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SPECIFICATION FIELD EMISSION-TYPE ELECTRON SOURCE AND MANUFACTURING 5
METHOD THEREOF AND DISPLAY USING THE ELECTRON SOURCE BACKGROUND OF THE
INVENTION 1. 'Field of the invention The present invention relates to a
field emission-Lype 10 electron source for emitting electron. beams by
means of electrical field emission and a manufacturing method thereof, and
to a display using the field emission-Lype electron source. 2. Description
of the prior art I5 Conventionally, as a field emission-type electron
source, there has been well-known a so-called Spindt-type electrode which
is disclosed) for example, in the United States Patent No. 3,655,241 and so
on. The Spindt-type electrode 9s provided with a substrate on which many
small 20 (fine) emitter chips of triangular pyramid shape are disposed,
emitting holes for exposing apexes of the emitter chips to the outside, and
gate layers disposed in such a manner so as to be insulated to the emitter
chips. Thus, the Spindt-type electrode can emit electron beams from the 25
apexes of the emitter chips to the outside through the   2 19 MAR 2002
emitting holes by applying high voltage between the emitter chips and the
gate layers under a vacuum atmosphere in such a manner that the emitter
chips become negative electrodes 



against the gate layers. 5 F-'owever, ire the Spindt-type electrode, there
exists such a problem that when it is applied, for example, to a flat light
emitter or a display, it is difficult to enlarge its area (electron
emitting area), because manufacturing process of the electrode is
complicated and further it is 10 difficult to produce many emitter chips of
triangular shape with higher efficiency. Meanwhile, in the Spindt-type
electrode, the electrical field converges to the apexes of the emitter
chips. Therefore, when the degree of vacuum around the apexes of the
emitter chips is lower so that 15 residual gas exists thereabout, the
residual gas is ionized by the emitted electrons to become positive ions so
that the positive ions collide to the apexes of the emitter chips.
Accordingly, the apexes of the emitter cl=ips suffer damages (for example,
damages due to ion impacts) so that 20 there may be caused such a problem
chat current density or efficiency of the emitted electrons becomes
unstable, or lives of the emitter chips are shortened. Therefore, the
Spindt-type electrode must be used under a higher vacuum atmosprhere (about
10'' Pa to about 1C'6 Pa) in order to 25 prevent occurrence of the
above-mentioned problem.   3 19 WAR 2002 Accordingly, there may be caused
such a disadvantage that the manufacturing cost of the electrode is raised
and further the method of treatment of the electrode is troublesome. 5 In
order to improve the above-mentioned disadvantage, a field emission-type
electron source of MIM (Metal Insulator Metal) style or. MOS (Metal Oxide
Semiconductor) style has been proposed. The former is a flat field
emission-type electron source having a laminated structure 10 of
(metal)-(insulator film)-(metal) ( while the latter is a flat field
emission-type electror_ source having a laminated structure of
(metal)-(oxide film)-(semiconductor). In order to raise electron-emitting
efficiency of the abovementioned type of field emission-type electron
source 



15 !namely, in order to emit more electrons), il is necessary to reduce the
thickness of the insulator film or oxide film. However, if the thickness of
the insulator file or oxide film becomes thinner to excess, it is feared
that dielectric breakdown is caused when voltage is applied 20 between the
upper and lower electrodes of the laminated structure. Therefore, there may
be a certain restriction on reducing the thickness of the :insulator film
or oxide film. Thus, there exists such a disadvantage that its electron
emitting efficiency (electron extracting 25 efficiency) can not be raised
so much, because the above   4 119 MAR ?A02 mentioned dielectric breakdown
must be prevented. Moreover, in recent years, as disclosed in the Japanese
Laid-Open Patent Publication No. 8-250766, there has been proposed another
field emission-type electron 5 source (semiconductor element for emitting
cold electrons), in which a porous semiconductor layer (porous silicon
layer) is formed by performing anodic oxidation to one surface of a
monecrystalline semiconductor substrate such as a silicon substrate in
order to raise its electron 10 emitting efficiency, a thin metal film bring
formed on the porous semiconductor layer. Hereupon, the electron source can
emit electrons whey. voltage is applied between the semiconductor substrate
and the thin metal film. However, in the field emission-type electron
source 15 disclosed in the Japanese Laid-Upen Patent Publication No.
8-250766, there exists such a disadvantage that it is difficult to enlarge
its area and to lower its manufacturing cost, because the material of the
substrate must be restricted to semiconductor. Meanwhile, in the 20 field
emission-type electron source, because a so-called popping phenomenon is
easily caused when electrons are emitted, the amount of emitted electrons
tends ;.o become unsteady. Accordingly, when the electron source is applied
to a flat light emitter or a display, there may be caused 75 such a
disadvantage that light emission becomes unsteady.  



5 19 MAR Q002 Thus, in the Japanese Patent Replica=ions of No. 10272340,
No. 10-272342 and No. 10-271876 etc., the inventors of the present
application have proposed another field emission-type electrode source
including a strong field 5 drift layer through which electrons injected
from an electrically conductive substrate can drift, the layer being
disposed between the electrically conductive substrate and a thin metal
film, and the layer being formed by oxidizing a porous polycrystalline
silicon layer by i0 means of the Rapid Thermal Oxidation method (RTO
method). Hereupon, the porous polycrystalline silicon layer is formed by
making a polycrystalline silicon layer on an electrically conductive
substrate porous by means of an anodic oxidation treatment. Meanwhile, the
oxidation of 15 the porous polycrystalline silicon layer by the RTO methrod
is performed in a dry oxygen atmosphere using a lamp annealing apparatus.
In this case, temperature of the oxidation may be 800-900 C, and time of
the oxidation may be 30-20 minutes (Japanese Patens Application No. 10 2C
271876). Further, the thin metal film is formed using a thin gold film of
about 10 nm thickness, because electrons (tae electrons are considered as
hot electrons), which have reached the surface of she strong field drift
layer, must be emitted to the vacuum atmosphere in such a manner .hat 25
they have passed through the thin metal film without being   6 19 MAR 2002
dispersed therein. In the field emission-type electron source, electrons
can be stably emitted, because its electron emitting property has a smaller
dependency to the degree of vacuum, and further a popping phenomenon is not
5 caused when the electrons are emitted. Farther, in addition to a
semiconductor substrate such as a monocrystalline silicon substrate, there
may be used a substrate in which an electrically conductive film (for
example, ITO film) is provided on_ a surface of a glass 10 substrate or the
like, as the above-mentioned electrically conductive substrate. Therefore,
in the field emissiontype electron source, its area may be enlarged and its
manufactturing cost may be _lowered, in comparison with the conventional
electron source utilizing the porous 15 semiconductor layer produced by
making the semiconductor substrate porous, or the Spindt-type electrode.
Hereupon, when a display is produced using this type of field em=ssion-type
elec~tron source, the thin metal film rust be patterned to a predetermined
shape. 20 However, in the field emission-type electron source disclosed in
the Japanese Patent Application of No. 1027234C, No. 10-272342 or No.
10-271876, the temperature of the oxidation by the RTO method can not be
raised over the heat resistant temperature of the electrically cornductive
25 substrate. Therefore, there exists such a disadvantage  



,1 ~ MAR 2002 7 that materials of the substrate or the electrically
conductive film are restricted so that enlarging the diameter (area) of the
substrate is also restricted. Meanwhile, in the field emission-type
electron source 5 disclosed in the Japanese Patent Application of No. 10
272340, No. 10-272392 or No. 10-271876, the porous polycrystalline silicon
layer, which :-gas beer. formed by oxidizing the polycryslalline silicon
layer by means of the anodic oxidation treatment, is oxidized by means of
the RTO 10 method. Hereupon, as an electrolyte solution used in the anodic
oxidation treatment, there may be used a solution in which hydrogen luoride
aqueous solution and ethanol are mixed together in the ratio of 1:1.
Hereupon, in. the porous semiconductor.or layer (porous 15 polycrystalline
silicon layer or porous monocrystalline silicon layer) formed by the anodic
oxidation treatment, silicon atoms are terminated by hydrogen atoms.
Therefore, as disclosed in the Japanese Patent Application of No. 10272340,
No. 10-272342 or No. 10-271876, if an oxidized film 20 is grown by the RTO
method in the porous semiconductor layer formed by the anodic oxidation
treatment, hydrogen atoms may remain in the oxidized film, or Si-OH bands
may be produced. In consequence, there exists such a disadvantage that it
is difficult to form an minute 25 oxidized film: raving SiO~ structure so
that its breakdown   a E1 g WAR 



voltage is lowered. Further, because the strong field drift layer contains
relatively much hydrogen, hydrogen distribution in the strong field drift
layer may change with the lapse of time (For example, hydrogen atoms drop 5
out from the surface of the strong field drift layer.). Therefore, it is
feared that the stability of the electron emitting efficiency as to tine
passing is deteriorated. Thus, in the field emission-type electron source
disclosed in the Japanese Patent Application of No. 10 i0 272340, No.
10-272342 or No. l0-?.71876, although its cost can be lowered and electrons
can be stably emitted with high efficiency in comparison with the field
emission-type electron source disclosed in the Japanese Laid-Open Patent
Publication No. 8-250766, it is expected to improve the 15 electron
emitting efficiency further note. SUMMARY OF THE' INVENTION The p=esent
invention, which has been performed to solve the conventional problems
described above, has an 20 object to provide a field emission-type electron
source which can easily enlarge its area (electron emitting area) and lower
its cost and a manufacturing method thereof, and to provide a display using
the source. Further, the present invention has another object to 25 provide
a field emission-type electron source.in which the   19 MAR 2002 9 change
of the electron emitting efficiency as to time passing is smaller and its
breakdown voltage is higher, and a manufacturing method thereof. Moreover,
the present invention has a further object 5 to provide a field
emission-type electron source of lower cost which can stable emit electrons
with hIgh efficiency, 



and a manufacTuring method thereof. According to a first aspect of the
present invention, which is preformed to achieve The objects described
above, .0 there is provided a field emission-type electron source including
an electically conductive substrate, a strong field drift layer formed on a
surface of the electrically conducive substrate and an electrically
conductive thin film formed on the strong field drift layer, wherein 15
electrons, which are injected into the electrically conductive substrate,
drift in the strong field drift layer to be emitted outward through the
electrically conductive thin film by applying voltage between the
electrically conductive thin film and the electrically conductive 20
substrate in such a manner that the electrically conductive thin film acts
as a positive electrode against the electrically conductive sunstrate,
wherein the strong field drift layer is formed by a process including an
oxidation step o. oxidizing a porous semiconductor layer at 25 relatively
lower temperature.   19 Mar 2002 to In the field emission-type electron.
source, it is preferable that the strong field drift layer is oxidized in a
liquid phase in the oxidation. step. Further, it is preferable that the
porous semiconductor layer is formed by 5 performing an anodic oxidation to
a semiconductor layer. In the field emission-type electron source, its
process temperature is lower than that of the conventional field
emission-type electron source, in which the strong field drift layer is
formed by oxidizing the porous semiconductor 10 layer using the RTO method.
Accordingly, restriction of materials usable for the electrically
conductive substrate becomes smaller so that enlarging the area (electron
emitting area) and lowering the manufacturing cost of she field
emission-type electron source may be easily achieved. 



15 According to a second aspect of the present invention, there is provided
,a method of manufacturing a field emission-type electron source including
an electrically conductive substrate, a strong field drift layer formed on
a surface of the electrically conductive substrate and an 20 electrically
conductive thin film formed on the strong field drift layer, wherein.
electrons, which are injected into the electrically conductive substrate,
drift in the strong field drift layer to be emitted outward through the
electrically conductive thin file by applying voltage 25 between the
electrically conductive thin film and the   11 h 9 ~ aau~ electrically
conductive substrate in such a manner that the electrically conductive thin
film acts as a positive electrode against the electrically conductive
substrate, the method including a main oxidation step of forming a 5 strong
field drift Iayer by oxidizing a porous semiconductor layer a~ relatively
lower temperature. In the main oxidation steg, the porous semiconductor
layer may be oxidized in an electrcly~e solution by means of an
electrochemical reaction. As the electrolyte 70 solution, for example, an
acid solution may be used. In this case, the process temperature of the
Manufacturing method is lower than that of the conventional rianufacturing
method, in which the strong field drift layer is formed by ox'.dizing the
porous semiconductor layer using the RTO lb method. Accordingly,
restriction for materials usable for the electrically conductive substrate
becomes snailer so that a field emission-type electron source with a larger
area riay ire manufactured at lower cost. Further, because the porous
semiconductor layer is oxidized by means of a 20 wet process, the
manufacturing process may be simplified in comparison with the conventional
manufacturing method. FuzLaer, G supplemental oxidation step by means of a 



rapid heating process may be performed before and/or after the main
oxidation step. 25 Meanwhile, before the main oxida~ion step or before   12
~ ~ , 2002 the main oxidation step and supplemental oxidation step, a pre
oxidation step of oxidizing the porous semiconductor layer using an oxidant
sclution may be performed. In this case, hydrogen atoms, which terminate
the atom group on the 5 surface of the porous semico:~ductor layer, for
example, formed by an anodic oxidat_on, are substituted with oxygen atoms
by the oxidant solution. Accordingly, the amount of hydrogen contained in
the strong field drift layer becomes less. In consequence, time-dependent
change of hydrogen 10 distribution in the strong field d=ift layer becomes
smaller so that _ime-dependent stability of the field emission-type
electron source may be improved. Moreover, in the main oxidation step, the
porous semiconductor layer may be oxidized by means of at least 25 one of a
treatment which applies ultraviolet rays to the porous semiconductor layer
in a gas atmosphe-a containing at least one of oxygen and ozone, a
treatment which exposes the porous semiconductor layer to plasma in a gas
atmosphere containing at least one of oxygen and ozone, a 20 treatment
which heats the porous semiconductor layer in a gas a~mosphere containing
ozone, a treatment which applies ultraviolet rays to the porous
semiconductor layer and heats the porous semiconductor layer, and a
Treatment which 



applies ultraviolet rays to the porous semiconductor layer 25 .n a gas
atmosphere containing at least one of oxygen and   Q19 IruR 2~2 13 ozone
and heats the porous semiconductor layer. In this case, electron emitting
efficiency of the electron source may be raised in comparison with that of
the electron source manufactured by the conventional manufacturing 5
method, in which the strong field drift layer is foamed by oxidizing the
porous semiconductor layer using the RTO process. Further, because the
process temperature is lower, restr'_ction fo= materials usable for Lhe
elecaLically conductive substrate becomes smaller so that a field 10
emission-type electron soLrce with a ?arger electron emitting area may be
manufactured at lower cost. Further, if the main oxidation step is
performed after the electrically conductive thin film has beer_ formed)
contamination due to organic s.aterials produced in the 15 processes before
the present oxidation may be removea. In consequence, there may be also
obtained such an effect trat the electron emitting property is improved.
Hereupon, before and/or after the main oxida;.ion step, there nay be
perfor~red a supplemental oxidation step of 20 oxidizing the porous
semiconductor layer by means of a rapid heating process, a further
supplemental oxidation step of oxidixiny the porous semiconductor layer
using an acid solution, or the bo~h supplemental oxidation steps described
above. In this case, the electron em_tting 25 efficiency may be raised much
more.   (19 wuR 2ao2 14 Further, before the main oxidation step (in the
case of including no supplemental oxidation), or before the mair oxidation
step and the supplemental oxidation step(s), there may be performed a pro
oxidation step of oxidizing 5 the porous semiconductor layer using an
oxidant solution. In this case, as described above, because hydrogen atoms,
which terminate the atom group on the surface of the porous semic~nauctor
layer are substituted wish oxygen atoms by the oxidant solution, the amount
of hydrogen contained in 10 the strong field drift layer becomes less so
that time 



