 or 64 shown in the Fig.
107 45. The el ectron source 10 of Enbodinment 15 is characterized in.that

the high-regosttarass fid & 155 €0Adhigl 081 ay¥eisn23h #ha BagadLraedi ket ween
the 5 vicinity of the boundary to the isolating portion 6b’in the drift

portion 6a awﬁﬂﬂﬁadﬁﬁi§rﬂ&ﬂﬂ990t'yﬁmi§¥§E¥ , ea®Rd oleN@ pReGRRFL,Sem conduct or
| ayers 23a having a resistance that is -suf |C|ently | ower than that of the

first sem ceniatryadAyeri2 3B Andeashai Qtﬂges%vliﬁtg\ﬂ%fa Sty the central
portion of the drift portion 6a and the [ower el ectrode 8. As above,-.in

the el ectropoy@Uldifs iH)éﬁléﬂ@fgﬁafﬂél1§1reEE§oﬂ'QB Wﬁiéﬁiﬁ%%%(%gt re

sem conductor |ayers 23b are ~each forned between the vici

boundargy toﬂﬂaiﬁgadéiaﬁﬂféﬁh@@[tlOn 6b and the el ectroconductive |ayer 8,
and the second sem conductor |ayers 23a having a

The basic performance of the electron source 10
according to Embodiment 15 is substantially the same as
that of the conventional electron source 10" shown in
Figs. 46 and 47; hence, a detailed description thereof is

10 omitted heref}om.. In addition, the electron emission
process and a microstructure of the drift layer 6 (drift
portion 6a). arg‘substantially the same as in the-qases Qf '
‘the bohﬁentionalléiectrdh soﬁrées 10" and 10" (reféf £6'
Fig. 45); hence, a detailed description thereof is

15 omitted herefrom.

In Embodiment 15, the drift portion 6a is formed of
the oxidized porous polycrystalline silicon layer.
However, the drift portion 6a may be formed of a nitrided
porous polycrystalline silicon layer. Alternatively, the

20. dfift portioﬁ'6é'may be forméd of én oxidized or nitridéd
porous semiconductor layer, which is different from the
porous polycrystalline silicon layer. When the drift
portion 6a is formed of a nitrided porous polycrystalline
silicon layer, a silicon nitride film is formed for

25 either the silicon oxide film 52 or 64 shown in the Fig.



resistance that is sufficiently lower than that of the first sem conductor
| ayer 23b are each interposed between the central portion of'the drift
portion 6a and the..lower 20 electrode 8. Accordingly, the field intensity
in the aforementioned vicinity of the boundary beconmes sufficiently |ower
than the field intensity in the centrahogortion of the drift portion 6a.
As such, nost electrons drifting in the drift portion 6a are led to 25
pass through the central portion of the drift portion 6a. 108 Thereby,
excessive el ectrons can be prevented frombeing emtted through the

af orenmenti oyl vicinity of the boundary. Moreover, since, portions between
the adjacent drift portions 6a are insulated by the isolating portions. 5

6b or the isol atithe ROAIdd SN BSourteCL 0088 EABoBEmeRieYeNtigd from being
emtted through portions between individual pairs of the adjacent surface

el ectrodes %ha Atk &ONLH I BRIt ENat CEREShALk-¢aR 1R @V antd Furthermore,
since the field intensity in the 10 aforénentioned vicinity of the boundary

becones | oweyemfdbHudd¥eoF | BAfei Bt 2881 h¥el Babhe relMdRlbdiiddPhhe di €l ectric
breakdown that can occur in the aforenmentioned vicinity of the boundary

can be prevepterhi AP ANhOVESGHAL LY toaRnRe 1RAERERA Jd M d:0cah I infl ow ng
between 15 the | ower electrode 8 and the surface electrode 7. Furthernore,

in the el ectyd $OFEHIPL PhnEBROGhAERhelR1ectroconductive layer 8,
and the second semiconductor layers 23a having a
resistance that is sufficiently lower than that of the
first semiconductor layer 23b are each interposed between

10 the central pbrtion of the drift portion 6a and the lower
electrode 8.
As above, in the e;éctron source 10 of Embodiment 15,
. the:high—resiétancé firsf.séﬁiéonductor.iéYers'é3bfare
each formed between the vicinity of the boundary to the
15 isolating portion 6b and the electroconductive layer 8,
and the second semiconductor layers 23a having a
resistance that is sufficieﬁtly lower than that of the
first semiconductor layer 23b are each interposed between
~the central portion of the drift portion 6a'and the lower
26 eléctrodé 8. Aécordiﬁgly, the.field inféhsity:in the
aforementioned vicinity of the boundary becomes
sufficiently lower than the field intensity in the
central portion of the drift portion 6a. As such, most
electrons drifting in the drift portion 6a are led to

25 pass through the central portion of the drift portion 6a.



as in the conventional electron source 10' shown in Fig. 43, the
dependency to the degree of vacuum as an electron emnm ssion property is
reduced. Concurrently, a popping 20 phenonmenon does not occur during

el ectron em ssion, and hence electrons can stably be emtted at high

el ectron emssion efficiency. In Enbodiggnt 15, the first sem conductor

| ayer 23b and the second sem conductor |ayer 23a forma field 25

noder ati ng nenber that reduces the field intensity in the 109 vicinity of
t he boundary to the isolating portion 6b to be |lower than the field

intensity i Mhehemgnidxtegiarnid Wledfréfe dahfbepprbventéd fHda HeSingi NCce.
the-field-.. nopderating nenber is forned of the high-resistance first 5

sem conduct emiktayey tAHdughitle i SfdrémEREs6HcbeIBER 1R o Faft@eeMENt i ONed
vicinity of the boundary and the |ower .electrode 8, .and | owresistance

second ‘seni geRddelryl. hMiRIowRda, MWEE pErtibaEPBEedREl WORN dia et ral -
portion of the drift portion 6a, restrictions for 10 patterns of the -

I ndi vi dual  gwiffac @ ctaEdPdn 7aﬁ1din§1|1E§{:é§CB?dHﬁE! ¥8ollaxanS pet idhs
elimnated. In Enbodinents 8 to 15, the gold filmis used for. the

el ect r gcondiggt iowe iy ri.sfd]lamifrﬁ_f!_) POFFiAAst BE, SHiEReeond! @Gk edes 7. -However,
the material for the surface 15 electrode 7 is not limted to gold. As
described i prefERdd B onl bd gy "@hEEt8l PR¥LAGhA PSRl lonOHe th i on,
individual pairs of the adjacent surface electrodes 7:
and concurrently, crosstalk can be prevented.
Furthermore, since the field intensity in the
10 aforementionéd vicinity of the boundary becomes lower'
than the field intensity in the central portion,
Qielgctrig-breakdown that_can occur in.thg aforementioped'
-viéinity of-tﬁé'boundary één.be'pféﬁénfed, and an :
overcurrent can be prevented from locally flowing between
15 the lower electrode 8 and the surface electrode 7.
Furthermore, in the electron source 10 of Embodiment 15,
as in the conventional electron source 10' shown in Fig.
43, the dependency to the degree of vacuum as an electron
. emission property is reducedf_ Concurrently, a popping
20 phenomehon doés.not occur'dﬁriné electron emiésioﬁ, and
hence electrons can stably be emitted at high electron
emission efficiency.
In Embodiment 15, the first semiconductor layer 23b

and the second semiconductor layer 23a form a field-

25 moderating member that reduces the field intensity in the



such as al um num chroneg,

| mport ant

i n Enbodi nent 1. 20 In Enbodinents 8 to 15,

tungsten, nickel, or platinum may be used. The

matters and advantages in using these materials are as descri bed

for the | ower electrodes 8 (el ectroconductive |ayers). However, the

mat eri al
al um num
pl ati num

materials that nmay be used include an oxi de of

is not limted to tungsten. I\g4ead of tungsten, any one of
"ni ckel, cobalt, chrome, hafnium nolybdenum palladium 25

rhodium tantalum titanium and zirconium 110 Mbreover,

the thin tungsten filmis

"~ used

one of the aforenentioned

metal materyaésnifly skl e GOMWRRRAY Gfo aHd Wldyind pateioal sbsebect ed

fromthe

af orenenti oned netal materials, or an alloy conposed of 5 Si
sel ected negeriglerf £t meafﬂreqrmri_tﬂwmtm@rmé ScéhBtaeXpBRkeonan

and

~alum numbased A -Si alloy). The |lower electrodes 8 may be fornmed of an

el ectrocondyget £Me . bay e

pomrased 6. a Tak ald Vs Dhce etREL EBQAAUCE i Ve

| ayers laminated i'n the thickness 10 direction. In this case, alumnumis

preferably ﬂ@&ér&@&ngaﬂxeﬁho%&t Qe artiedd Vet Fehdn f DgHege 38 stRACEOE irayter

. copper, which has a’l ow resistance in conparison to alumnum is

prefergbly géﬁ@cbaauer&o@ aGlyeac aRICtivEch f1id M@setPEsBAt barkareithel 5

( EMBODI NENT

10

15

20

25

aforementloned vicinity of the boundary and the lower
electrode 8, and low-resistance second semiconductor
layer 23a, which is interposed between the central
portion of the drift portion 6a, restrictions for
patterns of the individual surface electrode 7 and
electroconductive layer 8 can be eliminated.

In Embodiments 8 to 15 the gold fllm is used for .

the electroconductlve thin fllm for formlng the surface

eléctrodes 7. However, the material for the surface
electrode 7 is not limited to gold. As described in
Embodiment 1, the material having a small work function,
such as aluminum, chrome, tungsten, nickel, or platinum,

may be used. The important matters and advantages in

. using these materials are as described in Embodiment 1.

In Embodiments 8 to 15, fhe thin tungsteh film is-
used for the lower electrodes 8 (electroconductive
layers). However, the material is not limited to
tungsten. Instead of tungsten, any one of aluminum,
nickel, cobalt, chrome, hafnium, molybdenum, palladiuﬁ,

platinum, rhodium, tantalum, titanium, and zirconium.

and



Her ei nbel ow, Enbodi nent 16 of the present invention wll be described.
Figs. 16A and 16B are schematic cross-sectional 20 views each show ng an
el ectron source 10 according to Enbodinent 16 of the present invention.
Figs. 17A to 17D each show a cross section of an electron source 10 in a
primary step of manufacturing the elect;ga source 10, or an internedi ate
product thereof during the manufacture t hereof. For an el ectroconductive
substrate, Enbodinment 111 16 uses a nonocrystalline n-type silicon
substrate 1 that has a resistivity that is relatively close to a conductor
resistivitymbkebve®aiitdrials (L) HPShé Hh8edOinWhR anl @Xitld WA Y S
about 0.01 SZcmto 0.02 flcm . 5 A basic configuration of the electron

source 10 BaeOobd Rhd & fIRALNEIYnd® météyb:ﬁaeaﬂahky bhea3apRy as that of
t he .conventional electron.source 10' shown in Fig. 43. Specnflcally, as.

'shown in Fi gomb@Aed off i ol @yelify SRURa0Er 881 6X5E120HeROFS the |
polycrystalllne silicon layer 10-is formed on-a main surface of the n- type

silicon subgbirainkidhdd %é&mc}ﬁ‘é@éwaléaysf Sn"Bdec9f c%mp%ééopgﬂg: nitride

filmis formed on. the drift layer 6'. A ~surface eleCtrodée 7 nade of an

el ectrgcondggt iav@ i1 ctfdd MdfOF 1 £X8BE6n ﬁheohéot_»b{nghtll%ne%f med on the
field 15 noderating |ayer 9. An ohm c el ectrode Is formed on a reverse

surface of RQ%leQﬂga5%3f‘é§bﬁ%$§;r@ﬂeaiumfﬁum—based Ai—Si alloy).

The lower electrodes 8 may be formed of an
electroconductive layer composed of a plurality of
electroconductive layers laminated in the thickness

10 direction. 1In this case, aluminum is preferably used for
an electroconductive film formed as the top layer; and
“copper, which has a low re51stance in comparlson to
' alumlnum, is preferably used for an electroconductlve

film as the bottom layer.

15
(EMBODIMENT 16)
Hereinbelow, Embodiment 16 of the present invention
will be described.
Figs. 16A and 16B are schematic cross-sectional
20  views eachlshowing.an electron source 10 acéofdihg td

Embodiment 16 of the present invention. Figs. 17A to 17D
each show a Eross section of an electron source 10 in a
primary step of manufacturing the electron source 10, or
an intermediate product thereof during the manufacture

25 thereof. For an electroconductive substrate, Embodiment



descri bed above, in Enbodinent 16, the drift layer 6 is forned on the main
surface of the n-type silicon substrate |I.. However, an undoped
polycrystalline silicon. 20 |ayer may be fornmed between the main surface
of the n- type silicon substrate 1 and the drift layer 6. Also in the

el ectron source 10 of Enbodi nent 16, eifftrons can be emtted according to
operational principles simlar to those tor the conventional electron 25
source 10" shown in Figs. 43 and 44. In specific, as 112 shown in Fig. 18,
simlarly to the conventional case, a direct-current voltage Vps is

applied bet ygeqskhe aswWondes vl fotinpde - tyads i Decont ¥ABsEickiteon. sHairate
1; and concurrently, a direct-current voltage Vc is applied 5 between a

col I ector epget Lod@ k3 aRA &1l faCere PARLYEDYECTos W B Bheonaiatatual
direct-current voltages Vps and Vc being appropriately set, electrons

injected frauythe JIthyPEsy |d:LapBaDSE T al €0 )l §Bstedtb0od WhiicH hrough a
drift tayer 6,-and-aréyﬂ§h to be'enittedelo %hrouah t he ?ieldlﬁbderating '

| ayer 9 and tggﬁ'ﬁolirvfiq&e isela%cc;d@d@_ d1 (é'ggg{tﬁr gggt%e?%(l:elﬁ)n.es in Fig. 16 each

represent t w of “el’'ectrons e-emtt surface el ectrode

7). A material hﬁy'%%%g:ﬁgﬁgﬁ. e idinst i one | 188880005 ohRReS U ace

el ectrode 7, and the tthi ckness of the surface electrode 7 is set to

about 1 toa%%dyaing to Embodiment 16 is substantially the same as
that of the conventional electron source 10' shown in Fig.
43. Specifically, as shown in Fig. 16A, a drift layer 6
made of an oxidized porous polycrystalline silicon layer
10 is formed on é main surface of the n-type silicon
substrate 1. A field moderating layer 9 made of a
silicon-nitride film is formed on the_drift layer 6. A.
surface electrode 7 madé of an électgdconductiVé thin
film (for example, a gold film) is formed on the field
15 moderating layer 9. An ohmic electrode 2 is formed on a
reverse surface of the n-type silicon substrate 1. As
described above, in Embodiment 16, the drift layer 6 is
formed on the main surface of the n-type silicon
substrate 1. - However, an undoped polycrystalline silicon -
20 1a§er may.be formed ﬁefween.fhe main surface oflfhe.n—.
type silicon substrate 1 and the drift layer 6.
Also in the electron source 10 of Embodiment 16,
electrons.can be emitted according to operational
principles similar to those for the conventional electron

25 source 10' shown in Figs. 43 and 44. 1In specific, as



In specific, as shown in Fig. 16B, as in the conventional electron source
10" shown in Fig. 45, a .adrift portion 6a includes grain.51 nmade of

-col umer 20 polycrystalline silicon; a thin silicon oxide filmb52 forned
on one surface of the grain 51; fine silicon .crystal 63 on the order of
nanoneter that is interposed between it of the grain 51; and a silicon
oxide film 64 that is forned on one su??gce of the fine-silicon 25 crystal
63 and that has a filmthickness smaller than a 113 <crystal grain dianeter
of the fine silicon crystal 63. It i.s considered that, in the drift |ayer

6, the Surfgﬁ%wng;ilﬂgﬁgdd}%)@,' udigh 1 Jr By PRS YERYSLBhYEAR I ShbicRRdAYY 3

greferbtg FIgs. prior to an anodi c oxidation 5 treatnent

escri bed bg|, e CITES: O AUS: e;Lr b edCBRELELAN the Wirdaided
mLthdthe regfgggﬁ gralnrgg, As.aﬁﬁgwéga?%ngﬁﬁggsg gggrﬁe fig%H applied to
the drift layer i s-£ay 0 i ntensi vel y.pass ke tthe s5id | con oxi de’
film 64 acc%ﬁercé:trg)éiebyrfa scftrj%%]% I#ln%a éa%glll'?ggﬁoﬁu%%gg%g%sill'i (??)iré oxi de film

64, e | 0] eel ot SLARIENS, oay Aler - acreLarabed hyct e sty aap gl d bet veen

the itens o gra.in nd.ar e eby cause S

oaed s 0 Erslhy & SR Q0011810 RYEAECRON M e SRS OF Lhe U1 T

| ayer are . . easi pass t ugh the surface el ectrode
7 and that %ﬁ%cé%gééeﬁt'r%fkﬁ'¥ﬁ§ufﬂaividual direct-current voltages

Vps and Vc being appropriately set, electrons injected
from the n-type silicon substrate 1 are led to drift
through a drift layer 6, and are led to be emitted
10 through the field moderating layer 9 and the surface
electrode 7 (Single dotted lines in Fig. 16 each
. represent the flow of electrons e’emitted through the -
surface-éiecfrodé 7).;'A materiél'haviné'a.éméil'work
function is used for the surface electrode 7, and the
15 film thickness of the surface electrode 7 is set to about
1 to 15 nm.
In specific, as shown in Fig. 16B, as in the
conventional electron source 10' shown in Fig. 45, a
-drift portion 6a includes grain 51 made of columner
20 poiyéfyétalliﬁe silicon; é'thin silicon.oxide film 52
formed on one surface of thg grain 51; fine silicon
crystal 63 on the order of nanometer that is interposed
between items of the grain 51; and a silicon oxide film
64 that is formed on one surface of the fine silicon

