DESCRI PTI ON FI ELD EM SSI ON- TYPE ELECTRON SOURCE AND MANUFACTURI NG ME
THEREOF TECHNI CAL FI ELD The present invention relates ' © NETHCD
eni ssion-type el ectron source which enits electron bjm&mm«m of
electric field em ssion using sem conductor materials; r toa
manuf acturi ng nethod thereof. More particularly, the presé&db®i nvention
relates to a nethod and apparatus for formng insulating thin filns on
surfaces of sem conductor crystals when the field em ssi on-tﬁﬁe el ectron

source i s manufactured. BACKGROUNBSGRIFEONVENTI ON m“um \ \“ y, as a
field em ssion-type el ectron source (hereinafter, sﬁmmﬁ d to as

“el ectron source”), for exanple, there is known a Spindt bype el ectrode
disclosed in U S. Patent No. 3,665,241 or the like. The Spindt type

el ectrode i ncl udeIEIYENISSFONTYPE BLRCTRONSOUREE ANDangul ar pyrani d
shaped em tter chips disposed thereon; and a gate layer which is insulated

rel evant to the em tt ey AN PACTURING METHOD THERECO®r exposing the ti
ends of the emtter chips. The Spindt type electrode emts electron beamFs)

through the em ssion holes fromthe tip ends of the emtter chips by
applying a high voltage so that the emtter chips are negative in polarity

relevant to the gate |layer. Ho ' t I '
. . I il ype el ectrode is conpl ex
i n manufacturing 1 process, andli INSbglﬁf?P%u t to precisely fabricate a

nunber of triangul ar . . ..
"Biie present invention relates to a field emission-type electron source

which emits electron beams by means of electric field emission using
semiconductor materials, and further to a manufacturing method thereof.
More particularly, the present invention relates to a method and apparatus
for forming insulating thin films on surfaces of semiconductor crystals when

the field emission-type electron source is manufactured.

BACKGROUND OF THE INVENTION

Conventionally, as a field emission-type electron source (hereinafter,
simply referred to as "electron source"), for example, there is known a Sbindt
type electrode disclosed in U.S. Patent No. 3,665,241 or the like. The
Spindt type electrode includes a substrate having a number of fine
triangular pyramid shaped emitter chips disposed thereon; and a gate layer
which is insulated relevant to the emitter chips and has emission holes for
exposing the tip ends of the emitter chips. The Spindt type electrode emits
electron beams through the emission holes from the tip ends of the emitter
chips by applying a high voltage so that the emitter chips are negative in
polarity relevant to the gate layer.

However, the Spindt type electrode is complex in manufacturing



pyram d shaped emitter chips. Thus, for exanple, in the case where this is
applied to a planar light emtter or display, there is such a problemthat
it is difficult to nake its surface area larger. In addition, in the
Spindt type electrode, the electric field concentrates on the tip ends of
the emtter chips. Thus, in the case where the degree of vacuum around the
tip ends of the emtter chips is low so that the residual gas exists, the
residual gas is ionized to positive ions by nmeans of the emtted

el ect r onproddre, ARAIit Isvdifficuls te prédisey fabricate a npmregofdriapgalani tter chi ps
so that the tip ends of the emtter chips are subjected to damage (for
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too small, there is a danger that in U|£ti0n es ructiﬁn Schﬁls when a
vol tage are subjected to damage (for example, damage due to 1on shock). us,

there occurs such a disadvantage that the current density or emission
efficiency of the emitted electrons becomes unstable, and the service lives of
the emitter chips are reduced. Therefore, in order to prevent the above-
mentioned disadvantage, it is required to use the Spindt type electrode in a
high vacuum (about 10° Pa to about 10° Pa) condition. As the result, there
is a problem that higher cost or complicated handling may result.

In order to improve the above-mentioned disadvantage, there is
proposed an electron source of an MIM (Metal Insulator Metal) type or MOS
(Metal Oxide Semiconductor) type. The former is a planar type electron
source having a deposited structure of metal - insulating film - metal, while
the latter is a planar type electron source having a deposited structure of
metal - oxide film - semiconductor. In an electron source of such type, in
order to improve the electron emission efficiency (that is, in order to emit
much electrons), it is required to reduce the thickness of an insulating film or

oxide film. However, if the thickness of the insulating film or oxide film is




I's applied between the upper and | ower el ectrodes of the deposited
structures. Such insulation destruction nust be prevented, and thus, there
is alimtation in reduction of the thickness of the insulating filmor
oxide film Thus, there is a problemthat electron em ssion efficiency

(l ead-out efficiency) cannot be increased so nuch. In recent years, there
I s proposed an el ectron source (sem conductor cool electron em ssion
elenent) with its high electron em ssion efficiency so as to apply a

vol t age het veeill, shewniscodangéroth as mhsulation destirectiur éegues whienm voldege t her eby
emtting electrons. In the electron source, one surface of a

si ngl e- cryapplibd hetwesh che dpperandlbwer aleetroded ofithes dépasiredsibactuzes i s
anodi cal |y oxidized, thereby form ng a porous sem conductor |ayer (porous

silicon |@yarinsuldifsh destrubgonaiestshepravenned,cimt thwy ¢heresissur f ace
el ectrode consisting of a netal thin film(electrically conductive thin
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electrode, thereby emitting electrons. In the electron source, one surface of
a single-crystalline semiconductor substrate such as silicon substrate is
anodically oxidized, thereby forming a porous semiconductor layer (porous
silicon layer). Then, on the porous semiconductor layer, a surface electrode
consisting of a metal thin film (electrically conductive thin film) is formed.
However, in the electron source disclosed in Japanese Laid-open
Patent Publication No. 8-250766, a popping phenomenon is likely to occur
during electron emission, and non-uniformity is likely to occur in electron
emission quantity. Thus, if this is applied to a planar light emitter or
display device, there is a problem that non-uniform light emission is
produced.
In order to solve the above-mentioned problems, for example in
Japanese Patent Applications No.10-272340 and No. 10-272342 etc,, the
present inventors proposed an electron source in which a strong field drift

layer (hereinafter simply referred to as "drift layer") where electrons injected

from the electrically conductive substrate drift is interposed between the



For exanple, as shown in Fig. 38, in an electron source 10' of such type, a
drift layer 6 consisting of an oxidi zed porous polycrystalline silicon

| ayer (porous polycrystalline silicon layer) on a nain surface side of an
n-type silicon substrate 1 that is an electrically conductive substrate. A
surface electrode 7 consisting of a metal thin film(for exanple, metal
film is formed on the drift layer 6. In addition, an ohmc electrode 2 is
formed on the back face of an n-type silicon substrate 1. Alo

el ect r odgletdriéallyecsrdiveysubstrate and/thesustalr hin films (svsfase sdert V&t)he n-type
silicon substrate 1 and ohmc electrode 2. In an exanple show in Fig. 38,
al t hough a nonrFgppgrampde) sssheimin Fig 38, lin coneleetren seuree 19/tefspeBed bet ween
the lower electrode 12 and the drift layer 6, there is Eroposed an

el ectrong faC&r P;@ﬂthbﬁsibﬁrfgtof arpygidized porond pobydryst silosct r ode 12.
Then, a co ector el ectrode 21 consisting of a transparent electrically

conduct iy @HM\I 1§6ﬁi§@é&nelsmdﬂ layker) on dirsansswiface sijpof anan-type he
surf ace rode In order to emt an electron fromthe el ectron source
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el ect r od@mothe a‘#ahtlﬁger gur ?g%@ﬁl@(&taﬁg@xﬁc g%ct Ite I?%eﬁg%}éﬁggt%{r&%iﬁ%clt regélgr
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electrode 2. In an exampﬂa shown n f;llg §8d although a non-doped

polycrystalline silicon layer 3 is interposed between the lower electrode 12

and the drift layer 6, there is proposed an electron source having the drift

layer 6 formed on the lower electrode 12.

Then, a collector electrode 21 consisting of a transparent electrically
conductive film (for example, ITO film) is disposed in opposite to the surface
electrode 7. In order to emit an electron from the electron source 10, while
a vacuum is provided between the surface electrode 7 and the collector
electrode 21, a direct current voltage Vps is applied between the surface
electrode 7 and the lower electrode 12 so that the surface electrode 7 becomes
high in potential relevant to the lower electrode 12. In addition, a direct
current voltage Vc is applied between the collector electrode 21 and the
surface electrode 7 so that the collector electrode 21 becomes high in
potential relevant to the surface electrode 7. When direct current voltages

Vps and Vc are properly set, electrons injected from the lower electrode 12

drift in the drift layer 6, and are emitted via the surface electrode 7 (the
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t hrough the surface electrode 7). The thickness of the surface electrode 7
Is set to about 3 nmto 15 nm In the drift layer 6, after a non-doped

pol ycrystalline silicon |ayer has been formed on the | ower el ectrode 12,
the polycrystalline silicon layer is mnade porous in accordance with anodic
oxi di zation processing, thereby formng a porous polycrystalline silicon

| ayer. Thus porous polycrystalline silicon layer is formed in accordance
with a rapid thermal oxidizing technique for carrying out rapid thernmal
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films 52 and 64 are conposed of silicon_oxide films. In the electron source
10", it isslienn lasesds formedmpacqosdanes withoa rapid thermal qm&lzmm owi ng nodel .
That is, during electron emssion, a direct current 5 vgltage Vps having
the surf decheiguetfoodaryipg out sepidsthexial grridisation ja41900SC, for example.

As shown in Fig. 39, the drift layer 6 includes: at least columnar
polycrystalline silicon grains 51; thin insulating films 52; a number of silicon
nanocrystals 63 of nano-meter order; and a number of insulating films 64.
The grains 51 are arranged on the main surface side of the n-type silicon
substrate 1 (namely, the surface electrode 7 side in the lower electrode 12).
The insulating films 52 are formed on the surfaces of the grains 51. The
silicon nanocrystals 63 are interposed among the grains 51. The insulating
films 64 are formed on the surfaces of the silicon nanocrystals 63, each of
which has a film thickness smaller than the crystalline particle size of the
silicon nanocrystal 63. In short, in the drift layer 6, the surface of each
grain 51 in the polycrystalline silicon layer is made porous, and a crystalline
state is maintained at the center portion of each grain 51. Each grain 51
extends in the thickness direction of the lower electrode 12. Insulating
films 52 and 64 are composed of silicon oxide films.

In the electron source 10, it is believed that electron emission occurs

in the following model. That is, during electron emission, a direct current



appl i ed between the surface electrode 7 and the |ower electrode 12, and a
direct current voltage Vc having the collector electrode 21 provided as a
high potential is applied between the collector electrode 21 and the
surface electrode 7. \Wen the direct current voltage Vps reaches a
predeterm ned value (critical value), the electrons "e-" are injected from
the lower electrode into the drift layer 6 due to thermal excitation. On
the other hand, a nmajority of the electron field applied to the drift

layer 6 altapeViRchivinghbe surfadeadlectgodé T protided Esues highhpotenitad e d

el ectrodes "e-" are accelerated by the strong electric field applied to
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proposed an el ectron source 10" in . )
strong electric field applied to the insulating films 64. Then, the electrons

"e-" drift in the drift layer 6 in an orientation indicated by the arrow A in Fig.
39 from a region between the grains 51 toward the surface, tunnel the
surface electrode 7, and are emitted into the vacuum.

In this manner, in the drift layer 6, the electrons injected from the
lower electrode 12 are accelerated and drift in the electric field applied to the
insulating films 64 without being hardly diffused at the silicon nanocrystals
63. Then, the electrons are emitted via the surface electrode 7 (ballistic
type electron emission phenomenon). At this time, a heat generated in the
drift layer 6 is radiated via the grains 51. Thus, popping phenomenon does
not occur during electron emission, and the electrons can be constantly
emitted. The electrons arrived at the surface of the drift layer 6 are
believed to be hot electrons. The electrons easily tunnel the surface
electrode 7, and are emitted into the vacuum.

In the meantime, in the electron source 10', the lower electrode 12 is

composed of the n-type silicon substrate 1 and ohmic electrode 2. However,



which the | ower electrode 12 consisting of a nmetal material is forned on
one surface of an insulating substrate 11 consisting of a glass substrate.
In Fig. 40, constituent elenments common to the electron source 10 shown
in Fig. 38 are designated by |like reference nunbers. A description thereof
is omtted here. In the electron source 10" shown in Fig. 40 as well,

el ectrons can be emtted in a process simlar to a case of the electron
source 10" shown in Fig. 38. In the electron sources 10' and 10", in

general , a8 shetwiehi Fig. @0 fr exzanples théreds propesed s elactmiesonireedOt e | ower
electrode 12 is referred to as a diode current Ips, and a current flow ng
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between the surface electrode 7 and the lower electrode 12 is referred to as a
diode current Ips, and a current flowing between the collector electrode 21
and the surface electrode 7 is referred to as an emission current (emission
electron current) Ie. As a rate (Ie / Ips) of the emission current Ie to the
diode current Ips increases, electron emission efficiency ((Ie / Ips) x 100 [%])
increases. In the electron sources 10' and 10", even if the direct current
voltage Vps applied between the surface electrode 7 and the lower electrode
12 is defined as a low voltage of about 10 V to 20 V, electrons can be emitted.
In addition, as the direct current voltage Vps increases, the emission current
Ie increases.

In the meantime, in a process for manufacturing the electron sources
10' and 10", the step of forming the drift layer 6 consists of the film forming
step, anodic oxidization processing step, and oxidizing step. In the film
forming step, a non-doped polycrystalline silicon layer is formed as a
semiconductor layer on one surface of the lower electrode 12. In the anodic

oxidization processing step, a polycrystalline silicon layer is made porous in



polycrystalline silicon |ayer that contains the polycrystalline silicon
grains 51 and silicon nanocrystals 63. In the anodic oxidization
processing step, there is enployed a mxture solution obtained by mxing a
hydrogen fluoride water solution and ethanol at substantially 1 : 1 as an
el ectrolytic solution enployed for anodic oxidization. In the oxidizing
step, the porous polycrystalline silicon layer is rapidly thermally

oxi dized in accordance with the rapid thermal oxidization technique that

is a hi ghct@dnacawitieanodicesddization processingsstient fheyeby fomming 2 peBHxXi de
films) 52 and 64 are forned respectively on the surfaces of the grains 51
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respectively on the surfaces of the grains 51 and silicon nanocrystals 63.
In addition, as shown in Fig. 41, in the oxidizing step, a substrate
temperature is risen from room temperature to a heat treatment
temperature (for example, 900°C) in dry oxygen by employing a lamp
annealing device, for example. Then, the substrate temperature is held at
this heat treatment temperature by a predetermined heat treatment time
(for example, 1 hour), thereby oxidizing the porous polycrystalline silicon
layer. Then, the substrate temperature is lowered to room temperature.
There is proposed an electron source formed of a nitride porous
polycrystalline silicon layer instead of an oxidized porous polycrystalline
silicon layer. Further, there is proposed an electron source formed of the
oxidized or nitrided porous single-crystalline silicon layer as well.
In a conventional electron source comprising such a drift layer, it is
possible to increase an area and to ensure cost reduction. In the case where

an electron source of such type is applied as an electron source of a display,

the surface electrode or lower electrode (electrically conductive substrate)



source, the follow ng problens occur. (Problem 1) In the conventi onal

el ectron source of such type, there is a problem that there increases a
deviation in characteristics such as electron em ssion efficiency,
dielectric strength, service life between nmanufactured lots. As a result
of detailed study of such cause, it has been found that this deviation is
caused by a deviation in thickness of the silicon oxide filmthat is an
insulating film (Problem2) As has been described previously, a rapid
thermal  oxihe prbpérly pastrhade Heowevet dneshichma térevemtiotialiebertsirep. However,
in order to formthe silicon oxide filnms 52 and 64 with their good film
quality qg }&?tﬁgféwp@blemg becw @i ns 51 and silicon nanocrystals 63,
t here can Be enpl oyed the oxidizing step for oxidizing a porous

pol ycr ySt(PHﬂl@& gy licon layer in an electrolytic solution consisting of
wat er soluti on such as sulfuric acid or nitric acid in accordance with an
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insulating film.
(Problem 2)

As has been described previously, a rapid thermal oxidization
technique is employed in the oxidizing step. However, in order to form the
silicon oxide films 52 and 64 with their good film quality on the surface of all
the grains 51 and silicon nanocrystals 63, there can be employed the
oxidizing step for oxidizing a porous polycrystalline silicon layer in an
electrolytic solution consisting of water solution such as sulfuric acid or nitric
acid in accordance with an electrochemical oxidization technique.

By employing the electrochemical oxidization technique, a process
temperature can be reduced as compared with the case of employing the
rapid thermal oxidization technique. Thus, a resistance on a substrate
material is reduced. In the case of employing a glass substrate, a non-alkali
glass substrate or low alkali glass substrate and the like with its low heat
resistance temperature and modest price can be employed as compared with
a quartz glass substrate. Therefore, there is an advantage that a larger

area for the electron sources 10' and 10" and cost reduction can be achieved



However, in the conventional electron source manufactured by oxidizing the
porous polycrystalline silicon layer in accordance with an electrochen cal
oxi di zation technique, there is a problemthat the dielectric strength is
| ow as conpared with the el ectron source oxidized and nanufactured in
accordance wth the rapid thermal oxidization technique. This is because
an SiI2 filmformed in accordance with the el ectrochem cal oxidization
technique is much in water content or strain as conpared with that forned

in accor qﬁereeﬂcié}bﬂﬁe rapid thermal oxidization technique. In the
el ectron sources ““‘and 10" manufactured by oxidizing the porous

pol ycrystallin L LI g ' r | t ' mal
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efficiency, . die tri St I b.1e . Vi i f a'ﬁaFP nor e
Eem;kabl%‘;dﬁ%}ﬁﬁ? ?Ogosust Oﬁp&&%@o ‘g({nv%l e yag?a‘aana y{“ﬁ}élg eval uati ons
such as ot o .l um nescence. asurenent., secti T ef. Lap, or XPS
]?OFFOS! t i%ﬁ?ﬁﬂﬁ?%’ﬁ@f 0 zaeté%”ﬁ?ﬁi‘é?q?%ggfﬁ‘? f‘lsg5 #’ ﬁéﬁ o] ﬁm_ﬁoégl%e@ége,tclhﬁﬁe r
o oenB AT TR M SN ” L0
the drift | 6 il '

st I 3L'nf Sedgesnaed 55 agoedanch “au Bhe RO SMa AREGLERTE FRETAP ace of
the drift layer 6. Thus, in th ti ! "
there | & Bhisdadecaunaen SiPafimciormied | MEOFUe Hiibdbe I poroemcal (11
| ayer 6 are diffused or captured by the silicon oxide film64 which is

| ar ger  tdveidization tachnidrecisrmuch (i avates content o1 straip gneompares Wity ons) to
an extent such that an electron tunneling phenomenon occurs. In this case,
there is thatdanped intmtondancelvathtba ramds&ermaéfm@iizeﬁey teghmigmer ed and

the dielectric 10 strength and service life is reduced.
the electron sources 10' and 10" manufactured by oxidizing the porous

polycrystalline silicon layer in accordance with the rapid thermal oxidization
technique as well, it is desired that the electron emission efficiency, dielectric
strength, and service life be improved more remarkably. However, as the
result of a variety of analytical evaluations (such as photo luminescence
measurement, sectional TEM observation, or XPS composition analysis, for
example) regarding the drift layer 6, the following findings were obtained.
That is, the film thickness of the silicon oxide film 64 increases as the film is
closer to the surface of the drift layer 6, the silicon nanocrystal 63 is
destroyed, and the silicon nanocrystal 63 does not exist in the vicinity of the
surface of the drift layer 6. Thus, in the conventional electron sources 10’
and 10", there is a danger that a part of the electrons injected into the drift
layer 6 are diffused or captured by the silicon oxide film 64 which is larger
than the film thickness (degree of mean free path of electrons) to an extent
such that an electron tunneling phenomenon occurs. In this case, thereis a

danger that the electron emission efficiency is lowered, and the dielectric

10



(Problem 3) In anodic oxidization processing, a m xture solution between
hydr ogen fluoride water solution and ethanol is utilized as an electrolytic
solution. Thus, as shown in Fig. 42, the porous polycrystalline silicon

| ayer formed in accordance with anodic oxidization processing is
termnated by a hydrogen atomon its top surface. Further, it is believed
that water is adsorbed on the surface of the porous polycrystalline
silicon layer. |If the porous polycrystalline silicon |layer formed in

accor da”%@réﬂ@ﬂ and Qi ceQifeds zadu&d. processing i s oxidized on a tenperature
profile as shiown 1n Fig. 41, a hydrogen atomrenains or Si-OH coupling

occurs, x\{]w’n Fig. 43. Thus, there is a problemthat an oxide film
with its Tine structure consisting of S 02 is hardly produced, and the

dielectric str ?ﬂ%d}i@oh%t% er:déééilﬁﬁ,r a rﬁififﬁﬁ?e b&lugiop/kethveent hat a

fluorine atom as remarns 1h the drift layer 6 other than the hydrogen
ar ge i n nert oo PRt 260 AREHH Ik bh dectfalyBoReL AT velY
S 00en LGRS CERLS AR SR S RORE e el B RS Fabnd Bgbageecam o
a1 ed fopmeginaatamRe Pn A Syt heiiErE e anatt Y 4 2,
[T of askydiwssreiemon g tob surpce, Ferti, dyspdieVel AL W & L ubst rat o
ai t hough edseshed oBsheieTEseof theRSErat DRECOISLENERS FIOGPAIAYY- substrate 11 | s
overed, cost rIefc’icij'.lgtpiogonusc ggly%Systa]]ine silicon layer formed in accordance with

anodic oxidization processing is oxidized on a temperature profile as shown

in Fig. 41, a hydrogen atom remains or Si-OH coupling occurs, as shown in

Fig. 43. Thus, there is a problem that an oxide film with its fine structure

consisting of SiO, is hardly produced, and the dielectric strength is lowered.

Further, there is a problem that a fluorine atom as well remains in the drift

layer 6 other than the hydrogen atom. In addition, the content of hydrogen

in the drift 6 is comparatively large in quantity. Thus, there is a danger

that the distribution of hydrogen in the drift layer 6 changes with an elapse

of time (for example, a hydrogen atom desorbs from the surface of the drift

layer 6), and the stability of electron emission efficiency with an elapse of

time 1s impaired.

(Problem 4)

When a comparatively inexpensive glass substrate (such as no-alkali
glass substrate, a low alkali glass substrate, or soda lime glass substrate, for

example) is employed as an insulating substrate 11 in the electron source 10",

as compared with a quartz glass substrate, although a heat resistance

11



achi eved. Because of this, it is believed that the tenperature of form ng
the porous silicon layer is |lowered (for exanple, set to 600C or |ess).
However, in the case of form ng the polycrystalline silicon |ayer at a
conparatively |ow tenperature, the crystalline properties of the
polycrystalline silicon layer is inpaired as conpared with the
polycrystalline silicon |ayer forned at a conparatively high tenperature,
and a large nunber of defects occurs. As a result, there is a problemthat
a nunber (gfpefieelof the M ailacie g subshetdrilfis lowgreed, @ostedeetion, camhlee el ect r on
em ssion characteristics are inpaired, and the reliability is |owered. For
exanpl e, a'cfliev%dqem‘éhu@(bﬁkﬁs,l it i& believdd it thei tdmperhtore™ fandirteitleach in
the drift layer 6, the dielectric strength of the silicon oxide filns 52

and 64 egflol s RUREHkr isA0H kO (B Biafuiplé Caeb th 80080 pfledshe el ectron source

Is | ower er nat y, the electron em ssion efficiency is |owered

because of el eg{(i‘g&,eq:" %{ F'ﬁqé Qfse ot(f‘a-éﬂl?ﬁf@Ttlﬁie)ggﬂr?&wgﬁ%ﬁ%%r & gctron

sources 10' an € case where sources are continuously
driven for_a lo i t ' ARA ' urrent |ps
decrease§°ﬁ}qﬂa§g'e§'l g’%"sﬁe"gﬁé’fﬁt@?’&%ﬁ%{‘ g%@ncur%gﬁ{’%ﬂ%s%g%gm ssi on current

| c decreases as | 1. .,AsS cause. thereef . it | q el ectron
i s capt ur@zy@ysgﬁﬁpﬁﬁﬂi“f?“%y%é%%?%ggﬁslc% fﬁ'egﬁhﬁ\eﬁggp }i)@@:%}rseig |é1 t he
insulating.filme64._.is alleviated nd.the.tunnel] r hl] of

el ect ron§%1?‘§1 %ﬁ%ﬁe‘é@?@f@mpé’i‘i‘%{%y Bb%bg‘%‘&ﬁg%%qlasgaaqﬁ@%%%un ng

met hod, there is,  _enployed a process requiri.ng a ativel y, hi heat

t r eat mentnumbgpef QG{‘;EES QqCYFS-e xafBI 1ESU Yo redﬁg’ %rof?g%gt?xg% P\}é‘f‘ébf’%ﬁg heat
treatnent 12 time (for exanple, 1 hour) in the oxjdizi ngmste . Thus, there
i s a problefasts contained in the drift layer 6 increases, the electron émission

characteristics are impaired, and the reliability is lowered. For example, if
a defect exists in the silicon oxide films 52 and 64 each in the drift layer 6,
the dielectric strength of the silicon oxide films 52 and 64 each is lowered,
and the dielectric strength of the electron source is lowered. Alternatively,
the electron emission efficiency is lowered because of electron diffusion.
(Problem 5)

In the conventional electron sources 10' and 10", in the case where
these sources are continuously driven for a long time, there is problem that
the diode current Ips decreases with an elapse of time, and concurrently, the
emission current Ic decreases as well. As a cause thereof, it is believed that
an electron is captured by a trap in an insulating film 64, an electric field in
the insulating film 64 is alleviated, and the tunneling probability of electrons
is lowered.

Further, in the above-described manufacturing method, there is
employed a process requiring a comparatively high heat treatment

temperature (for example, 900°C) and a comparatively long heat treatment

12



that the process tine is extended. Further, there is a problemthat a non-
al kali gl ass substrate or |low al kali gl ass substrate with its | ow heat

resi stance tenperature, which is conparatively inexpensive as conpared

with a quartz gl ass substrate, can not be enployed as an insulating
substrate 11. (Problem 6) In the conventional electron sources 10' and 10",
al though an electron can be emtted constantly with high efficiency, it is
desired to nore remarkably inprove the electron em ssion characteristics

such as @ ReifRexagiplesi Goue) i theatdifng isbep.r eThadithete/issapbollendi el ectri c
strength. However, '1n the electron sources 10' and 10", it is believed

that thergagxhépocesHiRE s ettRHACH. bFuatHENH sretis bl @bPaAThSs aiwor-he drift
| ayer 6. For exanple, in the case where a defect exists in the silicon

nanocr yS gl 631l SR bAeaIkb BasSRuM B4R I hbke, Lhere i s a

8(}9? em that owering o el ectron emssion efficiency due to electron
i usi o s ial-entri i | used.

D ls,qosg%s&aé&%ée%féﬁ%%%gﬁ%% clmpakafifdl inelfierd i b Ehmpmred S€0.

sol ve the ove- ngi one r qbl [ ' . resent

i nventi oﬁmt%g ap?‘é@ﬁ%eglﬁs sx&s&xgﬁ?bﬁe{ﬁégﬁ E)g eglrﬂgggﬁg%%\ha@ ‘diraﬁﬁlgé) met hod t her eof
wi th high %fgriag;i gﬁ;y and high reliability that can be enployed for a flat
panel di SHPSrALF nt, a planar light source, or a solid vacuum device and
t he Ilke,(ngIP that can emt electron beans in accordance with preferable

electric MeRY ssion. 13 It is another object of the present invention

to provide an el ectron squrce .and a manuf act uri t hod t her eof, maki i
easf/ to design e conventional electron sources 10’ andr!l%",ngltﬂough aneeiectronkl ng it

can be emitted constantly with high efficiency, it is desired to more
remarkably improve the electron emission characteristics such as electron
emission efficiency or the reliability such as dielectric strength. However,
in the electron sources 10' and 10", it is believed that there exists a defect
caused by a manufacturing process in the drift layer 6. For example, in the
case where a defect exists in the silicon nanocrystal 63 or silicon oxide films
52 and 64 and the like, there is a problem that the lowering of electron
emission efficiency due to electron diffusion or the lowering dielectric

strength and the like is caused.

DISCLOSURE OF THE INVENTION
The present invention has been achieved to solve the above-
mentioned problems. It is an object of the present invention to provide an
electron source and a manufacturing method thereof with high efficiency and
high reliability that can be employed for a flat panel display element, a
planar light source, or a solid vacuum device and the like, and that can emit

electron beams in accordance with preferable electric field emission.
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dielectric strength and the service life. It is a still another object of
the present invention to provide a nethod and apparatus for form ng
insulation thin filnms capable of formng insulation thin filnms with high
dielectric strength as conpared with the prior art, or alternatively, to
provi de an el ectron source capable of extending the service life as
conpared with the prior art. It is a still another object of the present
invention to provide a nethod of manufacturing the el ectron source capable

of achi eving cogis aﬁ@tﬂ@ﬁbb%@t af the ppesehne inveritiqn tovprayide encileefronn eni ssion
characteristics and reliability such as electron em ssion efficiency. The

el ectron ﬁﬂi’éé:&n&fa'rﬁbﬂufd&éﬁh@'}ném i@t makanyitemsydodesiimthe 0t he
pr esent i"Avent ron includes: am el ectrically conductive substrate; a drift

layer (st W bhd'tBY¥REIvibeLi#@d on the electrical Iy conductive
substr at éﬁ%gtn‘{ﬁégérgﬂgﬁace electrode formed on the drift layer. The drift

|ayer has a (‘;tp?e&sﬁﬁléx? g?’&ﬂj’e%ﬁs%ftﬂ@ﬁi‘ésreh%iﬁ&m@énU@pﬁoﬁdé@r or der

formed partly a sem conductor layer configuring the drift |ayer, and

2:3 hao P u tln‘ﬁ g I (gi%l % ns ulﬁggﬁtug%{ fdr%n??i?uﬁtnﬁ@ﬂ?ﬂlﬂlﬁﬁ Qigafle 0P forheingur f ace of

" A A 0 nanocry ms having filmthickness
smal | er than t e, crystalli

nanocr yztléllsk‘la AL th @H}Sa‘é’}‘rﬁgl”ﬁﬁ e e(():rgnméa ﬁ%ngﬁméggﬁr ggg&g? ﬂgglg«flpgg "t he
sem conductor panocrystal has.filmthickn ath of
el ect r ons3rt; Ar a—%ﬁmﬁlﬁyé"e‘%’f"r"b ° ?Br?h%qtf‘%g&gré:%o %g}r’]e %f:%ﬁtfrg@ ﬁ%eﬁﬁag

electron field.is applied. this nmanner, a voltage is applied between
the surf aservigediferasompared vy het?‘él%?rr? ally conduct ive substrate so that

the surface el ectrode becones hjgh ot ent wher th | ectrons
injected fromtAkisa still another ob]e%t o}‘ ﬁu? presen 1nVent1on F rovide &

method of manufacturing the electron source capable of achieving cost
reduction and capable of improving the electron emission characteristics and
reliability such as electron emission efficiency.

The electron source (field emission-type electron source) according to
the present invention includes: an electrically conductive substrate; a drift
layer (strong field drift layer) formed on the electrically conductive substrate;
and a surface electrode formed on the drift layer. The drift layer has a
number of semiconductor nanocrystals of nano-meter order formed partly of
a semiconductor layer configuring the drift layer, and has a number of
insulating films each of which is formed on the surface of each of the
semiconductor nanocrystals, the films having film thickness smaller than
the crystalline particle size of the semiconductor nanocrystals. The
insulating film formed on the surface of each of the semiconductor
nanocrystal has film thickness (degree of mean free path of electrons) in
which an electron tunneling phenomenon occurs when an electron field is

applied. In this manner, a voltage is applied between the surface electrode

14



electrically conductive substrate into the drift layer drift in the drift
layer, and are emtted via the surface electrode. In this electron source,
it is possible to reduce diffusion of the electrons in each insulating
film and to reduce the difference of thickness of the insulating films in
the drift layer. Thus, it is easy to design dielectric strength and
lifetinme in electron source. In this electron source, it is preferable that
the water contained in the insulating filmformed on the surface of each

of the secandseti@callfdoadurtivalsabbtrase b tieas kel surface slebtrbdetial |y free
of water). In this casé, a defect or strain and the |ike that adversely

affects gR6hlkGakh HPHASHEAL WHeasbPthe ERRHVNSGhTbed Bt ehé s al | evi at ed,
SR f

and thus, 1 nsulatTng ns wth hig dielectric strength and extended

e o Ay BonhREARE sublrbil AuBlRE IR LU R bl cheAri ahgaaD @ L hal

[ nt er posed ﬁyircm-ca% A I S T e
con o T FA-GHH T BRERMIRL ol cona P S e, 1
st alt o0 olthE S0 line oo RGN P BRI e
those cgs@?‘,’trﬁfll%&% pach 1;}%/:?%?1115_ m’g'ﬂlde e%qdéltcgﬁhg ch@f&@l&%ﬂ? %geBP '
and 1 hus. thepselatins Bimein &6 dIEATaT ortsaiids SaeF AIoRIER SRR s oved. A
met hod of manufacturing an el ectron source according to the 15 present

i nvent i onstrengthpard fefimein flacHeR S0WI®y t he above el ectron source

according to the present invention. This electron source nanufacturing
In this electron source, it is preferable that the water contame(f n

the insulating film formed on the surface of each of the semiconductor
nanocrystals is substantially 0 (substantially free of water). In this case, a
defect or strain and the like that adversely affects electrical characteristics of
the electron source is alleviated, and thus, insulating films with high
dielectric strength and extended service life can be formed.

In this electron source, it is preferable that a compound layer or alloy
layer consisting of a semiconductor and metal is interposed on a critical
surface between the semiconductor layer configuring the drift layer and the
electrically conductive substrate. In addition, it is preferable that the
semiconductor layer is substantially crystallized on the critical surface
between the semiconductor layer configuring the drift layer and the
electrically conductive substrate. In those cases, a barrier layer or high
resistance layer between the semiconductor layer and electrically conductive
substrate can be reduced, and thus, the electron emission efficiency and
reliability are improved.

A method of manufacturing an electron source according to the
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method to formthe insulating filns on the surfaces of the sem conductor
nanocrystals is carried out by any one of the el ectrochem cal nethod, rapid
t hermal oxi di zati on technique, rapid thermal nitriding technique, and rapid
t hermal oxidizing and nitriding technique or a conbination thereof. By

enpl oying this manufacturing nmethod, the filmthickness of the insulating
films can be obtained as thickness (degree of nean free path of el ectrons)
if the electron tunneling phenonmenon occurs. In the nethod of

manuf act web&ghttiiQeRtioh is aproesssdor nedrehctuieng ithe abavé alpcfriohrmurese been
formed on the surfaces of the senmiconductor nanocrystals, it is preferable

t hat a””%%Edfﬂn%"t&%ﬁéﬁk@ééxﬁﬁn@eﬁﬁmer’iihisr de@iron 400163 anuésEubimecar ri ed out
in a vacuum rt gas, foamng gas, or nitrogen gas. In this case, the

vat er conh ddaol Brhithel ifStl i d1Alhs il thesiitaea of iRe seiidondcer each of

t he sem conduct or nanocrystals Tan be set to substantlally 0. Further, a

The ol ectl %&rf{;aiy AN AR YR Ml PUEE oD IR lgt!ﬁem&edm&mﬁcmﬁldlhayer and

| con ve su e can uced and t hus

t ff t hod of
St not dPEHRA awﬁe‘c‘&@ ?%cﬁ*gﬁﬂ? fea%“ ?‘F%%ﬂ%%nﬁﬁ?%%%?%%@“? fhd At o
f d th f.ot d t f bl
that 8 hohermel arrneand BFiBREsERRHRe 3F o ARRRRERHR 5e¢f‘apl heating

techni que at_a te erature of .6000C,i here can e species
or nitri canBleyingthisimanyfactygog mgthoﬁepﬁe:?l? thickness o iﬁh ?&(]I? whi ch
adversely affect _electrical ha%ncterl stlc of t.he elf1 f n sourc}g can be
al | evi at dilmsean ppohtaimedps thi %Ft(ﬁeﬁ‘ieﬁﬁ) faean HesRath oL &leciron R End

extended service life can be forned. Further, a barrier |ayer or high
resi st ancthel elgetron sunpehng phenemensRASEVET | ayer and

In the method of manufacturing the electron source, after the
insulating films have been formed on the surfaces of the semiconductor
nanocrystals, it is preferable that annealing processing at a temperature of
700°C or less be carried out in a vacuum, inert gas, foaming gas, or nitrogen
gas. In this case, the water contained in the insulating film formed on the
surface of each of the semiconductor nanocrystals can be set to substantially
0. Further, a barrier layer or high resistance layer between the
semiconductor layer and the electrically conductive substrate can be reduced,
and thus, the electron emission efficiency and reliability are improved.

In the method of manufacturing this electron source, after the
insulating films have been formed on the surfaces of the semiconductor
nanocrystals, it is preferable that a heat treatment be carried out in
accordance with a rapid heating technique at a temperature of 600°C in
atmosphere containing oxide species or nitride species. In this case, a
defect or strain and the like, which adversely affect electrical characteristics

of the electron source can be alleviated, and insulating films with high
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the electrically conductive substrate can be reduced, and thus, the
electron emssion efficiency and reliability are inproved. In this

“el ectron source manufacturing nethod, after the sem conductor nanocrystals
have been forned, it is preferable that annealing processing be carried
out in a vacuumor inert gas. In this case, a defect caused by inpurities
such as hydrogen or fluorine contained in a drift |ayer can be reduced as
conpared with a case of oxidizing a porous sem conductor |ayer while water

or the |igk8ebiticsieenbadand ektshdedr sesicedificanriiuiormed. afenrthemedi at el y
after anodi c oxidization processing. In this manner, a fine oxide filmcan

be T or e gy ARAANET 6 1iEh ASistAE Rodr Betwebie the sémiondoeton lafet hadsal |
change of el ectron emssion efficiéncy with an elapse of tine, high

di el ect 1 e $1dFpBhlYy cBAuAs AlsIREAR) ddd He rEMIdedBndahubatiid dlectroper or
£ aygr

hi gh resi'stance etween the sem conduct or fayer and the electrically
conducti ve .subst e 0 t , the electron em ssion

ef fici en@yugﬁlgnrﬁkh%%?ﬁn?rfplggl ;ﬁr%l\‘/e:lggplltdr?é?hi s el ectron source

manuf act uri ng thod,, after qm[{éag%g Qﬁﬂ,ebeen formed on the
electrically cgﬁatg%? P\?girgﬂbss?ttulr}g e,al It 1s pé gegirla ’Ieéeftt at anneal i ng
processing he carried out in.a,vacyum | nar i, . thig case, a
conpound ﬁ%?ﬂ}é?n, WCtar F’@?%’Q’fgqls@c?ﬁ@&eﬁl’%rwaahs%%qg%ﬁéﬁlgt@ra%and a metal can
be interposed.on a critical surface between the.sem cond er and
the el ectannealing Prcassipg @%’E}garoéﬁtér}a‘ﬂc[“mg”r\‘/%tf%gt hgﬁtstg{r%écagﬁd%ctor

| ayer can_be al nost _crystall.ized on ritical, surface,k between th

sem condulefeet canped hyHimpwaties such Pégmdgrogﬁﬂ 0] Fﬁe\fém%l&e\flﬁﬁtaedn?% this
manner, a barrier |layer or high resistance | ayer, hetween the sem conduct or
| ayer - andaykecan betneduged gs compaced yath a case of oxidizing a porous

semiconductor layer while water or the like is adsorbed on the porous
semiconductor layer immediately after anodic oxidization processing. In
this manner, a fine oxide film can be formed, and there can be obtained an
electron source with its small change of electron emission efficiency with an
elapse of time, high dielectric strength, and high reliability. Further, a
barrier layer or high resistance layer between the semiconductor layer and
the electrically conductive substrate can be reduced, and thus, the electron
emission efficiency and reliability are improved.