dependent stability of the field emission-type electron source may be
improved. Meanwhile, the pre oxidation step may be performed before the
oxidation step by means of she rapid heating 15 process. In each of the
above-mentioned manufacturing methods, the porous semiconductor layer may
be a porous monocrystalline silicor_ layer or a porous polycrystalline
silicon layer, fhe electrically conductive substrate may 20 be an n-type
silicon substrate. Further, the electrically conductive substrate may be a
substrate in which an e;ectrically conductive film is formed on a surface
of an insulating plate such as, for example, a glass plate , a ceramic
plate or the like. The porous semiconductor layer 25 may be formed by
performing an anodic oxidation to a   ,~ g LIAR 2U02 15 semiconductor
layer. In each of the above-mentioned manufacturing methods, it is
preferable that the acid solution, which is used in the main oxidation step
or the supplemental oxidation step, 5 is dilute nitric acid. dilute
sulfuric acid or aqua regia. Further, it is preferable that the oxidant
solution, which is used in the pre oxidation step, is any one of or a
mixture of plural ones of concentrated nitric acid, concentrated sulfuric
acid, hyd=ochloric acid acid hydrogen 10 peroxide. Hereupon, it is
preferable that the oxidant solution is used in a heated state in order to
shorten processing tine of the pre oxidation step so as to improve its
through put. According to a third aspect of the present invention, 15 there
is provided a display for displaying an image on a screen thereof,
including any one of the field emission type electron sources described
above, a collector electrode aisposed so as to face the field emission-type
electron soLrce, a fluorescent disposed on a surface of the 



2D collector electrode, the surface facing the field em'_ss_ontype electron
source, and a member for applying voltage between the collector electrode
and an electrically conductive thin film of the field emission-type
electron source, wherein when voltage is applied betwee:~ the 25 collector
electrode and the electrically conductive thin   16 ~1 S hIAR 2002 film,
the image is displayed on the screen by colliding electrons emitted from
the field emission-type electron source to the fluorescent so as to make
the fluorescent emit light. 5 BRIEF DESCRIPTION OF THE; 1)FtAWINGS The
present invention will become more fully understood frcn: the detailed
description given below and the accompanied drawings, wherein: 10 Fig. iA
is an elevational section view of a field em=scion-type electron source
according to the present invention, in which the electrically conductive
substrate is composed of an n-Lype Silicon substrate; Fig. 1B is an
elevational section view of a field 15 emission-type elec=ton source
according to the present ir_vention, ir_ which the electrically conductive
substrate is composed of a substrate in which an elec~rically conductive
film is formed on a glass plate: Figs. 2A to 2D are elevati~nal section
views of 20 intermediate proda.cts or a final product in the main steps of
the manufacturing process of the field em_ssion-type electror. source shown
ii: Fig , lA; Fig 3 is a schematic view stowing an outline of a
electrochemical oxidation process in a porous silicon; 25 Fig. 4 is a view
showing a principle o. an electron   m 



t19 WR 2~ emitting ~:ecl:anism in the field em:.ssion-type electron source
shown in Fig) lA; Fig. 5 is a view showing an electron-emitting action of
the field emission-type electron source shown in Fig. 5 1.A; Fig. 6A is an
elevational section view of another field emi3sion-type electron source
according to the present invention, in which the ele~trica'_ly conductive
substrate is composed of an a-type silicon substrate; 10 Fig. 6B is an
elevational section view of another field emission-type electron source
accordir_g to the present invention, in which the electrically conductive
substrate is composed of a substrate in which an electrically conductive
film is fo~med on a glass plate; 15 Figs. 7A to 7D are elevational sec=ion
views o~ intermediate products or a linal prodcct in the main steps of the
manufacturing process of the field emission-type elec~ron source shoHm in
Fig. 6A: Fig. 8 is a view showing a principle for measuring 20 active
properties of the field emission-type electron source shown ir. Fig. 6A;
Fig. 9 i5 a graph showing relationships between voltage and current
de:~sity (vcltage-current property) in the field emission-type electron
source of the p=esent 25 invention and the field emission-type electron
source of a   18 comparative example; ~ 9 WAR ~t Figs. 10A and 10B are
views showing oxidized states of a nano crystalline silicon layer; Fig. 11
is a rough perspective view of a display which 5 utilizes a field
emission-type electron source using ar. n type silicon substrate, according
to the present irwention; Fig. 12 is an elevational section view of a
aisplay which utilizes a field P.mission-type electron source using a glass
s;ibstrate, according to i:he present invention; 10 Fig. 13 is a graph
showing an operating characteristic of a field emission-type electron
source according to Example 5 in Embodiment 14; Fig. 19 is a graph showing
an operating characteristic of a field emission-type electron source
according to 15 Example 2; and Fig. 15 is a graph showing an operating
characteristic of a field emission-type electron source according to 



Example 3. 20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMElv'TS
Hereinafter, preferred embodiments of the present invention will be
concretely described. (Embodiment 1) ig. lA shows an elevational section ef
a field 25 emission-type electron scarce, in which the electrically   19 19
1~IAR 200Q conductive substrate is composed of an n-type silicon substrate.
Hereupon, the n-type silicon substrate is composed of a (100) substrate
whose electrical resistivity is about 0.1 SZ cm. As shown in Fig. 1A, the
field 5 emission-type electron source 10 is provided with an n-type silicon
substrate 1, a non-doped polycrystalline silicon layer 3 formed on a
surface of the n-type silicon substrate 1, a st=ong field drift layer 6
formed on the polycrystalline silicon layer 3, and an electrical_y 10
conductive thin film 7 formed on the strong =field drift layer 6, the thin
film 7 being composed of a t:~in gold film. Further, an ohmic electrode 2
is provided on the back surface of the n-type silicon substrate 1. Thus, in
the field emission-type electron source 10, I5 the n-type silicon substrate
1 is used as an electrically conductive substrate. Hereupon, the
electrically conductive substrate is intended to cor_struct a negative
electrode of the field emission-type electron source I0, to support the
strong field drift layer 6 in a vacaum space, 20 and further to infect
electrons into the strong field drift layer 6. Therefore, the electrically
conductive subs~rate need not be restricted to the n-type silicon
substrate, if only it is capable of constructing the negative electrode of
the field emission-type electron source 10 and 25 supporting the strong
field dr~ft layer 6. For example,   z o ~1 ~J JHAR ~ tre electrically
conductive substrate may be composed of metal such as chrome. Moreover, as
shown in Fig. 1B, the electrically conductive substrate may be composed of
a substrate in 5 which an electrically conductive film 12 (for example, ITO



film) is formed on a surface oz an insulating plate 11 such as a glass
plate (or a ceramic plate). In this case, is would be possible to enlarge
the electron emitting area of the field emission-type electron source and
to lower the manufacturing cost of the source, in comparison with the case
using the semiconductor substrate. The strong field drift layer 6, which is
formed by oxidizing a porous polycrystal=ine silicon using an acid
solution, is a layer into which electrons are injected when 15 voltage is
applied between the electrically conductive substrate and the electrically
conductive thin film (thin metal film). The strong field drift Layer 6 is
composed of a polycrystalline body including many grains. On a surface of
each of the grains, a structure of nano meter order 20 having an oxide film
(hereinafter, being referred to "nano structure") exists. It is required
that the dimension of the nano structure is smaller than the mean free path
of the electron in the nonocrystalline silicon, that is about 50 nm, in
order .o make electrons injected into the strong 25 field drift layer 6
reach the surface of the strong field   `19 w~R Z002 21 drift layer 6
without colliding the electrons to the nano structure (namely, without
causing dispersion. of electronsy. Concretely, it is preferable that the
dimension of the nano structure is smaller than 10 nm, and further it is
more 5 preferable that the dimensior_ is smaller than 5 am. In zmbodiment
1, the electrically conductive thin film 7 (thin meta_ film) is composed of
a thin gold filtr. The electrically conductive thin film 7 is intended to
construct a positive electrode of the fie~.d emission-type 10 electron
source 10, and to apply electrical field to the strong field drift layer 6.
Electrons, which nave reached 



the surface of the strong field drift layer 6 by applying the electrical
field, are emitted outward =nom the surface of the electrically conductive
thin film 7 by means of the 15 tunnel effect. Hereapon, an ideal energy of
the em_tted electrons is the energy difference obtained by subtracting the
energy of the work function of the electrically conductive thin film 7
frorc~ the energy of the electrons obtained by applying DC voltage between
the electrically 2o conauctive substrate and the electrically conductive
thin film 7. Therefore, the smaller the work .unction of the electrically
conductive thin film 7 is, it is more desirable. zn Embodiment 1, although
gold is used as a material 25 of the electrically conductive thin Film 7,
the material   22 need not be restricted to gold. Any metal may be used as
the material, if only its work function a small. For example, aluminum,
chrome, tungsten, nickel, platinuu: or the like may be used. The work
function of each of the 5 metals described above is as follows. Gold . 5.IC
eV' Chrome : 4.5C ev Nickel : 5.15 eV Aluminum : 4.~8 eV Tungsten : 9.55 eV
Platinum : 5.65 eV Hereina~ter, a manufacturing process of a field l0
emission--type electron source 10 will be described, while referring to
Figs. 2A to 2D. 



In the manufacturing process, after an ohmic electrode 2 has been formed on
the back surface of an n-type silicon substrate 1 at first, a non-doped
polycrystalline silicon 15 lay2z 3 of about 1 .5 ~c m thickness is formed
on the n-type silicon layer 1 so that the structure shown in Fig. 2A is
obtained. The film making process of t}~e polycrystalline silicon layer 3
is performed by mear_s of the LPCVD process. Ir. the fi :m making process,
degree of vacu~un is set to 20 20 Pa, temperarure of the substrate is set
to 640 C, and flow rate of monosilane gas is set to 600 seem. Hereupon, if
he electrically conductive substrate is a semiconductor, Lhe film making
process of the polycrystalline silicon layer 3 may be performed by means of
the LPCVD process or 25 .he sputter:.ng process. Alternatively, the film
making   ~~' I~AR Q02 23 process may be performed by annealing an
araolpho~a silicon film so as to be crystallized, the amolphous silicon
film having been formed by the plasma CVD process. If the electrically
conductive substrate is a substrate in which an electrically conductive
film is formed on a glass plate, the polycrystalline silicon layer may be
formed by annealing an amolphous silicon film using an excimer laser, the
arnolphous silicor. film having been formed on the electrically conducive
film by ;,he CVD 10 process. Because the process for forning the
polycrystalline silicon layer 3 on the electrically cor_ductive film need
not be restricted to the CVD process, there may be used, for example, the
CGS (Continuous Grair_ Silicon) process or the catalytic CVD process. 15
After t1e non-doped po_ycrystalline silicon layer 3 has been formed, a
porous po'.ycrystalline silicon layer 4 is formed by performing an anodic
oxidation treatment to the polycrystalline silicon layer 3 using ar~ anodic
oxidation processing tank containing electrolyte composed 20 of a mixture
in which hydrogen fluoride aqueous solution of 55 wt~ and ethanol are mixed
tope=her ir. the ratio of nearly 1:1. The anodic oxidation treatment is
performed with constant current while applying light to the layer 3 in such
a manner that a platinum electrode (not shown) acts 25 as a negative
electrode and tre n-type silicon substrato 1   19 MAR 2002 24 



(ohmic electrode 21 acts as a positive electrode. Thus, the structure shown
in Fig. 2B is obtained. Hereupon, in the anodic oxidation treatment,
current density is set to the constant value of 10 mA/cmZ, and time of the
anodic 5 oxidation step is set to 30 seconds. Further, during the anodic
oxidation treatment, light is applied to the surface of the polycrystalline
silicon layer 3 using a tungsten lamp of 500 W. In consequence, the porous
polycrystalline silicon layer 4 of nearly 1 a m thickness is formed. 10
Although only a part of the polycrystalline silicon layer 3 is c;
rysl:allized in this case, the whole polycrystalline silicon layer 3 may be
crystallized. After the anodic oxidation treatrcent has beer. completed,
the electrolyte is removed from the anodic 15 oxidation processing tank,
and then dilute nitric acid of nearly 10~ concentration is .newly paz into
the anodic oxidation processing tank. T:~en, using the anodic oxidat=on
processing tank containing di=ute nitric acid, the porous polycrystalline
silicon layer 4 is oxidized by 20 let~ing constant curren= flow be~ween the
platinum electrode (not shown) and the n-type silicon substrate 1 (ohmic
elect=ode 2) in such a manner that the platinum electrode acts as a
negative electrode and the silicon substrate 1 acts as a positive
electrode. Thus, the 25 structure shown ir: Fig. 2c is obtained. In Fig.
2C, the   1 9 MAR 2002 25 numeral 6 denotes a strong field drift layer
formed by oxidizing the porous polycrystalline silicor. layer 4 using acid
(dilute nitric acrd in this case). Hereupon, it may be considered that when
the porous 5 polycrystalline silicon layer 4 is oxidized by dilute nitric
acid, there occur such reactions as shown by the following reaction
Formulas 1 and 2. In the reac;.ion formulas, h' denotes a hole, and e'
denotes an electron. (Negative electrode) lU HNOs+3H- -~
N0+2H20+3h'--~~-~---reaction formula 1 (Positive electrode) 3h++Si+2H20 -->
Si02+4H~+e---reaction formula 2 As shown schematically in Fig. 3, silicon
oxide (SiOz) is formed on the surfaces of pores of the porous 15
polycrystalline silicon layer 4 due to the above-mentioned reactions.
further, tze concentration of dilute nitric acid or the current density
(constant value) may be conveniently changed in correspondence with any
desired thickness or quality etc. of the porous polycrystalline 20 silicon
layer 4 which is to be oxidized. Further, the potentia_ voltage at the end
point may be set to a preferable (optimum) value, for example, in the range
of several V to several tens V. Moreover, the applied light or the
temperature may be conveniently set to 25 a preferable value.  



