
;klmnope3ejtjvj6Tj SPECIFICATION  *G00002* The present application is based
on Japanese Patent Application No. 2001-192573 and Japanese Patent
Application No. 2001-290329 filed in Japan, the contents of which axe fully
incorporated herein. TITLE OF THE INVENTION METHOD OF AND APPARATUS FOR,
MANUFACTURING FIELD EMISSION-TYPE ELECTRON SOURCE BACKGROUND OF THE
INVENTION 1. Field of the Invention The present invention relates to a
method of, and apparatus fox, manufacturing a field emission-type electron
source comprising a strong field drift layer so as to emit an election beam
by electric field emission. 2. Description of the Related Art There is well
known a field emission-type electron source (hereinafter, simply referred
to as an "electron source") in which a strong field drift layer
(hereinafter, simply referred to as a "drift layer") consisting o a porous
semiconductor layer oxide (or nitride) is formed on one surface of an
electrically conductive substrate, and a surface electrode is formed on the
drift layer (for example, refer to Japanese Patent Application Publication
No. 2966842, Japanese Patent Application Publication No. 2987140, and
Japanese Patent Application Publication No. 3079086). As an electrically
conductive substrate) for example) there are employed: a semiconductor
substrate whose resistivity is comparatively close to conductivity of a
conductor; a metal substrate; and a substrate having an electrically
conductive layer formed on one surface of a glass substrate (insulating
substrate) or the like. For example, as shown in Fig. 26, in an electron
source 10' of this type) a drift layer 6' consisting of an oxidized porous
polycrystalline silicon layer is formed on a main surface 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 a back face of the n-type silicon substrate x. In an example
shown in Fig. 26, a semiconductor layer 3 consisting of a non-doped
polycrystalline silicon layer is interposed between the n-type silicon
substrate 1 and the drift layer 6'. However, there is proposed an electron
source having the drift layer 6' formed on the main surface of the n-type
silicon substrate 1 without interposing the semiconductor layer 3. In the
electron source 10' shown in Fig. 26, electrons are emitted in 



accordance with the following process. First, a collector electrode 21 is
disposed in opposite to the surface electrode 7. While vacuuming is
provided between the surface electrode 7 and the collector electrode 2I, a
direct current voltage Vps is applied between the surface electrode 7 and
the n-type silicon substrate 1 so that the surface electrode 7 becomes high
in potential (positive polarity) relevant to the n-type silicon substrate 1
(ohmic electrode 2). On the other hand, 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 2   electrode 7. When the direct current voltages Vps and Vc are
properly set, electrons injected from the n-type silicon substrate 1 drift
the drift layer 6', and is emitted trough the surface electrode 7 (the
singly dotted chain line in Fig. 26 indicates the flow of an electron "e-"
emitted through the surface electrode 7). The surface electrode 7 is formed
of a material with its small work function (for example, gold). The
thickness of the surface electrode 7 is set to about 10 nm to 15 n.m..
Here, a current flowing between the surface electrode 7 and the ohmic
electrode 2 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. At this time, as
a rate (= Ie ! Ips) of the emission current Ie relevant to the diode
current fps increases, the electron emission efficiency is high. In the
electron source 14', even if the direct current voltage Vps applied between
the surface electrode 7 and the ohmic electrode 2 is defined as a low
voltage of about 10V to 20V) electrons can be emitted. In addition, in the
electron source 10', the dependency in degree of vacuum in electron
emission characteristics can be reduced, and electrons can be emitted
constantly with high emission efficiency without generating a hopping
phenomenon during electron emission. In a process for manufacturing the
electron source 10', the step of forming the drift layer 6' includes the
film forming step, anodic oxidation processing step, and oxidizing step. In
the film forming step, a non-doped polycrystalline silicon layer is
deposited on one surface of the n-type silicon substrate 1 that is an
electrically conductive substrate. T.n the anodic 3   oxidation processing
step, the polycrystalline silicon layer is anodically oxidized) whereby a
porous polycrystalline silicon layer containing polycrystalline silicon
grains and silicon nanocrystals is formed. In the oxidizing step, the
porous polycrystalline silicon layer is oxidized in accordance with a rapid
thermal oxidization technique) and thin oxide films are farmed respectively
on the surfaces of the grain and silicon nanocrystals. In the anodic
oxidation processing step, a mixture liquid obtained by mixing hydrogen
fluoride water solution and ethanol at 1 : 1 is employed as an electrolyte
employed for anodic oxidation. In the oxidizing step) a lamp annealing
device is employed. After a substrate temperature has been increased for a
short time from room temperature to 900C in dry oxygen, the substrate is
maintained at 900C fox one hour, and the substrate is oxidized. Then, the
substrate temperature is lowered to room temperature. As shown in Fig. 2Z,
the thus formed drift layer 6' is considered as being composed of at least
a columnar polycrystalline silicon grain 51; a thin silicon oxide film 52
formed on a surface of the grain 51; a silicon nanocrystal 63 with its
manometer order interposed across the grains 51; and a silicon oxide film
64 formed on a surface of the silicon nanocrystal 63 and having its smaller
film thickness than the crystalline particle size of the silicon
nanocrystal 63. That is, in the drift layer 6', the surface of each grain
51 contained in the p olycrystalline layer before carrying out anodic
oxidation processing is made porous, and a crystalline state is maintained
at the center portion of each grain 51. Therefore, a majority of the
electric field applied to the drift layer 6' is intensively applied to the
silicon oxide film 64, As a result) the injected 



4   electrons are accelerated by a strong electric field relevant to the
silicon oxide film f 4, and drift among the grains 51 in an orientation
indicated by the arrow A toward the surface. Thus, electron emission
efficiency can be improved. Here, the electron source 10' utilizes a
ballistic conducting phenomenon that occurs by setting the size
(crystalline particle size) of the silicon nanocrystal 63 and the film
thickness of the silicon oxide film 64 equal. to or smaller than the film
thickness (a degree of electron mean free path) when an electron tunneling
phenomenon occurs. Electrons arrived at the surface of the drift layer 6'
are considered as hot electrons. These electrons easily tunnels the surface
electrode 7, and are emitted into a vacuum. In the electron source 10'
comprising the drift layer 6', a heat generated in the drift layer 6'
during electron emission is radiated through the grain 51. Thus) the heat
generated in the drift layer 6' can be efficiently radiated, and an
occurrence of a hopping phenomenon can be restricted. As shown in Fig. 28)
there is proposed an electron source 10 having an electrically conductive
layer 12 formed on one surface of an insulating substrate 11 consisting of
a glass substrate without employing an n-type silicon substrate as an
electrically conductive substrate. In Fig 28, like a constituent element
similar to the electron source 10' shown in Fig. 26 is designated by a line
reference numeral. A description thereof is omitted here. The drift layer
6' of the electron source 10' shown in Fig. 28 is formed in accordance with
a process similar to a case of the electron source 10' shown in Fig. 26.
Procedures for emitting electrons from the electron source 10' shown in
Fig. 28 are basically similar to those in the case of the electron source
10' 5   shown in. Fig. 26. However, the procedures are different from each
other in that 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 polarity) relevant to the
electrically conductive layer 12. In this manner, even in the electron
source 10' shown in Fig. 28, electrons can be emitted in the same way as
the electron source 10' shown in Fig. 26. In recent years, as a device
comprising a porous semiconductor layer that contains a semiconductor
nanocrystal with a number of nano-orders formed by oxidizing the
semiconductor layer at an anode) there is proposed a memory element (memory
device) utilizing a new principle of operation which occurs in a
nano-region (fox example, Japanese Patent Laid-Open Publication No.
2001-222$92). This memory element includes a storage layer for storing
information by clossing a carrier in a semiconductor nanocrystal with its
nano-order capable of closing a carrier, the carrier being covered with an
insulating film. However, in the above described conventional electron
sources 10', although electrons can be emitted constantly with high
electron emission efficiency, the dielectric strength is comparatively low,
and the service life is comparatively short. Therefore) improvement of the
dielectric strength and longer service life axe expected. In the step of
forming the drift layer 6' of the above described conventional electron
source 10') the oxidizing step is carried out after the 



anodic oxidation processing step. If a water component or a fluorine
component remains in the porous polycrystalline silicon layer formed in the
6   anodic oxidation processing step ) these residual components affect
silicon oxide films 52 and 64. Thus, there is a danger that the electron
source 10' fails due to insulation destruction ox the service life is
reduced. That is, the silicon oxide films 52 and 64 are thermal oxide film
formed in accordance with a rapid heating technique. Thus, if the water
component or fluorine component remains, the residual components such as
water component or fluorine component react with each other ox are mixed
when the silicon oxide films 52 and 64 are formed. In this manner, the film
thickness of the silicon oxide films 52 and 64 becomes non-uniform or the
film quality is degraded. As a result, there is a problem that a dielectric
strength failure occurs, and the yield is lowered. in addition, in a
process for manufacturing the above described electron source 10', anodic
oxidation processing is a wet process) and thus, the thickness of a porous
region or the size of silicon nanocrystal and its disiribution becomes
non-uniform in plane. As a result) the size or distribution of the silicon
nanocrystal 63 in the drift layer 6' becomes nonuniform. Thus, an in-plane
distribution occurs with electron emission characteristics (such as current
density of emission current ox electron emission efficiency}, and a defect
locally occurs. There is a problem that an insulation destruction occurs,
and the service life is reduced. In addition) there is another problem that
it is difficult to obtain uniformity of the inplane distribution, and thus,
it is difficult to produce a large area. In the meantime, in the step of
forming the drift layer 6' of the above described electron sources 10) the
porous polycrystalline silicon layer after i.~tC uttutXie: vu~z~i,iur.~
pruce~aimg step i~ active. 'rhu~) i~ a $lm i.~ cspo3ed to    the air
between the anodic oxidation processing step and the oxidizing step (for
example, a stay period of unfinished items), a natural oxide film is formed
on the surface of the silicon nanocrystal and polycrystalline silicon each
configuring a porous polycrystalline silicon layer. As a result) there is a
danger that such natural oxide film affects the dielectric strength of the
silicon oxide films 52 and 64) the electron source 10' fails due to
insulation destruction, ox the service life is reduced. That is, the
silicon oxide films 52 and 64 are thin oxide films with their nanometer
order, and thus, a rate of film thickness of a natural oxide film occupied
in the entire film thickness of the silicon oxide films 52 and 64
increases. Thus, the silicon oxide films 52 and 64 with their high defect
density are formed due to the presence of the natural oxide film, and it
has become difficult to control the film thickness of the silicon oxide
films 52 and 64. As a result, there occurs a problem that a dielectric
strength voltage failure or the like occurs, and the yield is lowered. As
shown in Fig. 29, in the electron source 10' having the drift layer 6'
formed by utilizing anodic oxidation processing, the size (crystalline
particle size) of the silicon nanocrystal 63 that is a semiconductor
nanocrystal in the drift layer 6' deviates. Thus the silicon nanocrystals
63 covered with the silicon oxide film 64 whose surface is an insulating
film deviate from each other, and are formed discontinuously. Then, a
distribution of the silicon nanocrystals 63 becomes non-uniform. As a
result, there is a problem that the scattering probability of electrons
increases, and the electron emission efficiency is lowered. Further, there
is a problem that degradation with an elapse of time occurs due to an
increase in electron scattering, and the service life of the electron
source 10' is reduced. 8  



In a memory element having a storage layer formed by utilizing anodic
oxidation processing, when the sizes of semiconductor nanocrystals deviate
from each other, and are formed discontinuously, and a distribution o the
semiconductor nanocrystals becomes non-uniform) there occurs a problem that
it is difficult to control a write location of information in the storage
layer, and the storage capacity is reduced. As has been described
previously, in the drift layer 6' in the above described conventional
electron source 10', the porous polycrystalline silicon layer is oxidized,
whereby a thin silicon oxide film is formed on a surface of a respective
one of a number of silicon nanocrystals and a number of grains contained in
the porous polycrystalline silicon layer. Then) for the purpose of forming
a silicon oxide film with its good film quantity on all the silicon
nanacrystals and grains, when the drift layer 6' is formed, the porous
polycrystalline silicon layer is electrochemically oxidized in an
electrolytic solution consisting of a water solution such as 1 moll of
sulfuric acid ox nitric acid. The electrolytic solution contains 90% or
more (90 wt%) of water at a mass rate. The porous polycrystalline silicon
layer is electrochemically oxidized) whereby the process temperature can be
reduced compared with a case of rapidly heating the porous polycrystalline
silicon layer, thereby forming the drift layer 6', and thus, a restriction
on a substrate material is reduced. Therefore, a large area for the
electron source 10' and cost reduction can be achieved. However) in the
electron source in which the porous polycrystalline silicon layer is
electrochemically oxidized in the electrolytic solution consisting of a
water solution such as sulfuric acid or nitric acid, thereby 9   forming
the drift layer, there is a problem that the emission current Ie or
electron emission efficiency is small (insufficient) on an aspect of
industrial utilization. In addition) there is a problem that the diode
current Ips gradually increases ) and the emission current Ie gradually
decreases. Such problems is considered to occur the fact, when the drift
layer 6' is formed, the oxidization of the porous polycrystalline silicon
layer is carried out in the electrolytic solution consisting of a water
solution such as sulfuric acid ox nitric acid. That is, 90 wt% or more of
water is contained in the electrolytic solution. Thus, a large amount of
bonding associated with water molecules such as Si-H, Si-H2, or Si-OH
exists in the silicon oxide film formed in the drift layer &'. Therefore,
it is considered that the fineness of the silicon oxide film is impaired
the scattering o electrons easily occurs) and the dielectric strength is
lowered SUMMARY OF THE INVENTION The present invention has been made in
order to solve the foregoing problem. It is an object of the present
invention to provide a method of, and apparatus for, manufacturing an
electron source in which a dielectric strength is easily improved) a
service life is easily extended, and a large area is easily achieved. It is
another object of the present invention to provide a method of) and
apparatus for manufacturing an electron source capable of controlling the
size or distribution of a semiconductor nanocrystal. It is a further object
of the present invention to provide a method of, and apparatus for)
manufacturing an electron source with its high election 10   emission
characteristics and high safety with an elapse of time. An electron source
(field emission type electron source) 



manufactured in accordance with a method according to the present invention
includes: an electrically conductive substrate; a drift layer {strong field
drift layer) formed on one surface of the electrically conductive
substrate; and an electrically conductive thin film formed on the drift
layer. In this electron Source, a voltage is applied so that the
electrically conductive thin film becomes positive in polarity relevant to
the electrically conductive substrate. In this manner, elections injected
from the electrically conductive substrate into the drift layer drift the
inside o the drift layer, and axe emitted through the electrically
conductive thin film. The method of manufacturing this electron source
includes: an anodic oxidation processing step of, when a drift layer is
foamed, forming a porous semiconductor layer that contains a semiconductor
nanocrystal in accordance with anodic oxidation; and an insulating film
forming step of forming an insulating film on the surface of each
semicanductor nanocrystal. In the anodic oxidation processing step, anodic
oxidation processing is carried out while emitting light that essentially
contains a wavelength of a visible light region relevant to the
semiconductor layer. According to the method of manufacturing this electron
source, the size or distribution of the semiconductor nanocrystal contained
in the porous semiconductor layer can be controlled. In this manner, porous
sermi.conductor layer in which a number of semiconductor nanocrystals are
continuously distributed can be formed. In the method of manufacturing this
electron source, it is preferable that the wavelength of light emitted to
the semiconductor layer be restricted m   by an optical filter. In this
case) the wavelength of light emitted to the semiconductor layer can be
easily adjusted. Here, it is preferable that the optical filter be composed
of at least one of an infrared cutting filter and a ultra-violet cutting
filter. By doing so, a temperature rise caused by infrared rays that do not
contribute to a porous film can be restricted. In addition, an amount of
hole generation increases due to the ultra-violet rays, and the occurrence
of a deviation in size or distribution of semiconductor nanocrystais can be
restricted. Thus, the size or distribution of semiconductor nanocrystals
contained in the porous semiconductor layer can be easily controlled. In
the method of manufacturing the electron source according to the present
invention, it is preferable to set the wavelength of light to be emitted in
the semiconductor layer at a wavelength at which the semiconductor
nanocrystals are continuously connected to each other. In this case, a
porous semiconductor layer in which a number of semiconductor nanocrystals
with manometer order are continuously connected to each other can be formed
without employing an optical part such as an optical filter. In the method
of manufacturing the electron source according to the present invention, it
is preferable to employ a light source of a monochromatic light. In this
case, a porous semiconductor layer in which semiconductor nanocrystals of
the same size are continuously connected to each other can be safely
formed. In the method of manufacturing the electron source according to the
present invention) it is preferable to change the wavelength of light to be
emitted in the semiconductor layer based on an elapse of time after anodic
12 



oxidation has started. In this case, the sizes of semiconductor
nanocrystals can be controlled relevant to the thickness direction of the
porous semiconductor layer. Namely, the sizes of the semiconductor
nanocrystals can he differentiated relevant to the thickness direction of
the porous semiconductor layer. In the method of manufacturing the electron
source according to the present invention, it is preferable to change the
transmission wavelength of the optical filter based on an elapse of time
after anodic oxidation has started. In this case, the sizes of the
semiconductor nanocrystals can be controlled relevant to the thickness
direction of the porous semiconductor layer. Namely, the sizes of the
sen~.icanductor nanocrystals can be differentiated relevant to the
thiclmess direction of the porous semiconductor layer. In the method of
manufacturing the electron source according to the present invention, it is
preferable to intermittently emit light in the semiconductor layer. In this
case, a temperature rise of the semiconductor layer can be restricted. In
this manner, the size or distribution of the semiconductor nanocrystals in
the porous semiconductor layer can be easily controlled. In the method of
manufacturing the electron source according to the present invention) it is
preferable to emit Light to the semiconductor layer from an opposite side
to the surface of the semiconductor layer. In this case, a hole can be
e~ciently supplied from the opposite side to the surface as well as the
surface side of the semiconductor layer. Here, the wavelength of both
lights emitted from both sides in the thickness direction of the
semiconductor 13   layer may be changed synchronously. By doing this, holes
can be supplied at both sides i.n. the thickness direction of the
semiconductox layer. Thus) even in the case where the thickness of the
semiconductor layer is comparatively thick, this processing can be easily
carried out. When the semiconductor layer is more porous, a band gap
increases. Thus, larger energy is required to ensure that the layer is more
porous. In general, when the wavelength is reduced, the light invasion
depth becomes shallow. However) the semiconductor layer can be easily made
more porous by thus emitting light from both sides in the thickness
direction of the semiconductor layer. In addition, the sizes of the
semiconductor nanocrystals foamed in the porous semiconductor layer can be
uniformed in the thickness direction of the porous semiconductor layer. In
the method of manufacturing the electron source according to the present
invention, it is prefexable to employ control means for controlling the
concentration of an electrolyte in an anodic oxidation processing vessel so
that forming of the porous semiconductor layer advances at the same
velocity. In this case) in forming the porous semiconductor layer) the
concentration of the electrolyte is controlled so that the velocities of
producing a more porous semiconductor layer are identical to each other in
a plane of a conductor layer. Thus, a process for anodic axidation is
stabilized, and the uniformity and reproducibility of the size or
distribution of semiconductor nanocrystals contained in the porous
semiconductor layer can be improved. As a result, the uniformity and
reproducibility of size and distribution of the semiconductor nanocrystals
in the drift layer can be improved. Therefore) the dielectric strength can
be improved, and the service life can be extended. 14 