In this electron source manufacturing method, after the
semiconductor layer has been formed on the electrically conductive substrate,
it is preferable that annealing processing be carried out in a vacuum or inert
gas. In this case, a compound layer or alloy layer consisting of a
semiconductor and a metal can be interposed on a critical surface between
the semiconductor layer and the electrically conductive substrate.
Alternatively, the semiconductor layer can be almost crystallized on a

critical surface between the semiconductor layer and the electrically
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substrate can be reduced, and thus, the electron em ssion efficiency and
reliability can be inproved. In this electron source manufacturing nethod,
after the insulating filns have been forned on the surfaces of the

sem conductor nanocrystals, there may be carried out one or plural tines
at least two steps of (a) the above step of carrying out the annealing
processing at the tenperature of 700" C or less in a vacuum inert gas,
foam ng gas, or nitride gas; (b) the above step of carrying out the heat

treat N"entyh fuAsrPsdisseM Th thitmaimied, a hagtienhyeg obliigheesistarine
tenperature of 6001C or nore in atnosphere containing oxide species or

nitride f%f’e“ril?&m%ﬁghé%nﬁ@th | ¥£ 152 thHedledtiritallydisndubtivanneal i ng

processi Ng 1 n accordance w e rapid heating technique at the

t t f.6 ' ' . tivel
o g DR BE  1, lcn igmiat i v

(a)---->_ {Clar-) Q like). In this electron source manufacturing
met hod, FFﬂ?éﬂﬁyé?‘grb%?owlgoo%dtarry out the annealing processing in

hydr ogen, hydr .radi cal em ssion | hcal

eni ssi on anneaﬁﬁﬁ&lﬁ)aﬁet&ggisﬁb‘r‘é% qag%fﬁé%%ﬁﬁg%gé,i Ao}gél; ter SP%% lil#%g t he
sem condugt or_ | ayers, .after formng.the en co 3 | s, and
after forﬁ#‘?ﬁgh%‘i‘%g?%fﬂrgﬁ‘iﬂl 2{‘? ﬁﬂ%@ﬁe? At esmggﬁgﬁ%r#%%gﬁrﬁ%%%hduct or
nanocrystals. In this case, hydrogen radi cal are en tted e top
surface dheonmasube 9%1«3‘1%5%13 ghe Pﬁé’f‘é‘ff’éé}m?%ﬁﬁ%?SE g}g’ﬂ&ﬁ%lﬁ Q/fegagt%gt rate, and
thus, a defect existing in the drift |ayer can be etﬁaggpfassicve o reduced,
and the clhoverssep efitanying enbithe aapealing progegsipg atdnetFIRToIYLe e

el ectron source can be inproved. Further, the barri.er ,or _h&bg}t%hr esi stance
| ayer betTMEE ahkess smacasyum.dnerbges, fapming gas| arifridg gag; e

above step of carrying out the heat treatment in accordance with the rapid
heating technique at the temperature of 600°C or more in atmosphere
containing oxide species or nitride species; and (c) the above step of carrying
out the annealing processing in accordance with the rapid heating technique
at the temperature of 600°C or more in the inert gas atmosphere,
respectively (for example, (a)—(b), (2)—(c), (a)—(b)— (), (a)—b)—(©), (@
(¢)— () or the like).

In this electron source manufacturing method, it is preferable to
carry out the annealing processing in hydrogen, hydrogen radical emission
processing or hydrogen radical emission annealing processing at least at one
period after forming the semiconductor layers, after forming the
semiconductor nanocrystals, and after forming the insulating films on the
surfaces of the semiconductor nanocrystals. In this case, hydrogen radicals
are emitted to the top surface on one surface side of the electrically
conductive substrate, and thus, a defect existing in the drift layer can be

made passive or reduced, and the electron emission characteristics and
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conductive substrate can be reduced, and thus, the electron emnission
efficiency and reliability are inproved. BRI EF DESCRI PTI ON OF THE DRAW NGS
The present invention will be fully understood by the follow ng detailed
description and acconpanyi ng drawi ngs. In the acconpanying draw ngs,
comon constituent elements are designated by |ike reference nunerals.
Fig. 1 is a schematic cross section show ng essential portions of an

el ectron source according to Enbodinment 1 of the present invention. Fig. 2
i s a Vi eYeRIONItPSf EHe ERREWN Sured chhdedhffioved. sPurtherstiosbarrerorg. 1. Fig.
3A to Fig. 3D are schematic cross sections each showing the electron
source SHOUR rbfiefibe 1Aye¥ bétivddil e BAkRbRANGAY layer ited theldleetbialline
manuf act Ure, and show a net hod of manufacturing the electron source. Fig. 4

5.2 1! I fkaed g&bétﬁ?gﬁetgﬂgwiéggcdédh%nmﬁhglﬂ{é&%&ﬁ%ﬂc&nismhensi ty of the

elhectron source sfown | Conpar ative Exanples, and shows
characterisst.ics Q tg 0] ' ce neasurenent relevant to th

¢ 488, BRY A ThARGEACE measur ene: nt to the
wavel engtr. Lgp&'a.g [ 3_ gr&p snow ng a direction in the depth direction of
constituent elements using the X-ray photo-electronic spectroscopy of the
el ectron source shown in Fig. 1 and Conparative Exanpl es, and shows

characteristics of ”Jﬁ at g j qgue depth. 19 Fig. 6A
alnd fl g. 6B are vihe e %ﬂﬁgaﬁﬁg&i@%ﬁgﬁﬁﬁﬁ%&ﬂo pri ﬁci pl e of | ?he
o . : : : .
anegl ;gtn r f,ﬁugfn-e'lgsqs E,};powlelntr;] ianlze%itiolri wﬂElF Ye f&ﬁya}ﬂldde@s&'od%% ﬁ{eefoﬂoemnmgea(:h show ng

detailed description and accompanying drawings. In the accompanying

drawings, common constituent elements are designated by like reference
numerals.

Fig. 1is a schematic cross section showing essential portions of an
electron source according to Embodiment 1 of the present invention.

Fig. 2 is a view showing an operation of the electron source shown in
Fig. 1.

Fig. 3A to Fig. 3D are schematic cross sections each showing the
electron source shown in Fig. 1 or an intermediate body in the middle of the
manufacture, and show a method of manufacturing the electron source.

Fig. 4 is a light emission spectrum using the photoluminescence
intensity of the electron source shown in Fig. 1 and Comparative Examples,
and shows characteristics of the photoluminescence measurement relevant
to the wavelength.

Fig. 5 is a graph showing a direction in the depth direction of
constituent elements using the X-ray photo-electronic spectroscopy of the
electron source shown in Fig. 1 and Comparative Examples, and shows

characteristics of the atom concentration relevant to the depth.
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principle of an electron source according to Conparative Exanples. Fig. 8A
and Fig. 8B are views each showi ng an oxidi zation process in the electron
source shown in Fig. 1 and that according to Conparative Exanples. Fig. 9
is a graph showing a change with an elapse of tine, of electron em ssion
efficiency in the electron source shown in Fig. 1 and that according to
Conparative Exanples. Fig. 10 is a view show ng el ectron em ssion
characteristics of the electron source shown in Fig. 1 and that according

to Conparative fExagRlahd Fig. 8B dre viewd adchwhokdngnm electepr eatissionof an
el ectron source according to Enbodi ment 2 of the present invention. Fig.

12A 10 Fiygind 2R 4 the\ABAHBh sbuf@iHoWAln Figye each showing an el ectron
source shown Tn Fig. 11 or an internediate body in the mddle of the

manuf act ur e, mﬂglzg\%rgdg};%h@afgwm%@gg{e%% theelebeoh epissiom ce. Fig.

e e e e ep g 5
ggﬁre?r;j[ ?Crplgftzgi;;g{gc}t (r)e(r)]n so%rcepshpwn Z{ (gl}% 13. tlFieg.. ‘15A to Fi g. 1IE;|D ar 33
?ant ﬁ(r)\di (r)\]E e:mmeﬂic :lfsu?})?&&feftc*ﬁ%an?%&ﬁ% 04}:%]%8 ﬁ%ﬁ%&%@?gﬁ%ﬁ%v{?a J
Fechni quelhireLPeiein ARRFRTIRTE B haRnrna sporfing Chadabefivetire.™ @
according_to Epgbodinent 3 of the present invention, and shows a change

wi th an &%‘Ql‘%ﬁ- time, of a heat treatnent tenperature. Fig. 17 is a

schematic configuration of a_heat treatnent . devic .
ig. 9 is a graph sho“?ing a change with an efapse of time, of electron

emission efficiency in the electron source shown in Fig. 1 and that according
to Comparative Examples.

Fig. 10 is a view showing electron emission characteristics of the
electron source shown in Fig. 1 and that according to Comparative Example.

Fig. 11is a view showing an operation of an electron source according
to Embodiment 2 of the present invention.

Fig. 12A to Fig. 12D are schematic sectional views each showing an
electron source shown in Fig. 11 or an intermediate body in the middle of the
manufacture, and show a method of manufacturing the electron source.

Fig. 13 is a schematic cross section showing an electron source
according to Embodiment 3 of the present invention.

Fig. 14 is a view showing an operation of an electron source shown in
Fig. 13.

Fig. 15A to Fig. 15D are schematic cross sections each showing the
electron source shown in Fig. 13 or an intermediate body in the middle of its
manufacture, and show a method of manufacturing the electron source.

Fig. 16 is a view showing a technique of forming insulation thin films
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enpl oyed for formng the insulation thin filmshown in Fig. 13. Fig. 18 is
a graph showi ng a neasurenent result of tenperature rise desorbing gas
mass spectroscopi ¢ anal ysis, and shows change characteristics of an ionic
current relevant to a heating tenperature. Fig. 19A to Fig. 19G are
schematic sectional views each showing an electron source according to
Enbodi ment 4 of the present invention or an internediate body in the

m ddl e of the manufacture, and show a nethod of manufacturing the el ectron

source. K, Ghe2PedtforfsdiiRY axboding té Erebodinedn tBofidraeteseint mvempiayr f ace of
a porous polycrystalline silicon |ayer after the annealing processing.

|1
Fig. 2 1A 10 ifit BaMRAb Se 6f e, 9£6 HeabSreddfiens hoiipegatur
el ectron%snéﬁsr}gd&%éi)lrgﬁgﬁgnﬁaE%%%%nen? 5 of 5t he pl; esentn [ nven'??onebr an

internediate b A - _ : :
(rjrangf ?pt uring ?ﬁé %?éécp ggﬁbxg&ghl?ggﬁﬁgpgaﬁgg%ta ?%Fg?ea%g%ﬁ?%‘?agﬁtsmd of
epicting c i ot.i ) -

p %‘%‘g@&?&f@‘ (}r{glﬁta ;tglgtahg&la% %hﬁ'ﬂlﬁ?%o‘%ggﬁ%%hﬂ?han el ectron

;(r)g(r:ge r \ t Y c\llj\;]rerll]t voltage e anneal i ng
ssing is r.ried oyt n.t ' ' ' [
Ut ot 5000, - aniEaBr Pretobh shaPiRg P saBiEiie eult FABRAEoI S8 )

respectively. Fig. 23 is a schematic Gross_sectio ] o

sour ceh ﬁ%@?%%%‘neﬁ%%? qﬁcoglcdarnaﬁlp{glsp%@gkpﬂgr@gﬁﬁ%gﬁﬁﬁ%h@?&é ?2 a

vi ew showi hg an operation of the electron source shown in 21 Fig. 23. Fig.
25A to Fiof alpmpie Farzeptalevapt &0 33%993'5& TRRETABH showi ng t he |g| ect ronI )

source according to Enbodi nent. 6 of _the present |nventi
Pgig. 19A to Fig. 19G are schemat';l)c sectlrtl)nai views each &{ovz&ﬂlg an

electron source according to Embodiment 4 of the present invention or an
intermediate body in the middle of the manufacture, and show a method of
manufacturing the electron source.

Fig. 20 is a view showing a termination aspect of a top surface of a
porous polycrystalline silicon layer after the annealing processing.

Fig. 21A to Fig. 21F are schematic cross sections each showing an
electron source according to Embodiment 5 of the present invention or an
intermediate body in the middle of its manufacture, and show a method of
manufacturing the electron source.

Fig. 22A to Fig. 22C are graphs depicting .change characteristics of a
current density of an electron source relevant to the direct current voltage
Vps when the annealing processing is not carried out, when the annealing
processing is carried out at 500°C, and when the annealing processing is
carried out at 550°C, respectively.

Fig. 23 is a schematic cross section showing an electron source
according to Embodiment 6 of the present invention.

Fig. 24 is a view showing an operation of the electron source shown in
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I nternmedi ate body in the manufacture, and show a nethod of manufacturing
the electron source. Fig. 26 is a graph depicting change characteristics of
the current density relevant to the direct current voltage Vps in the

el ectron source shown in Fig. 23. Fig. 27 is a graph depicting change
characteristics of the current density relevant to a tine in the electron
source shown in Fig. 23. Fig. 28 is a graph depicting change
characteristics of the current density relevant to the direct current

vol tage ¥ig. 23 an el ectron source according Conparative Exanple. Fig. 29
I's a graph depicting change characteristics of the current density

rel evant to a WHigE25A teFigl 251D 298 scloethaticaeosy sdctigns eachshawang ¥ke Exanpl e
identical to the case of Fig. 28. Fig. 30 is a graph depicting change

char act efpl&dti6is slirck MResrdinL 6 Exilbodinieht' GbLa Wresent heveliticacor anr r ent
voltage Vps in an electron source according another Conparative Exanple.

Fig. 31 iiStantd@Rte B6R} £ tHOnERAacuTE 249¢ ERowSE inethed of Afarfufatiting density
relevant 'to a tinme 1n-an electron source according to Conparative Exanple
identicalthg%léafo gf Fig. 30. Fig. 32 is a graph depicting change
characteristics o e current density relevant to the direct current

vol tage Vbs | n . F4Eh R MGRRin ORIl bk AIUION TR chxfdnd e T eent

i nvention. 22 a gra o) angé characteristics of the

UL Ao 3y o e L . R g 6179 10

shown in Fig. 23.

Fig. 27 is a graph depicting change characteristics of the current
density relevant to a time in the electron source shown in Fig. 23.

Fig. 28 is a graph depicting change characteristics of the current
density relevant to the direct current voltage Vps in an electron source
according Comparative Example.

Fig. 29 is a graph depicting change characteristics of the current
density relevant to a time in an electron source according to Comparative
Example identical to the case of Fig. 28.

Fig. 30 is a graph depicting change characteristics of the current
density relevant to the direct current voltage Vps in an electron source
according another Comparative Example.

Fig. 3lisa graph' depicting change characteristics of the current
density relevant to a time in an electron source according to Comparative
Example identical to the case of Fig. 30.

Fig. 32 is a graph depicting change characteristics of the current
density relevant to the direct current voltage Vps in an electron source

according to Embodiment 7 of the present invention.
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Fig. 34 is a graph depicting change characteristics of the current density
relevant to the direct current voltage Vps in an electron source according
to Enbodi nent 10 of the present invention. Fig. 35 is a graph depicting
change characteristics of the current density relevant to a tine in the

el ectron source according to Enbodi mrent 10 of the present invention. Fig.
36A to Fig. 36F are schematic cross sections each showing an electron
source according to Enbodi nent 13 of the present invention or an

i nter medi at e b@ly. 33id dgraplddepictingt dheangeruhfazatteristicand théourentet hod of
manuf acturing the electron source. Fig. 37 is a view showi ng a processing

t echni quelenBity BRI a tiddi i6theadlb@t2o9 Boviceadcordingeolxbodinm@mf act ur i ng
the el ectron source according to Enbodi nent 13 of the present invention.

Fi g. 38 i5F {Re pirEdntHAVEREoRN Operation of a conventional electron source.
Fig. 39 is a Schematic cross section showi ng the conventional electron

source. Fig. 49«*1&;:?48_1&5 Iﬁl‘?‘a\ébﬂﬁi (}gépifg‘eaé}iﬁacséfﬁmtdnhe%awﬁtional

el ectron sourcée. S a grap cting a change with an el apse of

by 3 oaliflleel VBRI RTRRLAIN Solthel VAP ahYMaih SRR Jue. F O

42 is a V|em§§hbm4n_ a termnation aspec ‘a top surface of a 23 porous
201t B PR Bl SRR 2ot Lon precessi s,
porous pol ycr ysﬁtig! {%é 1y asgirlni)ﬁ%pli(%egr cl?eiﬁgeer c}}ar}ea&ea 4tk 133 hb M rPLRCEsSi Y.
density relevant to a time in the electron source according to Embodiment 10
of the present invention.
Fig. 36A to Fig. 36F are schematic cross sections each showing an
electron source according to Embodiment 13 of the present invention or an
intermediate body in the middle of the manufacture, and show a method of
manufacturing the electron source.
Fig. 37 is a view showing a processing technique in a hydrogen
radical emission step in a method of manufacturing the electron source
according to Embodiment 13 of the present invention.
Fig. 38 is a view showing an operation of a conventional electron
source,
Fig. 39 is a schematic cross section showing the conventional electron
source.
Fig. 40 is a view showing an operation of another conventional
electron source.
Fig. 41 is a graph depicting a change with an elapse of time, of a heat
treatment temperature in a rapid heating technique.

Fig. 42 is a view showing a termination aspect of a top surface of a
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DESCRI PTI ONS OF THE PREFERRED EMBODI MENTS The present application is based
on Japanese Patent Application No. 2001-125156, Japanese Patent
Application No. 2001-125157, Japanese Patent Application No. 2001- 159625,
and Japanese Patent Application No. 2001-329908, the contents of which are
fully incorporated therein. Hereinafter sonme enbodi nents of the present

i nvention will be specifically described. Elenents conmon to the

enbodi ments, that is, elenments whose configuration and function are

subst ant lpiirbﬁs pdl@l@tystalhﬁ@sﬂmnﬂapéﬂﬁter theanedic gxidieatiby processing.ef er ence
nunerals. A duplicate description thereof is principally omtted here.

(Enmbodi nent 1) pigr 88 hahtveéw Jhiokan AEtetmin afioh epactasfehe topwarfacerofwi | | be
described. In Enbodinent 1, as an electrically conductive substrate (I ower

el ect rod% drb&S Bolyk r?é’ﬂéﬂﬂﬂ@gﬂﬁoﬁ'1Hjﬂéxeaf€éﬂﬂi@&ép1ﬂ%é?rtﬁwo§ro‘ééé51ﬁgn

substrate ose resistivity is conparatively close to a resistivity of a
conductor (for exanple, a (100) substrate whose resistivity is 0.010 cmto
0.02 c cm. As shown in Fig. 2, in an electron source 10 (field

em ssi on-type ??@aye%ﬂg@F PP PH oL iMEN®sdrift layer 6

(strong field dri con5|st|ng 0 an oxi di zed porous
oo, yervstel Lo e o shaE PR,
e SO AR MR A :
conduct | veeissAmicatoR Na epYEroRHER Fid JeRarrosaAent B RoRa B oyed
for a mt 26(;(|)161|32$];808 the contents of which are fully incorporated therein.
Hereinafter some embodiments of the present invention will be
specifically described. Elements common to the embodiments, that is,
elements whose configuration and function are substantially identical to
each other, are designated by common reference numerals. A duplicate
description thereof is principally omitted here.
(Embodiment 1)
Hereinafter, Embodiment 1 of the present invention will be described.
In Embodiment 1, as an electrically conductive substrate (lower electrode),
there is employed a single-crystalline n-type silicon substrate whose
resistivity is comparatively close to a resistivity of a conductor (for example,
a (100) substrate whose resistivity is 0.01 Q cm to 0.02 Q cm).
As shown in Fig. 2, in an electron source 10 (field emission-type
electron source) according to Embodiment 1, a drift layer 6 (strong field drift
layer) consisting of an oxidized porous polycrystalline silicon layer is formed
on a main surface side of an n-type silicon substrate 1 that is an electrically

conductive substrate. A surface electrode 7 is formed on the drift layer 6.

24



the surface electrode 7. The thickness of the surface electrode 7 is set to
10 nm However, the thickness thereof is not [imted to this value, and
may be thickness such that an el ectron passing through the drift |ayer 6
can be tunnel ed. The thickness of the surface electrode 7 nay be set to
about 3 nm to 15 nm The surface electrode 7 is conposed of a first thin
filmlayer consisting of a netal filmfornmed on the drift layer 6 and a
second thin film layer consisting of a nmetal film deposited on the first
thin fil mhakaiic efsctiodeRieforaled @1 thdbatk satfatdbhitie hitypasdicomn the drift
layer 6, for exanple, there may be enployed a material having intinmacy
with the GistiathayeTnfEmbedimeRt & itd) nhgposilivepnaubstiate proovnéiguragadi f f usi on
bet ween the second thin film Iayer and the drift |ayer 6 such as chrone,

ni ckel the éohH%'&hV@ bitrhgd um As a material for the second thin
f|ImIayeré16 ﬁaﬂg be glrlrp gyed gold with its |ow resi stance and hi gh

bi | h I d
stability wit AL ﬁsmg%eﬂltssﬁ@ ﬁ#k@flﬁ@ﬂbﬁ?@ﬁm{sioﬁwﬁ% thé&terialstognp! oye

as a materi al i rst ayer e fI'lmthickness of the

first thi fsiuI a%%troae ¥l T4 %Jaﬁﬂ]egs]ﬁ? Itﬁe o ﬁ%iec%ﬂfdfet’hﬁs S&GND thin

f|ImIay 'S enplOye 1|c ness o second thin

71 L?%S%@ed Hfvey bt Wickaaatarobingtpmfist 8k 8s Sﬁ&%@?éﬁﬁéégﬁe
ol ect T on GRS R hat el AateoR pasrRaTy Pl 1 %ﬁﬁi#e?'né% Beuum and 5
Then. & dmeEietur TepthidmessB Yo lacborande I oA Poits R apputa pm

el ectrode 7 becones positive in polarity relevant to the n-type silicon
to 15 nm.

The surface electrode 7 is composed of a first thin film layer
consisting of a metal film formed on the drift layer 6 and a second thin film
layer consisting of a metal film deposited on the first thin film layer. Asa
material for the first thin film later on the drift layer 6, for example, there
may be employed a material having intimacy with the drift layer 6, the
material being capable of preventing diffusion between the second thin film
layer and the drift layer 6 such as chrome, nickel, platinum, titanium,
iridium. As a material for the second thin film layer, there may be
employed gold with its low resistance and high stability with an elapse of
time. In Embodiment 1, chrome (Cr) is employed as a material for the first
thin film layer. The film thickness of the first thin film layer is set to 2 nm.
As a material for the second thin film layer, gold (Au) is employed. The film
thickness of the second thin film layer is set to 8 nm. In Embodiment 1,
although the surface electrode 7 is composed of a two-layered metal film, this
electrode may be composed of one or three or more layered metal film instead

of this film.
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substrate 1 (ohmc electrode 2), and a direct current voltage Wc is
applied so that the collector electrode 21 becones positive in polarity
relevant to the surface electrode 7. In this manner, electrons injected
fromthe n-type silicon substrate 1 drift in the drift layer 6, and are
emtted via the surface electrode 7 (the single dotted chain line in Fig.
2 indicates the flow of electrons "e-" emtted through the surface
electrode 7). As a ratio of the emission current (em ssion electron
current) le fl gpithe dedtr@eBotie KNlthesueface elattodedeidisposed heasur f ace

el ectrode 7 to the diode current Ips flowng between the surface el ectrode

7 and t hgulvpent A iceRactsr BRchide 91 {sodighesedeinesgposite td)thesugfaet er, t he
el ectron em ssion efficiency increases. As shown in Fig. 1, the dri ft | ayer

6 accordi él?(ft&'@déz‘?b OghBR NS direct cuﬁ%@ﬂ@ Q%R@g@ﬁ’psélb appBisH soGhlat thésurface

pglycry?ta Ine silicon grains 5 1; thinsilicon oxide filnms 52 fornmed on
t he sur als 63 of
nano- et }ﬁ&@;@%ﬁ%ﬁg%@%@%ﬁe l\f\lgpér}aﬁﬁe&glrégfﬁgk%ﬂ%@natgﬁ@%ﬂﬁ%éu;nber of

z'm'a: Fé?h?%’lfb%&fﬁt&f@?iﬁi Nfue S, o 3 frg@‘fﬁﬁffeﬂf‘t Ylfady uEHap ﬁﬁg‘zilySt s
el AP IR
]9(r) ?Irrgd :);S"r"sgzc % faggﬁg :ﬁ ﬁw’élaf’ﬁ’ieékagggoﬁ npﬁ(éteegl ﬁ‘l %lo{nheglgl g%gfl | m 64

t hi cknessSiiiéo%tﬁu ?(ttréf'ﬁ lgﬁ'glﬁ ﬁﬁ&gg‘ﬁ' ryst al‘ﬂﬂﬁ@?‘f Seg}ﬁe% eoLI L?cur S

(degree of nean free path ctrons:, e r,ee, of rre n free ath of
el ect r onselep@ode 7<(the sinele H?SCE’@P‘%&@ g@{?@ tes the Lewol, IoI n the

el ectron source 10 according to, Enbodi nent 1 I s believed
electrons "e-" emitted through the surface electrotie As a ratio of the

emission current (emission electron current) Ie flowing between the collector
electrode 21 and the surface electrode 7 to the diode current Ips flowing
between the surface electrode 7 and the n-type silicon substrate 1 (ohmic
electrode 2) is greater, the electron emission efficiency increases.

As shown in Fig. 1, the drift layer 6 according to Embodiment 1 is
composed of: at least, columnar polycrystalline silicon grains 51; thin silicon
oxide films 52 formed on the surfaces of the grains 51; a number of silicon
nanocrystals 63 of nano-meter order interposed between the grains 51; and a
number of silicon oxide films 64 formed on the surfaces of the silicon
nanocrystals 63, each of which is an insulating film with film thickness that
is smaller than the crystalline particle size of the silicon nanocrystal 63. In
short, the surface of each grain 51 is made porous in the drift layer 6, and the
crystalline state is maintained at the center portion of each grain. Itis
desirable that the thickness of the silicon oxide film 64 formed on the surface

of the silicon nanocrystal 63 is set at the film thickness to an extent such
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that el ectron em ssion occurs in the follow ng nodel. That is, the surface
electrode 7 is disposed in a vacuum Then, between the surface el ectrode 7
and the n-type silicon substrate 1 (ohmc electrode 2), with the surface

el ectrode 7 being positive in polarity, the direct current voltage Vc is
applied. In addition, at the sane tinme, between the collector el ectrode 21
and the surface electrode 7, with the collector electrode 21 being
positive in polarity, the direct current voltage Vps is applied. Wen the

direct cyphedh l8tkad unYdling pRehimen o R Pesofrmler fred paticel val ue),

el ectrons "e-" are injected due to thermal excitation fromthe n-type

silicon %@Q&g 1: §hd dSEFeH SinBan e ARGl &bk HOSMIGEIabous Bhhy,gbe to the

drift |ayer On the“other hand, a nmajority of the ‘electron field applied

to the drj] j [ to the ilicon oxide fil 64. Thus, th
i nj ect ed egaélcélr%%%éél&ei- ﬁng?ghgiégél erat ed Ely | t he si(lrong ;I gﬁt ric fi gfd ©
applied to the Ifllhtzllegeig(ftﬁéﬁ gﬁui‘dﬁl {q]gécé)%'a:ﬁ o ERBodfinghit 1oRSis Pelibbed N 2

regi on bet ween ayer owar” the surface in an
orientation, indicated.by the arr.ow,Adn Fig, u h e

el ect rodé"?*F",t elgriran %mlﬁ#‘?lf gﬂc"rrﬁtIBV{Pﬁ;()@%‘gﬁ%ﬁn]opﬁi't mgtrr{e?hﬁ%? §ﬁ'1[i%9€t he drift
| ayer 6, the electrqns injected fromt n-type silticon,substrat are
accel er at acfaﬁée dip &SHOﬁe AR &Y e @ﬁ??’i l&gt%e@w%rf%% @SC?ﬂge il i licon
oxide film®64 wthout, being diffusing in.the siljicon nocrystal 63, and
are enittard the p-tyne sthigony %’F%t@t}gﬁ’émiz 9@%‘&?“?‘?%%)6“@8 eéf‘é%tc?on eni ssi on
phenonmenon). A_ heat generated in t'hedg\rid{it | ayer 6 is emtted via {he
grai ns 5ileleqtvade 7 bemg pppitivg ipHeolarthdhediract correntaltags, Yo apnhiad. on

em ssion, and electrons can be constantly emtted. The el ectrgons arrived
at the subf additioh, ahéhesame timey between théeqllestenjelgstmpde 24| and thths, easily

tunnel the surface electrode 7, and are em tted in the vacuum_
surface electrode 7, with the collector electrode 21 being positive in polarity,

the direct current voltage Vps is applied. When the direct current voltage
Vps reaches a predetermined value (critical value), electrons "e-" are injected
due to thermal excitation from the n-type silicon substrate 1 serving as an
electrically conductive substrate to the drift layer 6. On the other hand, a
majority of the electron field applied to the drift layer 6 is applied to the
silicon oxide films 64. Thus, the injected electrons "e-" are accelerated by
the strong electric field applied to the silicon oxide film 64. Then, the
electrons drift in a region between the grains 51 in the drift layer 6 toward
the surface in an orientation indicated by the arrow A in Fig. 1, tunnel the
surface electrode 7, and are emitted into the vacuum. In this manner, in
the drift layer 6, the electrons injected from the n-type silicon substrate 1 are
accelerated and drift in the strong electric field applied to the silicon oxide
film 64 without being diffusing in the silicon nanocrystal 63, and are emitted
via the surface electrode 7 (ballistic type electron emission phenomenon). A

heat generated in the drift layer 6 is emitted via the grains 51. Thus, a
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Hereinafter, a method of manufacturing the electron source 10 according to
Enmbodinent 1 will be described with reference to Fig. 3Ato Fig. 3D. First,
after an ohmc electrode 2 has been forned on the back surface of an
n-type silicon substrate 1, a non-doped polycrystalline silicon |ayer 3 is
fornmed as a sem conductor |ayer on a nmain surface of the n-type silicon
substrate 1, and a structure shown in Fig. 3Ais obtained. As a nethod of
filmformng the polycrystalline silicon |ayer 3, for exanple, there may be

enpl oyedclﬁ,ggDﬁD% bRENBINSASN (Fes ot DedliCHirih 8 @t fdie emis A6 Parkd/Bl dcefobidi que, or

catal yti echni que, for exanple), a sputtering technique, or a CGS

ont . P aue, | ; ket AT q
(Conti nu %@%t%@k%té&cgﬂkﬂg%g%ﬂs tali‘ﬁvbgka% théfsuefack ¥ tHeArHRPE

pol ycrysta yer een formed, the polycrystalline
silicon | ' K ' o i1t 4 o o kdi zat i on
pr ocessi nlgyg{ g%,rb\?\)ﬁieir@gg?/%g hg’gr%%éu"@r%%r g%r s?‘g? %lndgesgﬁ%lf%%n@&}ta?/‘g% I7’4 that is
a porous sem conductor._layer is forned, and a structure shown in Fig. 3B
i's obtaiﬂgﬂf3¥$e?% egﬁB&ﬁ Vet at i on processing step, there is enployed
an anodi ¢ oxi dizati.on,processin essel. that cgntains an elecirolytic

sol ution consi ﬁ?lf?@nﬂftgﬁ %F@BP@ ogmqﬁquﬁtw%ﬁh%geﬁffomggpﬁﬁe gé Wt . % of
hydr ogen fl uor.i de ter .sol utjon,and,ethanql at substantiially,l :.1. Then,
W h s pl eCPHIREdSPBAEPRoL AR ISSBERG el e Fane e A 10 BHEs ¢ he
n-type silicon substrate 1 (ohmc electrode 2) being positive in polarity,
28 while $Qght em ssion is carried out for the polycrystalline silicon

| ayer 3, anodic oxidization is carried out_ at gbcon t urrent, In this

manner, the pdfiast abtaryan ghmic plegtrode 2 hawbeey torme ggﬁ ¢ hagk seEacehys

formed porous polycrystalline silicon |ayer 4 contains polycrystalline
silicon gofzams-typd silicon substrate 1, a non-doped polycrystalline silicon layer 3 is

formed as a semiconductor layer on a main surface of the n-type silicon
substrate 1, and a structure shown in Fig. 3A is obtained. As a method of
film forming the polycrystalline silicon layer 3, for example, there may be
employed a CVD technique (such as LPCVD technique, plasma CVD
technique, or catalytic CVD technique, for example), a sputtering technique,
or a CGS (Continuous Grain Silicon) technique and the like.

After the non-doped polycrystalline silicon layer 3 has been formed,
the polycrystalline silicon layer 3 is made porous in accordance with the
anodic oxidization processing step, whereby a porous polycrystalline silicon
layer 4 that is a porous semiconductor layer is formed, and a structure shown
in Fig. 3B is obtained. In the anodic oxidization processing step, there is
employed an anodic oxidization processing vessel that contains an
electrolytic solution consisting of a mixture solution obtained by mixing 55
wt.% of hydrogen fluoride water solution and ethanol at substantially 1 : 1.
Then, with a platinum electrode (not shown) being negative in polarity and

the n-type silicon substrate 1 (ohmic electrode 2) being positive in polarity,
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silicon nanocrystals. In Enbodiment 1, although all of the polycrystalline
silicon layer 3 is nmade porous, the layer may be partially nade porous.
After the anodic oxidization processing step has term nated, the porous
polycrystalline silicon layer 4 is oxidized in accordance with the
oxi di zing step, whereby the drift |ayer 6 consisting of the oxidized porous
polycrystalline silicon layer is formed, and a structure shown in Fig. 3C
is obtained. In the oxidizing step, the porous polycrystalline silicon

| ayer 4 iwhilediglitzelissivnasrcapridd vadtfonthe pdlynrxptelhndwﬁe@y layatr3,ft | ayer 6
is formed, the drift |ayer containing the grains 51, silicon nanocrystals
63, and sahédionxidizaiion is tamidRowinagt f4onstantmpreentealn nhischeanmerj theenpl oyed
in the oxidizing step using the rapid heating technique. In this case,
while 02 gadustpodpdipetaling silivoadager 4iis fared.naChe thhefaubed patons
tenperature is risen fromthe room tenperature to a predeterm ned

oxi di zat i pslytsyspsNie Milcdd Diyee Péaitains ﬁ&?@ys@ﬂlﬁlem’lﬁ&ﬁi gfdingethd enperature
rise velociyy (for exanple, 80C / sec). hen, the substrate tenperature is
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(l)lir'crystalline silicon layer is formed, and a structure shown in Fig. 3C is
obtained. In the oxidizing step, the porous polycrystalline silicon layer 4 is
oxidized in a rapid heating technique, whereby a drift layer 6 is formed, the
drift layer containing the grains 51, silicon nanocrystals 63, and silicon oxide
films 52 and 64. Alamp annealing device is employed in the oxidizing step
using the rapid heating technique. In this case, while O, gas atmosphere is
produced in a furnace, the substrate temperature is risen from the room
temperature to a predetermined oxidization temperature (for example,
900°C) at a predetermined temperature rise velocity (for example, 80°C / sec).
Then, the substrate temperature is maintained by a predetermined
oxidization time (for example, 1 hour), and rapid thermal oxidization (RTO)
is carried out. Then, the substrate temperature is lowered to the room
temperature. In Embodiment 1, although the temperature rise velocity is
set to 80°C / sec, the temperature rise velocity may be set to 80°C / sec or
more, and it is preferable that the velocity be set to 150°C / sec or more. A

reason for thus setting the temperature rise velocity will be described later.
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After the drift layer 6 has been forned, a first thin filmlayer

consisting of a netal film (chrone filmin Enbodinent 1) is deposited on
the drift layer 6 in accordance with an el ectron beam vapor deposition
technique. Further, a second thin filmlayer consisting of a netal film
(gold f3lmin Enbodinent 1) is deposited on the first thin filmlayer in
accordance with the el ectron beam vapor deposition technique. In this
manner, a surface electrode_ 7 consisting of t& f' rst thin filmlayer and
the secodd Embnadiment LI%B%QXId@aﬂ@Flrﬁ?GP is puovife P%S@@&D@eél% with its
structure shown in Fig. 3D is obtained. In Enbodl ment Itho h the
surface doaningpstepdfifarmingrthe siticon osideiilras64i Wthhq%’f gg‘&ﬁa vapor
deposition techni que, a method of forning the surface el ectrode 7 is not
limted tom ﬁHﬁstﬁifmeTsrofrthbsﬂmompmocrgtetms68|that axebemineaduginr a sputtering
techni que may be enployed, for exanple. In the neantine, the present

| nvent or 1dimeeysthisai ned a finding that, as a result of search, a condition
for the oxidizing step using the rapid heating technique, in particular, a

tenperature ri sfmelicisin Javee etltasheateforaiedon fhset vkanfilmiayed
characteristics such as electron em ssion efficiency, dielectric strength,

or serviggpyl E%sftﬁ':fg Jiha?ﬁletéﬁﬁhﬁr(éﬁﬁﬁﬁe ifhvesint Biibodamehed) Hudepusitedtorctiie

eval uation o drift layer 6 of the electron source 10 by setting the

t enper at trlh?%eg ¢h Q6ddrdantd witle aﬁ%ﬂ’é&r&?ﬁééﬂ@é{%@ AR asitionOteBRATgUe. Sec.

Specifica re were carried 30 out: a structural evaluation in the
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sect i onal ype Em Sssi
the electron beam vapor deposition technique. In this manner, a surface

electrode 7 consisting of the first thin film layer and the second thin film
layer is formed, and an electron source 10 with its structure shown in Fig. 3D
is obtained. In Embodiment 1, although the surface electrode 7 is formed in
accordance with the electron beam vapor deposition technique, a method of
forming the surface electrode 7 is not limited to the electron beam vapor
deposition technique, and a sputtering technique may be employed, for
example.

In the meantime, the present inventors have obtained a finding that,
as a result of search, a condition for the oxidizing step using the rapid
heating technique, in particular, a temperature rise velocity affects a
deviation between lots of characteristics such as electron emission efficiency,
dielectric strength, or service life.

Then, the preseht inventors carried out analytical evaluation of the
drift layer 6 of the electron source 10 by setting the temperature rise velocity

in the rapid heating technique to 80°C / sec. Specifically, there were carried
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M croscope); and di nensi onal nmeasurenment of the existing quantity of the
drift layer constituent elenent relevant to the depth direction by using
X-ray photo-el ectron spectroscopy (XPS technique). Further, simlar

anal ytical evaluation was carried out for an electron source (drift |ayer)
according to Conparative Exanple as well. The el ectron source according
Conparative Exanple was nmanufactured by setting the tenperature rise
velocity in the rapid heating technique to 20°'C/ sec which is |ower than

800C / sefut: AstiicthfAWvialuatiol M BRE HdiNiy Bf Shekarfabe WP tisd diifel dyemeer at ur e
velocity was set to 200C/ sec, in the drift layer, an SiO filmwas

formed friam .01 a1detR agﬁaﬁﬁmm&es%eﬁéea%hmd&b @, tagmighect rode 7) to a

depth of about 100 nm an presence of silicon nanocrystal was not

verified. us@r&ﬁ;ﬁx{ Qﬁ&’elérﬂeflpﬁ}lgfg}sist of 4 SMBEdre &f%g.ﬂiéﬂ%%f’gu gpce 10 in
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10 accor d| n o Enbodi nent the drif er, accor. Conparative
Exanpl e. eeEeR She‘i?éﬁ!%c@HY tsht@d%’é’dl"ie&maﬁﬁi‘@ﬂr . %gﬂ?liyﬂc ayer 6 of
the 31 electron source 10, the colu ar grains e pol ycrystal line
silicon cewpluption avas earmadonichoy ansg lectzen ﬁ%%fienéﬂ# Wbﬁcwﬁ@&mified In
contrast, in the drift |ayer accordln to Conparative Exanple, SiQ2 filns
were for néempagative Examuleas wellonThe eleatren seuics @scorsing Gomparstivenout 100
mm and the

Example was manufactured by setting the temperature rise velocity in the
rapid heating technique to 20°C / sec which is lower than 80°C /sec. Asa
result, in Comparative Example in which the temperature velocity was set to
20°C / sec, in the drift layer, an SiO, film was formed from the surface
(critical surface with surface electrode 7) to a depth of about 100 nm, and the
presence of silicon nanocrystal was not verified. In contrast, in the drift
layer in the electron source 10 in which the temperature rise velocity was set
to 80°C / sec, which is comparatively high, it was found that the silicon
nanocrystals 63 exist in a region to the depth of about 100 nm from the
surface as well.

Hereinafter, a result f each analytical evaluation will be described.
First, a result obtained by observation and element analysis caused to a
sectional TEM for a structure in the vicinity of a surface, respectively, will be
described with respect to the drift layer 6 of the electron source 10 according
to Embodiment 1 and the drift layer according to Comparative Example.