25 crystal 63 and that has a film thickness smaller than a



In the electron source 10, the higher the ratio (le/lps) of an emtted
electron current le with respect to a. diode. current Ips, the higher the
el ectron em ssion 20 efficiency. In the electron source 10, el ectrons can
be emtted even when the direct-current voltage Vps to be applied between
the surface electrode 7 and the ohm c Pﬁ ctrode 2 is in a |l ow range of
from1l0 to 20 V. In the electron source t he dependency to degree of
vacuum as 25 an el ectron em ssion property is reduced. Mreover, no 114
poppi ng phenomenon occurs, hence el ectrons can be stably emtted at a high

el ectron ene§§sealea‘;£hcihea%me‘£ee %Ifeoctrfé)rfls;w@ﬂﬂ@o@fcﬁyeegnmeat 16"is
characterized in that the field noderating | ayer Is 5 provided between

the drift I@veisficaﬂglaeeeaurtﬁﬁ%e LU O i7e Oiaﬁﬁ@f'eéat tRe Lherhiel d
intensity of the drift |ayer 6 i'n"a state where the direct- current vol tage

Vps (drivi nefvel_»seaexnb&uaaal 'ﬁld PGk diel sl ﬁ%gﬁt‘ect aver 91s

i nt erposed between the drift- ayer 1076 and the sur ace t he -

field mdergkbear! 8¥Ckigl. I%vwec e fOfded ofad Siba%:xgaﬁtﬁlohow' ng

easy diffusion of electrons,-and the film ness ereof is preferably

smal | §uffigigtnbArCaAUSE kG LS rﬂééoggeb s L9 Ttyégdd{:h&t %g%%ra 6 to

reach the surface electrode 15 7 w t hout stanti a ein use When

the resistaghgi¥abie: el nbhe tlitled TPAH ARG L V&P §5aPR®51. as

such, a most part of the field applied to the drift layer
6 is caused to intensively pass through the silicon oxide
film 64 accelerated by a strong field applied on the
10 silicon oxide;film 64, the injected electrons e are
accelerated by the strong field between the items of
;grain;S;,'end-are.thereby caused to drift upward as
viewed in Fié. iéB;- Electrons.fhat haeé'}eached the
surface of the drift layer 6 are hot electrons that
15 easily pass through the surface electrode 7 and that are
emitted into a wvacuum.
In the electron source 10, the higher the ratio
(Ie/Ips) of an emitted electrdn current Ie with respect
to a diode current Ips, the higher“the electron emission
20 'efficiency. In the electron soﬁrce 1b, electrons Ean Be
emitted even when the direct-current voltage Vps to be
applied between the surface electrode 7 and the ohmic
electrode 2 is in a low range of from 10 to 20 V. 1In the
electron source 10, the dependency to degree of vacuum as

25 an electron emission property is reduced. Moreover, no



digit or smaller than the resistance value of the drift |layer 6, effects
of noderating the field intensity of the drift |ayer 6 decrease. Wen the
resi stance value of*the 20 field noderating |layer 9 is greater than the
resi stance value of the drift layer 6, the driving voltage needs to be

I ncreased. As such, the resistance value]3; the field noderating |layer 9
Is preferably on the sane order as the r 4 stance val ue of the drift | ayer
6. In the Enbodi nent 25 16, the thickness of the drift layer 6 is set to
1.5 um 115 and the filmthickness of the field noderating layer 9 is set

L0, 50, FPAENSLs o N CHLALLBICHIERS 1 rle kel e Loty 1
Vel e of | theTtrreed Bber Bioly ettt et i A YR G T T ayer
© aries depend: nguon 4o Lekughaeal e s drkladtey ool the oriving
[ayer o Tor nOURTATTRb ERS FReFBRh Atndny bt e taygr 3 '
Feduct [ of oA BE g BREHPER FOP AR 15 dry S teid \ i 4Th8PEPon 15 where
diel ectric brepkdoun tends L0, 05eur J R PIGNeTe fifs AlLLgOMPXbEechl! m 52 of
drift layer 6 in a state where the direct-current voltage
Vps (driving voltage) is applied. Since the field
moderating layer 9 is interposed between the drift layer
10 6 and the surface electrode 7, the field moderating layer
9 is preferably formed of a material not allowing easy
- diffusion of electrons, -and the film thickness thereof is
Preferablf.éﬁall sufficient fo'cause elecﬁrohs driftéa.
through the drift layer 6 to reach the surface electrode
15 7 without substantially being diffused. When the
resistance value of the field moderating layer 9 is one
digit or smaller than the.resistance value of the drift.
layer 6, effects of moderating the field intensity of the
drift layer 6 decrease. When the'resistance value of the
'20 'fi;ld moderating layer 9 is greatef thah the resisfanée
value of the drift layer 6, the driving voltage needs to
be increased. As such, the resistance value of the field
moderating layer 9 is preferably on the same order as the
resistance value of the drift layer 6. In the Embodiment

25 16, the thickness of the drift layer 6 is set to 1.5 um,



aforenenti oned portion can be prevented, and ageing variations in the
diode current Ips and the emtted electron current le.can be mnimzed.
Consequently, the 20 ageing stability in the electron em ssion properties
such as electron em ssion efficiency can be inproved; and when the above
Is applied to, for exanple, a display, gradual reduction in the screen
| um nance' can be prevented. Wth the ff%?d noderating | ayer 9 being 25
provided, the intensity of a field to be applied to the 116 drift |ayer 6
is reduced. For this reason, when the driving voltage (direct-current
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silicon nitgﬂga Ef%?*i§§é¥'é?5iﬁﬁiYét¥he resistance value of the
drift layer 6 varies depending on the thickness of the
drift layer 6 and the driving voltage, the values are
ranged from several tens kQ to several tens MQ.
10 In the eiectron'source 10 of Embodiment 16, since
the field moderating layer 9 for moderating the field
- intensity of the drift layer 6 is provided between the
.drift layer 6 and the sufface eléétroaé 7, a reduction
can be implemented for the field intensity in a portion
15 where dielectric breakdown tends to occur in either the
silicon oxide film 52 or 64, dielectric breakdown in the
aforementioned portion can be prevented, and ageing
variations in the diode current Ips and the emitted
electron current Ie can be minimized.  Consequently, the-
éO ageing stability in tﬂe électrﬁn emiésion”propefties suéh
as electron emission efficiency can be improved; and when
the above is applied to, for example, a display, a
gradual reduction in the screen luminance can be

prevented. With the field moderating layer 9 being

25 provided, the intensity of a field to be applied to the



the filmthickness of the field noderating |ayer 9 may be reduced. In
addition, since the silicon nitride filmhas a high electron
transmttance, and it does not allow easy 20 diffusion of electrons that
has drifted through the drift |ayer 6, the reduction in electron em ssion
efficiency according to the provision Qhgthe field noderating |ayer 9 can
be inhibited. In Enbodi nent 16, the n-type silicon substrate 1 is 25 used
for the el ectroconductive substrate. The 117 el ectroconductive substrate
is provided to formthe cathode of the electron source 10, to support the

drift |ayedr@fitn Idieew a6 uin réddcé@. i NFeet tRECke@RSH, NWddrhahgrift |ayer
6. As such, the electroconductive substrate 5 nay be only to be appropriate

to form the cudtviore Wltdge EAEEEEDNCEOLBAE ¥812adet FpRYPRY thd he drift
| ayer. 6...As such, the el ectroconductive substrate is not limted to the
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for exanple, a chrone material. 10 Alternatively, as.shown in Fi'g. 46; ‘the
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including the field moderating layer 9, the emitted
electron current Ie is reduced smaller than that in the
case where the field moderating layer 9 is not provided.
10 However, by ihcreasing the driving voltage, the level of
the emitted electron current Ie can be increased to
become equlvalent to that 1n the conventlonal electron
source 10' o
In the electron source 10 of Embodiment 16, the
15 field moderating layer 9 is formed of the silicon nitride
film. Since the silicon nitride film a high resistivity,
the film thickness of the field moderating layer 9 may be
reduced. In addition, since the silicon nitride film has
a hlgh electron transmlttance, and 1t does not allow easy
20 dlffu51on of electrons that has drlfted through the drift
layer 6, the reduction in electron emission efficiency
according to the provision of the field moderating layer
9 can be inhibited.
In Embodiment 16, the n-type silicon substrate 1 is

25 used for the electroconductive substrate. The



el ectron source in conparison to a configuration using a sem conductor
substrate. In Enbodinent 16, a gold filmis used as the 20

el ectroconductive thin filmthat forms the surface electrodes 7. However
the material of the surface electrode 7 is not limted to the gold
material. As described in Enbodi nent 1, ifferent material having a
smal | work function, such as alum num chrone, tungsten, 25 nickel, or

pl ati num may be used. Matters to be noted 118 and advantages in using the
materials are as described in Enmbodinent 1. In Enbodinent 16, the drift

layer 6.1s fo f@&'tf?{)cw&ucexb@' 388 SRS IROlVRiSd | Edeesthi €88 | ayer.

However , e drift portion 6 nay 1 nstead be forned of a nitrided porous
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such, the electroconductive substrate is not limited to
the n~-type silicon substrate, and it may instead be a
metal substrate made of, for example, a chrome material.

10 Alternatively; as shown in Fig. 46, the electroconductive
substrate may be a substrate having the lower electrode 8

.- formed on the side of one surface (the side of the main

sﬁffaée)'dfafhe.dielectric"éubééfate 1ilforﬁed of} for
example, glass. With the glass substrate having one

15 surface on which the lower electrode 8 is formed, area-
enlargement and cost reduction can be implemented for the
electron source in comparison to a configuration using a
semiconductor substrate.

In Embodlment 16, a gold film is used as the

20 electroconductlve thln film that forms the surface
electrodes 7. However, the material of the surface
electrode 7 is not limited to the gold material. As
described in Embodiment 1, a different material having a
small work function, such as aluminum, chrome, tungsten,

25 nickel, or platinum, may be used. Matters to be noted



anol phous carboni zed silicon, a netal oxide film or a netal nitride film
which has a |ow electron diffusion property and a high resistivity. 20

Her ei nbel ow, referring to Figs. 17A to 17D, a manufacturing nmethod for the
el ectron source 10 shown in Figs. 16A and 16B will be described. First,
the ohmc electrode 2 is formed on a revgyge surface of the n-type silicon
substrate 1. Then, the 25 undoped polycrystalline silicon |ayer
(polycrystalline 119 silicon thin filn) 3 having a predetermined film

t hi ckness (for exanple, 1.5 um is deposited (overlaid) on the main
surface of . thgqnalyRRtagklsl G0N B e WatAerHI 8l Afet 85 &6EceXBEB! €n an
LPCVD net hod. Thereby, an 5 internedi ate product having a structure shown
in Fig. 17A gphsoQbhahped. Subsequently, an anodic oxidation treatnent is
performed at predeterm ned conditions such that. an anodic oxidation o
process tank 't hat ygORhBLAImERENRGT e Il O Byt | ONi §OFPrR88doef taem.xed
liquid in which a 55-wt % hydrogen fluoride aqueous solution and ethanol . -

are mxed abya453bHopRirotROWo1lickystdSethe 80¢h { EGRt 15§e8M t iBteveRt,0 the
polycrystalline silicon layef 3™'wth a platinum electrode (not shown)

bei ng set totgs. aﬂkz‘%%%&rigg; ;aﬁ gc{}l%%g@@a&iﬁécwrﬁéaswaaen;t&%@dc

el ectrode 2) being set to I Thereby, a porous polycrystalline

silicon porous polycrystalline silicon layer. Alternatively, the
drift portion 6 may be formed of an oxidized or nitrided
porous semiconductor layer, which is different from the
porous polycrystalline silicon layer. When the drift
10 portion 6 is formed of a nitrided porous polycrystalline

silicon layer, a silicon nitride film is formed for
either the 'silicon oxide film 52 or 64 shown in-the Fig.
16B. In addition, in Embodiment 16,’£hé field.-nfic')c.i'erating'
layer 9 is formed of the silicon nitride film. However,

15 the field moderating layer 2 may instead be formed of,
for example, an oxidized silicon film, amolphous silicon,
amolphous carbonized silicon, a metal oxide film, or a
metal nitride film, which has a low electron diffusion
property and.a high resistivity.

20 Heréinbelow, feferring.to Figs. 17A to i7D; a
manufacturing method for the electron source 10 shown in
Figs. 16A and 16B will be described.

First, the ohmic electrode 2 is formed on a reverse
surface of the n-type silicon substrate 1.  Then, the

25 undoped polycrystalline silicon layer (polycrystalline



| ayer 4 is fornmed, and an internedi ate product having a structure shown in
Fig. 17B is obtained. Conditions of the anodic oxidation treatnent are as
follows. A ..surface 20 of the polycrystalline silicon layer 3 is set to be
in contact with the electrolytic solution, the current density is fixed
at 30 mW cn2, and the el ectroconductionqqigne is set to 10 seconds. For an
optical source of emtting |ight onto Ehe polycrystalline silicon |ayer 3,
25 a 500Wtungsten lanp is used. In Enbodi nent 16, the 120 polycrystalline
silicon layer 3 is formed porous to reach the n-type silicon substrate 1

in the depthsfi {641 @Rin £HOMPVEN haviihgMay g daidm mad ofs1Mp. -to a n dway
point in. the depth direction. In this case, a portion of the 5

pol ycrystal lime-ghés§00£bRYBkaRpl 8YRINS RatWaR) ddpfoditdd PeoBel1£08)
substrate 1 and the porous polycrystalline silicon |layer 4. After
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predet er m ne I ckness 15 (for exXanple, 50 Is forned on the drift
layer 6 accpgdipgaifed. sputtering nmethod; and thereby, an

Subsequently, an anodic oxidation treatment is
performed at predetermined conditions such that an anodic
oxidation process tank that contains an electrolytic

10 solution compbsed_of a mixed ligquid in which a 55-wt$%
hydrogen fluoride aqueous solution and ethanol are mixed
at a-ratio of about 1:1 is used, and light is emitted
onto the pélychstalline silicon layer 3LQith a platihum
electrode (not shown) being set to be cathodic and the n-

15 type silicon substrate 1 (ohmic electrode 2) being set to
be anodic. Thereby, a porous polycrystalline silicon
layer 4 is formed, and an intermediate product having a
structure shown in Fig. 17B is obtained. Conditions of
the anodic OXidation'treatment are as follows. A surface

20 of.the poiycrystalline silicon layerlé is set to be in
contact with the electrolytic solution, the current
density is fixed at 30 mA/cm’, and the electroconduction
time is set to 10 seconds. For an optical source of
emitting light onto the polycrystalline silicon layer 3,

25 a 500W tungsten lamp is used. In Embodiment 16, the



I ntermedi ate product having a structure shown in Fig. 17C is obtained. The
rapid thermal oxidation is perforned wusing a |anp annealing device. The
flowrate of oxygen 20 gas is set to 0.3 L/mn (300 sccm in a standard
condition. In Enbodi ment 16, since oxidation is perfornmed for the porous
polycrystalline silicon layer 4 accordijng to the rapid thermal oxidation,
the tenperature can be raised up to an oxidation tenperature within 25
several seconds, thereby enabling the inhibition of 121 entailed oxidation
that can occur as a problemw th an ordinary oxidizing device of a furnace

core pipe type yMeo: el ehbak$iakenf edyiett @ tihe At poddes ft &l feach
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fol l owing stgps. n N {6é dgs 1 $EbhCYNLsE ragRd 135 A thall RlptiAndh Fe&DBRET 1S
evacuated up to a Tevel of 1 x 10-4 Pa or lower in a standard condition.

Then, an A @§getsr| Nt odugedel @BmeeEea%‘i*ﬁiﬁ;‘%{F%o & fh oA @t o ofit 0143

L/mn (30 seccm in a 10 standard condi ‘and the pressure in-the chamber’

i's thereby @oiugieeht@ipe¥tiBnl Pan Tharealddt, 2 gudhiod saUERsy power of
1 WcnR is fed between el ectrodes. arranged in the chanber, and a silicon
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type silicon substrate 1 and the porous polycrystalline
silicon layer 4.

After completion of the anodic oxidation treatment,

a rapid thermal oxidation technique using a rapid thermal

10 technique is ﬁsed,to perform rapid thermal oxidation for
the porous polycrystalline silicon layer 4. This forms
the drift layer 6 made of the oxidized porous
polycrﬁstalliné giiicoh'layéf} Thereafter, the field
moderating layer 9 having a predetermined film thickness

15 (for example, 50 nm) is formed on the drift layer 6
according to a sputtering method; and thereby, an
intermediate product having a structure shown in Fig. 17C
is obtained. The rapid thermal oxidation is performed
using a lamp annealing device. The flow rate of oxygen

20 gas is seﬁ £6'6.3 L/ﬁin (300 scem) in a-sténdafd
condition. In Embodiment 16, since oxidation is
performed for the porous polycrystalline silicon layer 4
according to the rapid thermal oxidation, the temperature
can be raised up to an oxidation temperature within

25 several seconds, thereby enabling the inhibition of



according to, for exanple, a vapor deposition nmethod; and thereby, the

el ectron source 10, as shown in Fig. 17B, is obtained. 20 In the
manuf act ure enpl oyi ng t he above-descri bed manufacturing nethod, the

el ectron source 10 having a high ageing stability can be obtained only by
adding a step of overlaying the field ypderating layer 9 on the drift

| ayer 6 to the manufacturing nmethod for the 25 conventional el ectron source
10'. 122 The electron source 10 manufactured according to the
above-descri bed manufacturing nethod has a | ess dependency to the degree
of vacuum asnfaitkacbkodatesinstheit waaperdogur GComcarpeoblen wihbeano poppi ng
5 phenonenon occurs, electrons can be stably emtted. Moreover, for the

sem conduct grdsHBsYr akedisiely aevdce@fya yBimaceaecsiei pbpestyperate, used
for the .electroconductive substrate, since a substrate forned of, for

exanpl e, a ghagsmaubslikaleade Wiichmo ithel fatnacenductive |ayer "(such as
an I TOfiln +is formed, can be used; as such, in conparison to the

Spindt-type el egheodgerdl f0ldea ti P Urdfer a9 ebs Chdirhed eataogddngndocost s
can be reduced. Wien the el ectroconducti ve substrate is forned of a 15

Se”‘COBdUCtQhes%Q%EEQ&deWM%ﬂHHdNEﬂStEé|f@BléwingostebayerN3tma¢ebe f or med
according to a sputtering nethod

silicon is used as a target, and a chamber is evacuated

up to a level of 1 x 10™ Pa or lower in a standard

condition. Then, an Ar gas is introduced into the

chamber at a flow rate of 0.03 L/min (30 sccm) in a

10 standard condition, and the pressure in the chamber is
thereby adjusted to 5 x 10™ Pa. Thereafter, a high
frequency power of 1 W/cm. is fed between electrodes
arranged in the chamber, and a s111con nlrrlde film rs :
formed.