Tn addition) there can be provided an electron source with its high
uniformity in a plane with electron emission characteristics anal with a
large area. Here, it is preferable to utilize a control vessel for
introducing an electrolyte with its adjusted temperature and concentration
into an anodic oxidation processing vessel. In this case) the
controllability of velocity for producing a more porous layer is impxoved.
In this manner, the uniformity and reproducibility in a plane of the porous
semiconductor layer can be improved. In addition) it is preferable that
control means be provided to finely move a target comprising a lower
electrode and a semiconductor layer. In this case, the uniformity and
reproducibility of size and distribution of semiconductor nanocrystals
contained in the porous semiconductor layer can be improved more
remarkably. In the method of manufacturing the electron source according to
the present invention, it is preferable that the rinse step of removing the
electrolyte remaining in the porous semiconductor layer by employing at
Ieast a hydrophilic organic solvent be included between the anodic
oxidation processing step and insulating film forming step. In this case,
the electrolyte or the like remaining in the porous semiconductor layer
formed in accordance with the anodic oxidation processing step can be
removed before the insulating film forming step. 'l.'hus, the quality of an
insulating elm formed on the surface of the semiconductor nanocrystals in
the insulating film forming step can be improved- Therefore) the dielectric
strength of the electron source can be improved, and the service life can
be extended. In the method of manufacturing the electron source accordiag
to the present invention) it is preferable that the rinse step of removing
the 1s   electrolyte remaining in the p orous semiconductor layer by
employing at least a non-soluble organic solvent be included between the
anodic oxidation processing step and the insulating film forming step. In
this case) the electrolyte or the like remaining in the porous
semiconductor layer formed in accordance with the anodic o~ddation
processing step can be removed before the insulating film forming step.
Thus) the quality of an insulating film formed on the surface of the
semiconductor nanocrystal in accordance with the insulating film forming
step can be improved. Therefore, the dielectric strength of the electron
source can be improved, and the service life can be extended. In the method
of manufacturing the electron source according to the present invention,
during a period specified between the anodic oxidation processing step and
the oxidization processing step, it is preferable to prevent a natural
oxide film from being formed on the surface of the semiconductor
nanocxystal without exposnng the porous semiconductor layer to the air. In
this case, during the above specified period, the natural oxide filin can
be prevented tom being formed on the surface of the semiconductor
nanocrystal. Thus, the quality of the oxide film formed on the surface of
the semiconductor nanocrystal in accordance with the oxidization processing
step can be improve. Therefore, the dielectric strength of the electron
source can be improved, and the service life can be extended. During the
above specified period, it is preferable to cover the surface of the porous
semiconductor layer with a non-oxide liquid. By doing this, in the case
where such a non-oxide liquid is employed for rinsing in accordance with
the anodic oxidation processing step, for example, the natural oxide film
16   



can be prevented from being formed by utilizing such a non-oxide liquid. In
addition, in the above specified period, atmosphere may be used as an inert
gas. By doing this, contamination of the porous semiconductor layer can be
restricted. In the above specified period, at least the porous
semiconductor layer may be held in a vacuum. By doing this, the adhering of
impurities to the porous semiconductor layer can be xestxicted. In the
method of manufacturing the electron source according to the present
invention, it is preferable that the insulation film foaming step includes
the main oxidization processing step of electrochemically oxidizing the
porous semiconductor layer in an electrolyte having a solute dissolved in
an organic solvent. In this case, an emission current or electron emission
e~ciency and the like incxeases as compared with the prior art) and the
stability of electron emission characteristics of the electron source with
an elapse of time can be improved. One of the reasons what the emission
current and electron emission efficiency are thus improved, and the
stability of electron emission characteristics with an elapse of time is
improved is stated as follows. That is) this is because the density of the
oxide film increases, and the dielectric strength of the oxide film is
improved as compared with a conventional technique for electrochemically
oxidizing the porous) polycrystalline silicon layer in an electrolytic
solution consisting of a water solution such as suluxic acid or nitric and)
thereby forming a drift layer. In addition, as compared with a case in
which the porous semiconductor layer is thermally oxidized rapidly, thereby
forming a drift layer, a process temperature can be reduced, an area for an
electron source can be increased, and cost reduction can be achieved. 1?
In the method of manufacturing the electron source that contains the main
oxidization processing step, it is preferable to add water to an
electrolytic solution. By doing this, in the case where there is employed a
substance having its small solubility to an organic solvent serving as a
solute and having its large solubility to water, the concentration of the
solute in the electrolytic solution can be increased by adding water. Thus,
the film quality of the oxide film is improved. In addition, as the
concentration 'of the solute increases, the conductivity of the
electrolytic solution increases. Therefore, a deviation in plane of the
film thickness of the oxide film can be restricted. In the method of
manufacturing the electron source including the main oxidization processing
step, it is preferable that the auxiliary oxidization processing step of
oxidizing the porous semiconductor layer in accordance with a thermal
oxidization technique be included at least before or after the main
oxidization processing step. By doing this) the density of the oxide film
can be improved more remarkably. In the method of manufacturing the
electron source that contains the main oxidization processing step) the
pre-oxidization processing step of oxidizing the porous semiconductor layer
before the main oxidization processing step may be included. In this case,
the density of the oxide film can be improved more remarkably. Further) in
the thickness direction of the drift layer) the film thickness of the oxide
film. existing in a region that is comp aratively close to the electrically
conductive thin film can be restricted from being larger than that of the
oxide film that exists in a region that is comparatively distant from the
electrically conductive thin film. In this 18   manner) electron emission
e~ciency and stability with an elapse of time can be improved. In addition,
the pre-oxidization processing step of oxidizing the porous semiconductor
layer before the main oxidization processing step and auxiliary oxidization
processing step may be included. In this case as well, in the thickness
direction of the drift layer, the film thickness of the oxide film existing
in a region that is comparatively close to the electrically conductive thin
film can be restricted from being larger than that of the oxide film
existing in a region that is comparatively distant from the electrically
conductive thin film) and in this manner) electron emission efficiency and
stability with an elapse of time can be improved. In the method of
manufacturing the electron source that contains the main oxidization
processing step) the rinse step of rinsing the porous semiconductor layer
may be included after the main oxidization processing step. In this case,
even if impurities such as alkali metal or heavy metal enter the porous
semiconductor layer, such impurities can be removed in the rinse step. As a
result, the electron emission characteristics of the electron source can be
stabilized and long-term reliability can be improved. 



In addition, an apparatus for manufacturing the above electron source
according to the present invention includes: an anodic oxidation processing
device for, when a drift layer is formed) orming a porous semiconductor
layer that contains a semiconductor nanocrystal in accordance with anodic
oxidation; and an insulating filin forming device for forming an insulating
film on the surface of each semiconductor nanocrystal. Here, the anodic
oxidation processing device is designed to carry out anodic oxidation
processing while emitting light that essentially contains the 19
wavelength in a visible light region xelevant to the semiconductor layer.
According to this electron source manufacturing apparatus, the size or
distribution of semiconductor nanocrystals contained in the porous
semiconductor layex can be controlled. In this manner, there can be formed
a porous semiconductor layer in which a number of semiconductor
nanocrystals are distributed to be continuously connected to each other.
BRIEF DESCRIPTION OF THE DRAWINGS The present invention will be fully
understood by the detailed description of the invention and accompanying
drawings. Like elements common in drawings are designated by like reference
numerals. Fig. 1. is a schematic view depicting a general construction of
an anode oxidizing device employed for manufacturing an. electron source
according to a first embodiment; Fig. 2A to Fig. 2D are sectional views
each showing an electron source or its material in the main step of a
process for manufacturing the electron source; Fig. 3 is a view
illustrating an operation of the electron source; 



Fig. 4 is a view showing an electron emitting operation of the electron
source; Fig. 5 is a graph depicting a relationship between a light
wavelength and an elapse of time in the anodic oxidation processing step of
a process for manufacturing the electron source; Fig. 6 is a view showing
an example of a method of manufacturing the electron source; 20   Fig. 7 is
a view showing an example of a method of manufacturing the electron source;
Fig. 8 is a graph depicting a relationship between a cutoff wavelength and
an elapse of time in the anodic oxidation processing step of a process fox
manufacturing the electron source; Fig. 9 is a graph depicting a
relationship between a light wavelength and an elapse of time in the anodic
oxidation processing step of a process for 



manufacturing the electron source; Fig. 10 is a view showing an example of
a method of manufacturing the electron source; FSi.g. 11 is a view showing
an operation of an electron source according to a second embodiment; Fig.
12A to Fig. 12D are sectional views each showing an electron source and its
material in the main step of a process for manufacturing the electron
source shown in Fig. 3. x; Fig. I3 is a schematic view showing a general
construction of an anode oxidizing device employed for manufacturing the
electron source; Fig. 14 is a view showing a general construction of a
memory element according to a third embodiment; Fig. 15 is a band chart of
the memory element; Fig. I6 is a view showing another exemplary
construction of the memory element; Fig. 17 is a view showing an
application example of the memory element; 



Fig. 18 is a schematic view depicting a general construction of an 2I
anode oxidizing device employed for manufacturing the electron source
according to a fourth embodiment; Fig. 19 is a view showing electron
emission characteristics according to a tenth embodiment; Fig. 20 is a view
showing electron emission characteristics according to an eleventh
embodiment; Fig. 21 is a view showing electron emission characteristics
according to a twelfth embodiment; Fig. 22 is a view showing electron
emission characteristics according to a thirteenth embodiment; Fig. 23 is a
view showing a comparison of electron emission characteristics of the
electron source according to the tenth to thirteenth embodiments; 



Fig. 24 is a view showing electron emission characteristics of the electron
source according to a fourteenth embodiment; Fig. 25 is a view showing
electron emission characteristics of an electron source of Comparative
Example; Fig. 26 is a view showing an operation of a conventional electron
source; Fig. 27 is a view showing an electron emitting operation of the
conventional electron source; Fig. 28 is a view an operation of another
conventional electron source; and Fig. 29 is a view showing a general
construction of essential portions of the electron source shown in Fig. 26.
22   DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS (First Embodiment)
In a first embodiment, an electron source is manufactured by utilizing
anodic oxidation processing. In the electron source according to the first
embodiment) a single-crystalline n-type silicon substrate whose resistivity
is comparatively close to that of a conductor (for example) a (100)
substrate with its resistivity of about 0.01 SZ I cm to 0.02 SZ I cm) is
employed as an electrically conductive substrate. 



As shown in Fig. 3, in an electron source IO according to the first
embodiment, a drift layer 6 consisting o an oxidized porous polycrystalline
silicon layer is formed on a main surface of an n-typ a silicon substrate I
that is a conductive substrate. A surface electrode 7 is fbrmed on the
drift layer 6. An ohmic electrode 2 is formed on a back face of the n-type
silicon substrate 1. In the first embodiment, a lower electrode is composed
of the n-type silicon substrate 1 and the ohmic electrode 2. Therefore, the
surface electrode 7 is opposite to the lower electrode, and the dx~.ft
layer 6 is interposed between the lower electrode and the surface electrode
7. The porous polycrystalline silicon layer configures a porous
semiconductor layer. A material with its small work function is employed as
a material of the surface electrode ?. The thickness of the surface
electrode 7 is set to I0 nm. However, this thickness may be such a
thickness that electrons passing through the drift layer 6 can be tunneled
without being limited to 10 nm. The thickness of the surface electrode ?
may be set to about 10 nm to 15 nm. 23   The surface electrode 7 is
composed of: a first thin film layer consisting of a metal film (for
example, Cr film) formed on the drift layex &; and a second thin film layer
consisting of a metal film (for example, Au film) deposited on the first
thin film layer. As a material for the first thin film layer on the drift
layer 6, for example, there is employed a material such as chrome, nickel)
platinum) titanium, or indium) having high intimacy with the drift layer 6,
the material being capable of preventing diffusion between the second thin
film layer and the drift layer 6. As a material for the second thin film.
layer, there is employed a gold or the like with its low resistance and
high stability with an elapse of time. In the embodiment, Cr is employed as
a material for the first thin layer. The thickness of the first thin film
layer is set to 2 nm. Au is employed as a material for the second thin film
layer. The thickness of the second thin film layer is set to 8 nm. In the
first embodiment, the surface electrode 7 is composed of a two-layered
metal film. However, the electrode may be composed of a one-layered or
three or more layered metal film. In the electron source 10 shown in Fig.
3, the surface electrode 7 is disposed in a vacuum) and a collector
electrode 2 Z is disposed in apposite to the surface electrode 7. Then, a
direct current voltage Vps is applied so that the surface electrode 7 is
positive in polarity relevant to the n-type silicon substrate 1 (ohmic
electrode 2). Further, a direct current voltage Vc is applied so that the
collector electrode 21 is positive in polarity relevant to the surface
electrode 7. In this manner) electrons injected from the n-type silicon
substrate 1 drift the drift layex 6, and are emitted through the surface
electrode 7 (the single-dotted chain line shown in Fig. 3 indicates the
flow of 24   electron "e-" emitted through the surface electrode 7). As has
been described previously, a current flowing between the surface electrode
7 anal the n-type silicon substrate (ohmic electrode 2) 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 of the emission current Ie to the diode
current Ips increases, the electron emission efficiency increases. As shown
in Fig. 4, the drift layer 6 in the first embodiment is composed of at
least a columnar polycrystalline silicon grain 51; a thin silicon oxide
film 52 formed on the surface of the grain 51; a number of silicon
nanocrystals 63 with nanometer order interposed between the grains 51; and
a number of silicon oxide film 64 that is an insulating film formed on the
surface of each silicon nanocrystal 63, the film having its smaller film
thickness than the crystalline particle size of the silicon nanocrystal 63.
In short, in the drift layer 6, the surface of each grain 51 is made
porous, and the crystalline state is maintained at the center portion of
each grain 5 x. The thickness of the silicon oxide fihm 64 formed on the
surface of the silicon nanocrystal 63 is set to the degree of the electron
mean free path (the mean free path of electrons in Si~2 is known to be
about 3 nm)) and is desirable to be about 1 nm to 3 nm. The crystalline
particle size of the silicon nanocrystal 63 is smaller than the degree of
electron mean free path. In the electron source 10 according to the first
embodiment, electron emission occurs in the following model. That is, the
direct current voltage Vps is applied so that the surface electrode 7 is
positive in polarity between the surface electrode 7 and n-type silicon
substrate ~. (ohmic electrode 2) 



25   which are disclosed in a vacuum. In addition, the direct current
voltage Vc is applied so that the collector electrode,21 is positive in
polarity between the collector electrode 2I and the surface electrode 7.
When the direct current voltage Vps reaches a predetermined value (critical
value), the electron "e'" is injected by thermal excitation into the drift
layer 6 from the n-type silicon substrate 1 serving as the lower electrode.
On the other hand, a majority of the electric field applied to the drift
layer 6 is applied to the silicon oxide film 64. Thus) the injected
electron "e'" is accelerated by a strong electric field applied to the
silicon oxide film 64. Then, the electron drift the inside of a region
between the grains 51 in the drift layer 6 drift toward the surface in an
orientation indicated by the arrow A in Fig. 4, and is emitted in a vacuum
after tunneled through the surface electrode 7. Thus, in the drift layer 6,
the electron injected from the n-type silicon substrate 1 is accelerated
and drifts the inside of the strong electric field applied to the silicon
oxide film 84 without being hardly scattered by the silicon nanocrystal 63.
Then) the electron is emitted through the surface electrode 7 (a ballistic
electron emission phenomenon). In addition, the heat generated in the drift
layer fi is radiated through the grain 51. Thus, a hopping phenomenon does
not occur during electron emission, and electrons can be emitted
constantly. The electron reaching the surface of the drift layer 6 is
considered as a hot electron, but is easily tunneled through the surface
electrode 7) and is emitted in a vacuum. Hereinafter, a method of
manufacturing an electron source IO according to the first embodiment will
be described with reference to Fig. 2A to Fig. 2D. 2G   First, an ohmic
electrode 2 is formed on the back face of an n-type silicon substrate 1. A
non-doped polycrystalline silicon layer 3 is formed as a semiconductor
layer on the main surface of the n-type silicon substrate I. In this
manner) a structure shown in Fig. 2A is obtained. As a method of film
forming the polycrystalline silicon layer 3) fox example, there is employed
a CVD technique {such as LPCVD technique, plasma CVD technique, or
catalytic CVD technique) fox example); a sputtering technique) or a CGS
(Continuous Gxain Silicon) technique and the like. After the non-doped
polycrystalline silicon layer 3 has been formed, a polycrystalline silicon
layer 3 is formed in accoxdance with the anodic oxidation processing step.
In this manner, a porous polycrystalline silicon layer 4 that is a porous
semiconductor layer is formed, and a structure shown in Fig. 2B is
obtained. In the first embodiment, although all of the polycrystalline
silicon layer 3 is made porous) only a part of the layer may be made
porous. In the anodic oxidation processing step, an anode oxidizing device
shown in Fig. 1 is employed. The anode oxidizing device shown in Fig. 1
includes: a processing vessel 41 having an electrolyte B that contains a
hydrogen fluoride water solution; and a cathode (negative polarity) 42
consisting of platinum immersed in the electrolyte B. Then, a target C
obtained when the polycrystalline silicon layer 3 being a semiconductor
layer is formed on the lower electrode (in the first embodiment) the lower
electrode is composed of the n-type silicon substrate 1 and the ohmic
electrode 2.) is placed in a processing vessel 41 so that only a part of
the surface of the polycrystalline silicon layer 3 comes into contact with
the electrolyte B. 27   