,19 MAR 2002 26 Hereupon, as to the strong field drift layer 6, it may be
considered that the surface of the fine silicon crystal composed of tre
nano structure, which is formed by means of the anodic oxidation treatment,
is oxidized by di~ute 5 nitric acid. As shown in Fig. 4, it may be
considered that the strong field drift layer 6 includes at least
pillar-shaped polycrystalline silicon grains 61, thi:~ silicon oxide films
62 formed on the surfaces of the polycrystalline silicon 10 grains 61, fine
crystalline silicon layers 63 existing among Lhe polycrystalline silicon
grains 61, and silicon oxide films 69 formed on the sarfaces of the fine
crystalline silicon layezs 63. In Embodiment 1, because the porous
polycrystalline 15 silicon layer 4 is oxidized using acid (dilute nitric
acidy, the process temperature is lower than that of the conventional
~r~anufacturing process (disclosed in Japanese Patent Applications of No.
10-272340, No. 10-272342 or No. 10-27i876 by the inverlt~rs of the preser_t
application), in 20 which the strong field drift layer is formed by
oxidizing the porous semiconductor layer by means of the RTO process.
Accordingly, restriction of materials usable for the electrically
conductive substrate becomes smaller so that the field emission-type
electror. source may have a larger 25 electron emitting area and may be
manufactured at lower   19 MAR 2002 27 cost. Further, because the porous
polycrystalline silicon layer 4 is oxidized by means of the wet process
after the anodic oxidation treatment, the manufacturing process may be
simplif'ed in comparison with the case of oxidizing the 5 layer 9 by means
of the RTO process after the anodic oxidation treatment. After the strong
field drift layer 6 has been formed, an electrically conductive thin film
7, which is composea of a thir_ gold fila:, is formed on the strong field
drift 1C layer 6, for example, by meats of the vapor deposition pL~cess.
Thus, there is obtained such a field emissior. 



type electron source 10 having the str~:cture shown in Fig. 2D (Fig, lA) .
Altti~ugz the thickness of the electrically conductive thin film 7 is set
to r_early 10 nm in Embodiment 15 1, the thickness need not be restricted
to that. Hereupon, in the field emission-type electron source 10, there is
formed a diode in which the electrically conductive thin film acts as a
positive electrode (anode) while the otunlc electrode 2 acts as a negative
electrode (cathode). 20 Meanwhile, although the electrically conductive
thin film 7 (thin gold film) is formed by means o-_' the vap~L~ deposition
process in Embodiment 1, tae method of forming the electrically conductive
thin film 7 need not be restricted to the vapor deposition pL~cess. ror
example, the 25 sputteri:~g process :nay be used.   Q18 IdAR 2~0$ 28 It may
be considered that in the field emission-type electron sot~r;.e 10 of
Embodiment 1, electrons are emitted according to the following model. That
is, as shown in Fig. 5, let us suppose that a 5 collector electrode 21 is
disposed so as to face the electrically conductive thin film '!, DC voyage
Vps is applied between the electrically conductive thin film 7 and the
ohm_c electrode 2, and further DC voltage Vc is applied between the
collector electrcde 21 and the electrically 10 conductive thin film 7. In
that condition, when the DC voltage, which is applied to the electrically
conductive thin film 7 in such a manner that the thin film 7 becomes a
positive electrode against the n-type silicon substrate 1, reaches a
predetermined value (critical value), electrons 15 e- are injected from tre
n-type silicon substrate 1 side t~ the strong field drift layer 6 by means
of ther~ral exc`tation. ~n the other hand, because tae elec~rical field,
which is applied to the strong field drift layer 6, is mostly applied to
the silicon oxide films 64, the 20 injected electrons are accelerated by
the strong electrical field appi~ed to the silicon oxide films 69. Thus,
within. the strong field drift layer 6, the electrons d=ift in the
direction indicated by an arrow A in Fig. 9 in the space among the
polycrystalline silicon grains 61 toward ~he 25 surface of the layer o.
Then, the electrons pass though 



t19 IIAR 2002 29 the electrically conductive thin film 7 to be emitted into
tk:e vacu~an after passing through the oxide layer on the uppermost surface
of the strong field drift layer 6. In the field emission-type electron
source 10 5 manufactured according to the above-mentioned process, as same
as the case of the field emission-type electron source proposed in the
Japanese Patent Application of No. 10272340, No. 10-272342 or No.
10-2718'I6 by the inventors of the present application, electrons can be
stably emitted, 10 because its electron emitting property has a smaller
dependency' Lo the degree of vacuutr~, and further a popping phenomenor_ is
not caused when the e'_ectrons are emitted. Further, in add_tion to a
semiconductor substrate such as a monocrystalline silicon substrate, there
may be used a 15 substrate in which an electrically conductive film (for
example, ITS film) is provided on a surface of a glass plate or the like,
as the electrically conductive substrate. Therefore, in the field
emission-type electron source, its el.ectror~ emitting area can be enlarged
and its 20 manufacturing cost can be lowered, ir~ comparison with ~he
Spindt-type electrode. Although both of the anodic oxidation treatment and
the oxidation treatment using acid after the anodic oxidation treatment are
performed using the same anodic 25 oxidation processing tank in Embodiment
1, it is of course   11' LIAR 2012 30 hat each of the treatments may be
performed using its individual anodic oxidation processing tank. 



(Embodiment 2) FIereinafter, Embodirren~ 2 of the present invention 5 will
be described. Hereupon, the fundamental construction of tre field
emission-type electron source and the manufacturing metaod thereof
according to Embodiment 2 are nearly as same as those of Embodiment 1
except the following matters. 10 Namel y, in Emboditneiit 2, after the
anodic oxidation treatment has been completed, the electrolyte is removed
from the ar~odic oxidation processing tank, and then dilute sulfuric acid
of nearly 10$ concentration is newly put into the anodic oxidation
processing tank. Then, using the 15 anodic oxidation processing tank
contair_ing d:.lute sulfuric acid, the porous polycrystalline silicon layer
9 is oxidized by letting constant current flow between the platinum
electrode (not shown) and the n-type silicon substra~e 1 (ohmic electrode
2) in such a manner that the 20 platinum electrode acts as a negative
electrode and the silicon substrate 1 acts as a positive electrode. That
is, in En~odi:nent 2, the surface of the fine silicon crystal composed cf
the nano structure, which .s formed by means of the anodic oxidation
treatment, is oxidized by dilute 25 sulfuric acid.   19 ~`R ~ 31 Hereupon,
it may be considered that when the porous polycrystalline silicon layer 9
is oxidized by dilute sulfuric acid, there occur such reactions as shown by
the follow_ng reaction formulas 3 and 4. In the reaction 5 formulas, h+
denotes a hole, and e- denotes an electron. (Negative electrode) 



HMSO,+2H' --> SOz+2HZ0+2h+--~-~--~~----""""reaction formula 3 (Positive
electrode} 2h`fSi+2Hz0 --~ Si02+4H'+2e--~~-~~----~--~-~~-reaction formula 9
:0 Hereupon, the concentration of dilute sulfuric acid or Lhe current
density may be conveniently charged in correspondence with any desired
thickness or quality etc. of the porous polycrystalline silicon layer 4
which is to be oxidized. 15 Further, the potential voltage at the end point
may be set to a preferable (optimum} value, for example, in the range of
several V to several tens V. Moreover, the applied light or the temperature
may be cor_veniently set to a preferable value. 20 (E_'nbodiment 3)
Hereina=ter, Embodiment 3 of the present invention will be described.
Hereupon, the fundamental construction of the field emission-type electron
source ana the manufacturing method thereof accords ng to Embc~din~ent 3
are 25 nearly as same as those of Embodia:ent 1 except the   Q19 W~I~ 2002
32 following matters. Namely, in En~odiment 3, after the anodic oxidation
treatment has been completed, the electrolyte is removed from the anodic
oxidation processing tank, and then aqua 5 regia ((concentrated
hydrochloric acid):(concentrated nitric acid)=3:1) is newly put into the
anodic oxidation processing tank. Thus, the porous polycrystalline silicon
layer 4 is oxidized by aqua regia. Because silicon is gradually oxidized in
aqua regia, the surface of the fine 10 silicon crystal is oxidized by aqua
regia which has permeated into the pores in the porous polycrystalline
silicon layer 4 in Embodiment 3. Tti~a, in Embodiments 1 to 3, the porosity
of the porous polycrystalline silicon layer 4 is nearly uniform in 15 the
direction of thickness of the layer by making the current density constant
during the anodic oxidation step. 



However, by changing the current density during the anodic oxidation step,
there may be produced such a sLru~ture that porous polycrystalline silicon
layers with larger porosity 20 and porous polycrystalline silicon layer
w_th smaller porosity are laminated by turns, or sucr~ a strucl:;~re that
the porosity successively changes in the direction of thickness of the
layer. Meanwhile, in Embodiments 1 to 3, the strong field 25 drift layer 6
is formed by oxidizing the porous   33 (') g hIAR 2002 polycrystalline
si=icon layer using acid. However, the strong fie=d drift layer may be
formed using acid by oxidizing the porous polycrystalline silicon which is
formed by making monocrystalline silicon porous by means of 5 the anodic
oxidation treatment. iEmbodiment 4) Hereinafter, Embodiment 4 of the
present invention will be described. In the field emission-type electron
source 10 according to any one of Emboci_r~ents 1 to 3, the 10 strong field
drift layer 6 is formed by oxidizing the porous semiconductor layer (porous
polycrystalline silicon layer 4 or porous r~onocrystalline silicon layer),
which has been formed by means of the anodic oxidation Lreatment, using
acid. Further, because the mixture solution, in 15 which hydrogen fluoride
aqueous solution and ethanol are mixed together, is used as an electrolyte
in the anodic oxidation treatment, silicon atoms in the porous
semiconductor layer are terminated by hydrogen atoms. Rccordingly, because
the hydrogen conl.ent in the strong 20 field drift layer 6 becomes
comparatively higher, the distribution of the hydrogen atoms changes with
the lapse of time so that the stability of the electron emitting efficiency
with time passing may deterio=ated. For example, when the electrically
conductive thin fiha 7 ithin gold 



25 film) is patterned on the strong field dri~t layer 6,   Q19 IIAR 2002 34
hydrogen atoms may fall out from the strong field drift _ayer 6 so that the
stability with time passing may be deteriorated. Further, because the
silicon atoms in .he porous semiconductor layer are terminated by the
hydrogen 5 atoms, ll may be difficult to form a minute oxide film s~;ch as
Sio,. 0n the other hand, in Embodiment 4, nefore the porous semiconductor
layex (porous polycrystalline silicon layer 4 or porous monocrystalline
silico:~ layer), which has been iU formed by a:eans of the anodic oxidation
treatment, is oxidized using acid (for example, dilute nitric acid, dilute
sulfuric acid or aqua reg_a), namely before the silicon oxide film is
electrochemica7.iy formed, hydrnget~ a=uu~5 which terminate silicon atoms
are substituted with IS oxygen atoms by immerging the porous semiconductor
layer in an oxidant solution far a tine capable of oxidizing its very
surface layer. Hereupon, as the above-mentioned oxidant solution, it is
preferable to use any one or a mixture or plural ones selected in a group
of oxidants 20 eocr~posed of r_itric acid (HNO,) ( sulfuric acid (HZSO,) .
hydrochloric acid (HCl) and hydrogen perox? de (H~O~) . Thus, in Embodiment
4, as shown in Fig. 6A, the strong field drift layer 6 is forced by
oxidizing the porous semiconductor layer, whose very surface layer has been
25 oxidized by the oxidant solut=on, using acid. Accordingly,   35 



1 ~J AIAR 2002 when the porous semiconductor layex is formed by means of
the anodic oxidation treatment, tiydr~gen atoms, which terminate atoms of
the surface of the porous semico:~ductor layer, are sLbstituted with oxygen
atoms by the oxidant 5 solution. In consequence, the hydrogen content in
the strong field drift layer 6 becomes smaller, thereby the time-depending
change of the hydrogen distribution in the strong field drift layer 6
becomes smaller so that the stability of the layer may be improved.
further, in 10 Embodiment 4, because the oxide film produced by oxidizing
the porous Semiconductor layer using acid tends to form a Sio~ structGre or
a structure simi_ar to the SiOZ structure, the minuteness and quality of
the oxide film may be improve3 so that electron emitting efficiency is
improved 15 and further the breakdown voltage is raised. Hereupon, the
function of the stror_g field drift layer 6 is as same as that of the
strong field drift layer 6 in Embodiment 1. Hereupon, if the oxidant
solution is heated, process time of I:he oxidation treatment by means of
the oxidant 20 solution rnay be shortened so that its througrput may be
improved. '~oreover, as shown in Fig. 68, as the electrically conductive
substrate, there may be used a substrate in whicr a electrically conductive
f_ln 12 (for example, ITO 25 film) is formed on a insulating plate 11 sucr
as a glass   ~6 ,1 g I~tAR 2012 plate (or ceramic plate). In this case,
enlarging the electron emitting area of the field emission-type electron
source and lowering the manufacturing cost of the source may be more easily
achieved in comparison with the case 5 using a semiconductor substrate. 



Next, a manufacturing process of a field emission-type electron source
according to Embodiment 4 will be described as an example, while rererring
to Figs. 7A to 7D. However, because the manufacturing process is nearly as
same as the 10 manufacturing process described in Embodimer_t 1 (Figs.
2A2D) , the tr..embez s corresponding to members in Embodiment 1 are given
the same numeral as same as those ir_ Emboa_ment 1 so that the detailed
description about them will be omitted. Further, as to the s=eps as same as
those in Embodiment 1, 15 tie description about them will be simplified or
omitted. In the manufacturing process according to Embodiment 4, as same as
the case of Embodiment 1, after an ohmic electrode 2 has been foamed on the
baci surface of an n type silicon substrate 1, a non-doped pclycrystalline
20 silicon layer 3 of about 1.5 ,gym thickness is formed on the front
surface of the n-type silicon layer 1 by means of the LPCYD process so that
the structure shown in Fig. 7A is obtained. In Embodiment 4, the n-type
silicon substrate 1 (I100) type of substrate), which is used as an
electrically 25 conductive substra~e, has electrical resistivity of 0.C1 to
Q19 w~ ~ao2 37 0.02 SZcm and thickness of 52S a m. Then, a porous
polycrystalline silicor_ layer 4 is formed by performing an anodic
oxidation treatment to the polycrystalline silicon layer 3 using an anodic
oxidation 5 processing tank ccntai.ning electrolyte composed of a mixture
in which hydrogen fluoride aqueous solution of 55 wti; and ethanol are
mixed together in the ratio of nearly 1:1. The anodic oxidation treatment
is performed with ccnstant carrent while applying light to the layer 3 in
10 such a manner that a plat:.num electrode (not shown) acts as a regati ve
eleci:rcde and ttie ii-Lype si_'_con substrate 1 (ohmic electrode 2) acts
as a positive electrode. Tlus, the structure shown in F.g. 7B is obtained.
In the anodic oxidation ~reatmer~t, current density is set to the constant
15 value of 30 ~rA/cm~, and t'_me of the anodic oxidation step 