By evaluation caused by the sectional TEM, in the drift layer 6 of the
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columar grains of the polycrystalline silicon were verified only in a
region deeper than 100 nm Now, a result of structural evaluation in the
vicinity of the surface of the drift layer in accordance with the PL
technique will be described with reference to Fig. 4. Fig. 4 shows |ight
em ssion spectra neasured by emtting light of 325 nmin wavelength froma
He-Cd laser. "a" in Fig. 4 indicates the |ight em ssion spectra of the
drift layer 6 according to Enbodinent 1, and "b" indicates the |ight

eni ssi on a@eén sowicet 1E tHeicblurhaxepraias of the polytcoystalinee silicor amvdathd e.  An
i nvasion length of the light emtted fromthe He-Cd |laser into the drift

layer 6 iggli¥id RhRodry8t418999a0b-mORr RFIENwekdGefifipilh Th cohtrast) ibrtha t he
surface of the drifft layer 6. Therefore, the |ight em ssion spectra of

each of "gigahdey Qccgk&x@ & CémbafhiEad ExahiflB! SE] SivhdWerés Pxgiddofé0m a

shal low region"in the vicinity of the surface. I'n general, the 1|ight

e SSi 0N h/oQh iR eRdd £Ofh R Uerthéd fPa ldpptRbPaDGS: 10D AfmAfnd thand. and is

known to have a pe e proximty of 430 nmto 540 nm In addition,
the |ight 1 SSi fro i1 %ﬂ]-ﬂ a ' an S
band, an‘%ﬁ%n%ﬁ%ﬁn{so %’&&%&%@g | ng?; eé%ff%?k?yéﬁ;g? &%E&; ﬁ?na{rggg%o nm As
S evide&t frgg\Fi%. 4. in the drift layer 6 according to Enbodi nent 1,
the peak 995@er X0ap W09 MR- | i ght emission fromthe silicon nanocrystals 63

are observed. Howearesulel srciialgvareapay un Uk kit P60 sBieER aF o
bl G0l Lablie DRk 38 Rl VES 1, P AL Atk Bl B o
o si 1| cofereanedoySats. Rig ARRPRES ekt CRTAPR SPESRMCATISH bihi oh are
el eved él?lit?:i%gsliilglixg 8fn 355); In(ljr?nI i;vlar\rzgiength from a He-Cd laser. "a"in Fig. 4
indicates the light emission spectra of the drift layer 6 according to
Embodiment 1, and "b" indicates the light emission spectra of the drift layer
according to Comparative Example. An invasion length of the light emitted
from the He-Cd laser into the drift layer 6 is within the range of 100 nm in
the depth direction from the surface of the drift layer 6. Therefore, the light
emission spectra of each of "a" and "b" in Fig. 4 indicates light emission
spectra from a shallow region in the vicinity of the surface. In general, the
light emission from the silicon oxide films is referred to as an F band, and is
known to have a peak in the proximity of 430 nm to 540 nm. In addition,
the light emission from the silicon nanocrystals is referred to as an S band,
and is known to have a peak in the vicinity of 650 nm to 800 nm. Asis
evident from Fig. 4, in the drift layer 6 according to Embodiment 1, the peak
believed to be light emission from the silicon nanocrystals 63 and the peak

believed to be light emission from the silicon oxide films are observed. In

contrast, in the drift layer according to Comparative Example, only the peak
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This result coincides with the analysis result caused by the sectional TEM
Now, a result of distribution neasurenent in the depth direction
concerning an existence quantity of drift |ayer constituent elenents in
accordance with the XPS technique will be described with reference to Fig.
5. The horizontal axis of Fig. 5 indicates the depth fromthe surface of
the drift layer 6. The vertical axis of Fig. 5 indicates the atom

concentration. "al", 110", and "0" in Fig. 5 indicate the neasurenent
resul t rdjekiennd tb betlightmission frynr tle silicon okivdp fillmEisehsermeed. 1That
addition, "bl", "b2l', and "b3" indicate the neasurenent result rel evant

to the disfin {lRyRigiac Gontlithe strfacCofitie drifynyEx érucerdinigite, "al " and "bl "
indicate the distribution in the depth direction of SiQ 11a2" and "b2"

i ndi cat e thapdistivé Exbhfleits thodegtipbhaboiit 880 nom silicod nanodyseilsand "B
indicate the distribution in the depth direction SiOx. As is evident from

Fig. 5 | i f ¥8iky Br aUCHWhith 41 behveditobetsilicorSoxidedilBisO, are
observed }IY%}]H{Tﬁg rslg’glétr)élﬁi n %/Ivhirch the depth fromthe surface is shall ower

than 100 e gy RARLAAREs wifh i afAlysls HHEY cadeaycllitadctioRANTEM | vo

Exanpl e, I'S not observed 1nt region which is shallower than 100 nm
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anal ysi s resul : ( he section _ romthe above analysis
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"a2" and "a3" in Fig. 5 indicate the measurement result relevant to the drift

layer 6 according to Embodiment 1. In addition, "b1", "b2", and "b3"

indicate the measurement result relevant to the drift layer according to

Comparative Example. Here, "al" and "b1" indicate the distribution in the

depth direction of SiO,, "a2" and "b2" indicate the distribution in the depth

direction of Si, and "a3" and "b3" indicate the distribution in the depth

direction SiOx. As is evident from Fig. 5, in the drift layer 6 according to

Embodiment 1, Si and SiO, are observed in the region in which the depth

from the surface is shallower than 100 nm. In contrast, in the drift layer

according to Comparative Example, Si is not observed in the region which is

shallower than 100 nm from the surface, and only SiO, is observed. This

result coincides with the analysis result caused by the sectional TEM.

From the above analysis result, as shbwn in Fig. 6A and F1g 6B, in
the drift layer 6 according to Embodiment 1, it is believed that the silicon

nanocrystals 63 having the silicon oxide films 64 formed on the surface
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hardly colliding with the silicon nanocrystals 63, reach the surface of the
drift layer 6, tunnel the surface electrode 7, and are emtted into the
vacuum (the single dotted chain light in Fig. 6A indicates the flow of

electrons "e-"). "PPS' described at the upper part of Fig. 6A indicates
the drift layer 6, "Metal" indicates the surface electrode 7, and "Vacuunt
I ndi cates a vacuum In addition, Fig. 6B is an energy band chart

illustrating a principle of electron emssion. "Si02" in Fig. 6B indicates
silicon gkéstfhirk @@ntdned fie tite Vicinityliof shesurfaté obthedrifickayet &l as ®ellof

nano- rreter order, "EFM' indicates the Ferm |evel of the surface el ectrode
7, and " BVgn, D1 bleRsd ithat Vs Wlettioasek.” iQfectéd imtohtiie dwiftdayes6 sirewn i n
Fig. 7, in the drift | ayer according to Conparative Exanple (hereinafter,
referred aE@el@?ateﬁrHyf thd f¥6fg Blectic flel®a f)?héﬁl té the kRea cidefiths®4,t he
silicon oxide filns 64 increases as the filmis close to the surface of
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of the surface. That is, in Enbodi , t he oxidi zi.n t ft
In addition, Fig. 6B is an energy geana clllart ﬁlustrat?ng apnnglpf eip arter

electron emission. "SiO," in Fig. 6B indicates silicon oxide films 64, "uc-Si"
indicates silicon nanocrystals 63 of nano-meter order, "Ep," indicates the
Fermi level of the surface electrode 7, and "Eva" indicates the vacuum level.

On the other hand, as shown in Fig. 7, in the drift layer according to
Comparative Example (hereinafter, referred to as "drift layer 6'"), the film
thickness of each of the silicon oxide films 64 increases as the film is close to
the surface of the drift layer 6', and the silicon nanocrystals 63 are destroyed.
In the vicinity of the surface, any silicon nanocrystals 63 do not exist. Thus,
a part of the electrons "e-" injected in the drift layer 6' are diffused or
absorbed by the silicon oxide films 64 each of which has a film thickness
(degree of mean free pass of electrons) larger than the film thickness to an
extent such that an electron tunneling phenomenon occurs. Thus, it is
believed that the electron emission efficiency is lowered, and the dielectric
strength and service life are lowered.

In the drift layer 6 according to Embodiment 1, the silicon
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t he anodi c oxi di zation processing step, as shown in Fig. 8A an oxygen

nol ecul e 80 reaches the periphery of the silicon nanocrystal 63. At this
time, a tenperature rise velocity is conparatively high (800C/ sec), and
thus, the silicon oxide filns 64 are fornmed within a short tine on the
surfaces of the silicon nanocrystals 63 formed in accordance with anodic
oxi di zation. Thus, diffusion of an oxygen atom 81 into the center portion
of the silicon nanocrystal 63 is inhibited. In this manner, it is believed

that the mdddceetalsosd egist ih *h64idiaiy v the sorfaee csneeld. (Heguteast) imean free
path of electrons) in which an electron tunneling phenonenon occurs is

formed onhy it l8¢er @lact:aﬁﬁngfto tdaﬁnllsaﬂdtMﬁmw Whiedbl16w@ingamodebisot her
hand, in Conparative Exanple as we in the oxidizing step after anodic
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reaches the periphery o the silicon nanocrystal 63. However, the
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in which the velocity is set 20' ¢/ sec,_ and di cat.es a case in
whi ch t hetheesibeon 9angcr§'éta1§&3ntp@mﬁ§slécaccsa@dweéwhé%0%m pEfaatn.g

Enbodi nent 1, the electron em ssion efficiency is hi %h and a
Thus, diffusion of an oxygen atom 81 into the cénter portfion of the silicon

nanocrystal 63 is inhibited. In this manner, it is believed that the silicon
oxide film 64 having film thickness (degree of mean free path of electrons) in
which an electron tunneling phenomenon occurs is formed only on the
surface of the silicon nanocrystal 63. On the other hand, in Comparative
Example as well, in the oxidizing step after anodic oxidization processing
step, as shown in Fig. 8B, the oxygen molecule 80 reaches the periphery of
the silicon nanocrystal 63. However, the temperature rise velocity is
comparatively low (20°C / sec), and thus, the oxygen atom 81 diffuses to the
center portion of the silicon nanocrystal 63 formed in accordance with anodic
oxidization, and the entirety of the silicon nanocrystal 63 is oxidized. This
is because the silicon nanocrystal 63 is destroyed.

Fig. 9 shows a change with en elapse of time, of a respective electron
emission efficiency when the temperature rise velocity is set to 80°C / sec,
160°C / sec, and 20°C / sec. The vertical axis of Fig. 9 indicates electron

emission efficiency, and the horizontal axis indicates an elapsed time. "a"
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change with an el apse of tinme of the electron em ssion efficiency is
reduced as conpared with Conparative Exanple. In this manner, the service
life is extended. In addition the tenperature rise velocity is increased
from80'C/ sec to MOT / sec, whereby the electron em ssion efficiency is
I ncreased nore remarkably. A change with an el apse of tinme, of the

el ectron em ssion efficiency shown in Fig. 9 can be fitted by a function
(hereinafter, referred to as "danping function") that danps relevant to an
el apsed tinrFgi 8 indicatespanasd imivhicntiid temperatere risb atlocity iaset to 8040 val ue
of the electron emssion efficiency (hereinafter, referred to as "initial
el ectron /et sY"andiceitéd aicasein which ded veleditgds ke§3020°Ci/Bec candtant is
defined as -i, a proportional coefficient (linear filter) is defined as vy,

and an elipas@ded hBasé $n Yich ¢He ¥8ldcit glh@@t £ E60TONs&YT ¥ Revellénei ency in
an arbitrarily elapsed time 'T' can approximated in the foll ow ng

formul a Iomispig, 94d EndhodihdBat A0 RRE dldctrdn em‘i’é‘sﬁ&@%ﬂﬁ)mﬂé&eis%ﬁéﬂ'aﬁﬁi alfe of

t he electron source i ncreases. i~ =r1j0 - exp ((-t ... Formula 1
Fig. 10 sy | | I
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Accor di ngqeto Fl%hllo, as the tenperature rise velocity increases, it is
found th a‘i tial electron em ssion efficiency rJO and the tinme

A change with an elapse of time, of the electron emission efficiency
shown in Fig. 9 can be fitted by a function (hereinafter, referred to as
"damping function") that_ damps relevant to an elapsed time in an
exponential function manner. That is, an initial value of the electron
emission efficiency (hereinafter, referred to as "initial electron emission
efficiency”) is defined as n0, a time constant is defined as 1, a proportional
coefficient (linear filter) is defined as v, and an elapsed time is defined as t,
the electron emission efficiency in an arbitrarily elapsed time "t" can be
approximated in the following formula 1. As a value of time constant t
increases, the service life of the electron source increases.

n=n0+exp ((-t/ 1) *y) ... Formula 1

Fig. 10 shows a relationship between the initial electron emission
efficiency n0 and the time constant t obtained by being fitted by the damping
function. The vertical axis of Fig. 10 indicates the initial electron emission
efficiency n0, and the horizontal axis indicates the time constant t. "a"in

Fig. 10 indicates a case in which the temperature rise velocity is set to 80°C /
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constant -c increase. Nanely, as the tenperature rise velocity increases,
the el ectron em ssion efficiency can be inproved, and the service life can
be extended. Here, assuming that the characteristic evaluation of the

el ectron source is carried out by a multiple rjO - -c between the initial
el ectron em ssion efficiency rjOand the tinme constant -E, it is believed
that the characteristics of the electron source is nore excellent as the
value of rlO - T increases. The value O 110 - Tis 0.092 in "b", 5.2 in
"all, andegl'b8 ihdicatds a thee irewhichathe empeéra¢uvectioe velocity isset 6m8@C f r om
200C/ sec to 80'C/ sec, it is found that the value of rlO- T is larger

by 50 ti rges, asd cOnpdicdeyatcasain adfichithed@@peratare risthasledity & sdthte
tenperature rise velocity is set to 800C/ sec or nore, whereby the

el ectron gueesign: Atthdingty Feanmesithptompdratand rideeveletity iterbades, can be
extended as conpared with a case of 20'C/ sec. Further, the terrperature

rise vel qgid Yodrfd 8Pt th 1hEDAGIEEtrBR TetisHdAEAYichBE @l Al fientied SSi on

efficiency can be inproved nore remarkably, and the service life can be

ext ended %EantSJc lfehgéntm W&ﬁﬁeﬂa@mﬁm& YeRcitySBcralsesi ty is

restricte y pertfornmance o nufacturing apparatus for exarrpl e, lamp

anneal | ngy d@g@%ﬁ%ﬁgﬁ%@xe&a&n@y 9bAhd BEOLAHE: 1iid cdrPheur T ently

known t ha ure ris OCI can be I ncreased to about 400*C /

e B B BT P B SRR e 0
L b B e R g 1
S ol s SR S s B,
e o Fihsinatran apures is more xcellnt as the Valte of 50t SaGRhbes SHhENI" and

value of n0+1 is 0.092 in "b", 5.2 in "a", and 21.8 in "c¢". The temperature

rise velocity is increased from 20°C / sec to 80°C / sec, it is found that the

value of n0« 1 is larger by 50 times as compared with a case of 20°C / sec.

Therefore, the temperature rise velocity is set to 80°C / sec or more, whereby

the electron emission efficiency can be improved, and the service life can be

extended as compared with a case of 20°C / sec. Further, the temperature

rise velocity is set to 150°C or more, whereby the electron emission efficiency

can be improved more remarkably, and the service life can be extended more

significantly. Although the temperature rise velocity is restricted by

performance of a manufacturing apparatus (for example, lamp annealing

device) employed in the rapid heating technique, it is currently known that

the temperature rise velocity can be increased to about 400°C / sec.

With the method of manufacturing the electron source 10 according

to Embodiment 1, the thickness of the silicon oxide films 64 that are

insulating films in the drift layer 6 can be set at the film thickness to an
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easy, the dielectric strength can be inproved, and the service life can be
extended. Further, the electron em ssion efficiency can be inproved.

(Enbodi nent 2) Hereinafter, Enbodinment 2 of the present invention will be
described. In Enbodinent 2, as an electrically conductive substrate, there
Is enployed a substrate on which an electrically conductive | ayer
consisting of a netal film(for exanple, tungsten film is provided on one
surface of an insulating substrate consisting of a glass substrate (for
exanpl e, extent sudh et ars elestoat teinnehngghenonienan eccurs, Thuarelectderr on
source 10 according to Enbodinment 2, a drift [ayer 6 consisting of an

oxi de pordiffasival dcthessilicon ogidesfilms 64 chnyberredacédaedi actevaatien eCtri cal | y
conductive layer 12 on an insulating substrate 11. A surface electrode 7

i s fornedhgskidse ofithé kilicdyearxife films®@anin Gier dtiftdayef 6tcaa Isurddacedel Bet r ode 7
is simlar to that of Enbodinent 1. In order to emt electrons fromthe

el ectron @ ufdhnld, tite EQéiFﬂQﬂ'Qhe dedleefricosieerdthi andkenrigelifsis madeo be
opposite to the surface electrode 7, and a vacuum state is established

bet ween t 7 I ek 14 be Then, a
netve cu‘%fsﬁ tﬂﬁ% gfe?e&kﬁcs&féifh%h cadi e ixﬁgrc%ki, aalQhe seiwick 196ear be

age Vps 1s applied between the surface electrode 7 and

the el eCt&tﬁﬁ%lLd. PPH%%EHifeyél?ﬁﬁfgﬁ?e}nﬁQiohr%&e‘rﬁgy caleAfepRjvealt r ode 7

beconmes p6sItive in pola pot ent evant to the collector

el ectrode(Eg[%Ll ‘?‘%%‘g‘%l rect current voltage Vc is applied between 38 the
col | ector 28 1 and the surface electrode 7 so that the coll ector

7 “When the di HerEnaler dirodsBEe W she ahEbel el ol AU dGEARERZC! 00
glr Ie](c: E ' ngg} ii)gxl,.l?océifen%nftrf rgstar}leelgl:ter%arﬂycg)lnl&{lcﬁ(\)rg%lﬁ%tsjcr\é%e,l heEE 1slgln%ﬁé3tetd in the
a substrate on which an electrically conductive layer consisting of a metal

film (for example, tungsten film) is provided on one surface of an insulating
substrate consisting of a glass substrate (for example, quartz glass
substrate).

As shown in Fig. 11, in an electron source 10 according to
Embodiment 2, a drift layer 6 consisting of an oxide porous polycrystalline
silicon layer is formed on an electrically conductive layer 12 on an insulating
substrate 11. A surface electrode 7 is formed on the drift layer 6. A
configuration of the surface electrode 7 is similar to that of Embodiment 1.

In order to emit electrons from the electron source 10, a collector
electrode 21 is arranged so as to be opposite to the surface electrode 7, and a
vacuum state is established between the surface electrode 7 and the collector
electrode 21. Then, a direct current voltage Vps is applied between the
surface electrode 7 and the electrically conductive layer 21 so that the

surface electrode 7 becomes positive in polarity (high potential) relevant to

the collector electrode 21, and a direct current voltage Vc is applied between
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and are emtted via the surface electrode 7 (the single dotted chain |ine
in Fig. 11 indicates the flow of electrons "e-" emtted through the
surface electrode 7). The electrons arrived on the surface of the drift

| ayer 6 are believed to be hot electrons, easily tunnel the surface
electrode 7, and are emtted into the vacuum In the electron source 10
according to Enbodinent 2 as well, as in the electrode 10 according to
Enmbodi ment 1, as a ratio of the em ssion current le to_the_ diode current

I ps (= | ¢hé colpedtor electuodecdl andshe surface alestiodei Deo thati Biegpdlectorcr eases.
The configuration and function of the drift layer 6 is simlar to those of
Enbodi newrlectrode2it becymeéspositive tin lpalaitycralevantrpddecssuafaceslettaede 7. gr ai ns
51, silicon oxide filnms 52, a nunber of silicon nanocrystals 63, and a
nunber  GFhen the direes cderenitivobtagds Mpafaard Vo aFe propdrly set, dlidieléatrons n t he
drift layer 6, the surface of each grain is nade porous, and a crystalline

state i s ifpictddirofttla elethecdlBnédiduetiveilayenl2 deiftigtle driffitayer!, ckness of
each of the silicon oxide filnms 64 is set at the filmthickness to an

ext ent SlhmAféaémﬁ@e&krﬁﬁnagurfhweﬁbﬁ@aemn@@@a doctedrchainégrecier of nean
(0]

free pat el ectrons), for exanple, about 1 nmto 3 nm In the electron

source 1GnaCsPifiioftdsAnMoriotRcuordSelihittéd thioughlltieadaddrat t he

el ectron effi Ssion occurs in a nodel simlar to the case of the electron

source 10436010 Hife BERAKNEBAL LA offtHe diiifadd\6E el dish: lagati 6 @b VO! L age

Vps is app ween e surface electro 7 and the 39 electrically

pol ar ity bebieef s b6 s efectlify S 4B FpfEr e B dRoRRolET, b are?

pol arity, iI'rect "current c 1S app d between the
coL L ect oyl GEAE U5 R Th B QBES AR et ool Lot
' nj ected ]!fhrn%?d}nqgng ea%twirxr(ia ,a rl\sl i1 the electrode 10 according to Embodiment 1, as
a ratio of the emission current Ie to the diode current Ips (= Ie / Ips)
increases, the electron emission efficiency increases.
The configuration and function of the drift layer 6 is similar to those
of Embodiment 1. That is, the drift layer 6 is composed of, at least, grains
51, silicon oxide films 52, a number of silicon nanocrystals 63, and a number
of silicon oxide films 64 (refer to Fig. 1). In addition, in the drift layer 6, the
surface of each grain is made porous, and a crystalline state is maintained at
the center portion of each grain. The thickness of each of the silicon oxide
films 64 is set at the film thickness to an extent such that an electron
tunneling phenomenon occurs (degree of mean free path of electrons), for
example, about 1 nm to 3 nm.
In the electron source 10 according to Embodiment 2 as well, it is
believed that the electron emission occurs in a model similar to the case of

the electron source 10 according to Embodiment 1. That is, the direct

current voltage Vps is applied between the surface electrode 7 and the
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conductive layer 12 into the drift layer 6 by thermal excitation drift,
tunnel the surface electrode 7, and are emtted into the vacuum I[n the
case where the electron source 10 according to Enbodinment 2 is utilized as
an electron source of a display, the | ower electrode (electrically
conductive substrate) or surface electrode 7 and the |ike nmay be properly
patterned. A nethod of manufacturing the electron source 10 according to
Enbodi ment 2 will be described with reference to Fig. 12A to Fig. 12D.
First, onplédsicall§icendustivelsterd withthatsurfacedledtrade7 beingpositivetini cal | y
conduct i ve | ayer 12 consisting of a netal |ayer (for exanple, tungsten

film is C;I |, arleh Aireb el ERRVb Y agoNdUS bpplied boswaan ¢heé solléctbr i cat ed in
accordan a sputtering technique or the like. Then, on a main

surface sj) &ftr&&e Q?%ﬂ‘ﬂ ﬁﬁetédr?ﬁée' deS@BsIGtR theleslleaioe elairddec2 Bbeirig i cal | y

conductlve ayer doped pol ycrystalline silicon layer 3 is forned

e . thd Bectsigay o nc.

As a net rmng the po ycrystalline silicon |ayer 3

exanp! e ol %{ggﬁg%%@relfﬂpﬁ lddr;f S 6 5Y bkl 8uéiRaiton WRIEYRubseIN ue,

pl asma or ca n| que, for exanpl e)

sputtering tec %%93 %,Pg?ﬁaﬁgcgs F%oggl# Mlﬂgt%@la&l | icon) techni CIue. After

thF non- d II ayer has beén forned, the
t I I 3 d h 40
o ¢ ot i zat @@%&%@egsz%twgu%%pﬁ” og@%&ga@f% Aot 20
I I 4t hat f
Str ot ur elsaalized o ap «I;Scti‘@r‘é‘ésﬂé’r“céw?a%ﬁ 5 b v e Hleeted sﬁ?ﬁﬁma@w’

rocessing step, there is enploye zatlo rocessi ng vessel
P hat Contgm@cgwe substrate) or ; surfate electro eQYd d%e e may belpropenty' MY

patterned.

A method of manufacturing the electron source 10 according to
Embodiment 2 will be described with reference to Fig. 12A to Fig. 12D.

First, on one surface side of an insulating substrate 11, an
electrically conductive layer 12 consisting of a metal layer (for example,
tungsten film) is formed, and an electrically conductive substrate is
fabricated in accordance with a sputtering technique or the like. Then, on a
main surface side of the electrically conductive substrate (on the electrically
conductive layer 12), a non-doped polycrystalline silicon layer 3 is formed as
a semiconductor layer, and a structure shown in Fig. 12A is obtained. Asa
method of film forming the polycrystalline silicon layer 3, for example, there
may be employed a CVD technique (such as LPCVD technique, plasma CVD
technique, or catalytic CVD technique, for example), a sputtering technique,
or a CGS (Continuous Grain Silicon) technique.

After the non-doped polycrystalline silicon layer 3 has been formed,

the polycrystalline silicon layer 3 is made porous in accordance with the
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el ectrolytic solution consisting of a m xture solution obtained by m xi ng
55 w.%of hydrogen fluoride water solution and ethanol at substantially 1
1. Then, with a platinumelectrode (not shown) being negative in
polarity and the electrically conductive |ayer 12 being a positive |ayer,
while light emssion is carried out for the porous polycrystalline silicon
| ayer 3, anodic oxidization processing is carried out at a constant
current. In this manner, a porous polycrystalline silicon layer 4 is

formed. THeodieorithzatiéd Yesoestidlgl $tBE, Whierélina pay&is polperyistalline silicon
polycrystalline silicon grains and silicon nanocrystals. In Enbodinent 2,

al t hough 1%5}& UGhBRLY & pYPed ddniRondlibios Wy dPkForrded SR e StRAAHSshéwe | ayer
may be partially nmade porous. After the anodic oxidization processing step

has term; Zf:‘ilag? £12?321*§ ob@%frfé‘d. ﬁﬁltlﬁ%réﬁ%td?é Bﬁ'ﬂ?za"‘ti;j(%ﬂzggﬁegﬁﬁérstép,i theeigli zed,

whereby a yer consisting of an oxi porous pol ycrystalline

silicon I%?(lﬁgosjse?epﬁ)a{{ﬁ(gmﬁwﬁzgﬁoﬁ ryg%g;g?%? | \thyngﬁ @rﬁal Is obtained. In

the oxidi _ orous™ pol 'ine srircon layer 4 is oxidized
T et DB Wit Ao MOBLER 1 A 0
techni quentasof by RFeEieorte viatenatie 5 st 5 RstatBidf 14 Sauced
Subst 1 at CTPERpEARG: & PLAGRIR al8ttrofs Ghpt P VAD EE FRERGYE 1 POTASY A
o1 cdet or nilrelepRMAataRcHvE oy Lo Peing pa0siRiaiaver, WhaelehLe) . Then,
the substrate tenperature is naintained for a _predeterm ned_ oxidjzation
tinme (forewssmon as carrirslioyt foxithe naspus pabicrestalling siligar layer Ranyodie
applied. Then, the substrate tenperature is |lowered to )

oxidization processing is carried out at a constant current. In this manner,

a porous polycrystalline silicon layer 4 is formed. The porous

polycrystalline silicon layer 4 contains polycrystalline silicon grains and

silicon nanocrystals. In Embodiment 2, although entire polycrystalline

silicon layer 3 is made porous, the layer may be partially made porous.

After the anodic oxidization processing step has terminated, the

porous polycrysta]]jne silicon layer 4 is oxidized, whereby a drift layer 6

consisting of an oxidized porous polycrystalline silicon layer is formed, and a

structure shown in Fig. 12C is obtained. In the oxidizing step, the porous

polycrystalline silicon layer 4 is oxidized in accordance with the rapid

heating technique, whereby a drift layer 6 containing the grains 51, the

silicon nanocrystals 63 and silicon oxide films 52 and 64 is formed. In the

oxidizing step using the rapid heating technique, as is the case of

Embodiment 1, O, gas atmosphere is produced inside of a furnace by

employing a lamp annealing device, and the substrate temperature is risen

from the room temperature to a predetermined oxidization temperature (for
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the roomtenperature. In Enbodiment 2, although the tenperature rise
velocity is set to 80C/ sec, the tenperature rise velocity my be set to
80C/ sec or nore, as is the case of Enbodinent 1, it is preferable that
the velocity be set to 150C/ sec or nore. In Enbodinment 2 as well, as is
the case of Enbodinent 1, the oxidizing step is provided as the insulating
filmformng step of formng the silicon oxide films 64 that are
insulating films on the surfaces of the silicon nanocrystals 63 that are

sen conduGia@hpldaneete)Fyrh prédéwimihed gsmperdtayerise velscibetor brample, a first
thin filmlayer consisting of a netal film (chronme filmin Enbodi nent 2)

i s deposig®e pgbch NETheH ) fhe dubitFatl teiprestirdds seainitainedfor al ectron beam
vapor deposition technique. Further, a second thin filmlayer consisting

of 3 et abyddBysiimit @A fkidia¥Eibn! thne KRR, Phols) dibEAfiadhemble fi 1 st

thin fil ayer 1 n accordance wth the electron beam vapor deposition

thin | ! por .
echni que, mamhﬁmqa‘%@.Surﬁagﬁpﬁ]%hpsﬁrﬁe&& ?&%ﬁkéid Rvabdithe first

Lhin 111 T RE o FCLUr OpSBON i G PReh R R e kB bod TEnt
(Zai eg!t £ ggu%}?a?\i&?rﬁéc%ff’e%;otg hn: Seu t%(f)ralr%é Fir']b iccor Jjﬁcgu Vﬂlﬁ?hﬁrface
s sl Gyl el
;Ei:zr (rjr:a Egﬁcbor\llfﬁ:gg:it%:t gﬁg{a‘:}gft | C ng)(sﬁn%(r}; htgls{eﬁff}%ﬁaggahgﬁ 1;de ‘%g;gi@e&llot hat
PR foloh iile b By omat ikt AT
(degree oEmhadimensd, the pxhiziagstep dnprovidegas t P&?Wﬂgﬁgﬁiem”g&%q%ﬁcg LZ

step of forming the silicon oxide films 64 that are insulating films on the
surfaces of the silicon nanocrystals 63 that are semiconductor nanocrystal.

After the drift layer 6 has been formed, a first thin film layer
consisting of a metal film (chrome film in Embodiment 2) is deposited on the
drift layer 6 in accordance with the electron beam vapor deposition technique.
Further, a second thin film layer consisting of a metal layer (gold layer in
Embodiment 2) is deposited on the first thin film layer in accordance with
the electron beam vapor deposition technique. In this manner, the surface
electrode 7 consisting of the first thin film layer and the second thin film
layer is formed, and the electron source 10 with its structure shown in Fig.
12D is obtained. In Embodiment 2, although the surface electrode 7 is
formed in accordance with the electron beam vapor deposition technique, a
method of forming the surface electrode 7 is not limited to the electron beam
vapor deposition technique, and a sputtering technique may be employed, for
example.

In this manner, with the method of manufacturing the electron
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silicon oxide filnms 64 each can be reduced, and a deviation of the

t hi ckness of the silicon oxide filns 64 in the drift |layer 6 can be
reduced. In this manner, the design of the dielectric strength and service
life is made easy. Therefore, the dielectric strength can be inproved, and
the service life can be extended. Further, the electron em ssion
efficiency can be inproved. In the meantinme, in Enbodinents 1 and 2, the
drift layer 6 is conposed of the oxidized porous polycrystalline silicon

layer. HaupRved 10 bicorditig t6 Faly@linfent®y the thickpesedf tie silinon pktedfiimor ous
polycrystalline silicon [layer or an oxi-nitrided porous polycrystalline

silicon |gayed tlé\'ah%@ﬁlat\rﬁgmm inhthe drift@aysed chn beosmetdsll af thdfilmt her
oxide, nitri or oxi-nitride porous seniconductor layer. In the case

where t heth‘i’ékx{é fs't%?{ e:&ehg shék @?Qt &4 eIe'%?rdEH Mﬂﬂt&m SiiimedéH Yedust al | i ne

silicon layer, eerrp oyed a nitriding step (insulating film

f or i ng S@%gﬂ%% $fxﬂ%5£if9éé;;9% DS BIBEQUSPORISY SleRblom Ekidreanehd aver 4 in

accordanc e rapl ng tec ni que In t he t enperat ure rise

et ond’ GHEEHE OB AT <Al Sh TEHele ?%%%Pﬂ TR o i e A
02 giﬁfd'ﬁr sion, B TR RE B D, Sy} oo B a0 Eecﬁéﬁﬁﬁ%aﬁm"yh”%re
For mod. of treniesER Ohg fiRlepishibngth td;‘%eeﬁﬁc?e Fifbiade fady fl}egé%?éhﬁr'es
Ctep) of Tha dekargo stmeth g HRPssPE. e thE SEret T P bErfEd nyer 4

i n accordance with the rapi d heati ng. t echni I n whi.ch the tenperature
ri se vel oEnrthersthesel ea@mmmw&%ﬁ&}%ﬁ@n&gﬁ improved.

In the meantime, in Embodiments 1 and 2, the drift layer 6 is
composed of the oxidized porous polycrystalline silicon layer. However, the
drift layer 6 may be composed of a nitrided porous polycrystalline silicon
layer or an oxi-nitrided porous polycrystalline silicon layer. Alternatively,
this layer may be composed of the other oxide, nitride, or oxi-nitride porous
semiconductor layer.

In the case where the drift layer 6 is formed of the nitrided porous
polycrystalline silicon layer, there may be employed a nitriding step
(insulating film forming step) of nitriding the porous polycrystalline silicon
léyer 4 in accordance with the rapid heating technique in which the
temperature rise velocity is set as in the embodiments by employing NH, gas,
for example, instead of the oxidizing step (insulating firm forming step) of
carrying out oxidization in accordance with the rapid heating technique
employing O, gas. In this case, the silicon oxide films 52 and 64 each in Fig.

1 are provided as silicon nitride films.

In the case where the drift layer 6 is formed of the oxi-nitride porous
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enpl oying a m xture gas between 02 gas and gas containing nitrogen such as
NH3 gas, N20 gas, NO gas, or N2 gas, for exanple, instead of the step of
oxi di zing the porous polycrystalline silicon |ayer 4 in accordance with the
rapid heating technique. In this case, the silicon oxide filns 52 and 64 in
Fig. 1 are provided as silicon oxi-nitride filnms. In addition, in the case
where the drift layer 6 is forned of the oxi- nitride porous
polycrystalline silicon |ayer, as the insulating filmfornmng step of

form ng plydystalinegiliddnbagensheré ngayobe anmiloyatbtheoooidiziationdend i | m  there
may be enployed: the oxide filmformng step of formng a silicon oxide

filmthaty;h,§daE Gﬁb@ﬁﬁdg'h @ Fortrhi gSetepRELoBIdiNg T nitrédiakltheqoroasocr yst al
63 in accordance with the rapid heating technique in which the tenperature

rise Ve'p%?*&r%(rataﬁhﬁ@tsﬂi’&d Taybi'4 iR1HR6H dHRI¥G Svith e rhpid hédrink oehargeessi ng

step of I'ng the silicon oxide filmformed in accordance with the

oxide fl |1g‘ 1‘1% r@é{]égt atﬁ%e{l&?%lfoﬁty‘lﬁge?aﬂﬂ thOBmPotlimbhtd B fi11m that

i's an oxi I de e case where the silicon nitride

i rhzfsfﬁa#gco&lg%gnﬂw N i R
erpl oy1 ngVFEes: NN A8 P B fg%&*%‘miﬂg i G A
o el ﬁéé&%r?é%h“’éﬁga#tﬂs&%ws?ﬂ#% e e %‘ih Gr e e o s
AT Ter " f oriDig RERBIE 1oChmuipe, 16 HHIS E418. FB ﬁﬂﬂo&omﬁﬁi Sennohi
electron ﬁ%urlcaerelr?ro%(feoi gsl Q cgr? oglﬁbn%_’dﬁéregi Ssl and 2 each, foam ng
In addition, in the case where the drift layer 6 is formed of the oxi-
nitride porous polycrystalline silicon layer, as the insulating film forming
step of forming an insulating film consisting of a silicon oxi-nitride film,
there may be employed: the oxide film forming step of forming a silicon oxide
film that is an oxide film on the surface side of the silicon nanocrystal 63 in
accordance with the rapid heating technique in which the temperature rise
velocity is set as in the embodiments; and the nitriding processing step of
nitriding the silicon oxide film formed in accordance with the oxide film
forming step, thereby forming a silicon oxi-nitride film that is an oxidized
and nitrided film.
In the case where the silicon nitride film or silicon oxi-nitride film is
employed as an insulating film formed on the surface side of the silicon
nanocrystal 63 that is a semiconductor film crystal, the dielectric strength is
improved as compared with a case employing the silicon oxide film. In

addition, in the case where a laminate film between the silicon oxide film

and the silicon nitride film is employed as an insulating film as well, the
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processing for conpensating for a defect in the drift layer 6 is carried
out before formng the surface electrode 7, whereby the defect of the
insulating filmcan be conpensated for. In this manner, the dielectric
strength can be inproved nore remarkably, and the service life can be
extended nore significantly. Foam ng processing nmay be carried out by
rising the substrate tenperature to a predeterm ned tenperature (for
exanple, 4500C) 1in a mxture gas consisting of at least H2 and N2. In
accor dangheMicirdic sttehgth tsimp@vedescsmpared withs ¢asesiftreploying évent t he

t hi ckness of the insulating filmfrombeing |arger than that before
foam ng RARERSSkiIde f.i npurities from being introduced. Further, a defect
of the insulating filmcan be conpensated for at a conparatively | ow

tenperature as LREPRIaAnPithe drife 1ageits in he niethivg ofnbtufasiuidng ke r api d
heating technique. In the insulating filmformng step according to

Enbodi m'@l@%%oﬂ%ﬂurc%%d H@co&‘ﬂﬁiﬂnﬂ}Eﬁfbofdﬂn@hitsglfaﬂH@Qa&Y feamiryi ng the rapid
iﬁgt: n?i 'ﬁlecf_nl gue. wever, the silicon oxide film 64|that I's an I
ul a . .
Vo B SEREhE o #RERCLATRS, Methaper O 8 Shonehamh o

netho:]l.t t s I e e oxi dizatlon processing
vesse at, copt ai.ns ,an el gctr t '
of o, Sefpre; a:xpsgﬁa,sur%ﬂeeeji%%%z 7?%§1m3%%92th%f%%“f.&ﬁﬁoﬁfﬁéﬁe§éﬁ% ot
shown el.nhg neqative in t - L]
subst ra e’émj cgﬁ%&&%@ﬁf‘% Bt o fprtbis Papti Rl A Gt Rapad | con

odi ment in ositi [ I ity,. . '
SR R T AT O A R
oxidi zed. . In_thi nner, the drift layer 6 containing.the,grains 5 1,
silicon 9igRYiGapdly) d ‘@3{11%%??9!1956“6%%8&@‘?1? “BEY thgan be forned.

O course, the insulating filmformed in accordance with th
el ectroc hgrhatmtematur% to a predetermined temperature (for examp?e, 450°C)

in a mixture gas consisting of at least H, and N,. In accordance with such
foaming processing, it is possible to prevent the thickness of the insulating
film from being larger than that before foaming processing or impurities
from being introduced. Further, a defect of the insulating film can be
compensated for at a comparatively low temperature as compared with the
substrate temperature using the rapid heating technique.

In the insulating film forming step according to Embodiments 1 and
2, the insulating film is formed by employing the rapid heating technique.
However, the silicon oxide film 64 that is an insulating film may be formed in
accordance with an electrochemical method. In this case, for example, by
employing the oxidization processing vessel that contains an electrolytic
solution (such as 1 M of H,SO,, 1 M of HNO,, or aqua regia, for example),
with a platinum electrode (not shown) being negative in polarity and a lower
electrode (n-type silicon substrate in Embodiment 1 or electrically conductive

layer 12 in Embodiment 2) being positive in polarity, a constant current is
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may be provided as a nitride filmsuch as silicon oxide filmor an
oxi-nitride filmsuch as silicon oxi-nitride film Wen the insulating
filmwas formed in such an el ectrochemcal nethod, it was verified that
the insulating filmwth filmthickness to an extent such that an el ectron
tunnel i ng phenonenon occurs (degree of nean free path of electrons) can be
formed and that the silicon nanocrystals 63 are not destroyed. However,
the result that the electron emssion efficiency is |ow and th igarvice

life is swopliedawhepehy theiperousaniverzatalling sticonslaver 4 may bs oxy sul ati ng
filmwas formed in accordance with the rapid heating technique in which

t he t enpdmathis manirey, thee drift layen$ containingthegr )1, isplicaiddi tion, it was
verified that the silicon oxide filmformed in accordance with the

el ect r ochegnceeystakd 63cmbsilizbn oxidd fihge 52 rand@4 oan heatfermed. cOfpanese, with
the silicon oxide filmfornmed in accordance with the rapid heating

t echni quethe iipgtRitRiefilm foirhed iin sictatdange fwithnthe eldctupcherpcalfmethod ng each
insulating film after the insulating filmhas been el ectrochem cally

formed, B¢ Herevadddas hinithids fiharsel dgsitieow ofirtecklmiok lant dd-mitwided heat i ng
techni que, whereby the water of the silicon oxide filmcan be renoved, and

the el ectfiph sufHla3SilfdbrCoalferideiflid. CS can be inproved. In other words,
before formng the insulating filmin accordance with the rapid heating

technique, the Wh@ﬁ%%tﬂlgglaf\}#ﬁﬁhﬁ W4 fRthd indGE SR BT t¥chBribal

el ectrochem cal netho ereby the electron source 10 with its high

o e o SR A0pB R Lt BRI b erded

from bei ng, A3 LhON Bl fn AU SIPAGE Ml phéfSinb AR 0GR (1BErde b S
free path of electrons) can be formed and that the silicon nanocrystals 63 are
not destroyed. However, the result that the electron emission efficiency is
low and the service life is short was obtained as compared with a case in
which the insulating film was formed in accordance with the rapid heating |
technique in which the temperature rise velocity was set to 80°C / sec. In
addition, it was verified that the silicon oxide film formed in accordance with
the electrochemical method contains a large amount of water as compared
with the silicon oxide film formed in accordance with the rapid heating
technique.