This anode oxidizing device includes: a voltage source 43 that is electrify
between an anode and a cathode with the lower electrode being an anode; a
light source 44 for emitting light to the main surface side of the target C
(on the surface side of the polycrystalline silicon layer 3); a filter
device 45 disposed between the light source 44 and the target C, the filter
device being capable of changing the light transmission wavelength; a
wavelength controller device 46 capable of controlling the transmission
wavelength of the filter device 45. When anodic oxidation is carried out
while power is supplied between the anode and cathode with the lower
electrode being an anode ) the light of the light source 44 is emitted to
the main surface side of the target C through the filter device 45. In the
first embodiment, a tungsten lamp is employed as the light source 44. Then)
the side of a number of silicon crystals 63 is controlled by adjusting the
wavelength of the light emitted to the target C through the filter device
45. In this manner, the silicon nanocrystals 63 of the same size are formed
to be continuously connected to each other. As the filter device 45, there
i.s employed: a waveform variable filter for changing the transmission
wavelength by utilizing light interference; or a wavelength variable filter
or the Like for changing the transmission wavelength by utilizing a change
in refractive index of a liquid crystal due to an electric field. However,
it is desirable that the transmission wavelength can be continuously
changed. As the electro) yte B, there i.s employed a mixture liquid
obtained by mixing 55 wt% of hydrogen fluoride water solution and ethanol
by substantially 1 : 1. The porous polycrystalline silicon layer 4 contains
a number of polycrystalline silicon grains and a number of silicon 28
nanocrystals. In the first embodiment, the filter device 45 and wavelength
controller device 46 configure adjustment means for adjusting the
wavelength of the light emitted from the light source 44 to the
polycrystalline silicon layer 3 that is a semiconductor layer so that the
adjacent silicon nanocxystals are formed to be continuously connected to
each other. After the anodic oxidation processing step has terminated, the
porous polycrystalline silicon layer 4 is oxidized in accordance with the
oxidizing step. In this manner) the drift layer 6 consisting of the
oxidized porous polycrystalline silicon layer is formed, and a structure
shown in Fig. 2C is obtained. rn the oxidizing step, the porous p
olycrystalline silicon layer 4 is oxidized in accordance with the rapid
heating technique, and the drift layer 6 containing the grain 51, silicon
nanocrystal 63 and silicon oxide films 52 and 64 is formed. In the
oxidizing step using the rapid heating technique, a lamp annealing device
is employed. Then, the OZ gas atmosphere is produced in the inside of a
furnace. ~`he substrate temperature is risen from room temperature to a
predetermined oxidization temperature (for example) 900C) by a
predetermined temperature rise velocity (for example, 80C I sec). In
addition, the substrata temperature is maintained for a predetermined
oxidization time (for example, one hour). After rapid thermal oxidization
(RTO) has been thus carried out, the substrate temperature is lowered to
room temperature. In the first embodiment, the temperature rise velocity is
set to 80C / sec. However, the temperature rise velocity may be set to 80C
I sec or more, and it is preferable that the velocity be set to 160C I sec
or more. 29   After the drift layer 6 has been formed, a first thin film
layer consisting of a metal film (Cr film in the first emhoriiment) is
deposited on the drift layer 6 in accordance with an electron beam vapor
deposition technique. Further, the second thin film layer consisting of a
metal film (Au filin in the first embodiment) is deposited on the first
thin fihnnn 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 shown in Fig. 2D is obtained. In the first embodiment, the
surface electrode 7 is formed in accordance with the electron beam vapor
deposition technique. However, as a method of forming the surface electrode
7, for example, a sputtering technique may be employed without being
limited to the electron beam vapor deposition technique. In this
manufacturing method, there is employed: adjustment means for adjusting the
wavelength of the light emitted from the light source 44 to the
polycrystalline silicon layer 3 that is a semiconductor layer so that the
adjacent silicon nanocrystals are formed to be continuously connected to
each othex. Thus) the size or distribution of silicon nanocrystals
contained in the porous polycrystalline silicon layer 4 that is a porous
semiconductor layer can be controlled. In this manner the silicon
nanocrystals contained in the porous polycrystalline silicon layer 4 are
formed to be continuously connected to each other. In addition, the size or
distribution of the silicon nanocrystals 63 contained in the drift layer 6
can be controlled. As shown in Fig. 4, the sizes of a number o silicon
nanocrystals 63 can be uniformed in the drift layer 6 of the electron
source 10 manufacture d 30 



in accordance with this manufacturing method. in addition, a number of
silicon nanocrystals fi3 each having a silicon oxide film 64 that is an
iasulating film are formed to be continuously connected to each other on a
surface, respectively. As a result, in the electron source 10 according to
the first embodiment, the electron scattexing in the drift layer 6 can be
reduced as compared with that of the prior art. Thus) the dielectric
strength and electron emission efficiency is improved, and the service life
is extended. Further, the in-plane uniformity of electron emission
characteristics can be improved, and a large area can be obtained. In the
meantime) in this manufacturing method) the wavelength of the light emitted
to the polycrystalline silicon Iayer 3 that is a semiconductor layer is
properly controlled) thereby making it possible to uniform the size f the
silicon nanocrystals 63 in the thickness direction of the drift layer 6, as
shown in Fig. 4. However, as shown in Fig. 5, the wavelength of light may
be changed from a long wavelength side to a short wavelength side based on
an elapse of time after anodic oxidation has started. In this case) as
shown in Fig. 6, the size of the silicon nanocrystal 63 can be changed in
the thickness direction (vertical direction of Fig. 6). (In Fig. 6, the
size of the silicon nanocrystal 63 is reduced as the porous polycrystalline
silicon layer 4 is deeper in the depth direction from the surface of the
layer). As a result, as shown in Fig. 7, the size of the silicon
nanocrystal 63 in the drift layer 6 can be changed in the thickness
direction. In an example shown in Fig. 7, as the drift Iayer 6 is deeper
from its surface, the size of the 31   silicon nanocrystal 63 (crystalline
particle size) is reduced. On the other hand) the band gap between the
silicon nanocrystals 63 is reduced as the crystalline p article size
increases. Thus, the electric field applied to the silicon oxide film 64 is
relatively larger at the surface side of the drift layer 6. Therefore, I,he
improvement of electron emission characteristics due to an effect of a
strong electric field can be expected. In Fig. 'l, an electron is emitted
upwardly. In addition, as indicated by P and ~ in Fig. 8, the cutoff
wavelength on the long wavelength side anal the cutoff wavelength on the
short wavelength side in the filter device 45 may be changed, respectively,
based on an elapse of time after starting anodic oxidation. In this case as
well, as shown in Fig. 6, the size of the silicon nanocrystal 63 can be
changed in the thickness direction. As a result, the size of the silicon
nanoerystal 63 in the drift layer 6 can be changed in the thickness
direction as shown in Fig. 7. In addition, as shown in Fig. 9) in adjusting
the wavelength of light emitted to the polycrystalline silicon layer 3 that
is a semiconductor layer) the wavelength of the light emitted to the
polycrystalline silicon layer 3 may be changed based on a change in time
after starting anodic oxidation so that the crystalline particle size of
the silicon nanocrystal 63 continuously changes in the thickness direction
of the polycrystalline silicon layer 3. 



By doing this, as shown in Fig. 10, the size of the silicon nanocrystal 63
can be controlled with good controllability in the thickness direction of
the porous polycrystalline silicon layer 4. The above described filter
device 45 is employed so as to change the transmission wavelength. However,
an optical filter composed of an 32   infrared cutting filter and a
ultraviolet cutting filter (a long-pass filter} may be employed. By
employing such an optical filter, an increase in velocity of anodic
oxidation due to a temperature rise caused by an infrared ray that does not
contribute to making porous the polycrystalline si3icon layer 3 caa be
restricted (only the light having energy larger than the silicon band gap
contributes to generation of a pair of electron and hole, and thus, the
light having smaller energy than band gap such as infrared ray does not
contribute to generation of a pair of electron and hole}. In addition, it
is possible that an amount of hole generation tom increases dueto the
ultraviolet rays, electxolytic polishing occurs, and a deviation in size ox
distribution of the silicon nanocrystal 63 occurs. Thus, the size or
distribution of the silicon nanocrystal 63 contained in the porous
polycrystalline silicon layer 4 is easily controlled. That is, in the case
where a low energy component such as infrared ray is included in light
emitted to the polycrystalline silicon layer 3, this component does not
contribute to malting porous the layer, and causes a temperature rise in
the electrolyte B or taxget C. Thus, the etching velocity in the
crystalline particle field of the polycrystalline silicon layer 3
increases, and the porous structure of the porous polycrystalline silicon
layer 4 is made non-uniform. In addition, in the case where a high energy
component such as ultraviolet ray is included, the etching velocity
increases, making it di~cult to control the porous structure of the porous
polycrystalline silicon layer 4. To overcome this difficulty, the infrared
ray and ultraviolet ray are cut so that only the light contributing to
making porous the layer is emitted, whereby the porous structure of the
porous polycrystalline silicon layer 4 can be obtained 33   constantly.
Besides, the filter device 45 may be constructed at either of the infrared
ray cutting filter and ultraviolet cutting filter. In the above-described
example) a tungsten lamp is employed as the light source 44. However) a
light source of a monochromatic light (for example) laser) is employed as
the light source 44, whereby the porous polycrystalline silicon layer 4 in
which the silicon nanocrystals G3 of the same size are continuously
connected to each other can be formed constantly. Then, the wavelength of
light is changed based on an elapse of time after anodic oxidation has
started, whereby the size of the silicon nanocrystal 63 can be changed in
the thickness direction of the porous polycrystalline silicon layer 4. In
addition, the light is intermittently emitted from the light source 44 to
the polycrystalline silicon layer 3, whereby a temperature rise of the
target C or electrolyte B can be restricted. In this case) the size or
distribution of the silicon nanocrystals 63 in the porous polycrystalline
silicon layer 4 is easily controlled. (Second Embodiment) Hereinafter, a
second embodiment of the present invention will be described now. In the
second embodiment as well, an electron source is manufactured by utilizing
anodic oxidation processing. However in the second embodiment, as an
electrically conductive substrate, there is employed a substrate in which
an electrically conductive layer consisting of an ITO film is provided on
one surface of an insulating substrate consisting of a glass substrate (for
example, a quartz glass substrate). A shown in Fig. 11) in the electron
source 10 according to the second embodiment) the drift layer G consisting
of an oxide porous polycrystalline 34  



silicon layer is formed on an electrically conductive layer 12 on the
insulating substrate 11. The surface electrode 7 is formed on the drift
layer 6. In the second embodiment, the electrically conductaive layer 12
configures a lower electrode. Therefore, in the second embodiment as well,
the surface electrode 7 is opposite to the lower electrode, and the drift
layer 6 is interposed between the lower electrode and the surface electrode
'T. A construction of the surface electrode 7 is similar to that according
to the first embodiment. Procedures fox emitting a electron from the
electron source 10 according to the second embodiment are basically similar
to those in the first embodiment. However) the direct current voltage Vps
is applied between the surface electrode 7 and the electrically conductive
layer i2 so that the surface electrode 7 becomes positive in polarity (high
potential) relevant to the electrically conductive layer 12. In the
electron source 10 according to the second embodiment as well, an electron
can be emitted in the same manner as that in the first embodiment. In
addition, a structure and electron emission mechanism of the drift layer 6
of the electron source 10 according to the second embodiment are similar to
those according to the first embodiment (refer to Fig. 4). In the case
where the electron source 10 according to the second embodiment is utilized
as an electron source of a display, the lower electrode or surface
electrode ? and the like may be patterned. Hereinafter, a method of
manufacturing the electron source x0 according to the second embodiment
will. be described with reference to Fig. 12A to Fig. 12D. 35   First, on
one surface of the insulating substrate x 1, the electrically conductive
layer 12 consisting of the ITO film is formed in accordance with the
sputtering technique, and an electrically conductive substrate is
fabricated. Then, on the main surface side (on the electrically conductive
layer 12} of the electrically conductive substrate, a non-doped
polycrystalline silicon layer 3 is formed as a semiconductor layer) and a
structure shown in Fig. I2A is obtained. As a method of film forming the
polycrystalline silicon layer 3, for example, there can be employed a CVD
technique, a sputtering technique, or a CGS technique or 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 oxidation processing step. In this manner, the porous
polycrystalline silicon layer 4 that is a porous semiconductor layer is
formed, and a structure shown in Fig. 12B is obtained. An anode oxidizing
device shown in Fig. I3 is employed in the anodic oxidation processing
step. A basic construction of the anode oxidizing device shown in Fig. 13
is substantially identical to the anode oxidizing device according to the
first embodiment (refer to Fig. I). However the following point i.s
different. That is, a light source 47 is disposed on the back face side of
the target C. In addition, a filter device 48 capable of changing the
wavelength of light is disposed between the light source 47 and the back
face of the target C. However) the light source 47 is similar to the light
source 44 disposed on the surface side of the target C. In addition, the
filter device 48 is similar to the filter device 45 disposed on the surface
side of the target C. 3fi  



Namely, in the anode oxidizing step of the second embodiment, light is
emitted from both sides in the thickness direction of the target C. In
addition) a wavelength controller device 46 controls the filter devices 45
and 48 each so that the transmission wavelengths of both filter devices 45
and 48 are identical to each other. Therefore, as has been described in the
first embodiment, in the case where the transmission wave~.ength of the
filter device 45 is changed based on an elapse of time after anodic
oxidation has staxted, the transmission wavelength of the filter 48 as well
is changed based on an elapse of tune after anodic oxidation has started.
Tn the second embodiment, a platinum electrode 42 is employed as a cathode,
the electrically conductive layer 12 that is a lower electrode is employed
as an anode, and power is supplied between the anode and cathode, whereby
the porous polycrystalline silicon Iayer 4 is formed. In the meantime, in
the above described first embodiment, light from the surface side of the
polycrystalline side of the polycrystalline silicon Iayer 3 is emitted from
the light source 44 to the polycrystalline silicon layer 3 that is a
semiconductor layer, and thus) a hole can be efficiently supplied on the
surface side of the polycrystalline silicon layer 3. However, when the
polycrystalline silicon Iayer 3 is made more porous, the hand gap
increases. Thus, larger energy is required to make the layer porous. That
is) it is required to reduce the wavelength of light. When the wavelength
of light is reduced, the light invasion depth is reduced. However) in the
anode oxidizing device of the second embodiment, lights are emitted
respectively from both sides in the thickness direction of 3'7   the porous
silicon layer 3) thus easily making the polycrystalline silicon layer 3
porous. That is, in the anode oxidizing device of the second embodiment, a
hole can be e~ciently supplied on both sides in the thickness direction of
the polycrystalline silicon layer 3 (on a surface of the polycrystalline
silicon layer 3 and a surface opposite to the surface). Th~xs, even in the
case where the thickness of the polycrystalline silicon layer 3 is
comparatively large, this can be easily processed. When the wavelengths of
lights emitted respectively from both sides in the thiclmess direction of
the polycrystalline silicon layer 3 are changed synchronously, the sizes of
the silicon nanocrystals 63 contained in the poxous polycrystalline silicon
layer 4 can be uniformed in the thickness direction of the porous
polycrystalline silicon layer 4. After this anodic oxidation processing
step has terminated, the porous polycxystalline silicon layer 4 is oxidized
in accordance with the oxidizing step. In this manner, the 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) and the drift layer 6 containing the above
described grain 51) silicon nanocrystal 63, anal silicon oxide films 52 and
64 is formed. In the oxidizing step using the rapid heating technique, as
is the case of the first embodiment, a lamp annealing device is employed.
An operating condition such as atmosphere or temperature in this o~ddizing
step is similar to that in the first embodiment. After the drift layer 6
has been formed, a first thin film layer 38   



consisting of a metal layex (Cr film in the second embodiment) is deposited
on the dxift layer 6 in accordance with the electron beam vapor deposition
technique. Further, a second thin film consisting of a metal film (Au film
in the second embodiment) 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 filin layer
and the second thin film layer is formed) and the electron source 10 shown
in Fig. 12D is obtained. In the second embodiment, the surface electrode 7
is formed in accordance with the electron beam vapor deposition technique.
However, as a method of forming the surface electrode 7, for example, a
sputtering technique may be employed without being limited to the electron
beam vapor deposition technique. In this manner, with a method of
manufacturing the electron source 10 according to the second embodiment, as
is the case of the first embodiment, the size or distribution of silicon
nanocrystals contained in the poxous polycrystalline silicon layer 4 that
is a porous semiconductor layer can be controlled. In addition) the porous
polycrystalline silicon layer 4 in which silicon nanocrystals are
distributed to be continuously connected to each other can be formed. In
this manner) the size or distribution of the silicon nanocrystals 63
contained in the drift layer 6 can be controlled. ~~ a result, in the
electron source 10 according to the second embodiment as well, as in the
first embodiment, electron scattering in the drift layer fi can be reduced
as compared with the prior art. in addition, the dielectric strength and
electron emission e~ciency are improved. Further) the service life of the
electron source 10 is extended, and the in-plane uniformity of election 39
emission characteristics is improved, whereby a larger area can be
obtained. In the meantime) in the first and second embodiments, the drift
layer 6 is composed of the oxidized porous polycrystalline silicon layer.
However, the drift layer 6 may be composed of the nitride porous
polycrystalline silicon layer and the oxi-nitride porous polycrystalline
silicon layer. Alternatively, in another technique, the drift layer may be
composed of an oxidized, nitride) or oxi-nitride porous semiconductor
layer. In the case where the drift layex 6 is a nitride porous
polycrystalline silicon layer) for example, the nitriding step of carrying
out nitriding in accordance with the rapid heating technique for setting a
temperature rise velocity as in the first and second embodiments by
utilizing NH3 gas) for example, instead of the oxidizing step of oxidizing
the porous polycrystalline silicon layer 4 in accordance with the rapid
heating technique utilizvag Oz gas. In this case, either of the silicon
oxide films 52 and 64 described in Fig. 4 axe obtained as silicon nitride
films. In the case where the drift layer G is an oxi-nitride porous
polycrystalline silicon layer, the oxi-nitriding step of oxi-nitriding the
temperature rise velocity in accordance with the rapid heating technique
fox setting the temperature rise velocity as in the first and second
embodiments by utilizing a mixture gas of 02 gas and NH9 gas, or
alternatively, N20 gas may be employed instead of the step of oxidizing the
porous polycrystalline silicon layer 4 in accordance with the rapid heating
technique. In this case, the silicon oxide films 52 and 64 described with
respect to Fig. 4 both are obtained as silicon oxi-nitride films. In
addition, in the method of manufacturing the election source according to
the first and second embodiments) a silicon oxide film 64 that is 40   an
insulating film is formed by utilizing the rapid heating technique.
However, the silicon oxide film 64 may be formed in accordance with the
electrochemical method. In this case, for example, an oxidization
processing vessel containing an electrolytic solution (such as 1 mol of
HZSO4) 1 mol of HN03, or aqua regia) for example) is utilized. Then, a
platinum electrode (not shown) is employed as a negative polarity, and the
lower electrode is employed as a positive polarity (n-type silicon
substrate having ohmic electrode 2 formed thereon in the first embodiment
and electrically conductive layer 12 in the second embodiment)) and the
porous polycrystalline silicon layer 4 is oxidized by supplying a constant
current, whereby the drift layer 6 containing the grain 51, silicon
nanocxystal 63, and silicon oxide films 52 and 64 is formed. An insulating
film formed in accordance with the electrochemical method may be employed
as a nitride film such as silicon nitride film. In addition) in the first
and second embodiments, a pair of electrodes axe composed of the surface
electrode 7 and the lower electrode) and the drift layer 6 is interposed
between the pair of electrodes, thereby configuring an electron travel
layer where electrons travel. 