is set to 10 seconds. Further, during the anodic oxidation treatment, light
is applied to the surface of the polycrystal~ine silicon layer 3 using a
tungsten lamp of 500 W. Hereupon, in Embcdiment 4, the anodic oxidazion 20
treatment is performed in such a condition that only one area whose
diameter is 10 r.~m i:~ tze surface of the polycrystalline silicon layer 3
contacts with the electrolyte, while the other area i.s sealed so as to be
prevented from contacting with the electrolyte. Further, 25 in Embodiment
4, the polycrystalline silicon layer 3 is   38 wholly made porous. ,19 1NR
~ Next, the very surface layer of ttie porous silicon layer 3 is oxidized
by an oxidant solution. In Embodiment 4, as the oxidant solution, there is
used nitric acid 5 (concentrated nitric acid) heated up to 115 C , whose
concentratior. is nearly 70 ~. Time oxidation is 10 minute. Then, dilute
nitric acid of nearly 10~ concentration is newly put into the anodic
oxidation processing tank. Thus, t;sing the anodic oxidaticn processing
tank containing 10 dilute nitric acid, the poroas polycrystalline silicon
layer 4 is oxidized by letting constant curren= flow between the pla~inum
electrode ana the n-type silicon substrate 1 in such a manner that the
platinum electrode acts as a negative electrode and the silicon substra~e 1
15 acts as a positive electrode. Thus, the structure shown in ~'i.g. 7C is
obtained. In Fig. 7C, the numeral 6 denotes a strong field drift layer
formed by ox=dizing the porous polycrystalline silicon layer 4, whose very
surface layer has been oxidized by the oxidant solution, using acid 20
(Although dilute nitric acid is used in Emboaiment 4, dilute sulfuric acid
or aaua regia may ne used.?. Atter the strong fiela drift layer 6 has been
formed, an electrically conductive thin film 7, which is composed 



of a thin gold film, is formed oil Lhe strong field drift 25 layer 6. Thus,
there is obtained such a field emission   r1 ~ 1~ 2602 39 type electron
source 10 having the structure shown in Fig. 7D. Altrough the thickness ef
the electrically conductive thin film 7 is set to nearly 15 nm in
Embodiment 4, the thickness need not be restricted to that. 5 (Embodiment
5) Hereinafter, Embodiment 5 of the present invention will be described.
However, because the fundamental construction and the manufacturing process
~f the Field emission-type electron source according to Embodiment 5 are 10
nearly as same as trose of Embodiment 4 (further Embodic~ent 1), as to the
constructive elements and the manufacturing step corresponding to those in
Embodiment 4, detailed description about them will be simplified cr
omitted. Thus, differences to Embodiment 4 will be mainly described. 15
Embodiment 5 will be described, referring to Figs. 6A-6B, Figs. 7A-'!D,
rig. 8 and Fig. 9. In Embodiment 5, as the Plectrically conductive
substrate, there is used a monocryatal n-type silicon substrate 1 whose
electrical resiscivity is comparatively near to that of an electrical 20
conductor (for example, (100) type of subs=rate whose electrical
resistivity is approximately 0.1 SZcm). In the field emission-type electzon
so,~rce 10 shown in Fiy. 6A according to Embod`_ment 5, also, as same as
the case of Embodiment 4, electrons injected from the n-type 25 silicon
substrate 1 to the strong field drift layer 6 drift   



t19 WAR 2002 40 the layer 6, and then pass through the electrically
conductive th'_n film 7 (surface electrode) to be emitted outward. The
field emission-type electron source 10 is characterized in that the strong
field drift layer 6 has a 5 minute oxide film in which hydrogen content
(entrance) is less in comparison with the: conventional case. Hereupon, the
oxide film is a very ~:inute film having a SiO; structure or a structure
nearer to she SiOZ structure. In the field emission-type electron source
10, because the 1C hydrogen content (entrance) in the strong field drift
layer 6 is less, deterioration of the electron emitting efficiency due to
time-depend_ng change of the rydrogen dis=ribution is less compared with
the conventional case. Farther, because the oxide film is very minute in 15
comparison with the conven~iona7 case, the breakdown voltage for insulation
of t)=a source is higher. Moreover, in Embodiment 5, although the strong
field drift layer 6 is composed of the oxidized po=ous polycrys~alline
silicon layer, ;.he layer 6 may be composed 20 of an oxidized porous
monocrystalline silicon. Next, a manufacturing process of a field
emission-type electron source according to Embodiment 5 will be described
as an example, while referring to Figs. 7A tc 7D. However, because the
manufacturing process is nearly as same as the 25 manufacturing process
described in Embodiment 4 (Figs. 7A   as~~ 41 7D), the riembers
corresponding to members in Embodiment 4 are given the same numerals as
same as those in Embodiment 4 so that detailed description about them will
be sirnplif~ed or omitted. Further, as to the steps as same as 5 those in
Embodiment 9, description about them will be simplified or omitted. In the
manufacturing process according to Embodiment 5, as same as the case of
Embodiment 4, after an ohmic electrode 2 has been formed on the back
surface of an n 10 type silicon substrate 1, a non-doped polycrystalline
silicon layer 3 with a predetermined thickness (for example, 1.5 a m),
which is one cf semiconductor layers, is formed on the from surface of the
n-type silicon layer 2 so that the structure show: in Fig. 7A is obtained.
Hereupon, as 15 same as the case of Embodiment 4 (Embodimen~ 1), when the
electrically conductive substrate is a semiconductor substrate, the
polycrystalline silicon layer 3 may be formed by means of the LPCVV
process, the sputtering process or the like. Meanwhile, when the
electrical?y 20 conductive substrate is a substrate in which an
electrically conductive film is formed on a glass plate, the
polycrystalline silicon layer 3 may be formed by means of the process
similar to those of Embodiment 4. After the non--doped polycrystalline
silicon layer 3 25 has been formed, as same as the case of Embod'_ment 4, a



v18 1~t 2002 42 porous polycrystalline silicon layer 4 is formed by
performing the anodic oxidation treatment so that the structure shown in
Fig. 7B is obtained. Although the intensity of light applied to the
pclycrystalline silicon 5 Layer 3 and the current density are constant
during the anodic oxidation process in the anodic oxidation treatment in
Embodiment 5, trose may be conveniently changed during the process (For
example, the current density may be changed.). 10 After the anodic:
oxidation has been completed, the very s~;rface layer of the porous
polycrystalline silicon layer 4 is oxidized using an oxidant sclution.
Further, the layer 4 is oxidised by means of tae RTO process so Lhat a
strong field drift layer 6 is formed. . Thus, the 15 structure shown in
Fig. 7C is cbtained. In short, in Embodiment 5, hydrogen atoms, which
te=urinate silicon.atoms in the porous polycrystalline silicon. layer 4
formed by means of the anodic ox_dation treatment, are substituted with
oxygen atoms by the oxidation solution. hereupon, as 20 the oxiaant
solution, any one or a mixture of plural ones selected in a group of
cxidarts composed of nitric acid (HN03), sulfuric acid (H~S05),
hydrochloric acid (HC1) and hydrogen peroxide IH~Uz? may be used. After the
strong field drift layer 6 has been formed, 25 an electrically conductive
thin film 7, which is composed   43 1' LIAR 2002 of a thin gold film, is
formed on the strong field drift layer 6, for example, by means of Lhe
vapor deposition process. Thus, there is obtained such a field emissiontype
electron source 10 having the structure shown in Fig. S 7D. Hereupon, the
thickness of the electrically conductive 



thin film 7 need not be restricted to a particular value, it a:ay be any
desirable value if only electrons, which has passed through the st=ong
field drift layer 6, can pass through the film 7. Further, although the
electrically 10 conductive thin film 7 is formed by means of the vapor
deposition process in Embodiment 5, the method of forming the electrically
conductive thin film 7 need not be restricted to the vapor deposition
process. Foz example, the sputter process may be used. 15 Thus, in the
apove-mentioned manufacturing method, the RTO process is performed to the
very surface layer of the porous polycrystalline silicon layer 4 formed by
means of the anodic oxidation treatment after the oxidation process usitiy
the oxidant solution, trereby the hydrogen coctent in 20 the strong field
drift layer 6 becomes smaller so that a minute oxide film having a SiO,
structure or a structure nearer to the SiOz structure. In consequence, the
field emission-type electrcn source, in which the time-dependent change of
the electron emitting efficiency is less and 25 farther the breakdown
voltage is higher, may be obtained.   99 119 I~AIt 2002 Moreover, in the
field emission-type electron source 10 manufactured according to the
above-mentioned manufacturing method, as same as the field emission-type
electron source 10 according to Embodiment 4, electrons can 5 be stably
emitted, because its electron emitting property has a smaller dependency to
the degree of vacuum, and further a popping phenomenon is not caused when
the e:.ectrons are emitted. Further, in addition to a semicondsctor
substrate such as a monocrystalline silicon 10 substrate, there may be used
a substrate in whicr an elec~rically ccnducti.ve film (for example, ITO
film) is provided on a surface of a glass plate cr the like, as the
electrically conducive substrate. Therefore, in the field emission-type
electron source, its ele~troti emitting area 15 can be enlarqea and its
manufactsring cost car_ be lowered, in connarison with tre Spindt-type
electrode. (Example 1) Hereinafter, as Example 1, there wil= be described a
field emission-type electron source 10 manufactured under 20 the fol?owing
conditions, by means of the manufacturing method according to Embodiment 5.
In Example 1, as the n-type silicon substrate 7, there was used a (1G0)
type silicon substrate, in which the electrical resistivity was 0. 01-0 .02
f2 cm and the tt:iclu:ess 25 Was 525 ~ m. Tre polycrystalline silicon layer
3 (3ee Fig.  



45 ..1.9. l~Nt, 2002 7A) was formed by means of the LPCVD process. In the
film forn,ing process, the degree of vacuum was 20 Pa, the temperature of
the substrate was 640 C, and the flow rate of the raonosilane gas was 600
sccm. 5 Iii the anodic oxidation treatment, there was used an electrolyte
in which hydrogen fluoride aqueoas solution of 55 wt~ and ethanol were
mixed together in the ratio of nearly 1:1. In tae anodic oxidation
treatment, only one region ef 10 mm diameter ir_ the surface of the 10
polycrystalline silicon layer 3 contacted with the electrolyte, while the
other region of the surface was sealed so as not to contact with the
electrolyte. Further, a platinum electrode was immersed in the electrolyte,
and then a predetermined current was made flow between the 15 platinum
electrode and the n-type silicon substrate 1 (ohhm_c electrode 2) in sucr~
a manner that the platinum electrode became a negative electrode and the
substrate 1 became a positive electrode, while applying light with constant
light power (intensity) to the polycrystalline 2G silicon layer 3 using a
tu_zgsten lamp of 5G0 W. Hereupon, the current density was th constant
value of 30 nA/cmZ, and the time of anodic oxidation process was 10
seconds. As the oxidant solution, nitric acid (its concentration being 70~)
heated up to 115 C was used. By the way, if the 25 oxidant solution is
heated, the rate of cxidation is raised   46 19 Ml,~ilt ~ 2002 so that the
process time of the oxidation using the oxidant sclution can be shortened.
In the RTO process for oxidizing the porous polycrys~alline silicon layer
4, the flow rage of the oxygen 5 gas was 300 scan, the ~ oxidizing
temperature was 900 C, and the oxidizing time was 1 hour. The electrically
conductive thin film 7 (thin gold film 7) was formed by mea.-~s of the
vapor deposition process, the thickness cf the film being 15 nm. 1G The
field emissicn-type electron source 10 was introduces into a vacuum chamber
(not shown), and then a collector electrode 21 (electrode for collecting
emitted electrons) was disposed aL a position facing to the electrically
conductive thin film 7 as shown in Fig. 8. 15 ^hen, the degree of vacuum in
the vacuum chamber was set to 5 X 10'5 Pa, DC voltage Vps was applied
between tre electrically cond~;ctive tr_:~ film 7 (anode) and the ohmic
electrode 2 (cathode), and further DC voltage Vc of 100 V was applied
between the collector electrode 21 and tl:e 20 electrically conductive thin
film 7. Thus, there were measured diode current Ips flowing between the
electrically conductive Lhin film 7 and the ohmic electrode 2, and emitted
electron current Ie flowing between the collectcr electrode 21 and the
electrically conductive Lhin film 7 due 25 to electrons e' emitted from the
field emission-;.ype   1 9 MAR 2002 47 



electron source 10 througr the electrically ccnductive thin file 7 (The
dashed line in Fig. 8 shows the current of the emitted electrons.). r'ig. 9
shows the resu~t of the measurement. In Fig. 9, 5 the horizontal axis shows
the DC voltage Vps, and the vertical axis stows the current dens_ty.
Fuxther, in Fig. 9, the marks O ( O1 ) and 1 ( ) show the diode current Ips
and the emitted electYor_ current to in Example 1, respectively. 10
Mo=eover, in Fig. 9, as an example for comparison, there is also shown the
result obtained by performing a measurement similar to the above-mentioned
measurement as to a field emissicn-type electron source, which was
manufactured under the same conditions as those of Example 15 1 except
omitting tre oxidation using the oxidant solution before the RTO process.
In Fig. 9, the marks O (03) and (~) show the diode current Ips and the
emitted electron current Ie in the example for comparison, respectively. As
apparent from Fig. 9, when Example 1 is comparea 20 with the example for
comparison, the diode current Ips of Example 1 is lower than that of the
example for comparison, although the emitted electron currents Ie of the
both are nearly same. Because the electron em_tting efficiency is expressed
by the ratio of the emitted electron currer_t Ie 25 to the diode cu=rent
Ips, that is Ie/Ips, it may be   1 9 MAR 2002 ~s understood that the
electron emitting efficiency of the field emission-type electron source 10
according to Example 1 is higher tzan that of the example for comparison.
Further, a dielectric breakdown occurs at a point that DC 5 voltage Vps is
22 V in the example ror c;o:~~parison, while such a dielectric breakdown
does no. occur in Example 1 ever if DC voltage Vps is raised up to 28 V.
That is, the breakdown voltage of Example 1 is higrer than that of the
example for comparison. 10 (Example 2) Hereinafter, as Example 2, there
will be described a 



f_eld enission-type electron source i0 manufactured under the following
condition. ' In Exasple 2, as the n-type silicon substrate 1, there I5 was
used a (100} type silicon substrate, .n which the electrical resistivity
was 0.01-0.02 S2 cm and the thickness was 525 h:n. The polycrystalline
silicon layer 3 (see Fig. 7A) was formed by means of the LPCVD process. In
the film forming prccess, the degree of vacuLm was 20 Pa, the 20
temperature of the substrate was 64U C, ar_d the flow rate of the
monosilane gas was 600 seem. In the anodic oxidation treatment, there was
used an elect=olyte in which hydrogen flaoride aqueous solution of 55 wt~
and ethanol were mixed together in the ratio of 25 nearly 1:1. In the
anodic oxidation treatment, o:~ly one   4 9 ~ 1 ~ MAID 2002 region of 10 mm
diameter in the surface of the polycrystalline silicon layer 3 coata~ted
with she electrolyte, while the other region of the surface was sealed so
as not to contact with the electrolyte. Further, 5 a platin,~m el ectrode
was in~nersed ir~ the electrolyte, arid then a predetermined current was
made flow between the platinum electrode and the n-type silicon substrate 1
(ohhmic electrode 2) in such a trantier Lhat the platinum electrode became
a negative electrode and the substrate 1 10 became a positive electrode,
while applyir_g light with constant light power (intensity) t~ the
polycrystalline silicon layer 3 using a tungsten lamp of 500 W. Hereupon,
the current density was th constant value of 30 mA/cmZ, and the time of
anodic oxidation process was 10 seconds. 15 After the porous
polycrystalline silicon layer 4 had been fcrmed, the layer 4 was
electrochemically oxidized with the constant current or 1 mA/cm' in 1 molar
wt~ of sulfuric acid solution of 70 rC in such a manner that tze platin,im
electrode became a negative e'ectrode and the n-type silicon 20 substra~e _
(electrically conductive substrate) became a posit'_ve electrode. Then the
porous polycrystalline silicon layer 4 was washed using water end further
dried up. Moreover, on the oxidized porous polycrys~allire silicon layer 4,
there was formed an electrically conductive thin 25 film 7 (surface
electrode) composed of gold (Au) having a   50 thi ckness of 10 rm. 19. ~t
2002 Thus, the electron emitting efficiency of the field emission-type
electron source 10 obtained as described above was measured in such a
manner that the electrically 5 conductive thin film 7 became a positive
electrode and the n-type silicon substrate 1 (ohmic electrode 2) became a
negative electrode. According to the measurement, when the voltage Vps was
20 V, the emitted electron current was 1 m/cm`. The result is shown in Fig.
14. 