Therefore, in the insulating film forming step of forming each
insulating film, after the insulating film has been electrochemically formed,
the insulating film is formed in accordance with the rapid heating technique,
whereby the water of the silicon oxide film can be removed, and the electron
emission characteristics can be improved. In other words, before forming
the insulating film in accordance with the rapid heating technique, the

insulating film is formed in accordance with the electrochemical method,
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(Enmbodi nent 3) Hereinafter, Enbodinment 3 of the present invention will be
described. An electron source according to Enbodi nent 3 has an insul ating
film consisting of a silicon oxide film In Enbodi nent 3, as an

el ectrically conductive substrate (|l ower electrode), there is enpl oyed a
single-crystalline n-type silicon substrate whose resistivity is

conparatively close to a resistivity of a conductor (for exanple, a (100)
substrate whose resistivity is 0.010 cmto 0.020cm. As shown in Fig. 13,

in an el eghéreby Thoelectich seeediongithats high elsendinnemissibn effdiercy dred/er 6
consi sting of an oxidized porous polycrystalline silicon |ayer is forned

on a mai rYisleefracstrehgth ahdaRetxtamiedidrvicerlifewWas bepovided Walble thean
el ectrically conductive substrate. A surface electrode 7 is formed on the

drift | a}é?]ﬁco@r néﬂ%&pgia&s akeprevified fiom HRINE deSBoydiPiPacdordanéagetlof  the
| Sups

n-type silicon rate 1. Therefore, a surface electrode 7 is opposed to

a | owner %ﬁagﬁgﬁ{f%@ngﬁ?%’% gedrift layer 6 is interposed between the | ower

el ectrode el ectrode 7. Further, porous polycrystalline
silicon I@f@; s porous sem conductor |ayer A material with its small
wor k functl noﬁg{%(r%rps‘ﬁoyed for a material for the surface electrode 7. The

huckness of a5 RutLAE EhRSARAT oo haobls Mgl PRIBURRbOAEL, <1
o o PR LR LR WIS R o SRR e o9, e
e on | e PRSI noLLeneRl, US hLLLASKEE & L5 BmLgf, Lo those o
conductive substrate (lower electrode), there is employed a single-crystalline
n-type silicon substrate whose resistivity is comparatively close to a
resistivity of a conductor (for example, a (100) substrate whose resistivity is
0.01 2 cm to 0.02 Q cm).
As shown in Fig. 13, in an electron source 10 according to the
embodiment 3, a drift layer 6 consisting of an oxidized porous polycrystalline
silicon layer is formed on a main surface side of an n-type silicon substrate 1
that is an electrically conductive substrate. A surface electrode 7 is formed
on the drift layer 6. An ohmic electrode 2 is formed on the back surface of
the n-type silicon substrate 1. Therefore, a surface electrode 7 is opposed to
a lower electrode 12, and the drift layer 6 is interposed between the lower
electrode 12 and the surface electrode 7. Further, porous polycrystalline
silicon layer composes porous semiconductor layer
A material with its small work function is employed for a material for
the surface electrode 7. The thickness of the surface electrode 7 is set to 10
nm. However, the thickness thereof is not limited to this value, and may be

thickness such that an electron passing through the drift layer 6 can be
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51, silicon oxide filns 52, a nunber of silicon nanocrystals 63, and a
nunber of silicon oxide filnms 64 (refer to Fig. 1). In addition, in the
drift layer 6, the surface of each grain is nade porous, and a crystalline
state is maintained at the center portion of each grain. The thickness of
each of the silicon oxide filnms 64 is set at the filmthickness to an
extent such that an electron tunneling phenonenon occurs (degree of nean
free path of electrons), for exanple, about 1 nmto 3 nm As shown in Fig.
14, in aguahelsd: ofMleothicknds czfcthersuwfay,eteiectmdmﬂ intashbe setato alout 3 pm j s
believed that el ectron emission occurs in a nodel similar to the case of
the el ecttoam wmur ce 10 according to Enbodinment 1. That is, a direct
current voltage Vps is applied between the surface electrode 7 and the

| ower el ect r odghlZeofigurabionsatid Aartinest thedirifidayer @ issimilar tothgsel arity,
and a direct current voltage Vc is applied between the collector electrode

21 and ”b&']iﬁiib&&‘iﬁe&d PCt'![‘Bﬂ€1s7tHéHlﬂlﬁI®efi'(U isainasosetl of! atdldast gragang
positive In polarity, whereby the electrons "e-" injected fromthe | ower

€l eC”Od%ll%ﬂf Oo4iR8 filhdsf 52, |2 @mber iof sBReANTvesy thls63, hatdamumbéit at i on
drift tunne e surface électrode 7, and are emtted into the vacuum

Her ei naf tq?rsgl&x{fﬁﬁgg‘h&ﬂ{s SFEACLUREND) | M SAEEHOOth SR AR Myer®;aRe Ji ng 1o

Enbodi men escri erence to Fig. 15A to " Fig.
T g sy PR L b ot
subst r at ShE Cefe BogiLof er Y 8l ?R@EP?C%RE REEafl of e SipkRBe | 007
filmfor r%ln?s %2 18 Fs)g'é Xt(;: m/e Ilnltiuc‘i{nsels!e. Itg %Inl elx%gg{ sg’ch &Pa{t an ngB{r%n there may be
tunneling phenomenon occurs (degree of mean free path of electrons), for
example, about 1 nm to 3 nm.
As shown in Fig. 14, in an electron source 10 according to
Embodiment 3 as well, it is believed that electron emission occurs in a model
similar to the case of the electron source 10 according to Embodiment 1.
That is, a direct current voltage Vps is applied between the surface electrode
7 and the lower electrode 12 with the surface electrode being positive in
polarity, and a direct current voltage Vc is applied between the collector
electrode 21 and the surface electrode 7 with the collector electrode 21 being
positive in polarity, whereby the electrons "e-" injected from the lower
electrode 12 into the drift layer 6 in accordance with thermal excitation drift,
tunnel the surface electrode 7, and are emitted into the vacuum.
Hereinafter, a method of manufacturing the electron source 10
according to Embodiment 3 will be described with reference to Fig. 15A to
Fig. 15D.

First, an ohmic electrode 2 is formed on the back surface of an n-type
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enpl oyed a CVD techni que (such as LPCVD techni que, plasma CVD technique,
or catalytic CVD technique, for exanple), a sputtering technique, or a CGS
(Continuous Gain Silicon) technique or the like. After the non-doped
polycrystalline silicon |ayer 3 has been formed, the polycrystalline
silicon layer 3 that is a sem conductor |ayer targeted for anodic

oxi di zation is nmade porous in accordance with the anodi c oxidization
processi ng step, whereby a porous polycrystalline silicon |ayer 4 is
forned, sikicorassbstuateut.e Ehawn honfdaped ilydrysialline sdiconfiagepdrisus

pol ycrystalline silicon layer 4 formed in accordance with the anodic

oxi di zat iformedcees sémironduetprdapenona mam sieface bf thed neaypetsii¢ome sil i con
grains and a number of silicon nanocrystals. In the anodic oxidization
processi nmbstRite 1t hade stiuchmel shosdh in Pig) G5 olgauesak el As hahethwdt afi ns an

el ectrolytic solution consisting of a mxture solution obtained by m xing
55 wt. % inhYeRERNtHe pilyérgatalinersilicd Liye, ficexeiniplepthate mabdfeantial Iy 1
: 1. Then, while I'ight emssion is carried out on the surface of the

pol ycr y“%%d%dsi CVEP echRGle Guth RBPENVIY Gechilid/Plas@yr CVD hat consi sts

of a 500 sten lanp, a constant current is supplied froma power

sour ce, (R ANy BELISRR VIS boiliuel RANGATRILE AifhienRgiberisigaensi ot ng

of a platinum Y, a current density beéing constant).

the. man G s (GFnBRLSEE (3RE, SHARD (o0 B Thetike® TR0, Bonth |

crys rne sil'ircon Tayer 3 to a depth

oroccscing e fhE it TR RS o S A B
I nsul atin I l.ms are.for i :
(oach"or st noEoBeAol SBt Toield L Bpfea AAF R AIER BB '

olycrystalline silicon.layef 4. In.this . . Cae e
POl yery anoé.lc oxuhzatlon is n%/acfe porous in accordance with the anodic oxidization

processing step, whereby a porous polycrystalline silicon layer 4 is formed,
and a structure shown in Fig. 15B is obtained. The porous polycrystalline
silicon layer 4 formed in accordance with the anodic oxidization processing
step contains a number of polycrystalline silicon grains and a number of
silicon nanocrystals. In the anodic oxidization processing step, there is
employed a processing vessel that contains an electrolytic solution consisting
of a mixture solution obtained by mixing 55 wt.% of hydrogen fluoride water
solution and ethanol at substantially 1: 1. Then, while light emission is
carried out on the surface of the polycrystalline silicon layer 3 by employing
a light source that consists of a 500 W tungsten lamp, a constant current is
supplied from a power source (not shown) between the lower electrode 12 and
a cathode consisting of a platinum electrode (namely, with a current density
being constant). In this manner, the polycrystalline silicon layer 3 is made
porous from the main surface of the polycrystalline silicon layer 3 to a depth

reaching the n-type silicon substrate 1.
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manner, a drift layer 6 containing the grains 5 1, silicon nanocrystals 63,
and silicon oxide filnms 52 and 64 is forned, and a structure shown in Fig.
15C is obtained. Wen the insulating filmis formed, rinsing is carried
out by using ethanol after term nating the anodi c oxidization processing
step, and then, a constant voltage is applied between the | ower el ectrode
12 and a cathode consisting of a platinumelectrode froma power source
(not shown) by enploying the processing vessel containing 1 Mof sulfuric
aci d water solAftérdhe drodiébsidizatien preessingdtep hag tetmnindtefntiei | i con
oxide film which forns a basis is forned on the surface of each grain and
each sil iggigsdn exadeElmst5yd ahd 6dcthat daadesulatingtfilmehreforowden t¢ net hod.
Next, the tenperature profile heat treatnment step as shown in Fig. 16 is

carried %&i’rfac@ryi*tﬁs%bﬁﬁébﬂdiﬁ:%ﬁé ﬂalfsl(éml iihisga@heaohi siticén| ms 52 and 64)

are obtained. As shown in Fig. , in the heat treatnment step, first heat
treat ”E”dexfocgfsf 51)%%11 eatmachtalﬁoiau§sblyb@fmsnméléﬁcaﬁ layet 4 thigdsat ure
rise velocity set so he water contalned in the insulating thin film

s T em)vetg?nw{af rbofﬂ'lfﬁ%kgg Gr(;%H'tQi.langat ugf'amz &N sMﬁ%&?%étﬂé g3tampt is

carried ou a seconhd set tenpe sét so as to be higher than the

ool ac G RRER RS 92 aBA 6 4R HARbAANG i dindt sRbyR indMeohsLhS

I"m~occurs hanner esired insulating thin

devi ce | PPeaLy Pen e SRR PRITR cobfih ﬁ%@@wgﬂﬁé‘f‘%ﬁg%? s
t mospher SR SHBAYel Atk sSpHarEREdhe A CBP A R RRe SN, .,
o Bt t cHipnngugonsiag: valsaghpe oPke AL MERD he thet el etk % AT Bat nent 1 5
carried O(;Je;[thloge Ecizgnz-?l)s( gg%f a platinum electrode from a power source (not shown)

by employing the processing vessel containing 1 M of sulfuric acid water

solution. In this manner, an insulating thin film (silicon oxide film) which

forms a basis is formed on the surface of each grain and each silicon

nanocrystal in accordance with the electrochemical method.

Next, the temperature profile heat treatment step as shown in Fig.

16 is carried out, and desired insulating films (silicon oxide films 52 and 64)

are obtained. As shown in Fig. 16, in the heat treatment step, first heat

treatment is carried out at a first set temperature T1 and a temperature rise

velocity set so that the water contained in the insulating thin film is removed

without being rapidly boiled. Then, second heat treatment is carried out at

a second set temperature T2 set so as to be higher than the first set

temperature T1 and so that structural alleviation of the insulating thin film

occurs. In this manner, a desired insulating thin film is obtained.

In the heat treatment step, although a lamp annealing device is

employed, for example, a general furnace may be employed as well. The
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gas at nosphere (nanely, atnosphere containing oxi de species). The second
set tenperature T2 is set to 900T, for exanple, and a heat treatnent tine
H4 is set to 20 m nutes, for exanple. In Enbodinment 3, the rapid heat
treatment technique is enployed as a second heat treatnent. The
tenperature rise velocity during a tenperature rise period H3 at which the
substrate tenperature is risen fromthe first set tenperature Tl to the
second set tenperature T2 is set to 1500C / sec. The tenperature rise

vel oci ty fikiag hegt theatinemnes shrtiel bith paoxgdenigas atswspherd@amelyer t han
that during the tenperature rise period HL at which a tenperature is

i ncr easedyinfdspRefOesn oA Gils 8pbdes)ne The Hist et tdrpoeitare Te. isBeetd i r st
set tenperature Tl may be set within the range of 1000C to 7000C, and it

i s desirafjgect Meﬁdgﬁpte?ﬁaqr@hea@ueauﬁeﬁt 1ith 3PRGS sRE téHour] R second set
tenperature T2 may be seét within the range of 6000C or nore. The

t enper at hise | Oy £ ' | b4 be set
T e e A e B e e S

150' C . | | C / [ [

duri ng h as"%tﬁ{%“;s@?gf%?%h?aeéé‘ﬁ%%f&?@aEﬁ?ﬁ%@ﬂ%ﬂ%ﬁﬁ%@%ﬁ%@bL’%?%i e Ve

I nsul atin thin fi t ' 1 dl L4 '

set the v%taewg’y%“@ ;%Sge@é’w@?“?’@s£°?fp¢x%el¥%lf2%%ﬂéaf‘“éettﬂg%aﬁeﬁﬁ?ﬁ "laver 6
as been r, & J I de 7 . St i

exarpl o gariapet o A8 nEtER TatestHaie T EROPETephA et T

techni que, and a el gcpron. sour O wth its structure wn in Fig. 15D

i s obt ai i@gatment HBe¢s %‘pr‘?%’é’ 1 §8¢0 ?ﬁtrta%tn?el?tss med in

accordance with the vapor deposition technique. However, _a t of
form ng tieENREFALRETISE éf@lqcad’é?wnng arfSIMN TR YEEIIES p?ﬂga\;ﬁ%@r’ Wrﬁcﬂ%ﬂe

substrate temperature is risen from the first set temperature T1 to the
second set temperature T2 is set to 150°C /sec. The temperature rise
velocity during the temperature rise period H3 is set to be higher than that
during the temperature rise period H1 at which a temperature is increased
from room temperature to the first set temperature.

The first set temperature T'1 may be set within the range of 100°C to
700°C, and it is desirable that the temperature be set to 300°C or more. The
second set temperature T2 may be set within the range of 600°C or more.
The temperature rise velocity during the temperature rise period H3 may be
set to 20°C / sec or more, and it is desirable that the velocity be set to 150°C /
sec or more. It is required to set the temperature rise velocity during the
temperature rise period H1 so that the water contained in the insulating
thin film does not boil rapidly, and thus, it is desirable to set the velocity to
20°C / sec or less, for example.

| After the drift layer 6 has been formed, the surface electrode 7

consisting of a metal layer (for example, gold) is formed in accordance with a
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deposition technique, and a sputtering technical may be enpl oyed, for
exanple. In formng the insulating filns (silicon oxide filns 52 and 64),
first, an insulating thin filmformng a basis is forned in accordance
with the electrochem cal nethod on the surface of a sem conductor crystal
(a nunber of grains and a nunber of silicon nanocrystals contained in the
porous polycrystalline silicon layer 4). In this manner, even in a

sem conductor crystal of small size such as silicon nanocrysta

(sem condigplo? rdepamm@bnhi%uemﬁam slenhoarsbudte 10 eviyls il strscturenano- net er
order, the insulating thin filnms can be fornmed w thout destroying the

silicon naes 15 Fas 15T iesbtaikél. | i ISEmbidaineht 8athesirfuse chctiodd Tist at the
first set tenperature and tenperature rise velocity set so that the water

cont ai “e%mehfig | gt adice Wwith 'ﬂl@_vfabbfrdbﬁosi'i‘,i%ﬁ[’c\ééﬂni@‘u%ho@iovﬁ@\iér?abOi l'ing.

Then, the secon eat treatnent is carried out at the second set

tenper at %?t}fo%{[ o@fﬁffgl\??g?h9§up¢ag?%ie&m % Renbi hinlitedelo theSPaprat ure and so

that structura ron o he 1 nsulating thin film occurs. In this

manner, desired | l.af ] i Ly ' | 4) can be
obt ai ned.&ﬁ?gfetl?% Qescgwg&\}\g?aéﬁrd égﬁygti%nﬁa%gc ?ér‘}‘h eﬁﬁ\éikgﬁpﬁgowrgogan be
sufficient I%Prlr%duced as conpared with the insulating filmformed in
accor danc&aP¥¥-only the el ectrochenical method while the dielectric

strength of the ipsul.ati gJilmis prevenied fraoamdei ng, |l o d eto
rapid boili ngejé‘fpotrﬁﬁnﬁéggﬂn%‘gﬁpgigr@ﬂ“? ﬁs’i‘ﬁ‘é“f’ I‘ﬁf’ﬁw f“ﬁ:&ﬁé‘ﬁi ?fd# In
addition, the 52 defect or fstrain nd.the,.like,. whi ch adverstgl affects the
el ect ri cadn 1R§HA ’étﬂ?@s forgung gebagis 13, formed i accordangs wththeay i at i on.

In this manner,  an insulating filmwth_ its hi di el ectri.c strepngth and
its ext enclegtreehemical npqetﬁ)@d@agthpesqlga%gf_ a semlco% uctor crystal (a numggr

of grains and a number of silicon nanocrystals contained in the porous

polycrystalline silicon layer 4). In this manner, even in a semiconductor
crystal of small size such as silicon nanocrystal (semiconductor nanocrystal)
whose semiconductor crystal is in nano-meter order, the insulating thin films
can be formed without destroying the silicon nanocrystals. Then, the first
heat treatment is carried out at the first set temperature and temperature
rise velocity set so that the water contained in the insulating thin film is
removed without rapid boiling. Then, the second heat treatment is carried
out at the second set temperature set so as to be higher than the first set
temperature and so that structural alleviation of the insulating thin film
occurs. In this manner, desired insulating films (silicon oxide films 52 and
64) can be obtained. That is, the water contained in the insulating film can
be sufficiently reduced as compared with the insulating film formed in
accordance with only the electrochemical method while the dielectric
strength of the insulating film is prevented from being lowered due to rapid

boiling of the water contained in the insulating thin film. In addition, the
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In the electron source 10 manufactured in accordance wth such a

manuf acturing nmethod, the silicon oxide filnms 52 and 64 can be forned

wi t hout destroying the silicon nanocrystals 63 as conpare with a case in
which the silicon oxide filnms 52 and 64 in the drift layer 6 are forned in
accordance with only the rapid thermal oxidization technique. Thus, the

el ectron em ssion efficiency, dielectric strength, or service life or the
i ke can e i nproved. ddition, the ter .and strain.in the silicon
oxi de fi lagkectmr S&W@‘t&kﬁa]ége’r‘@gli%’eé‘ve&'ﬁ viaffects thee Frécéltrength and
service life can be inproved as conpared with a case in which the silicon
oxi de fi lcheractesisticsan be aleviated by sigugturalallevigiiong mthisdBagagbe with
only the electrochem cal nethod. In the above nmanufacturing method, the
first setan mrspdating fdmrwithsits bigh dielegoicatengtband its extendeashseryiaehe case
where the sem conductor crystals (grains and silicon nanocrystals) are

f or med odifelvandhe foamedsi de of a gl ass substrate that is lower in price and
| ower in heat resistance tenperature as conpared with the quartz gl ass
substrate, the Inechie elécteat seuwtcet I0madhifaéturbe if iacedrdanae witleauckeat can be
conparatively longer. In this manner, the residual water after the first

heat treaghgRifackaringaneflid ¢k silivod dxgdefikmbl52 and 6dddntheoforniede second set
tenperature is set wthin the tenperature range of NOT or nore, and thus,

the resi dyghowHestroyingtthe diRést Ahhberystdl68sdd domparewith 4 chewsirb2 and 64)
can be reduced nore 53 remarkably than the insulating thin filmafter the

first he%hiche%{e{éﬁﬂg%ne oMASANES 52 RA GEAPIKL AN 1ayeL8tdR Tormedgar i ed out

i n accordance rapi d heat treatnent technique, and thus, the

t iegger _?_L uqéc,%oxgcf’damac%ae\g{éhﬁﬁg%z tRe rhpfd BRAAY 384izhAPREM YR ThiuR, thehort
electron emission efficiency, dielectric strength, or service life or the like can
be improved. In addition, the water and strain in the silicon oxide films 52
and 64 can be reduced, and the dielectric strength and service life can be
improved as compared with a case in which the silicon oxide films 52 and 64
in the drift layer 6 are formed in accordance with only the electrochemical
method.

In the above manufacturing method, the first set temperature T1 is
set to 700°C or less. Thus, even in the case where the semiconductor
crystals (grains and silicon nanocrystals) are formed on the surface side of a
glass substrate that is lower in price and lower in heat resistance
temperature as compared with the quartz glass substrate, the heat
treatment time H2 of the first heat treatment can be comparatively longer.
In this manner, the residual water after the first heat treatment can be
reduced more remarkably. In addition, the second set temperature is set

within the temperature range of 600°C or more, and thus, the residual water

in the insulating film (silicon oxide films 52 and 64) can be reduced more
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occurs with the silicon nanocrystal can be reduced. The first heat
treatnent is carried out in atnosphere containing oxide species, and thus,
a defect or the like occurring due to desorption of the water in the
insulating thin filmcan be expected to be conpensated for. In- addition,
oxygen coupling energy or reaction energy as well as thermal energy is
utilized to desorb the water in the insulating thin film In this manner,
the residual water after the first heat treatnment can be expected to be
reduced mehmarkabhy tteddl vhe mpulating thirefiheaftet thedfirst heat terstmentcarri ed out
I n at nosphere contai ni ng oxi de species. Thus, a thin thermally oxide film
i s formedviefedves, thierJee6rd Hiede tefatidenticnsaheéd ogt ilhaocdrdhnte witlctlos dance
with the second heat treatnent, and the dielectric strength of the

i nsul at i n@pid hkft reatMBhe technilie B th i the Jemipeatifewad Hetikeh teat ment i s
carried out after the first heat treatnment. However, only the first heat

treat nﬁentizherE.%XoxE(ilE S&@fe&ﬁﬁé’ra‘w}e WitHiRY secit tith 89 THus! HQagpipRthaeat

treatnment. Int case as well, the dielectric strength and service life

can be | iy xed; AL QIBEh StbiAhIGrPhé Sbadts, The first heal (reat ment

may be carrired o I'n a vacuum I'nert gas atnosphere. The first heat
can be set to teBfmita SeRiPE e ttn defbsbhbR eiffah SRS DT
desor bs dvade Sfe ANl RlTed e B CSctulrBing e (LA RbpA o B8 1
FeEt ot ek e Sulnd A TR SRl e APosh A0 1o
unnecessarg to enplo

a vacuum device in.order to car oyt the first heat
{ r eat nont addikos, ORYEAMHURIE ReLEY OF TepEtion sheyEHas Wellas hexindl « h ¢ he

energy is utilized to desorb the water in the insulating thin film. In this
manner, the residual water after the first heat treatment can be expected to
be reduced more remarkably. Further, the second heat treatment is carried
out in atmosphere containing oxide species. Thus, a thin thermally oxide
film is formed on the surface side of the insulating thin film in accordance
with the second heat treatment, and the dielectric strength of the insulating
film is improved. In Embodiment 3, the second heat treatment is carried
out after the first heat treatment. However, only the first heat treatment
may be carried out without carrying out the second heat treatment. In this
case as well, the dielectric strength and service life can be improved as
compared with the prior art.

The first heat treatment may be carried out in a vacuum or inert gas
atmosphere. The first heat treatment is carried out in a vacuum, whereby
the first set temperature T1 can be set to be comparatively lower. That is,
the first heat treatment is carried out in a vacuum, the water contained in

the insulating thin film desorbs at a comparatively low temperature, and
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vacuum devi ce, and the throughput in the device which carries out the first
heat treatnment can be inproved. The second heat treatnent may be carried
out in inert gas atnosphere, or alternatively, in atnosphere containing
nitride species. The second heat treatnent is carried out in inert gas

at nosphere, thereby nmaking it unnecessary to enploy a vacuum device in
order to carry out the second heat treatnent. Thus, a sinpler device can
be enpl oyed as onpared with the vacuum device, and the triroug ut in the
devi ce wihus t%ﬁ?ﬁt&?téﬁﬁlpﬁﬁ%t“% ¢PThBg set fabe femparatively 1oy . In
addition, the filmthickness of the insulating thin filmjs not, changed by
t he secorfirshbeat tieasaenshs canrindsowan ingrt gapasosnherecthesaby sralingit i | m

t hi ckness of the insulating filmunder only a condition for the

el ect r ochuemierabsanyt tocunpIpyi avacumn sleyicef in| ondehite kamysowdinerfitsthisiati ty of
the insulating film On the other hand, the second heat treatnment is

carri ed dmeatnmerst. miBpks; raesivplenievicg caniheréndploypd cisewmmdredaisithaheni n
oxi-nitride filmis fornmed on the surface side of the insulating thin film
i n accor daraennideticehand ¢he bhirdvadip utrinahealevicel whidhhiarriesrout thetfivst
dielectric strength of the insulating filmis inproved, and it can be

expect ed Kdmttréden @€ bé ampebagdact eri stics are i nproved due to reduction
of a defect density in the insulating film In formng the insulating film

there may be enphoO¥&dnd Hdltiréatnidnt Wbk Bidcaeiddcsutandnast gasul ating film
form ng device conprising a first heat 55 treatnent device and a second

heat ”eaéﬁmfph%%,i téfelaRively lifll dtnidshRerd e6taltinga¥ita8e 8ph6&ELEOCTREI cal |y
forms an 1 nsufating thin fi f

m'on the surface of a sem conductor crystal.

The firstsheal hterﬁﬂéﬁﬂ{eéﬂqg afriE@bht B itk g%@%tﬁdsbﬁ%r&%ﬁ%réﬁfat ment at a

first set tenpéerature and a tenperature ris
making it unnecessary to employ a vacuum device in order to carry out the

second heat treatment. Thus, a simpler device can be employed as
compared with the vacuum device, and the throughput in the device which
carried out the second heat treatment can be improved. In addition, the
film thickness of the insulating thin film is not changed by the second heat
treatment, thus making it possible to control the film thickness of the
insulating film under only a condition for the electrochemical method. This
improves film thickness controllability of the insulating film. On the other
hand, the second heat treatment is carried out in atmosphere containing
nitride species, whereby a thin oxi-nitride film is formed on the surface side
of the insulating thin film in accordance with the second heat treatment. In
this manner, the dielectric strength of the insulating film is improved, and it
can be expected that the electrical characteristics are improved due to
reduction of a defect density in the insulating film.

In forming the insulating film, there may be employed a thin film

forming device and an insulating film forming device comprising a first heat
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velocity set so that the water contained in the insulating thin filmis
renmoved w thout rapid boiling. The second heat treatnent device carries
out the second heat treatnent at the second set tenperature set so as to
be higher than the first set tenperature and so that structural
alleviation of the insulating thin filmoccurs, thereby formng a desired
insulating film Al though not shown, the thin filmform ng device
conprises: a processing vessel that contains a predeterm ned electrolytic

sol uti on théMmerik@eite andddsecotidrheas tsedtimeritadendet. Hére, @ thin filar aqua
regia, or alternatively, an electrolytic solution obtained by dissolving a

solute i FopMing aeaﬁb%lé.@fdeh@mimY Bermesah oy elating thih HHEon eh6 saifatg of a
platinum i1mersed in the electrolytic solution in the processing vessel;

and a POV, s@RttoRButfRcrfHANP! FThe FrsORehONeaBRVRE dECIE AL riES bUL e S pOVEr
supply means for supplying power between an anode and a cathode with the

anode beiggs Huahrd AnRNtR kst el tbRpektuteldddmn ko Bepstuie\ige, a target

having a sem conductor crystal targeted for fornmng an insulating thin
B R s L e
N (I P ot
REREE R ELIRE g AR A RERL e T
et e (et e O T, pE R PR R Bt ) 0 e
manocr ys tmsslafing thighlm ahrens, HRoraY ormig idesigpauring fbm. | °°"
Although not shown, the thin film forming device comprises: a

processing vessel that contains a predetermined electrolytic solution (for

example, acids such as sulfuric acid, nitric acid, or aqua regia, or

alternatively, an electrolytic solution obtained by dissolving a solute in an

organic solvent may be employed); a cathode consisting of a platinum

immersed in the electrolytic solution in the processing vessel; and a power

source (for example, a constant power source) serving as power supply means

for supplying power between an anode and a cathode with the anode being

high in potential. In the thin film forming device, a target having a

semiconductor crystal targeted for forming an insulating thin film is

immersed in the electrolytic solution in the processing vessel, and an

electrode (lower electrode 12 in Embodiment 3) provided in advance on the

back surface of the target is utilized as an anode.

As shown in Fig. 17, the first heat treatment device is a lamp
annealing device, and includes: an emission thermometer 42 that is

temperature detecting means; and control means 44. The emission
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the main surface side of the |lower electrode 12. The control neans 44
controls an output of a lanp (not shown) consisting of a halogen |anp so
that the detected tenperature by the em ssion thernonmeter 42 is
substantially equal to the predeterm ned set tenperature (first set
tenperature T1). Therefore, the first heat treatnment device is conpatible
with the second heat treatnent device. Thus, the first heat treatnent and
the second heat treatnent can be continuously carried out in the sane

chanber 4theribnéstel Up Aetectdlaesulsiti fettefpeifRAn® (#dmperdtueyiof ehle ddwéme fir st
heat treatnent device. The water detecting neans 43 is provided at the air

exhaust sdjdgrede 192¢n EiABH@M it 3)0ints t &Pt @ébt‘ﬁ’ﬁta%hﬁﬁ]?bé?@l%at kerrigsul ating

thin filmof the target C. In the control nmeans 44, if an anount of water

det ect ed Qi dhachiMgheht BRlatflen?d TR EMRbOEM et TR {8ket NERr &' BoSESARIGT NEd

amount, it is preferable that the first heat treatnent "be termnated. Doing

this Ca”eﬂ{eﬁﬁ‘;atﬁ'ﬁ%ﬂ SRt h%ﬂ%@ry%fg%lgw%ﬁ.d%sﬁm{x{gaﬂﬁniﬁlaﬁ%ﬁfoﬁcﬁa%ﬁtéﬁ”t time

H2 of th eat treatnent, can inprove repro ity of the
means. 45 teGRAE Shitks Sideeythe 16Fek BRI | HR odifurbl el OO 001! 20
chanber  AERTHIS AR RS o adaPin et ahoR ERgeBbg A ioerr P BR pe
change cHheateried, etpesature by, Bie piipsidh EASROBEET +hi SURRBRHEINT om  ne
Nl AU EEE T SRS TR TR L R

flowrate of desorbing water is in the formof an. ion cyrrent. Accordin
to the rekhexefore, the ﬁrgt heat treatment device 1s compatigle with the second heat J

treatment device. Thus, the first heat treatment and the second heat
treatment can be continuously carried out in the same chamber 41.

In addition, water detecting means 43 is provided at the first heat
treatment device. The water detecting means 43 is provided at the air
exhaust side of the chamber 41 to detect the water caused by the insulating
thin film of the target C. In the control means 44, if an amount of water
detected by the water detecting means 43 is smaller than a predetermined
amount, it is preferable that the first heat treatment be terminated. Doing
this can prevent an occurrence of excess or shortage in heat treatment time
H2 of the first heat treatment, and can improve reproducibility of the
electrical characteristics of the insulating film. As the water detecting
means 43, for example, a Quadruple Mass Spectrometer can be employed.
The water detecting means 43 is provided at the air exhaust side of the
chamber 41, whereby the water caused by the insulating thin film can be
detected comparatively easily.

Fig. 18 shows a result obtained by measuring change characteristics
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shown in Fig. 18, it can be believed that the water in the insulating thin
film is fully desorbed in a tenperature region in which the substrate
tenperature is 450'C or nore. Such a state can be believed as a
substantially water-free state. By enploying such an insulating film

form ng device, an insulating filmcapable of inproving the dielectric
strength and extending service life can be fornmed with high
reproducibility. The first heat treatnment device is used together with the

second hedgfttherfkat fatd ofdesterahavidessrby fidra thienasubtig thihd@limeslevant! t he
second heat treatnent can be continuously carried out. In Enbodi nent 3,

al t hough fohghedublstrdtatemperatiteaby enigleyigigelhérnpd]l Dasstpgion con nanocrystal s
63, this layer may be configured to be free of the grains 51. In

Enbodi mengpebtrdhitry (IOt i 14 gigg [‘8,fﬂHe!i‘% i$skie-htRdt @8e AoW 2dte@f oOxide film

However, the silicon nitride filmmy be forned instead of the silicon

oxide Tilaa hdrd8.in dhb ToOMA S 3! 'bﬁ%r&ént‘?”%&)ﬁf‘%tn eoachﬁ%ﬁﬁlita' for

: sgﬂ?i ’i:fl"% :
t he sem conduct or crystal, a sem conductor nateri al r than silicon my

be_ o1l i, 52115 B baElchsa SHEL GNP atasheath o findtiti hayer 6

wher eby ere 1s providéd an € ron source 1 ncludi'ng: a Tower el ectrode

f FLEFL[ Lﬁ%‘fvﬁyéﬁe%?ﬂ%ﬁ#%% ééﬁgﬁé@%%%é@%@ﬁ;xk@%fletﬁéﬁaﬁﬁ%ﬁr%%ﬁ%ﬁﬁﬁ@gﬁff ace.
Sbove. deotS HIEE HaPABY oParbRaTHE 5 Theahret) af KayvemiEaf RANFEOEEh an-
el ectron rce, the dielectric strength and service |ife can be inproved

S0
as conpar%tﬁg%i th a conventional electron source with MMtype electric

field em ssion rate. (Enbodi gent . 4 ) . . .
lgy emplg)ying such an ingulating film forming device, an insulating

film capable of improving the dielectric strength and extending service life
can be formed with high reproducibility. The first heat treatment device is
used together with the second heat treatment device, whereby the first heat
treatment and the second heat treatment can be continuously carried out.

In Embodiment 3, although the drift layer 6 contains the grains 51
and silicon nanocrystals 63, this layer may be configured to be free of the
grains 51. In Embodiment 3, the insulating thin film is defined as a silicon
oxide film. However, the silicon nitride film may be formed instead of the
silicon oxide film. In addition, although silicon is employed as a material
for the semiconductor crystal, a semiconductor material other than silicon
may be employed.

An insulating layer is employed instead of the drift layer 6, whereby
there is provided an electron source including: a lower electrode (electrically
conductive substrate); a surface electrode; and an insulating layer interposed
between the lower electrode and the surface electrode so as to form the above

insulating layer in accordance with the above-described method of forming
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Herei nafter, Enbodinment 4 of the present invention will be described. As
shown in Fig. 19G in Enbodinent 4, as an electrically conductive
substrate, there is enployed a substrate on which an electrically
conductive layer 12 (for exanple, a nmetal filmsuch as chrome filmor ITO
film is provided on one surface of an insulating substrate 11 consisting
of a glass substrate. In the case where there is thus enployed a substrate
on which the electrically conductive layer 12 is fornmed on one surface
si de of the inéulatingt thig fuhstinasuehldy election powsethe dielegbhic strength ar ger
area for an electron source and cost reduction as conpared with a case in
which a s/ §aRiliedifercanshibihpdved @ compasesdwith anoretentionad glécfrawnduct i ve
substrate. A basic configuration of an electron source 10 according to
Embodi menjyused with MIMEypOecti@dfiell ediddioerat ron source 10" shown in Fig.
40. That is, a non-doped polycrystalline silicon layer 3 is formed on the
electric n%ve | ayer 12 on the insulating substrate 11. A drift
:cayerd 6 C?ESIStIng f an oxi de porous polycrystalline silicon layer is
ormed on e AR S hh 1 ] ctrode 7 is
formed on the (}? %%(ﬁs?tg%/??hgg&ﬁ Jrer!!%tﬂt %?Pg%@a?%sﬁttlﬁv%??@&?gf ion (for

exanpl e, Lf?‘% di\)eigs enpl oyed for the surface electrode 7. The filmthickness
of the s $H8%E1 ectrode 7 is set to about 3 nmto 15 nm A structure of

the drift layer,6 wl| .he;.de ' - I

0 g 196 ?Aa%f‘_lﬁ”me;rlm?ggsiiézﬁi%ﬂé%ﬁ%%3%F?c%%@‘?%a%? PR posed
et ween ectrical.ly onduct | I . | AV R

:—Iowever1 ; Q‘_ﬁ@irﬁﬁ‘qef ih?r_gylé CIEP Besu@&,a%%%&ﬁp%%%%&@@é&f fé/ cpr?&%ct ive

o eadayer 13 o exaniple, & mbBa1 Hify $idh bt Bhrdihe iR o PG Bl 18" M9

provided on one surface of an insulating substrate 11 consisting of a glass

substrate. In the case where there is thus employed a substrate on which
the electrically conductive layer 12 is formed on one surface side of the
insulating substrate 11, it is possible to achieve a larger area for an electron
source and cost reduction as compared with a case in which a semiconductor
substrate is employed as an electrically conductive substrate.

A basic configuration of an electron source 10 according to
Embodiment 4 is similar to a conventional electron source 10" shown in Fig.
40. That is, a non-doped polycrystalline silicon layer 3 is formed on the
electrically conductive layer 12 on the insulating substrate 11. A drift layer
6 consisting of an oxide porous polycrystalline silicon layer is formed on the
polycrystalline silicon layer 3. A surface electrode 7 is formed on the drift
layer 6. A material with its small function (for example, gold) is employed
for the surface electrode 7. The film thickness of the surface electrode 7 is
set to about 3 nm to 15 nm. A structure of the drift layer 6 will be described

later. In the electron source 10 shown in Fig. 19G, a part of the
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A process for emtting an electron fromthe electron source 10 is simlar
to that in the case of the conventional electron source 10" shown in Fig.
40. That is, a collector electrode 21 (refer to Fig. 40) is arranged so as
to be opposed to the surface electrode 7, and a vacuum state is established
bet ween the surface electrode 7 and the collector electrode 2 1. Then, a
direct current voltage Vps is applied between the surface el ectrode 7 and
the electrically conductive layer 12 so that the surface el ectrode 7
becones hiayerystalineesticon layep 3iisinterpasesbbefvaep thesle Yo t he
electrically conductive layer 12. In addition, a direct current voltage Vc
i s appl i evniductivedayerelZaniddhe erift dayear§.oddowever dhe waifs layerce maydhe r ode 7
so that the collector electrode 21 becones high in potential relevant to

t he surf doemedent thedeleatrichlly cindectivedayerch? withouwidwmyingshand Ve each are
properly set, whereby the electrons injected fromthe electrically

conduct i yolyaywstallidediliédn layer 3ebelnpfintdrppsed.6, and are enitted via the
surface el ectrode 7. Hereinafter, a nethod of manufacturing the electron

source 10 accoA @irbeesk Forsmettingenh eledtron fioen dles elechont suurbe 16fisr ence to
Fig. 19Ato Fig. 19 G First, on one surface side of the insulating

subst r at esidli1ar24d thak 8k ithe €abé ¥f ARNERientRnlad ¥RictrbA scurbé Q0! dR6winin .
accordance wth a sputtering technique, whereby an electrically conductive

substrat eFi'ﬁ_% éog;g@%t i&ndedllecdr lebitofe 21Q8 el Ro @ég 40)38 drsarbddiags. 60

Next, a no ol ycrystalline silicon |ayer that is a sem conductor

| ayer with u,'ré §%§§nge§)%%@ Sfade! fwatw&é? KNgS§ a(\fa‘éﬁul?% 3{HtbSs edtablishel i S

formed (fi1l on one surface side of the electrically conductive

substrat &, 3N A SHEAMY SeIBUE 7 dhdtik cARiBide180r8089d: Ahed, get hod Of

direct current voltage Vps is applied between the surface electrode 7 and the
electrically conductive layer 12 so that the surface electrode 7 becomes high
in potential (positive in polarity) relevant to the electrically conductive layer
12. In addition, a direct current voltage Vc is applied between the collector
electrode 21 and the surface electrode 7 so that the collector electrode 21
becomes high in potential relevant to the surface electrode 7. The direct
current voltages Vps and Vc each are properly set, whereby the electrons
injected from the electrically conductive layer 12 drift in the drift layer 6,
and are emitted via the surface electrode 7.