{Third Embodiment) Hereinafter, a third embodiment of the present invention
will be described. In the third embodiment) a memory element formed by
utilizing anodic oxidation processing will be described. The memory element
according to the third embodiment has a basic construction as shown in Fig.
14. `hat is, a storage layer 101 is formed on a substrate 100 on which an
insulating layer 100b is formed on an electrically conducizve layer 100a_
41   The storage layer 101 is formed by employing the anode oxidizing
device described in the first and second embodiments. In the storage Iayer
101, there are continuously connected silicon nanocrystais 63 that are a
number of semiconductor nanocrystals with nanometer order capable of
closing a carrier, the crystals being covered with the silicon oxide film
64 that is an insulating film. The crystalline particle sizes of a number
of silicon nanocrystals 63 in the storage layer 101 are identical to each
other. The film thickness of the silicon oxide film 64 is smaller than the
crystalline particle size of the silicon nanocrystal 63. The storage layer
101 has a band structure as shown in Fig. 15. That is, the storage Iayer
101 has a multiple quantum well structure in which Si (silicon nanocrystal
63) is sandwiched between SiOx (silicon oxide films 64). The band gap
between the silicon oxide films 64 is about 5 eV to 10 eV. The band gap
between the silicon nanocrystals 63 is about 2 eV to 3 eV. It is known that
the band gap between bulk is about 1.1 eV and the band gap between
nanocrystals extends to about 2 eV to 3 eV. In the third embodiment) in the
storage layer 101, the silicon nanocrystal 63 is sandwiched between the
barriers of the silicon oxide films 64. Thus, a memory function for storing
information can be achieved by closing a carrier in the silicon nanocrystal
63 (by storing a charge). As has been described previously, the band gap
between the silicon nanocrystals G3 is Iarge as comp ared with a bulk.
Thus, for example, in the case of a silicon nanocrystal formed during thin
film grow th) silicon nanocrystals exists to be isolated in the bulk, thus
malting it difficult to close a carrier in the silicon nanocrystai. In
contrast, in. the third embodiment, the silicon nanocrystals 42   63
covered with the silicon oxide films 64 are formed to be continuously
connected to each other, thus making it possible to close a carrier in the
silicon nanocrystal 83. The memory element according to the third
embodiment includes a storage layer 101 for storing information by closing
a carrier in the silicon nanocrystal 63 with nanometer order covered with
the silicon oxide films 64 that are insulating films) the crystal being
capable o closing the carrier (by storing a charge). A charge is stoxed in
the silicon nanocrystal 63 with nanometer order) and thus, a memory element
of its small size and with its low cost and large storage capacity can be
achieved as compared with a semiconductor memory utilizing a conventional
semiconductor integrated circuit technology. 



In the storage layer 101, writing is carried out by writing means (not
shown). In a unit region of the storage layer 101, carriers can be closed
in a plurality of silicon nanocrystals G3) whereby the carriers can be
closed in a plurality of silicon nanocrystals 63 by writing means. On the
other hand, the storage layer 101 stores information on multi-values
according to the number of silicon nanocrystals 63 closed in a carrier)
whereby the information on mul.ti-values can be stored in the storage layer
101. As writing means, there may be employed means for carrying out writing
into the storage layer 101 by light emission, fox example. If the writing
means is designed to control an amount of charge stored in the storage
layer 101 by changing the wavelength of light, the wavelength of light
emitted to the storage layer 101 is changed) whereby the depth of light
invasion into the storage layer 101 can be controlled. As the wavelength of
43   light increases) a carrier can be closed in the silicon nanocrystal G3
with a deeper region in the storage layer 101. In addition) a carrier can
ba closed in the silicon crystal with its larger crystalline particle size.
As the wavelength of light is reduced, a carrier can be closed in the
silicon nanocrystal 63 with a shallower region in the storage layer 10l..
In addition) a carrier can be closed in the silicon nanocxystal with its
smaller crystalline p article size. Thus, the number of silicon
nanocrystals f 3 closed in a carrier can be controlled, and an amount of
charge stored in the storage layer 101 can be controlled. In addition) if
the writing means is designed to control an amount of charge stored in the
storage layer x01 by changing the intensity of light, the number of silicon
nanocrystals 83 for closing a carrier can be controlled by changing the
intensity of light emitted to the storage layer 101, and an amount of
charge stored in the storage layer 101 can be controlled. As writing means,
there may be employed means for electrically carrying out writing into the
storage layer 101. In this case) if an amount of charge stored in the
storage layer 10I is controlled by changing a voltage applied to the
storage layer 101, information on multi-values can be electrically written
into the storage layer 101. In addition) if the storage layer 10I is
designed to store information based on a location of the silicon
nanocrystal 63 closed in a carrier, the storage capacity can be increased
more significantly. Therefore, if the writing means is designed to control
a location for storing a charge in the storage layer 101 by changing the
wavelength of light, the depth of Light invasion into the storage layer 101
can be controlled by changing the wavelength of light emitted to the
storage layer 101. As the wavelength of 44   light increases, a carrier can
be closed in the silicon nanocrystal 63 with its deeper region in the
storage layer 101 can be closed, and a carrier can be closed in the silicon
nanocrystal 63 with its la rge crystalline particle size. As the wavelength
of light is reduced, a carrier can be closed in the silicon nanocrystal 63
with its shallowex region in the storage layer I01. In addition, a carrier
can be closed in the silicon nanocrystal ~fi3 with its smaller crystalline
p article size. Thus, the location of the silicon nanocrystal 63 for
closing a carrier can be controlled. Here, by employing the anode oxidizing
device in the first embodiment, if the storage layer 101 is designed so
that the crystalline particle size of the silicon nanocrystal 63 is reduced
as the crystal is distant from the n-type silicon substrate 1 in the
thickness direction, for example, an optical gap between the silicon
nanocrystals 63 changes in the depth direction of the storage layer 101.
Thus, the write precision in the depth direction of the stoxage layer 101
can be improved. 



In the memory element according to the third embodiment, for example)
assuming that the silicon nanocrystals of 5 non in crystalline particle
size covered with the silicon oxide film 64 are arranged on the n-type
silicon substrate of 2.54 cm x 2.54 cm (namely, 1 inch O)) the Following
relationship is established. (2.54x 10'z/5x 10'~z~2.58 x 10'3> 1 x 10'z
Therefore, 1-bit W formation is stored in one silicon nanocrystal 63,
whereby a large capacity memory of 0.155 Tbit I cm2 (1 Tbit I inch ~ can be
achieved. A.s shown in Fig. lfi, a probe 15 fox applying an electric field
to the storage layer 101 may be provided. In this case) an electrically
conductive 45   layer 100a is connected to a negative polarity of a direct
current power source E, and the probe 15 is connected to a positive
polarity of the direct current power source E. Then) the tip end of the
probe 15 is close to the storage layer 101, and an electric field is
applied to the storage layer 101 by means of the probe 15. By doing this, a
pair of electron and hole generated in the silicon nanocrystal 63 can be
separated. As a result) the service life of a carrier closed in the silicon
nanocrystal 63 can be extended, and the storage time can be extended. The
electrically conductive layer 100a, insulating layer 100b, and silzcon
Iayer 100c in Fig. 16 can be composed of, for example, a silicon substrate
on SIMOX (Separation by Implanted Oxygen) substrate) an Si02 film on the
silicon substrate, and a silicon layer on the SiOz film, respectively.
However, of course, the electrically conductive layer 100a may be composed
of a metal layer or another material having electrical conductivity without
utilizing the SIMOX substrate. The information stored in the storage layer
101 can be erased or read out by emitting light with a proper wavelength or
proper intensity that is different from that when the information is
written by light emission to the storage layer 101, for example. The
storage layer 101 in the above described memory element is Formed in
accordance with the following procedures. That is, a polycrystalline
silicon layer is formed on one surface of a substrate 100 in accordance
with the CYD technique, for example. This polycrystalline silicon layer is
made porous in accordance with anodic oxidation processing, whereby the
silicon nanocrystal ~3 with manometer order on which a 46   



quantum containment effect appears is formed. Then, a silicon oxide film 64
is formed on the surface of the silicon nanocrystal 63 in accordance with
oxidization processing such as RTO technique) for example. In this manner)
a number of the silicon nanocrystals 63 with manometer order covexed with
the silicon oxide film G4 can be provided to be close to each other in a
threedimensional manner. Thus) the storage layer 101 having its multiple
quantum well structure shown in Fig. 15 can be formed. Therefore, there can
be provided a memory device of its small size and with its low cost and
large capacity. In the case where the electrically conductive layer 100a is
formed as an electrically conductive thin film on the glass substrate, a
process for manufacturing a TFT for driving a general liquid crystal
display employing the glass substrate as a substrate can be diverted. In
addition, a TFT manufacturing app aratus can be diverted. The storage layer
101 can be employed as a new memory instead of the existing semiconductor
memory such as flash memoxy. For example) as shown in Fig. 17, the silicon
nanocrystal 63 with its manometer order covered with the silicon oxide film
64 that is an insulating film is provided between columnar grains
(semiconductor crystals) 5 i of polycrystalline silicon. Here, a pair of
grains 51) 51 are provided as drain D and source S, respectively. A portion
consisting of silicon nanocrystals 63 with manometer order interposed
between the pair of grains 61, 51 and covered with the silicon oxide film
64 is provided as a gate oxide film 60 (storage layer 101). The
electrically conductive film formed on the gate oxide film 60 is provided
as a gate electrode 70. Thus, a MOS transistor 47   structure can be
obtained, and mufti-values can be stored. Such a MOS transistor structure
can be manufactured in self alignment manner in accordance with the
following procedures. That is, one surface side of the substrate 100, for
example, a polycrystalline silicon layer is formed in accordance with the
CVD technique. The polycrystalline silicon layer is made porous in
accordance with anodic oxidation processing, and there is formed the
silicon nanocrystal 63 with manometer order in which there appears an
effect o containing a columnar semiconductor crystal and quantum, the
crystal consisting of polycrystalline silicon grains 51. Then, for example,
the silicon o~dde film 64 is formed as an insulating film on the surface of
the silicon nanocrystal 63 in accordance with oxidization processing such
as RTO technique. In the third embodiment) the insulating film formed on
the surface of the silicon nanocrystal 63 is provided as a silicon oxide
film 64. However) a silicon nitride film or a silicon oxi-nitride film may
be formed instead of the silicon oxide filin 64. (Fourth Embodiment)
hlereinafter, a fourth embodiment o the present invention will be
described. blowever, an electron source and a manufacturing method thereof
according to the fourth embodiment are identical to those according to the
first embodiment in basic construction and functions. The fourth embodiment
will be described with reference to Fig. 2A to Fig. 2D and Fig. 3 and Fig.
4. In the fourth embodiment, as in the first embodiment, a
singlecrystalline n-type silicon substrate with its resistivity
comparatively close to 48 



the resistivity of a conductor (for example, a (100) substrate whose
xesistivity is substantially 0.01 S2 I cm to 0.02 SZ I cm) is employed as
an electrically conductive substrate. As shown in Fig. 3) in the electron
source IO according to the fourth embodiment, as in the first embodiment)
there are formed an n-type silicon substrate 1) an ohmic electrode 2, a
drift layer &, and a surface electrode 7. The structure and functions of
these elements are similar to those of the electron source 10 according to
the first embodiment. A description thereof is omitted here. Fn addition,
in the electron source 10 according to the fourth embodiment as well) an
electron is emitted in a mechanism and model similar to a case of the first
embodiment. Hereinafter, a method of manufacturing the eiectron source IO
according to the fourth embodiment will be described with reference to Fig.
2A to Fig. 2D. 



First, the ohmic electrode 2 is formed on a back face of the n-type silicon
substrate 1. Then, 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. 2A is obtained. For example, as a method of
film forming the polycrystalline silicon layer 3, there can be employed a
CVD technique, a sputtering technique, or a CGS technique and the like.
After a non-doped polycrystalline silicon layer 3 has been formed) the
polycrystalline silicon layer 3 is made porous in accordance with the
anodic oxidation pxocessi.ng step, and a porous polycrystalline silicon
layer 4 that is 49   a porous semiconductor layer is foxmed. In this
manner, a structure shown in Fig. 2B is obtained. The anode oxidizing
device is employed in the anodic oxidation processing step. In the anode
oxidizing device shown in Fig. 18) a target C comprising a lower electrode
and the polycrystalline silicon layer 3 is immersed in an electrolytic
solution B contained in a processing vessel 41 (alternatively, only the
polycrystalline silicon layer 3 in the target C is brought into contact
with the electrolytic solution B). Then, when a platinum electrode (not
shown) is employed as a negative polarity, and an ntype silicon substrate 1
(ohmic electrode 2) in the target C is employed as a positive polarity,
anodic oxidation is carried out at a constant current while light is
emitted from a light source to the polycrystalline silicon layer 3 (not
shown). In this manner, a porous polycrystalline silicon layer 4 is formed.
As the electrolytic solution B ) there is utilized a mixture liquid
obtained by mixing 55 wt% of hydrogen fluoride water solution and ethanol
at 1 : 1. The electrolytic solution B consists essentially of ffuoric acid,
and a liquid for use in a general semiconductor manufacturing process can
be used as the electrolytic solution B. The temperature and concentration
of the electrolytic solution B in the processing vessel 41 is managed by an
electrolytic solution managing device 46. The electrolytic solution
managing device 46 includes a management vessel (not shown). The
electrolytic solution of the processing vessel 41 is introduced into the
management vessel through the electrolytic solution pipe 44. In the
management vessel, the temperature and concentration of the electrolytic
solution B axe controlled so as to be maintained at the respective
settings. 50   The electrolytic solution B of the management vessel is
delivered to the processing vessel 41 through the electrolytic solution
delivery pipe 45. Namely, the electrolytic solution B is circulated between
the processing vessel 41 and the management vessel. A rotary wing 42 (stir)
is provided in the processing vessel 41. The rotary wing 42 is driven by a
driver device 43 and rotates and stirs the electrolytic solution B in the
processing vessel 41. In the fourth embodiment) a stirring device
consisting of the rotary wing 42 and the driver device 43; and the
electrolytic solution managing device 46 configure management means for
managing the concentration of the electrolytic solution B in the processing
vessel 41 so that the in-plane of the polycrystalline silicon layer 3 that
is a semiconductor layer is made porous at the same velocity. The thus
formed porous polycrystalline silicon layer 4 contains polycrystalline
silicon grains and silicon nanvcrystals. In the fourth embodiment, although
all of the polycrystalline silicon layer 3 is made porous, part of the
layer may be made porous. The managing means includes a starring device and
an electrolytic solution managing device. Further, a device for finely
moving the target C comprising the polycrystalline silicon layer 3 that is
the lower electrode and semiconductor layer may be added to the managing
means. The managing means may include at least a stzrri.n.g device.
Further, it is desirable that the managing means includes the electrolytic
solution managing device 46 and the device for finely moving the target C.
After the anodic oxidation processing step has terminated, the porous
polycrystalline silicon layer 4 is oxidized in the oxidizing step . In this
manner, the drift layer 6 consisting of an oxidized porous polycrystalline 