15 After the field moderating layer 9 has been formed,
a gold film used as the surface electrode 7 is formed
according to, for example, a vapor deposition method; and
thereby, the electron source 10, as shown in Fig. 17B, is
obtained.

20 " 1In tne manufacture'employiné the above—deseribed
manufacturing method, the electron source 10 having a
high ageing stability can be obtained only by-adding a
step of overlaying the field moderating layer 9 on the
drift layer 6 to the manufacturing method for the

25 conventional electron source 10'.



i nstead of the LPCVD nethod. Alternatively, the film deposition may be
performed such that anol phous silicon is .deposited according to a plasma
CVD nethod, and 20 thereafter, the filmis crystallized. Wen the

el ectroconductive substrate is forned of a glass substrate on which an

el ectroconductive |ayer is formed, the pglycrystalline silicon layer 3 may
be formed such that anol phous silicon is deposited on the 25

el ectroconductive | ayer according to a CVD nethod, and 123 the silicon

| ayer is anneal ed. The nmethod for formng the polycrystalline silicon

layer 3 on the eheCknee@RCidotdayrl maniPicthrbliedctorihagCyl melhod:
For exanple, a CGS (continuous grain silicon) nethod or a 5 catalytic CVD

met hod procapsvERMesketioRd ity APl Oesling FREtROAOKLEaki @asaet hod for the
porous polycrystalline silicon layer 4, electrochenical . oxidation using .

acid (for eyapeh@endy W 1518 fdddfe@Chl vadihut gsnai‘qr b ety Or aqua -
regi a) may be enployéd 10 instead of the thermal oxidation nethed. Before:-

the porousecRek¥abrStldgdia vl | iEoichAY&AL RLECHEORR l'y oxidized
with acid, 2 t?eafhe%?légy 8@ perfor nmed sﬁ% fhat th P f@%fﬁi i mersed in

an oxi (;_I,ant pBehcAdr P AS, @iéé@r@i@é deaSULEUEL§HRG gml{%@ydr ochloric
aci d, or hydrogen peroxide mater) for a tine necessa to allow a pol ar
surface of 1Be eRBYeS for the semiconductor substrate, such as a
polycrystalline silicon substrate, used for the
electroconductive substrate, since a substrate formed of,
for example, a glass substrate on which an
10 electroconducfive.layer (such as an ITO film) is formed,
can be used; as such, in comparison to the Spindt-type
electrode, electron source area can be enlarged and costs
cahnbe reduced.- | | | |
When the electroconductive substrate is formed of a
15 semiconductor substrate, the polycrystalline silicon
layer 3 may be formed according to a sputtering method
instead of the LPCVD method. Alternatively, the film
deposition may be performed such that amolphous silicon
‘is depos1ted accordlng to a plasma CVD method, and
20“ thereafter, the fllm 1s crystalllzed When the
electroconductive substrate is formed of a glass
substrate on which an electroconductive layer is formed,
the polycrystalline silicon layer 3 may be formed such

that amolphous silicon is deposited on the

25 electroconductive layer according to a CVD method, and



polycrystalline silicon |layer 4 to be oxidized; and thereby, hydrogen
atons termnating silicon atons are substituted with oxygen atons.

Al ternatively, oxidation 20 nay be perforned such that ultraviolet rays are
emtted onto the layer in a gas phenonenon containing at |east one of

oxygen and ozone. Still alternatively, oxhdation may be perforned such
that the layer is exposed to plasma in a gas phenonenon contai ni ng at
| east one of oxygen and 25 ozone. Still alternatively, oxidation may be

perfornmed 124 such that the layer is heated in a gas phenonenon

containing agpkeast Q& Q.fay@ﬁé’ geh Ak L7ode (The heehod! gaRERRLWifgmY be
appropriately set wwthin a‘tenperature range of from 100C to 600C). Stil

al ternativel yned@Xivdatin By, Pes Pef Eon Nedyerch thatnul traviol et rays are
emtted onto the layer, and the layer is heated (the heat tenperature may

be appr opr | abelk.caglcotidilinl vb LAARE A4 Sot " e0geLEl EEORMLOBTT Gt |

Still alternafively, oxidation may be performed such that, in a gas

phenomenon %‘grc‘é'}ta?dgﬂieﬂ,g aﬁtcésaa@éo&@f%\g&?QngsEnae@1@&&5@,( ity i &

rays are emtted ont layer, and the layer is heate t he. heat,
100C {0 6000) * CRURLAeT O vt et Ve 52831 Haf AhSTRSECHY SR il ovi no
15 conbi ned net hogs ,of, 1 he ; f%n‘ﬁ%tﬁgéefggtkﬁglﬁoroaéidation may be
per formed enpl oyi ng rretnhogts%t are
polycrystalline silicon layer 4, electrochemical
oxidation using acid (for example, dilute sulfuric acid,
dilute nitric acid, or aqua regia) may be'employed

10 instead of the thermal oxidation method. Before the
porous polycrystalline silicon layer 4 is
'elect;oqhemically-Qxidized_with aqid,_a treatment may be -
performéd.édch that tﬁé_layétlié.immérsed in aﬁ dﬁiaant
solution (such as nitric acid, sulfuric acid,

15 hyarochloric acid, or hydrogen peroxide water) for a time
necessary to allow a polar surface of the porous
polycrystalline silicon layer 4 to be oxidized; and
thereby, hydrogen atoms terminating silicon atoms are

_substituted with oxygen atoms. Alternatively, oxidation -

20 may.be petfdrmed such thét ﬁltraviblet réys ate emitted
onto the layer in a gas phenomenon containing at least
one of oxygen and ozone. Still alternatively, oxidation
may be performed such that the layer is exposed to plasma

in a gas phenomenon containing at least one of oxygen and

25 ozone. Still alternatively, oxidation may be performed



different fromthe above oxidation nmethods. In consequence, the diffusion
anmopunt of inpurities into either.the silicon oxide filmb52-or 64'is
reduced, and 20 the dielectric strength is inproved. The porous
polycrystalline silicon |ayer 4 is thus oxidized, but it may instead be
nitrided. The nmethod of form ng the fie£g4nnderat|ng | ayer 9 is not
limted to the sputtering nethod, and a“different 25 nmethod such as a
vapor deposition nethod or an ion 125 plating nethod nmay instead be

enpl oyed. Moreover, the nethod of formng the surface electrode 7 is not

limted toshba vaRer tBRPAYdON JMtdwited mdaa%agtpﬁenémghoas a

sputtering nethod may i nstead be used. 5 Hereinbelow, a display using the

el ectron Soébﬁﬁalgin%fd@ﬂ¥§gdﬁ”3néfbf“éiy&@nd?ﬁgrBQSHethﬂer%%%&?nce to
Fig. 19.-As shown in FIG 19, the display i1ncludes a glass substrate 33

di sposed oppespbeatarthmayidachplastiodesy 40t 7w'gggmeaelt%& QL ce

10. Col |l ector el ectrodes e arranged 1n" a strr stat e on a surface:of

the glass suBSLr gleeeidm WHRR QBPOYRECNC 8LEGH! O (ROYLGE J& A L phosphor

| ayer 32 tha I'ght” accordi'ng™t o™ e 'em tted
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a emitted onto the layer, and the layer is heated (the heat
temperature may be appropriately set within a temperature
range of from 100°C to 600°C). Still alternatively,
oxidation may be performed such that, in a gas phenomenon
10 containing at;least one of oxygen and ozone, ultraviolet
rays are emitted onto the layer, and the layer is heated
(the. heat tempe;ature may be appropriately set_within a
.tembeféfure'range'of.froﬁ:iOO‘C to 606°C).' Further
alternatively, oxidation may be performed employing
15 combined methods of the above. Yet alternatively,
oxidation may be performed employing methods that are
different from the above oxidation methods. 1In
consequence, the diffusion amount of impurities into
‘either the silicon oxide film 52'or 64 is reduced, and
20 | thé dieléctric étrength is improved. .The poroué
polycrystalline silicon layer 4 is thus oxidized, but it
may instead be nitrided.
The method of forming the field moderating layer 9
is not limited to the sputtering method, and a different

25 method such as a vapor deposition method or an ion



striped state. A spacing between the electron source 10 and the gl ass
substrate 33 is nmaintained in a vacuumstate. 20 In the display, the
surface electrode 7 is formed as a stripe, and the collector el ectrodes 31
also is formed as a stripe to extend perpendicular to the surface

el ectrode 7. Wien one of the collector ghectrodes 31 and one of the
surface electrodes 17 are selected, and vol tage (field) is applied
thereto, electrons are emtted 126 only fromthe surface electrode 7 to
which the voltage is applied. In the surface electrode 7 fromwhich the

el ectrons hayvetheen n@ﬁﬂd@%aﬁ@ﬂs’@é&&%@ﬂéxgﬁ%&ééd f oo 1€JiteR t her eof
t hrough which the voltage has been 5 applied to the correspondi ng col |l ector

el ectrode 3hedhdd ¥ECHMAmRS tR0dshiheaseCel BERLBHcChEGE! ARY QauSitdde
phosphor. | ayer 32 covering the collector electrode 31 to emt light. In

short, in the ¢herhabcQ¥bds Fidh ROcn¥BeNand0avaktags isuarpld ed to
specific one of the surface  electrodes 7 and specific one of the collector

el ectrodes s3hit 2 Mld kU NRSPOndl Pgaliopad 18geN Where the two
el ectrodes 7 and 31 nutually intersect .can be caused to emt light. As

such. 1y optionaklet<ahdullidig (i fuidrcudPngl £RLr BHBR L FoANdohR LAl ot OF
el ectrodes 31 to which voltage 1s to be applied, imges or characters can
be of Embodiment 16 will be described with reference to Fig.
19.
As shown in FIG. 19, the display includes a glass
substrate 33 disposed opposite to the surface electrodes
10 7 of the elecfron_source 10. Colléctor electrodes 31 are
arranged in a striped state on a surface of the glass
_§ubstrate-33,_which~qpposes the elgctron source 10. A 
phosphor iayé£.32 that emits viéiblé light éccarding tbi
electron beams emitted through the surface electrodes 7
15 is disposed in such a manner as to cover the éollector
electrodes 31. The surface electrodes 7 are formed in a
striped state. A spacing between the electron source 10
and the glass substrate 33 is maintained in a vacuum
state.-
20.. | ”In the displéy, the éurface electrodé 7 is fofméd és
a stripe, and the collector electrodes 31 also is formed
as a stripe to extend perpendicular to the surface
electrode 7. When one of the collector electrodes 31 and

one of the surface electrodes 17 are selected, and

25 voltage (field) is applied thereto, electrons are emitted



di spl ayed on the display. In the display, a high voltage needs to be
applied to the collector electrode 31 and to thereby accelerate el ectrons
in order to.cause phosphors 20 of the phosphor |ayer 32 according to
electrons emtted fromthe electron source 10. To achieve the above, a
high voltage of hundreds of V or several,kV nmay be applied to the
col l ector electrode 31. 25 ( EMBODI MENT f% 127 Hereinbel ow, Enbodi nent 17
of the present invention wll be described. As shown in.Fig. 20, while

t he. basic configuration of an electron source 10 according to Enbodi nent

17 is 5 subshppt EabhythBessaraces elikeit réfdd e &) aiem sioere61¢8geagsordi ng
to Enbodi nent 16, it is characterized in that the field noderating |ayer 9

is configurggploelncl Bdetde SulrifaeR Rillddtddd | Heor OkEEH OBhEhe drift
layer 6, and a silicon oxide film9b forned on the silicon nitride 10 film

9a. Essenti@léy¥trbAsERRedi pRoh b&itidRy,ficlid, smeereého0ehayeeddfivrenf or med
of a multilayer film including the silicon nitride film9a, and the

surface. ebepbfodf thefeb¥eithdcthd® WieSitHE o DX gle hakmE8Bn Either the
silicon nitride film9a or the siliicon oxide 15 film9b is forned according

oarocPty! PRRILEE bl chnsipint g e ) e Eebego ey e
accelerated, and the accelerated electrons cause the
phosphor layer 32 covering the collector electrode 31 to
enit light.

In short, in the display shown in Fig. 19, when

10 voitage is apblied to specific one of the surface
electrodes 7 and specific one of the collector electrodes
31, a portion corresponding ;o a region_where the two
électfbdes 7 and 31 mﬁtually.iﬁﬁersectICan Se caused to
emit light. As such, by optionally changing the surface

15 electrodes 7 and the collector electrodes 31 to which
voltage is to be applied, images or characters can be
displayed on the display. In the display, a high voltage
needs to be applied to the collector electrode 31 and to

 thereby accelerate electrons in order to.cause phosphors

20 -of the phoéphor layer 32 ﬁééofdinglfo electrons'emitted'
from the electron source 10. To achieve the above, a
high voltage of hundreds 6f V or several kV may be

applied to the collector electrode 31.

25 (EMBODIMENT 17)



obt ai ned. However, in Enbodinment 17, since the resistivity of each of the
silicon nitride f|In19a and 20 the S|I|con oxide film9b is high, the film
t hi ckness of the field noderating |ayer 9 can be reduced. In addition,

el ectrons drifted through the drift layer 6 are not allowed to easily
diffuse in the silicon nitride film 9a, 12 reduction in electron em ssion
efficiency according to 25 the provision 7 the field noderating |ayer 9
can be 128 inhibited. Mreover, in Enbodiment 17, since the surface

el ectrode 7 is formed on the oxide nitride film9a, in conparison to a

case as |n Enbodi gRok: 1Y, C Bk il @0y S LCLRe rz?éﬁtf%@%ﬁt%nt he

field nnderating ayer made of t e silrcon nitri the el ectron

nmovenent to {he syl grigode 7 easily occurs, thereby enabling the
el ectron en1ss?on ef?&%fgﬁby to |ncrease The f|In1th|ckness of the

Silicon nitride fhlmaauyes 1 lGiset £00. Hhes Eem 93507t he

si-l-i con oxi'de IS set t = ese |In1t ness s are not

limited to the %{no a%fo%%wg@%cggkaﬁﬁg eedEm;'a‘a i knesses

may be appropria er correspon exa e thlckness and

the resisst ange "ﬂa‘ﬁecljai ‘1{ rgbe %{r{lét@é What ofH‘Bﬁ%V%rl’ecﬁ:'r%%e s%u?:é% o | ess

diffuse In the silicon i Si i1 ¢con oxl m 9b,
the f'l”‘th'%%@%%ﬁfggtggaﬁﬂﬂéé§ﬁhnt 16, it is characterized in that

the field moderating layer 9 is configured to include a
silicon nitride film Ya formed on the drift layer 6, and
a silicon oxide film 9b formed on the silicon nitride

10 film 9a. Esséntially, in Embodiment 16, the field
moderating layer 9 is formed of a multilayer film
including the silicon nitride film 9a,. and the surfaqen_
electfo&e 7 is'ovéfiaid on the silicon oXidé-film 9b.
Either the silicon nitride film 9a or the silicon oxide

15 film 9> is formed according to a sputtering method.

As described above, also in Embodiment 17, basically,
the same advantages as those in Embodiment 16 can be
obtained. However, in Embodiment 17, since the
re51st1v1ty of each of the 51llcon nltrlde film 9a and

20 the silicon oxide film 9b is hlgh, the film thickness of.
the field moderating layer 9 can be reduced. In addition,
electrons drifted through the drift layer 6 are not
allowed to easily diffuse in the silicon nitride £ilm 9a,
a reduction in electron emission efficiency according to

25 the provision of the field moderating layer 9 can be



nitride film9a is preferably set larger than that of the silicon oxide
film9b. 20 (EVMBODI MENT 18) Herei nbel ow, Enbodi nent 18 of the present
invention wll be described. As shown in Fig. 21, while the basic
configuration 25 of an electron source 10 according to Enbodinent 18 is
129 substantially the sane as that of tf el ectron source 10 according to
Enbodi nent 16, it is characterized in tha the field noderating layer 9 is
configured-to include a first silicon oxide film9c forned on the drift

| ayer 6, 5 a silicon nitride film9a forned on the silicon oxide film9c,

and a second; ghhHGeRgQX] %xfé&;'@ng froremRsb @mé e 193] | 5¢ARNEhE! d@rifdda 9a.

Essentially, "I n Enmbodi nent 18 t'he field nDderatlng |l ayer 9 is fornmed of a

mul tilayer —EhbEck-gdl ug g tf{g)gm% | &N Lok fge T By Do 24n! bG, 1qpsurface

electrode 7 is overlaid ont icon oxide film 9b. Each of f he silicon

nitride fil eS| f d19b of d accordln .
to. a sputteﬂcﬁglp%%gt tr?li]ldt%I d ggegcer%egf% g5 %‘ﬁeﬁt‘ 180 n%}b?. %@E e

bove, so in E ment 18,

basi cal ly, 18,8080l SIWBA 1 A4 Asenda GDRHE etelaGmsaf@Ith%& ai ned.