Hereinafter, a method of manufacturing the electron source 10
according to Embodiment 4 will be described with reference to Fig. 19A to
Fig. 19G.

First, on one surface side of the insulating substrate 11, an
electrically conductive layer 12 is provided in accordance with a sputtering
technique, whereby an electrically conductive substrate is formed, and a

structure shown in Fig. 19A is obtained.
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filmformng the polycrystalline silicon layer 3, there nmay be enpl oyed a
CVD techni que (such as LPCVD techni que, plasma CVD technique, or catalytic
CVD techni que, for exanple), a sputtering technique, or CG (Continuous
Gain Silicon) technique or the |like. After the non-doped polycrystalline
silicon layer 3 has been fornmed, a nask material (not shown) for formng a
polycrystalline silicon |layer 4' described later in a predeterm ned region
only is provided on the _polycrystalline silicon |layer 3. Then, an anodic
oxi di zati on pr &é@@samn-d@ﬁ%wl&mséﬂhnﬁgﬂhwfél%’@? thatile asol uti on t hat
consists of a mxture solution obtained by m xing 55 w.% of hydrogen

f1 uori de seatieondudtor layeramﬂhétm&detemi@d@mhhicgmeys tfor exampleyrlePar ed.
Then, with a platinum el ectrode (not shown) being negative in polarity and
t he el ectinnpid foymedn{filmt formed) parontsurfaxersjde of the ekectmeally eonductiviehi | e
light emssion is carried out for the polycrystalline silicon |ayer 3,

anodi ¢ oxgubistRite oin @ hatastung shewaanrFigd19Btis obtaiaeda Psexirtethod ofd
condition. In this manner, a porous polycrystalline silicon layer 4' is

formed. THien fornhiegihekp dIPph1Etdlline SilieiDlesdr 3atiter® mayhedmployetiewn in Fig.

19C is obtained. I'n the anodi c oxidization processing according to

Enbodi mentv tdchfi ie@ueh @6 I0PETD RRhBIASE Piadita OVD Rehnidie, Bewer of |ight
emtted to the surface of the polycrystalline silicon layer 3, and the

current glﬁceggprfégﬁg%cgg}%ﬁ@i mb'ﬂétyﬁy@ﬁutﬁeﬁnsg tdehAERES iop CGYNdi ti on may

be change exanpl e; e current” 61 density may be

changed) (gqun ﬁ{u%qgiﬁn@rﬂggbﬁﬂﬁcﬁﬂiﬂ@@fégggghas term nated, the porous

pol ycryst I'ne silicon er I's™an t 400C in N2 gas that is

ilgﬁ)er tgas, whepep ﬁleangﬁ-rdﬁf)teﬁrp%IﬂNMe Ei]ﬁ’on]lgpef § R HeRGdrmed, o' " FI O-
mask material (not shown) for forming a polycrystalline silicon layer 4'
described later in a predetermined region only is provided on the
polycrystalline silicon layer 3. Then, an anodic oxidization processing
vessel containing an electrolytic solution that consists of a mixture solution
obtained by mixing 55 wt.% of hydrogen fluoride water solution and ethanol
at substantially 1: 1 is prepared. Then, with a platinum electrode (not
shown) being negative in polarity and the electrically conductive layer 12
being positive in polarity, while light emission is carried out for the
polycrystalline silicon layer 3, anodic oxidization processing is carried out
under a predetermined condition. In this manner, a porous polycrystalline
silicon layer 4'is formed. Then, the mask material is removed, and a
structure shown in Fig. 19C is obtained. In the anodic oxidization
processing according to Embodiment 4, the anodic oxidization processing
period, the power of light emitted to the surface of the polycrystalline silicon

layer 3, and the current density are made constant. However, this

processing condition may be changed as required (for example, the current
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I ndi cates a porous polycrystalline silicon |ayer after anneal ed. Before
anneal ing, the top surface of the porous polycrystalline silicon |ayer 4
is believed to be term nated by hydrogen atom as shown in Fig. 42. In
addition, it is believed that a fluorine atomis captured in the porous
polycrystalline silicon layer 4', and further, water is adsorbed on the
surface of the porous polycrystalline silicon |ayer 4. As shown in Fig.
20, by carrying out the above annealing, it is believed that the hydrogen
atom f| Wemisity maphe dozhged).er desorb on the top surface of the porous
polycrystalline silicon |ayer 4 after annealing. A tenperature when

anneal i ng the pdtausnedicyxidisatibhiprecessingbas teiym'maﬂed,;g? pogeupr operly set
in the tenperature range of 100C to 700C according to a naterial for an

el ectri Cadd\}%cﬁ@fﬂhﬁbisﬂ@cﬁumwal & minealodaen0aPCinN pgaswatasmisertor | ayer .
| nert gas en the porous polycrystalline silicon layer 4" is annealed is
not lim tﬁ%, Whehghb P aSstridtirdch6wa iarFigheoDiisobrainede "#hi Biged 91 or

exanpl e. xt, the porous polycrystalline silicon |ayer 4 after annealed is

el oot s OCNGEAL! ¥ dBtbfs pBRcrfstallld sititbnlagér afted athedledu| Before aci d

(H2SO™W) , ereby Tormng a drift layer 6', and a structure shown in Fig.

19C is  obtalisth (leoNahefacBBk thi BBrANhAIBSRABANIRE FHcdHIHyRY alid Of

el ect r och®M ron I's not "particufarly limted. For exanple,

| ecl o o .
2: ter:lt (r:oc?\ﬁ%ecvgﬁttgih%%fﬁl:ngge‘ﬁg%hpgfégeﬁ&g?{é%?’ %ﬁsé gl’l ?%{ ??%iy‘g% gfnt |e; anneal ed
t 400C i . t . [ t . . | Fig. 19F i
bt ai ned. addstiqtn e etinyad RaF o AR3ind oo iS Akt RRE IR Ty O, 107 1S
tenperat u}%t?ly\é@yes,gaﬁ.{qn%egjiwg 1506 A7 A4 fLANEE PatdRY aiSoReIPH] the SEHabd the

of the porous polycrystalline silicon layer 4'.

As shown in Fig. 20, by carrying out the above annealing, it is
believed that the hydrogen atom, fluorine atom, and water desorb on the top
surface of the porous polycrystalline silicon layer 4 after annealing. A
temperature when annealing the porous polycrystalline silicon layer 4' may
be properly set in the temperature range of 100°C to 700°C according to a
material for an electrically conductive substrate or a material for a
semiconductor layer. Inert gas when the porous polycrystalline silicon
layer 4'is annealed is not limited to N, gas, and Ar gas or the like may be
employed, for example.

Next, the porous polycrystalline silicon layer 4 after annealed is
electrochemically oxidized in water solution of 1 M of sulfuric acid (H,SO,),
thereby forming a drift layer 6', and a structure shown in Fig. 19G is
obtained. The water solution and concentration employed for
electrochemical oxidization is not particularly limited. For example, nitric

acid water solution or the like may be employed.
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tenperature range of 100C to 700C according to a material for an
electrically conductive substrate or a nmaterial for a sem conductor |ayer.

I nert gas when annealing the drift layer 6' is not limted to N2 gas, and
Ar gas may be enpl oyed, for exanple. In addition, it is not required to
anneal the drift layer 6' in inert gas. This annealing may be carried out
in a vacuum After the drift |layer 6 has been fornmed, the surface

el ectrode 7 consisting of an electrically conductive thin film (for

exanpl e, gol d tAfter electiochemidadorxitization hasderminatedethesdrift kayen6dince with
a vapor deposition technique, for exanple, and an el ectron source 10 with
its strucintiealshaed00PCELQN, gddrthas is dbérigasdand anstiricttire ShowmninnBig. he
surface electrode 7 is not limted to such a vapor deposition technique,
and a sputdrid élstaiedni '@lan Ry, DIF engdicayeyda drifplayex rafter abealddi f A | ayer 6
of the electron source 10 nmanufactured in accordance with such a

manuf act WehijeraBhRtOdhed diftldadi@tthleift 1698P6Rdy Ye propérlyersin thel umar
pol ycrystalline silicon grains 51; thin silicon oxide filnms 52; silicon

nanocr ys"@gfptﬁ%tﬁ’fe M&M(ﬁ?@ﬂodﬁfq%ﬁé&oﬂjﬂg%rh figtefal fdrBn 64 as in the

convention el ectron source drift layer 6" shown in Fig. 39. However, the

el ectron 49 ittt WbbaRIBP A B4l fof (WehdiebRdictbt P4ydine

conventi onhal el’ectron source I n OW ng point. , In this

| ect 0 . ? | ¥ il 4
For med | monaRs “en B Faibe B AHEBRR & SAT BateRoy pASMAENE T s,
th I tallj i I . ' th
anodr o oxitn B gfovad: SoretarPh, | B Hadtipholedf ot BeqEREA PRASRR ) oy e
6. Then, .the .surfac ,.elecErode ,ﬁl{'s foralﬂsd afteg the.%rifttinlayer 6' has
been annethes aﬁ’ﬁ%%t I inert gas. s annealing may be carried out in a

vacuum.

After the drift layer 6 has been formed, the surface electrode 7
consisting of an electrically conductive thin film (for example, gold thin film)
is formed on the drift layer 6 in accordance with a vapor deposition technique,
for example, and an electron source 10 with its structure shown in Fig. 19F is
obtained. A method of forming the surface electrode 7 is not limited to such
a vapor deposition technique, and a sputtering technique may be employed,
for example.

The drift layer 6 of the electron source 10 manufactured in
accordance with such a manufacturing method is believed to be composed of:
at least, columnar polycrystalline silicon grains 51; thin silicon oxide films
52; silicon nanocrystals 63 of nano-meter order; and silicon oxide films 64 as
in the conventional electron source drift layer 6" shown in Fig. 39. However,
the electron source 10 according to Embodiment 4 is different from the
conventional electron source in the following point. That is, in this electron

source 10, after the porous polycrystalline silicon layer 4' formed in anodic
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Thus, a defect caused by inpurities such as hydrogen or fluorine contained
in the drift layer 6 can be conparatively reduced nore renmarkably as
conpared with a case in which the porous polycrystalline silicon |ayer has
been oxi di zed while water or the like is adsorbed on the porous
polycrystalline silicon layer inmmediately after anodi c oxidization
processing. Further, a fine oxide filmclose to a structure of SIQ2 or a
structure of S 02 can be fornmed. In this manner, there can be provided an
el ect r on wadizaeiohGrovedsinghasblebn cinavegtediirt ineztgas,aheparbusi ne, of el ectron
em ssion efficiency, a high dielectric strength, and high reliability. In
t he abovegydlpasistdlide slidonakelyer Unfhriveédiddacdobéamey with apsdiy oxidization ne
silicon l'ayer 4 after annealed is electrochem cally oxidized. Thus, the
porous pPyieEsta@id bxidiZed, kESFbydsfmidyg dhé arifpliyealeed Then bthe sitfdtiezed at a
conparati'vely | ow tenperature. wever, the step of oxidizing the porous

pol ycrystablirhge 71k i d aHRY tHe Arifela@ B Na8bek diftfealéd M It ig@st he

el ectrochem caﬁy oxl di zing step. For ‘exanple, there may be enployed: a

dry pr Ocefﬁlflés Lhcﬁef%?t E:ﬁfseﬁ%@f ] uﬂ’ﬂe@isﬂcﬂ%ﬂoﬁﬁg BR o2 ¥l P c@fained he

$ﬁgggzg?g : gf énp oyl ng P sma, or the t zing step enp oyhpginozone.
stop, andt il Griftdnde REbn YOO R MG RRRIEM ATy 8, [ 7
Wth { ho RoERsd WP PR B n Bt bbb el SR BE IR B eEBo6r T ou
i i zat AP PORE WEE R o g ke AP RALOT FRE PO on | ayer 4 ai ter
e o hcnaesitie SHoSE e HuthSShaly dffer’ut IR RRRSILEBrEESS, O

Further, a fine oxide film close to a structure of SiO, or a structure of SiO,

can be formed. In this manner, there can be provided an electron source 10
with a small change with an elapse of time, of electron emission efficiency, a
high dielectric strength, and high reliability.

In the above-described manufacturing method, the porous
polycrystalline silicon layer 4 after annealed is electrochemically oxidized.
Thus, the porous polycrystalline silicon layer 4 after annealed can be
oxidized at a comparatively low temperature. However, the step of
oxidizing the porous polycrystalline silicon layer 4 after annealed is not
limited to the electrochemically oxidizing step. For example, there may be
employed: a dry process such as the thermal oxidizing step employing O, gas;
the oxidizing step employing O, plasma, or the oxidizing step employing
ozone. These steps are not a wet process such as electrochemically
oxidizing step, and there is no need to always carry out annealing after the
oxidizing step. Therefore, the number of steps can be reduced as compared

with the case of carrying out electrochemical oxidization. Moreover,
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In Enbodi ment 4, as an electrically conductive substrate, there is

enpl oyed a substrate on which an electrically conductive layer 12 is forned
on one surface of the insulating substrate 11 consisting of a gl ass
substrate. However, a netal substrate made of chronme or the |ike may be
enpl oyed as an electrically conductive substrate. In addition, there may
be enployed a sem conductor substrate (such as an n-type silicon substrate
whose resistivity is conparatively close to that of a conductor or p-type
silicon ameslingtprocessihg ofithemporoupelyaystalline silitomdayss 4aand| ectrical iy
conductive |layer on one surface side, for exanple). As an insulating

subst r at @xidization pebesssing obtiter péreus polyeeystialkinesilwonllayer 4lafker substrate
can be enployed. In Enbodinment 4, gold is enployed as a nmaterial for the
surface gREléDeen Be charidveuslyacaraicdrdwtlinflanpannealingealevicesforode 7 is
not limted to gold, and there may be enpl oyed al um num chrone, tungsten,
ni ckel, Qixapfllatinumand the like, for exanple. In addition, the surface

el ectrode 7 nay be conposed of at |east two-layered thin filmlayer

deposited in thg fRAbeliiRest 40hs aatdairichy cbRdaasee slibsteatd)¢heryikace
electrode 7 is conposed of a two- layered thin filmlayer, for exanple,

gol d or 'difinlovk L &bstFatBB RHSth 28 efectiTRARY LohdadtivelhydPRelis fhiried | |

| ayer. eri or alower thin film~layer (thin filmat the drift

ot num ot pue e SRR frsul AFRE <ARfats TRRLANERng A PRey S4B KEAte.

pl ati num®t P& S rtiom, in Enbodiment 4, the
ayer. LEARYEYSE e Ty iade b EhiUe B 66 BY3 Ay KBy B8 B CO"
e O SO b Y R 1 ihion WS nEATE BRHIEI A a! VO

semiconductor substrate (such as an n-type silicon substrate whose

resistivity is comparatively close to that of a conductor or p-type silicon

substrate on which an n-type region is formed as an electrically conductive

layer on one surface side, for example). As an insulating substrate 11, a

ceramic substrate or the like as well as glass substrate can be employed.

In Embodiment 4, gold is employed as a material for the surface

electrode 7. However, a material for the surface electrode 7 is not limited to

gold, and there may be employed aluminum, chrome, tungsten, nickel, or

platinum and the like, for example. In addition, the surface electrode 7 may

be composed of at least two-layered thin film layer deposited in the thickness

direction. In the case where the surface electrode 7 is composed of a two-

layered thin film layer, for example, gold or the like can be employed as a

material for an upper thin film layer. As a material for a lower thin film

layer (thin film at the drift layer 6 side), for example, there can be employed

chrome, nickel, platinum, titanium, indium or the like.

In addition, in Embodiment 4, the drift layer 6 is composed of the
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Herei nafter, Enbodinment 5 of the present invention will be described. As
shown in Fig. 21F, in Enbodinent 5, as an electrically conductive
substrate, there is enployed a substrate on which an electrically
conductive |ayer 12 (for exanple, a netal filmsuch as chrone film
titaniumfilm tungsten filmand the Iike, and a nunber of kinds of the

| am nated filnms of a netal film or ITOfilmand the like) is provided on
one surface of an insulating substrate 11 consisting of a glass substrate.
In the casedisbeperoudpolyciystabine slipimleydra Howsaveas theolrifilager 6 meay
electrically conductive layer 12 is formed on one surface side of the

i nsul at i ngp §RSEdedt 6F ail oxidizddSpdreas isii gle-crpstatlimesitican lozrogher exilizédr an
el ectron source and cost reduction as conpared with a case in which a

semi Condgﬁrgﬁ%%b‘ﬂﬁé&ﬁh?qtbﬂa%’@.' oyed as an electrically conductive

substr at asic configuration of an electron source 10 according to

Enbodi ne ' lJpdar to a conventional electron source 10" shown in Fig.
40. That n@s, %(Erl{?oér#pdéo)ped pol ycrystalline silicon layer 3 is forned on the

el ectrical |y oonduehine, | BHSL4AAe A0S W ehd REMGAIiRGoRBT WiR 11 A drift

| ayer 6 consistrng of an oxide porous polycrystalline silicon layer is
f or med ondthe.b Bol ycrystalline silicon layer 3. A surface electrode 7 is
formed on®¥7E°§Pift 1layer 6. A material with its small function (for

ﬁfa?E'eeé ort Lgl)e 5 aﬁ?%ﬁ?f@igr 2Psil By “@%‘éﬁ*&? B8 e ekipall oot T e
' 6 W ' _— 10
chown i n SRkptratbr theisdsierploprt s SHpeyALy Shay picheAt PERTHERL b g

i nt er posed between the e]ectrical cqnduciive l.ayer. 12. and..the drift
| ayer 6. ]a‘ym\;lgréoqw@argpiq,ta rpgt;pirﬁl]él gachrome fﬁ%, t1tan1umqilm,

tungsten film and the like, and a number of kinds of the laminated films of a
metal film, or ITO film and the like) is provided on one surface of an
insulating substrate 11 consisting of a glass substrate. In the case where
there is thus employed a substrate on which the electrically conductive layer
12 is formed on one surface side of the insulating substrate 11, it is possible
to achieve a larger area for an electron source and cost reduction as
compared with a case in which a semiconductor substrate is employed as an
electrically conductive substrate.

A basic configuration of an electron source 10 according to
Embodiment 5 is similar to a conventional electron source 10" shown in Fig.
40. That is, a non-doped polycrystalline silicon layer 3 is formed on the
electrically conductive layer 12 on the insulating substrate 11. A drift layer
6 consisting of an oxide porous polycrystalline silicon layer is formed on the
polycrystalline silicon layer 3. A surface electrode 7 is formed on the drift
layer 6. A material with its small function (for example, gold) is employed

for the surface electrode 7. The film thickness of the surface electrode 7 is
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formed on the electrically conductive |ayer 12 w thout having the
polycrystalline silicon |ayer 3 being interposed. A process for emtting an
electron fromthe electron source 10 is simlar to that in the case of the
conventional electron source 10" shown in Fig. 40. That is, a collector

el ectrode 21 (refer to Fig. 40) is arranged so as to be opposed to the
surface electrode 7, and a vacuum state is established between the surface
el ectrode 7 and the collector electrode 2 1.  Then,.a djr % current

vol t age ‘¥pbto abewpl am beddeun. t ﬁestﬁwmeé’féh%é&%&é’e? 6aw§f e

electrically conductive |ayer 12 so that the surface el ectrode 7 becones

hi gh i n destebed dhtegpokn the eldactroposavrce P shomayimFig. @ 1Fha radof theal | v
conductive layer 12. In addition, a direct current voltage Vc is applied
bet ween tgtyagktalinersiliendayen8ds Mterpdsedketsaendde eeetzicalye 7 so that the
coll ector electrode 21 becones high in potential relevant to the surface

el ect r odgohduttive dayeact2 asdthedrify bdyergts Mpweunen thie deift bayares praypee | y set
whereby the electrons injected fromthe electrically conductive |ayer 12

drift in gheedrdd thd Aeiridlly conduetivedayért B2l wiileoutiteavingthee el ectrode 7.
Hereinafter, a method of manufacturing the electron source 10 according to

Embodi meorgenfstanite difahi Iaed sndiigifitapesee to Fig. 2 1A to Fg. 21F

First, o e“surface side of an insulating substrate 11, an electrically

conductive | ayex ,}g.de3 fBF @iAHA: hi MEPoT BHRE thé blbchronPitures 1104567

t echni que, therel?}/‘g?orm ng an efectri ca?ly conductive substrate, and a

So O iRt thelfifl thé cade bPuiPEGIVIHop Sllctfth Slficd 107 BREwEIHE (1 Nt

is, on & calTy conductive la of the electrically conductive

f EPiLLgts gFJ(g-. %ﬂpg%?ig,tg%ﬂ&%oxs LlebG0Re 'Y GEfe? t8FiR! 2GS TARSE b6 b
to be opposed to the surface electrode 7, and a vacuum state is established
between the surface electrode 7 and the collector electrode 21. Then, a
direct current voltage Vps is applied between the surface electrode 7 and the
electrically conductive layer 12 so that the surface electrode 7 becomes high
in potential (positive in polarity) relevant to the electrically conductive layer
12. In addition, a direct current voltage Vc is applied between the collector
electrode 21 and the surface electrode 7 so that the collector electrode 21
becomes high in potential relevant to the surface electrode 7. The direct
current voltages Vps and Vc each are properly set, whereby the electrons
injected from the electrically conductive layer 12 drift in the drift layer 6,
and are emitted via the surface electrode 7.

Hereinafter, a method of manufacturing the electron source 10
according to Embodiment 5 will be described with reference to Fig. 21A to
Fig. 21F.

First, on one surface side of an insulating substrate 11, an

electrically conductive layer 12 is provided in accordance with a sputtering
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1.5 pm is fornmed (filmfornmed) as a | ayered sem conductor |ayer consisting
of polycrystalline silicon that is a polycrystalline sem conductor, and a
structure shown in Fig. 21B is obtained. As a nethod of filmformng the
polycrystalline silicon layer 3, for exanple, there nmay be enpl oyed a CVD
techni que (such as LPCVD techni que, plasma CVD technique, or catalytic CVD
techni que, for exanple), a sputtering technique, or a CGS (Continuous

Grain Silicon) technique. Wien the filmformng tenperature is set to 600C
or |ess, teshaiyue)shémbyformimsanaidecttitally eonductivd subsdthates andma be enpl oyed
a conparatively inexpensive glass substrate such as non-al kali gl ass

substr at estrhétiralskain igl Bigs 23 Whistobdameds 0Ghehn), 6B opleasiafacebsitie &leat iahd  cost
reducti on can be achi eved. After the non-doped polycrystalline silicon

layer 3 hasahebdbtFieaNy dondhdtevORlyee 125 bftHd dlectiidall§dbnlduttive Bubstravd) ect ed
to annealing at a predeterm ned tlrre (for exanple, 1 hour) at a

predet er ;‘a gﬁgrc??sgﬁ%éé?hcéﬁ édfe%rn%"éﬂmlﬁw. tlﬁ@ﬁﬁ‘eésog Pfamphd

desi r abl gas hat IS 1nert gas I s manner, the

crystalli L8 dﬂhg%gt‘oﬁn%ﬁ 5&%@2\5@% 1age9&i 1doﬁg{1‘8aﬂ'cl§9er A0kidirsd ' uct ure

shown in I'S obtal ne g 21C|n icates”a polycrystalline

silicon Ioafy le&rgnﬁfglalﬁg(%ﬁ%o dthzitris %991‘3@? R'se 1881‘1&&&8?%3{& hne silicon

| ayer 3' ark |gures ystalT'irne sem’conduct or | ayer.

B e e
ol i e T B GOl L oty 0 o
ol yor yst EchnignE IS oF HEGUD secéaﬁéﬁéfpi%%@fa[%. technfus, or Cataiyae " '
CVD technique, for example), a sputtering technique, or a CGS (Continuous
Grain Silicon) technique. When the film forming temperature is set to
600°C or less, as an insulating substrate 11, for example, there can be
employed a comparatively inexpensive glass substrate such as non-alkali
glass substrate, low alkali glass substrate, soda lime glass substrate, and
cost reduction can be achieved.
After the non-doped polycrystalline silicon layer 3 has been formed,
the polycrystalline silicon layer 3 is subjected to annealing at a
predetermined time (for example, 1 hour) at a predetermined annealing
temperature (for example, 100°C to 700°C, and desirably 500°C to 600°C) in
N, gas that is inert gas. In this manner, the crystalline properties are
improved, a defect is reduced, and a structure shown in Fig. 21C is obtained.
3'in Fig. 21C indicates a polycrystalline silicon layer after annealed. In
Embodiment 5, a polycrystalline silicon layer 3' after annealed configures a
polycrystalline semiconductor layer. Inert gas when annealing the

polycrystalline silicon layer 3 is not limited to N, gas, and Ar gas may be
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It is desirable that the tenperature in annealing the polycrystalline
silicon layer 3 be set at a conparatively high tenperature considering a
heat resistance tenperature such as a material for an electrically
conductive substrate. After annealing has been carried out, a mask
material (not shown) for formng the porous polycrystalline silicon |ayer
4 in a predetermned region only is provided on the polycrystalline
silicon layer 3'. Then, an anodic oxidization processing vessel containing

an el ect r@hyployedsfurwxanmpliehaThequigdrystallihe ailicon layer 8ahay nob bebt ai ned by
m xi ng 55 wt. % of hydrogen fluoride water solution and ethanol at

subst ant i ahealdd in Iné® giscRAdafay bb@hnealdd i & vabatm)uriVakes cirmeadingnot
shown) being negative in polarity and the electrically conductive |ayer 12

bei ng posigtda¥EiedHutth3hbttygasby vacuund i ereithp tiki@iesi andsy fdstelctud frbar t he
pol ycrystalline silicon |layer 3, anodic oxidization processing is carried

out under%ﬁain rjﬁe&%ia]%@a mﬁ, ﬁf&}?&l&éﬁgt?ﬂoﬂe dititch [HRP Y duing AhPdaling,

pol ycryst ne silicon [ayer 4" | rmed. Then, the mnask material is

d : : : : _ . di
{))e<im<;;/§at [ %ﬁgﬁg@é@ﬁ%@t&@%&?ﬁbﬂégﬁ%@%&%ﬂI m::ntig gw?%lge&r%%l c oxIdi z:';ttci on

[ iod, .t £ 14 ] . th
Dol yr yst AVRF A1t lon Bpar vtk b FEPFoB ySRALE Bell . "Const ant.
Ho , thi ' difi b h ired (f | e,
the. cur t cHITRET R RESPES HR g8 Maberal ol nrisarec Al MRS br ooessi ng
has term nated, the porous polycrystalline silicon |layer 4' is
el ect roch%‘?’h%ﬁ‘?‘qey oxidized in water solution of 1M of sulfuric acid

D1E 15 obt ai nedkiieh @RERLRETt oG FAHE e SRRSK Fpertal ot shown) | O
for forming the porous polycrystalline silicon layer 4 in a predetermined
region only is provided on the polycrystalline silicon layer 3'. Then, an
anodic oxidization processing vessel containing an electrolytic solution that
consists of a mixture solution obtained by mixing 55 wt.% of hydrogen
fluoride water solution and ethanol at substantially 1 : 1is prepared. Then,
with a platinum electrode (not shown) being negative in polarity and the
electrically conductive layer 12 being positive in polarity, while light
emission is carried out for the polycrystalline silicon layer 3, anodic
oxidization processing is carried out under a predetermined condition. In
this manner, a porous polycrystalline silicon layer 4'is formed. Then, the
mask material is removed, and a structure shown in Fig. 21D is obtained.

In the anodic oxidization processing according to Embodiment 5, the anodic
oxidization processing period, the power of light emitted to the surface of the
polycrystalline silicon layer 3, and the current density are made constant.
However, this processing condition may be changed as required (for example,

the current density may be changed).
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enpl oyed for el ectrochem cal oxidization is not particularly limted. For
exanple, the nitric acid water solution or the |ike may be enpl oyed. After
the drift layer 6 has been forned, a surface electrode 7 consisting of an
el ectrically conductive thin film (for exanple, gold thin film is formed
on the drift layer 6 in accordance with a vapor deposition technique, for
exanpl e, and an el ectron source 10 shown in Fig. 21F is obtained. A nethod
of formng the surface_electrode 7 is not gi m t ed, toeéh vapor deposition
t echni que, and Aftepanedici aHARIRIOeeSTHIE Bas LoR\Aded, tgPOTRRS pl e. The
drift layer 6 of the electron source 10 manufactured hy such a .

manuf act updlperystaltive sikicarelayey dlis elepiwogheminadly axidizgd tn sgater solution
polycrystalline silicon grains 51; thin silicon oxide filnms 52; silicon
nanocr ystafl M e$ sulfurerarid (530 )othereby foxmiig 4 doift layien 8’ and messteuctagei n a
drift layer 6" of the conventional electron source shown in Fig. 39.
However, shHuviehe@ig.dlB aiobmindd dflkemditaysolutiombanil renxentratsonli f f er ent
fromthe conventional electron source in the following point. That is, in
t he el ectémpl@yedrfoe eldtrazhenricalavxidizhtiog is met palrticubastyalilitesl. siForcon | ayer
3, the porous polycrystalline silicon layer 4 fornmed in accordance with

anodi ¢ oxéxlimgpld, €he RiREEscHGate® soRitich 3L the likemedy bé @iploged.he drift |ayer
6. Thus, a polycrystalline silicon layer 3 that is a polycrystalline

silicon |ayer iAfibPiHEdrity]1ARRGFhadBedl Corndl, YeswiFadd tlebrode |7 con | ayer 3
that is a layered sem conductor layer. 70 In this manner, while the

pol ycryst @dﬂs%%%b%bf(; %ﬁ%@eét ¥&1ly Ronfdctits lmﬁ% &l (ﬁrlfélétﬁﬁﬁﬂlé,t ¢ol@lthih 6ln)

tenperature l'ess), a conpound [ayer or alloy ayer consisting of
oSl Y, Ty 045k AR Mo e g
for example, and an electron source 10 shown in Fig. 21F is obtained. A
method of forming the surface electrode 7 is not limited to the vapor
deposition technique, and a sputtering technique may be employed, for
example.

The drift layer 6 of the electron source 10 manufactured by such a
manufacturing method is believed to be composed of: at least, polycrystalline
silicon grains 51; thin silicon oxide films 52; silicon nanocrystals 63 of nano-
meter order; and silicon oxide films 64 as in a drift layer 6" of the
conventional electron source shown in Fig. 39. However, the electron source
10 according to Embodiment 5 is different from the conventional electron
source in the following point. That is, in the electron source 10, after
annealing the polycrystalline silicon layer 3, the porous polycrystalline
silicon layer 4 formed in accordance with anodic oxidization processing is
oxidized, thereby forming the drift layer 6. Thus, a polycrystalline silicon

layer 3' that is a polycrystalline silicon layer is formed by annealing the

polycrystalline silicon layer 3 that is a layered semiconductor layer.
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- surface between the polycrystalline silicon layer 3 the electrically
conductive layer 12. In addition, the polycrystalline silicon layer 3 is
al nost crystallized on the critical surface, and a | ow resi stance can be
achieved as conpared with the conventional polycrystalline silicon |ayer 3
formed at a conparatively low tenperature. As this result, a barrier |ayer
or high resistance |ayer between the polycrystalline silicon |ayer 3 and
the electrically conductive |layer 12 can be reduced. Thus, there can be
provi ded an ellacthiomamerssvhile deppdlyerystallimersihicomlaylee & isoformreidsati on
efficiency and reliability. In the electron source 10 manufactured in
accor dancgcovmphrastively lownRiigeraturd (GO0PEdrdess) a8 compaundiupet owalby el ect ron
source 10" shown in Fig. 38, an electron can be constantly emtted while

the depend@af ¥odisHRg 0P setiicyRdtetor ahded Atalochrebe $erinded gl Bleg eristics is
smal |, and while a popping phenonenon is not generated during electron

em ssi on. ./ Ghehiling ﬁiirbﬁeﬁ'i&- of 38 pAFEyEtHInE silecom! ltag’@fl’)Bai)élﬁg g eridicart ron

em ssion characteristics (such as efm ssion curren e or electron em ssion

of 11 ¢! eNCHlrilA PR IRANIL N Il FRARATayel 3'thR dbAficaly DAULERYLO

manuf act ured 1n accor conventional electron Source 10" (refer
N T e T L R S
exanl i“ﬁ%éﬁﬁﬁ@éﬁi Pﬁ%}lﬁt&%ﬁﬁ%ﬁg?@? ltﬁ%éeéfg%@%{ &?%i’%afﬁﬁ@%?ﬁ%t e
s oot 1 COBDR A ERHRAIAAAV B topAL PODSE UHLRE SECARRTR b ab i of i ho-

el ectron source 10_.accordi ng to Enbodi nt 5. when an anneal ing tenperature
i s set tocqgg@ra(tém;g OWdempgrature. As this result, agarr?er ayer or lh1§h P

resistance layer between the polycrystalline silicon layer 3 and the

electrically conductive layer 12 can be reduced. Thus, there can be provided
an electron source 10 capable of improving electron emission efficiency and
reliability. In the electron source 10 manufactured in accordance with such
a manufacturing method, as in a conventional electron source 10' shown in
Fig. 38, an electron can be constantly emitted while the dependency of degree
of vacuum in electron emission characteristics is small, and while a popping
phenomenon is not generated during electron emission.

Fig. 22A to Fig. 22C each show a result obtained when electron
emission characteristics (such as emission current Ie or electron emission
efficiency) have been measured with respect to the electron source 10
manufactured in accordance with the conventional electron source 10" (refer
to Fig. 40) and the electron source manufactured in accordance with the
manufacturing method according to Embodiment 5. Fig. 22A shows a
measurement result of the conventional electron source 10" (Conventional

example: No annealing). Fig. 22B shows a measurement result of the
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The horizontal axis of Fig. 22A to Fig. 22C indicates the direct current
vol tage Vps, and the vertical axis on the left side indicates the current
density. "a" indicates the current density of the diode current Ips, and
"13" indicates the current density of the emission current le. In addition,
the vertical axis on the left side of Fig. 22A to Fig. 22C each indicates
the electron emssion efficiency. "y" indicates electron the em ssion
efficiency. The direct current voltage Vc is 100V which is constant. The
el ect r on electirans isourcef 0 awwmdmngmmmmenbﬁmh@daamnMQ ps) x 100 [%.
In any of the prior art, Exanple 1 and Exanple 2, the polycrystalline
silicon |taRyfserdtwsis ﬂemSOO%ﬂ (Bmlddémehed).r OF:igcdﬂdhshdwsaasubst rate in
accordance with a plasma CVD technique. Referring to Fig. 22A to Fig. 22C,

i n Exanplggaduititent tedulfufthe dlodtesh sogrcsdd saordiag UEmbodiment sund t hat
the em ssion current le and electron em ssion efficiency is significantly

i nproved @hefR QWPAEShIM g terhpératiife Pefse%rtb 550°@HEsibedinfsHiep! i ng was carried
out. In addition, in conparing Exanple 1 with Exanple 2, it is found that

Exanple 2 in mm@haﬂzaﬂm%wefﬂge@mﬁtwgezm {NoHntbS thaieKed as
conpared wi th Exanple 1 in both of" emssion current le and el ectron

e ssi on SLEbG] 6NEes UBsl HEa THEVEHIGIGHEDRH (BN el bheE el 2 | avered

sem cond ayer-is conposed o e po I ne SI I con | ayer 3

consi stin u&’[r(%rrmf)%%&%at' wlihBfeated b deoa*rrbﬂm&% g e BiddVGElFen 7%1 'such  as

sem cond ayer e comnpose a sem C or nanocrys

e conduehrb ) ayfpares e & tﬁdtensﬂgh? *@%ﬁﬁﬁéﬁsﬁ%@fﬁﬁ% 293%@%%&3& or
layer is &Ol y t%:%i glngzoergtﬁjélle?Psﬁae f%g. %@X g%gtﬁc eacﬂ dica elsI tlhr(]ee silicon

. n

electron emission efficiency. "y"indicates electron the emission efficiency.
The direct current voltage Vc is 100V which is constant. The electron
emission efficiency is a value obtained as (Ie / Ips) x 100 [%]. In any of the
prior art, Example 1 and Example 2, the polycrystalline silicon layer 3 was
deposited on the electron conductive substrate in accordance with a plasma
CVD technique.

Referring to Fig. 22A to Fig. 22C, in Examples 1 and 2 in which
annealing was carried out, it is found that the emission current Ie and
electron emission efficiency is significantly improved as compared with the
prior art in which no annealing was carried out. In addition, in comparing
Example 1 with Example 2, it is found that Example 2 in which an annealing
temperature is high is improved as compared with Example 1 in both of
emission current Ie and electron emission efficiency.

In the above-described manufacturing method, a layered
semiconductor layer is composed of the polycrystalline silicon layer 3

consisting of polycrystalline silicon. However, such a layered
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| ayer 3 may be forned. In Enbodinent 5, as an electrically conductive
substrate, there is enployed a substrate on which an electrically
conductive layer 12 is formed on one surface of an insulating substrate 11
consisting of a glass substrate. However, as an electrically conductive
substrate, a netal substrate made of chrome or the |like may be enpl oyed.
Alternatively, there may be enployed a sem conductor substrate (for

exanple, n-type.silicon substrate |ayer ,whose. resistivity i onparatively
ol 056 1o FHACOBAUGIOE (AYRIGAY HerCOmRAReE oA FeBisoBAuciafnanofeXsypES i on | s
formed as an_el ectrically conductive |l ayer on on urface side).. As an

i nsul at i nRp siisen P@P@CMF%%%%?WEIGSUQEHtS&% A% a&%%ﬂm@g | 330&1%#1 as a

gl ass substrate _can be enployed. |In Enbodiment 5, gold is enployed as a
mat eri al despiconduetorlayer consistingela wilicopvranacrystab thersepmigendeftor he
surface electrode 7 is not limted_ to gold, and al um num chromne,

t ungst en, layer kepolyptyatalizeddy ameedling ebpdhe molysypstalline sdicenpl e. | n
addition, the surface electrode 7 nay be conposed of at |east two- |ayered
thin fil nadyay8t mégdesfareted.n the thi ckness direction. In this case, gold
or the like, for exanple, can be enployed as a material for an upper thin

filmlayer. ChrlnEmbuvdifent 5phatanrelegtricallgrdonductive isnbstratgriterdits | i ke can
be enpl oyed as a material for a lower thin filmlayer (thin filmlayer on

the drifémpioed Hsebsteate o8 whickahadedteieally,conactvé 1dydrayeis forinedconposed
of an oxi de porous polycrystalline silicon |ayer. However, the drift |ayer

6 may be gOERESARE of bhGindhlitinP¥hkRr 2 PHEoRALNAE WS ballhsNeulsstFateonduct or
| ayer. (Enbodi ment 6)

However, as an electrically conductive substrate, a metal substrate made of

chrome or the like may be employed. Alternatively, there may be employed

a semiconductor substrate (for example, n-type silicon substrate layer whose

resistivity is comparatively close to that of a conductor or p-type silicon on

which n-type region is formed as an electrically conductive layer on one

surface side). As an insulating substrate 11, a ceramic substrate or the like

as well as a glass substrate can be employed.

In Embodiment 5, gold is employed as a material for the surface
electrode 7. However, the material for the surface electrode 7 is not limited
to gold, and aluminum, chrome, tungsten, nickel, platinum or the like may
be employed, for example.

| In addition, the surface electrode 7 may be composed of at least two-
layered thin film layer deposited in the thickness direction. In this case,
gold or the like, for example, can be employed as a material for an upper thin
film layer. Chrome, nickel, platinum, titanium, or indium and the like can
be employed as a material for a lower thin film layer (thin film layer on the
drift layer 6 side).
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Herei nafter, Enbodinment 6 of the present invention will be described. As
shown in Fig. 23, in an electron source 10 according to Enbodinent 6, as
an electrically conductive substrate, there is enployed a
single-crystalline n-type silicon substrate 1 whose resistivity is
conparatively close to a resistivity of a conductor (for exanple, a (100)
substrate whose resistivity is 0.01 0 cmto 0.02 0O cm. In this electron
source 10, a drift layer 6 consisting of an oxide porous polycrystalline

silicon |ayer imnEfibsdsmet s, (hd fri¥iTyae @ isicompdbed@bf Anlokide pSidusCOn
Ssubstrate 1. A surface electrode 7 is forned on the drift [ayer 6. An

ohmic el gﬁ%}?&i@r@hﬁ% sfiHédfPPay%E?. t PRWAREK, ﬁ}éréﬁftq?%r 6 BEay bk ¥BRtiskd 6PN

substr at ower electrode 12 is conposed of "the n-type silicon

substrat ng 1%']]1'1] . face electrode 7 is
opposed ﬁgehgggloomrﬁ%ﬁ%ggﬁ)ﬁog@%% , a%géﬁéel{n?ﬁc%maggfe'r 6 is interposed
bet ween t ectrode 12 and the surface electrode 7. The surface
el ectrode@nhg%%ntfeérned of nmetal filns and lam nated filnms of these

tal fil ns, h_of ' | St f hem cal | t abl. tal ith it
sl | vork 1 unciPsnralrrigheiRranc ot sfe ettt imb SRR AST o f g (ay,
pl ati num el;tcﬁwar chrome (Cr), for exanple. The thickness of the surface

el ectrod be set in the range of about 3 nmto 15 nm The

configuration apd funct.i of .the drift layer 6_is sim.dlar to those 74 of
Enbodi ment 1. ﬁéts{wwlpﬁ@gdﬁmn%y&ctm WEAYIACHOTIHNELP | east, grai ns
51, silicgon _oxide filnms 52, a nupber of silicon nanocrystals 63, and a

nunber ofmbjodimgnt 6x paanteleetEicelly qoadactive spbgtrate, theye srmplaigd a n t he

drift layer 6, the surface of each grain is made porous, and a crystalline
state is single-etyistallime n-type silicon substrate 1 whose resistivity is

comparatively close to a resistivity of a conductor (for example, a (100)
substrate whose resistivity is 0.01 Q cm to 0.02 Q cm).