51   silicon layer is formed) and a structure shown in Fig. 2C is obtained.
In the oxidizing step, the porous polycrystalline silicon layer 4 is
oxidized by the rapid heating technique, and the drift layer 6 containing
the grains 51) silicon nanocrystals 63, and silicon oxide films 52 and fi4
is formed. A lamp annealing device is employed in the oxidizing step using
the rapid heating technique. The substrate temperature is risen at a
predetermined temperature rise velocity (for example, 80C I sec) from room
temperature to a predetermined oxidizing temperature (for example, 900C),
and is maintained for a predetermined oxidizing time (for example, one
hour}. Then, the rapid thermal oxiclization (RTO) is carried out. Then, the
substrate temperature is lowered to room temperature. In the fourth
embodiment, the temperature rise velocity is set to 80C I sec or more.
However, the temperature rise velocity may be set to 80C / sec) and it is
preferable to set the velocity to 1fi0C / sec or more. After the drift
layer G has been formed) the first thin film layer consisting o the metal
film (Cr film in the fourth embodiment) is deposited on the drift layer 6
in accordance with an electron beam vapor deposition technique. Further,
the second thin film layer consisting of the metal film (Au film in the
fourth embodiment) is deposited on the first thin t~lm layer in accordance
with the electron beam vapor deposition technique. In this manner, the
surface electrode 7 consisting of the first and second thin film layer,
then an electron source 10 shown in Fig. 2D is obtained. In the fourth
embodiment, the surface electrode 7 is formed in accordance with the
electron beam vapor deposition technique. However, the method for forming
the surface electrode 7 is not limited to the electron beam vapor 52
deposition technique, and the sputtering technique may be employed, for
example. In the electron source 10 formed by this manufacturing method, the
dielectric strength is improved, and the service life is extended as
compared with the prior art. In addition, the in-plane uniformity of the
electron emission characteristics (such as current density of emission
current or electron emission efficiency) is improved. This is because) in
the anodic oxidation processing step, the size and distribution fineness of
the silicon nanocrystals 63 in the drift layer 6 becomes fully uniform by
employing the managing means. In anodic oxidation of the polycrystalline
silicon layer 3 that is a semiconductor layer {silicon layer), it is known
that porous filming or electrolytic polishing occurs because of a tradeoff
between a supply amount of F ion and a supply amount of hole. In the case
where the supply amount of F ion is more than that of hole, porous filming
occurs, and the silicon nanocrystal 63 is formed. ~n the other hand, in the
case where a supply amount of hole is more than that of F ion, electrolytic
polishing occurs, and the silicon nanocrystai 63 is not formed. However) in
the fourth embodiment, the anode oxidizing device includes the stirring
device. Thus) the supply amount of F ion to the polycrystalline silicon
layer 3 can be restricted from deviating in plane. Moreover, the supply to
the polycrystalline silicon layer 3 of F ion that is a reaction specie
required for making the polycrystalline silicon layer 3 porous can be
accelerated. Thus) the supply amount of F ion can be prevented from being
smaller than that of hole. As a result) electrolytic polishing can be
prevented from locally 53   occurring partially of the polycrystalline
silicon layer 3. In this manner, porous filming is accelerated in the plane
of the polycxystalline silicon layer 3 at the substantially same velocity.
Therefore, the size and distribution density of the silicon nanocrystals 63
in the porous polycrystalline silicon layer 4 are fully uniformed. As a
result, the size and distribution density of the silicon nanocrystals 63 in
the drift layer 6 are fully uniformed. In addition, the anode oxidizing
device includes an electrolytic solution managing device 46, and thus, the
contxollability of the velocity of porous filming of the polycrystalline
silicon layer 3 is improved. In this manner) the in-plane uniformity of the
porous polycrystalline silicon layer 4 can be improved, and reproducibility
can be improved. 



With the method for manufacturing the electron source 10 according to the
fourth embodiment) when the porous polycrystalline silicon layex 4 is
formed in the anodic oxidation processing step, the concentration of the
electrolytic s olution B is managed so that the velocities of p orous
filming of the polycrystalline silicon layer 3 are identical to each other
in the plane of the polycrystalline silicon layer 3. Thus, a process for
anodic oxidation is stabilized, and the uniformity and reproducibility of
size and distribution of the silicon n anocrystals 6 3 contained in th a
porous p olycrystallin a silicon layer 4 can be improved. .A.s a result,
the uniformity and reproducibility of size and distribution density of
silicon nanocrystals 63 in. the drift layer 6 can be improved. In this
manner, the size or distribution of the silicon nanocrystals 63 in the
drift layer 6 is uniformed, and the electron scattering in the drift layer
6 can be reduced. Therefore, the dielectric strength can be improved, and
the service life can be extended. Further, the electron 54   emission
efficiency can be improved. Furthermore, the in-plane uniformity of the
electron emission characteristics can be improved, and an area for the
electron source can be increased. (Fifth Embodiment) Hereinafter, a fifth
embodiment of the present invention will be described. However. an electron
source and a method of manufacturing the electron source according to the
fifth embodiment are identical to those according to the second embodiment
in basic configuration and functions. The fifth embodiment will be
described with reference to Fig. 11 and Fig. 12A to FIG 12D. The electron
source and the method of manufacturing it have a plenty of common points to
those according to the fourth embodiment. In the fifth embodiment, as an
electronic substrate) there is employed a substrate on which an
electrically conductive layer consisting of a metal layer (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 the electron source 10 according to the fifth
embodiment as well, as is substantially similar to the second embodiment,
an insulating substrate 1 i, an electrically conductive layer 12, a drift
layer f , and a surface electrode 7 are formed_ A structure and functions
of these elements are similar to those of the electron source 10 according
to the second embodiment. A description thereof is omitted here. In the
electron source 10 according to the fifth embodiment as well, electrons are
emitted in the mechanism and model similar to a case of the second
embodiment. 55   In the case where the electron source 10 according to the
fifth 



embodiment is utilized as an electron source of a display, the lower
electrode and surface electrode 7 or the like may be properly patterned.
Hereinafter) a method of manufacturing the electron source 10 according to
the fifth embodiment will be described with reference to Fig. 12A to Fig.
12D. First, on one surface of the insulating substrate 1 I, an electrically
conductive layer 12 consisting of a metal film (for example, tungsten film)
is formed in accordance with a sputtering technique) and an electrically
conductive substrate is fabricated. Then, on the main surface side of the
electzically 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. As a
method of film forming a polycrystalline silicon layer 3, for example,
there is employed a CVD technique, a sputtering technique, or a CGS
technique and the like. After the non-doped polycrystalline silicon layer 3
has been farmed, the polycrystalline silicon layex 3 is made porous in the
anodic oxidation processing step. In this manner, a porous polycrystalline
silicon layer 4 that is a porous semiconductor layer is formed) and a
structure shown in Fig. 12B is obtained. In the anodic oxidation processing
step, there is employed an anode oxidizing device comprising managing means
described in the fourth embodiment (refer to Fig. 18). That is, as in the
fourth embodiment, thexe is employed a processing vessel 41 (refer to Fig.
18) containing the electrolytic solution B consisting of a mixture liquid
obtained by mixing 55 wt% of hydrogen tluori.de water solution and ethanol
by substantially 1 : 1. 56   Then) with a platinum electrode being a
negative polarity and an electrically conductive layer 12 being a positive
polarity, while light emission is carried out or the polycrystalline
silicon layer 3, anodic oxidation processing is carried out at a constant
current. In this manner, the porous polycrystalline silicon layer 4 is
formed. The thus formed porous polycrystalline silicon layer 4 contains
polycrystalline silicon grains and silicon nanocrystals. In the fifth
embodiment) although all of the polycrystalline silicon layer 3 is made
porous, only part of the layer may be made porous. After the anodic
oxidation processing step has terminated, the porous 



polycrystalline silicon layer 4 is oxidized in the oxidizing step. In this
manner) a drift layer 6 consisting of an oxidized porous polycrystalline
silicon layer is formed, and a structure shown in Fig. 12C. In the
oxidizing step, the porous polycrystalline silicon layer 4 is oxidized in
accordance with the rapid heating technique. In this manner, the drift
layer 6 containing the grain 51, silicon nanocrystal 63 and silicon oxide
films 52 and 64 is formed. In the oxidizing step using the rapid heating
technique, a lamp annealing device is employed as in the fourth embodiment.
An Oa gas atmosphere is produced in a furnace. The substrate temperature is
risen at a predetermined temperature rise velocity (for example, 80C l sec)
from room temperature to a predetermined oxidization temperature (for
example, 900C), and is maintained for a predetermined oxidization time (for
example, one hour). Then) rapid thermal oxidization (R,TO) is carried out.
Then, the substrate temperature is lowered to room temperature. In the
fifth embodiment) the temperature rise velocity is set to 80C / sec.
Idowevex, as 57   in the fourth embodiment, the temperature rise velocity
may be set to 80C I sec or more, and it is preferable that the velocity be
set to I60C / sec or more. After the drift layer 6 has been formed, the
first thin film layer consisting of a metal film (Cr film in the fifth
embodiment) is deposited on the drift layer 6 in accordance with the
electron beam vapor deposition technique. Further) the second thin film
layer consisting of a metal layer (Au film in the fifth embodiment) is
deposited on the first thin film layer in accordance with 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 a electron source 10 shown in Fig. 12D is obtained. In the
fifth embodiment, the surface electrode '7 is formed in accordance with the
electron beam vapor deposition technique. However, 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 source 10
according to the fifth embodiment, the size and distribution density of
silicon nanocrystals 63 in the drift layer 6 become fully uniform.
Therefore, electron scatterixig in the drift layer 6 can be reduced. As a
result, the dielectric strength can be improved, and the service life can
be extended. Further, the electron emission e~ciency can be improved, and
the in-plane uniformity of electron emission characteristics can be
improved. In addition, an area for the electron source can be increased. In
the fourth and fifth embodiments, the drift layer fi is composed of 58   an
oxidized porous polycrystalline silicon layer. However) the drift layer 6
may be composed of a nitride porous polycrystalline silicon layer or an
oxinitride 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 a nitride
porous polycrystalline silicon layer, there may be employed the nitriding
step of nitriding the temperature rise velocity in accordance with the
rapid heating technique set as in the fourth and fifth embodiments
employing an NH3 gas) fox example, instead of the oxidizing step of
oxidi~.ing the porous polycrystalline silicon layer 4 in accordance with
the rapid temperature rise velocity employing 02 gas. In this case) both of
the silicon oxide films 52 and 64 (refer to Fig. 4) are obtained as silicon
nitride films. In. the case where the drift layer 6 is 



an oxi-nitride porous polycrystalline silicon layer) the oxi-nitriding step
of oxi-nitriding the temperature rise velocity in accordance with the rapid
heating technique set as in the fourth and fifth embodiments employing a
mixture gas of 02 gas and NH9 gas, for example, may be employed instead of
the step of oxidizing the porous polycrystalline silicon layer 4 in
accordance with the rapid heating technique. In this case) both of the
silicon oxide film a 52 and 64 (refer to Fig. 4} are obtained as silicon
oxi-nitride films. In the manufacturing method according to the fourth and
fifth embodiments, the silicon oxide film 64 that is an insulating film is
formed by utilizing the rapid heating technique. However, the silicon oxide
film 64 may be formed in accordance with an electrochemical method. In this
case, for example, an oxidization processing vessel containing an
electrolytic 59   solution (such as 1 mol of H2S04) 1 mol of HN03, or aqua
regia, fox example) is employed. Then, with a platinum electrode (not
shown) being a negative polarity and a lower electrode being a positive
polarity, a constant cuxxent is supplied, and the porous polycrystalline
silicon layer 4 is oxidized) whereby the drift layer 6 containing the grain
51, silicon nanocrystal 63) and silicon oxide films 52 and 64 is formed. Of
course, the insulating film formed in accordance with the electrochemical
method may be employed as a nitride film such as silicon nitride film.
(Sixth Embodiment) Hereinafter, a sixth embodiment of the present
embodiment will be described. However, an electron source and a method of
manufacturing the election source according to the sixth embodiment axe
identical to those according to the first embodiment in basic configuration
and functsons. The sixth embodiment will be described with reference to
Fig. 2A to Fig. 2D and Fig. 3 and Fig. 4. In the sixth embodiment, as in
the first embodiment, as an electronic conductive substrate, there is
employed a single-crystalline n-type silicon substrate (for example, a
(100) substrate with a resistivity of substantially 0.01 S~, cm to 0,02 SZ
cm) whose resistivity is comparatively close to that of a conductor. As
shown in Fig. 3, in the electron source 10 according to the sixth
embodiment as well) as in the first embodiment, an n-type silicon substrate
1, an ohmic electrode 2, a drift layer 6, and a surface electrode 7 are
formed. A structure and functions of these elements are similar to those of
the electron source 10 according to the first embodiment. A description
thereof is 60   



omitted here. In addition, as shown in Fig. 4, in the electron source 10
according to the sixth embodiment as well, electrons are emitted in the
mechanism and model similar to a case of the first embodiment. Hereinafter,
a method of manufacturing the electron source 10 according to the sixth
embodiment will be described with reference to Fig. 2A to P'ig. 2D. First,
the ohmic electrode 2 is formed on a back face of the n-type silicon
substrate 1. Then, on a main surface of the n-type silicon substrate 1, a
non-dop ed polycrystalline silicon layer 3 is formed as a semiconductor
layer, and a structure shown in Fig. 2A is obtained. As a method of film
forming the polycrystalline silicon layer 3, far example) there are a CVD
technique, a sputtering technique, and a CGS technique or the like. After
the non-doped polycrystalline silicon layer 3 has been formed, the
polycrystalline silicon layer 3 is made porous in the anodic oxidation
processing step. In. this manner, the porous polycrystalline silicon layer
4 that is a porous semiconductor layer is formed, and a structure shown in
FS.g. 2B is obtained. In the anodic oxidation processing step ) there is
employed an anodic oxidation processing vessel containing an electrolytic
solution that consists of a mixture liquid obtained by mixing 5~ wt/a of
hydrogen fluoride water solution and ethanol by substantially 1 : 1. Then,
with a platinum electrode (not shown) being a negative polarity and the
n-type silicon substrate 1 (ohmic electrode 2) bein g a p ositive p
olarity, while light emission is carried out for the polycrystalline
silicon layer 3) anodic oxidation is carried out at a constant current. In
this manner, a porous polycrystalline G1   silicon layer 4 is formed. The
thus formed porous polycrystalline silicon layer 4 has grains and silicon
nanocrystals that are sources of the grain 51 and silicon nanocrystal 63,
respectively. In the sixth embodiment) although all of the polycrystalline
silicon layer 3 is made porous, only a part of the layer may be made
porous. After the anodic oxidation processing step has terminated, the
rinse 



step of removing the electrolytic solution that remains in the poxous
polycrystalline silicon layer 4 is carried out. Then, the porous
polycrystalline silicon layer 4 is oxidized in the oxidizing step that is
the insulating film forming step. In this manner, the drift layer G
consisting of an oxidized porous polycrystalline silicon layer is formed,
and a stxucture shown in Fig. 2C is obtained. In the rinse step) first,
rinsing is carried out for a first predetermined time (for example, about
several minutes to 10 minutes) with pure water. Then, in order to replace
pure water, immersing into methyl alcohol that is a water soluble organic
solvent (hydrophilic organic solvent) for a second predetermined time (for
example, about 1 to 5 minutes) is caxried out about 3 to 5 times.
Subsequently, immersing into that is a non-water soluble organic solvent
for the third predetermined time (for, example, about 1 to 5 minutes) is
carried out about 3 to 5 times. As a water soluble oxganic solvent) there
may be employed ethyl alcohol (95% ox more in concentration) or isopropyl
alcohol (99% or more in concentration) and the like instead of employing
methyl alcohol (99% or more in concentration). As a nvn-water soluble
organic solvent, benzene (99.5% or more in concentration) may be employed
instead of employing hexane (96% or more in concentration). 62   In the
oxidizing step, an oxidization processing vessel containing an electrolytic
solution (such as diluted sulfuric acid ) diluted nitric acid, or aqua
regia, for example). With the platinum electrode (not shown) being a
negative polarity and the n-type silicon substrate Z (ohmic electrode 2)
being a positive polarity, a constant current is supplied) whereby the
porous polycrystalline silicon layer 4 is electrochemically oxidized. In
this manner, the drift layer 6 containing the grain 51) silicon nanocrystal
63 and silicon oxide ~.rns 52 and 64 is formed. In the oxidizing step, the
porous polycrystalline silicon layer 4 is electrochemically oxidized.
However, the porous polycrystalline silicon layer 4 may be oxidized by the
rapid heating technique (rapid thermal oxidization technique) using a lamp
annealing device. After the drift layer 6 has been formed, the surface
electrode 7 consistan.g of a gold thin film is formed on the drift layer 6,
and the electron source 10 shown in Fig. 2D is obtained. In the sixth
embodiment, the surface electrode 7 is formed in accordance with the
electron beam vapor deposition technique. However, the method of forming
the surface electrode 7 is not limited to the election beam vapor
deposition technique, and a sputtering technique may be employed) for
example. In the method of manufacturing the electron source IO according to
the sixth embodiment, the step of forming the drift layer 6 includes: the
anodic oxidation processing step of forming the porous polycrystalline
silicon layer 4 in accordance with anodic oxidation employing an
electrolytic solution; the rinse step of removing the electrolytic solution
that remains in the porous polycrystalline silicon layer 4; and the
insulating film forming 63   step of oxidizing the porous polycrystalline
silicon layer 4) thereby foaming insulating films {silicon oxide films 52
and 64) respectively on. the surfaces of the grain 51 and silicon
nanocrystal 63. Thus) the electrolytic solution or the like that remains in
the porous polycrystalline silicon layer 4 formed in the anodic oxidation
processing step can be removed before the insulating film forming step. In.
addition) the quality of the insulating film (silicon oxide films 52 and
64) formed on the surface of a respective one of the grain 51 and silicon
nanocrystal 63 can be improved in the insulating film forming step. As a
result, the dielectric strength of the electron source 10 can be improved,
and the service life can be extended as compared with the prier art. In the
rinse step) after rinsing using pure water, rinsing employing non-water
soluble organic solvent is carried out. That is, before rinsing with
non-water soluble solution, rinsing is carried out with pure water, and
thus) the remaining impurities such as fluorine can be removed within a
short time. Moreover, before rinsing with non-water soluble solution,
rinsing is carried out with pure water, and further, pure water is replaced
with water soluble organic solvent. Thus, by rinsing employing water
soluble organic solvent, the water content remaining in the porous
polycrystalline silicon layer 4 can be removed from the porous
polycrystalline silicon layer 4. As a result) the water content can be
remained from remaining in the porous polycrystalline silicon layer 4. 