10 Thus. although the only oxidati~t~ treatment of lower temperature was
performed, there is observed emission of electrons of the emitted electron
current. Therefore, if there is used a substrate such as a glass plate,
which reqaires to be treated at lower temperature process, ar_y 15 desired
field emission-type electron source may be manufactured. Hereupon, the
processing condition such as kind of the acid, current density or the like
need not be restricted to the above-mentioned condition. 20 (Example 3)
Hereinafter, as Example 3, there will be described a field emission-type
electron source 10 manufactured under the following conditions. In Example
3, as the n-type silicon substrate 1, there 25 was used a (100) type
silicon substrate, in which the   51 1 9 MAR 20Q2 electrical resistivity
was 0.01-0.02 S2 cm and the thickness was 525 a m. The polycrystall'_ne
silicon layer 3 (see Fig. 7A) was formed by means of the LPCVD process. In
the film forming process, the degree of vacuum was 20 Pa, Lhe 5 temperature
of the substrate was 640 C, and the flow rate of tl:e monosi_ane gas was
600 sccm. In the anodic oxidation treatment,,=here was used an electrolyte
in whicr hydrogen fluoride aqueous solution of 55 wt~ and ethanol were
mixed together in the ratio oL 1C nearly 1:1. In the anodic oxidation
treatment, only one region of 10 ~rsn diameter '_n the surfaco of the
polycrystalline sil~con layer 3 contacted with the electrolyte, while the
other region of the surface was sealed so as not to contact with the
electrolyte. Further, 15 a platinum electrode was immersed in the
electrolyte, and then a predetermined current was trade flow between the
platinum electrode and the n-type silicon substrate 1 (ohhmic electrode 2)
in such a manner that the pla~irurn electrode became a negative electrode
and the substrate 1 20 became a positive electrode, wri~e applying light
w'_th constant light power (intensity) to the polycrystalline si~ieon layer
3 using a tungsten lamp of 500 W. Hereupon, .he curre:~t density was th
constant value of 30 mA/cm2, and the time cf anodic oxidation process was
10 seco:~ds. 25 After the porous polycrystalline silicon layer 4 had   52 



v19 11R 2002 been formed, the layer ~! was electrochemically oxidized with
the ccnstant current of 20 mA/cm~ in 7 mclar wt~ of sulfuric acid solution
of 25 C in such a manner that the platinum electrode became a negative
electrode and the n-type silicon 5 substrate 1 (electric:ally conducllve
substrate) beca~re a positive electrode. Then the porous polycrystalline
silicon layer 9 was washed using water and further dried up. Further, a
supplecuentaL oxidatlon treatment by means of the rapia thermal oxidation
process was perforaed to tre layer 4. 10 In the rapid thermal oxidation
process, the flow rate of. ~xyyen gas was 300 sccm, the oxidizing
temperature was 750 'C, and the oxidiz'_ng time was 1 hour. Zhen, on the
oxidized porous polycrystalline silicon layer 4, there was formed an
electrically conductive thin 15 film 7 (surface electrode; composed of gold
(Au) having a thickness of 10 r_~n. Thus, the electron emitting efficiency
cf the field emission-type electron source 10 obtained as described above
was measured in such a manner that the electrically 20 conductive thin film
7 became a positive electrode ar~d the n-type silicon substrate 1 (ohr~ic
electrode 2) became a negative electrode. According to the measurement,
when the voltage Vps was 20 V, the emitted electron current was 10 ~c
m/cmZ. The result is shown in Fig. 15. 25 Thus, although there was
performed the only oxidation   53 19 hMl~ 2~ treatment cf comparatively
lower temperature in comparison with the process using the only rapid
thermal oxidation process, there is observed much emission of electrons or
the emit~ed electron curre:~t. Therefore, if there is used a 



5 subs=rate, which requires to be treated at lower temperature process, any
desired field emission-type electron source may be manufactured. Hereupon,
l:he processing condition such as kind of the acid, tempera~ure of the
acid, current density, the type of 10 the rapid thermal oxidation or the
like need not be restricted to the above-mentioned co:~dition. (Embodiment
6) Hereinafter, Embodiment 6 of the present invention will be described.
However, because the fundamental 15 constr~:ction and the manufacturing
process of the field ecr.ission-type electron source according to
Embodiment 6 are nearly as same as those of Embodiment 5, as to the
constructive e~ements and the manufacturing step corresponding to those in
Embodiment 5, detailed 20 description about them will be simplified or
omitted. Thus, differences to Embodiment 5 will be mainly described.
Embodiment 6 will be described, referring to Figs, 6A-6B, Figs. 7A-7D, Fig.
8 and Figs. 10A-10B. P~ describe above, in the field emission-type electron
25 source 10 shown i:~ Fig. 4, the strong field drift layer 6   54 19 61AR
200 includes at least the pillar-shaped polycrystalline silicon grains 61,
the thin silicon oxide films 62 formed on the surfaces of the
polycrystalline siliccn grains 61, the fine crystalline silicon layers 63
of nano meter order existing 5 among the polycrystalline silicon grains 61,
and the silicon oxide films 64 formed on the surfaces of the fine
crystalline silicon layers 63, each of the f_lms 64 being an insu=ating
filr.~ having a trickness smaller than the diameter of a crystal particle
of the =ine crystalline 



10 silicon layer 63. In the strong field drift layer 6 of the field
emission-type electron source 10 described above, it may be considered that
the surface of each of zhe grains is made porous, wrile the crystal state
is maintained in t~~e 15 central portion of each of the grains. Therefore,
the electrical field, which is applied to the strong field drift layer 6,
is mostly applied to the silicon oxide films 64. Thus, electrons injected
to the layer 6 are accelerated by the strong electrical field applied to
the 20 silicon oxide films 64 so that the electrons drift a_mono the
polycrystalline silicon grains 6L in the direction of the arrow A ir. Fig.
4 toward ~he surface of the layer 6. Accordingly, the electron emitting
efficiency of the source is improved. 25 Thus, she inventcrs of the present
application have   55 19 MAIL 2002 performed the following inventions
according to Embodiments 6 ro 14 in view of the silicon oxide films 64.
That is, the inventors of the present application considers that the whole
surfaces of the fine crystalline silicon layers 63 5 would be covered by
oxygen atoms 65 as shown in Fig. 10A when the surfaces of the fine
crystalline silicor_ layers 63 have been cobpletely oxidized, while the
surfaces of the fine crystal silicon layers 63 would not be wholly covered
by the oxygen atoms 65 as shown in Fig. 10B when the 10 oxidation has been
performed by the RTO process (namely, the fine crystal. silicon layers 63
would be insufficiently covered by tre oxygen atoms 65). Thus, the
inventors have perforzred .he inventions according to Embodiments 6 to 19
on the bas-s of the above-ment_oned consideration. In 15 Embodiment 6, as
the electrically conductive substrate, there is used a monocrystalline
n-type silicon substrate 1 whose electrical resistivity is comparatively
neap to that c' an electrical conductor (for example, (100) type of silicon
substrate whose electrical resistivity is 20 approximately 0.1 S2cm). In
the field emission-type electron source 10 shown in 



fig. 6A according to Embodiment 6, also, electrons injected from the n-type
silicon substrate l, whic~~ is an e_ectrically conductive sLbstrate, drift
the strong field 25 drift layer 6, and then are emitted outwara through the
19 MAR 2002 56 electrically conductive thin film 7, by a process as same as
that of Embodiment 5. Hereupon, materials for the electrically conductive
thin film 7 need not be restricted to gold. Any material (for example,
aluminum, chrome, 5 tungsten, nickel, platinum or the like) may be used if
only its work function is small. Further, although the electrically
conductive thin film 7 is formed as a single layer in Embodiment 6, it may
be formed as a laminated thin electrode film composed of at 10 least two
layers laminated in tl:e direction of the thickness of the layers. When the
eectrically conductive thin film 7 is composed of a lam_nated thin
electrode film having r.wo layers, for example, gold or the like may be
used as .he material for the upper layer of the laminated .5 thin electrode
film. On the other hand, as the material of the lower layer of the
laminated thin electrode film (the thin layer fac'_ng the strong field
drift layer 6), there may be used, for example, chrome, nickel, platinum,
titanium, iridium or t'~e like. 20 Next, a manufacturing process of a fie_d
emission-type electron source according to Embodiment 6 will be described
as an exartole, while referring to Figs. 7A to 7D. :-towever, because the
manufacturing process is nearly as same as the manufacturing process
describes in Embodiment 4 or 5(Figs. 25 7A-7D), the members corresponding
to members in F~nbodiment   57 19 I~AIt 2002 4 or 5 are g wen the same
numerals as same as those in Embodiment 4 or 5 so that detailed description
about them will be simplified .or omitted. Further, as to the steps as same
as those in Embodiment 4 or 5, description abo;it them 



5 will be sia~pl'_Lied or omitted. In the manufacturing process according
~o Embodiment 6, as same as the case of Eribodiment 9 or 5, after an o~zmic
electrode 2 has been formed on the back surface of an n type silicon
substrate 1, a non-doped polycrystalline 1C siliccn layer 3 with a
predei:ermined thickness (for example, 1.5 a m), which is cne cf
semiconductor layers, is formed on the front surface of the n-type silicon
layer 1 so that the structure shown i.n Fig. 7A is obtained. Hereupon, the
polycrystal=ine silicon layer 3 is formed by means of a 15 process similar
to that of Embodiment 4 or 5, After the non-doped polycrystalline silic~ci
layer 3 has been foamed, as same as the case o-_' Embodiment 9 or 5, a
porous polycrystalline silicon layer 4 is formed by performing the anodic
oxidation treatment so that the 20 structure Brown in Fig. 7B is obtained.
In the anoaic oxidation treatment in Embodiment 6, the current density is
constant. Further, dux~ir~g tze anodic oxidation process, light is applied
to the surface of the polycrystalline silicon layer 3 using a tungsten lamp
of 500 art so that the 23 polycrystalline silicon layer 3 is wholly made
porous.   1 9 MAR 2002 se However, only a portion of the polycrystalline
silicon layer 3 may be nade porous. Next, a strong field drift layer 6 is
formed by oxidizing the porous polycrystalline silicon layer 4 so 5 tr,at
the construction Shown in Fig. 7C is obtained. Hereupon, during the step of
oxidising the porous polycrystalline silicon layer 4, the porous
polycrystalline silicon substrate 9 is oxidized by applying ultraviolet
rays thereto in a gas atmosphere containing at least one of 10 oxygen (0~)
and ozone 10,) . Hereupon, as t:-~e light source of the ultzaviolel rays,
there may be used, for example, an ultraviolet lamp (for example, a
low-pressure mercury lamp whose main wave length component is 185 nm or 256
nm) or an excimer laser whose main wave length component is l72 nm. 



15 Time for applying the ul~raviolet rays may be conveniently set to a
value in a range of a few minutes to a few hours. After the strong `field
drift layer 6 has been formed, an electrically conductive thin files 7 is
formed on the strong field drif t layer 6, for example, by means of the 2C
vapor deposition process. Taus, there is obtained such a f_eld
emission-type electron source 10 having the structure sho~m in Fig. 7D.
He=eupon, although Lhe electrically conductive thin film 7 is formed by
means of the vapor deposition process in ~z:inodiment 6, the method of
forming 2S the electrically conductive thin, fi_m 7 need not be   59 Q19.
MAR 2A02 restricted to the vapor deposition process. For example, the
sputter process may be used. By the way, in the manufacturing r,~ethod
disclosed in the Japanese Patent Application of No. 10-272340 or No. 105
272342, the strong field d.r~ft layer 6 is formed by oxidizing the porous
polycrys=alline sil_con layer 4 by means of the RTO process. In this case,
because the temperature of oxidation i.s comparatively higher (800-900 C),
it may be obliged to use a substrate in which an 10 electrica_ly conductive
film, is provided on an expensive quartz glass, o. a mozocrystalline
silicon substrate, as tre electrically conductive substrate. Accordingly,
because it is restricted to enlarge the area of the electrically conductive
substrate, there may occur, for 15 example, such a disadvantage that it is
difficult to achieve a display having a larger area. On the contrary, in
the mnufacturing method of the fic_d e~:ission-type electron source
according to Embodiment 6, because the porous polycrystalline silicon layer
4 is 20 oxidized ir_ .he gas atmosphere containing at least one of oxygen
and ozone while applying ultraviolet rays thereto during the oxidation step
of the silicon layer 9, the electron emitting efficiency (efficiency of
emitting electrons) is raised in comparison wi~h the method of 25 forming
the strong field driFt layer by oxidizing Lhe 



19 MAR 2002 60 porous polycrystalline silicon layer 4 by means of she RTO
process. FIere:upon, the electron emitting efficiency is the value obtained
by the formula of (Ie/Ips) X 100 on the basis of the diode current Ips and
the emitted electron current 5 Ie. It may be considered that the reason why
tre electron emitting efficiency is high as described above, is such a
matter that when the ultraviolet rays are applied in the ozone atnsphere,
for example, silicon bonds in the uppermost surface of the fine crystal
silicon layer 63 10 shown in Fig. IOB are cut by the ultraviolet rays and
Si-U bonds are produced by active ozone so that the ratio of the surface of
the fine crystal silicon layer 63, which is ccvered by the oxygen atoms 65
(That is, it approaches an ideal state shown in Fig. 10A.) is impwoved.
Hereupon, it 15 is of course that decomposition of the gas is promoted by
applying the ultraviolet rays. Thus, according to the manufacturing method
of Embodiment 6, because the porous polycrystalline silicon layer 4 is
oxidized in the gas atmosphere containing at 20 least one of oxyger. and
ozone while applying ultraviolet rays thereto during the oxidation step o,
the siliccn layer 9. the electron emitting efficiency is raised. Further,
because tre strong field drift layer 6 is formed by oxidizing the porous
polycrystalline silicon layer 4 25 without heating the layer 4, the strong
field drift layer   61 ~ .s ~~ . ~ZOOz may be formed at a ~ower temperature
in comparison with the case of forming the strong field drift layer by
oxidizing the porous polycrystalline silicon layer by means of the RTO
process (in this case, it must be heated up to 800 to 