In this electron source 10, a drift layer 6 consisting of an oxide porous
polycrystalline silicon layer is formed on a main surface side of an n-type
silicon substrate 1. A surface electrode 7 is formed on the drift layer 6. An
ohmic electrode 2 is formed on the back surface of the n-type silicon
substrate 1. A lower electrode 12 is composed of the n-type silicon substrate
1 and ohmic electrode 2. Therefore, the surface electrode 7 is opposed to the
lower electrode 12, and the drift layer 6 is interposed between the lower
electrode 12 and the surface electrode 7.

The surface electrode 7 may be formed of metal films and laminated
films of these metal films, each of which consists of a chemically stable metal
with its small work function and high oxidization resistance such as gold
(Au), platinum (Pt), or chrome (Cr), for example. The thickness of the
surface electrode 7 may be set in the range of about 3 nm to 15 nm.

The configuration and function of the drift layer 6 is similar to those
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the center portion of each grain. Each grain 51 extends in the thickness
direction of the |lower electrode 12. In addition, a detailed description of

the insulating filnms 52 and 64 will be given when a description of a
manuf acturing method which will be described later is given. As shown in
Fig. 24, in an electron source 10 according to Enbodinment 6 as well, it is

believed that electron em ssion occurs in a nodel simlar to a case of the
el ectron source 10 according to Enbodinent 1 or Enbodinent 3. That is, the
direct cyfEmbodh&OE VPRat i, aheldrftldyetresconpmsed off acleast, gyaile 7 and
the |l ower electrode 12, and the direct current voltage Vc is applied

bet ween te GddEGHAE fRIREBT, edsumbet b siloanmergstaly 63,sqed entumber

el ectrically conductive filmsuch as ITOfilm and the surface electrode 7

with the galifient oxide!fMely 64 Greldr EFRY 1p0SI hddition, pokthe idirift layreeres ke t he

electrons "e-" 1njected fromthe | ower electrode 12 into the drift |ayer 6

in accordapes (}fftée%hlt : m2e g@bhS Ml hickysthlliiiestait8 s Aiihtdaedla¢ct r ode

Zheagﬁec?:gnem 0 the vacuum Hereinafter, a nmethod of manufacturing

SQUI tm?@? : 1d 4 idaed with
(r) ef te[] enget}focq’—“i%s? gg,g}&ﬂ} 898%}’5&%& Ir ,ghgﬁmtgﬁ%%uée]%ne%ﬁggg%é%s f or med
n the bagk surfa of .an R- 14 st Gitka de i hkm
f or ni ngds‘g'tgﬁc%‘l?n Pﬁﬁ?ﬁ 1:?6" s %8##@%%%2 [‘l[)lg%?crys 'a ?léne g(}%}%{(}gtﬁ%&?g&hg as a
sem conductor |.a 0 I} .S 75 f the n-t
Sia![ i pondsmifﬁ?té?é%%msg?%f&ﬁgdvﬂﬁ)é%gvn% vgﬁg{}%u% &@%@f‘v\% in Ei gYpESA is
obt ai ned. nmet hod o V1 m.foorm he ..pqgliyery.st | ne sili I 3,
or - exampmanuiagremeyeshod whieh sk gert BN E Beohn s Lran
techni que, plasma CVD techni %ie, or catalytic .

As shown in Fig. 24,'in an electror source 10 according to

Embodiment 6 as well, it is believed that electron emission occurs in a model
similar to a case of the electron source 10 according to Embodiment 1 or
Embodiment 3. That is, the direct current voltage Vps is applied between
the surface electrode 7 and the lower electrode 12, and the direct current
voltage Vcis applied between the collector electrode 21 (for example, a
transparent electrically conductive film such as ITO film) and the surface
electrode 7 with the collector electrode 21 being positive in polarity, whereby
the electrons "e-" injected from the lower electrode 12 into the drift layer 6 in
accordance with thermal excitation drift, tunnel the surface electrode 7, and
are emitted into the vacuum.

Hereinafter, a method of manufacturing the electron source 10
according to Embodiment 6 will be described with reference to Fig. 25A to
Fig. 25D.

First, an ohmic electrode 2 is formed on the back surface of an n-type
silicon substrate 1. Then, the film forming step of forming a non-doped

polycrystalline silicon layer 3 as a semiconductor layer on a main surface
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CVD technique, for exanple), a sputtering technique, or a CGS (Continuous
Grain Silicon) technique or the like. After the non-doped polycrystalline
silicon |layer 3 has been fornmed, the polycrystalline silicon layer 3 is
made porous in accordance with the anode oxidization processing step. In
this manner, a porous polycrystalline silicon layer 4 that is a porous
sem conductor layer is forned, and a structure shown in Fig. 25B is
obt ai ned. The porous polycrystalline silicon |ayer 4 formed by the anode
oxi di zat i (@nepuefuee’ bfthehappe eiliconsubstratoiless cakrigdautsand b ssfucture

pol ycrystalline silicon (refer to Fig. 1) and a nunber of silicon
nanocrystgdswisn Mgl FFA iPoltained) - AS A hbthodheftilen oinglingeghieon processi ng
step, there is enployed an anodic oxidization processing vessel that

cont ai ns cﬁlseﬁm' sifibén Bffedtd, %6 ERARDR, tREredhad HE &hpldyedal CVPN

obt ai ned m'xing 55 w. % of hydrogen fluori de water solution and et hanol
at subst é@ﬂh}l on the
surface %EP%&%eo%yg?%gthﬁl ne si (?u &ﬂ P%I?gm@b%ehhﬁl gh!tb i"ggﬂarlgiéﬁ
consistln a he

| ower ele trogﬁhﬁmﬁggg% lé %gﬁlgtpsf. Ee%m\];d&e F%’tol numé}ﬁ*ectrodsie In
this nann stalll I con Iayer 3 |s made porous to a

pr edet er ﬁ%]dl %ﬁ"ﬁgﬂ ¥? 9ﬁ%oﬁﬁnﬁﬁﬁg{ﬁrfa0e (in Enbodi rrent 6, although this
| ayer is set a whi ch, do h t we | ec d |t may
be set to a dep‘fqﬁ%ﬁﬁhb%ﬁope% gzp‘lﬁﬂ‘é”ﬂsﬁﬂﬁ?‘eeﬁgﬁ%%%gg f)ef%x%r 't he
anodi ¢ oxi,di z t|on ocessi ng, st ep, has t.erm nat ed, n IS carrl ed out
ising et htoPOLy TS ALl SRR laver s mARF ROFA TR e?@aﬁa?ceg%m the
insulating filnms 52 and 64 on the suriﬂe of each grain 51 and

silicon naneds gxidirateon PEACEEPINESIER: { ClHér‘BB%n%layE?Wrﬂqqugs P%on

silicon layer 4 that is a porous semiconductor layer is formed, and a structure

-

shown in Fig. 25B is obtained. The porous polycrystalline silicon layer 4
formed by the anode oxidization processing step contains a number of grains
51 of polycrystalline silicon (refer to Fig. 1) and a number of silicon
nanocrystals 63 (refer to Fig. 1). In the anodic oxidization processing step,
there is employed an anodic oxidization processing vessel that contains an
electrolytic solution consisting of a mixture solution obtained by mixing 55
wt.% of hydrogen fluoride water solution and ethanol at substantially 1 : 1.
Then, while light emission is carried out on the surface of the polycrystalline
silicon layer 3 by a light source consisting of a 500W tungsten lamp, a
current is supplied between the lower electrode 12 and a cathode consisting
of a platinum electrode. In this manner, the polycrystalline silicon layer 3
is made porous to a predetermined depth from the main surface (in
Embodiment 6, although this layer is set a depth which does not reach the
lower electrode 12, it may be set to a depth which reaches the lower electrode

12).
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| ayer 4 is carried out. In this manner, a drift layer 6 containing the
grains 51, silicon nanocrystals 63, and the insulating filnms 52 and 64 is
formed, and a structure shown in Fig. 25C is obtained. The insulating film
formng step wll be described later. After the drift |ayer 6 has been
formed, the surface electrode 7 consisting of a netal |ayer (for exanple,
gold) is forned in accordance with a vapor deposition technique, and a

el ectron source 10 with its structure shown in Fig. 25D is obtained. In
Enbodi ment 6, tAftersthef anediclonidizatien Processing step hag taEBmRALAc BNFHRA t he
vapor deposition technique. However, a nmethod of formng the surface

el ect r odés dairiedott isirig ethanol.t HEhempde ingulsding fibm fowning step ofand a
sputtering technical nmay be enployed, for exanple. In_the insulating film
form ng foepingtheiratatingfilosidand 6dmh the suifdcngf eachcgrain§d ane carried
out. In the oxidization processing, an oxide film(silicon oxide film
with fil ragdehisghossaahocrystal6Feuntalindd inhtiie poroak polycrpstallime eilicoy
phenonenon occurs on the surface of each silicon nanocrystal 63 (thin film

that is %H?H@fis thARed Bat.Cr K5tk haenaaat dbftdagere cohtdihingsthe grains
nanocrystal 63) is forned in accordance with processing capabl e of

restri Cligng JReACAHRSGIER1EE3! BEd{RTRIAIbAne T S52 hadbaisionnsd] and 63, |n

nitridi ng processi ng mquality of each oxide film (silicon oxide

film is g%ggqﬁg%%&dlg%%g%i b {aiREPC OPRE NlaAAR Antforhfinkrstepi Nng an

occurrence mage to each silicon nanocrystal 63. The oxidization

processi ng.,¢RNS oxidizing step of formng an oxide filmwth
filmthi c\%ﬂgggieg&glr)l&g)l(%%% such that an electron tunneling phenonenon

oceurs on the sypf%Re Aiff ifybrY hhf Bled IR The'subfhcBlelectrode 7

consisting of a metal layer (for example, gold) is formed in accordance with a
vapor deposition technique, and a electron source 10 with its structure
shown in Fig. 25D is obtained. In Embodiment 6, the surface electrode 7 is
formed in accordance with the vapor deposition technique. However, a
method of forming the surface electrode 7 is not limited to the vapor
deposition technique, and a sputtering technical may be employed, for
example.

In the insulating film forming step, oxidization processing and
nitriding processing are carried out. In the oxidization processing, an oxide
film (silicon oxide film) with film thickness to an extent such that an electron
tunneling phenomenon occurs on the surface of each silicon nanocrystal 63
(thin film that is smaller than the crystalline particle size of the silicon
nanocrystal 63) is formed in accordance with processing capable of
restricting an occurrence of the damage to each silicon nanocrystal 63. In
nitriding processing, the film quality of each oxide film (silicon oxide film) is

improved in accordance with processing capable of restricting an occurrence
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a heat treatnent tine (hereinafter, referred to as "first predeterm ned
heat treatnent tinme") capable of restricting an occurrence of the damage
to each silicon nanocrystal 63 in accordance with the rapid thernal

oxi di zation technique. In this oxidizing step, by enploying a |anp
anneal i ng device, for exanple, in oxygen gas atnosphere, oxidization is
carried out at a first predeterm ned heat treatnent tenperature (for
exanpl e, 9000C) by the first predeterm ned heat treatnent tinme (for

exanpl e, of thé ddhfifde toldtth silicort hanodrystdl 63.edet er mi ned heat treatment time
i s remarkably reduced as conpared with a predetermned heat treatment tinme
(1 hour) in acqyidanafation Fpﬂoh@ssw%ek:dngﬂstwoﬁmnm@mg step afdovmimg onal
rapi d heat oxidization technique is verified that the first

predet er r{‘&‘ﬂdﬂ &?ﬁﬁﬁlﬁ'}huﬂdd&s t§ aflasitbabsectstiat am tlectron M nutes from a
rreasurerrent res of electron emssion characteristics of the

manuf act yf,ad «Ahe I{e% C@ccﬁ 'ﬁ‘?ﬂ@‘éﬁﬂaeé Be cadlLSPRHR NAnOCFy i8]l §8hoCi ty of
a tenperature rrse perlo substrate tenperatureis risen to the

first pr g,,ld égr@gsfﬁegs%n@%}meﬂ CORErAL t &5 "fisst pRbddtdraiinéd hegfC OF

nor e, sec or more. The n|tr|d| ng processi ng
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predetermined heat treatment temperature {for example, %%?)I E}?By the?:{rst

predetermined heat treatment time (for example, 5 minutes). That is, the
first predetermined heat treatment time is remarkably reduced as compared
with a predetermined heat treatment time (1 hour) in accordance with the
oxidizing step using the conventional rapid heat oxidization technique. It 1s
verified that the first predetermined heat treatment time is desirable set
within 5 minutes from a measurement result of electron emission
characteristics of the manufactured electron source 10. However, the
temperature rise velocity of a temperature rise period in which a substrate
temperature is risen to the first predetermined heat treatment temperature
is set to 20°C / sec or more, and desirably to 150°C / sec or more.

The nitriding processing consists of the nitriding step of nitriding
each oxide film at a heat treatment time (hereinafter, referred to as "second
predetermined heat treatment time") capable of restricting an occurrence of
the damage to each silicon nanocrystal 63 in accordance with the rapid heat

nitriding technique. In this nitriding step, by employing a lamp annealing
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wWithin 5 mnutes froma neasurenent result of electron em ssion
characteristics of the manufactured el ectron source 10. However, the
tenperature rise tenperature of the tenperature rise period in which a
substrate tenperature is risen to the second specified heat treatnent
tenperature is set to 200C/ see or nore, desirably to 150'C/ see or nore.
In Enbodi nent 6, N20gas is enployed in the nitriding step, and thus,
oxi di zati on advances at the same time when each oxide filmis nitride. As a
result, to&ibd)Tot akamgld, ith M, gasadméspkash nitridingdy camdedisutiat axi - ni tri de
film (silicon oxi-nitride film. The gas enployed in the nitriding step is
not i m {&dnlQrbiQRedAinedReaftidatmeal taperaulO(Brexabiple, 986°C)dor A2gas
may be enployéd, for exanple. According to this manufacturing nethod, in
the i nsu!%; 'oﬂ?.;{rbhé‘ﬂerfrﬁﬁ?& PQaf bR tRentt Ak Hbridxampleub atini@ed)l | T8iH2 and
64, an oi de Fil'mwith II'mthickness to an extent such that an electron
tunnel | n, ARRRRIRACthe SOHNDreloldifinll HRGE tRlatRRAI thnblis ABsabRcdsst al 63
i n accordance W processing capable of restricting an occurrence of the
damage to_each ,sil.i hlek 1Qxdde filmis

t%:én 553 %&Pe@ fr&?% Héé?g?%mgﬁi ,réﬂll@ deblehBn %{gl ]

formed on™t ceo and each oXi filmis nitride in
d ith i h| ] I f th
Comope t cohitactefiR G o thadn A SRR Rrod bl fidh/doikd S0 2 TERGRNEE A O (T
Thus, th tability with f ot f th .ect ey i
Tha net or tanpeiaturd e P meaauR ) s tetinkr s it pEHEE LA Wbl >l On

insulating filnms 52 and 64 each are forned wthi conparatively | ong
heat treafwhstraty Enpergtursisisen tqt%a%ofﬁdﬁpée#@#ﬁﬁ%tet%af‘%m he rapi d

thermal oxidization technique as in the g‘rgi,or i’art. r fver, t he at
t r eat ment temperature 1o RO dnen; degiral Yf'&?ﬂ#@&e $f¢ or more. In

Embodiment 6, N,O gas is employed in the nitriding step, and thus,

oxidization advances at the same time when each oxide film is nitride. Asa
result, the insulating films 52 and 64 each are provided as an oxi-nitride film
(silicon oxi-nitride film). The gas employed in the nitriding step is not
limited to N,O gas, and a gas containing NO gas, NH; gas, or N, gas may be
employed, for example.

According to this manufacturing method, in the insulating film
forming step of forming the insulating films 52 and 64, an oxide film with
film thickness to an extent such that an electron tunneling phenomenon
occurs on the surface of each silicon nanocrystal 63 in accordance with
processing capable of restricting an occurrence of the damage to each silicon
nanocrystal 63. In addition, an oxide film is formed on the surface of the
grain 51, and each oxide film is nitride in accordance with processing cap able
of restricting an occurrence of the damage to each silicon nanocrystal 63,
thereby improving the film quality. Thus, the stability with an elapse of

time, of the electron emission characteristics, is improved as compared with
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insulating filns 52 and 64 can be reduced. Thus, in the case where the

| oner electrode 12 is fornmed on the insulating substrate 11 such as a gl ass
substrate as in the conventional electron source 10" shown in Fig. 40, it
beconmes possible to enploy as a gl ass substrate a non-al kali gl ass
substrate which is conparatively inexpensive as conpared with a quartz
glass or a glass substrate with its conparatively | ow heat resistance
tenperature such as |ow alkali glass substrate, and cost reduction can be

achi eved.thleltasEmk QHifE Rhe fnswbatigigzAilim 052 pndos sactgarefbormedr withing apr ocessi ng
can be carried out in the sane device, thus nmaking it possible to prevent

| NPT i ti @m 4 3RvRTN R g e AtofruBifled DRI &eiiple, I bews $h ngcaridniche
nitriding processing. Fig. 26 and Fig. 27 each show a result obtained by

measuri ngg li;ﬁ%txragi'dﬂ% hogkighatrmt RchifduesaPin thepabeart. orMsgsvvee, 10

manuf acture ccordance wth the above-described manufacturing nethod

and a chgﬁ%qﬁ%{n:&%ﬁg%ﬂ ARneah P’ééﬁenﬁgérﬁhﬁékﬁﬁ%@m' §ehRmglthey acteri stics.

Fig. 28 ow a resu asuring: the electron em ssion

char act eri st i I ' ' [
ehich s Hesnlfig ERRE 5% SFE BALRY fEnaed o Ingg paidemarpheie Ol L 10

he heat lorexateiods RS ETBAPE che holfplie Sublybitie 1 Bkl bk <8 0
O o R L
treat nentbﬁmmsﬁﬁge :tg%é%ﬁ Oy@rgpar a%égggﬁg?ngh’g)ntzi?ﬁl{]?]jtvaégﬁﬁ’%%%eer mal
nitriding technique in the insulating film :
which is comparatively inexpensive as compared with a quartz glass or a
glass substrate with its comparatively low heat resistance temperature such
as low alkali glass substrate, and cost reduction can be achieved. In
Embodiment 6, oxidization processing and nitriding processing can be
carried out in the same device, thus making it possible to prevent impurities
from adhering between the oxidization processing and the nitriding
processing.
Fig. 26 and Fig. 27 each show a result obtained by measuring
electron emission characteristics of the electron source 10 manufactured in
accordance with the above-described manufacturing method and a change
with an elapse of time, of electron emission characteristics.
Fig. 28 and Fig. 29 show a result by measuring: the electron emission
characteristics of an electron source according to Comparative Example 1 in
which a heat treatment temperature is set to 900°C by employing only the
rapid thermal nitriding technique in the insulating film forming step, and

the heat treatment time is set to 5 minutes; and the change with an elapse of

time, of electron emission characteristics.
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form ng step, and a heat treatnment time is set to 60 minutes; and a change
with an el apse of tinme, of electron em ssion characteristics. Measurenent
of the electron em ssion characteristics of the electron source 10 and the
el ectron sources according to Conparative Exanples 1 and 2 were carried
out as follows. That is, the electron source 10 and the electron sources
according to Conparative Exanples | and 2 were introduced into a vacuum
chanber (not shown). Then, as shown in Fig. 38, a collector electrode 21
was di sposed |lFlgpMainﬁeFJIgOSﬂhi@Cb@hﬂ‘&fc%r‘éﬂl@&bb’dﬂ%asﬂnngiﬁ’ﬂ?i?qtr?‘he di rect
current voltage Vps was applied with the surface electrode 7 being high in
pot ent i alerBkivnacharactdristidsofem electronsduraaccondinghte Cemparativer r ent

vol tage Vc was applied with the collector electrode 21 bein high in

pot ent i al Ex£hplaRtin twhichea hwﬁﬁeetmémctempia'aturﬁagsetzte,909|°@.ng28 and Fig. 30
show a nmeasurenent result of electron em ssion characteristics when the

direct cuhalyiN®bhRothe/Fapid thenahbaitriting 16¢hniquarnin thhénsidgtiog ffmvacuum
in the vacuum chanber is set to 5 x 10-5 Pa. 1In these figures each, the

hori zont afo, ajifls s';;]ée}f!i&ﬂ £ hedt Gidatimlent Hihe s sotolol GO MinVpss; andch thanger ti cal _
axis indicatest current density. "P" indicates the current density of

the di odeggyr ke @Ialﬂese%éitgﬁg’zégll%‘%tg% %ﬁﬁ%iohhﬁa‘iﬂéﬁe@i%ﬁcs.densi ty of the

em ssion current 9 and Fig. 31 show a neasurenent result

of electron Cr@abRRedillAl SEHR dBlinR eiiSGohthathtRblstiy E €ht cle@kioage Ve |

constant at 81 degree of vacuumin the vacuum chanber is set

L‘Fa?)s)e(: é?é ‘?ﬁrgg'lpr%}rh ﬁ}hhe:gl%g{rioﬂléroﬁ c&Helor gﬂgttﬁﬁdﬁﬁﬂfﬁivea]ﬁkﬁmbm@ cahgs an

side indigcates the gurrent areﬁls?t  andu) S orLical axis on the tett
S de i nai £arae cerged ot ielERR < Kt &5 IhbHfectFod S6ice andBab ne 11 ONt
electron sources according to Comparative Examples 1 and 2 were
introduced into a vacuum chamber (not shown). Then, as shown in Fig. 38,
a collector electrode 21 was disposed in opposite to the surface electrode 7.
Further, the direct current voltage Vps was applied with the surface
electrode 7 being high in potential relevant to the lower electrode 12, and the
direct current voltage Vc was applied with the collector electrode 21 being
high in potential relevant to the surface electrode 7.
Fig. 26, Fig. 28 and Fig. 30 show a measurement result of electron
emission characteristics when the direct current voltage Vc is constant at
100 V, and the degree of vacuum in the vacuum chamber is set to 5 x 10° Pa.
In these figures each, the horizontal axis indicates a direct current voltage
Vps, and the vertical axis indicates the current density. "P" indicates the
current density of the diode current Ips, and "Q" indicates the current
density of the emission current Ie.

Fig. 27, Fig. 29 and Fig. 31 show a measurement result of electron

emission characteristics when the direct current voltage Vc is constant at
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efficiency. "P" indicates the current density of the diode current Ips, "Q
i ndi cates the current density of the emssion current le, and "R' indicates
the electron em ssion efficiency. However, Fig. 27 shows a neasurenent
result when the direct current voltage Vps is constant at 15V. Fig. 29
shows a neasurenent result when the direct current voltage is constant at
1 1V. Fig. 31 shows a nmeasurenent result when the direct current voltage
Vps is constant at 15V. Referring to Fig. 26 to Fig. 31, in the electron

source 1010@¢V°5H&'ﬂﬁe§1‘égr@*&3ﬁﬂcﬁﬁ% i thé Vabsuwhihnbéieils sebeo 51-ab0PPay Wit h
an el apse of tine el ectron em ssion characteristics is inproved as

conpar ed IE%E& 23 aPSEAN Lartg afitmge BGABhes 1 and
2. In Errbly [ rrent btg%é rthe iebct%rode igailagt%:onpo?g%éof Itt heé n-type

silicon sy Qﬁ% qhgla@ﬂeggfﬁ(%ﬁﬁkﬁc6 PRE e:ftaop‘éi‘g teéﬁf‘e&ﬂi’@ﬁt%ﬁﬁwocje 12

con5|st|ng mat eri ense ycrystalllne sil1con

| ayer f

as gl ass i’rgcﬁﬁlg? Vet éca&e’%s"&?ﬁﬁgﬁéﬁ%ﬁ%ﬁ?&?&gﬁ%%ﬁ@ﬂ BRSO, o, 5 part
gicz)rgans f%%?:NSIt " HH’&&%‘JGSEPB%@E?%& eﬁ}%gté'e(iﬁ [:fﬁéﬁep, r\‘}ﬂg%g%’)ﬁ’gr ggfohg
silicon |ayer duct )

carry outmldlli“ef"teis %F‘:elfliegﬁ O{lg‘#?f)iﬁ% Eg‘qﬁg’ﬁ%{lﬁe‘%ﬁﬁsar&fﬁfjgﬁe‘g‘f:?%éiﬁeI ayer.
(Enmbodi nent 7) 82 Hereinafter, odi n'en{:, f resent inventi qp wil |
be descn@i@@ronﬁf%’éﬁ’r%‘oe clengkuf BOAveRg it 2 2 M%P&@nﬁega?%n F\g to
Enbodinent 7 is nerely different from t hat accor g'a"%’t?d' ment I n

t he i nsul whengheidipectchrraniyoliags. Vimisconsiant ak p t| ﬁbgf 9% /i ng st ep

will be primarily
measurement result when the direct current voltage is constant at 11V. Fig.

31 shows a measurement result when the direct current voltage Vps is
constant at 15V.

Referring to Fig. 26 to Fig. 31, in the electron source 10 according to
Embodiment 6, it is found that the stability with an elapse of time, of the
electron emission characteristics is improved as compared with the electron
sources according to Comparative Examples 1 and 2.

In Embodiment 6, the lower electrode 12 is composed of the n-type
silicon substrate 1 and ohmic electrode 2. However, the lower electrode 12
consisting of a metal material or densely doped polycrystalline silicon layer
may be formed on one surface side of an insulating substrate (such as glass
substrate or ceramic substrate, for example). In addition, a part of the
surface side of the n-type silicon substrate 1 is made porous in accordance
with the anode oxidization processing step, whereby a porous silicon layer
that is a porous semiconductor layer is formed so as to carry out the
insulating film forming step for this porous silicon layer.

(Embodiment 7)
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described. In Enbodinent 7 as well, as in Enbodi nent 6, oxidization
processing and nitriding processing are carried out in the insulating film
form ng step. The oxidization processing in Enbodiment 7 consists of the
oxidizing step and annealing step. In the oxidizing step, an oxide filmis
formed on the surface of each silicon nanocrystal 63 in accordance with an
el ectrochem cal nethod. The annealing step is carried out after the

oxidi zing step, and each oxide filmis annealed. Specifically, in the

oxi di zi ng step, H@féﬁﬁftbi“eﬂ‘.ﬁ'b@dﬁﬁeﬁh? o806l p geseny invertidrowil beakssiibad st ep,
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step and annealing step. In the oxidizing step, an oxide film is formed on

the surface of each silicon nanocrystal 63 in accordance with an
electrochemical method. The annealing step is carried out after the
oxidizing step, and each oxide film is annealed.

Specifically, in the oxidizing step, after the end of the anodic
oxidization processing step, rinsing using ethanol is carried out. Then, an
electrochemical method of applying a constant voltage between the lower
electrode 12 and a cathode consisting of a platinum electrode by employing a
processing vessel that contains a sulfuric acid water solution of a
predetermined concentration (for example, 1 mol/ 1 =1M) is utilized. In
this manner, an oxide film with film thickness to an extent such that an
electron tunneling phenomenon occurs is formed on the surface of each grain
51 and each silicon nanocrystal 63. An electrolytic solution employed in the
oxidizing step is not limited to a sulfuric acid water solution, and a sulfuric
acid water solution or aqua regia and the like may be employed, for example.
Alternatively, an electrolytic solution obtained by dissolving a solute in an

organic solvent may be employed.
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The annealing tenperature may be set to 7001C or less, and it is preferable
that the tenperature be set to NOT or |ess. According to the

el ectrochem cal nethod, an oxide filmcan be formed at room tenperature.
Thus, the annealing tenperature is set to 7000C or |ess, whereby heat
treatnment at a high tenperature in the oxidizing step (for exanple, 9000C
or less) can be elimnated as conpared with Enbodinent 6. In addition, the
anneal ing tenperature is set to 7000C or |ess, whereby, in the case where

the 1over el eqyrde,diedlihg HeFBtbrUkahiisle] b siplloyiagsalatp ahaealinguch as
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less) can be eliminated as compared with Embodiment 6. In addition, the
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annealing temperature is set to 700°C or less, whereby, in the case where the
lower electrode 12 is formed on the insulating substrate 11 such as glass
substrate as in the conventional electron source 10" shown in Fig. 40, an
effect of the oxidizing step on the glass substrate can be eliminated.

The nitriding processing consists of the nitriding step of nitriding
each oxide film at a heat treatment time capable of restricting an occurrence
of the damage to each silicon nanocrystal 63 (hereinafter, referred to as
second predetermined heat treatment time as in Embodiment 1). In the
nitriding step, by employing a lamp annealing device, for example, in N,O
gas atmosphere, nitriding is carried out at a second predetermined heat
treatment temperature (for example, 900°C) for a predetermined heat
treatment time (for example, 5 minutes). It is verified that the second
predetermined heat treatment time be desirably set within 5 minutes from a
measurement result of electron emission characteristics of the manufactured

electron source 10. However, the temperature rise velocity at which the
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result, the insulating filnms 52 and 64 each are provided as oxi-nitride
films (silicon oxi-nitride filnms). The gas enployed in the nitriding step
is not limted to N20gas, and a gas containing nitrogen such as NO gas,
NH, gas, or N, gas, for exanple, may be enployed. Wth a nethod of

manuf acturing the el ectron source 10 according to Enbodinent 7, an
operation / advantageous effect simlar to that of Enbodinent 6 is
obtained. That is, in this manufacturing nethod, in the insulating film

form ng sh#ReradP toipdeafurky Wseh thith@seBork pesdetbfmateEkbéf freativiet t hat an
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substrate or the like as a glass substrate, and
Embodiment 7, an operation / advantageous effect similar to that of

Embodiment 6 is obtained. That is, in this manufacturing method, in the
insulating film forming step, an oxide film with film thickness to an extent
such that an electron tunneling phenomenon occurs is formed on the surface
of each silicon nanocrystal 63 in aécordance with processing capable of
restricting an occurrence of the damage to each silicon nanocrystal 63. In
addition, an oxide film is formed on the surface of each of the grains 51,
nitriding each oxide film in accordance with processing capable of restricting
an occurrence of the damage to each silicon nanocrystal 63, and the film
quality is improved. Thus, unlike the conventional electron source, the
stability with an elapse of time, of the electron emission characteristics, is
improved as compared with a case in which the insulating films 52 and 64
each are formed at a comparatively long heat treatment time (for example, 1
hour) in accordance with the rapid heat oxidization technique. Moreover,
the heat treatment time at a high temperature caused by forming the

insulating films 52 and 64 each can be reduced. Thus, in the case where the
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cost reduction can be achieved. In addition, the heat treatnent tine at a
hi gh tenperature (for exanple, 9001C) in the insulating filmformng step
can be reduced nore remarkably as conpared with Enbodi nent 1. Further,

each silicon nanocrystal 63 is forned in accordance with a wet type anodic
oxi di zation processing, thus making it possible to forman oxide film on
the surface of each silicon nanocrystal 63 and each grain 51 in the
oxidizing step without exposing the oxide filmto the air after the anodic

oxi di zat i 1gRerRIEQBSEd 19 is fottited 6n TRE Ml laBRidRbELaTe ‘i@”&u‘%ﬁ 4y & ed from
being formed on the surface of each silicon nanocrystal 63 and grain 5 1.
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the electron e on chara eri,sti.c the electron . source 10 accordin
to Enbodl‘Fﬂ?ﬁf”eghé@‘i’%cﬁﬁrblel ‘?)VL?IldSaIJ S"dﬁl %aqgeatr{l%t éf‘becﬂ' Bn sourcg

10 was i duced into vacuu t sh Th as shown in
Fig 38, feraReYALUES %Pbﬂ@%%aﬁﬂégﬁ atlegrﬁém fmige ¥R sur face
el ectrode 7. Further, a direct rrent voltag pplied_ wi.th the
surface efastbe e uqed)@wﬁgrwnykmywt@m%ne wba?dﬂPO&mnfe 1 offerthes,

el ectrode 12, and a direct current voltage Vc was applied with the
col | ect oreachl silicon dunperyssahon ks fpamead ioacnordance withvamet type paodie f ace
electrode 7. Fig. 32 shows a neasurenent result of electron em ssion
char act er ¢xidizatiothprocehsingi thars making it pessiblade farmian exidefdm ontthe 00 Vv,
and surface of each silicon nanocrystal 63 and each grain 51 in the oxidizing step
without exposing the oxide film to the air after the anodic oxidization
processing. Thus, a natural oxide film can be prevented from being formed
on the surface of each silicon nanocrystal 63 and grain 51. This makes it
possible to form a good quality oxide film on the surface of each silicon
nanocrystal 63 and each grain 51 in the oxidizing step.
Fig. 32 and Fig. 33 each show a result obtained by measuring: the
electron emission characteristics of the electron source 10 manufactured in
the manufacturing method according to Embodiment 7; and a change with
an elapse of time, of the electron emission characteristics.
Measurement of the electron emission characteristics of the electron
source 10 according to Embodiment 7 were carried out as follows. That is,
the electron source 10 was introduced into a vacuum chamber (not shown).
Then, as shown in Fig. 38, a collector electrode 21 was disposed in opposite to

the surface electrode 7. Further, a direct current voltage Vps was applied

with the surface electrode 7 being high in potential relevant to the lower
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the degree of vacuumin the vacuum chanber is set to 5 x 10" Pa. In these
figures each, the horizontal axis indicates the direct current vol tage Vps,
and the vertical axis indicates the current density. T" indicates the
current density of the diode current Ips, and "Q' indicates the current
density of the emssion current le. Fig. 33 shows a neasurenment result of
el ectron em ssion characteristics when the direct current voltage Vc is
constant at 100 V, and the degree of vacuumin the vacuum chanber is set
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Fig. 33 shows a measurement result of electron emission
characteristics when the direct current voltage Vc is constant at 100 V, and
the degree of vacuum in the vacuum chamber is set to 5 x 10°Pa. In Fig. 33,
the horizontal axis h indicates the elapse of time from the start of driving,
the vertical axis on the left side indicates the current density, and the
vertical axis on the right side indicates the electron emission efficiency. "P"
indicates the current density of the diode current Ips, "Q" indicates the
current density of the emission current Ie, and "R" indicates the electron
emission efficiency.

Referring to Fig. 32 and Fig. 33 and Fig. 28 to Fig. 31 each showinga
measurement result concerning Comparative Examples 1 and 2 described in
Embodiment 6, in the electron source 10 according to Embodiment 7, it is
found that the stability with an elapse of time, of the electron emission
characteristics, is improved as compared with the electron source according
to Comparative Examples 1 and 2 each.

(Embodiment 8)
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described. In Enbodinent 8 as well, as in Enbodi nent 6, oxidization
processing and nitriding processing are carried out in the insulating film
form ng step. The oxidization processing in Enbodi nent 8 consists of the
first oxidizing step, annealing step, and the second oxidizing step. In
the first oxidizing step, an oxide filmis fornmed on the surface of each
silicon nanocrystal 63 in accordance with an el ectrochem cal nethod. The
annealing step is carried out after the first oxidizing step, and each

oxide filmis Hereahfter, Hidodanents oftlk presens ieyeritiorcwill bedlesctibed.t er t he
anneal i ng step, and each oxide filmis oxidized furthernore at a heat
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88 51 and, each silicon nanocrystal 63. An electrolytic solution enployed in
the oxidforPHBeSte is not limted to a sulfuric acid water solution, and a

For examl o Al BeoriiraBry PrarpesiuE R BRAGRLTERt BB LRy T
di ssolvi ngxi%i:hqlg%%gp,iarhn%r;]ing step, and the second oxidizing step. In the first

oxidizing step, an oxide film is formed on the surface of each silicon

nanocrystal 63 in accordance with an electrochemical method. The

annealing step is carried out after the first oxidizing step, and each oxide

film is annealed. The second oxidizing step is carried out after the

annealing step, and each oxide film is oxidized furthermore at a heat

treatment time capable of restricting an occurrence of the damage to each

silicon nanocrystal 63 in accordance with the rapid heat oxidization

technique.

Specifically, in the oxidizing step, after the end of the anodic
oxidization processing step, rinsing using ethanol is carried out. Then, an
electrochemical method of applying a constant voltage between the lower
electrode 12 and a cathode consisting of a platinum electrode by employing a
processing vessel that contains a sulfuric acid water solution of a
predetermined concentration (for example, 1 mol / 1 =1 M) is utilized. In

this manner, an oxide film with film thickness to an extent such that an

electron tunneling phenomenon occurs is formed on the surface of each grain
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organi c solvent may be enployed. In the annealing step, for exanple, by
enpl oying a |lanp annealing device (a general furnace is available), in
N20gas at nosphere, annealing is <carried out at a predeterm ned anneal i ng
tenperature (for exanple, 450'C) for a predeterm ned annealing tinme (for
exanpl e, 1 hour). The annealing tenperature may be set to 700'C or |ess,
and it is preferable that the tenperature be set to NOT or |ess. The
anneal ing tenperature is set to 700" C or |less, whereby, in the case where
t he | owersledettactdeilicenimarfoorystdl 63  Aheclectzolysicisolptiobemmexed n theeh as
gl ass substrate as in the conventional electron source 10" shown in Fig.
40, an efokediving stebds ot dinzitod te hemlfurid heid whtes sobutio, raatdea sulfuyis
elimnated. In the second oxidizing step, by enploying a |anp annealing
device, e wakBdlation oroayigeregiaand! thiediltemay hexertployedofor exanaplel ed out
at a first determned heat treatnment tenperature (for exanple, 9000C) for
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temperature may be set to 700°C or less, and it is preferable that the

temperature be set to 600°C or less. The annealing temperature is set to
700°C or less, whereby, in the case where the lower electrode 12 is formed on
the insulating substrate 11 such as glass substrate as in the conventional
electron source 10" shown in Fig. 40, an effect of the oxidizing step on the
glass substrate can be eliminated.

In the second oxidizing step, by employing a lamp annealing device,
for example, in oxygen gas atmosphere, oxidization is carried out at a first
determined heat treatment temperature (for example, 900°C) for a first
predetermined heat treatment time (for example, 5 minutes). The first
predetermined heat treatment time is reduced remarkably as compared with
a predetermined heat treatment time (1 hour) in the oxidizing step using the
conventional rapid thermal oxidization technique. It is verified that the
first predetermined heat treatment time is desirably set within 5 minutes
from a measurement result of the electron emission characteristics of the

manufactured electron source 10. However, a temperature rise velocity

89



each oxide filmat a heat treatnent tinme (that is, "second predeterm ned
heat treatnent tinme") capable of restricting an occurrence of the damage
to each silicon nanocrystal 63 in accordance with the rapid heat nitriding
technique. In this nitriding step, by enploying a | anp annealing device,
for exanple, in N20gas atnosphere, nitriding is carried out at a second
predeterm ned heat treatnment tenperature (for exanple, 900*C for a second
predeterm ned heat treatnent tinme (for exanple, 5 mnutes). It is verified
that thedaeinns temperteuee risequeriehin which striafie terypeeaiura p$ Y1s88t wi t hi n
5 mnutes froma neasurenent result of electron em ssion characteristics
of the npayhagist prbdethesinedrhentitreatmient temparatyure issetdm2O° Gt/ isee ori se
tenperature of the tenperature rise period in which a substrate
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of the grains 51. Then, eac .
J treatment temperature a?or example, 900°C for a second predetermined heat

treatment time (for example, 5 minutes). It is verified that the second
predetermined heat treatment time is desirably set within 5 minutes from a
measurement result of electron emission characteristics of the manufactured
electron source 10. However, the temperature rise temperature of the
temperature rise period in which a substrate temperature is risen to the
second specified heat treatment temperature is set to 20°C / sec or more,
desirably to 150°C / sec or more. In Embodiment 8, N,O gas is employed in
the nitriding step, and thus, oxidization advances at the same time when
each oxide film is nitride. As a result, the insulating films 52 and 64 each
are provided as an oxi-nitride film (silicon oxi-nitride film). The gas
employed in the nitriding step is not limited to N,O gas, and a gas containing
NO gas, NH, gas, or N, gas may be employed, for example.