In the sixth embodiment, as a water soluble organic solvent, there is
employed a lower alcohol such as methyl alcohol, ethyl alcohol) or
isopropyl alcohol. These alcoholic solvents have a small number of carbons
in 64   molecule, and are relatively small in molecular weight. Because of
this, these solvents easily permeate into a fine structure (fine porous
structure) such as porous polycrystalline silicon layer 4. Thus, the water
content remaining in the porous polycrystalline silicon layer 4 can be
removed within a comp axatively short time. Methyl alcohol is preferable in
small molecular weight, but is not preferable in toxicity. Therefore, by
employing ethyl alcohol instead of methyl alcohol, handing can be
facilitated, and safety can be improved. As a non-water soluble organic
solvent) there is employed an organic solvent whose boiling point does not
exceed 100C and whose melting point does not exceed 20C such as hexane or
benzene. Such non-soluble organic solvent is highly volatile, and easily
evaporates. Thus, the non-water soluble solvent can be prevented from
remaining in the porous polycrystalline silicon layer 4. In addition, there
is no need to prepare specific environment or equipment in the rinse step.
Thus, an increase in manufacturing cost caused by facility investment can
be prevented. (Seventh Embodiment) Hereinafter, a seventh embodiment of the
present invention will be described. An. electron source according to the
seventh embodiment and a method of manufacturing the electron source are
identical to those according to the second embodiment in basic
configuration and functions. The seventh embodiment will be described with
reference to Fig. 11 and Fig. 12A to Fig. 1.2D. The electron source and the
manufacturing method according to the seventh embodiment have a plenty of
common points to those according to the si.Yth embodiment. 65   in the
seventh embodiment, as an electrically conductive substrate) there is
employed a substrate on which an electrically conductive layer consisting
of a metal film (for example, tungsten layer) is provided on one surface of
an insulating substrate consisting of a glass substrate. In the case where
the electrically conductor layer is thus formed on one surface side of the
insulating substrate) a larger area and cost reduction of the electron
source is made possible as compared with a case in which a semiconductor
substrate is employed as an electrically conductive substrate as in the
sixth embodiment. As shown in Fig. 11, in the electron source 10 according
to the seventh embodiment as well) as is substantially similar to the
second embodiment) there are formed an insulating substrate 1I, an
electrically conductive layer 12, a drift layer 6, and a surface electrode
7. The structure and functions of these elements are similar to those of
the electron source 10 according to the second embodiment. A description
thereof is omitted here. In the electron source 10 according to the seventh
embodiment as well, electrons axe emitted in the mechanism and model
similar to a case of the second embodiment. In the case where the electron
source 10 according to the seventh embodiment is utilized as an electron
source of a display, the lower electrode and surface electrode 7 or the
like may be properly patterned. 



Hereinafter, a method of manufacturing the electron source 10 according to
the seventh embodiment will be described with reference to Fig. 12A to Fig.
12D. First, on one surface of the insulating substrate 11, an electrically
66   conductive layer 12 consisting of a metal film (for example, tungsten
filin) is formed in accordance with a sputtering technique, and an
electrically conductive substrate is fabricated. Then, on a main surface 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. As a
method of film forming the polycrystalline silicon layer 3, for example,
there is employed a CVD technique, a sputtering technique, or a CGS
technique. After the non-doped polycrystalline silicon layer 3 has been
formed, the polycrystalline silicon layer 3 is made porous in the anodic
oxidation process step. In this manner) the process polycrystalline silicon
layer 4 that is a porous semiconductor layer is formed, and a structure
shown in Fig. 12B is obtained. In the anodic oxidation processing step,
there is employed an anodic oxidation processing vessel containing an
electrolytic solution that consists of a mixture liquid obtained by mixing
55 wt% hydrogen fluoxa.de water solution and ethanol by substantially 1 :
1. With a platinum electrode (not shown) being a negative polarity and an
electrically conductive layer Z2 being a positive polarity) while light
emission is carried out for the polycrystalline silicon layer 3, anodic
oxidation processing is carried out at a constant current) whereby a porous
polycrystalline silicon layer 4 is formed. The thus formed porous
polycrystalline silicon layer 4 has grains and silicon nanocrystals that
are sources of the grain 51 and silicon nanocrystal 63 respectively. In the
seventh embodiment, although all of the polycrystalline silicon layer 3 is
made porous, only a part of the layer may be made porous. lifter the anodic
oxidation processing step has terminated, the rinse &7   step is carried
out as is the case of the sixth embodiment. Then, the poxous
polycrystalline silicon layer 4 is oxidized in the oxidizing step that is
the insulating film forming step, and the drift layer 6 consisting of the
oxidized porous polycrystalline silicon layer is formed, and a structure
shown in Fig. 12 C is obtained. In the oxidizing step, an oxidization
processing vessel containing an electrolytic solution (such as diluted
sulfuric acid) diluted nitric acid) aqua regia, for example) is employed.
Then, with a platinum electrode (not shown) being a negative polarity and
an electrically conductive layer 12 being a positive polarity, a constant
current is supplied, and the porous polycrystavine silicon layer 4 is
oxidized, whereby there is formed the drift layer 6 containing the grain
51, silicon nanocrystal 63, and silicon oxide films 52 and 64. After the
drift layer 6 has been formed) the surface electrode '7 consisting of a
metal thin film is formed on the drift layer 6, and an electron source 10
shown in Fig. 12D is obtained. Tn the seventh embodiment, the surface
electrode 7 is formed in accordance with the electron beam vapar deposition
technique. However, a method of forming the surface electrode 7 is not
limited to the electron beam vapor deposition technique) for example, a
sputtering techx~ique may be employed. 



In this manner, in the method of manufacturing the electron source 10
according to the seventh embodiment 7 as well, as is the case of the sixth
embodiment, the step of forming the drift layer 6 includes the anodic
oxidation processing step, rinse step) and insulating film forming step.
Thus, an electrolytic solution or the like that remains in the porous 68
polycrystalline silicon layer 4 foxmed in the anodic oxidation processing
step can be reduced before the insulating film forming step. In addition)
the quality of the insulating film (silicon oxide films 52 and 64) formed
on the surface of a respective one of the grain 61 and silicon nanocrystal
63 can be improved in the insulating film forming step. Thus, the
dielectric strength of the electron source 10 can be improved and the
service life can be extended as compared with the prior art. In the sixth
and seventh embodiments, the drift layer 6 is composed of an oxidized
poxous polycrystalline silicon layer. However, this layer may be composed
of the other oxidized porous semiconductor layer or the nitride or
oxi-nitride porous semiconductor layer. That is, in. the sixth and seventh
embodiments, although an insulating film formed in the insulatang film
forming step is a silicon oxide film, the insulating film may be composed
of an oxide film other than silicon oxide film, a nitride film such as
silicon nitride film, or an oxi-nitride filin such as silicon oxi-nitride
film. The silicon nitride film ox silicon oxi-nitride film is employed,
whereby the dielectric strength voltage can be improved as compared with a
case of the silicon oxide film. The silicon nitride film or silicon
oxi-nitride film and the like may be farmed in acxordance with rapid
thermal oxidization. In the sixth and seventh embodiment, gold is employed
as a material for the surface electrode 7. However, aluminum, chrome,
tungsten, nickel, or platinum may be employed. In addition) the surface
electrode 7 may be composed of at least a twa-layered thin film layer
deposited in the thickness direction. In the case where the surface
electrode 7 is composed of a twolayered thin film layer, for example, gold
or the like is employed as a 69   material for an upper thin film layer. In
addition, chrome, nickel, platinum, titanium, or indium) for example, is
employed as a material for a lower thin film layer (thin film layer at the
drift layer G side). (Eighth Embodiment) Hereinafter, an eighth embodiment
of the present embodiment will be described. An electron source and a
method of manufacturing the electron source according to the eighth
embodiment are identical to those according to the first embodiment in
basic configuration and functions. The eighth embodiment will be described
with refexence to Fig. 2A to Fig. 2D aad Fig. 3 and Fig. 4. 



In the eighth embodiment, as in the first embodiment, as an electrically
conductive substrate) there is employed a single-crystalline ntype silicon
substrate whose resistivity is comparatively close to that of a conductor
(fox example, a (100) substrate whose resistivity is substantially 0.01 SZ
cm to 0.a2 S2 cm). As shown in Fig. 3) in the electron source 10 according
to the eighth embodiment as well, as in the first embodiment, there are
formed an n-type silicon substrate 1, an ohmic electrode 2, a drift layer
6, and a surface electrode 7. A structure and functions of these elements
are similar to those of the electron source 10 according to the first
embodiment. A description thereof is omitted here. In addition, as shown in
Fig. 4, in the electron source 10 according to the eighth embodiment as
well, electrons are emitted in the mechanism and model similar to a case of
the first embodiment. Hereinafter, a method of manufacturing the electron
source 10 70   according to the eighth embodiment will be described with
reference to Fig. 2A to Fig. 2D. First, an ohmic electrode 2 is formed on a
back face of the n-type silicon substrate 1. Then) on the main surface of
the n-type silicon substrate, a non-doped polycrystalline silicon layer 3
is formed as a semiconductor layer) and a structure shown in Fig. 2A is
obtained. As a method of film forming the polycrystalline silicon layer 3,
for example, there is employed a GVD technique, a sputtering technique, or
a CGS technique and the like. After the non-doped polycrystalline silicon
layer S has been formed, the polycrystalline silicon layer 3 is made porous
in the anodic oxidation processing step. In this manner, the porous
polycrystalline silicon layer 4 that is a porous semiconductor layer is
formed) and a structure shown in Fig. 2B is obtained. In the anodic
oxidation processing step, there is employed an anodic oxidation processing
vessel containing an electrolytic solution that consists of a mixture
liquid obtained by mixing 55 wt./ of hydrogen fluoride water solution and
ethanol by substantially 1 : I. Then, with a platinum electrode (not shown)
being a negative polarity and the n-type silicon substrate 1 (ohmic
electrode 2) being a positive polarity) while light emission is carried out
or the polycrystalline silicon layer 3, anodic oxidation is carried out at
a constant current. In this manner) a porous polycrystalline silicon layer
4 is formed. The thus formed porous polycrystalline silicon layer 4 has
grains and silicon nanocrystals that axe sources of the grain 5I and
silicon nanocrystal 83, respectively. In the sixth embodiment, although all
of the polycrystalline silicon layer 3 is made porous, only a part of the
~1   layer may be made porous. 



In the oxidizing step, an oxidization processing vessel containing an
electrolytic solution (such as diluted su3furic acid) diluted nitric and,
aqua regia, for example) is employed. Then) with a platinum electrode (not
shown) being a negative polarity and an n-type silicon substrate 1 (an
ohmic electrode 2) being a positive polarity, a constant current is
supplied, and the porous polycrystalline silicon layer 4 is oxidized,
whereby there is formed the drift layer 6 containing the grain 51, silicon
nanocrystal 63, and silicon oxide films 52 and 64. Tn thp manufacturing
method according to the eighth embodiment) during a specified period
between the anodic oxidation processing step and the oxidizing step, a
natural oxide filin is prevented from being formed on the surface of a
silicon nanocrystal that is a semiconductor nanocrystal so as not to expose
the porous polycrystalline silicon layer 4 to the air. In the eighth
embodiment, in order to prevent the natural oxide film~fxom being formed in
the specified period, the polycrystalline silicon layer 3 is made porous in
the anodic oxidation processing step, and then) rinsing is carried out by
employing alcohol (such as ethanol, isopropyl alcohol, or methyl alcohol,
for example). After rinsing, the porous polycrystalline silicon layer 4 is
immersed in electrolytic solution of the oxidization processing vessel
immediately while its surface is covered with alcohol. ~`herefore) a
natural oxide film can be prevented from being formed on the porous
polycrystalline silicon layer 4, and contamination can be restricted. In
the eighth embodiment, alcohol configures non-oxide liquid. As means for
preventing the porous polycrystalline silicon layer 4 from being 72
exposed to the air during the specified period, inert gas may be employed
as the atmosphere during the specified period. Alternatively, at least the
porous polycrystalline silicon layer 4 may be maintained in vacuum during
the specified period. Tnert gas is employed as the atmosphere during the
specified period, whereby a natural oxide film can be prevented from being
formed, and contamination of the porous polycrystalline silicon layer 4 can
be restricted. In addition, if the porous polycrystalline silicon Iayer 4
is maintained in vacuum, a natural oxide film can be prevented from being
formed, and the impurities can be restricted fxom adhering to the porous
polycrystalline silicon layer 4. After the drift layer 6 has been formed) a
surface electrode 7 consisting of a metal thin film is formed on the drift
layer 6, and an electron source 10 shown in Fig. 2D is obtained. In the
eighth embodiment, the surface electrode 7 is formed in accordance with the
electron beam vapor deposition technique. However) 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, in the method of manufacturing the election souxce 10 according to
the eighth embodiment, the step of forming the drift layer G includes: the
anodic oxidation processing step of forming the porous polycrystalline
silicon layer 4 in accordance with anodic oxidation; and the oxidizing step
of oxidizing the porous polycrystalline silicon Iayer 4, thereby forming
the silicon oxide films 52 and 64 respectively on the surfaces of the grain
51 and silicon nanocrystals G3. Then, during a specified period between the
anodic oxidation processing step and oxidizing step, a natural 73   oxide
film is prevented from being formed on the surface of the silicon
nanocrystal 63 so as not to expose the poxous polycrystalline silicon layer
4 to the air. Thus) during the spera.fied period between the anodic
oxidation pxocessing step and oxidizing step, a natural oxide film can be
prevented from being formed on the surface of the silicon nanocrystal 63.
As a result, the quality of the silicon oxide film formed on the surface of
the silicon nanocrystal can be improved in the oxidizing step. In this
manner, the dielectric strength of the electron source 10 can be improved,
and the service life can be extended. In the electron source 10
manufactured in accordance with the 



manufacturing method according to the eighth embodiment, the electron
emission efficiency is improved as compared wzth an electron source 10'
manufactured in accordance with a conventional manufacturing method. A
reason of such improvement is as follows. That is, a natural oxide film is
prevented from being formed. Thus, a deviation of film thickness of a
respective ane of the silicon oxide films 52 and 64 in the drift layer 6,
the defect density of the silicon oxide films 52 and 64, ox the defect
density of a critical surface between the silicon oxide film 64 and the
silicon nanocrystal 63 and the like is reduced as compared with a
conventional drift layer 6'. Thus, the scattering probability of the
silicon oxide film 64 can be reduced more remarkably than the prior art,
and a loss due to scattering is reduced. (Ninth Embodiment) Hereinafter, a
ninth embodiment of the present invention will be described. An electron
souxce and a method of manufacturing the electron source according to the
ninth embodiment is identical to those according to 74   the second
embodiment in basic configuration and functions. The ninth embodiment will
be described with reference to Fig. 11 and Fig. 12A to Fig. 12D. The
electron source and the method of manufacturing it according to the ninth
embodiment has a plenty of common points to those according to the eighth
embodiment. In the ninth embodiment, as an electrically conductive
substrate) there is employed 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. In the case where the substrate on which an electrically
conductive layer is formed on one surface of the insulating substrate is
thus employed, a larger area and cost reduction of the election source are
made possible as compared with a case in which the semiconductor substrate
is employed as an electrically conductive substrate as in the eighth
embocliment. As shown in Fig. 11) in the electron source 10 according to
the ninth embodiment, as is substantially similar to the second embodiment,
there are an insulating substrate 11) an electrically conductive layer 12,
a drift layer 6, and a surface electrode 7. A structure and functions of
these elements are similar to those of the election source 10 according to
the second embodiment. A description thereof is omitted here. In the
electron source 10 according to the ninth embodiment as well, electrons are
emitted in the mechanism and model similar to a case of the second
embodiment. In the case where the electron source 10 according to the ninth
embodiment is utilized as an electron source of a display, the lower
electrode 75   or surface electrode 7 and the like may be pxoperly
patterned. Hereinafter, a method of manufactuxing the election source 10
according to the ninth embodiment will be described with reference to Fig.
12A to Fig. 12D. 