5 900 C). rheYefore, because the process temperature is lower, restriction
for :materials of the electrically conduct_ve substrate becomes less so
that enlarging area and lowering manufacturing cost of the electron source
may be easily achieved. 10 (Embodiment 7) Hereinafte_, Embodiment 7 of the
present invention will be described. However, because the fundamental
construction and the manufacturing process of the field emission-type
electron source according to Embodiment 7 are 15 nearly as same as these of
E~rbodiment 6 except that its oxidation step of the porous polycrystalline
silicon layer 4 is different from that of Embodiment 6. Therefore, as to
the constructive elements and the manufacturing step corresponding to those
in Embodiment 6, detailed 20 description about then w111 be simplified or
omitted. Thus, differences to Embodiment 6 will be mainly described. Ici
Embodiment 7, in the oxidation step of oxidizing the porous polycrys~alline
silicor. layer 4, the porous polycrystalline silicon layer 4 is oxidized by
exposing the 25 layer 9 to plasma in a gas atmosphere containing at least
s 2 1~ g I~ 200Z one of oxyger_ and ozone (main oxidation step). Hereupon,
the plasma may be produced, for example, using a high frequency of ?3.S6
MHz. When high frequency of 13.56 MHz is used, RF power may be set to, for
example, several tens 5 of W to several hundreds of W. Further, titae for
exposing the porous polycrystalline silicon layer 4 to plasma may be
conveniently set to a value in the range of several minutes to several
hours. Hereupon, plasma may be produced by causing electric discharge in
the above-mentioned gas 10 atmosphere. Mean~~rhile, plasma may be producea
in another gas atmosphere (for example, inert gas). Thus, according to the
manufacturing method of Embodiment 7, as same as the case of E~nbodimert 6,
the electron emitting efficiency .nay be raised in comparison 15 with the
conventional case of forming the strong field drift layer by meats of the
RTO prccess. rttrther, as same as the case of Embodiment 6, the area of the
field emission-type electron source 10 may be easily enlarged and further
the manufacturing cost of the source tray be easily 20 lowered.
(Etrbodiment 8) Hereinafter, Emboditcent 8 of the present invention will be
described. However, because the fundatae:~=al ccnstrLCtion and the
manufacturing process of the field 25 etrission-type electron source
according to Emoodiiaer.t 8 are   63 1 9 M~~. 2002 nearly as same as those
of Embodiment 6 except Lhat its oxidation step of the porous
polycrystalline silicon layer 4 is diLferent from that of Embodiment 6.
Therefore, as to the constructive elements and the manufactarinq step 5
corresponding to those in Embodiment 6, detailed descripticn about them
will be simplified or omitted. Thus, differences .o Embodiment 6 will be
mainly described. In Embodiment 8, in the oxidation step of oxidizing the
porous polycrystalline silicon layer 4, the porous 10 polycrystalline
silicon layer 4 is oxidized by hating the 



layer 4 in a gas atmosphere containing at least ozone (main oxidation
step). Hereupon, the temperature and time of the heating arocess may be
conveniently set to a value in the range cf 100 to 600 C and a valr,e in
the range of several 15 minutes to several hours, respectively, Hereupon,
the temperature of the heating process may be higher than 600 C. However,
it is preferable to set tl:e temperature to a convenient value in the range
of 100 to 600 C in view of lowering restriction for materials of the
electrically 20 conductive substrate (for example, in order to use a
substrate in which an electrically conductive film is provided on an glass
plate whose price is more inexpensive than tt:at of a quartz glass plate,
as tre electrically conductive substrate). 25 Thus, according to the
:manufacturing method of   64 ~i 9 MAIL , ~2 Embodiment 8, as same as the
case of Embodiment 6, the Plectron emitting efficiency may be raised in
comparison with the conventional case ~f forming the strong field drift
layer by means of the RTO process. Further, as same 5 as the case of
Embodiment 6, the area of the field emission-type electron source 10 may be
easily enlarged and further the manufacturing cost of the source may be
easily lowered. (Embodiment 9) 10 Hereinafter, Embodiment 9 of the present
=nvontion will be descr_bed. However, because the fundamental construction
and the manufac~uring process ef the field emission-type e-ectron source
according to Embodir~~ent 9 are neatly as same as those of Embodiment 6
except that its 15 oxidation step of the porous polycrystalline silicon
layer 4 is different from that of Embodiment 6. Therefore, as to the
constructive elements and the manufacturing step corresponding to those in
Embodiment 6, deta'_~ed description about them will be simplified or
omitted. Thus, 20 difFerences Lo E~~boaicnent 6 will be mainly described.
In Embodiment 9, in the oxidation step o. oxidizing the porous
polycrystalline silicon layer 4, the porous polycrystalline si_icon layer 4
is oxidized by applying ultraviolet rays to the layer 9 and heating the
layer 4 25 (main oxidation step). Hereupon, the temperature and time   65
19 MAlt 2002 of the heating process may be conveniently set to a value in
tre range of 100 to 600 C and a value in the range of several minutes to
several hours, respectively. Hereupon, althoLgh the temperature of the
heating process may be 5 higher than 600 C, i~ is preferable to set the
temperature to a convenient value in the range of 100 to 600 C due to the
same reason as that of Embodiment 8. Thus, according to the manufacturing
method of Embodiment 9, as same as the case of Embodiment 6, the 10
electron emitting efficiency may be raised in corwarison with the
conventional case of forming the strong field 



drift layer by means ~f the RTO process. Further, as sane as the case of
Embodiment 6, the area of the field emission-type electron sou=ce 10 may be
easily enlarged and 15 further the mar_ufactur_ng cost oL the source may be
easily lowered. (Embodiment 10) Hereinafter, Embodiment 10 of the present
invention will be described. However, because the fundamental 20
construction and the manufacturing process of the field emissior_-type
elec~ron source according to Embodiment 10 are nearly as same as those of
Embodiment 6 except that its oxidation step of tre porous polycrystalline
silicon 'aver 4 is different from that of Embodiment 6. Therefore, as to 2~
the c:~nst=uctive elements and the manufacturing step   66 a 9 ~ 20DZ
corresponding to those in Erudiment 6, detailed description about them will
be simplified or omitted. Thus, differences to Embodiment 6 will be mainly
described. In Embodiment 10, in the oxidation step of oxidizing 5 the
porous polycrystalline silicon layer 4, the porous polycrystalline silicon
layer 4 is oxidized by applying ultraviolet rays to the layer 4 in a gas
atmosphere containing at least one of oxygen and ozone and heating =he
layer 4 (main oxidation step). Hereupon, the temperature 10 and time of the
heating process may be conveniently set .o a value in the range of 100 to
600 C and a value in the range of several ~ainutes to several hours,
respPCaively. Hereupon, although the temperature of the heating process may
be higher thar_ 600 C, it is preferable to set tae 15 te~:perature to a
convenient value ir_ the range of 100 to 60C C due t~ the same reason as
that of Embodiment 8. Thus, according to the man~:facturing method of
Embodiment 10, as same as the case oL Er.~bodiment 6, the 



electron. emitting efficiency may be raised in comparison. 20 with the
conventional case of forming the strong field drift layer by means of the
RTO process. Further, as same as the case of Embodiment 6, the area of the
field emission-type electron source 10 may be easily enlarged and further
the manufacturing cost of the source may be easily 25 lowered.   67 ~ 9
LIAR (E~aloodiment 11 ) hereinafter, Embodiment 11 of the present invention
will be described. The fundamental construction and the manufacturing
process of the field emission-type electron 5 source ac:cordir~g to
Embodiment 11 axe nearly as same as those of any one of Embodiments 6 to
10. However, the manufacturing method is characterized i:~ that it includes
a supplemental oxidation step of oxidizing the porous polycrystalline
silicon layer 4 by means of the rapid lU heating process performed before
and/or after the main oxidation step in any one of Embodiments 6 to 10.
Hereupon, the supplemental oxidation step by the rapid he~ti.ng process,
ir. which for example a lamp annealing apparatus is used, is performed in a
dry oxygen atmosphere by setting 15 the temperature and time of the
oxidation process to 600 900 C and 30-1c0 minutes, respectively. Thus,
according to the manufacturing method of Embodiment 11, the electron
emitting efficiency may be much more raised, because insufficient oxidation
in the oxidation process, which is 20 caused in the conventional oxidation
process, is supplemented. (Embodiment 12) 



Hereinafter, Embodiment 12 of the p=esent inve:~tion w111 be described. The
fundamental constructior. and the 25 manufacturing process of the field
emission-type electron   68 19 MAR 2002 source according to Embodiment 12
are nearly as same as those of any one of Embodime:~ts 6 to 11. However,
the manufacturing method is characaerized in that it includes another
supplemental oxidation seep of oxidizing the porous 5 polycrystalline
silicon layer 4 using acid performed before and/or after the main oxidation
step (or the supplemental oxidation step in Embodiment 11) in any one of
Embodiments 5 to 11. That is, in the manufacturing process according tc
embodiment 12, the strong field drift layer E is formed, 10 fcr example,by
performing any one of the followingtreatments (1)-(10) to theporous
golycrystalline siliconlayer 4. Inthe followingtreatments, CA] denotes
~.hesuppletrental oxidation stepusing acid, CM] denotes themain oxidation
step, andC H ] denctes the supplemental15 oxidation stepby means of the
rapid heating prccess.( 1 )CAJ -' Ct.~7( 2 )CM] --~ CA]( 3 )[I~1] --~ CM](
4 )CMS -> CHJ2 0 ( 5 )CA] --~ CM] --~CH]( 6 )CH] -~ CM] --~CA]( ~ )CA7 -->
CH) --~Cc,7a )CH) -~ C~ --~CM7( 9 )CM] ~ CA7 -->CH725 (10)CM] -~ CH] -~CA7
ss 11 J Iw~ 2002 Hereupon, the supplemental oxidation step using acid may
be performed using a processing tank (the processing tank for the anodic
oxidation treatment in Embodiment 6 may be used for this purpose)
containing acid (for example, 5 HNO" H2S0~, aqua regi a or the 1 1 ke) by
letting flcw a predetermined current between the platinu.~n electrode (not
Brown) and the n-type silicon substrate 1 (ohmic electrode 2) in such a
manner the plat'_n~Lm electrode acts as the negative electrode and the
substrate 1 acts as the positive 10 electrode. Hereupon, it may be
considered that whets the porous polycrystalline si?icon layer 4 is
oxidized using, for 



example, dilute nitric acid (for example, dil~:te nitric acid of 10~)
before the mair_ oxidation step, there occur 15 such reactions as shown by
the reaction formulas 1 and 2 described above (Embodiment 1?. Meanwhile, it
may be considered that when the porous polycrystalline silicon layer 4 is
oxidized using dilute sulfuric acid (for example, dilute sulfuric acid of
10~) before t:~e main oxidation step, 20 there occur such reactions as
shown by the reaction formulas 3 and 4 described above (Embodiment 2).
Thus, according to the manufacturing method of Embodiment 12, insufficient
oxidation in the ox'_dation process, which is caused in the conventional
oxida~ion 25 process, is supplemented so that the electron emi=Ting   ~o 19
MAR 2002 efficiency may be much more raised. (Embodiment 13) Hereinafter,
Embodiment 13 of the present invention will be described. The fundamen~al
construction and the 5 manufacturing process of the field emission-type
electron source according to Ez~bodimen*~ 13 are zzearly as same as those
of any one of Embodiments 6 to Z0. however, the manufacturing method i5
characterized in that it includes a pre oxidation step of oxid~zing the
porous polycrystalline 10 silicon layer 4 using a Oxidant solution before
the main oxidation step in any one of Embodiments 6 to lU. That is, the
strong field drift layer 6 is formed by performing the main oxidation step
after the very surface layer of ',-.he porous polycrystalline 511icon layer
4 has been oxidized. 15 In the manu`acturing method according to each of
Ersbodiznents 5 to lOl because the mixture solution, in which hydrogen
fluoride aqueous solution and ethanol are mixed together, is used as the
electrolyte in the anodic oxidation treatment, silicon atoms are terminated
by 20 hydrogen atoms. Accordingly, the hydrogen content in the strong field
drift layer 6 becomes comparatively r~igher so that the breakdown vcltage
is lowered or the distribution of the hydrogen atoms charges with the lapse
of time. In 



consequence, it is feared that the stability of the 25 electron emitting
efficiezic;y with time passing may   71 I19 MAR 2002 deteriorated. On the
contrary, in the manufacturing method according to Embodiment 13, the
hydrogen atoms terminating the silicon atoms in the porous polycrystalline
silicon layer 4, S which has been formed by the anodic oxidation treatment,
are substituted with oxygen atoms by the oxidant solution. Hereupon, as the
oxidan~ solution, there :nay be used any one or a mixture of plural ones
seected in a group of oxidants composed of nitric acid, sulfuric acid, 10
hydrochloric acid and hydroge:~ peroxide aqueous solution. Thus, in the
manufacturing method according to Eiubodiment 13, the main oxidation step
is performed after the very surface layer of the poxous polycrystalline
silicon layer 4 formed by the anodic oxidation treatment 15 has been
oxidized using the oxidant solution, in consequence the hydxogen content in
the strong field drift layer 6 can be Lowered. Therefore, in the obtained
field emission-type electron source, time-dependent change of the electron
emitting efficiency may be smaller and the 20 breakdown voltage may be
higher. Meanwhile, in the manufacturi:~g method according tc each of
Embodiments 11 and 12, a pre oxidation step of oxidizing the porous
polycrystalline silicon layer 4 using an oxidant solution may be performed
before the main 25 oxidation step and the supplemental oxidation step(s).
72 19 MAR 2002 In the oxidation step using the oxidant solution, if the
oxidant solution is heated, the rate of oxidation becomes larger so that
the processing time may be shortened. (Example 4) 5 Hereinafter, as Example
4, there will be described a field emission-type electron source 10
manufactured under the following conditions, by means of the manufacturing
method according to Embodiment 13. In Example 4, as the n-type silicon
substrate 1, there 10 was used a (1G0) type silicon substrate, in which the
electrical resistivity was 0.1 S~ cm and the tric:kness was S25 a m. The
polycrystalline silicon layer 3 (see Fig. 7A) was formed by means of the
LPCVD process. In the film forming process. the degree of vacuum was 20 Pa,
the 15 temperature of the substrate was 640 C, and the flow rate of the
monosilane gas was 600 scan. In the anodic oxidation treatment, there was
used an electrolyte in which hydrogen fluoride aqueous so_ution of 55 wt~
and ethanol were waxed together in the ratio of 2o nearly 1:1. In the
anodic oxidation treatment, the surface of the polycrystalline silicon
layer 3 was made contact with the electrolyte. Et~rther, a predetermi:~ed
cu-rent was let flow between the platinum electrode immersed in the
electrolyte and the n-~yne silicor. substrate 1 (ohhmic 25 electrode 2) in
such a manner that the platinum electrode 



73 19 MAR 2002 became a negative electrode and the substrate 1 became a
positive electrode. Hereupon, the current density was the constant value of
30 mR/cm', and the time of the anodic oxidation process was 10 seconds. 5
In the pre oxidation step, as the oxidant solution, there was used a
mixture solution in whirr Sulfuric acid and hydrogen peroxide aqueous
solution are mixed together. Tzen, a sample, ir. which a porous
polycrystalline sil_con layer 4 was formed, was immersed in the oxidant
solution for 30 10 minutes. Alter the pre oxidation step, a supplemental
oxidation step was perfo=med. In the supplemental oxidaLioii step, the
sample was e_ectrochemically oxidized in a sulfuric acid solution of 1
molar weight percent, by le~ting flow a 15 constant current of 20 mA/cmZ
between the platina.~n electrode and the n-type silicon substrate 1 io:~mic
electrode 2f in sLC:~. a matiiier that the platinum electrode became the
negative electrode and the substrate 1 became the positive electrode.
Further) the sample was washed using water, and 20 then dried up. Then, the
main oxidation s~ep was performed. In the main oxidation step, ultraviolet
rays, whose main wavelengths are 185 nm and 254 nm, were applied to the
main surface of the sample (subs~rate; 1u a gas atmosphere containing
oxygen and ozone while heating the sample up to 25 500 C. Tine of the main
oxidation process was 1 hour.   