However, in dicvent 18, since the reS|st|V|ty each e silicon

n|tr|de5filnh%§e§n@ RRSIdeE Gk W4 ffcon nitride film, the electron

movement to the surface electrode 7 easily occurs,
thereby enabling the electron emission efficiency to
increase.
The film thickness of the silicon nitride:film 9a is
10 set to 40 nm,;and_the film thickness of the silicon oxide
film 9b is set to 10 nm. These film thicknesses are not
_limited to the aforementioned numerical values,_and the
£ilm thlcknesses may be approprlately set correspondlng
to, for example, the thickness and the resistance value
15 of the drift layer 6. However, since electrons less
diffuse in the silicon nitride film 9a than in the
silicon oxide film 9b, the film thickness of the silicon
nitride film 9a is preferably set larger than that of the
-silicon_oxide film 9b.
20 | o
(EMBODIMENT 18)
Hereinbelow, Embodiment 18 of the present invention
will be described.
As shown in Fig. 21, while the basic configuration

25 of an electron source 10 according to Embodiment 18 is



films 9c and 9b is high, the filmthickness of the field noderating |ayer
9 can be reduced. In addition, 20 electrons drifted through the drift |ayer
6 are not allowed to easily diffuse in the silicon nitride film9a, a
reduction in electron em ssion efficiency according to the provision of
the field noderating layer 9 can be inhybigted. Mreover, in Enbodi nent 18,
since the surface 25 electrode 7 is forned on the second silicon oxide
film9a, 130 in conparison to a case as in Enbodi nent 16 where the
surface electrode 7 is formed on the field noderating |ayer 9 nmade of the

silicon nitighgedfddilalie ©leciane a§O¥RABNLEL @nkhe 1vtane fhbedd ode 7
easily occurs 5 thereby enabling the electron em ssion efficiency to

i ncrease. ﬂdﬁﬁ%’”%%ﬁo@im&ﬂ@ i6]sttsiki copradtdaifidaniPecnst set to
10 nm and the filmthi ckness of the second ~silicon oxide film9b is set.

to 40 nm Tbcl‘%r‘ee fid1m %&&&KD@S% areongl bbmiftigthlcy the Aforegenyi C_med

nuneri cal and the-fil h|c nesses may be ™ appropriately set

cor r espondi fﬂfsoa £ﬂ1@a@®£§detbﬂmt BLCkBesR AR e s st awpeyabye of

the drift Iayer . However, since electrons less diffuse in the silicon 15
nitridefilm %{Eﬁh'ﬂh @eofllﬁ69§'Eb%ﬁ%dpﬁdﬁiﬁé|é¥ilé&h@ﬂ§l&@ t he
f|In1th|ckness 0 e on nitride film 9a is preferably set |arger

than that(ﬁff¥ﬁ*béﬁ QH@ a second silicon oxide film 9b formed on the
silicon nitride film %a. Essentially, in Embodiment 18,
the field moderating layer 9 is formed of a multilayer
film including the silicon nitride film 9a, and the
10 . surface electrode 7 is overlaid on the silicon oxide film
9b. Each of the silicon nitride film %a and the silicon
__loxide-films 9¢ and-Qb,ls fermed accerding to a sputtering
" method. | o |
As described above, also in Embodiment 18, baeically,
15 effects similar to those in Embodiment 16 can be obtained.
However, in Embodiment 18, since the resistivity of each
of the silicon nitride film 9a and the silicon oxide
films 9¢c and 9 is high, the film thickness of the field
moderating layer 9 can be reduced In addltlon,
20 | electrons drifted through the drift layer 6 are not
allowed to easily diffuse in the silicon nitride film 9a,
a reduction in electron emission efficiency according to
the provision of the field moderating layer 9 can be
inhibited. Moreover, in Embodiment 18, since the surface

25 electrode 7 is formed on the second silicon oxide film 9a,



silicon oxide filnms 9c and 9b. 20 (EMBCDI MENT 19) Herei nbel ow, Enbodi nent
19 of the present invention wll be described. Basically, the basic
configuration of an electron source 10 according to Enbodi nent 19 is
substantially the same as that of the electron source 10 25 according to
Enmbodi ment 16, it is characterized in thaly 131 the field noderating |ayer
9 of the electron source 10 according to Enbodi nent 16 shown in Figs. 16A
and 16B is configured of to include a chrone. oxide.f.ilm Since chrone
oxide filmis a material that has a high property 5 of adhesion to the

surface el edhr edmpardisdreass 4 ccade &£t £At ENBbdEALRIN] 6t MG e fafe
electrode 7 to be isolated, it can inhibit ageing deterioration that can

because of sus@laald @l edftidde SUr{aceoeheat badené fremd AR ddr@itd ngoderating
layer 9 and ageing variations in electron 10 em ssion property. In

addi tion, siagert e reloner oxiglesifitonhastaibed®ilnaneHe tancs: Rppert y,
it can- |nh|b|t a reduction in electron’enission eff|C|ency which can

occur becaugevemddie Hy QS| Oir Picé he1bbekdaroderaking Jxfs,9-
Consequently, also in the electron source 10 of 15 Enbodlnent 19, the sane

advant ages ahelrkese driadinhodi tRate1d6t68A BRightdhNed £ ldalsidpalow, a
manuf acturing nmethod for the electron source 10 of Enbodi nment 19 will be

descri bed withkrease..

The film thickness of the first silicon oxide film
9c is set to 10 nm, and the film thickness of the second
silicon oxide film 9b is set to 40 nm. These film

10 thicknesses are not limited to the aforementioned
numerical values, and the film thicknesses may be
appropriately set.corresponding to, for example, the

' thlckness and the re51stance value of the drift layer 6.
However, since electrons less diffuse in the silicon

15 nitride film 9a than in each of the silicon oxide films
9c¢ and 9b, the film thickness of the silicon nitride film
9a is preferably set larger than that of each.of the

silicon oxide films 9¢ and 9Db.

20 (EMBODIMENT .'19)'.

Hereinbelow, Embodiment 19 of the present invention
will be described. Basically, the basic configuration of
an electron source 10 according to Embodiment 19 is
substantially the same as that of the electron source 10

25 according to Embodiment 16, it is characterized in that



reference to Figs. 22A to 22D. The manufacturing nethod 20 is substantially
the same as the manufacturing nmethod for the electron source 10 of

Enbodi ment 16. As such, hereinbel ow, descriptions of aspects common to
those given in Enbodinment 16 will be sinplified to avoid repetitive
description. 25 In Enbodi nent 19, after ggg ohm c electrode 2 has 132 been
formed on a reverse surface of the n-typ ilicon substrate 1, that is,

t he el ectroconductive substrate, the undoped polycrystalline silicon

| ayer-3 is formed. on one surface of the n-type silicon substrate 1
according 5 n i gt [ t

structure shgt\?lnealrfnléﬁ' cg%% I sl%gt t 8 0 8%22%1%:?393{ gdg%lv%/éc]%(gt alline

silicon |ayer, 3. 4534 ﬁﬁr%%iﬁ558&§m ﬁECQ%dgﬁgWho % E“-:')L%%(jlCfﬁhz(lhereb:p@?ormsd

treat ment, the por ous polycrysta I'ne silicon layer 4 ist

and an 10-i ntgy Jﬁdq@féd P%&tlﬂéihagycr%&‘é urg 1%%0"5‘.'11110 Figh o 8@5 IS -

obtained. Ina €. por eus’ po ystalline silicon Iayer 4 is

h | h d
:)oleyr/g?ys%/aﬁ(:ér# %j% i con agle?ﬁl: égléa%ﬁ%recreg g&f g:rhr?giﬁ ao 129?1112%%9 eg§l ayer
1o mde of a o LANE.] YL fnloLRd,an e i 'ﬁyaetr £ apcor gl an

electron beam vapor gp03| i on_ne Mor eover, surtace el ec rode 7
made of a gmé&ﬂ%ﬁé“n&é égﬁgfggoehghgurface electrode 7 to be isolated,

it can inhibit ageing deterioration that can because of
isolation of the surface electrode 7 from the field
moderating layer 9 and ageing variations in electron

10 emission propérty. In addition, since the chrome oxide
film has a high transmittance property, it can inhibit a
reductlon in electron emission efflclency, Wthh can
occur because of the provision of the field moderatlng
layer 9. Consequently, also in the electron source 10 of

15 Embodiment 19, the same advantages as those in Embodiment
16 can be obtained.

Hereinbelow, a manufacturing method for the electron
source 10 of Embodiment 19 will be described with
reference to Figs. 22A to 22D. The manufacturing method -

20  is suﬁstantially tﬁe same és the manufactufing methéd.fof
the electron source 10 of Embodiment 16. As such,
hereinbelow, descriptions of aspects common to those
given in Embodiment 16 will be simplified to avoid
repetitive description.

25 In Embodiment 19, after the ohmic electrode 2 has



oxi dized layer 19, and an internedi ate product having a 20 structure shown
in Fig. 22Cis obtained. In Enbodinent 19, the filmthickness of the
oxidized layer 19 is set to 20 nm and the filmthickness of the surface
electrode 7 is set to 15 nm However, these filmthicknesses are not
limted to the aforenenti oned nuneri cal %#ues. 25 After the surface

el ectrode 7 has been forned, the 133 oxidized |layer 19 is oxidized
according to an oxidation process, the field noderating |layer 9 fornmed of
an chrome oxide.film and an electron source.10 as shown in Fig. 22D is

obt ai ned. Thg.gxi d3theR BhOGEIevERLEPE LA {dEehd Ot Rycperoduckpa. for

exanpl e, ozone generated using an ozone generator into an oxidizing

treatment chapgpetyata %E”tﬁﬂ(éit”ﬁ@, Khe A LVHET AT Bvb NELRAYEEE e, Nt O an

ozone generator at a flfowraté of 5L/mn in a standard condition, electric

di schar ge i syper ARABLA! Q1RGO HENST P o0 £0BECH! 181 kBBmRRORS,  and.

t-he ‘ozone is Introduced’in ~oxldi zing treatnment cha r. Int

treatment, {8ReNshyREcR! i€ AR HAYEL Sl Hasd LobstPareeeabarandyct i ve

substrate is iment 19, a chrome oxli ilm’is used

o, roren, 5 881 Sackysiealle, DY ac Uit L o) bRCLMes 0uthep

formng the oxi ing chronme on t | ayer for med

on the side gf LAg,TB LW aGE 1 I A {¥PSbtained. Subsequently,

the polycrystalline silicon layer 3 is formed porous
according to an anodic oxidation treatment, the porous
polycrystalline silicon layer 4 is thereby formed, and an

10 intermediate broduct having a structure shown in Fig. 22B
is obtained.

In addition, the porous polycrystalline silicqn._
léyer'é'is thermally dxidized,'gﬁd the driftflayer 6 made
of the oxidized porous polycrystalline silicon layer is

15 thereby formed. Then, an oxidized layer 19 made of a
chrome layer is formed on the drift layer 6 according to
an electron beam vapor deposition method. Moreover, the
surface electrode 7 made of a gold metal is formed on the
oxidized layer 19, and an intermediate product having a

20 étructure shown ih Fig. 22C.is-obtalﬁed. In Embbdiment
19, the film thickness of the oxidized layer 19 is set to
20 nm, and the film thickness of the surface electrode 7
is set to 15 nm. However, these film thicknesées are not
limited to the aforementioned numerical values.

25 After the surface electrode 7 has been formed, the



silicon substrate 1 used for the elec.troconductive 20 substrate, in which
the chrone is a conposition elenment fromwhich oxygen is excluded from
conposition elenments of the field noderating |layer 9; a step of formng
the surface electrode 7 on the oxidized [ayer 19; and a step of formng
the field noderating |ayer 9 by oxidizing he 25 oxidi zed | ayer 19
according to the oxidation process 134 a? er the surface el ectrode 7 has
been formed. As such, the electron source 10 having a hi gh ageing
stability can be provided. In addition, since the field noderating |ayer

9 is formed B&ia&iz%idziflgg,éﬂﬂgwisdi&,@Pdi@a&raééoédﬁﬁg%ei Bg beilhe @4 dation

process after the sur e ectrode 7 has been perfornmed, the field

moderating hakelesd CURDEIRY HUEL £ 0 L Pgr CONEBERAAN 8¢ AR cridsFRCd

during the o atiofl process. Moreover, | oxi dat1on process, since

the oxi.di zed L3y ;f]ﬁ_nl s A ogé_[lgée (F'ti%ﬁ higﬁggﬁ _gbf 55?553\”'“&%“'@1&5“6 .

surface el ectro t'he oXi ayer e oxidized at- a

temperatur e HBR i duBinddian +8ok aL EEANEEBBES SOREIALEORarhs HCH, 1t he

nmet hod enabl es 't he prevention damage causing e i sconnection
oo b ebIokR PR 2tk | Segde shipReckeRpbs Mg By
the oxidized Y gehditar & hEGUatobRIPEINE tRhRAY LaiflrP! OOfFS:
Embodiment 19, an oxygen gas is introduced into an ozone
generator at a flow rate of 5L/min in a standard
condition, electric discharge is-performed to thereby
10 generate 5%—c6ncentration ozone, and the ozone is
introduced into an oxidizing treatment chamber. In the
treatment,.the n-type silicqn substrate 1 used_for the
eieéfroconduétive subétraée-is heatéa at 15060. 'Iﬁ. '
Embodiment 19, a chrome oxide film is used to form an
15 oxXide layer.
The manufacturing method includes a step of forming
the oxidized layer 19 by using chrome on the drift laver
6 formed on the side of the main surface of the n-type
_silicon_substfate 1 used for the electroconductive
.20 | substrafe;:iﬁ whiéﬁ the chrome is a coﬁp§sitioﬁ elémént
from which oxygen is excluded from composition elements
of the field moderating layer 9; a step of forming the
surface electrode 7 on the oxidized layer 19; and a step

of forming the field moderating layer 9 by oxidizing the

25 oxidized layer 19 according to the oxidation process



oxi di zed | ayer 19.may be oxidi zed using oxygen plasma. 20 Also in this
case, the oxidized layer 19 can be oxidized at a |ower tenperature than
that in the thermal oxidation, thereby enabling damage causing el ectrical
di sconnection and |layer isolation attributable to coagulation of
conposition el enents of the surface elecgggde. 25 135 (EMBODI MENT 20)

Her ei nbel ow, Enbodi nent 20 of the present invention .wll be described. As
shown in Fig. 23, the basic configuration of an 5 electron source 10
according to Enbodiment 20 is substantially the sane as that of the

conventi onal 5 r@l@CTARN SOWLL W estiWMe I P K48 - bedn BBRRELH.CAIAY siidh,
i ncludes a dielectric substrate 11 nmade of a glass substrate; a pIurallty

of wirings 8gpl %wcteﬂo%ﬁg&ﬁeée 8)0 Ha ¢ had érﬁlaﬁdsge&nans%lamtlrl%pr&wtIve

|l ayer (for .exanple, a netal film such as a chrone, . or "an I TO fil'm) and
that —are-ar. %%“%%v% TR}, SAACEoR] ébﬁcedtﬁée@&em m%‘&lé'itariﬁtrgg 11; a
drift layer nmposed of a pIurallty of - ft portions 6a forned of an-:

oxi di zed Por ad% e Paly o, 8@&@% 'nb JiiEPHg'E‘M@rokEJd%‘i%'a g JPRINeIg as to

overlap with t e Wi rings |so ating portions 6b that are formed of

a po'yC%VSta"%3%&idd‘¥%‘éﬁ%“%xfﬁﬁkléﬂaﬁrbegég'Q%@EEytHé'sdﬂ%é%&?ces

bet ween t he di
electrode 7 has been performed, the field moderating

layer 9 can be prevented from being contaminated and
damaged during the oxidation process. Moreover, in the
oxidation process, since the oxidized layer 19 is

10 oxidized with ozone diffusing through the surface
electrode 7, the oxidized layer 19 can be oxidized at a

' temperature th;t is.lpwer than that in the_thermal
oxidation. As such, the method enables the prevention of
damage causing electrical disconnection and layer

15 isolation attributable to coagulation of gold, which is a
composition element of the surface electrode 7.

In the Embodiment 19, while the oxidized layer 19 is
oxidized using ozone in the oxidation process, the
oxidized layer 19 may be oxidized using oxygen plasma.

20 Also in this-case,-the oxidized layer 19 caﬁ be ozidiZed:
at a lower temperature than that in the thermal oxidation,
thereby enabling damage causing electrical disconnection
and layer isolation attributable to coagulation of
composition elements of the surface electrode.