First, on one surface of an insulating substrate I1) an electrically
conductive layer 12 consisting of a metal film (for example, tungsten film)
is formed in accordance with a sputtering technique, and an electrically
conductive substrate is fabricated. Then, on a main surface of an
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. As a
method of film foaming a polycrystalline silicon layer 3, for example)
there is employed a CVD technique, a sputtering technique, or a CGS
technique ox the like. After the non-doped polycrystalline silicon layer 3
has been formed, the polycrystalline silicon layer 3 is made porous in the
anodic oxidation processing step. In this manner, a poxous polycrystalline
silicon layer 4 that is a porous semiconductor layer is formed, and a
structure shown in Fig. 12B is obtained. In the anodic oxidation processing
step, there is employed an anodic oxidation processing vessel containing an
electrolytic solution that consists of a mixture liquid obtained by mixing
55 wt% of hydrogen fluoride water solution and ethanol by substantially 1 :
1. With a platinum electrode (not shown) being a negative polarity and an
electrically conductive layer 12 being a positive polarity) while light
emission is carried out for the polycrystalline silicon layer 3, anodic
oxidation processing is caxried out at a constant current, whereby a porous
polycrystalline silicon layer 4 is formed. ~s   The thus formed porous
polycrystalline silicon layer 4 has grains and silicon nanocrystals that
are sources of a respective one of the grain 51 and silicon nanocrystal 63.
In the ninth embodiment, although all of the polycrystalline silicon layer
3 is made porous, only a part of the layer may be made porous. After the
anadic oxidation processing step has terminated, the porous polycrystalline
silicon layer 4 is oxidized in the oxidizing step. In this manner, the
drift layer 6 consisting of the oxidized porous polycrystalline silicon
layer is formed, and a structure shown in Fig. 12C is obtained. In the
oxidizing step) an oxidization processing vessel containing an electrolytic
solution (such as diluted sulfuric acid, diluted nitric acid) or aqua
regia, for example) is employed. Then, with a platinum electrode (not
shown) being a negative polarity and an electrically conductive layer 12
being a positive polarity) a constant current is supplied, and the porous
polycrystalline silicon layer 4 is oxidized, whereby a drift layer 6
containing the grain 5I, silicon nanocrystal 63, and silicon oxide films 52
and 64 are formed. In the manufacturing method according to the ninth
embodiment, as is the case of the eighth embodiment) a natural oxide film
is prevented from being formed on the surface of a silicon nanocrystal that
is a semiconductor nanocrystal so as not to expose the porous
polycrystalline silicon Iayer 4 that is a porous semiconductor layer to the
air during a specified period between the anodic oxidation processing step
and the oxidization step. After the drift layer 6 has been formed, a
surface electrode 7 consisting of a metal film is foxmed on the drift layer
6, and an electron 77   source 10 shown in Fig. 12D is obtained. In the
ninth embodiment, the surface electrode 7 is formed in accordance with the
electron beam vapor deposition technique. However, 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, in the method of manufacturing the electron source 



10 according to the ninth embodiment) the step of forming the drift layer 6
includes: the anodic oxidation processing step of forming the porous
polycrystalline silicon layer 4 by anodic oxidation processing and the
oxidizing step of oxidizing the porous polycrystalline silicon layer 4,
thereby forming the silicon oxide films 52 and 64 respectively on the
surfaces of the grain 51 and silicon nanocrystal 63. Then, during the
specified period between the anodic oxidation processing step and oxidizing
step) a natural oxide elm is prevented from being formed on the surface of
the silicon nanocrystal 63 so as not to expose the porous polycrystalline
silicon iayex 4 to the air. Thus, during the specified period between the
anodic oxidation processing step and oxidizing step, a natural oxide film
is prevented from being formed on the surface of the silicon nanocrystal
63. In addition) the quality of the silicon oxide film formed on the
surface of the silicon nanocrystal in the oxidizing step can be improved.
As a result, the dielectric strength of the electron source 10 can be
improved and the service life can be extended as compared with the prior
art. In addition, in the electron source 10 manufactured in accordance with
the manufacturing method according to the ninth embodiment, the electron
emission efficien cy is improve d as comp are d with an electron source 78
10' manufactured in accordance with a conventional manufacturing method.
The cause of such improvement is similar to the case of the eighth
embodiment. In the eighth and ninth embodiments, although the drift layer 6
is composed of an oxidized porous polycrystalline silicon layer, this layer
may be composed of the other oxidized porous semiconductor layer. In the
eighth and ninth embodiments, 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, or platinum
and the like may be employed, for example. In addition, the surface
electrode 7 may be composed of at least a two-layered thin film layer
deposited in the thickness direction. In the case where the surface
electrode 7 is composed of the two-layered thin film layer, gold is
employed as a material for the upper thin film layer, for example. In
addition, chrome, nickel, platinum, titanium, or. indium and the Like is
employed as a material for the lower thin film layer (thin f~3m layer on
the drift layer 6 side). (Tenth Embodiment} Hereinafter, a tenth embodiment
of the present invention will be described. An electron source and a method
of manufacturing the electron source according to the tenth embodiment are
identical to those according to the first embodiment in basic configuration
and functions. The tenth embodiment will be described with reference to
Fig. 2A to Fig. 2D, Fig. 3, and Fig. 4. In the tenth embodiment, as in the
first embodiment) as an electrically conductive substrate) there is
employed a single-crystalline n 79   type silicon substrate whose
resistivity is comparatively close to that of a conductor (for example) a
(100) substrate whose resistivity is substantially 0.01 S2 cm to 0.02 SZ
cm). 



As shown in Fig. 3, in the electron source 10 according to the tenth
embodiment as well) as in the first embodiment, there axe formed an n-type
silicon substrate 1, an ohmic electrode 2, a drift layer 6) and a surface
electrode 7. A structure and functions of these elements are similar to
those of the electron source 10 according to the first embodiment. A
description thereof is omitted here. In addition) as shown in Fig. 4) in
the electron source 10 according to the tenth embodiment as well, electrons
are emitted in the mechanism and model similar to a case of the first
embodiment. Hereinafter, a method of manufacturing the electron source IO
according to the tenth embodiment will be described with reference to Fig.
2A to Fig. 2D. First, an ohmic electrode 2 is formed on the back face of
the n-type silicon substrate 1. Then, on the main. surface of the n-type
silicon substrate 1, a non-doped polycrystalline silicon layer 3 of
predetermined film thickness (for example, 1.5 Vim) is formed in accordance
with an LPCVD technique) for example, and a structure shown in Fig. 2A is
obtained. A condition for film forming the polycrystalline silicon layer 3
is as follows. The degree of vacuum is 20 Pa. The substrate temperature is
640C. The flow rate of mono-silane gas is 0.6 L / min (600 scan) in a
standard state. As a method of film forming the polycrystalline silicon
Iayer 3, fox example) there is employed a CVD technique, a sputtering
technique) or a CGS 80   technique and the like. After the non-doped
polycrystalline silicon layer 3 has been foamed, the polycrystalline
silicon layer 3 is made porous in the anodic oxidation processing step. In
this manner, a porous polycrystalline silicon layer 4 that is a porous
semiconductor layer is formed, and a structure shown in Fig. 2B is
obtained. In the anodic oxidation processing step, there is employed a
processing vessel containing an electrolytic solution that consists of a
mixture liquid obtained by mi~a.ng 55 wt% of hydrogen fluoride water
solution and ethanol by substantially 1 : 1. Then, with a platinum
electrode (not shown) being a negative polarity and with a lower electrode
consisting of the n-type silicon substrate 1 and ohmic electrode 2 being a
positive polarity, while light emission is carried out for the
polycrystalline silicon layer 3, anodic oxidation processing is carried out
at a constant current, whereby a porous polycrystalline silicon layer 4 is
formed. The thus formed porous polycrystalline silicon layer 4 contains
polycrystalline silicon grains and silicon nanocrystals. In the tenth
embodiment, a condition for anodic oxidation processing is as follows. The
current density is 30 mA I cm2, which is constant. The anodic oxidation
time is 10 seconds. During anodic oxidation processing, light emission is
carried out on the surface of the polycrystalline silicon layer 3 by means
of a 500 W lamp. After the anodic oxidation processing step has terminated)
the porous polycrystalline silicon layer 4 is oxidized in the oxidizing
step. In this manner, the drift layer 6 consisting of the oxidized porous
polycrystalline silicon layer is formed, and a structure shown in Fig. 2C
is obtained. In the oxidization step, for example, there is employed a
processing 81   



vessel containing an electrolytic solution obtained by dissolving 0.04 mol
I 1 (hereinafter) "mol I 1" is referred to as ``M") of potassium nitrate
(solute) in ethylene glycol (organic solvent). Then, with a platinum
electrode (not shown) being a negative polarity (cathode) and a lower
electrode consisting of the n-type silicon substrate 1 and ohmic electrode
2 being a positive polarity (anode), a constant current is supplied) and
the porous polycrystalline silicon layer 4 is electrochemically oxidized,
whereby the drift layer 6 containing the grain 51, silicon nanocrystal G3,
and silicon oxide films 52 and 64 are formed. That is) in the tenth
embodiment) the porous polycrystalline silicon layer 4 is electrochemically
oxidized by employing an electrolytic solution which does not contain
water. In the oxidizing step of the tenth embodiment, a constant current of
0.1 mA I cm2 is supplied until a voltage between the positive polarity and
the negative polarity rises to 20 V, whereby the porous polycrystalline
silicon layer 4 is oxidized. However, I,his condition may be changed as
required. For example) after oxidization has been carried out at a constant
current until. the voltage between the positive electrode and negative
electrode rises to a predetermined voltage (for example) 20 V), the voltage
between the positive electrode and negative electrode i.s maintained at the
above predetermined voltage. Then, when a chemically syntheiac current
density decreases to a predetermined value (fox example) 0.0i mA I cm~,
power supply may be stopped. By doing this, in the drift layer 6, the
fineness of the silicon oxide films 52 and 64 in a region close-to the
n-type silicon substrate 1 can be improved. After the drift layer 6 has
been formed, the surface electrode '7 82   consisting of a metal film is
formed on the drift layer 6 in accordance with a vapor deposition
technique, for example, and an electron source 10 shown in F'ig. 2D is
obtained. According to the method of manufacturing the above electron
source 10, when the drift layer 6 is formed) the porous polycrystalline
silicon layer 4 that is a porous semiconductor layer is electrochemically
oxidized in an electrolytic solution obtained by dissolving a solute in
organic solvent (main oxidization processing process). Thus, an emission
current or electron emission efficiency and the like is improved, and the
stability with an elapse of time is improved for electron emission
characteristics of the electron source 10. (Therefore, the service life of
the electron source 10 can be extended). The electron emission
chaxacteristics are improved and the stability with an elapse of time is
improved as compared with the prior art because no water exists in an
electrolytic solution employed in the oxidization step, and the fineness of
the silicon oxide films 52 and 64 is~ increased, whereby the dielectric
strength of the silicon oxide films 52 and 64 is improved. In addition, the
electron emission e~ciency is improved as compared with the prior axt. This
is because an energy loss due to electron scattering in the silicon oxide
film 52 in the daft layer 6 is reduced. In addition, the porous
polycrystalline silicon layer 4 is rapidly thermally oxidized in the
oxidizing step, whereby the process temperature can be reduced as compared
with a process for forming the drift; layer, and a larger area and cost
reduction can be easily achieved. Namely, due to the lowered process
temperature) a restriction on the substrate material is reduced. This makes
it possible to employ a large area, inexpensive glass 83   substrate (such
as no-alkali glass substrate, low alkali glass substrate, or soda lime
glass substrate, for example). In the case whexe such a glass substrate is
employed) the lower electrode consisting of the electrically conductive
material may be formed on one surface of the glass substrate. In the
electron source 10 manufactured in accordance with the above 



described manufacturing method, the drift layer 6 is formed in accordance
with a process containing the oxidizing step o electrochemically oxidizing
the porous polycrystalline silicon layer 4 that is a porous semiconductor
layer in an electrolyte solution obtained by dissolving a solute in an
organic solvent. Thus, unlike the prior art, the emission current or
electron emission efficiency and the like can be improved as compared with
the electron source in which the drift layer is formed by electrochemically
oxidizing the porous polycrystalline silicon layer in the electrolytic
solution consisting of water solution such as sulfuric acid or nitric and.
Further, the stability with an elapse of time can be improved for electron
emission characteristics. The organic solvents fox electrolytic solution
employed in the above described oxidizing step is not limited to ethylene
glycol. For example, there may be employed one ar two kinds of mixture
liquids of organic solvents such as ethylene glycol) methanol, ethanol,
propanol, butanol, diethylene glycol, methoxy ethanol, glycerin,
polyethylene glycol, dimethyl formaldehyde, propylene glycol, cellosorve,
butyl lactose, valero lactose, ethylene carbonate, propylene carbonate,
methyl formaldehyde, ethyl formaldehyde, diethyl formaddehyde, methyl
acetoamide, dimetyl acetoamide, tetrahydroflufuryl alcohol. The solute of
the electrolytic 84   solution is not limited to potassium nitrate. There
may be employed a mixture of one or two kinds of acids such as hydroxide,
chloride, carbonic acid, sulfuric acid, nitric atid) phosphoric acid,
chromic acid, tartaric acid, hydrochloric acid) bromic acid) malonic acid)
adipic acid, caprylic and, p alarconic acid) p almitinic acid, oleic acid,
walitilic acid) phthalic acid, benzoic acid) resorcinic acid, cumilic acid,
citric acid) malic and, succinic acid, pimelic and) suberic acid, azelaic
acid, sebasic and, malefic acid, fumaric acid, citraconic and, boromic
acid, tungstic and, molybdic acid, or vanadic acid. In addition) there may
be employed a mixture of one or two lt?nds of salts such as carbonic acid
salt, sulfuric acid salt, nitric acid salt, phosphoric acid salt) chromic
acid salt, tartaric acid salt, hydrochloric acid salt, bromic acid salt,
malonic acid salt) adipinic acid salt, caprylic acid salt) pelargoaic acid
salt) p aimitinac acid) oleic acid salt, walitilic acid salt, phthalic acid
salt, benzoic acid salt, resorcinic and salt, cumixic acid salt) citric
acid salt, malic acid salt, succinic and salt, pimelic acid salt, suberic
acid salt, azelaic acid salt) sebasic acid salt, malefic and salt, fumaric
acid salt, citraconic acid salt, boxonic acid salt) tungstic acid salt,
molybdic and salt, or vanadic acid salt. As a salt) there may be employed a
mixture of one or two kinds of salts such as sodium hydroxide, potassium
hydride, lithium hydride, caltium hydride, sodium chloride, potassium
chloride, magnesium chloride, aluminum chloride, sodium sulfate, magnesium
sulfate, lithium nitxate, potassium nitrate, sodium nitrate) calcium
nitrate) or ammonium tartrate. In the meantime, as in the tenth embodiment,
in the case where the porous polycrystalline silicon layer 4 is
electrochemically oxidized by employing an electrolytic solution containing
an alkali metal such as 85   potassium nitrate in the main oxidization
processing process) there is a danger that impurities such as alkali metal
be mixed in the porous polycrystalline silicon layer 4. Thus) it is
desirable that the wash process for washing the porous polycrystalline
silicon layer 4 be carried out. By carrying out such wash process, even if
impurities such as alkali metal or heavy metal are mixed in the porous
polycrystalline silicon layer 4) the impurity can be removed in the wash
process. As a result, the electron emission characteristics of the electron
source 10 can be stabilized, and the Iong term reliability can be improved.
In the wash process, for example, a mixture liquid of sulfuric acid and
hydrogen peroxide, a mixture liquid of a hydrochloric acid and hydrogen
peroxide, or aqua regia and the like may be employed as a mixture. By
employing any wash liquid of these mixtures) the wash liquid employed in.
the wash process can be obtained with comp aratively low cost. As a result,
the manufacturing cost of the electron source 10 can be reduced. (Eleventh
Embodiment) 



Hereinafter) an eleventh embodiment of the present invention will be
described. A basic configuration of the eleventh embodiment is common to
that of the tenth embodiment. In order to avoid a duplicate description) a
differences from the tenth embodiment will be described primarily. A method
of manufacturing an electron source 10 according to the eleventh embodiment
includes an auxiliary oxidization processing process for carrying out rapid
thermal oxidization for a comparatively short time in accordance with a
rapid heating technique (thermal oxidization technique) employing a lamp
annealing device before a main oxidization processing 86   process for
oxidizing the porous polycrystalline silicon layex 4 formed in accordance
with the anodic oxidation processing by utilizing an electrolytic solution.
This is only one difference from the tenth embodiment. A condition for
rapidly thermally oxidizing the porous polycrystalline silicon layer 4 in
accordance with the rapid heating technique is as follows. The flow rate of
oxygen gas is 0.3 L I min (300 sccm) in a standard state. The oxidization
temperature is 900C) and the oxidization time is 5 minutes. The oxidization
time when the drift layer is formed only in accordance with the rapid
thermal oxidization is comparatively long, which is about 1 hour. In the
electron source 10 manufactured in accordance with the manufacturing method
according to the eleventh embodiment) the stability with an elapse of time
of electron emission characteristics is improved more remarkably as
compared with a case of the tenth embodiment. This is because the fineness
of the silicon oxide films 52 and 64 is improved more remarkably as
compared with that of the tenth embodiment. In the eleventh embodiment,
although the auxiliaxy oxidization processing pxocess is carried out before
the main oxidization processing process, the former may be carried out
after the latter. (Twelfth Embodiment) Hexeinafter, a twelfth embodiment of
the present invention will be described. The basic configuration of the
twelfth embodiment is common to that of the tenth embodiment. In order to
avoid a duplicate description, a difference from the tenth embodiment will
be primarily described below. In an electron source 10 according to the
tenth embodiment, a drift layer 6 is formed by electrochemically oxidizing
a porous polycrystalline 87   silicon layer 4 formed in accordance with
anodic oxidation processing by utilizing an electrolytic solution. However)
in the anodic oxidation processing, a mixture liquid between a hydrogen
fluoride water solution and ethanol is utilized, and thus, the surface of
the silicon nanocrystals in the poxous polycrystalline silicon layer 4 is
terminated by hydrogen. Thus, there is a danger that the content of
hydxogen in the drift layer F> is comparatively large in amount. 