74 19 MAft Z002 The electrically conductive thin fihr 7 was formed by
patterning a thin gold film using a photo lithograp'~y techniaue, an
etching technique or the like, the gold film being deposited on the whole
surface of the strong Eield 5 drift layer 6 by rears of the vapor
deposition process. Here:~pon, lre thickness of the electrically condsctive
thin film ? was 10 nm. The field emission-type electron source 10, which
had been manutact~tred as described above, was introduced into a 10 vacuum
chamber (not shown), and tzen a collector electrode 21 (electrode for
c~ollect_ng ea,itted electrons) was disposed at a positi~ti facing the
electrically c:oadictive thin film 7 as shown in Fig. 8. fihen, the dsg=ee
of vacuum ir. the vacuum chamber was set to 5 X 10-- Pa, and then DC
voltage Vc 15 of I00 V was applied beiweeti the collector electrode 21 and
the electr'_cal_y conductive thin film 7. Further, there were measured
diode current Ips flowing between the electrically conductive thin film 7
and the ohmic electrode 2, and emitted electron current le flcwi.ng the
collec~or 20 electrode 21 a!~d the electrica=ly conductive thin film 7 due
to electrons e' emitted QutWard from the field emission-type electron
sou.=ce 10 through the electrically condsctive thin film 7, wh`_le
variously changing DC voltage Vps applied between the electrically
co:~ductive thin film 7 (anode) and 25 the ohanic electrode 2 (cathode). In
consequence, there was   75 19 ~R zooz obtained such a good result that the
eaitted electron current ie was 10 ~uA/ca~z. (Embodiment 19) ~Iereinafter,
Embodiment 14 of the present invention 5 will be described. Fig. 11 shows
ar. example of a display using a field emission-type electron source 10
having a construction nearly as same as that of Embodiment 6. However, in
the field emission-type electron source lU of embodiment 14, which is a
little different from the field 10 emission-type electron source 10 of
Embodiment 6, eacr of the electrically conductive thin films 7 is formed in
a 



striped shape. As shovm in Fig. 11, ;.he display P1 is provided with a
glass substrate 33 which is disposed so as to face the 15 electrically
conductive thin films 7 of the field emission type electron source 10.
Thus, on the surface of the glass substrate 33, which tac;es the field
emission-type electron source 10, collector electrodes 31 of striped shape
are formed. W rther, the disblay P1 is provided with a 20 fluorescent layer
32 which emits visible light due tc the e'_ectron beams emitted from the
e_ectrically conductive thin films 7, the layer 32 being forr~ed~ so as to
cover the collector electrodes 31. Hereupon, a space formed between tre
field emission-type electron source 10 and the glass 25 st~strate 33 is in
a state of vacuu.~n.   ~s 1 9 MAR 2002 In the display P1~ each of the
electrically conductive thin films 7 is formed in the striped shape, and
further each of the collector electrodes 31 is also formed in the striped
serape in such a manner that it extends ir. a direction perpendicular to
each of the electrically conductive thin films 7. Accordingly, when voltage
(electrical field) is applied to one of the collector eler_trodes 31 and
one of the electrically conductive thin films 7, the electrode 31 and the
film 7 bei:~g conveniently ?0 selected respectively, electrons are emitted
only from tf~e electrically ccnductive thin film 7 to which voltage is
applied. Hereupon, ~tily electrons emitted from the regicn, which exists in
the e=ectrically conductive thir. film 7 from which the electrons are
emitted, corresponding to the 15 collector electrode 31, to which voltage
is applied, are accelerated so that the electrons make the fluorescent
layer 32 covering the collector electrode 32 emit light. That is, in the
display PI shown in Fig. 11, a por~ion 



in the fluorescent layer 32, which corresponds to the region 2G where the
electrically conductive thin film 7 and .he collector electrode 31, to each
of which voltage i5 applied, cross together, can be made emit light, by
applying voltage to a specific electrically conductive thin film 7 a:~d a
specific collector electrode 31. Thus, images or letters 25 can be
displayed on the screen of the display P1 by   ?? ,1 ~. MAR ~ 2~2
conveniently changing the electrically conductive thin film ? and the
collector electrode 31, to each of which voltage is applied. The
manufacturing method of the field emission-type 5 electron source 10 in
Embodiment 14 is nearly as same as that in Embodiment 6. However, the
manufacturing method is characterized in that after the electrically
conductive thin films 7 patterned in the predetermined shape (str~.ped
shape in Embodiment 14) have been formed, there is (are) performed 10 at
least one of a treatment which applies ultraviolet rays to the layer in a
gas atmosphere containing at least or_e of oxygen and ozone as described in
Embodiment 6, a treatment which exposes the layer to plasma in a gas
atmospzere contair_ing at least one of oxygen and ozone as described in 15
Embodimen~ 7, a treatment which heats the layer in a gas atmosphere
containing ozone as described in Embodiment 8, a treatment which applies
ultraviolet rays to the layer and heats the layer as described in
Embodiment 9, and a treatment which applies ultraviolet rays to the layer
inYa 20 gas atmosphere containing at least one of oxygen and ozone and
heats the layer as described in F~abodiment 10. 'r'hus, according to the
manufacturing method, by performing the treatments described above,
contamination due tc organic materials produced in the processes before the
treatl~nents 25 may be removed, as well as the porous polycrystalline   ~s
1 9 MAIL 2002 silicon layer is oxidized so that the electron emitting
efficiency may be raised. Hereupon, the electrically conductive thin films
7 of striped shape may be formed, for example, according to the 



3 following process. That is, after an electrically conductive thin film 7
has been formed o!~ the whole surface of the strong field drift layer 6, a
photo resist layer is applied and formed on the electrically conductive
thin film 7. Then, the photo resist layer is patterned by means of .0 the
photo lithography technique. Next) the electrically conductive thin film 7
is etched using the photo resist layer as a mask, and then the photo resist
layer is removed. Hereupon, the electrically conductive thin films 7 of
striped shape may be directly formed o~ the strong field 15 drift layer 6
by means of the vapor deposition process nr the like using a metal mask
having an aperture pattern of the striped shape. In Fig. 12, there is shown
an example of a display using a ti.eld emission-type electron source 10'
which is 20 provided with a substrate iii which an electrically conductive
film 12 is formed on a glass plate 11 as shown in Fig. fiB. As s?:own i n
Fig. 12, in the display P2, an anode electrode 42 is disposed above the
field emission-type 25 electron source 10' while forming a space 41
therebetween,   79 19 MAR 2002 and fcrther a rluarescent glass substrate 43
is disposed on the surface of tk:e anode electrode 42 so as to contact with
the electrode closely. Further, the space 41 is enclosed by a shutter glass
44. Hereupon, the space 4~ is nearly in the 5 state o' vacuum. Hloreover,
spacers 45 are provided at some desired positions between the field
emission-type electron source :.0' and the anode electrodes 42. The field
emission 



type electron source 10' is provided with a plurality of electrically
conductive thin films 7. Further, ir_ the 10 position =acing each of the
electrically conductive thin films 7, a fluorescent member 46 i~ prcvided
or_ the lower surface of the anode electrode 42. Thus, when a predetermined
voltage is applied between specific (desired! ones in a plurality of
electr'_cally 15 conductive thir. fillt~s 7. and the anode electrodes 42
facing the specific films 7, electrons e- emitted from the specific
electrically conductive thin film 7 proceed in the direction szown by the
arrow X, and then collide to the fluorescent members 46 racing the specific
electrically conductive thin 2C films 7. In consequence, the fluorescent
members 46 emit ligrt as shown by the broken line L. In the di3play P2, by
applying voltage to specific electrically conductive thin films 7, and
specific anode electrodes A2 and electrically conductive film 12, Lhe 25
specific ones in a plurality of fluorescent members L6,   ~o ''! 9 MAR 200
which face the specific electrically conductive thin iil~~~s 7 to which
Leltage is applied, can be made emit light. Accordingly, images or letters
can be displayed on the screor. of the display P2 by conveniently changing
the 5 electrically conductive thin film 7 and the electrically conductive
film 12, to each of which voltage is applied. (Example 5) Hereinafter, as
Example 5, there w111 be described a field emission-type electron source 10
(see Fig. 11) 10 manufactured tinder the following conditions, by means of
the manufacturing method according to Embodiment 14. In Example 5, as .he
:z-type silicon substrate 1, there was used a (100) type silicon substrate,
in which the electrical resistivity was 0.1 SZcm and the thickness was 15
525 ~,m. The polycrystalline silicon layer 3 ;see Fig. 7A) was for-_ned by
means of the hPCVD process. In tze film forming process, the degree of
vacuum was 20 Pa, the temperature of the substrate was 640 C, and *~he
f:.ow rate of the monosilane gas was 600 sccm. 



20 In the anodic oxidation treatment, there was used an electrolyte in
which hydrogen fluoride aqueous soluticn of 55 wt~ and ethanol were mixed
together in the ratic of r_early 1:1. In the anodic oxidation treatment,
the surface of the polycrystalli:~e s_licon layer 3 was made contact with
25 the electrolyte. Further, a predetermined current was let   81 19 MAR
2002 flow between tre platinum electrode immersed in the eFectrolyte and
the n-type silicon substrate 1 (ohhmic electrode 2) in such a manner that
the platinum electrode became a negative electrode a:~d the substrate 1
became a 5 positive electrode. Hereupon, the curren~ density in the anodic
oxidation process was the constant value cf 30 mA/cmz, and the time of
anodic oxidatior_ process was 10 seconds. In the rapid :eating process for
oxidizing the porous po~ycrystalline silicon layer 4, the glow rate ~f the
oxygen 10 gas was 300 scan, tile oxidizing temperature was 900 C, and the
oxidizir_g time was 1 hour. The electrically conductive thin film 7 was
formed icy patterning a thin gold film using a photo lithography technique,
an etching technique or the like, the gold fi_m being deposited on the
upper surface of 15 the strong field drift layer 6 by means of the vapor
deposition process. Hereupon, the thickness of the electrically conductive
thin film 7 was 10 nm. After the electrically conductive chin filra 7 had
keen formed, there was performed are oxidation treatment 20 (hereinafter,
it is referred to "after treatment"} which applied ultraviolet rays to the
layer ir. a mixed gas atmosphere (2000 ppm) containing oxygen (Oz) and
ozone (J~). A low-pressure mercury lamp of 110 W' was used as a source of
ultraviolet rays. The Temperature and time of the heating 25 process were
200 C and 30 minutes, respectively.   82 19 MAR 2002 



Farther, there was manufactured a field emission-type electron source to
which the after treatment toad nut been performed, as the comparative
example 1 (example for comparison). Moreover, as l.he comparative example
2, here 5 was also manufactured a field emission-type electron source, in
r~tiich the electrically conductive thin file 7 had been formed using a
metal mask and to which the after treatment had not been performed. The
differer_ce between Example 5 and the comparative example 1 was only
whether the after 10 treatment was performed or not. The difference between
Example 5 and the comparative example 2 was as fellows. Namely, in
Fm'oodiment 3, the electrically conductive thin film 7 was patterned by
means of the pl:olo litrography technique or the like, and then the after
treatment was 15 performed. On the other hard, in the comparative exarrpl.e
7, the electrically conductive thin film 7 was patterned during the
film-forming step using tl:e metal mask, and then the after treatment was
not performed. Each of the field emission-type electrcn sources 10, 20
which had been manufact~:red as described above, was introduced into a
vacuum chamber (net shown?, and then a collector electrode 21 (electrode
for collecting emitted electrons) was disposed at a positicn facing ~he
electrically conductive thin film 7 as shown in Fig. 8. 25 Thus, the degree
of vacuu_~n in the vacu~:.~t chamber -was set to   83 1 9 MAR 2002 5 X 10-5
Pa, and then DC voltage Vc of 100 V was applied between the collector
electrode 21 and the electrically conductive thin film 7. Further, there
were measured diode 



current Ips flowing between the electrically conductive thin 5 film 7 and
the ohmic electrode 2, and emitted electron current Ie flowing between the
collector electrode 21 and the electrically conductive th_n film 7 due to
electrons e emitted outward from the field emission-type electron source 10
through the electricall-y conductive thin film 7, wY~ile 10 variously
changing DC voltage Vps applied between the elec~rically conductive thin
film 7 (anode; and the ohmic elec~rodc 2 (cathode). The result o. the
measurement are shown in F_g. 13. In Fig. 13, the horizontal axis shows the
DC voltage 15 Vps. The left vertical axis shows the current density of the
diode current Ips or the emitted e~ectrcn current Ie. The right vertical
axis shows the electron emitting e=ficiency (Ie/Ips X 100). Further, the
graphs in Fig. 13 show the following physical properties, respectively. 20
Continuous line ~ (): Ips in Example 5 Dashed line  (  ) : Ie in Example 5
Broken line 0 (): Eff in Examp_e 5 Continuous line  (n): Tps in the
comparative ex. 1 Dashed line ~ (D): Ie in the comparative ex. 1 25 Broken
line  (D): Eff in the comparative ex. 1   84 1 9 MAR 2002 Continuous
line~(O):Ipsin the comparative ex. 2Dashed line(O):Iein the comparative ex.
2Broken line~(O):Effin the comparative ex. 2 Ip~: diode current 5 IP :
emitted electron current Eff: electron emitting efficiency In Fig. 13, when
the comparative example 1 is compared with the comparative example 2, the
current density of the emitted electron current Ie of tre comparative
example 1 is 10 smaller than that of the comparative example 2 (see graphs
.  ). although the current densities of the diode current Ips of the both
are nearly same (see graphs .C). Accordingly, the electron emitting
efficiency of the comparative example 1 is smaller than that of the 15
comparative example 2 (see graphs . ~ ) . The reason may be considered as
follows. Namely, in the comparative example 1,~ there may remain
contaminatio:~ of organic 