25



portions 5a; a plurality of surface. electrodes 7 that 20 individually
oppose the wirings 8a via the drift portions 6a; and a plurality of bus
el ectrodes 25 commonly coupling the plurality of surface el ectrode 7,
which are arranged in the direction intersecting with the wirings 8a, in
units of each row on the drift layer 6 g e bus 25 el ectrodes 25 are
arranged in such a nmanner as to cross 1% the drift portions 6a and the
isolating portions 6b in the direction intersecting with the mﬁrings 8a.
For the surface electrodes 7, a material (such as gold) having a' smal

wor k functi QempeHpaMaNeY ) and the filmthickness 5 of the surface
electrode 7 1s set to a range of from15 to 15 nm For the bus el ectrodes

25, a material g:%%l%elwmmm&tm&%pf@)ofheﬁe eeeeehewlh%ln%tlwe and
a high processa |I|ty 'S enp oyed. Since the bus electrode 25 does not

need to tra q]t e% dhe filmthi'ckness 10 thereof can-be-inCreasedf
in conparison- to at o surface electrode 7, thereby enabling the

resi stance to %%&S in 'ﬂtﬁ L 1

fornms the substrate shown | and ectron source 10

15 of Brbodig R0, Ish il a6 ehLestialile! BE! ERBELINRAY Py 182 made of

an el ectrocon UCtI ve are ea I nt er pose narrow a current passageway

(o ¥educe IipTEd11 PARESaAL AL PRLECEE LhR RWHAGR el rode 7 and

electron source 10" shown in Fig. 54. Specifically, it
includes a dielectric substrate 11 made of a glass
substrate; a plurality of wirings 8a (lower electrodes 8)

10 that are made of an electroconductive layer (for example,
a metal film, such as a chrome, or an ITO film) and that
are arranged on a main surface of the dlelectrlc |
substrate 11; a drlft layer 6 composed of a plurallty of- )
drift portions 6a formed of an oxidized porous

15 . polycrystalline silicon layer in such a manner as to
overlap with the wirings 8a, and isolating portions 6b
that are formed of a polycrystalline silicon layer and
that individually fill up spaces between the drift

- portions 6a; a plurality of surfaee.electrodes 7 that

20 inditidualiy oppoée'the wirinés éa tia the'drift:porttons
6a; and a plurality of bus electrodes 25 commonly
coupling the plurality of surface electrode 7, which are
arranged in the direction intefsecting with the wirings
8a, in units of each row on the drift layer 6. The bus

25 electrodes 25 are arranged in such a manner as to cross



el ectrode 25. 20 As shown in Fig. 25, the narrow portion 18a causes

di sconnection when an overcurrent flows. Specifically, in the narrow
portion 18a, the thermal capacity is forned to have a small thernmal
capacity to cause di sconnection when an overcurrent flows. In the el ectron
source 10, 25 each of the surface elect&%%es 7 is sandw ched between 137
two of the bus el ectrodes 25 commonly coupled to identical pads 28. Each
of the narrow portions 18a is interposed between the surface el ectrode 7
and the-bus electrodes 25 and 25 on two sides thereof. The narrow 5

portion 18ay h%td(}‘ﬁ % SEPOSES Bst ¥RENthBe igWnhagey %&Oélrcﬁgse éband the bus

electrode 25 overcurrent protectionel'enent for limting the

current éﬁ%ffké%ﬁu @&fss&e%@%@tﬁ thd WS RCtFHN SPYF Cepd0 of
Enbodlnent 20, as In 1e conventi onal el ectron source 10" shown in Fig.
54, the drid [ the dgr r e en the '
plurality of &vﬁ%%s&gécgﬁ%&% ehp %Hgﬂ:ﬁb{iéﬁ (@%hsuaﬁ‘%ﬂcg)rgg?r%g%‘gﬁ
such, when aj h c t 8a |s

15 approprlate ectgﬁné€£ tga ﬂgg%ggpkfggq¥%§fﬁﬂﬂn @$%%$%%Qget a
strong §ieldds J?@%l%ﬁf'agé'@leet}aaedﬁ' b SRt | 44 0p df&nbfhow the
surface el ectro roxinmate to portlon co esponding to an

to 15 nm. For the bus electrodes 25, a material (such as
aluminum or copper) that has a low resistance and a high
processability is employed. Since the bus electrode 25
does not need to transmit electrons, the film thickness

10 thereof can be increased in comparison to that of the
surface electrode 7, thereby enabling the resistance to

- be reduced. In Embodiment 20, the dielectric substrate
.il'fofme'the substrate. - | | | |
As shown in Figs. 23 and 24, the electron source 10

15 of Embodiment 20 is characterized in that narrow portions
18a made of an electroconductive are each interposed to
narrow a current passageway (to reduce the current
passage area) between the surface electrode 7 and the bus

. electrode 25.

20 | As shown in Flg 25, the narrow portlon 18a causes
disconnection when an overcurrent flows. Specifically,
in the narrow portion 18a, the thermal capacity is formed
to have a small thermal capacity to cause disconnection
when anh overcurrent flows. In the electron source 10,

25 each of the surface electrodes 7 is sandwiched between



intersection with the wiring 8a in the selected bus 20 el ectrode 25, and

el ectrons are thereby emtted. That is, when an associated set of the bus
el ectrode 25 and the wring 8a to which voltage is applied, electrons can
t hereby be emtted froma desired cross point. The voltage to be applied
bet ween the bus el ectrode 25 and 25 the qwer el ectrode 8 is set to a range
of from10 to 20 138 V. Each of the wifings 8a is fornmed as a stripe
having two end portions in a longitudinal direction on which pads 27 are
individually forned. The bus el ectrode 25-is coupled to the individual

pads 28 at twe HsHd gl S donsbdadi ngl cginh8atOoRLPAEOo The basic
performance of the electron source 10 according to Enbodinent 20 is

subst ant i al liaefte SAT AL ddat ©fch herCPRYenhiroRR! p%!rfz"‘c(iforngfq sree 10
shown in Figs. 46 and 47; hence, .a detailed description thereof 1s 10

dnitted.hergyyyypo_éaegg%ﬁgéﬁntﬁ@ésﬁffaégﬁﬁsefggg@gsbrgﬁaufiéﬁbﬁge drift .

llayer 6 (drift portion 6a) are substantially e sane as.In the cases of

the CONVENLIQRAy RISCIDMLOUIS o5n 1noaBdald” chieebele ! O dH nadhy hence,

a detailed description thereof Is omtted 15 herefrom In the electron

oV e A B I 20, calgcselbbongu uchR ol YRR S,
an electrode 7 and the bus electrode 25, and forms an
overcurrent protection element for limiting the current
flowing to the surface electrode 7.
In the electron source 10 of Embodiment 20, as in
10 the conventional electron source 10" shown in Fig. 54,
the drift portions 6a of the drift layer 6 are sandwiched
betwegn_the.plurality of wirings 8a and_the plurality of
" the surface eléct£adés 7. As sﬁch,'When an associated
set of the bus electrode 25 and the wiring 8a is
15 appropriately selected, and voltage is applied to the
selected set, a strong field is applied only to the drift
portion 6a positioned below the surface electrode 7 that
is proximate to a portion corresponding to an
intersection with the wiring 8a in the selected bus
20- eléctfode;25, and electrons aré thereby emitted. That is;
when an associated set of the bus electrode 25 and the
wiring 8a to which voltage is applied, electrons can
thereby be emitted from a desired cross point. The
voltage to be applied between the bus eleétrode 25 and

25 the lower electrode 8 is set to a range of from 10 to 20



-overcurrent flows to a specific one of the surface 20 el ectrodes 7, the
narrow portion 18a interposed between the surface electrode 7 and the bus
el ectrode 25 causes disconnection. Consequently, an overcurrent can be
prevented fromcontinually flowing to a specific one of the surface
electrodes 7, a deterioration range can hgg25 prevented from being

i ncreased because of heat generation, 139 "and the reliability can be

i nproved. Essentially, since the overcurrent protection elenent for
limting current flowing to' the surface electrode 7 is.iriterposed between

the surface gl ectwRde o arh Lher Pgs eBECL 5088 rdaq 88 2 QUeNPY NMeRiidd ow ng

bet ween the bus electrode 25 and the surface electrode 7 can be limted.

Thereby, an R I eI fdo0i Ng £016R918HEEAGRE BlieEadn bn B i ft
portion 6a, and the wiring 8a can.be limted, and the tenperatures thereof

can be i nhi biged, fz'r'voral@iﬂgdﬂgia@&i‘fﬁsfgrjmgensequ%nmé, i dRId 103 afd on

range can be™ prevented from being ihcreased, and the reliability can

thereby be i ety 4d) AHCInYLY ISuadll BEARNOBL LAN LN fGRUSRA only in

the narrow portion 18a interposed between an overcurrent-fl owed surface

el ectrode 7 qg%éitéég &if&éf?gﬁ g erggfwhich the surface electrode 7 is
hose correspon

one of t Ing to 1 ndividual pixels. Thereby, influence on

the surface el ect nafes, f. £OTEEsRORbAGe ' 8 RhBCEIRIETLS SRbR Iy bited,

and the reliability as
according to Embodiment 20 is substantially the same as

that of the conventional electron source 10" shown in
_Figs. 46 and 47; hence, a detailed description thereof is
10 omitted herefrom.. In addition, the set and a
microstructure of the drift layer 6 (drift portion 6a)
-are_substantia}ly the same as,in_the cases of_the_
convehtioﬁal electron sburées 10! énd 10" (reféf-to Fig.
45); hence, a detailed description thereof is omitted
15 herefrom.

In the electron source 10 of Embodiment 20, since
the narrow portions 18a are each interposed between the
surface electrode 7 and the bus electrode 25, when an
-overcurrent flows to a specific one of the surface

20 elecfrodes 7, the nafrow portioﬁﬁléa inférposed between
the surface electrode 7 and the bus electrode 25 causes
disconnection. Consequently, an overcurrent can be
prevented from continually flowing to a specific one of
the surface electrodes 7, a deterioration range can be

25 prevented from being increased because of heat generation,



el ectron source. used with a display can be inproved. In 20 the electron
source 10 of Enbodi nent 20, the isolating portion 6b insulates a portion
bet ween the adjacent drift portions 6a, thereby enabling crosstalk in
which, for exanple, electrons are emtted through the portion between the
adj acent drift portions 6a, to be prevented. 25 Mreover, in the electron
source 10 of Enbodi nent 20, as 140 in the conventional electron source
10', the dependency to the degree of vacuum as an el ectron em ssion
property is reduced. Concurrently, no popping phenonmenon occurs during

el ectron em g$i0mnANb ese £ Cééﬁ’”ﬁec Nrp%ertahy 5be coittiad, ats it @h
el ectron em ssion efficiency. 21) Herei nbel ow, Enbodi ment 21

of the presertd rb%ﬁéﬁdxﬁrkeﬂ\tlﬁr@@eéﬁsw Bedmed® ASrshawd dithdidsrreft and
27, the basic configuration ‘of an electron.source 10 according to

Enbodi nent 2% liowinp R ad akdyribe é@aetéédtahat iqf 1&1'%%1%40%‘3& Q{btﬁfﬂé’ér&?e 10..

accordi ng to Enbodinent 20; however Is different in that high

resi stance | £asH e p d rfac Iectrode
7 and the bugéh%{ ectrod@éee Eg%ﬁéo? ?ﬁg ﬁggr %%%g%?{él%ﬁg%aj?seﬁrﬁt er posed

bet ween 4 he Jaﬁ%&{@%imﬁg 1?8 ‘l"%ig’t%i %&%t E;h%cgl%‘iﬁcsro%ﬁ NG Pr ke an

overcurrent protection el enent e current flow ng
to-the- Surfe“§ﬁf¥§¥gréfghgfode 7 can be limited. Thereby, an

overcurrent flowing to the surface electrode 7, the drift
portion 6a, and the wiring 8a can be limited, and the
temperatures thereof can be inhibited from being
i0 increased. Canequently, the deterioration range can be
prevented from being increased, and the reliability can
thereby be improved. In other words, disconnection can
be caused bhly in tﬂe-narrow'poffibn 18a inferposed“
between an overcurrent-flowed surface electrode 7 and a
15 bus electrode 25, in which the surface electrode 7 is one
of those corresponding to individual pixels. Thereby,
influence on the surface electrodes 7 corresponding to
other pixels can be inhibited, and the reliability as an
electron source used’ w1th a display can be improved. In
20 the electron source 10 of Embodiment 20 the 1solat1n§
portion 6b insulates a portion between the adjacent drift
portions 6a, thereby enabling crosstalk in which, for
example, electrons are emitted through the portion
between the adjacent drift portions 6a, to be prevented.

25 Moreover, in the electron source 10 of Embodiment 20, as



20 Thus, in conparison to the conventional electron source 10" shown in
Fig. 54 in which the individual surface electrodes 7 and bus el ectrodes 25
are directly coupled, in the electron source 10 of Enbodi nent 21, an
overcurrent can be prevented fromflowing to the surface 25 electrode 7, a
deterioration range can be prevented fro 41 being increased because of
heat generation, and the reliability can be inproved. (EVMBODI MENT 22) 5
Her ei nbel ow, Enbodi ment 22 of the present invention wll be described. As
shown in Figs. 28 to 30, the basic configuration of an electron source 10

accor di ng to;Enhedi MRl A% i Sha SUDBLEPESR! LyutbE 387 @Bt BRbeRfadddwa) in

Enbodi nent 20 I0 however, it is different in that thernmo-sensitive | ayers

18c having apogild gt Y ANEEC &mgaaﬂrsl&gﬁ%%cgﬁ%si%e ty

i nt erposed between t surface. electrode.7 and the bus el ectrode

shown in:ngiSS¥éddE%§¥3tégg r S&0eL lvﬁolﬁﬁﬁ?ih'5 ﬁ%ﬁomh%%nf%%éﬂfQ?e

val ue increases according to the 1 nctease enperature. As-a material of

the ther - %%Qﬁj%%%ﬁéé%/ n]éﬁisggﬁg?? 1 lﬁenéeB@Igg%igﬁﬁe%dﬁﬂéyéﬁﬂ used

for a PTC therm stor nay be used. rno- sensitive [ayer 18c for an

g‘lﬂ ;g;rse”t ROt 1 20 &) £ NL1 LQErbh bk B8 bRC 18/ Jy oW ng to the
(EMBODIMENT 21)
Hereinbelow, Embodiment 21 of the present invention
will be described.

10 As shownfin Figs. 26 and 27, the basic configuration
of an electron source 10 according to Embodiment 21 is
substantial;y_thg same as that of:the_eleqtrqn source 10_
-éccording to Embodimenf 20{ hoﬁever if is diffé}ent:in
that high resistance layers 18b are each interposed

15 between the surface electrode 7 and the bus electrode 25.
Each of the narrow portions 18a is interposed between the
surface electrode 7 and the bus electrodes 25, and forms
an overcurrent protection element for limiting the
current flowing to the surface electrode 7.

20 | Thus, iﬁ compérison'to the conveﬁfibnai.eléctron
source 10" shown in Fig. 54 in which the individual
surface electrodes 7 and bus electrodes 25 are directly
coupled, in the electron source 10 of Embodiment 21, an
overcurrent can be prevented from flowing to the surface

25 electrode 7, a deterioration range can be prevented from



el ectrode 7. O her portions are the sane as those in Enbodi nent 20. Thus,
in the electron source 10 of Enbodi ment 22, when an overcurrent flows to
the surface electrode 7, and 25 the tenperature increases, the resistance
of the therno 142 sensitive layer 18c interposed between the surface

el ectrode 7 and the bus el ectrode 25 ingngases. Thereby, in conparison to
the conventional electron source 10". SHown in Fig. 54, an overcurrent can
be prevented from5 flowing to the surface electrode 7. Consequently, a
deterioration range can be prevented from being increased because of heat

generation, yanthd g deldabh | hi¥a638 Be nbHRr guedratd JrEVBE MENT 23 )

Her ei nbel ow, Enbodi ment 23 of the present invention wll be.described.

As shown in Fi1GadditPecdashe ¢aptbgenation of an electron source 10
according to Enbodineﬁ¥ 23 is 15 substantially the sane as that of the

conventional electron source 10" -shown in Fig. 54.-Specifically, it - .
includes a dielectric substrate 11 nmade of -a glass ‘substrate; a plurality -

of wirings 8 ngﬂgﬁ% esbyodes 8) that are nmade of an el ectroconductive
| ayer (for eg%np e, :%%a n%tal film such as a chrome, or an ITOfilm and

that afe arrangegd Q; 3, &PbW, Senb8aemeht! B9 direk@S! Present invention
will be described. |
As shown in Figs. 28 to 30, the basic configuration
of an electron source 10 according to Embodiment 22 is
substantially the same as that of that in Embodiment 20;
10 however, it ié different in that thermo-sensitive layers
18c having a positive resistance temperature coefficient
are each interposed between the surface electrode 7 and
the bus eiectfodé'ZS. | |
As shown in Fig. 31, in the thermo-sensitive layer
15 18c, the resistance value increases according to the
increase in temperature. As a material of the thermo-
sensitive layer 18c, for example, a BaTiO;-based material
used for a PTC thermistor may be used. The thermo-
sensitive'layer 18c forms an-ovgrcurrent protection
20. éleﬁent for'limitihg'the cuffént fiowing'to the}surface
electrode 7. Other portions are the same as those in
Embodiment 20.
Thus, in the electron source 10 of Embodiment 22,
when an overcurrent flows to the surface electrode 7, and

25 the temperature increases, the resistance of the thermo-



substrate 11; a drift layer 6 conposed of a plurality of drift portions 6a
formed of an oxidi zed porous polycrystalline silicon layer in such.a
manner as to 25 overlap with the wirings 8a, and isolating portions 6b 143
that are formed of a polycrystalline silicon layer and that individually
fill up spaces between the drift portip €% 6a; 'a plurality of surface

el ectr.odes. 7 that individually oppose e wrings 8a via the drift
portions 5 6a; and a plurality of bus electrodes 25 commonly coupling the
plurality of surface electrode 7, which are arranged in the direction

I ntersecti nge%ihiwelwy 48 c %téfbdgud pofweashthewsaprhbe drift |ayer
6. The bus electrodes 25 are arranged in such a nanner as to cross 10 the

drift porti @nécﬁgoaed 7t R d SHAHNY LA AhFe 651 Tnctbgsdll ecrhieby,
intersecting wt he wirings 8a. For the surface electrodes 7, a materi al

(such as 90£§) cBg&Sh‘Bﬁ dn %@'dn%&ﬁéé&{@iam'élsavefeﬁegou%e@ 4o film

t hi ckness Surface electrode 715 set to a range of from 15 15 to 15 -

nm For theghlsn ﬁctfrl%de%@&arp ﬁ]?{.e&@u&%naﬁe ﬁkg%ﬂ%@ﬁorﬁ%ﬁpper)

that has a FOM/FESISta Ce and a h processability 1s enployed. In

Embodi gent %?og&%ﬁ @ Gt Ctsrdchafé@séiéé@r&&ef@r ”BCB Ee?ﬂ@ﬁttrl%te As shown

in Flgs 32 the el ectron source 10 20 cteriZzéd in that the

drift portigngedd et it haddy Eh e %f&%ﬁ‘f‘&&' exaoﬂ%alhal SRiciR shape.

and net al
because of heat generation, and the reliability can be

improved.