With a manufacturing method according to Embodiment 8, an
operation / advantageous effect similar to that of Embodiment 6 is obtained.

That is, in the insulating film forming step, an oxide film with film thickness
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oxide filmis nitride in accordance with processing capable of restricting
an occurrence of the damage to each silicon nanocrystal 63, thereby

i mproving the filmthickness. Thus, the stability with an el apse of tine,
of the electron em ssion characteristics, is inproved as conpared with a
case in which the insulating filnms 52 and 64 each are forned within a
conparatively long heat treatnent tine (for exanple, 1 hour) in accordance
with the rapid thernmal oxidization technique as in the prior art.

Mor eover ,totdicexieat sticledhaeah elédtnen tinmelimgyhheromenan wcenxsarsthe by f or mi ng
of the insulating films 52 and 64 each can be reduced. Thus, in the case
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as glass substrate as in the conventional electron source 10" shown in

Fig. 40, dﬂre?ﬁﬁﬁ@aﬁ%&hﬁbﬁcé of t}%@émEa t6 @EPl kiidoe andcipstab 83 aed
non-al kali1 glass substrate or a low alkali glass substrate as a gl ass

substr at &, gRfle id fffHdd 8 théBuiface @PQ&&V@ﬂthé FraaA65h 1 OThen, 88dlLCt in

t he |nsul atl ng films 52 and 64 each can reduced as corrpared with the

manuf act y cf)hpg ﬁﬂrﬁtlgqggﬁ%?ﬁ%'c@&éltaﬂc? gl dgi‘?@gﬁmé’ a?% Pﬁréltﬁﬁﬁﬁ e ssion

cha¥acteé|s I'CS can Dé I nprove | con nanocrystal 63
is fornmed_in acc

ki ng | tOGSBEEHS f?ﬂ hg‘fﬂnﬁ‘%ﬂ%ﬁéxac& HBEo T AAAGALA GE By SoRRRhRg, S
nanocr yst d

exposi %g ﬁt?eéé&%&?kﬁggﬁﬁ I ?‘le §|S:tf%1?1tt§r E éﬁ Efrllg 6%121?&81?2&% é&’b&ﬂ}wt
rocessin t b

formed o }@mgﬁ@%%@,%@%gsxgpsm@mﬁg@@e i i iﬁaef {gf%h&sﬂié "
Therefore, i b 0SSi glet for oQ uaI| { fiil mon,the
surface oft Snﬁﬁg ﬁFﬁ W%lytlﬂﬁ eheat

oxidizing ste
treatment time (for example, 1 hour) in accordance with the rapid thermal

oxidization technique as in the prior art. Moreover, the heat treatment
time at a high temperature caused by forming of the insulating films 52 and
64 each can be reduced. Thus, in the case where the lower electrode 12 is
formed on the insulating substrate 11 such as glass substrate as in the
conventional electron source 10" shown in Fig. 40, it becomes possible to
employ a comparatively inexpensive non-alkali glass substrate or a low
alkali glass substrate as a glass substrate, and cost reduction can be
achieved. In addition, a defect in the insulating films 52 and 64 each can be
reduced as compared with the manufacturing method according to
Embodiment 7, and the electron emission characteristics can be improved.
In addition, each silicon nanocrystal 63 is formed in accordance with wet
type anode oxidization processing, thus making it possible to form an oxide
film on the surface of each silicon nanocrystal 63 and each grain 51 in the
first oxidizing step without exposing the oxide film to the air after the anodic

oxidization processing. Thus, a natural oxide film can be prevented from
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(Enmbodi nent 9) Hereinafter, Enbodinment 9 of the present invention will be
described. A nethod of manufacturing an el ectron source according to
Enbodinment 9 is nerely different fromthat according to Enbodinment 6 in
the insulating film formng step. Hereinafter, the insulating filmform ng
step will be principally described. In Enbodinent 9 as well, as in

Enbodi nent 6, oxidization processing and annealing processing are carried
out inthe insulating filmformng step. The oxidi zati on processing in
Enbodi nertieifig fansed ba thie surfacerdf @azh siicont wmariry$tal G3remdagrainifle fil m on
the surface of each silicon nanocrystal 63 in accordance with an

el ect r ocHEérefdreliti hexdmdspdskiblexo form agzoedapualityrexddgfilmsimthet hanol s
carried out after the end of the anodic processing step. Then, there is
utilized aifadecsttdaebhalitefhafibéryethl @3 apd kil grainc®nad dind firstodtidpgnpet ween
the |l ower electrode 12 and a cathode consisting of a platinumelectrode by
enpl oyi nggtgpprocessi ng vessel that contains a sulfuric acid water solution

of a predeterm ned concentration (for exanple, 1 nol / 1 =1 W In this
manner, xﬁﬁbtﬂ‘ﬁléﬂﬂ of filmthickness to an extent such that an el ectron
tunnellng enonmenon ‘occurs is formed on the surface of each grain 51 and

each silicon nangriyakal, bolinehesof phe phbschltitdiion SRR CHBlC

oxi di zi ng step 1's no C acl wat er ution and

Alternati éévét’“t g %Psiﬁ?%ﬁwﬁ%g%eﬁ% TReEY ket PR R Ode st i
anneal | ngray SRCeBpR SRR e gﬁvﬁh&?&%‘%gﬁ*%ﬁ@%ﬁbﬁ@ﬁ e

anneal | ngfoﬁn?ﬁg stcgﬂ . eﬁ%xrrglln%fter, the insulating film forming step will be

principally described. In Embodiment 9 as well, as in Embodiment 6,
oxidization processing and annealing processing are carried out in the
insulating film forming step.

The oxidization processing in Embodiment 9 consists of the oxidizing
step of forming an oxide film on the surface of each silicon nanocrystal 63 in
accordance with an electrochemical method. In the oxidizing step, rinsing
using ethanol is carried out after the end of the anodic processing step.
Then, there is utilized an electrochemical method of applying a constant
voltage between the lower electrode 12 and a cathode consisting of a
platinum electrode by employing a processing vessel that contains a sulfuric
acid water solution of a predetermined concentration (for example, 1 mol / 1
=1M). In this manner, an oxide film of film thickness to an extent such
that an electron tunneling phenomenon occurs is formed on the surface of
each grain 51 and each silicon nanocrystal 63. An electrolytic solution
employed in the oxidizing step is not limited to a sulfuric acid water solution,

and a nitric acid water or aqua regia may be employed, for example.
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by enploying a | anp annealing device (a general furnace is also available),
in N20gas atnmosphere, annealing is carried out at a predeterm ned

anneal i ng tenperature (for exanple, 450'Q for a predeterm ned annealing
time (for exanple, 1 hour). The annealing tenperature may be set to 7000C
or less, and it is preferable that the tenperature be set to 6000C or |ess.
The annealing tenperature is set to 700" C or |ess, whereby, in the case
where the | ower electrode 12 is forned on the insulating substrate 11 such
as gl asalserhatively aseliectrolysicosbvtion iobtained hscdisselvinga selute ingiown i n
Fig. 40, an effect of the annealing step on the glass substrate can be

el i m nat ggganibisblvenienapbeeimpioped.act uring the el ectron source 10 according
to Enbodinent 9, an operation / advantageous effect simlar to that of

Enbodi ment 6 i ayhiasiiedl procesing bedsisief thesanrealingestep ofilaanealngi | m f or ni ng
step, an oxide filmwth filmthickness to an extent such that an el ectron

tunnel i ng,PRSRATEARA iAQCIO Bal BitespEEkeON Ihthesuiicatia gaftepafol exahipden
nanocrystal 63 In accor dance with processi ng capable of restricting an

occurren Ll . . : )
Gog égfrllp%ﬁgng %F?g@eﬁﬁ%@?ﬁ% abvice Qg f@ﬁ@ﬂﬂrﬂlﬁﬁ@de i8Bls@adaidableyi de film

is forne grain Then, defect conpensation for

each  oxidquid LAk lafmcabhbR0 aibalife 36 EANAEN 6t W hiprbaeeashed capable of

;ﬁzt { ihgt :c |nlgm . uolcicur ence’o anmage to each silicon nanocrystal 63,
SR T
bl R A Sl B
!{Vﬁ(ra eover lo;ilei%é’cfnl Eﬁgﬁ%ﬁ;ﬁ:ﬁi‘;ﬁe ie%pﬁﬁgﬁlgﬁ%:ersaet@ § §805C s g&e.gé;; formi ng
The annealing temperature is set to 700°C or less, whereby, in the case
where the lower electrode 12 is formed on the insulating substrate 11 such as
glass substrate as in the conventional electron source 10" shown in Fig. 40,
an effect of the annealing step on the glass substrate can be eliminated.
With a method of manufacturing the electron source 10 according to
Embodiment 9, an operation / advantageous effect similar to that of
Embodiment 6 is basically obtained. That is, in the insulating film forming
step, an oxide film with film thickness to an extent such that an electron
tunneling phenomenon occurs is formed on the surface of each silicon
nanocrystal 63 in accordance with processing capable of restricting an
occurrence of the damage to each silicon nanocrystal 63, and an oxide film is
formed on the surface of the grain 51. Then, defect compensation for each
oxide film is carried out in accordance with processing capable of restricting
an occurrence of the damage to each silicon nanocrystal 63, and the film

quality is improved. Thus, the stability with an elapse of time, of the

electron emission characteristics, is improved as compared with the case of
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can be reduced. Thus, in the case where the |ower electrode 12 is forned on
the insulating substrate 11 such as gl ass substrate as in the conventional
el ectron source 10" shown in Fig. 40, it becones possible to enploy a
conparatively inexpensive non-al kah glass substrate or a |low al kali gl ass
substrate and the like as a glass substrate, and cost reduction can be
achieved. In addition, a defect in the insulating filns 52 and 64 each can
be reduced as conpared with the manufacturing method according to

Enbodi merforming thie insuletingtfilors madim@hmgueaicgmma@aﬂlyd@ngrhﬁabved.

In addition, each silicon nanocrystal 63 is formed in accordance with wet
type anodeeatthent timeofopexampdé,dghou)un avattdancetwithdbe vhpid thedrorah an oxi de
filmon the surface of each silicon nanocrystal 63 and each grain 51 in the
oxi di zi ngoxdtizationt feehhigrepasimthd priopartie Moreovat; 2 heahéreatment tomedi zat i on
processing. Thus, a natural oxide filmcan be prevented from being forned

on the suif abegloterpeintaivt cansedBydoriigpthetidsaiatings flmsH2land Béreathre, it
becomes possible to forma good quality oxide filmon the surface of each

si l'i con n&iPBé Yedadedd3 THIt, @A ¢he 2h3d Whte khe 1dWeronledirallad 295 €prmédoRodi ment
10) Hereinafter, Enbodinent 10 of the present invention will be described.

A net hod Q{e muﬁt?ﬁ%%b afd1 BlsGEh ra@@&%@@st%ogs%%et&nv%frﬁeﬁmnt 10 is
romt

merely different at according to Enbodinent 6 in the insulating

1 o MRSk urtei6: ARt B I HRbBOp LTI @/ gyt St ep T be
oxi A 2t | 00 BLOGKSSL M AUV LAl R LDER IR AD &1 Sl BfkatOflhal 1 L1

i nsulatin € OoXxl di"zati on processing In I ment 10

consists g\ibstt?a%e and the like as a glass substrate, and cost reduction can be

achieved. In addition, a defect in the insulating films 52 and 64 each can be
reduced as compared with the manufacturing method according to
Embodiment 7, and the electron emission characteristics can be improved.
In addition, each silicon nanocrystal 63 is formed in accordance with wet
type anode oxidization processing, thus making it possible to form an oxide
film on the surface of each silicon nanocrystal 63 and each grain 51 in the
oxidizing step without exposing the oxide film after the anodic oxidization
processing. Thus, a natural oxide film can be prevented from being formed
on the surface of each silicon nanocrystal 63 and grain 51. Therefore, it
becomes possible to form a good quality oxide film on the surface of each
silicon nanocrystal 63 and each grain 51 in the oxidizing step.
(Embodiment 10)

Hereinafter, Embodiment 10 of the present invention will be
described. A method of manufacturing an electron source according to
Embodiment 10 is merely different from that according to Embodiment 6 in

the insulating film forming step. Hereinafter, the insulating film forming
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oxi dizing step of formng an oxide filmon the surface of each silicon
nanocrystal 63 in accordance with an el ectrochem cal nethod. In the first
oxidizing step, rinsing using ethanol is carried out after the end of the
anodi ¢ processing step. Then, there is utilized an el ectrochem cal nethod
of applying a constant voltage between the | ower electrode 12 and a
cathode consisting of a platinumelectrode by enpl oyi ng a processing
vessel that <contains a sulfuric acid water sol ution of pr edet er m ned
concent r astep willflor prinzipaplye] estribvedl. /InEmhodt)nentrﬂQasweHaaaem an oxi de
filmof filmthickness to an extent such that an el ectron tunneling
phenomenddmbedithént 6, éxidimdicanprdcbssiag nhdasitritlirgnpho@ssing e camriedach
silicon nanocrystal 63. An electrolytic solution enployed in the first

oxi di zi ngnftiaRhieSnBRlatingfildoimimg stepf uric acid water solution, and a
nitric acid water or aqua regia may be enployed, for exanple.

Al ternatively, 'Hib%%ﬁa{t%ﬁ’bi'é‘ce%ih‘gﬁh%ﬁbﬂﬁhéﬁﬂ1@¥£oﬁtﬁl§€sodf\/dh@9 a solute in
an organi c solvent may be enployed. In the annealing step, for exanple, by

erTP! oY Nyl AP < ok ine & ARVhERe EAMIRDEHASuFHENBEadlSsiBLER avai | abl e),

I n N20O gas at annealing 1s carried out at a predeterm ned

anneal i ng, 1 gam. ng%t%fl %?%Hqc%g)rdﬁi?%r{?ﬂtﬁ arl Elggroél?émﬁ:amxﬁ&ﬁtoﬁr m.[ﬂ%ﬂe #eeal 1 ng

time (for éxa e annealing tenperature may be set to 700C

\'(I)I:ﬁel Sﬁﬁﬁa?fﬁ%f' %TZeéP il Sﬁ% bt SE e IRC S8 B, R of PP, o
' | 11

Such as oF °§§séaf§f§??nat ! e e ?@@ﬁé@ 2%@%?@#33#?%#%%8‘??2556“§howg

in Fig. 40,
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consisting of a platinum electrode by employing a processing vessel that

contains a sulfuric acid water solution of a predetermined concentration (for
example, 1 mol/1=1M). In this manner, an oxide film of film thickness to
an extent such that an electron tunneling phenomenon occurs is formed on
the surface of each grain 51 and each silicon nanocrystal 63. An electrolytic
solution employed in the first oxidizing step is not limited to a sulfuric acid
water solution, and a nitric acid water or aqua regia may be employed, for
example. Alternatively, an electrolytic solution obtained by dissolving a
solute in an organic solvent may be employed.

In the annealing step, for example, by employing a lamp annealing
device (a general furnace is also available), in N,O gas atmosphere,
annealing is carried out at a predetermined annealing temperature (for
example, 450°C) for a predetermined annealing time (for example, 1 hour).
The annealing temperature may be set to 700°C or less, and it is preferable
that the temperature be set to 600°C or less. The annealing temperature 1s

set to 700°C or less, whereby, in the case where the lower electrode 12 is
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according to Enmbodi nent 10 includes: the second oxidizing step of further
oxi di zing each oxide filmw thin a heat treatnent tine capable of
restricting an occurrence of the damage to each silicon nanocrystal 63 in
accordance wth the rapid thermal oxidization technique after annealing
processing; and the nitriding step of nitriding each oxide filmwthin a
heat treatnment time capable of restricting an occurrence of the damage to
each silicon nanocrystal 63 in accordance with the rapid thernmal nitriding
t echni quefomhedront the insatating ewbstiratenll sudp as ighassranbsérasedsdnithiezi ng st ep,
by enpl oying a | anp anneal i ng device, for exanple, in oxygen gas

at nospher®nveniighabéleetronssonace 1@Usloavm ah Fiped0,i amseffeqired dbe emmeabighgheat
treatment tenperature (for exanple, 900' Q by the first predeterm ned heat

t reat mentgthj 58 thieqflasx sabsteateicani beieminaldtat is, the first predeterm ned
heat treatnment time is remarkably reduced as conpared wth a predeterm ned

heat treatnent Tﬁ@ﬁléﬂaﬁﬁgﬁﬂ@fﬁﬁm\ﬂg@teﬁm the magifagturihgmathiodg t he
conventional rapid heat oxidization technique. It is verified that the

first pr ez&’&Bf‘diggn%dEﬂ%ﬁrhéﬁﬁﬁ@%‘i@lu&ééﬁhbsseé%& bfdlixingtepiof Rither ni nut es

froma measure t resu of electron em ssion characteristics of the

manuf act up e, gl eChERBLRRHARE wibhin RYEKPireckiiSnt HHELADMIE drdGuridtEl@Ci Ly Of

a tenperature rrse perio a substrate tenperature Is risen to the
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capable of restricting an occurrence of the damage to each silicon nanocrystal

63 in accordance with the rapid thermal nitriding technique after the second

oxidizing step.

In the second oxidizing step, by employing a lamp annealing device,

for example, in oxygen gas atmosphere, oxidization is carried out at the first

predetermined heat treatment temperature (for example, 900°C) by the first

predetermined heat treatment time (for example, 5 minutes). That is, the

first predetermined heat treatment time is remarkably reduced as compared

with a predetermined heat treatment time in accordance with the oxidizing

step using the conventional rapid heat oxidization technique. It is verified

that the first predetermined heat treatment time is desirably set within 5

minutes from a measurement result of electron emission characteristics of

the manufactured electron source 10. However, the temperature rise

velocity of a temperature rise period in which a substrate temperature is

risen to the first predetermined heat treatment temperature is set to 20°C /

sec or more, and desirably to 150°C / sec or more.
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In this nitriding step, by enploying a | anp anneal ing device, for exanple,

I n N20gas atnosphere, nitriding is carried out at the second predeterm ned
heat treatnment tenperature (for exanple, 9000C for the second

predeterm ned heat treatnment tine (for exanple, 5 mnutes). It is verified
that the second predeterm ned heat treatnent tinme is desirably set within 5
m nutes froma nmeasurenent result of electron em ssion characteristics of

t he manufactured el ectron source 10. However, the tenperature rise

vel ocity of th&heemipridaigipeocessingmensisgs phthwhnyniding giep ofnidrididger at ure i s
risen to the second specified heat treatnent tenperature is set_to 200C /
sec or wRAER oxtdhsfilmbitya heattsedtméntstmedthaise”secon dpvedeterminadheabogas i s
enployed in the nitriding step, and thus, oxidization advances at the sane

ti me whenprasterixiin"y édgabls oftdstiidtingAm ecovesende, oftthe damsageatd eack i | ns 52
and 64 each are provided as an oxi-nitride film(silicon oxi-nitride filmn.

The gas RtRYRSnbétyshe 6% i AckoPdaridecwithstheatapid et editriding Geemiqard a gas
cont ai ni ng NO gas, &H,, gas, or N2gas nay be enpl oyed, for exanple. Wth a

met hod Oflnﬁngﬁﬁg%ﬁ%péﬂbmhg aiaes! bR BALAS dedite, fopesxanisie, n

advant ageous e ar to that of Enbodinent 6 is basically obtained.

That is, \ ' L NG £ bem f-ar o ' FddeteMhided fil m
t hi cknes SN"?%%gg ag%%gh?&%&d%ﬁﬁ?%gg 1§ﬁ%ﬁggﬁ1§%tttﬁﬁ ﬁgﬁﬁ&;" pékﬁienomenon occurs

o For Med, o 05 3uAJ A5G, Bar SFF 0P Lk RRPOI6E HRY plibyidh accOr dance i th

processi ricting an o_cdrrence of the damage to each 97
arai o sDreRR e e e W (f Miriple BT GRs) AR g
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an el apsem(i)rflutteis 6m0; measurement result of electron emission characteristics of

the manufactured electron source 10. However, the temperature rise

velocity of the temperature rise period in which a substrate temperature is

risen to the second specified heat treatment temperature is set to 20°C / sec

or more, desirably to 150°C / sec or more. In Embodiment 10, N,O gas is

employed in the nitriding step, and thus, oxidization advances at the same

time when each oxide film is nitride. As a result, the insulating films 52

and 64 each are provided as an oxi-nitride film (silicon oxi-nitride film).

The gas employed in the nitriding step is not limited to N.O gas, and a gas

containing NO gas, NH; gas, or N, gas may be employed, for example.

With a method of manufacturing according to Embodiment 10, an
operation / advantageous effect similar to that of Embodiment 6 is basically
obtained. That is, in the insulating film forming step, an oxide film with
film thickness to an extent such that an electron tunneling phenomenon

occurs is formed on the surface of each silicon nanocrystal 63 in accordance

with processing capable of restricting an occurrence of the damage to each
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the el ectron em ssion characteristics, is inproved as conpared wth the
case of formng the insulating filns 52 and 64 each within a conparatively
long heat treatnent tinme (for exanple, 1 hour) in accordance with the
rapid thermal oxidization technique as in the prior art. Mreover, the heat
treatnment time at a high tenperature caused by formng the insulating filns
52 and 64 each can be reduced. Thus, in the case where the | ower el ectrode
12 is forned on the insulating substrate 11 such as gl ass substrate as in
the consiitdronanhocrlstal 68nandancexide filahisnrmed Bnghesmriace sfdbemeimossi bl e
to enploy a conparatively inexpensive non-alkali glass substrate or a | ow
al kal i glsass TS teash exidedfilti ds hiteed ebimagbedancensthratoeessing capable
reduction can be achieved. In addition, a defect in the insulating filns
52 and 64feastrctinnapecaipdunesiofthecdamagedo sadhhsilicon memeiceydtal 68gamet hod
according to Enmbodinment 7, and the electron enission characteristics can
be i nproyhd filnl ualey id idprovadh ThhisCthe skabietyywithl an 6Fapse df eimredofi n
accordance with wet = type anodic oN dization processing, thus making it
possi bl e tha digktFdRBnRdifR chhihdteBtitdds SHpraeal as complared Witk thesaacr yst al
63 gndf ?F‘Ch ?ral n 51 1nthe first oxidizing step wthout exposing the
oxi de fi p) . . ' ' i';ﬁib‘% wal oxi de
1011.,121{\%%}?%1&% r%t!nl.‘éig gﬁlﬂﬁ;ﬁ% gltrl%g% ddcAGHtAIA'Y co atﬁel&aldﬂga

nanocr yStal %g At Al 0 560 2h o BFRSHES A0S HELEAD 1 or 1 8
good ot Ty By o e A sl OTE B AR EPL  ans
2| regfgloﬁl tg‘fiﬁﬁié’ﬁl §a§r’:%1%$ﬁ?hlﬁ&ze_agl ct?lg n oen?réc'si Qnorc ‘é%cperhl%gtti cs of the
met hod actgggﬁp%tl %%%ﬁé}gﬁgmgb?am%g %8{198&‘ 53? f(‘)’%ﬁturﬁgt trhee ﬂﬁﬂk‘étﬁ?é H.{Ihgg

52 and 64 each can be reduced. Thus, in the case where the lower electrode

12 is formed on the insulating substrate 11 such as glass substrate as in the
conventional electron source 10" shown in Fig. 40, it becomes possible to
employ a comparatively inexpensive non-alkali glass substrate or a low
alkali glass substrate and the like as a glass substrate, and cost reduction
can be achieved. In addition, a defect in the insulating films 52 and 64 each
can be reduced as compared with the manufacturing method according to
Embodiment 7, and the electron emission characteristics can be improved.
In addition, each silicon nanocrystal 63 is formed in accordance with wet
type anodic oxidization processing, thus making it possible to form an oxide
film on the surface of each silicon nanocrystal 63 and each grain 51 in the
first oxidizing step without exposing the oxide film after the anodic
oxidization processing. Thus, a natural oxide film can be prevented from
being formed on the surface of each silicon nanocrystal 63 and grain 51.
Therefore, it becomes possible to form a good quality oxide film on the

surface of each silicon nanocrystal 63 and each grain 51 in the first oxidizing
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and a change wth an el apse of tinme, of the electron em ssion
characteristics. Measurenent of the electron em ssion characteristics of
the electron source 10 were carried out as follows. That is, the electron
source 10 were introduced into a vacuum chanber (not shown). Then, as
shown in Fig. 38, the collector electrode 21 was di sposed in opposite to
the surface electrode 7. Further, a direct current voltage Vps was applied
with the surface electrode 7 being high in potential relevant to the | ower
el ectrodestd®, and the direct current voltage Vc was applied with the
collector electrode 21 being high in potential relevant to the surface

el ectrode 7. FiRjg. 34 anddiig. 35 eack shewemresudt abtained ysaeayHivgi ssi on
characteristics when the direct current voltage Vc is constant at 100 V,
and the glegree enfissian characteristicy af therelebtnobesouirge 48 manufaciured 8 Pa. | n
Fig. 34, the horizontal axis indicates the direct current voltage Vps, and
t he vertigabrdadesvithdheahgaufdeeuriugmethodeasotrding 'te'Embddimaermts1@;he current
density of the diode current Ips, and "Q' indicates the current density of
the em ssiyod aGhaneBtyitle anflepsabf Ghm)ef therehetronn@missics characterdstidsange
with an el apse of tine, of electron em ssion characteristics when the

direct current Mh&@@enefit of theCd8dhai enfbsidR @hHractedistias of theelectronr ent
voltage Vps is constant at 15V, and the degree of vacuumin the vacuum

chamber | el 10Gveteatiiel dift-ad fallofisd. That id thefleition sahr@xiGwrdli cat es
e o I e t

an el aps romthe start of 99 driving, the vertical axis on the
left side i.ndi It o t A% ek ishaivndn BigdB8t he
ri ght si dlélt?%dl clg?%g& Fﬁlgﬁ{eipferg@%lﬂﬁgﬂ%%son e )f i CI een(’:?. S P ndiggat es the

currer SRk ABSRRAEST A4 BEbehE oSl 08 Spegemcaen
Further, a direct current voltage Vps was applied with the surface electrode
7 being high in potential relevant to the lower electrode 12, and the direct
current voltage Vc was applied with the collector electrode 21 being high in
potential relevant to the surface electrode 7.

Fig. 34 shows a measurement result of electron emission
characteristics when the direct current voltage Vc is constant at 100 V, and
the degree of vacuum in the vacuum chamber is set to 5 x 10°Pa. In Fig. 34,
the horizontal axis indicates the direct current voltage Vps, and the vertical
axis indicates the current density. "P"indicates the current density of the
diode current Ips, and "Q" indicates the current density of the emission
current le.

Fig. 35 shows a measurement result of a change with an elapse of
time, of electron emission characteristics when the direct current voltage Vc
is constant at 100 V, and the direct current voltage Vps is constant at 15V,
and the degree of vacuum in the vacuum chamber is set to 5 x 10°Pa. In

Fig. 35, the horizontal axis indicates an elapse of time from the start of
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em ssion efficiency. Referring Fig. 34 and Fig. 35 and Fig. 28 to Fig. 31
each showing a neasurenent result concerning Conparative Exanples 1 and 2
each described in Enbodinent 6, in the electron source 10 according to
Enbodi ment 10, the stability with an el apse of tine, of the electron

em ssion characteristics, is inproved as conpared with the electron
sources according to Conparative Exanples 1 and 2. (Enbodi ment 11)

Herei nafter, Enbodi ment 11 of the present invention will be described. A
met hod ofdxmnlgfﬂwetuertr@laxmabn¢hed:eftsrdermd1%aieathle Agrrept dendidyi avdt 11 is
nerely different fromthat according to Enbodinment 6 in the insulating

fi | mfor rghearestienl axieroti tief fight sidednidicatésatheaglettrom dnissiomeffisieneywi | | be
principally described. In Enbodinment 11 as well, as in Enbodi nent 6,

oxi di zat igm ;R IRGESStHYc@Adnd density 06 thhe dilesdutgent Bpsc QY iredicatastthien t he
insulating filmformng step. The oxidization processing in Enbodi ment 11

consi sts &frréﬁ'ﬁdéﬁsﬁﬁi of £hd Einfddich safRneTe  MdiRYiticabesdhefeldotran t he
surface of eac | 1'con nanocrystal 63 in accordance with an

el ect roct]egmsg:%n?ﬁc In the first oxidizing step, rinsing using ethanol
I's carried out e end of the anodic processing step. Then, there is

utilized an el gglgn ﬁ%gfmgghg%?gt% 135 AP PLYPRGoTEOD ek sHWigga bet ween

the | ower el ectrod sistin a platinumelectrode

b I
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Embodiment 10, the stablhty with an elapse of time, of the electron emission

characteristics, is improved as compared with the electron sources according
to Comparative Examples 1 and 2.
(Embodiment 11)

Hereinafter, Embodiment 11 of the present invention will be
described. A method of manufacturing an electron source according to
Embodiment 11 is merely different from that according to Embodiment 6 in
the insulating film forming step. Hereinafter, the insulating film forming
step will be principally described. In Embodiment 11 as well, as in
Embodiment 6, oxidization processing and nitriding processing are carried
out in the insulating film forming step.

The oxidization processing in Embodiment 11 consists of the first
oxidizing step of forming an oxide film on the surface of each silicon
nanocrystal 63 in accordance with an electrochemical method. In the first
oxidizing step, rinsing using ethanol is carried out after the end of the anodic
processing step. Then, there is utilized an electrochemical method of

applying a constant voltage between the lower electrode 12 and a cathode
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t he surface of each grain 51 and each silicon nanocrystal 63. An
electrolytic solution enployed in the first oxidizing step is not limted
to a sulfuric acid water solution, and a nitric acid water or aqua regia
may be enpl oyed, for exanple. Alternatively, an electrolytic solution
obt ai ned by dissolving a solute in an organic solvent may be enpl oyed.
Nitriding processing includes the annealing step of annealing each oxide
filmin N20 gas at nosphere, and nitriding step of nitriding_each oxide
film at eomsiatingrefa phatinum etecteguedcemiploydng @ procesping vessalthahce of the
damage to each silicon nanocrystal 63 in accordance with the rapid heat

ni tri di ngohedhsiagdfiafi¢ ecidtweatexsobstiom of atperpdetenmihed aomeenitiatjo (fop, f or
exanpl e, by enploying a |lanp annealing device (a general furnace is also
avai | abl @kample NP@qldd AlMVFphET this maneeat, iangoxide fidwr ofefilno thickhess to
predeterm ned annealing tenperature (for exanple, 450C) for a

predet er gn"SdeAD B8 KRAL A BRectidd tiiitilit gephdndifsion occliie iefinienéd 64

tenperature may be set to 700C or less, and it is preferable that the

tenper at Yhg shisfa8lofbAck ¥P4in05 1 hAdeack REliGHRRh bd¥gsial BRE! ArlERci®lytset O
700C or less, ereby, in the case where the Iower electrode 12 is forned

on the i %ﬁlél*t%ex} ggllpib%% i ﬁﬂsg%ﬁ eSS nok Bihitad So aSsulfurid8cid

convent i ron source 10" shown in Fig. 40, an effect of the
anneal in 3 A3tk | M itriding
st ep, by%@%%&%‘%%&% ann%%?%%gf??é&%gﬁéyld@g%pg&%&ﬁ%Nf;O gas
at nosphere, nitriqi i rri.e . . ) heat
treat nentex?gfﬂ}gr a%fegnE?lX?ﬁ’ef‘grﬁc)iF@%Qg%éoméﬁﬁ15 ﬁgﬂnggclbgﬁ%g%{rle gr m ned
heat treatpent. tine (for efangle F m'flﬁﬂtes . It is wverified that the
second prOHEEHPA BTG SOLVERL MAY,Pe FIRIOYRt- qosi rabl y set

Nitriding processing includes the annealing step of annealing each

oxide film in N,O gas atmosphere, and nitriding step of nitriding each oxide
film at a heat treatment time capable of restricting an occurrence of the
damage to each silicon nanocrystal 63 in accordance with the rapid heat
nitriding technique after the annealing step.

In the annealing step, for example, by employing a lamp annealing
device (a general furnace is also available), in N,O gas atmosphere,
annealing is carried out at a predetermined annealing temperature (for
example, 450°C) for a predetermined annealing time (for example, 1 hour).
The annealing temperature may be set to 700°C or less, and it is preferable
that the temperature is set to 600°C or less. The annealing temperature is
set to 700°C or less, whereby, in the case where the lower electrode 12 is
formed on the insulating substrate 11 such as glass substrate as in the
conventional electron source 10" shown in Fig. 40, an effect of the annealing
step on the glass substrate can be eliminated.

In the nitriding step, by employing a lamp annealing device, for
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wWithin 5 mnutes froma neasurenent result of electron em ssion
characteristics of the manufactured el ectron source 10. However, the
tenperature rise velocity of a tenperature rise period in which the
substrate tenperature is risen to the second predeterm ned heat treatnent
tenperature is set to 20C/ sec or nore, desirably 150C / sec or nore. In
Enbodi nent 11, N20 gas is enployed in the nitriding step, and thus,

oxi di zati on advances at the sane tinme when each oxide filmis nitride. As a
resul t, tdxampleyimiN,Odd atmsodphexnoniBriding is careigok avti atetheaseconrd- nitri de
films (silicon oxi-nitride filnms). The gas enployed in the nitriding step
i's not |pradecearntineldbagdseatansh tategameratunteaifon expmple, OPOACS fohtheas NO gas,
NH3 gas, or N2 gas, for exanple, may be enployed. Wth a nethod of

manuf act ugdcogd tpredeleeniined heat txeatiiénacime dop@xhmplend adiniied). 11t isan
operation / advantageous effect simlar to that of Enbodinent 6 is

obt ai ned. yhfiéd tBat tHe $debnll Pyulléferifinbd heht GFeEtMm@nt tRRe badestrableséd | m wi th
filmthickness to an extent such that an el ectron tunneling phenonenon

OCCUT'S ONyw/ihen $Uhbde@s FroBaCheakhitGRBNDPEREL ¥Sd1aLtrER dnflissmCOr dance with
processi ng capable of restricting an occurrence of the danage to each

S 1 con NARAGEYSAlcs0 theMWaditath A dokibh SohMTRS! OoBAGH: Ghe the surface

of the gralns each oxide fil'mis nitride’in accordance wth
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Embodiment 11, N,O gas is employed in the nitriding step, and thus,

oxidization advances at the same time when each oxide film is nitride. Asa

result, the insulating films 52 and 64 each are provided as oxi-nitride films

(silicon oxi-nitride films). The gas employed in the nitriding step is not

limited to N,O gas, and a gas containing nitrogen such as NO gas, NH, gas,

or N, gas, for example, may be employed. |

With a method of manufacturing the electron source 10 according to

Embodiment 11, an operation / advantageous effect similar to that of

Embodiment 6 is obtained. That is, in the insulating film forming step, an

oxide film with film thickness to an extent such that an electron tunneling

phenomenon occurs on the surface of each silicon nanocrystal 63 in

accordance with processing capable of restricting an occurrence of the

damage to each silicon nanocrystal 63, and an oxide film is formed on each of

the surface of the grains 51. Then, each oxide film is nitride in accordance

with processing capable of restricting an occurrence of the damage to each

silicon nanocrystal 63, thereby improving the film quality. Thus, the

102



as in the prior art. Mreover, the heat treatnent tinme at a high
tenperature caused by formng of the insulating filnms 52 and 64 each can be
reduced. Thus, in the case where the |ower electrode 12 is formed on the

i nsul ating substrate 11 such as gl ass substrate as in the conventional

el ectron source 10" shown in Fig. 40, it becones possible to enploy a
conparatively inexpensive non-al kali glass substrate or a | ow al kali gl ass
substrate as a gl ass substrate, and cost reduction can be achieved. In

addi t i on stabiti¢y edth ian dlapsé oftine ofithe leatronemisgicgucharagtertitiosels educed as
conpared with the manufacturing nmethod according to Enbodinent 7, and the
el ect r on irtpresedas chmpaceewith the casmirbwhichpthemsul ating fdmsi &$hand &dh
silicon nanocrystal 63 is formed in accordance with wet type anodic

oxi di zat igaghpiredented gvithinua comipiapgtivélydong hiehe treatimenmtime dforde fil m on
the surface of each silicon nanocrystal 63 and each grain 51 in the first

oxi di zi NGxaphyflB, Whol@)in Rederdanee with the ¥ipidithermal dhidizdtiorntdchniqie anode
oxi di zation ‘processing. Thus, a natural oxide filmcan be prevented from

bei ng forgegh tHphbeastur Mefovbr A6ttt it weyst #hifl3 and grain 51.
Therefore, 1t becones possible to forma good quality oxide filmon the

surface doufiftlon 3l 1ARORRNE WA O NG HINE 52 And b4 eachal be St

oxi dizin Herel nafter, Enbodi ment 12 of the present

| nvent | on b Do, lES6 aoshos VB 18he RIMERSSE!]3 NNERRGRl o SOur Ce

according to " diment 12 is nerely different fromthat according to

o eyl O LR e s g e

| nsul ati nﬁegt%rrln s]:n?{'crg ﬂg' ssﬁoevgn ‘filnc%%.dtid.,'% Bgcoll;ﬁ@sogé)mte tl)Qemploy a
comparatively inexpensive non-alkali glass substrate or a low alkali glass
substrate as a glass substrate, and cost reduction can be achieved. In
addition, a defect in the insulating films 52 and 64 each can be reduced as
compared with the manufacturing method according to Embodiment 7, and
the electron emission characteristics can be improved. In addition, each
silicon nanocrystal 63 is formed in accordance with wet type anodic
oxidization processing, thus making it possible to form an oxide film on the
surface of each silicon nanocrystal 63 and each grain 51 in the first oxidizing
step without exposing the oxide film to the air after the anode oxidization
processing. Thus, a natural oxide film can be prevented from being formed
on the surface of each silicon nanocrystal 63 and grain 51. Therefore, it
becomes possible to form a good quality oxide film on the surface of each
silicon nanocrystal 63 and each grain 51 in the first oxidizing step.
(Embodiment 12)

Hereinafter, Embodiment 12 of the present invention will be

described. A method of manufacturing an electron source according to
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insulating films 52 and 64 each are formed by repeating the basic step that
consists of. oxidization processing within a heat treatment tine capable of
restricting an occurrence of the danage to each silicon nanocrystal

(seni conductor nanocrystal) 63 in accordance with a rapid therma

oxi di zation technique; and nitriding processing within a heat treatmnment
time capable of restricting an occurrence of the damage to each silicon
nanocrystal (sem conductor nanocrystal) 63 in accordance with a rapid
thermal Embbdiment 12chmeely diffeeentofroon theati amoydivgde imbodiment Ginty of
times. In the oxidization processing, the surface sjde of each of the
silicon nhsaasylitalgfodh formingistér ediereidaftet] the insalating fitmifopmangd in
nitriding processing. In the oxidization processing, by enploying a |anp
anneal i ngtgeWillthe plifiardyadedceibedn oxygen gas atnosphere, oxidization is
carried out at the first predeterm ned heat treatnent tenperature (for
exanpl e, 900' Qrhothelin8uidtisd forhi fFaiiaeEtae dcb@ding teBitbdimentel 2, f or
exanple, 5 mnutes). The first predetermned heat treatnent tine is

r emar kabliy shRAGEALAS SPORREEdalh e farRe@ g hepEARAM theDusistep At {1 me (1
hour) in the oxidization step in accordance wth the conventional rapid

ther mal Oéﬁhgi&QBf%&%g@ﬁ%h%F%ﬁﬁgg‘@éﬁgn £hbsMRehehehetimsSapsllecfty of a

tenperature rise perro Strate tenperature 1s risen to t he

first predeterm ned h . '

ore, danareabﬁwafsfy f%?igs%fcﬁ%ﬁfq@%?%éfé%@;. Sibon afhobdstd © Phg ©
nitrides egach ox i it hi .h b

rest ridcti ﬁnﬁ?PhIM?’F Egﬁqgggﬁp{{lgggaﬁeﬁgé%%cégc@ %ﬁ%gﬁaﬁgﬁgf;gt g}‘ 63 in
accordance wth a rapi itridi. t echni hat . | .

pr edet er n?*f atpony teFﬁIB’a‘l‘PF':a r"i'trnldt Il?lrﬁ]’gfhneqcﬂﬂic%ggm%lt‘?ﬁ’g:l %é‘ esfgf:egagg{lnggt ,tlmgy

enpl oy ngczﬁ)alb?itggf %ensr‘ggi%'lcilnggar{j g&h%xgénc];oorf tﬁé ?lgl?rllfge t'oneac Q gonaﬁgr%&%{aﬁ’

(semiconductor nanocrystal) 63 in accordance with a rapid thermal nitriding

technique after oxidization processing a plurality of times. In the
oxidization processing, the surface side of each of the silicon nanocrystals 63
is oxidized, and a film quality is improved in nitriding processing.