materials due to the remaining =esist of the photo resist layer used for
patterning the electrically conductive thin 20 film 7. On the other hand,
in the comparative example 2, such contamination of organic materials may
less remain, because the metal mask is used foY pattering the electrically
conductive thin film 7. Next, when Example 5 is compared with the
comparative 25 example 1, the current densii.y of the diode current Lps of
85 1 9 MAR 2002 Example 5 is smaller than that of the comparative example 1
(see graphs ~1 ,  ), although the current density of the emit~ed elect=on
ccrrent Ie of Embodiment 3 is larger than that of the comparative example 1
(see graphs  , ~). 5 Accordingly, the electron emitting efficiency of
Example 5 is higher Khan that of the comparative example 1 (see graphs C,
). For example, when the DC voltage Vps is 20 V, the current density of the
emitted electron current Ie of Example 5 is as 30 times as that of the
comparative 10 example 1, the current density of the diode current Ips of
Example 5 being as one fourth (1/4) as that of the comparative example 1,
and the electron emitting efficiency of Example 5 being as 120 times as
that of the comparative exa_-nple 1. Namely, the electron emitting
efficiency of 15 Exa:~ple 5 is much larger than that of the comparative
example 1. Further, when Example 5 is compared with the comparative example
2, the current density of the emitted electron current Ie of Example 5 is
larger ~han that of the 20 comparative example 2, in consequence the
electron emitting efficiency of Example 5 is higher than that of the
comparative example 2. Hereupon, the reason why the current density of the
emitted electron current Ie of Example 5 is larger than that of the
comparative example 2, 25 ~r.ay be considered as follows. Namely, in
Example 5, there   I1' ~ i002 8n may be obtained such an effect tha~ the
surface of the 



field emission-type electron source 10 is purified by the after treatment,
and/or ar. effect that the guality of the silicon oxide film 6~ (see r'ig.
10A) in the surface of tre 5 fine crystal silicon layer 63 which constructs
the strong field drift layer 6, is improved (the ratio of the surface
covered with oxygen atoms is increa~edi. Although the pzesent invention has
been described in relation to particular e_nbodiments thereof, many other
10 variations and modifications will become apparent to those skilled in
the art. It is preferred, therefore, that the bresent invention be limited
not by the specific disclosure herein, but only by the appended claims.
s7 wxAT x s c~rrt~D x s 1 9 MAl't 2002 1. A field emission-type electron
source comprising an electrically conductive substrate, a strong field
drift layer formed on a surface of the electrically conductive substrate
and an electrically conductive thin film formed on the strong field drift
layer, wherein electrons, which are injected into the electrically
conductive substrate, drift in the strong field drift layer to be emitted
outward through the electrically conductive thin film by applying voltage
between the electrically conductive thin film and the electrically
conductive substrate in such a manner that the electrically conductive thin
film acts as a positive electrode against the electrically conductive
substrate, wherein the strong field drift layer is formed by a process
including .an oxidation step of oxidizing a porous semiconductor layer, the
strong field drift layer including fine crystalline silicon layers of nano
structure and silicon oxide films formed on surfaces of the fine
crystalline silicon layers, each of the films having a thickness smaller
than the 



diameter of crystal particles of the fine crystalline silicon layers. 2.
The field emission-type electron source according to claim w7., wherein the
strong field drift layer ~.s oxidized in a liquid phase in the oxidation
step. 3. The field emission-type electron source according to claim 2,
wherein the porous semiconductor layer is formed by performing an anodic
oxidation to a semiconductor   ss layer. 19 MAR 2002 4. A method of
manufacturing a field emission-type electron source including an
electrically conductive substrate, a strong field drift layer formed on a
surface of the electrically conductive substrate, which includes fine
crystalline silicon layers of nano structure and silicon oxide films formed
on surfaces of the fine crystalline silicon layers, each of the films
having a thickness smaller than the diameter of crystal particles of the
fine crystalline silicon layers, and an electrically conductive thin film
formed on the strong field drift layer, wherein electrons, which axe
injected into the electrically conductive substrate, drift in the strong
field drift layer to be emitted outward through the electrically conductive
thin film by applying voltage between the electrically conductive thin film
and the electrically conductive substrate in such a manner that the
electrically conductive thin film acts as a positive electrode against the
electrically conductive substrate, the method comprising a main oxidation
step of forming a strong field drift~_. layer by oxidizing a porous
semiconductor layer. 



5. The method of manufacturing the field emissiontype electron source
according to claim 4, wherein the porous semiconductor layer is oxidized in
a liquid phase in the main oxidation step. 6. The method of manufacturing
the field emission type electron source according to claim 5, wherein the
liquid phase is an acid solution.   88a 1' M~IIt 20p2 7. The method of
manufacturing the field emission type electron source according to claim 4
or 5, wherein the porous semiconductor layer is oxidized in an electrolyte
89 1' MAR 2002 solution by means of an elec~rochernical reaction in the
main oxidation step. 8. The method of manufacturing the' field
eriissiontype e~.ectror. source according to claim 7, wherein the 5
electrolyte solution is an acid solution. 9. The method of ::anufacturing
the field emissiontype electron source according to claim 4, further
comprising a supplemental oxidation step by means of a heating process, the
supplemental oxidation step 10 being performed be~ore and/or after the main
oxidation step. 10. The method of manufacturing the field emissiontype
electrcn source according to claim 5, further comprising a sapplementai
oxidation step by means of a zeating process, the supplemental oxidation
step 15 being performea before anc/or after the main oxidatior_ step. 11.
the method of m.a~afacturing the field emissiontype eiectron source
according to claim 6, further conprisit:g a sspplemental oxidation stop by
means of a hea~i.ng process, the supplemental oxidation step 20 being
performed before and/or after the main oxidation step. 12. The method of
r..anufacturing the field emissiontype electron source according to claim
7, further comprising a supplemental oxiaation step by means of a heating
process, the supplemental oxida~ion step 25 being performed before and/or
after the main oxidation step.  



90 19 MAR 200Z 13. The method of manufacturing the field emissiontype
electron source according to claim 8, further comprising a supplemental
oxidation step by means of a rapid heating process, the supplemental
oxidation step being performed before and/or after the main oxidation step.
14. The method of manufacturing the field emissiontype electron source
according to claim 4, further comprising a pre oxidation step of oxidizing
the porous semiconductor layer using an oxidant solution, the pre oxidation
step being performed before the main oxidation step. 15. The method of
manufacturing the field emissiontype electron source according to claim 5,
further comprising a pre oxidation step of oxidizing the porous
semiconductor layer using an oxidant solution, the pre oxidation step being
performed before the main oxidation s t ep. 16. The method of manufacturing
the field emissiontype electron source according to claim 6, further
comprising a pre oxidation step of oxidizing the porous semiconductor layer
using an oxidant solution, the pre oxidation step being performed before
the main oxidation step.   i19 MAR 2002 91 17. The method of manufacturing
the field emissiontype electron source according to claim 7, further
comprising a pre oxidation step of oxidizing the porous semiconductor layer
using an oxidant solution, the pre oxidation step being performed before
the main oxidation step. 18. The method of manufacturing the field
emissiontype electron source according to claim 8, further comprising a pre
oxidation step of oxidizing the porous semiconductor layer using an oxidant
solution, the pre oxidation step being performed before the main oxidation
step. 19. The method of manufacturing the field emissiontype electron
source according to claim 9, further comprising a pre oxidation step of
oxidizing the porous semiconductor layer using an oxidant solution, the pre
oxidation step being performed before the main oxidation step . 20. The
method of manufacturing the field emissiontype electron source according to
claim 10, , further comprising a pre oxidation step of oxidizing the porous
92 ~t ~ ~ 200 semiconductor layer using an oxidant solution, the pre
oxidation step being performed before the main oxidation step;  21. The
method of manufacturing the field emissiontype electron source according to
claim 11, further comprising a pre oxidation step of oxidizing the porous
semiconductor layer using an oxidant solution, the pre oxidation step being
performed before the main oxidation step. 22. The method of manufacturing
the field emissiontype electron source according to claim 12, further
comprising a pre oxidation step of oxidizing the porous semiconductor layer
using an oxidant solution, the pre oxidation step being performed before
the main oxidation step. 23. The method of manufacturing the field
emissiontype electron source according to claim 13, further comprising a
pre oxidation step of oxidizing the porous semiconductor layer using an
oxidant solution, the pre oxidation step being performed before the main
oxidation step or before the main oxidation step and the supplemental
oxidation step.  



93 19 MAR 2002 24. The method of manufacturing the field emission tyge
electron source according to clam 4, wherein in the main oxidation step,
the porous semiconductor layer is oxidized by means of at least one of a
treatment which S applies ultravio_et rays to the porous semiconductor
layer in a gas atMOSphere containing at least one ~f oxygen and ozone, a
treatment waich exposes the poross semiconductor layer to plasma in a gas
atmosphere containing at least one of oxygen and ozone, a treatment which
heats the porous 10 semiconductor Layer i:~ a gas atmosphere containing
ozone, a treatment which applies ultraviolet rays to the porous
semiconductor layer and heats the porous semiconduclcr layer, ana a
t=eatment which applies ultraviolet rays to the porous semiconductor Layer
in a gas atmosphere 15 containing at least one of oxygen and ozone and
heats the porous semiconductor layer. 25. The method of r.~anufactaring the
field emissiontype electron source according to claiu 24, wherein the main
oxidation step is performed after the electrically 20 conductive thin film
has been formed. 26. The method of r..anufacturing the field e~nission type
electro:~ source according to clain 2~, further comprising a supplemental
oxidation step of oxidizing the porous semiconductor layer by means of a
heating 25 process, tl:e suppler~entGl oxidation step being performed   94
,19 MAR 20p2 before and/or after the main oxidation step. 27. The method o~
manufactur.ing the field emissior.type electron source according to claim
25, further comprising a supplemental oxidation step of oxidizing the 



5 porous semiconductor layer by means of a heating process, the
supplemental oxidation step being performed before and/or after the main
oxidation step. 28. The method of r;anufacturing :.he field emissiontype
electron. sosrce according to claim 24, further 10 comprising a further
supplemental oxidation step of oxidizing the porous ser.~c~tiductor layer
cling an acid solstion, the further suppletr.en=al oxidation. step being
pezfor~ued before and/or after the main oxidation seep. 29. The rietl:od of
manufacturing the field emissi~n15 type electron source according to claim
25, further comprising a further supplemental oxidation step of oxidizing
the porous semicondcctor layer using an acid solution, the further
suppleMental oxidation step being pertorcned befoz~e and/or after the main
oxidation step. 20 30. The method of manufacturing the field emissiontype
electron source according to claim 24, further conprisirig a pre oxidation
step of oxidizing the porous sen_conductor layer using an oxidant solution,
the pre oxidation step being performed before the main oxidation. 25 step.
19 MAR ?ppZ ~s 31. The method of manufacturing the field emissiontype
electron source according to claim 25, further comprising a pre oxidation
step of oxidizing the porous semiconductor layer using an oxidant solution,
the pre 5 oxidation step being performed before the main oxidation step.
32. The method of manufact~:ring the fieldemission-type elect=on source
according to claim 26,furthercomprising a pre oxidation step of oxidizing
the porous10 semiconductor layer using Gn oxidant solution,the preoxidation
step being performed before tre mainoxidationstep and the supplemental
oxidation seep.33. The method of manufacturing the fieldetrission-type
electron source according to claim 27)further15 comprising a pre oxidat_on
step of oxidizing the poroussemiconductor layer using an oxidant
solution,the preoxidation step being performed before the
:uainoxidaLlonstep and the supplemental oxidation step.34. The method of
manufacturing the fieldemission-20 type electron source according to claim
28,furthercomprising a pre oxidation step of oxidizing the
poroussemiconductor layer using an oxidant solution,the preoxidation step
being performed before the mainoxidationstep and the scpplemental oxidation
steps.25 35. The method of manufacturing the rieldemission-   19 AJAR ?pp2
96 type clGCtron source according to claim 29, further comprising a prP
oxiaation step of oxidizing the porous semiconductor layer using an oxidant
sclution, the pre oxidation step being performed before the main oxidation
5 step and brie supplemental oxidation steps. 36. The method of
manufacturing the field emissiontype electron source according to any one
of claims 9 to 35, wherein the porous semiconductor layer is a porous
monocrystallir_e silicon layer cr a porous polycrystalline 10 silicon
layer. 37. The method of manufacturing the field emissiontype electron
source accordi:~g to any one of claims 4 to 35, wherein the electrically
conductive substrate is an n-type silicon subs~rate. .5 38. The method of
manufacturing the field emissiontype electron source accoraing to any oae
of claims 4 to 35, wherein the electrically conductive substrate is a
substrate in which an electrically conductive film is formed on a surface
of an insulating plate. 20 39. The method of manufacturing the field
emissiontype electron soarce according to claim 38, wherein the insulating
elate is composed of glass or ceramic. 40. The method of manufacturing the
Meld emissiontype electron source according to any one o-_" claims 4 to 35,
25 further comprising a step ~f forming the porcus 



~ 9 MAR 2002 97 semiconductor layer by performing an anodic oxidation to a
semiconductor layer. 41. Tre method of manufacturing the field emission
type electron source according to claim 6, 8, 11, 13, 16, 5 18, 21, 23, 28,
29, 34 or 35, wherein the acid solutio:~ is dilute nitric acid, dilute
sulfuric acid or aqua r_egia. 42. The method of manufacturing the field
emission type electron source according to ary one of claims 14 to 23 and
30 to 35, wherein the oxidant solution is airy ~i~e of 10 or a mixture of
plural ones of concentrated nitric acid, concept-ated sulfuric acid,
hydrochloric acid and hydrogen peroxide. 43. The ~nethoci of manufacturing
the field emissiontype electron source according to claim 47., wherein the
15 oxidant solution is used in a heated state. 44. A display for displaying
an image on a screen thereof, including: a field emission-type electron
source according to any one of claims 1 to 3; 20 a collector electrode
disposed so as ~o face the field emission-type electron source; a
f=uorescent member disposed on a surface of the collector electrode, the
surface facing the field emission type electron source; and 25 a member for
applying voltage betwsen the collector 



1 9 MAR 2002 98 electrode and an electrically conductive thin file of the
field emission-type electron source; wherein when voltage is applied
between the collector electrode and the electrically conductive thin film,
the 5 image is displayed on the screen by colliding electrons emiLLed from
the field emission-type electron source to the fluorescent member so as to
make the fluorescent member emit light. .A3 .A!E .A2 .AuE .A .AE .Af .A2
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