10  (EMBODIMENT 23)
Hereinbelow, Embodiment 23 of the present invention
~_will_be described.
| As'éh6Wn in Fig. 32}.thé.basic confiéufafion of an
electron source 10 according to Embodiment 23 is
15 substantially the same as that of the conventional
electron source 10" shown in Fig. 54. Specifically, it
includes a dielectric substrate 11 made of a glass
substrate; a plurality of wirings 8a (lower electrodes 8)
_that_arg made of an electrocqnductive-layer_(for example,
20 - é métai film; suéh as a chrome, dr an ITO £ilm) and'that.
are arranged on a main surface of the dielectric
substrate 11; a drift layer 6 composed of a plurality of
drift portions 6a formed of an oxidized porous
polycrystalline silicon layer in such a manner as to

25 overlap with the wirings 8a, and isolating portions 6b



| ayers 18 each covering a vicinity of a side 6c along the | ongitudinal
direction of the bus electrode 25 (side 6¢c that is parallel to the bus

el ectrode 25) are provided. 25 In Enbodi nrent 23, passage of el ectrons can
be 144 prevented by setting the thickness of the netal layer 7 to be

| arger than the nean free path of the elfgérons drifting through the drift
portion 6a. For.a material of. the neta ayer 18, for exanple, gold may
be used. Wth 5 the gold being used, the resistance of the netal |ayer 18
can be reduced, and concurrently, a high property of adhesion between the

surface el ect10feafoaed il QS o AAGYAHR 20 60 bey | aph eyEpLedanghe et al

| ayer 18 forns an el ectron-em ssionre alning portiont 10 restrains

el ectrons frgﬂ%ﬁgggg}sghh%gggiq%gﬂgmﬁasﬁggégﬁggﬁweggr{ﬁgndg%fkhe drift

portion 6a on" n-t hi"s particul ar case, II'e the gold

s used f  JRLEELal | Al ' mpterial of -.the netal
5,0 | CURPESELCES) o) S LlgeEmbacgey gl e el
Enbodi nent 2

Coc vent ZpalSibg e ABER s Aaed 90 984T Ef L MR, |
O R B L e e O A g
's approprigbely ;3§ ¢ Ur A MY (S0P 2PR L8 PobBe7, which are
arranged in the direction intersecting with the wirings
8a, in units of each row on the drift layer 6. The bus
electrodes 25 are arranged in such a manner as to cross

10 the drift porfions 6a and the isolating portions 6b in
the direction intersecting with the wirings 8a. For the

- surface e}ectrodes-7,_a naterial (such as gqld) having a
'éﬁéii work funétidﬁ iéﬁémployed; aﬁd thé'film thickness
of the surface electrode 7 is set to a range of from 15

15 to 15 nm. For the bus electrodes 25, a material (such as
aluminum or copper) that has a low resistance and a high
processability is employed. In Embodiment 23, the
dielectric substrate 11 forms the substrate.

As shown in Figs. 32 and 34, the electron source 10 -

20. :is chéracferized in that the drift-portions.6a are:each
formed in a rectangular-parallelepiped shape, and metal
layers 18 each covering a vicinity of a side 6c¢ along the
longitudinal direction of the bus electrode 25 (side 6c

that is parallel to the bus electrode 25) are provided.

25 In Embodiment 23, passage of electrons can be



selected set, a strong field is applied only to the drift portion 6a
positioned bel ow the surface electrode 7 that is proxinmate to a portion
corresponding to an 25 intersection with the wiring 8a in the sel ected bus
145 electrode 25, and electrons are thereby emtted. That is, when an
associ ated set of the bus el ectrode 25 gg? the wring-8a to. which.voltage
Is applied, electrons can. thereby be tted froma desired cross point.
The 5 voltage to be applied between the bus el ectrode 25 and the | ower

el ectrode 8 is set to a range of from10 to 20 V. Each of the wirings 8a

(5 Tormed a8 8ushile AR LR RO REELLERS BB enboRghthge, i ot on
coupled Lo, bheplnd g inlamats 00 gladve: Epchain bhepkoutcbsling
i O R S e,
gubsr,rit gr ;);sglrrglteﬂ]geto t%.geg‘;roi]f%' I%yer % Elj%rl ft portfno& g’%} e

sources 10' tzlr?d gfd's@%‘raeejf%zq @%é%;?gfﬁ%g?%%;S{:Egﬁce:g?%\zﬁg‘;e{ Ea)[{él g&eiil:ag:érﬁopmt? on

thereof is %Eﬁ%&ﬁ?’régﬁ

égéf”gnd concurrently, a high property of
adhesion between the surface electrode 7 and the bus
electrode 25 can be implemented. The metal layer 18
forms an electron-emission restraining portion that

10 restrains eleétrons from being emitted through a
peripheral portion of the drift portion 6a on the drift
layer 6. 'In this particular case, whi;e the gold is used

for the méteriél of the metél'iayer 18;'£he.matéfiai-6f
the metal layer 18 is not limited to the gold.

15 In the electron source 10 of Embodiment 23, as in
the conventional electron source 10" shown in Fig. 54,
the drift portions 6a of the drift layer 6 are sandwiched
between the plurality of wirings 8a and the plurality of
the surface electrodes 7. As such, when an associated

20 set of tﬁe bus elecﬁrode 25 and the.ﬁifing 85 is |
appropriately selected, and voltage is applied to the
selected set, a strong field is applied only to the drift
portion 6a positioned below the surface electrode 7 that
is proximate to a portion corresponding to an

25 intersection with the wiring 8a in the selected bus



In the electron source 10 of Enbodi nent 23, since the netal |ayers 18 each
covering a vicinity of a side 6¢c along the |longitudinal direction of the
bus el ectrode 25 25 are provided, by setting the thickness of the netal

| ayer 146 18 to be larger than the nean free path of the el ectrons,

el ectrons can be prevented from being epjtted through a portion positioned
below the "netal layer .18 in a peripheral portion of the drift portion
6a. Consequently, 5 when the electron source is adapted in a display,
occurrence of bl eeding can be prevented, and a high- precision display can

be inpl ementedctidRAGIS, Qhd tdecF&ks F QPe SBHEERLENBRK €% RC.CUMHRNC 6 Of
crosstalk in which, for exanple, electrons is emited through a portion 10

bet ween t heyadinaGentasHddila i tdONSo Parnbopis Rie¥erbed 25 Ridd&sl ectron
source 10 of Enbodinent.23, as.in the 'conventional electron source 10',.

the dependepgy ity tdhe tAGH RS, Mo VOSYEM 852881 $LACT AR B3 Qfﬁrpr.op'er't'y-. s

reduced. -Concurrently,; - no poppl hg phenonmenon occurs 15 duri-ng el ectron

em ssion, a e&@ﬁﬁﬁ 1ONSg st ab, : epi d.at; i gh ctron
em ssion ef ?:iqllci ency.}ﬁé %Iizﬁl\}BODI I\/ICEIfifI'I'bIE4 %?é?%ge%&f%Eﬁ?&&mﬁentﬂéﬁ of the

The basi ¢ Comtigt: a0t o P an o cat e Boirae s Seesiaves oy dndoy W le
the lower electrode 8 is set to a range of from 10 to 20
V. Each of the wirings 8a is formed as a stripe having
two end portions in a longitudinal direction on which
pads 27 are individually formed. The bus electrode 25 is
10 coupled to thé individual pads 28 at two ends in the
longitudinal direction thereof.

The basic performance of the electron source 10 -
aécording to Embodiment 25 is.subStantiéily_the same as
that of the conventional electron source 10" shown in

15 Figs. 46 and 47; hence, a detailed description thereof is
omitted herefrom. 1In addition, the set and a
microstructure of the drift layer 6 (drift portion 6a)
are substantially the same as in the cases of the

~ conventional electron sources 10' and 10" (refer to Fig.

26 45) ; hence,'a detailed de$¢rip£ion thereof is omiffed-
herefrom.

In the electron source 10 of Embodiment 23, since
the metal layers 18 each covering a vicinity of a side 6c

along the longitudinal direction of the bus electrode 25

25 are provided, by setting the thickness of the metal layer



Enbodi ment 24 is substantially the sane as that of the electron source 10
shown in Fig. 23, it is different in 25 that a netal |ayer 18 covers the
entire peripheral 147 portion of the drift portion 6a. Specifically, in
Enbodi ment 24, the nmetal layer 18 is forned as a rectangular frame in such
a manner as-to cover all the vicinitiqggpf sides 6¢c and 6¢, which each
extend parallel 5 to the bus electrode 25, and sides 6d and 6d, which each
extend perpendicular to the bus electrode 25. The netal layer 18 forns an
el ectron-em ssion restraining portion that restrains electrons from being

enmitted thrpgigho ape PEALREET BhaBOthieOhedh tHiRdriddtth ROF L8 &Be@Brbhe, drift
10 layer 6. Other portions are the sane as those in Enbodi nent 23; hence,

descriptionsidbereps asf BB predenhteieimem bEidsy asittedEhebaghran source
10 of Enbodi nent 23, in the electron source 10 of Enbodi ment 24, by _

setting 15,4peibhi 555€8%0abd Be16R! ahd aarall8 dpeber g arges than the nean
free path of the electrons, électrons can be prevented frombeing emtted

through a p;?éﬂﬁﬂei?%i bberedn Bel end e inmt ot 8. i ncenbeglBReN Y,
portion of the "drift portion 6a. Consequently, when the electron source 20

i s usegd in gngdhSphaye1@EEYbheRoRre BlLodifa &anibes RLoYERyPd, and a
hi gh- preci sion display can be inplenented. In the el ectron source 10 of
Enbodi ment 24surrence of bleeding can be prevented, and a high-
precision display can be implemented. In addition, the
electron source enables occurrence of crosstalk in which,
for example, electrons is emitted through a portion
10 between the a&jacent drift portions 6a, to be prevented.
In the electron source 10 of Embodiment 23, as in the
~_conventional electron source 107, the dependency to the .
aegree of'vacﬁﬁm as an éieCtrbn'emiséibh'property.i;
reduéed. Concurrently, no popping phenomenon occurs

15 during electron emission, and hence electrons can stably

be emitted at high electron emission efficiency.

(EMBODIMENT 24)
Hereinbelow,-Embodiment 24 of the present invention
20 will be described. | |
As shown in Figs. 35 and 36, while the basic
configuration of an electron source 10 according to
Embodiment 24 is substantially the same as that of the
electron source 10 shown in Fig. 23, it is different in

25 that a metal layer 18 covers the entire peripheral



since field em ssion can be prevented in the overall peripheral portion of
the drift portion 6a, in conparison 25 to Enbodi nent 23, a higher-precision
di splay can be 148 inplenented. In a display using the electron source 10
of Enbodi ment 23, when the pixel size is reduced to further inprove the
precision,. because of influences of ehggtrons emtted fromtwo sides of
the drift portion 6a 5 in the direction™along which the wirings 8a are
arranged, bl eeding develops to an extent that cannot be ignored. However,
in the el ectron source 10 of Enbodi nent 24, since the netal |ayer 18 al so

covers ViCigdﬁF¥§éﬁ?fr%hes.|ﬁ§f69°9EiBH66g[if% QUitd Q14 188, W ch each

extend al on t ongitu direction of the wring 8a, electrons

em ssion fr Qe S0 gg%t | ORS ﬁétyﬂeég%frt 1805t gy Bad s the direction

al ong. whi ch.the wring 2 are arrang can be prevented, and the display

Erhod mont 28 01 I NEL b cCEREe | WoRC an® WP o deet IKaT” A Shoun in
Figs. 37 38 ' LCq fi ti f
10 accor di ng o™ Erboa: SEnt T aae; £osBh Sar) PR 1l R B aT R O

el ectrag soyree 9 ﬁ@g\’\@légtfbge gg’, Lhd $i%eld € Und "6d, which each

extend perpendicular to the bus electrode 25. The metal
layer 18 forms an electron-emission restraining portion
that restrains electrons from being emitted through a
peripheral portion of the drift portion 6a on the drift

10 layer 6. Othér portioﬁs are the same as those in
Embodiment 23; hence, descriptions thereof are omitted
herefrom.

&hus, as in the eléctiﬁn'éoﬁrce 10 offEmbodiﬁénf'Zé,

in the electron source 10 of Embodiment 24, by setting

15 the thickness of the metal layer 18 to be larger thah the
mean free path of the electrons, electrons can be
prevented from being emitted through a portion positioned
below the metal layer 18 in a peripheral portion of the
drift portion Ga. ConSequently, when the elegtron source

20 is uéed ih.a dispiay, oécurreﬁce.of bleedihg.Caﬁ.be
prevented, and a high—precision display can be
implemented. In the electron source 10 of Embodiment 24,
since field emission can be prevented in the ovefall
peripheral portion of the drift portion 6a, in comparison

25 to Embodiment 23, a higher-precision display can be



that the bus electrode 25 is fornmed to have portions that each overlap
with the side 6¢c of the drift portion 6a, 25 which extends in the

| ongi tudi nal direction of the bus 149 electrode 25, and an end portion of
the surface electrode 7. In Enbodinment 25, while the netal layer 18 in
Enbodi ment 23 (refer to.Fig. 32) is notlgéovided, the electron-em ssion
restraining portion in Enbodinent 23 is formed of the portion of the bus
el ectrode 25. Since the bus electrode 25 does not need to transm t

el ectrons, the thickness thereof can be set | arger than the nean free

path of el ecipemehbat. dr iTht o krieiam hes f‘&hé’%ié@ﬂr@ﬁ sof-Ber 1Ror tions
are the sane as those in Enbodi nent 23; ence descriptions thereof are

onitted herefrembodIfeat 23, kel atid %Mrfyfzéolgf rE8heduMeBt 25, since
the el ectron-em ssion restralnlng portion is formed of the portion of the

bus el ectr ogigreherbympebieng @ rddiLidies Hdkah be QE%EH%B&Q@ %% to be

| arger than the 15 nean free path of ‘the 'sl'ectrons, el ectrons can

prevented feparbebAs eniitted BeeAINS®fsides bys %&C&E@? \A};}t&%ﬁ%&h a

peri pheral portion of the drift portion 6a. Consequent

el ectrgn SOﬂﬁCEhe5d§§§@th6naar@ﬁﬁﬂﬁﬂﬁcﬂmtﬁﬁrﬁfffn?é Péesgb“gr9§%g%%,

prevented, and a 20 high-precision display can be enent ed.

conpari son bigelhfgehegknonsSHy & KkidinEnbodi ”Bgﬁngé ba Wghokehe | ower

el ectrodes 8 are provided, in the electron source
However, in the electron source 10 of Embodiment 24,
since the metal layer 18 also covers vicinities of the
sides 6d of the drift portion 6a, which each extend along

10 the longitudinal direction of the wiring 8a, electrons

emission from two end portions of the drift portion 6a in
the dlrectlon along which. the w1r1ngs Ba are arranged can

be prevented and the dlsplay precision can be 1mproved

even higher.

15
(EMBODIMENT 25)
Hereinbelow, Embodiment 25 of the present invention
will be described.
-As shown in-Figs 37 and 38, whlle the ba51c
26 conflguratlon of an electron source 10 accordlng to

Embodiment 25 is substantially the same as that of the
electron source 10 shown in Fig. 23, it is different in
that the bus electrode 25 is formed to have portions that
each overlap with the side 6c of the drift portion 6a,

25 which extends in the longitudinal direction of the bus



10 of Enbodi ment 25, no portion overlapping with the netal layer 18 is
requi red. Consequently, the field 25 em ssion areas of the individual
surface el ectrodes 7 are 150 nmaintained equal, the dinensions of the
surface el ectrode 7 can be reduced, and the pixel size can thereby be
reduced. 5 (EMBODI MENT 26) Herei nbel ow, ;gbodi nent 26 of the present

I nvention w Il be described. As shown in Fig. 39, an electron source 10
according to Enbodi ment 26 includes a dielectric substrate 11 nade 10 of
a glass substrate; a plurality of wirings 8a that are made of an

el ectr ocondegiictedday @s,( faid exarah® psr FB6R! off thE s8%e¢h 2S 3 LR OF
an. I TOfilm and that are arranged on a main surface of the dielectric

substrate %1, andimbodidsit &3 0NROSES Oheanatufahihi¥ 0hgdnift 15 portions
6a formed of an oxidized. porous polycrystalline silicon layer in such a

nmanner as'tQmEbGﬁh@ﬁﬂMﬁ§1@ﬂéfeﬂ“ﬁén9§g3332?ngsiﬁekahkggiﬁgﬁﬁ?gﬂ&iﬁbsthat-
are formed of a polycrystalline silicon layer-and that -individually. . -fill

up spaces betweerchhenilddilorP ¥ dd P81 88ngapBLbighi % ﬁﬁb&hi 2SR ig
el ectrodes 7 arranged to oppose the wirings 8a via the drift portions 6a

in thesdiregbrfiRdl BIFCRIRCHIWE i M 18 1H2e VHHLNES B2 AR F%.th%ﬁﬂgéﬂ%ﬂém
al ong which the |ower el éctrodes 8 extend; and a plurality o us
bus electrode 25 does not need to transmit electrons, the
thickness thereof can be set larger than the mean free
path of electrons that drift through the drift portion 6a.
Other portions are the same as those in Embodiment 23;
10 hence, describtions thereof are omitted herefrom.
Thus, in the electron source 10 of Embodiment 25,

- since the electron-emission restraining portion is formed
6f the'pgfinﬁ of the bus;elééfrode 25, b§ sétfihg the
thickness of the bus electrode 25 to be larger than the

15 mean free path of the electrons, electrons can be
prevented from beiﬁg emitted because of the bus electrode
25 through a peripheral portion of the drift portion 6a.
Consequently, when the electron source is used in a
_display, occurrence of bleeding can be prevented, and a