~n contrast, in the twelfth embodiment) the porous polycrystalline silicon
layer 4 is oxidized by an oxide solution before the main oxidization
processin g process in which the porous p olycrystalline silicon layer 4
forme d in accordance with the anodic oxidation processing is
electrochemically oxidized by employing an electrolytic solution
(pre-oxidization processing pxocess}. That is, in the twelfth embodiment,
before the main oxidization processing process, the silicon nanocrystals
and grains is immersed in an oxide solution by an time interval to an
extent such that the surface is oxidized, and the hydrogen atom terminatsng
a silicon atom is replaced with an oxygen atom. A processing condition in
the pre-oxidization processing process is as follows. As an oxide solution,
there is employed a nitric and heated at 115C (70% in concentration). The
oxidization time is 1.0 minutes. When the oxide solution is heated, the
oxidization velocity increases, thus malring it possible to reduce the
processing time when the oxide solution is used. As an oxide solution,
there can be employed one or more than one kinds of oxidizing agent
selected from the group consisting of nitric acid) sulfuric acid,
hydrochloric acid) or hydrogen peroxide water. 88   In the electron source
10 manufactured in accordance with the manufacturing method according to
the twelfth embodiment, the stability with an elapse of time is improved
more remarkably for the electron emission characteristics as compared with
a case of the tenth embodiment. This is because the content of hydrogen in
the silicon oxide films 52 and G4 is low as compared with the tenth
embodiment, and the fineness of the silicon oxide films 62 and 64 is
improved more remarkably. The porous polycrystalline silicon layer 4 formed
in accordance with anodic oxidation processing has a fine structure of
manometer order. Thus) in the case where the main oxidization processing
process for electrochemically oxidizing the porous polycrystalline silicon
layer 4 by utilizing an electrolytic solution is carried out) a new
electrolytic solution is supplied to the surface of the porous
polycrystalline silicon layer 4. On the other hand, in the thickness
direction of the porous polycrystalline silicon layer 4, an electrolytic
solution hardly invades into a region that is comparatively distant from
the surface, and replacement of the electrolytic solutaon hardly occurs.
Thus) in the thickness direction of the porous polycrystalline silicon
layer 4, the film thickness of the silicon oxide film 64 is large in a
region that is compaxatavely close to the surface, while the film thickness
of the silicon oxide film 64 is small in a region that is comparatively
distant from the surface. As a result, in the region that i.s comparatively
close to the surface electrode '7 in the thickness direction of the drift
layer 6, the film thickness of the silicon oxide film 64 is so large that
electron scattering is likely to occur. In this manner, the electron
emission effciency is lowered. On the other hand, in the region which is
comparatively distant from the surface electrode 7 in the thickness $9
direction of the drift layer 6, the film thickness of the silicon oxide
film 64 is so small that the dielectric solution is lowered, and the
characteristics with an elapse of time is impaired. In contrast, in the
twelfth embodiment) the pre-oxidization processing process is carried out
before the main oxidization processing process far electrochemically
oxidizing the porous polycxystalline silicon layer 4. (Namely, the main
oxidization processing process is carried out after the pre-oxidization
processing process). Thus, before starting the main oxidization processing
process, the surface side of the porous polycrystalline silicon layer 4 is
already oxidized. Therefore ) in the main oxidization processing process)
in the thickness direction of the porous polycrystalline silicon layer 4, a
cuxrent hardly flows in the region that is comparatively close to the
surface, and oxidization reaction does not proceed. On the other hand,
oxidization proceeds in the region that is comparatively distant from the
surface. Thus, the film thiclmess of the~silicon oxide films 52 and 64 that
exist in the region comp aratively close to the surface electrode 7 in the
thickness dixecti.on of the drift layer 6 can be restricted from being
larger than that of the silicon oxide films 52 and 64 that exist in the
region comparatsvely distant from the surface electrode 7. In short, a
deviation of the film thickness of a number of silicon oxide films 64 can
be reduced. As a result, electron scattering in the drift layer 6 is
restricted) and the dielectric strength is restricted from being lowered.
In the twelfth embodiment) oxidization of the porous polycrystalline
silicon layer 4 is carried out by employing an oxide solution in the
preoxidization processing process. However, in the pre-oxidization
processing 90  



process, the porous polycrystalline silicon layer may be oxidized by
employing oxide gas such as oxygen or ozone, for example) instead of oxide
solution. In addition) oxidization may be carried out by merely exposing
the surface of the porous polycrystalline silicon layer 4 to the aix.
However, in this case) there is a possibility that the film quality of an
oxide filin to be formed is impaired. Therefore, it is preferable that
annea3.ing processing be carried out as is the case of a fourteenth
embodiment described later. In addition, in the case where the auxiliary
oxidization processing process is carried out before the main oxidization
processing process as is the case of the eleventh embodiment, the
pre-oxidization processing process is carried out before the auxiliary
oxidizataion processing process, whereby the stability with an elapse of
time can be improved more remarkably for the electron emission
characteristics. (Thirteenth Embodiment) Hereinafter) a~ thirteenth
embodiment of the present invention will be described. The basic
configuration of the thirteenth embodiment 13 is common to that of the
tenth embodiment. In order to avoid a duplicate description, a difference
from the tenth embodiment will be primarily described below. In the
thirteenth embodiment, a method of manufacturing the electron source 10
according to the tenth embodiment is characterized in that water is added
to an electrolytic solution employed in the main oxidization processing
process for electrochemically oxidizing the porous polycrystalline silicon
layer 4. In the thirteenth embodiment) ethylene glycol is employed as an
organic solvent in an electrolytic solution, and 0.04 si   M of potassium
nitrate is employed as a solute. 6 wt% of water is contained in the
electrolytic solution. According to the thirteenth embodiment, as is the
case of the tenth embodiment, the emission current and electron emission
efficiency can be improved as compared with a conventional electron source
in which a porous polycrystalline silicon layer is electrochemically
oxidized in an electrolytic solution consisting of a water solution such as
sulfuric acid or nitric acid, whereby the drift layer is formed) and the
stability with an elapse of time can be improved far the electron emission
characteristics. In addition, water is added to the electrolytic solution.
Thus, in the case where a substance with its solubility to an organic
solvent and with its solubility to water is employed as a solute) the
concentration of the solute in the electrolytic solution can be increased
by adding water. Therefore, the film quality of the silicon oxide films 52
and 64 is improved. In addition, when the concentration of the solute
increases, the electrical conductivity of the electrolytic solution
increases. Therefore, the in-plane deviation in film thickness of the oxide
films 52 and 64 can be restricted. As an organic solveat and solute, there
can be employed those exemplified in the tenth embodiment. In addition, it
is preferable that the rate of water contained in the electrolytic solution
is 10 wt% or less. However) even if the above rate is 20 wt%) the emission
current and electron emission afficiency can be improved as compared with
the prior art. Even if the rate is 50 wt%, the emission current and
electron emission effc:iency can be improved as compaxed with the prior
art. 



(Fourteenth Embodiment) 92   Hereinafter, a fourteenth embodiment of the
present invention will be described. The basic configuration of the
fourteenth embodiment is common to that of the tenth embodiment. In order
to avoid a duplicate description, a difference from the tenth embodiment
will be primarily described below. In the case where the silicon oxide
films 52 and 64 are exposed to the air after the main oxidization
processing process, there is a danger that the solute thereof is impaired.
The fourteenth embodiment includes an annealing processing pxocess for
carrying out annealing processing after the main oxidization processing
process for electrochemically oxidizing the porous polycrystalline silicon
layer 4 by utilizing an electrolytic solution in the tenth embodiment.
'this is only one difference from the tenth embodiment. Annealing
processing is carried out by maintaining a predetermined annealing temp
erature (for example, 500 C) in the oxygen gas atmosphere (namely,
atmosphere containing oxide specie) by a predetermined annealing time (for
example, 1 hour)_ It is desirable that the annealing temperature be set to
600C or less. By setting the annealing temperature to 600C or less, for
example, in the case of forming a lower electrode on a glass substrate, a
glass substrate with its low heat resistance temperature and with a modest
price can be employed as a glass substrate. Thus, the cost of the electron
source 10 can be reduced, and the annealing time can be comparatively
increased. As a result, the fineness of the silicon oxide films 52 and 64
is improved. In the electaron source 10 manufactured in accordance with the
93   



manufacturing method according to the fourteenth embodiment, the emission
current and electron emission effica.ency are improved as compared with the
electron source IO manufactured in accordance with the manufacturing method
according to the tenth embodiment. This is because the fineness of the
silicon oxide $lms 52 and 64 is improved more remarkably as compared with
that of the tenth embodiment. As has been described previously, annealing
processing is carried out in atmosphere containing oxide specie, thereby
making it possible to prevent impurities from being introduced into the
silicon oxide films 52 and 64. Annealing processing may be carxied out in a
vacuum or inert gas atmosphere. Annealing processing is carried out in
inert gas atmosphere, thereby making it possible to comparatively reduce
the annealing temperature. On the other hand, annealing processing is
carried out in inert gas atmosphere) thereby making it possible to prevent
impurities rom being introduced into the silicon oxide films 52 and 64 or
another film from being formed on the surface of the silicon oxide ~Ims 52
and 64. In addition, there is no need to employ a vacuum device in order to
carry out annealing processing. Thus) a simplified device can be employed
as compared with a case in which the vacuum device is employed. As a
result, throughput in a device for carrying out annealing processing can be
improved, and the manufacturing cost can be reduced. (Examples)
Hereinafter, a result obtained by variously changing a condition for the
oxidization step based on the method of manufacturing a electron source 10
according to the tenth embodiment, thereby manufacturing the electron 94
source 10) and then, measuring the electron emission characteristics will
be described with reference to Fig. 19 to Fig. 25. First, a common
condition in a method of manufacturing each electron source 10 will be
described. As an n-type silicon substrate, there was employed a (100)
substrate of 0.01 S2 cm to 0.02 SZ cm in resistivity and 525 lun in
thickness. The film thickness of a polycrystalline silicon layer 3 (refer
to Fig. 2A) was 1.5 ~zm. The film forming of the polycrystalline silicon
layer 3 was carried out in accordance with an LPCVD technique. In the film
forming step, the degree of vacuum was 20 Pa, the substrate temperature was
G40C, and the flow rate of mono-silane gas was 0.6 L I min (600 scan) in a
standard state. In the anodic oxidation processing step, as an electrolyte
solution, there was employed an electrolytic solution obtained by mixing 55
wt% of hydrogen fluoride water solution and ethanol at substantially 1 : 1.
During anodic oxidation) a 500 W lamp was eanployed as a light source.
While light emission was carried out on the main surface of a
polycrystalline silicon layer 3, 12.5 mA of constant current was supplied
from a power source by a predetermined time between a lower electrode 12
that is an anode and a cathode consisting a platinum electrode. The surface
electrode 7 was a gold thin film of 10 nm in fi)m thickness formed in
accordance with a vapor deposition technique. Fig. 19 shows a measurement
result of an electron source (hereinafter, referred to as "electron source
of first example") when an electrolytic solution obtained by dissolving
D.04 M of potassium nitrate (solute) was employed for ethylene glycol
{organic solvent) in the 95   manufacturing method according to the tenth
embodiment. Fig. 20 shows a measurement result of an electron source
(hereinafter, referred to as "electron source of second example") when an
electrolytic solution is employed, the electrolytic solution being obtained
by dissolving 0.04 M of potassium nitrate (solute) in ethylene glycol
(organic solvent), and further, adding 3 wt% of water thereto (namely,
manufacturing method of the thirteenth embodiment) in the manufacturing
method according to the tenth embodiment. 



Fig. 21 shows a measurement result of an electron source (hereinafter,
referred to as "electron source of thixd example") when an electxolytic
solution is employed, the electrolytic solution being obtained by
dissolving 0.04 M of potassium nitrate (solute) in ethylene glycol (organic
solvent), and further, adding 6 wt% of water thereto (namely, manufacturing
method of the thirteenth embodiment) in the manufacturing method according
to tenth embodiment. Fig. 22 shows a measurement result of an electron
source (hereinafter, referred to as "electron source of fourth embodiment")
when en electrolytic solution is employed, the electrolytic solution being
obtained by dissolving U.04 M of potassium nitrate (solute) in ethylene
glycol (organic solvent)) and further, adding 10 wt% of water thereto
(namely) manufacturing method of the thirteenth embodiment). Fig. 24 shows
a measurement result of an electron source (hereinafter, referred to as
"electron source of fifth example") when, in the manufacturing method
according to the tenth embodiment, electrochemical oxidization is carried
out by employing an electrolytic solution obtained by 96   dissolving 0.04
M of potassium nitrate (solute) for ethylene glycol (organic solvent), and
then, annealing processing is carried out for 1 hour at an annealing
temperature of 500C (namely, manufacturing method of the fourteenth
embodiment). Fig. 25 shows a measurement result of an electron souxce
(hereinafter, referred to as "electron source of comp arative example) when
1 M of sulfuric aca~d water solution is employed as an electrolytic
solution. Fig. 23 compares measurement results of Fig. 19 to Fig. 22. The
electron emission characteristics of each electron source was measured in
accordance with the following procedures. That is, an electron source was
introduced into a vacuum chamber (not shown). As shown in Fig. 3, a
collector electrode 21 was disposed in opposite to a surface electrode 7. A
direct current voltage Vps was applied so that the surface electrode 7 is
high in potential relevant to the lower electrode. Furthermore, the direct
current voltage Vc was applied so that the collector electrode 21 is high
in potential relevant to the surface electrode 7. Fig. 19 to Fig. 22 and
leg. 24 and Fig. 25 each show a measurement result of electron emission ch
aracteri.stics when a direct current voltage Vc is constant at 100 V, and
the degree of vacuum in a vacuum chamber is 5 x 10'6 Pa. The horizontal
axis of each figure denotes a direct current voltage Vps. The vertical axis
of the Left side denotes a current density. The vertical axis of the right
side represents electron emission efficiency_ X denotes a current density
of a diode current Ips. Y denotes a current density of an emission current
le. Z denotes electron emission efficiency. In addition) Fig. 23 is a graph
depicting data when a direct current 97 



voltage Vps is 14V in measurement results of Fig. 19 to Fig. 22. The
horizontal axis of Fig. 23 denotes the water content at a mass rate. The
vertical axis of the left side denotes a current density. The vertical axis
of the right side denotes electron emission efficiency. Y denotes a current
density of an emission current Ie. Z deno tes electron emission efficiency.
From Fig. 19 to Fig. 24 and Fig. 25, it is found that the electron sources
of first to fifth examples are improved respectively in current density and
electron emission e~ciency of the emission current Ie) as compared with
those of comparative examples. The present invention has been described in
connection with its specific embodiments. It would have been obvious to one
skilled in the art that a number of various modifications and alternations
can occur. Therefore, the present invention should be limited by the
accompanying claims without being limited by such embodiments. 98   WHAT IS
CLAnVIED IS: 1. A method of manufacturing a field emission type electron
source having an electrically conductive substrate, a strong field drift
layer foamed on one surface of the electrically conductive substrate, and
an electrically conductive thzu fihm formed on the strong field drift
layer, wherein a voltage is applied so that the electrically conductive
thin film becomes positive in polarity xelevant to the electrically
conductive substrate, whereby electrons injected from the electrically
conductive substrate :into the strong field drift layer drift within the
strong field drift layer and are emitted through the electrically
conductive thin film, said method comprising: an anodic oxidation
processing step o) when the strong field drift layex is formed, forming a
porous semiconductor layer which contains a semiconductor nanocrystal by
anodic oxidation; and an insulating film forming step of forming an
insulating film on the surface of each semiconductor nanocrystal, wherein,
in said anodic oxidation processing step, anodic oxidation processing i.s
caxried out while emitting light which primarily contains a wavelength in a
visible light region relevant to a semiconductor layer. 2. The method
according to claim 1, wherein the wavelength of light emitted to the
semiconductor layer is restricted by an optical filter. 3. The method
according to claim 2, wherein the optical filter is composed of at least
one of an infrared cutting filter and a ultraviolet ray cutting filter. 4.
The method according to claim 1) wherein the wavelength of light emitted to
the semiconductor layer is set at a wavelength formed when 



99   semiconductor nanocrystals are continuously connected to each other.
5. The method according to claim 1) wherein a light source of a
monochromatic light is employed. 6. The method according to claim 1,
wherein the wavelength of light emitted to the semiconductor layer is
changed based on an elapse of time after starting anodic oxidation. 7. The
method according to claim 2) wherein a transmission wavelength of the
optical filter i.s changed based on an elapse of time after starting anodic
oxidation. 8. The method according to claim 1, wherein light is
intermittently emitted to the semiconductor layer. 9. The method according
to claim 1) wherein light is emitted to the serniconductox layer from an
opposite side to said surface of the semiconductor layer. 



10. The method according to claim 9) wherein light is emitted from both
sides in the thiclrness direction of the semiconductor layer, and is
changed in synchronism with the wavelengths of both lights. 11. The method
according to claim I, wherein there is employed a control means of) in the
anodic oxidation processing step, controlling a concentration of an
electrolytic solution in an anodic oxidation processing vessel so as to
proceed forming of a porous semiconductor layer at a same velocity. I2. The
method according to claim 11) wherein the control means utilizes a
controlling vessel far introducing an electrolytic solution having its
temperature and concentration adjusted into the anodic oxidation processing
I00   vessel. 13. The method according to claim I1, wherein the control
means finely moves a target comprising a lower electrode and a
semiconductor layer. 14. The method according to claim 1, wherein a rinse
step of removing an electrolytic solution that remains in the porous
semiconductor layer by employing at least a hydrophilic organic solvent is
included between said anodic oxidation processing step and said insulating
film forming step. I5. The method according to claim 1, wherein said rinse
step of removing an electrolytic solution which remains in the porous
semiconductor layer by employing at least a non-water soluble organic
solvent is included between said anoclic oxidation processing step and said
insulating film forming step. 16. The method according to claim 1, wherein,
during a specified 



period between said anodic oxidation processing step and said oxidization
processing step) a natural oxide film is prevented from being formed on a
semiconductor nanocrystal surface so as not to expose the porous
semiconductor layer to an air. 17. The method according to claim 16)
wherein, during the specified period, a surface of the porous semiconductor
layer is covered with a nonoxide liquid. 18. The method according to claim
16) wherein, during the specified period, an atmosphere is inert gas. 19.
The method according to claim 16, wherein) during the specified period) at
least a porous semiconductor layer is held in a vacuum. 101   20. The
method according to claim i, wherein said insulating film forming step
contains a main oxidization processing step of electrochemically oxidizing
the porous semiconductor layer in the electrolytic solution obtained by
dissolving a solute in an organic solvent. 21. The method according tv
claim 20, wherein water is added to the electrolytic solution. 22. The
method according to claim 20, wherein an auxiliary oxidization processing
step of oxidizing the porous semiconductor layer in accordance with a
thermal oxidizing technique is included at least before or after said main
oxidization processing step. 



23. The method according to claim 20, a pre-oxidization processing step of
oxidizing the porous semiconductor layer is included before said main
oxidization processing step. 24. The method according to clairn 22, wherein
a pre-oxidization processing step of oxidizing the porous semiconductor
layer is iucluded before said main oxidization processing step and said
auxiliary oxidization processing step. 25. The method according to claim
20, wherein a wash step of washing the porous semiconductor layer is
included after said main oxidization processing step. 26. An apparatus for
manufacturing a field emission type electron source having an electrically
conductive substrate, a strong field drift layer formed on one surface of
the electrically conductive substrate) and an electrically conductive thin
film formed on the strong field drift layer, wherein a voltage is applied
so that the electrically conductive thin film 102   becomes positive in
polarity relevant to the electrically conductive substrate, whereby
electrons injected from the electrically conductive substrate into the
strong field drift layer dx~ft within the strong field drift layer and are
emitted through the electrically conductive thin film, said apparatus
comprising: an anodic oxidation processing device for, when the strong
field drift layer is formed, forming a porous semiconductor layer which
contains a semiconductor nanocrystal in accordance with anodic oxidation;
and 



an insulating film forming device for forming an insulating film on the
surface of each semiconductor nanocrystal, wherein the anodic oxidation
processin g device caxries out anodic oxidation processing while emitting
light that essentially contains a wavelength of a visible light region
relevant to the semiconductor layer. 103 .A3n,.A(?.A;R.A y.Ae.AR.A
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