In the oxidization processing, by employing a lamp annealing device,
for example, in oxygen gas atmosphere, oxidization is carried out at the first
predetermined heat treatment temperature (for example, 900°C) for the first
predetermined heat treatment time (for example, 5 minutes). The first
predetermined heat treatment time is remarkably reduced as compared with
a predetermined heat treatment time (1 hour) in the oxidization step in
accordance with the conventional rapid thermal oxidization technique.
However, a temperature rise velocity of a temperature rise period in which a
substrate temperature is risen to the first predetermined heat treatment
temperature is set to 20°C / sec or more, and desirably to 150°C / sec or more.

The nitriding processing nitrides each oxide film within a heat
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nitriding is carried out at the second predeterm ned heat treatnent
tenperature (for exanple, 9000C) for the second predeterm ned heat
treatment tinme (for exanple, 5 mnutes). However, a tenperature rise
velocity of a tenperature rise period in which a substrate tenperature is
risen to a second predeterm ned heat treatnent tenperature is set to 20C C
sec or nore, desirably 150"C / sec or nore. In Enbodinent 12, in the
nitriding processing, N20gas is enployed, and thus, oxidization advances at
t he sane treatenentetimeazipable ofrdsttioting am occugiencaof she damage toheadhnsul ati ng
films 52 and 64 each is to be an oxi-nitride film(silicon oxi-nitride
filn. Theligasnanedgyed 63uni agorddrdediitl sprayidssindinigstenioniguenithatlist o
N20gas, and a gas containing nitrogen such as NO gas, NH,, gas, or N2gas.
Wth a g hadndipreBetdrathed beat theatalaritine).s oy ths htrédingruliongssing,
Enbodi ment 12, an operation / advantageous effect simlar to that of
Embodi menyy ?m?ﬁoﬁﬁ? IaCiRld )Y aRREAINE devibdafor ékantple, &f RYO!gdsyatmddpheie el apse
of tine, "o e efectron en ssion characteristics is inproved as conpared
W th theyeq %\{her{a&rfeheodtr}&%%tgeesna ?&gﬁet'é?m%@é’d fidataehtdeatf ormed within
a co(rjrparatlve Iﬁng heat treatment time (for exanple, 1 hour) in
accordan | 46l ' | in the prior
(\t%\r}lé}r/%rgt\tu%e&%fe g:?élgpieh@'b ) foi tqlle;s{@égﬂﬁ Pgﬁ(ﬁ{{@hﬂiﬁbd Réat p

?rt . l\/brte(ﬁ _ N I eatnment” tine enperature caused by
ormn e . insul.ati : [

cout a5l O ¥, S8, RS PPttty S, L0
suc in. ' "
Shown' | n Yeigaty 6f a tomperSieatth nihiod By SUE A siBine PRbERIRBRAG P, 1T ¢ o

| ow al kal i, gl ass substr at and t | i ke as a, gl ass bst r at t
reduct i ont18&hip @ SEEPREDE .etPWmh%ﬁ??toﬁFagmﬂ’éF g p?’ﬁ’&?‘ﬁ%lﬁ %%tﬁqoafql glgf 19 ;SI s
52 and 64se%ao%hm81{ien, e%irra%ij)}] (igg"C 7?30 or more. In Embodiment 12, in the

nitriding processing, N,O gas is employed, and thus, oxidization advances at
the same time when each oxide film is nitride. As a result, the insulating
films 52 and 64 each is to be an oxi-nitride film (silicon oxi-nitride film).

The gas employed during nitriding processing is not limited to N,O gas, and
a gas containing nitrogen such as NO gas, NH; gas, or N, gas.

With a method of manufacturing the electron source 10 according to
Embodiment 12, an operation / advantageous effect similar to that of
Embodiment 6 is basically obtained. That is, the stability with an elapse of
time, of the electron emission characteristics is improved as compared with
the case where the insulating films 52 and 64 each are formed within a
comparatively long heat treatment time (for example, 1 hour) in accordance
with the rapid thermal oxidization technique, as in the prior art. Moreover,
the heat treatment time at a high temperature caused by forming the
insulating layers 52 and 64 each can be reduced. Thus, in the case where

the lower electrode 12 is formed on an insulating substrate 11 such as glass
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el ectron enission characteristics can be inproved, as conpared with the
manuf acturing method according to Enbodi ment 7. (Enbodi ment 13)

Herei nafter, Enbodiment 13 of the present invention will be described. As
shown in Fig. 36F, in Enbodinment 13, as an electrically conductive
substrate, there is enployed a substrate on which an electrically
conductive layer (such as metal filmor ITO filmsuch as chrome film 12 is
provi ded on one surface of the insulating substrate 11 consisting of a

gl ass  syRbitate aslif theeonaestivhal deetronisource: H0'rehawyinFig 4bdb ical | y
conductive l|ayer 12 fornmed thereon is thus enployed on one surface side of

the insyhasibNOioetploved Bodalkalildagesubstratefortiow alkebitglass suhsteateand cost
reduction can be achieved as conpared with the case of enploying a

sem condygiiGhe ]?kkbﬁé h 3l s ASulitr fec ah dicost teducoiodumh beachiesedat n A basi c
configuration of an electron source 10 according to Enbodinent 13 is

subst ant | 3o e AbtetPin ¢ Opgxfﬂﬁﬁﬁgtﬂlﬁibafhz £h@ Gur iithsean e rechilieds hndn i n

glolgycfgst nat a non- Eol ycrystalline silicon layer 3 that is a
_ I ne . . h $fi { 1th
Contoe)PIHAJE PTG b I A mS iy

I sting of .an _oxide IO, ' ylicon |layer is formed on
the pol apufactyripe %?ﬁ%goﬁipgﬁé%%%%éﬂir@%t?éI ectrode 7 is formed on
the drift 10@9&3{3%%6]% A material with its small work function (for
exanpl e, (Em | oyed on the surface electrode 7. The filmthickness

of the surface __electrode,7,is. set ou 3 .
the drift | ayerHerel tPf@‘“&@@’&Pﬁ*’b‘eﬁﬁPﬁ?‘&f’r%ﬁﬂm‘pee‘#g%fm%gmggt li(r)esﬁl)](c)wn
in Fig. 36F, a part

described.

As shown in Fig. 36F, in Embodiment 13, as an electrically
conductive substrate, there is employed a substrate on which an electrically
conductive layer (such as metal film or ITO film such as chrome film) 12 is
provided on one surface of the insulating substrate 11 consisting of a glass
substrate. In the case where a substrate having an electrically conductive
layer 12 formed thereon is thus employed on one surface side of the
insulating substrate 11, a large area of the electron source and cost reduction
can be achieved as compared with the case of employing a semiconductor
substrate as an electrically conductive substrate.

A basic configuration of an electron source 10 according to
Embodiment 13 is substantially identical to a conventional electron source
10" shown in Fig. 40. That is, a non-doped polycrystalline silicon layer 3
that is a polycrystalline semiconductor layer is formed on the electrically
conductive layer 12 on the insulating substrate 11. A drift layer 6
consisting of an oxide porous polycrystalline silicon layer is formed on the

polycrystalline silicon layer 3. A surface electrode 7 is formed on the drift
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of the polycrystalline silicon layer 3 is interposed between the
electrically conductive layer 12 and the drift |ayer 6. However, the drift
layer 6 may be formed on the electrically conductive |ayer 12 wi t hout
having the polycrystalline silicon layer 3 interposed. A process for
emtting an el ectron fromthe electron source 10 is simlar to the
conventional electron source 10" shown in Fig. 40. That is, by setting the

coll ector electrode 21 facing to the surface el ectrode 7 (r rt [

40) a valuyemest & eateriad wath itsrsmhlb@toxbénnsﬂ@néﬁrfe&@@réﬁeé@ﬁgfﬁe 7Oaﬁldg£ he
el ectrode collector 21. Then, the direct current voltage Vps,is applied

bet ween phglepdd 6 eheberfacedteciraged .t HEhefibutthicmasy Oggh@lﬁlim% | ayer 12 so
that the surface electrode 7 becones high in potential (d;_)r;)ﬁitive in

pol ar i t y)leckRIde VAT st Qo aboue Banhrtodd hy. c dostructwee ofzher layen @ her, the
direct current voltage Vc is applied between the collector electrode 21

ﬁ.nd the %H.pflfb‘:&eﬁcﬁlb%ﬂtlﬁﬂﬁe Tnthetdiedtrdrh sowrek ! lWcslmwe e Fig. 03", 2 pa¥conmes
igh in potentia rel evant to the surface electrode 7. The direct current

vol tages AR5 s - . e
of the cryst siicBn 38V exd 2PRItbdposell ettwren the elexttically i nj ect ed
fromthee ec?piljycaﬁy COﬂdUCtI%% | ayer fép drift in the drift Ia?;er J6 and

are emtted,via fof 7. HRG&N ifal ayel [Goth
manuf act GPPﬂ&é?%éemg'lezczr%ﬁ&g%ﬁrhggul ggécordi%éi?gh%gﬁggiﬂr?gnt 1§gfvaell be

describe P%gapﬁtetﬁérqﬁgé‘tﬁc%ﬂy%oﬂdu fo 1 ferliPwith®at KiIngthist, on one

surface sl _ _ ng substrat’e 11, an electrically conductive
el bot ri cATYESHIBE eGP ana Lokt ned and & struct ur é“i’home{ o Fg
30A 1s obta neck p-rr(r)]ceeg’s f(())rner%itwrilgnarsl %igc%fo% ﬁ*ioﬂleﬂ?é efe@f‘ron source 10 is v
similar to the conventional electron source 10" shown in Fig. 40. That is, by
setting the collector electrode 21 facing to the surface electrode 7 (refer to Fig.
40) a vacuum state is established between the surface electrode 7 and the
electrode collector 21. Then, the direct current voltage Vps is applied
between the surface electrode 7 and the electrically conductive layer 12 so
that the surface electrode 7 becomes high in potential (positive in polarity)
relevant to the electrically conductive layer 12. Further, the direct current
voltage Vc is applied between the collector electrode 21 and the surface
electrode 7 so that the collector electrode 21 becomes high in potential
relevant to the surface electrode 7. The direct current voltages Vps and Vc
each are set properly, whereby the electrons injected from the electrically
conductive layer 12 drift in the drift layer 6, and are emitted via the surface
electrode 7.
Hereinafter, a method of manufacturing the electron source 10

according to Embodiment 13 will be described with reference to Fig. 36A to

Fig. 36F.
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el ectrically conductive substrate (on the electrically conductive |ayer
12), a polycrystalline silicon layer 3 is formed which is a sem conduct or

| ayer of the predetermined filmthickness (for exanple, 1.5 pm, and a
structure shown in Fig. 36B is obtained. As a nethod of filmformng the
polycrystalline silicon |layer 3, for exanple, there nmay be enpl oyed a CVD
techni que (such as LPCVD technique, plasma CVD technique, or catalytic CVD
technique), a sputtering technique, or a CGS (Continuous Gain Silicon)
techni que. By Rirdtt on@netenrfadensideofitheinsdpingtsubstrate 00aC or | ess, as
the insulating substrate 11, for exanple, a conparatively inexpensive

gl ass suhkgédtaicallywehdustivebayeal 12aisi providesl Sudabrdamce Withy sasiaaiteriggass
substrate, or soda linme glass substrate can be enployed, and cost

reduct i oneglaMigRe, ¥hdirehEdn disetiically weslustiesubstrateois folmed) afida forming a
porous polycrystalline silicon layer 4 described later in only a

pr edet er ngtpg@ur&ghOWn inSFiRl 98AdSsdbfinad POiThenysn althafieswifhéecsidelofyke 3.
Then, by enploying an anodic oxidization processing vessel that contains
an el ect régééﬂdc%llgﬁoﬂﬁh‘éﬂve GABSiratd (h BHe SlebiriddlyeeondhictiveNaphi a2yjad by
n1r|ng substant1 al Y I 1 between 55 wt. % of hydrogen fluoride water

sol ution Y | .ate) I i egative
T pol ar 1gerR iR ittty er B @ roiER SifEh g daoklfin AU layeR ThEED

ot 2 ety R AKAReA fof Binll, 08l Bt PoALNSEHA | NG

silicon | e ‘anodic oxid I on-proce hg'ts carried out under a

pr edet 1 ned dition. I.n thi 3 [

i1} C?ﬁr F%SE% %8_%51'%0&3532?5-‘;_ '?;@ﬁﬁ@&fﬁé&?ﬁ?a ififnd BlnpRpMalaL el 1 ne
structure .sho in Fig. S t . Duri ' i di '

processi N6 E’?’bﬁ?&o{rfgﬁfx%@,pi‘?’ﬁ eﬁ%%%%’gb%ﬁv{iﬁh%(fgw5%%%‘@:‘1%&%%%‘%&3} od,
pover f L1 BB (25! sFheoth BV BAAGE O SR S4B BELS, 3111 con

sputtering technique, or a CGS (Continuous Grain Silicon) technique. By

setting the film forming temperature to 600°C or less, as the insulating
substrate 11, for example, a comparatively inexpensive glass substrate such
as non-alkali glass substrate, low alkali glass substrate, or soda lime glass
substrate can be employed, and cost reduction can be achieved.

Next, a mask material (not shown) for forming a porous
polycrystalline silicon layer 4 described later in only a predetermined region
is provided on a polycrystalline silicon layer 3. Then, by employing an
anodic oxidization processing vessel that contains an electrolytic solution
consisting of a mixture solution obtained by mixing substantially 1: 1
between 55 wt.% of hydrogen fluoride water solution and ethanol, with a
platinum electrode (not shown) being negative in polarity and an electrically
conductive layer 12 being positive in polarity, while light emission is carried
out for the polycrystalline silicon layer 3, the anodic oxidization processing is

carried out under a predetermined condition. In this manner, the porous
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3, and the current density are made uniform However, this [
condition may be changed as required (for exanple, a1curren?rggﬁzféggnay be
changed). After the anodic oxidization processing has terminated, the
porous polycrystalline silicon layer 4 is electrochenically oxiaized in 1
M of sulfuric acid (H2SO4) water solution, thereby formng the drift |ayer
6', and a structure shown in Fig. 36D is obtained. The water solution and
concentration enployed for el ectrochem cal oxidizationis not linmted in
par ti cul gslycApsdaRidy dilicen dmjed atformed! uflhen, emmasie matREakdy TYBO¥SD| oyed

for exanple.” After the drift |ayer 6 has been forned, hydrogen radicalé

are eniLjad §ohedrBehbMd SUFia86(0is dhaimmd: f dhwrisg dnodic edizasiony |
conductive substrate (here, surface of the drift |layer 6'), V\herelbflalal Y

def ect. eyl shing o #Boddhbd 13 Aberaidic sxidizitiqmpmicessingris
: . i : q@epsicessingmeriodt r uct
shown i n“Fig. %&JE(HI S obtained. 6 in Fig. 36E indicates a drift | g;clelr”gfter

hydr ogen f%% gfhgggﬁé %’g%&hi]tdela sihehe Busfaeeenthapblyetystailim siticen dqyeasf

em'ttingpg nradical onto the surface of the drift layer 6', the

hydr ogen r adi,cal | P : .
raga df A5 ERehhifdifi | tHBweven thiepioepssingf
surface St 8B g’?‘etcﬁgr%?/tec Fically coﬁductdi%ve subst rta?tt e@l’hug,s agp?ggegg one

tenperature of the hydrnogen jradical o R 115
Qé)}n @R Rén P@en @ 2}
g:ggefss € ? ot Ay qcl]\%lg% réaﬁ A n(':eg{rgfgeép TR ngfjb). I'n add}istei on,Ka | ar ger
or Cii e eé)re‘ctron source 10 can be easily achieved. 109 In addition, by

gr’g's%’%tnlgc ?‘ggeeng(r:];?ancy or mcrowave to hydrogen gas so as to be
generati ni; hygrpgg%ﬂ*ﬂsgg 8Bdu %@ﬁﬁ%@%@%ﬁ%&%@%@}gﬁg@ﬁ %ﬁﬁ;ﬁg?ﬂ&ggé achi eved
After t h%oqggryggae]ﬂnglsﬁg)% 1%%? §1i ig r(]elgétxe'&h%?nslcgﬁyr' m&fim § MWris@tfric |
acid (H,SO,) water solution, thereby forming the drift layer 6', and a
structure shown in Fig. 36D is obtained. The water solution and
concentration employed for electrochemical oxidization is not limited in
particular, and a nitric acid water solution or the like may be employed, for
example.
After the drift layer 6' has been formed, hydrogen radicals are
emitted onto the top surface on one surface side of an electrically conductive
substrate (here, surface of the drift layer 6'), whereby a defect existing in the
drift layer 6' is made passive, and a structure shown in Fig. 36E is obtained.
6 in Fig. 36E indicates a drift layer after hydrogen radical emission. In the
hydrogen radical emission step of emitting a hydrogen radical onto the
surface of the drift layer 6', the hydrogen radical in hydrogen plasma is
emitted onto the top surface on one surface side of the electrically conductive
substrate. Thus, a process temperature of the hydrogen radical emission

step can be lowered (a process temperature of 600°C or less can be obtained).

In addition, a larger area for the electron source 10 can be easily achieved.
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el ectrode 7 consisting of an electrically conductive thin film (for
exanple, gold thin filnm is forned on the drift layer 6 in accordance with
a vapor deposition technique, for exanple, and a el ectron source 10 with
its structure shown in Fig. 36F is obtained. The nethod of formng the
surface electrode 7 is not limted to the vapor deposition technique, and
the sputtering nmethod nay be enployed, for exanple. The drift |ayer 6 of
the el ectron source 10 manufactured in accordance with the above-descri bed
manuf act {iniadglition hoyl applyieg highe frequebey ot spgeseavete hydrogensgas 03 mar
polycrystalline silicon grains 51; thin silicon oxide filnms 52; silicon
nanocr ystalhe flasmatican gemetarsentidenductod nsanufacturing deviceicapgbbuof However ,
in the electron source 10 according to Enbodi ment 13, the_ hydrogen

radi cal s gah@rffFhi hedreger plasaiy dacke abed endicdst redagtéon 6an berashirvedy

oxi di zing the porous polycrystalline silicon |ayer 4, thereby form ng the

drift layer 6. AffaSthethy®iogeh pRabmhidigission! step drasfteriniyateds'a surfaceexanpl e,
defect on the surface of sSilicon oxide filnms 52 and 64 or silicon

nanocrystabeticile $2BnsiinghrldsshiGIl colfuctiverthiufiba. fvetdpleyanner , the
el ectron source 10 wth’inproved el ectron em ssion characteristics and

reliabil Léd%ﬁgﬁl ﬁ%g) %g{?m%.don e Eieigt Rlyas 6t difte IWithenvhpet ured in

accordan ove-descri manuf acturing method, as in the

conventi ofgloshh LA ROUDE Exciflpl i bleciof sotfee LGtk iBAGMFOT 1 he

degree of um 'n~efectron enission characteristics is small, a popping

Do Conat ARAWH ekt s Oifingthy 1 BjRELABPIARIBG B ol lBebae S, Pad
o 54120 9 ] DRV BB BTG S 05 e 1
processi nr%aiy%ecgﬁmo%%d? y(;[r' example.
The drift layer 6 of the electron source 10 manufactured in

accordance with the above-described manufacturing method is believed to be

composed of: at least, columnar polycrystalline silicon grains 51; thin silicon

oxide films 52; silicon nanocrystals 63 of nano-meter order; and silicon oxide

films 64. However, in the electron source 10 according to Embodiment 13,

the hydrogen radicals are emitted on the surface of the drift layer 6' formed

by oxidizing the porous polycrystalline silicon layer 4, thereby forming the

drift layer 6. Thus, a defect existing in the drift layer 6' (for example, defect

on the surface of silicon oxide films 52 and 64 or silicon nanocrystal 63) can

be made passive or can be reduced. In this manner, the electron source 10

with improved electron emission characteristics and reliability can be

obtained. In the electron source 10 manufactured in accordance with the

above-described manufacturing method, as in the conventional electron

source 10' shown in Fig. 38, the dependency of the degree of vacuum in

electron emission characteristics is small, a popping phenomenon does not
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However, the hydrogen plasnma em ssion step may be carried out before the
anodi ¢ oxi di zati on processing. Alternatively, the hydrogen plasm em ssion
step nmay be carried out after the anodic oxidization processing. In
addition, in annealing processing in hydrogen gas as well, as in the
above-descri bed hydrogen radical em ssion, a defect existing in the drift

| ayer 6' (for exanple, defect on the surface of the silicon oxide filnms 52
and 64 or silicon nanocrystal 63) can be nade passive or can be reduced.
The annegiduidiukiegphiceion emissomenskelettrofiseandre ¢copstantinenitteds preferabl e
that the tenperature be set to 600C or less. In addition, even if hydrogen

gas is 100% i4 th&@yndtBod ofinxdnuifacpasngithé above-descrijzex] eleptrohesomscehod of
manuf act uri ng the above-described el ectron source 10, after the porous

pol ycrysygl LtBetisd bbiRi3 paly&ystalliaeellicinZlaget d if oxidisétetalfornt thd duifr 6,
t he hydrogen plasna emi ssion step is carried out. However, the hydrogen

pl asme._e 5] @11y WY teBfert Alashfloitisi e bascesainadiscagiedions! | on

pr ocessi ng. ternatively, the hydrogen plasnma enission step nmay be

et hod of AP e PP A Sl B e G 20 the.

met hod o _ _ ove-described electron source 10, the
one. sor f &nadis orfagiCh ReEEfHE" BIARHRL AT The hilrodeh flablt ittt ace on
R s T
may be. PRI OREFPRE R B BYRFORSE B DheLhp A1 dhsBRE e atper 1 1°
ConducL e Bt ke SUASE Ol the il Bl 1ahde & GOPBRLARI |

defect on the surface of the silicon oxide films 52 and 64 or silicon

nanocrystal 63) can be made passive or can be reduced. The annealing

temperature may be set to 700°C or less, and it is preferable that the

temperature be set to 600°C or less. In addition, even if hydrogen gas is

100%, it may be a mixture gas with another gas.

In the method of manufacturing the above-described electron source

10, after the porous polycrystalline silicon layer 4 is oxidized to form the drift

layer 6', the hydrogen plasma emission step is carried out. However, the

hydrogen plasma emission step may be carried out before anodic oxidization

processing. Alternatively, the hydrogen plasma emission step may be

carried out after the anode oxidization processing.

In addition, in the method of manufacturing the above-described

electron source 10, the hydrogen radical in the hydrogen plasma is emitted

onto the top surface on one surface of the electrically conductive substrate in

the hydrogen plasma emission step.

However, as shown in Fig. 37, the hydrogen radical generated by
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body 42 is heated at a proper tenperature by supplying a current froma
current source (not shown). The electrically conductive substrate is
installed on a substrate holder 41, and the substrate holder 41 is heated
at 100C to 700C by a heater (not shown) as required. However, in the case
where, as an electrically conductive substrate, there is enployed a
substrate on which the electrically conductive layer 12 is fornmed on one
surface of the insulating substrate 11 that consists of a %Lass substrate,
it is reaqtilizngicatalgtic decomppoeitinureactiontwisha eataldicbedy 42that so that the
tenperature of the insulating substrate 11 does not reach_a heat

r esi st angenistief by drogeafgdshand twsgsten baged whse mayded amitted onéo teanti me, in
t he hydrogen radical em ssion step, in the case where the hydrogen radi cal

in hydr OQGP shkfedn n&Fhifues obthicelebizidally conductive substrate (wnffacseofof t he
el ectrically conductive substrate, the drift |layer 6 nay be damaged to the

pl asma agh@ deftThierd’ ihhEerinbid Showienaigr 37). n Intthés ¢aedl tiyecatadyiiical

em ssion step, the hydrogen radical generated by deconposition utilizing

the hydrqaen gn5 K@l £pRafly téhetafielbyesumilving & bariean fromface on one

surface si e electrically conductive substrate, thereby making it

possi bl e ivelsalBkfralte &M SSi on ste
from bei ncél(}aée}%tg%g{}ggt(%ﬁt Wi 191:}% él%cﬁﬁ&]i}b’égrﬂﬁféﬁve salistiake D

_ _ _ t layer 6. "Therefore, the electron source

10 W 11 B SR SEE £ 251800 AICARGHCHA gfsdhialdet | Ly can
12 OSGRfEe Be LR il st e e oger
Conduct | vehenaeak elechrcthy SoRduERR SRR, flete Eepliyedy sibygie Y

on which the electrically conductive layer 12 is formed on one surface of the

insulating substrate 11 that consists of a glass substrate, it is required to set

a temperature of the substrate holder 41 so that the temperature of the

insulating substrate 11 does not reach a heat resistance temperature of the

insulating substrate 11.

In the meantime, in the hydrogen radical emission step, in the case

where the hydrogen radical in hydrogen plasma is emitted onto the top

surface on one surface of the electrically conductive substrate, the drift layer

6 may be damaged to the plasma as a result of the emission. However, in

the hydrogen radical emission step, the hydrogen radical generated by

decomposifion utilizing the hydrogen gas catalytic body 42 is emitted onto

the top surface on one surface side of the electrically conductive substrate,

thereby making it possible to prevent the damage due to the hydrogen

radical emission step from being generated on the drift layer 6. Therefore,

the electron source 10 with its improved electron emission characteristics

and reliability can be obtained as compared with the case of emitting the
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with its inproved el ectron em ssion characteristics and reliability can be
obt ai ned as conpared with the case of emtting the hydrogen radical in
hydrogen plasna. I n Enbodi nent 13, as an electrically conductive substrate,
there is enployed a substrate on which the electrically conductive |ayer
12 is fornmed on one surface of the insulating substrate 11 consisting of a
gl ass substrate. However, a netal substrate nmade of chronme may be enpl oyed
as an electrical I@é}_@conductive substrate. ﬁl ernativelii,e]ghere.nay be

enpl oyed hydregen zadigabiohydragenmiasmas dn the hydrogen tadicabemisa ; at e whose
resistivity is conparatively dose to that of a conductor or p:-type silicon
subst r at estem thethydrogen ypdicabgenerated by thermal dggprapesition ox MG nduct i ve

| ayer on one surface). A ceram c substrate or the |ike can be enployed as
an’ i nsul atécompositimt ofhypdrbgengasahhay hs epnidted entosanessurfacesidetnddheent 13,
gold is enployed as a material for the surface electrode 7. However, the
materi al diedtricalycontiacevekbebstratte 1nithiscasd asweBdthe éegirbd,soamee 50 uni num
chrome, tungsten, or platinumand the |ike my be enployed, for exanple.

I n addi tiwith it&ﬁn?bﬁxfeﬂcéle@reﬁbhﬁdﬁ'oﬂ dmyatteristicapadasliability danbe
two-layered thin Tilmlayer deposited in the thickness direction. In the

case 'V‘hercﬁ)ééﬁf‘edshlé ERRBafiERIthOR daseofeompaagdhethydrogen radigal ad thin film
| ayer, gold rmay be enpl oyed as an upper thin filmlayer, for exanple, and

chrone, nj %en?hggﬂl?pm titanium or indiumand the like 113 may be
enpl oyed d@s a materital for a lower thin filmlayer (thin filmlayer on the

1T © OSSN T ekt s o peRogen of 1o
may be employed a substrate on which the electrically conductive layer 12 is formed
on one surface of the insulating substrate 11 consisting of a glass substrate.
However, a metal substrate made of chrome may be employed as an
electrically conductive substrate. Alternatively, there may be employed a
semiconductor substrate (such as n-type silicon substrate whose resistivity is
comparatively close to that of a conductor or p-type silicon substrate on
which n-type region is formed as an electrically conductive layer on one
surface). A ceramic substrate or the like can be employed as an insulating
substrate 11 as well as glass substrate.

In Embodiment 13, gold is employed as a material for the surface
electrode 7. However, the material for the surface electrode 7 is not limited
to gold, and aluminum, chrome, tungsten, or platinum and the like may be
employed, for example. In addition, the surface electrode 7 may be
composed of at least two-layered thin film layer deposited in the thickness
direction. In the case where the surface electrode 7 is composed of a two-
layered thin film layer, gold may be employed as an upper thin film layer, for

example, and chrome, nickel, platinum, titanium, or indium and the like
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conposed of the nitride porous polycrystalline silicon |layer or oxi-nitride
porous polycrystalline silicon |ayer. Alternatively, this |ayer nay be
conposed of the other oxide, nitride or oxi-nitride porous sem conduct or

| ayer. In the case where the drift layer 6 is provided as a porous
polycrystalline silicon layer, the nitriding step may be enpl oyed i nstead
of the step of oxidizing the porous polycrystalline silicon |ayer 4. In
this case, both of the silicon oxide filns 52 and 64 are provided as
silicon nhhybdeniployed aslamiaberiabfor atvaver thire filmi layer fhin £m tayer 69 ded as
the oxi-nitride porous polycrystalline silicon |ayer, the

oxi di zi nghRidriftdaper 66fe). ey be enployed instead of the step of oxidizing
t he porous polycrystalline silicon layer 4. In this case, both of the

si |icon oxide fiiy Mbadiraest 64, ficediftdviyeee iasompesed bf thmnoxididedni t ri de
films. In the foregoing, although the present invention has been descri bed

in Conne%dﬁﬂs‘fﬁolﬂr%rit%ﬂ%mcbﬁ 189610 di HBWEFer, ithe \@Rift tajee Ghiaydhes to one

skilled i'nthe art at a nunber of nodifications and alternati ons can

et o DS Ao i

ipngf)?i:ggi o and ] % t he accpnFanyi ng clains. Industrial
| a : @I S

sour ce BFols mﬁo@%@;ﬁﬁigﬁ%}‘éﬁ&%ﬁ%he@e%n%é‘i%f’dﬁﬁg Ry et

i nvention are ard. b cul ar : | V€ | . Le&)

ef 1 oi encipranepeRct e R, i SEHISS’ Bl MR BofaPEaRARRUERIP D o,

source suph as Pl e Ll Ot SBU G810k 4 b8l BBous" SOI i d vacuum

devi ce.

polycrystalline silicon layer, the nitriding step may be employed instead of
the step of oxidizing the porous polycrystalline silicon layer 4. In this case,
both of the silicon oxide films 52 and 64 are provided as silicon nitride films.
In the case where the drift layer 6 is provided as the oxi-nitride porous
polycrystalline silicon layer, the oxidizing-nitriding step may be employed
instead of the step of oxidizing the porous polycrystalline silicon layer 4. In
this case, both of the silicon oxide films 52 and 64 are provided as the silicon
oxi-nitride films.

In the foregoing, although the present invention has been described
in connection with its specific embodiments, it would be obvious to one
skilled in the art that a number of modifications and alternations can occur.
Therefore, the present invention is not limited to such embodiments, and
should be limited by the accompanying claims.

Industrial Applicability

As has been described above, a field emission-type electron source

and a manufacturing method thereof according to the present invention are

particularly effective to improve electron emission efficiency and reliability,
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1. Afield em ssion-type electron source conprising: an electrically
conductive substrate; a strong field drift layer formed on said

el ectrically conductive substrate; and a surface el ectrode forned on said
strong field drift layer, in which said strong field drift layer has a
nunber of sem conductor nanocrystals of nano-nmeter order fornmed partly in a
sem conduct or |ayer configuring said strong field drift layer, and a
number of insulating films, each of which is formed on a surface of each
of sai d waid seuitiilpensloped s tanl alectman sasree suvhcasplanag hightsouregan a
crystalline particle size of each of said sem conductor nanocrystals,
wherei n Fmodikpl dlemap) oesblitbvaenmskevitesur f ace el ectrode and said

el ectrically conductive substrate so that said surface el ectrode becones

hi gher in potential, whereby electrons injected fromsaid electrically
conductive substrate into said strong field drift layer drift in said
strong field drift layer, and is emtted through said surface el ectrode,
said field- em ssion-type el ectron source being characterized in that each
of said insulating filnms formed on each of the surface of each of said

sem conduct or nanocrystals has such a thickness that an electron tunneling
phenonmenon occurs. 2. The field em ssion-type electron source according to
claim1l1, characterized in that water content of said insulating film
formed on the surface of each of said sem conductor nanocrystals is
substantially zero. 3. The field em ssion-type electron source according to
claim1, 116 characterized in that a conpound |ayer or an alloy |ayer
conposed of a
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sem conductor and a netal is interposed at an interface between said

sem conductor |ayer configuring said strong field drift [ayer and said
electrically conductive substrate. 4. The field en ssion-type el ectron
source according to claim1, characterized in that said sem conductor

| ayer is alnost crystallized at the interface between said sem conductor
| ayer configuring said strong field drift layer and said electrically
conductive substrate. 5. A nethod of manufacturing a field em ssion type
el ect r on WHATES IGIVAIMEDESe! ectrical |y conductive substrate; a strong
field drift layer fornmed on said electrically conductive substrate; and a
surface el ectrqde A fieltem@sbiGdityp s tleott®nfdotirde dombprisimgier, in which said
strong field drift |ayer has a nunber of sem conductor nanocrystals of

nano- net er or deh, 1erFRchIRA¢dndactive 3ubstiag@nduct or [ ayer configuring said
strong field drift layer, and a nunber of insulating filns, each 019 whi ch

Is formed on aéét#ﬁlggﬁe?& dfﬁﬁmygiféﬁﬁ@d%ﬁmaﬁ@@m&ﬁ@my pawdedtikas al s and has

such a thickness an electron tunneling phenomenon occurs, wherein a

voltage i§s ! eg?&)et ween said surface el ectrode and i d [
_ Y _ sai el ectricall
conductlvsélbggx%s%’ra € so that said surface el ectrode becones higher in Y

Substrate i nto SatHegt Fskgore P RE FR SRR ANER LaR I RCRLT) O

drife layer and &3 o £dolfE0YR e RAS I BEPofdiiobRletoR ) d ot hod

nanocrystals of nano-meter order formed partly in a semiconductor layer

configuring said strong field drift layer, and a number of insulating films,
each of which is formed on a surface of each of said semiconductor
nanocrystals and has a thickness smaller than a crystalline particle size of
each of said semiconductor nanocrystals, wherein

a voltage is applied between said surface electrode and said
electrically conductive substrate so that said surface electrode becomes
higher in potential, whereby electrons injected from said electrically
conductive substrate into said strong field drift layer drift in said strong field
drift layer, and is emitted through said surface electrode, said field-
emission-type electron source being characterized in that

each of said insulating films formed on each of the surface of each of
said semiconductor nanocrystals has such a thickness that an electron
tunneling phenomenon occurs.

2. The field emission-type electron source according to claim 1,
characterized in that water content of said insulating film formed on the
surface of each of said semiconductor nanocrystals is substantially zero.

3. The field emission-type electron source according to claim 1,

116



each of said insulating filnms is forned on the surface of each of said

sem conduct or nanocrystals by neans of any one of an el ectrochem cal
process, a rapid thermal oxidization process, a rapid thermal nitriding
process, and a rapid thermal oxidization and nitriding process, or
alternatively, a conbination of those processes. 6. The net hod of

manuf acturing the field em ssion-type electron source according to claim
5, characterized in that annealing processing at a tenperature of 700C or
| ess i s charaddriaed in that azompoundnlagar pneant sl,aYﬁhC@npf’%&T?{@ gas, or in
a nitride gas after said insulating filns have been forned on the surfaces
of said semiicantiwtonandanmetalssahterpdsed bt andnterdacef betseen=aidri ng t he
field em ssion-type electron source according to claimb5, characterized in
that a heemitsmedidteniayey configaringfsad stming fieldt duify lpyerasd said a t enperat ure
of 600C or nore is carried out in an atnosphere containing an oxide

speci es Qled@riehllyicdfdaptes sebstray. said insulating firns have been fornmed
on the surfaces of said sem conductor nanocrystals. 8. The nethod of

manuf act uring the fhefidlEassidntipdeleetont sodtce a6uokdihghcelaithg to claim
5, characterized in that annealing processing by neans of a rapid heating

Process ac%a&??tg%ﬁg@gﬁ.ga&% %ﬁfﬂ s&RonAucti8yéSis Aaidst efystullided nthenert gas

at nosphere a I NSu Ing filnmse have been forned on the surfaces of

Sald_Semgongue BEARRORENShBlon duct P By COAR AT S6oHE MAQERER | of ¢

em ssion-Typé el ectron source accor aracterized in that
anneal i n rocessi ng 4 . | i uumor in an inert gas after
sai d semqégﬁ]él &Bﬁ(?ral@ fjf?%tﬁré‘rgl%iég 9‘2‘?‘%‘@"&% tiel%%' f or med.

5. A method of manufacturing a field emission type electron source

having:
an electrically conductive substrate;
a strong field drift layer formed on said electrically conductive
substrate; and
a surface electrode formed on said strong field drift layer, in which
said strong field drift layer has a number of semiconductor
nanocrystals of nano-meter order formed partly in a semiconductor layer
configuring said strong field drift layer, and a number of insulating films,
each of which is formed on a surface of each of said semiconductor
nanocrystals and has such a thickness that an electron tunneling
phenomenon occurs, wherein
a voltage is applied between said surface electrode and said
electrically conductive substrate so that said surface electrode becomes
higher in potential, whereby electrons injected from said electrically
conductive substrate into said strong field drift layer drift in said strong field

drift layer and is emitted through said surface electrode, said method being
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10. The method of manufacturing the field em ssion-type electron source
according to claim5, characterized in that annealing processing is
carried out in a vacuumor in an inert gas after said sem conductor |ayer
has been forned on said electrically conductive substrate. 11. The net hod
of manufacturing the field em ssion type electron source according to
claimb5, characterized in that after said insulating filns have been
formed on the surfaces of said sem conductor nanocrystals, there are
carri ed euaracterizedimithat han once at | east two processes of., a first
processing step of carrying out at | east one of annealing processing at a

t enperat ure of ¢aeRGfehaid Aalating fimedk fagned ondheisngfdeg of waelmof esidgas
speci es capabl e of defect conpensation in a vacuum in an inert gas or in

a foani ngegfsondudss aadod¥yREAs Yynaeahsf ahy oaerofiangeloctrochdmial t r eat nent by
means of a rapid heating process at a tenperature of 600C or nmore in an

at mos phen g &QNh5 s d oh éin A6 izRR% Hfoceds, & raipid thlermaksiteidingnd a third
pr ocessi step of "carrying out annealing processing by neans of a rapid

g
heat i ' j ' t
eali g RHREESS alld ArddARGEARA Sxitizdin AhdWEGding Bcesg okt gas

at nosphe hod of manufacturing the field em ssion type

el ect rOnnagﬁ‘%#‘ra%ﬁ'fy’ca%&hﬁﬁly%&n%ﬂ%gPga‘%@géé:'t erized in that annealing

pr ocessi ogen, rogen ra em ssi on processing, or hydrogen

o o ook ARG RE BEERTaR B PRE HLRfloflilsiohliyfdeRionlost one of

a period after Sem con [ayer, a perio er formng
Rt L AT IR (R S S,
temperature of 700°C or less is carried out in a vacuum, in an inert gas, in a
foaming gas, or in a nitride gas after said insulating films have been formed
on the surfaces of said semiconductor nanocrystals.
7. The method of manufacturing the field emission-type electron
source according to claim 5, characterized in that a heat treatment by means
of a rapid heating process at a temperature of 600°C or more is carried out in
an atmosphere containing an oxide species or a nitride species after said
insulating firms have been formed on the surfaces of said semiconductor
nanocrystals.
8. The method of manufacturing the field emission-type electron
source according to claim 5, characterized in that annealing processing by
means of a rapid heating process at the temperature of 600°C or more is
éarried out in an inert gas atmosphere after said insulating films have been
formed on the surfaces of said semiconductor nanocrystals.
9. The method of manufacturing the field emission-type electron
source according to claim 5, characterized in that annealing processing is

carried out in a vacuum or in an inert gas after said semiconductor
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nanocrystals have been formed.

10. The method of manufacturing the field emission-type electron
source according to claim 5, characterized in that annealing processing is
carried out in a vacuum or in an inert gas after said semiconductor layer has
been formed on said electrically conductive substrate.

11. The method of manufacturing the field emission type electron
source according to claim 5, characterized in that after said insulating films
have been formed on the surfaces of said semiconductor nanocrystals, there
are carried out one or more than once at least two processes of:

a first processing step of carrying out at least one of annealing
processing at a temperature of 700°C or less and annealing processing by
means of gas species capable of defect compensation in a vacuum, in an inert
gas or in a foaming gas;

a second processing step of carrying out a heat treatment by means of
a rapid heating process at a temperature of 600°C or more in an atmosphere
containing an oxide species or a nitride species; and

a third processing step of carrying out annealing processing by
means of a rapid heating process at a temperature of 600°C or more in an
inert gas atmosphere.

12. The method of manufacturing the field emission type electron
source according to claim 5, characterized in that annealing processing in
hydrogen, hydrogen radical emission processing, or hydrogen radical
emission annealing processing is carried out during at least one of a period
after forming said semiconductor layer, a period after forming said

semiconductor nanocrystals, and a period after forming said insulating films
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on the surfaces of said semiconductor nanocrystals.
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