20 ﬁigh—pfecisidh dispiéy can be implemented; In comparison'
to the electron source 10 of Embodiment 24 in which the
lower electrodes 8 are provided, in the electron source
10 of Embodiment 25, no portion overlapping with the
metal layer 18 is required. Consequently, the field

25 emission areas of the individual surface electrodes 7 are



el ectrodes 25 commonly coupling the plurality of surface 25 electrode 7,
which are arranged in the direction 151 intersecting with the wirings 8a,
inunits of each rowon the drift layer 6. Each of the wirings 8a is
formed as a stripe having two end portions in,a longitudinal direction on
whi ch pads 27 are individually formed. ﬂ§05 bus el ectrode 25 is coupled to
the individual pads 28 at two ends in t | ongi tudi nal direction thereof.
The surface electrodes 7 are forned of a material (such as gold) having a
smal | work function; and the film thickness of the surface electrode 7 is

set to a rangegt 1Rl "AAh] !t Al difle Jﬂﬁa{ﬁf SLEC! £0ARE 25 AERLIRLRd of

a mterial (such as alu urh or copper as a resi stance and a
hi gh pro-cessa | oy e t es not need
to transmt Zlggbrgﬁskaiﬁggé)f%#q gfﬁ%#%%fé%§n£ ggﬁégrggsed in ,
conpari son 1§e§8c%gat of the: surface electrode 7, .thereby .enabling the E
resi stance to be reduced. The dielectric: substrate 11 forns the substrate.
In the electron source 10 of Enmbodi nent 26, as in the conventi onal
electron source 10" shown in-Fig. 54, 20 the drift portions 6a of the drift

| ayer 6.are sg&% %. meen the plurality of wirings 8a and the
pIuraIrPy of sur ace Iectrodes 7. As such, when an associated set of
IS eIeCtrodeH%%ea% H@%)Mﬂﬂﬂghlmeﬁé 26 of the present invention

will be described.
As shown in Fig. 39, an electron source 10 according
to Embodiment 26 includes a dielectric substrate 11 made
10 of a glass suﬁstrate; a plurality of wirings 8a that are
made of an electroconductive layer (for example, a metal
- film, such as a chrome, or an ITO film) and that are
arranéed en a main surface:of the dielectrié suﬁstrate
11; a drift layer 6 composed of a plurality of drift
15 portions 6a formed of an oxidized porous polycrystalline
silicon layer in such a manner as to overlap with the
wirings 8a, and isolating portions 6b that are formed of
a polycrystalline silicon layer and that individually
fill up spaces between the drlft portlons 6a; a plurality
20 of surface electrodes 7 arranged to oppose the w1r1ngs 8a
via the drift portions 6a in the direction intersecting
with the wirings 8a and in the direction along which the
lower electrodes 8 extend; and a plurality of bus
electrodes 25 commonly coupling the plurality of surface

25 electrode 7, which are arranged in the direction



appropriately selected, and voltage is applied to the 25 selected set, a
strong field is applied only to the drift 152 portion 6a positioned bel ow
the surface electrode 7 that is proximate to a portion corresponding to an
intersection with the wiring 8a-in the selected bus electrode 25, and

el ectrons are thereby emtted. That is, glmhen an associ ated set of the bus
el ectrode 25 and the wring 8a to mhic% vol tage is applied, electrons can
thereby be emtted froma desired cross point. The voltage to be applied
bet ween the bus electrode 25 and the |lower electrode 8 is set to a range

of from 10 §8+2@sel@i¥g T&adie werfipgdegee oh t1Het8! 8¢t EARHS YHF Snl0
according to Enbodi nent” 26 is substantially the.sane as that of the

conventi onakpgl @etiF@n 139 CE 10" E RO i the RiP5ind8 8RUi147FoREL 2 a
detail ed descripti.on théreof is 15 omtted herefrom In addition, the set

and a’ .m.cr.e'%scaﬁgt_%e«ieﬂ‘g R Udd tod AYEEnS ihméf.iaﬂeii:ha@ngq) are

substantially the sane as in the cases of the - convéntional el-ectron

sources 10" zand .} 'bng%?{]%fhit& Fla&}sn %’ﬁ)érgem&ivﬁdﬂﬁﬁ.g&;?@rﬁ%ﬁqri RPN

thereof is omtte erefro e conventi ona ctron source 10"

v o B eebodd 7 SSaneei s engr psctal bl A er
two ends in the longitudinal direction thereof.
The surface electrodes 7 are formed of a material
{such as.gold) having a small work function; and the film
thickness of the surface electrode 7 is set to a range of

10 from 15 to 15*nm.. The bus electrodes 25 are formed of a
material (such as aluminum or copper) that has a low
registance apd a high.prqcessability i§ employed. Since
the bﬁs electfode 25 dées.ﬁét need tbutrénsmit elécffdns,
the film thickness thereof can be increased in comparison

15 to that of the surface electrode 7, thereby enabling the
resistance to be reduced. The dielectric substrate 11
formé the substrate.

In the electron source 10 of Embodiment 26, as in
‘the conventional electron source 10"_shown-in-Fig._54,

20 the driff ﬁorfions éa of the drift layér 6 are éandWiéhéd
between the plurality of wirings 8a and the plurality of
the surface electrodes 7. As such, when an associated
set of the bus electrode 25 and the wiring 8a is

appropriately selected, and voltage is applied to the

25 selected set, a strong field is applied only to the drift



portions 6b are interposed between the adjacent drift 25 portions 6a. In
conpari son to the above, the electron 153 source 10 of Enbodi nent 26 is
characterized in that the drift portions 6a are continually fornmed in the
direction along which the |ower electrodes 8a extend.. In specific, the
drift portion 6a formed to overlap withyghe wiring 8a 5 is disposed to
extend in the direction al ong which the W ring 8a extends, and the

adj acent wirings 8a the adjacent drift portions 6a are i sol at ed by the
isolating portion 6b in the direction intersecting with the wiring 8a. 10

| n Enbodi nepbr28onsicacddia idridd HOIéw OPhSashsfacantl Beahlyd or megdid n the
direction along which the wring 8a.extends, the distance between the

surface el eet padasmatidhalo af ¥t AWeshAsbas8Al1HG 8CALOt her in the
direction along which the wiring 8a extends ‘can be” 15 reduced, as shown in

Fig. 40; inieeepaidctdn it %Gﬂl_z‘!‘h@%&esé hendehft sRRELRES 1R and the
isolating portions 6b are alternately-formed as in the conventi onal '

el ectron seuee®rbie §m$Mhﬂd‘éiébt@@nsA@réuﬁﬁerbByC@ﬁH%Ebﬁpn o o

where the conventional electron source 10" is used as an electron source

in a disspl ayhehh@n RistoRivsRled st SOECLRE 15&@ éi@@t%dfeh%f a¢ePlgfe can be
reduced, and the electron source can be used as an electron source in
hi gh- preClSWQﬂlﬁbsﬂbako|WBf%H“GdIEhg@515naﬁﬁfled, electrons can
thereby be emitted from a desired cross point. The
voltage to be applied between the bus electrode 25 and
the lower electrode 8 is set to a range of from 10 to 20
10 V.
The basic performance of the electron source 10
_accordlng to Embodlment 26 is substantlally the. same as
.that of the conventlonal electron source 10" shown in
Figs. 46 and 47; hence, a detailed description thereof is
15 omitted herefrom. In addition, the set and a
microstructure of the drift layer 6 (drift portion 6a)
are substantially the same as in the cases of the
conventional electron sources 10' and 10" (refer to Fig.
"45); hence( aldetailed description thereof is omitted
20 heréfrom. | i |
In the conventional electron source 10" shown in Fig.
54, the drift portions 6a are arranged in the direction
along which the wirings 8a extend, and the isolating

portions 6b are interposed between the adjacent drift

25 portions 6a. In comparison to the above, the electron



conventional electron source 10', in the electron source 25 10 of

Enbodi nent 26, the dependency to the degree of 154 vacuum as an el ectron
em ssion property is reduced. Concurrently, no popping phenonenon occurs
during electron em ssion, and . henceel ectrons can stably be emtted at
hi gh el ectron em ssion eff|C|ency 5 (EQ@QDINENT 27) Herei nbel ow,

Enbodi nent 27 of the present invention "Wll be described. As shown in Fig.
41, while the basic configuration 10 of an el ectron source 10 according to
Enbodi ment 27 is substantially the same as that of the electron source 10

of Enmbodi menq gmg&t o iF %{;jﬁ&aﬁm%ﬁtnzthﬁg eRsRaet el e SUL aamuel@ed rodes 7

IS sandmﬁche ween two ectrodes 25 commonly connected to the

i denti cal 30 3011]& déh 1 £1& bRt Hpggus}fe'%r%éd gachf dheesuidace

electrodes e 1 ndividu uS el ectrodes 25 at two ends

thereof in the, | Latdon: élg&rgefeé;ec%agy @Y ik, 42, along phich the

Wi ring 8a exten ss of the bus el ectrode 25- |s set Iarger
than 20 the 6LEELEARS: & RO ASREW S 1t 8
those in Enb rf%é&ﬁ%%ﬁ%% %esér@ptions Fher oflare on1tte re rom

As in %FbOdwgﬂﬁléﬁksé& @@bggtgﬁatiﬁ7thEh31QeeEHon along which the

wiring 8a extends, and the adjacent wirings 8a the
adjacent drift portions 6a are isolated by the isolating
portion 6b in the direction intersecting with the wiring
8a.

10 In Embodiment 26, since the drift portion 6a is
continually formed in the direction along which the
w1r1ng 8a: extends, the dlstance between the surface
‘electrodes 7 that are arranged adjacent to each other 1n.
the direction along which the wiring 8a extends can be

15 reduced, as shown in Fig. 40, in comparison to the case

.where the drift portions 6a and the isolating portions 6b
are alternately formed as in the conventional electron
source 10" shown in Fig. 54. As such, in comparison to a
case where the conventional electron source 10" is used

20 as an electron'soﬁrce in a display, the“interpixel
distance on the side of the faceplate can be reduced, and
the electron source can be used as an electron source in
a high-precision display. 1In addition, as in the
conventional electron source 10', in the electron source

25 10 of Embodiment 26, the dependency to the degree of



portion 6a is continually fornmed in the direction along 25 which the
wring 8a extends. As such, the distance 155 between the surface

el ectrodes 7 that are arranged adjacent to each other in the direction

al ong which the wring..8a extends.can be reduced, as shown in.Fig.".42,
in conparison to, for exanple, the conv?ghional el ectron 5 source 10"
shown in Fig. 54, in which the drift portions 6a and the isolating
portions 6b are alternately forned. As such, in conparison to a case where
t he conventional electron source 10" is used as an electron source in a

di spl ay, theyhRhghPiabelarliileaofehSs SoHCPhpbRey19sf 2eRIRIEL can be

reduced, and the el ectron source can be wused as an“electron source in a

hi gh-pr eci si @Bﬁg:i\ﬁt@e%lﬁ,' h AL Oy ﬁhéﬁ&ﬁeﬂéncapca%spa%\ﬁwged from being

emtted through the dri por t’ion 6a positioned below the bus el ectrode

25, -and.the 'a&%%t!faﬁalem@gi%} e ouohe bl chy L8t ebast ;‘;at&xﬁ s%ra%lgf;iﬁé ed can be.

prevented frombeing larger than the surface area o e surface el ectrode

7. For the eEﬁg&&&ﬁg%@uﬁﬂdﬁléfg@{rﬁggggggggg se%Q&qun use the substrate

formed such t ower ectro are formed on the side of one
surfaceg of the 20 dielectric substrate 11 made of the glass substrate.
However, a netal substrate nade of, for exanple, chronme, my be used for

the el ectroc i rate. Alternatively, a sem conductor substrate
QrMEoT N 5
(such as an n-

Hereinbelow, Embodiment 27 of the present invehtion
will be described.
As shown in Fig. 41, while the basic configuration
10 of an electron source 10 according to Embodiment 27 is
substantially the same as that of the electron source 10
-_qf Embodiment 26, it is different in that each of.the
-éuffade:éiéctrddes 7 is éanaﬁiched betweén twé'bus
electrodes 25 commonly connected to the identical pads 28.
15 In specific, in Embodiment 27, each of the surface
electrodes 7 is coupled to the individual bus electrodes
25 at two ends thereof in the direction (right-left
direction in Fig. 42) along which the wiring 8a extends.
_ Ihe”thickness of the bus electrode 25 is set larger than-
20 fhe méén freé péth Bf electrons.. Other éspects are the
same as those in Embodiment 26; hence, descriptions
thereof are omitted herefrom.
As in Embodiment 26, in Embodiment 27, the drift
portion 6a is continually formed in the direction along

25 which the wiring 8a extends. As such, the distance



type silicon substrate of which the resistivity is 25 relatively close to
the conductor resistivity, or a p 156 type silicon substrate on which an
n-type region is fornmed as an el ectroconductive |ayer on the side of one
surface) may be used. For the dielectric substrate 11,'.-a ceramc
substrate may be used instead of the glfg 5 substrate I'n Enbodi ments 20
to 27, gold is for the material of the Surface electrode 7. However, the
material of the surface electrode 7 is not limted to gol d; and, for
exanpl e, alum num chrome, tungsten, nickel, or platinum 10 nay be used.

Mor eover, tgg %éﬁagﬁﬁggggﬁaggeéi JH%SfT”@%agoérétatféﬁ%eE“D thin-film

| ayers Iam ckness I rection n formng the surface

el ect rodeOf %%aéeh)éotgr'ﬁgcfn' ort'hl arye_Lrns tt{é)ddﬁ%%‘?pjiﬁneg%g NBYikE ¢ped as a

mat eri al e uapper In-Ti ayer xanp chrone, nickel,
plati num. titanj iU ekiak:qf e liawner -
(hin- 11 m 195605 PR It%l?f@r%@&%%f% PR CLAE gL E

layer 6). '?%?E‘%%agsﬁgn 52%a d?ain&srwe éféoﬁ%ﬁtgpnéﬁ @f obRgor20 drift

| ayer 6 is crystalline sil lconnlayer
ovetes St ApRTESRR, 5, T DS PRI B Yot
6a and the isolating portions 6b are alternately formed.
As such, in comparison to a case where the conventional
electron source 10" is used as an electron source in a
display, the interpixel distance on the side of the
10 faceplate can;be reduced, and the electron source can be
used as an electron source in a high-precision display.
-In'addition, electrons can be- prevented from belng
emltted through the drift portlon 6a pos1tloned below the
bus electrode 25, and the area in a portion through which
15 electrons are emitted can be prevented from being larger
than the surface area of the surface electrode 7.
For the electroconductive layer, Embodiments 20 to
27 use the substrate formed such that the lower
electrodes 8 are formed on the side of one surface of the
20 dielectfic substrate 11 made-of the gless suhstrate. o
However, a metal substrate made of, for example, chrome,
may be used for the electroconductive substrate.
Alternatively, a semiconductor substrate (such as an n-
type silicon substrate of which the resistivity is

25 relatively close to the conductor resistivity, or a p-



portion 6a may be fornmed of an oxidized or nitrided 25 porous sem conduct or
| ayer, which is different fromthe 157 porous polycrystalline silicon

| ayer. When the drift portion 6a is forned of a nitrided porous
polycrystalline silicon layer, a silicon nitride filmis'.-formed for
either the silicon oxide filmb52 or 64cghown in the Fig. 5 45. \Wen the
drift portion 6a is forned of an  oxynitrided porous polycrystalline
silicon layer, a silicon oxynitride filmis formed for either the silicon
oxide filmb52 or 64 shown in the Fig. 45. For the deposition and formation
of the p-| a0t o0 LB5sPrhe¥ebn ARY cBNanOh-typeahausrdtespsi bed
enbodi nent hay use a netﬁod of, for exanple, doping in the deposition,

' on 1} ects 4, ddt s%'éiﬁbf‘éicocohei%rtli% ST H DR df | syer,
crystallization through heating of p- and n-anvol phous-|ayer, ion injection

into 15 -afkdf@y@ég%gtﬁ@yﬁgeand FoYStald iggaliant Ay augbsheaténol ;. ar

dopi ng of a sem ¢c or substrate wwth inpurities. In each of the’
above- descr] begh enbod  mblepdl KRG GUJIIEA O tiagesy Mpss and Ve are
appl i ed tcé%%éﬁhglec %gﬁgééoﬂfgg.lo. However, even mﬁth&%Iternating-- .20

current VQ&hﬁ?@f pging applied thereto, when the collector electrode and
the surface &l ecirode are set to be anodic with respect to the | ower

el ectrode, elecfyong, §aeREsCI8" £0 B9 ,eYd1iE%s for the material of

the surface electrode 7. However, the material of the
surface electrode 7 is not limited to gold; and, for
example, aluminum, chrome, tungsten, nickel, or platinum,
io0 may be used. ﬁbreover, the surface electrode 7 may be
formed of at least two thin-film layers laminated in the
- thickness direction. When forming the surface electrode
7 of.two £hin—film'layérs; for exaﬁpie, gold ma§ be used
as a material of the upper thin-film layer; and, for
15 example, chrome, nickel, platinum, titanium, or iridium,
may be used as an material of the lower thin-film layer
(thin-film layer on the side of the strong field drift
layer 6).
In Embodiments 20,to-27,,the‘drift portion 6a of the
20 driff layer 6 iS forﬁed of an.oéidized ﬁorous |
polycrystalline silicon layer. However, the drift
portion 6a may be formed of a nitrided or oxidized porous
polycrystalline silicon layer. Alternatively, the drift
portion 6a may be fbrmed of an oxidized or nitrided

25 porous semiconductor layer, which is different from the



As above, while the present invention has been 25 described with reference
to the specific enbodinents, it 158 should be apparent to those skilled in
the art that many other nodified exanples and corrected exanples can be

i mpl enented. .'Hence,. it is to be understood that the present invention
should not be limted to the above 5 d | bed enbodi nents, and shoul d be
determned with reference to the appended clains. | NDUSTRI AL APPLI CABI LI TY
As described above, the field em ssion-type electron 10 source of the
present invention is effective for reducing the power consunption w thout

reduci ng t ipiais Wbiyar@ataliiehd @ANSSodn 13hRF. anfthds i t@bl gcfor using
as-an el ectron source for, for exanple, a flat optlcal source, a flat

di spl ay devigyhidf GaSObi HoBhalieoraUNTHIaHeer porkhsl 351 fhA M1 1def i €l d
em ssion-type el ectron source conprising a- substrate,” an el’ectroconductive,

layer fornag Ofcéh Sk d}@f? a0k i3akdns nhstiiaie, fﬂ.n?%.rg cdiucd ofo - ayer formed
on'said 5 el ectroconductive layer, a strong field drift layer having a -

drift portionpd@tthe gwlfceﬁ aﬂla@ ¢Hi2gd 5or oxmééléif'&{rpoatr?uéhéeﬂgonductor
| ayer and that is formed on the side of the surface of said sem cdonductor
layer,sand 45, wWhen the drift portion 6a is formed of an
oxynitrided porous polycrystalline silicon layer, a
silicon oxynitride film is formed for either the silicon
oxide film 52 or 64 shown in the Fig. 45.
For the deposition and formation of the p-layer and
10 the n-layer, ehy one of the above-described embodiments
may use a method of, for example, doping in the
_depositioh, ion. 1nject10n into an i-layer,. 1mpurity :
diffusion into an i- layer, crystalllzatlon through
heating of p~ and n-amolphous-layer, ion injection into
15 an i-amolphous layer and crystallization through heating,
or doping of a semiconductor substrate with impurities.
In each of the above-described embodiments, the
direct-current voltages Vps and Vc are applied to the
electron sburce 10. However, even with alternatlngi
20 current voltages belng applied thereto, when the
collector electrode and the surface electrode are set'to
be anodic with respect to the lower electrode, electrons
can of course be emitted.

As above, while the present invention has been

25 described with reference to the specific embodiments, it



a surface electrode fornmed on said strong field drift 10 |ayer, wherein

when voltage is applied to cause said surface electrode to be anodic with

respect to said electroconductive |ayer, electrons . injected. fromsaid

el ectroconductive layer to said strong field drift layer drift through

said strong field drift layer, and are %E emtted through said surface

el ectrode; wherein a current restrainin %Enber for restraining a current

whi ch does not contribute for emi ssion of a current flow ng through said

drift portion, is provided in at |east one of said

el ectrocond .Y a. j e ode, p i e said

el ect rocondggtgpég F)%%&)p;%?rgc;% %é%p%ﬁ?%%& gﬁnge %(%rrtjt ?gﬁl&bg@tﬁl en said

surface el egipadendnd SU didfh e PUAd WBorfectbl Lhohfied sshopd ype

el ectron source.according to clarm1, erein sard current restraining

renber 'S.aiAEQeEE%ﬁﬁéﬁe‘QH&J§§ﬁ-P§e¥§”ﬁ+08 ”BQHS?SEBBdP%ﬁéﬁnkhQS'a

current fromtéaking 1nto sard surface electrode from sai :

el ect r ocondyehiotg ) AfSfon NS ol FAUEL0GENEI ATPUR! £o BheP QR

consunpti on: . Thé fiel'd em ssion-type el ectron source according to

claim2, wherein.said | - re p i . .56Mm conduct or
ﬁ ge%c%%%%cp nf‘b%ko?ﬁge_r‘f%e %‘;ﬁ% l%ﬁé{&f& £d {3?%’8%1%?[ SitH

| ayer havi ng a unction. em ssron-type & ron source
according tgeference to the appended claims.

INDUSTRIAL APPLICABILIfY
As described above, the field emission-type electron
10 source of the bresent invention is effective for reducing
the power consumption without reducing the per-unit-area
field emission area, and is suitable for using as .an
eléctrén source for, for'exémflé}'a flat oﬁﬁicél SGﬁfée,
a flat display device, or a solid-state vacuum device.
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claim2, wherein said | eakage-current preventing nenber 10 is a

sem conduct or. -l ayer having an n-layer on the side of said

el ectroconductive | ayer and a p-layer on the side of said surface

el ectrode. 5. The field em ssion-type electron source according to claim
2, wherein said | eakage-current preven{égg menber 15 is a sem conduct or

| ayer having an n-layer on the side of"Said el ectroconductive |ayer and a
p-layer on the side of said surface electrode, and a | ow concentration
sem conductor |ayer is fornmed between said p-layer and said drift portion.
20 6. The field em ssion-type el ectregfggyg ce according to claim 2,
wherein said substrate is a sem conductor substrate, and said

and a o1 ayer BT iPRE SRS IVR S Tec BV B0E0E ShEBRISRE R ST
em-ss) 011~ L ¥ABSEr8EL! OUrS QLA ARG O, Td9dd Hodhddlbnl W Lurdddd 1]

i MSsS 1 aim4, whereln an I-1ayer -is Pprovi etween sai d p- layer

and sai d ngkayetq Suplhefic! 4 lpaiaanlyoe 184EE! EBRBOLE S Acror di ng

to clain13 erein said sUrface electrode Ts material to be

Couplgd “‘EEeét§%®®ﬂdﬁeéfvgﬂié§b£f’5*%EEoﬁéi££e98rhE9%t layer'

having a drift portion that is made of an oxidized or

nitrided porous semiconductor layer and that is formed on
the side of the surface of said semiconductor layer, and
a surface electrode forméd on said strong field drift

10 layer, wherein when voltage is applied to cause said
surface electrode to be anodic with respect to said
electroconductive layer, electrons,injected,f;qm_said
eleétfdéonductiﬁé iéyér to saidﬂétroﬁg:fiéld drift layef
drift through said strong field drift layer, and are

15 emitted through said surface electrode; wherein

a current restraining member for restraining a

current which does not contribute for emission of a
current flowing through said drift portion, is provided
in at_least'one-Qf.said_electrocqnductive_layer, said

20 | -surface elecfrode,la ﬁortion béfweén'éaid |
electroconductive layer and said drift portion, and a
portion between said surface electrode and said drift
portion.
2. The field emission-type electron source according to

25 claim 1, wherein said current restraining member is a

A



9. The field em ssion-type electron source according to claim?2, wherein a
| ow- concentration sem conductor |ayer is provided between said
el ectroconductive layer and said 10 drift portion, and said
el ectroconductive layer is formed of a material to be coupled with a
Schottky junction to said IOMFconcentrﬁé'on'seniconductor | ayer. 10. The
field em ssion-type el ectron source acc ing to claiml1, wherein 15 said
strong field drift layer is provided with an isolating portion for
isolating the drift portions arranged adjacent to each other; and said
current res L.0i.nd A (Y t} 3 educi ng the
field inten%%?%gbﬁ gﬂ§ %§i?ﬁﬁ%??hggﬂ%Iﬁ%ﬁﬁ%@rgggdggg?gﬁFggba%ing portion
in said dri [ 0 ; r .t ' N ' in centr al
Eﬁrggérrtl ??o}n lté%lél%tvég J’[nher g é:ﬂ? ; f’fgcé Ef@égEXdemftq‘.om

portion of Sai portion’ Yy reduce ~power consunption. 11. The

114 o oL MRS SLSRLESR AR kT LSty FRGRLALD He i S0

162 insulagor filmi r etween said drift portion and said surface
el ect rode iégapégggifghggggﬁggﬁgnding to the vicinity of the boundary. 12.

The figld egiSS&gg-%&%ﬁ&ﬂéﬁ%gé{b&g%§ﬁ§ gfggégéﬂgsgﬁrce according to

claim 2, wherein said leakage-current preventing member
is a semiconductor layer having a pn junction.

4, The field emission-type electron source acéording to
claim 2, wherein said leakage-current preventing member

10 is a semicondﬁétorulayer having an n-layer on the side of
sailid electroconductive layer and a p-layer on the side of

' said surface electrode.
5. rfhé fiéldtemiséion-tYpe'élééfron'source éccogding.to
claim 2, wherein said leakage-current preventing member

15 is a semiconductor layer having an n-layer on the side of
said electroconductive layer and a p-layer bn the side of
said surface electrode, and a low-concentration
semiconductor layer is formed between said p-layer and
said drift portion.

20 6. Thé field emission;fype electron.sourcé'according Eo
claim 2, wherein said substrate is a semiconductor
substrate, and said electroconductive layer comprises an
n~-layer on the side of said substrate and a p-layer on
the side of said surface electrode.

25 7. The field emission-type electron source according to

g



5 claim 10, wherein said field noderating nmenber is an insulator film

di sposed on said el ectroconductive layer in a position corresponding to
the vicinity of the boundary. 13. The field em ssion-type el ectron source
according to 10 claim 10, wherein said field noderating nenber is forned
of a high resistance layer in a positiqf%forresponding to the vicinity of
t he boundary,'and a | ow resi stance | ayer " interposed between said drift
portion and said el ectroconductive layer in a position corresponding to a
15 central portion of said drift portion. 14. The field em ssion-type

el ectron sodigenagCcolfeR@iho ancliamylld W§l &l §é4 dobthbdnmedenaplng

nenber is a ~ cut ouf portion fornmed I'n said surface electrode in a  position

correspondi Ng, L. shResuia Ri-huf the boundary. 20 15. The field
_enission:typeye?e%troﬁ éource 3§gbrding to claim 10, wherein said field

moder at i ng “gember o 181 4 WaWs RN AL fordedréd S8hecg! seteaeeg&aagly%i ve .-

| ayer in a position correspondirng to the vicinity of the boun

The field o) ashop, t YRS RUGC AN SUKAREERECEPOaL OLESEBLARA be hereln

said current restraining nenber 1s a .............. ) I 1

bl L ihbeekiaT EoMbR %p fd £ TP AET SUR DO kBY§hnkRTbn! Eodls3ASed
drift portion.
9. The field emission-type electron source according to
claim 2, wherein a low-concentration semiconductor layer
is provided between said electroconductive layer and said
10 drift portion; and said electroconductive layer is formed
of a material to be coupled with a Schottky junction to
..said_lochoncentration'semiconductor layer.
;10.. The fiela eﬁiésioh—type électibn sburcé acdording to
claim 1, wherein
15 said strong field drift layer is provided with an
isolating portion for isolating the drift portions
arranged adjacent to each other; and
said current restraining member is a field
moderating member for reducing the field intensity in a
20 Viciﬁitylof a boundary to said isolating portion in said
drift portion to be lower than the field intensity in a
central portion of said drift portion to thereby reduce
power consumption.
11. The field emission-type electron source according to

25 claim 10, wherein said field moderating member is an

L



strong field drift layer and said surface el ectrode and that reduces the
field intensity of said strong field drift |ayer to thereby reduce power
consunption. 5 17. The field em ssion-type el ectron source according to
claim 16, wherein said field noderating nmenber is one of a silicon nitride
filmand a nmultilayer filmconprising a_silicon nitride film 18. The _
field em ssion-type el ectron source accordf ng to 10 claim 16, wherein said
field noderating nenber is forned of a silicon nitride filmand an silicon
oxide filmdisposed on the silicon nitride film 19. The field

SO : | ai e ) . id field

moderating el eff*.fél"?%-’?%éfﬁié‘f%?rs%hé‘.%lei‘t%gﬁ%o%laé‘f‘é?ﬁ#‘te;r?é#‘vf%‘%nam'fri de
: . . : ¥ h i . oxi :

formed on tRC 1 TEBEEkE FEESTEPRS, 1ho® BT SrientfidyBt EFcbbpon

oL or di 0 claim. 16, ei id.fiel'd moderating menber is -

formed 20 O G HEFErTE CheyPREMASRIgn property of adneei on to said
surface eleqﬁ{pder field.em ssion-ty el ectron source gccor ing to

claim20, whétein ?%éf%%¥§r?gﬂsﬁ59pﬁ yPﬁeﬂ% b 5Ce ot CaUhesP8ntPs a
oo L1152 e 1E, Btk AP LIRS ) SLLSD, P4 coer i
insulator film disposéd on said electroconductive layer
in a position corresponding to the vicinity of the
boundary.
13. The field emission-type electron source according to
10 claim 10, whéfein-said field moderating member is formed
of a high resistance layer in a position corresponding to
. the vicinity of the_boundaryy'and a low-resistanqe layer_'
intefposed between-séid drift'béftion'énd éaid
electroconductive layer in a position corresponding to a
15 central portion of said drift portion.
14. The field emission~type electron source according to
claim 10, wherein said field moderating member is a
cutout portion formed in said surface electrode in a
, pbsitianCOrresponding'tofthe vicinity of the boundary.
20 .15. The field émission—tyﬁé électron sourée adcérdiﬁg to
claim 10, wherein said field moderating member is a
cutout portion formed in said electroconductive layer in
a position corresponding to the vicinity of the boundary.
16. The field emission-type electron source according to

25 claim 1, wherein said current restraining member is a

UL



claim 16, wherein a resistance value of said field noderating nenber is on
the sanme order of a resistance value of said strong .field drift .layer:.
23. The field em ssion-type el ectron source according to 5 claiml,
further conprising a bus el ectrode comonly coupling a plurality of the
surface el ectrodes, wherein said currﬁﬁ%;restraining menber is an
overcurrent protection elenent for liMting a current flow ng between

said surface el ectrode and said bus electrode to thereby 10 reduce power
consunption. 24. The field em ssion-type el ectron source according to

claim 23, WIRIEd mIalfa eYRECYRLER! (ARl 6F AR APNetieed SROGET 1 hal

causes di sconnecti on ercurrent flows between said surface

el ectrode and sal debusa15-eppehoode 2 <o Tdied fhadi 65 frs BeaRbect f O

source accor ng-to rern sal overcurrent protection el enent

cai o bus ol SRt ofisdigpt KR RS I ARSI OF TS eBf g TLERI B0 ™

sai d bus el I'el'd em ssion-type el ectroh source - -

accordi ng tQ if{a#§¥g§’F§2?5%%%8§§%%§g§§%3#%&§9tCéﬁ%ﬁﬁééé?ﬂ'elenent is a

thernn-sen3|¥|ve er d between sai ace el ectrode and
o2l Dy ot L 088018 buaS e RS VR AT AUGECLOADERRNNEE to
1111111 111&%&i81}%,O%E%rgﬁn”géid field moderating member is one of
a silicon nitride film and a multilayer film comprising a
silicon nitride film.
18. The field emission-type electron source according to
10 claim 16, whefein said field moderating member is formed
of a silicon nitride film and an silicon oxide film
‘disposed on the silicon nitride film.
19. The field emiééibn—typé eiéctron sdurée'according.té.'
claim 16, wherein said field moderating member is formed
15 of a silicon oxide film, a silicon nitride film disposed
on the silicon oxide film, and another silicon oxide film
formed on the silicon nitride film.
20. The field emission-type electron source according to
‘claim 16, wherein said field moderating member is formed
20 -of a.material hé%iﬁg a high property of adhésion to éaid'
surface electrode.
21. The field emission-~-type electron source according to
claim 20, wherein the material having the high property

of adhesion is a chrome oxide film.

25 22. The field emission-type electron source according to

* c L M 5 *



165 claim1, wherein said current restraining nenber is an

el ectron-em ssion restrai ning nenber for. restraining electron em ssion
froma peripheral portion of said drift portion to thereby reduce power
consunption. 5 28. The field em ssion-type el ectron source according to
claim 27, wherein said current restraini menber is a netal |ayer. 29.
The field em ssion-type el ectron source according to claim 28, wherein
said netal layer is disposed around 10 said drift portion. 30. The field
em ssion-type el ectron source according to claim28, further conprising.a

bus el ectrode,¢amignl yin GUAREG 1k As PAMER! ¥4 Yubf oEhgasHr Faea gel ectrode,
wherein a portion 0f "sai d bus electrode is concurrently used as 15 the

metal |ayerpodlralhfof mhfheaMSSi Q- {NPEs ShECHEQBr SQET € raGE Y@ t 0
claim 27, further conpr|3|ng a bus el ectrode commonly connecting a

pIurallty o%aﬁpg ggr%gya<§5¥3ﬂém@5ey@ea§i§t §§¥g rbus el ectrode i's, dfsposed
on two sides of a pixel: ~ITIl1~ 111111 T it VIl "e CL

23. The field emission~-type electron source according to
5 claim 1, further comprising a bus electrode commonly
coupling a plurality of the surface electrodes, wherein
said current restraining member is an overcurrent
protection element for limiting a current flowing between
said surface electrode and said bus electrode to thereby
io0 reduce power éonsumption.
24. The field emission-type electron source according to
claim 23, wherein said overcurrent protection element is
a méﬁber that-ééusés discbﬁnéétion when éﬁ-oVerCﬁfrént.
flows between said surface electrode and said bus
15 electrode.
25. The field emission-type electron source according to
- claim 23, wherein said overcurrent protection element is
a high resistance layer disposed between said surface
electrode and said.bus electrode.
20 26.l The”field emissioh—typé éléctron soﬁfce“acéording to
claim 23, wherein said overcurrent protection element is
a thermo-sensitive layer that is disposed between said
surface electrode and said bus electrode and that has a
positive resistance temperature coefficient.

25 27. The field emission-type electron source according to
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15

165

claim 1, wherein said current restraining member is an

electron—em1551on restralnlng member for restralnlng

-”electron em1551on from a. perlpheral portlon of sald drlft.

portion to thereby reduce power consumption.

28. The field emission-type electron source according to
claim 27, wherein said current restraining member is a
metal layer.

29. The field emission-type electron source according to
claim 28, wherein said metal layer is disposed around
said drift portion.

30. The field emission-type electron source according to

'clalm 28, further comprlslng a bus electrode commonly

connectlng a plurallty of the surface electrode, whereln

a portion of said bus electrode is concurrently used as
the metal layer.

31. The field emission-type electron source according to
claim 27, further comprising a bus electrode commonly

connecting a plurality of the surface electrode, wherein

said bus electrode is disposed on two sides of a pixel. -
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