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SPECIFICATION 

TITLE OF THE INVENTION 

FIELD EMISSION-TYPE ELECTRON SOURCE AND MANUFACTURING 

5 METHOD THEREOF AND DISPLAY USING THE ELECTRON SOURCE 

BACKGRO'JND OF TUE INVENTION 

1. ·rield 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 

15 Conventionally, as a field emission-type electron 

source, there has been well-known a so-called Spindt-type 

elec-crode which is disclosed, for example, in the United 

States J:>atent No. 3, 665, 241 and so on. The Spindt-type 

electrode is 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 tt:.e outside through the 
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emitting holes by applying hiqh voltage between the ~.mitter 

chips and the gate layers under a vacuum. atmosphere in such 

a manner that the emitter chips become negative electrodes 

against the gate layers. 

Eowever, iil lhe Spindt-type electrode, there exists 

such a problem that when it is applied, for example, to a 

flat liqht emitter or a display, i.t 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 tria:l.gular shape 

wit:h blgher efficiency. Meanwhile, in the Spindt-::ype 

electrode, the electrical field converges to the apexes of 

the emitter chi.ps. Therefore, when the degree of vacuon 

around the apexes of the emit:er 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 emi~ter ctips suffer 

damages (for example, damages due to ion impacts) so that 

20 there may be caused such a problem ~hat current density or 

efficiency of the emitted electrons becomes unstable, or 

lives of the e~itter chips are shortened. There=ore, the 

Spindt-type electrode must be used :J.nder a higher vacu-.im 

atmosphere (about 10·5 Pa to about 10-6 Pa) in order to 

25 prever.t occurrence of the above-mentioned problem. 
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Accordingly, there may be caused such a disadvantage that 

tl:e manufacturing cost of the electrode is raised and 

further the me~hod of treatment of the electrode is 

troublesome. 

5 In order to improve the above-mentioned disadvantage, 

a field enission-type electron source of MIM {Metal 

Insulator Metal) style or. MOS (Metal Oxide Semiconductor) 

style has been proposed. The fo!"mer 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 emiss!on-type electror. so~rce having a laminated 

structure of (meta!J-(oxide film}-(semiconductor). :n 

order to raise electron-emi "tting efficiency of the above­

mentioned type of field emission-type electron source 

15 {namely, in orde~ to emit mo!"e electrons), il is necessary 

to reduce the thickness of the insulator film or oxide film. 

However, if the thickness of the insulator filn 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 

en reduclng the thickness of the insulator film or oxide 

film. .Thus, there exists such a · disadvantage that its 

electron emittjng efficle:icy (electron extracting 

25 efficiency) can not be raised so much, because the above-

·- --
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mentioned dielectric breakdown must be prevented. 

Moreover, in recent years, as disclosed in the 

Japanese Laid-Open Patent Publication No. 8-250_766, there 

has been proposed another field emissior.-type electron 

5 source (semiconductor element for emitt.ing cold electrons), 

in which a porous semiconductor layer (porous silicon 

layer) is formed by performir.g anodic oxidation to one 

surface of a Ir.onocrystalline semiconductor substrate such 

as a silicon substrate in order to raise its electron 

10 emitting efficiency, a thin metal film being formed on the 

porous semiconductor layer. Hereupon, the electron source 

can emit electrons wher.. voltage is applied between the 

semiconductor substrate and the thin metal film. 

However, in the fleld emission-type electron sot:rce 

15 disclosed in the Japa~ese Laid-Open Patent ?ublication 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 elect·ron source, because a so-called. 

popping phenomenon is easily caused w~en electrons are 

er.iitted, the amount of emilted electrons tends ~o become 

unsceady. Accordingly, when the electron source is applied 

to a flat light emitter or a display, there may be caused 

/.5 such a disadvantaqe that light emission becomes unsteady. 
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Thus,· in the Japanese Patent Applica~ions of No. 10-

272340, No. 10-212342 a11d No. 10-2718.76 etc., the inventors 

of the present application have proposed ano":.her field 

emission-type electrode so"Grce 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 t~in metal film, and the layer being formed 

by oxidizing a porous polycrystalline silicon layer by 

10 means of the Rapid Thermal Oxidation method (RTO method). 

Hereupon, the porous polycrystalline silicon layer is 

formed by maki:iq a polycrystalline silicon layer on an 

electrica:ly conductive substrate porous by means of an 

ar..odic oxidation treatment. Meanwhile, the oxidat!.on of 

15 the porous polycrystalline silico:i layer by the RTO method 

is performed in a dry oxygen atmosphere using a lamp 

20 

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 Patent Application No. 10-

271876). Further, the thin metal fiim is formed using a 

thin gold film of about 10 nm thickness, because electrons 

(t~e electrons are considered as hot electrons), which have 

reached the surface of ~he strong field drift layer, must 

be emi.tted to the vacuum atmosphere in such a manner -:hat 

25 they have passed through the ~hin me~al film without being 
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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 eleclrons are emitted. Further, in 

addition to a semiconductor substrate such as a 

monocrystalline silicon substrate, there may be used a 

substrate in wlllch an electrically conductive fi~m (for 

example, ITO film) is provided or.. a surface o= a glass 

10 substrate or the like, as the above-w.entioned electrically 

conductive subslrate. Therefore, in the field emission­

type e:ec-:ron source, its area may be enla~ged and its 

manufactt;.rinq cost may be :owered, in co:nparison with the 

conventional electron source utilizing the porous 

15 semiconductor layer produced by making the semiconductor 

st;.bstrate porous, or the Spindt-type electrode. Hereupon, 

when a display is produced using this type of field 

emission-type electron source, the thin metal film must be 

patterned to a predete.nnined shape. 

20 

25 

However, in. the field emission-type electron source 

disclosed in the Japanese Patent Application of No. 10-

272340, 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 cor..ductive 

substrate. Therefore, there exists such a disadvantage 
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that materials of the substrate or the electrically 

conductive fi. lm are restricted so that enlarqi::iq the 

diameter (area) of the substrate is also restricted. 

Meanwhile, in the field emission-type electron source 

5 disclosed in the Japanese PaLEmt Application of No. 10-

272340, No. 10-2723112 or No. 10-271876, the porous 

polycrystalline silicon layer, which has beer. formed by 

oxidizing Lhe polycryslalline silicon laye1· by .means of the 

anodic oxidation treatment, is oxidized by means of the RTO 

:o method. Hereupon, as an electrolyte solution used in the 

anodic oxidation treatment, there may be used a solution in 

which hydrogen fluoride aqueous solution and ethanol are 

mixed toqethe~ in the ratio of 1:1. 

Hereupon, in the porous seniconduc"Cor layer (porous 

15 polycrystalline silicon layer or porous mo~ocrystalline 

silicon layer) formed by the anodic oxidation treatment, 

silicon atoms are terminated by hydroge~ atoms. Therefore, 

as disclosed in the Japanese Patent Application of No. 10-

272340, No. 10-272342 or No. 10-271876, if an oxidized fi.1m 

20 is grown by the RTO method in the porous semiconductor 

layer formed by the anodic oxidation treatment, hydrogen 

atoms may remain in the oxidi2ed film, or Si-OH bonds may 

be produced. In consequence, t~ere exists such a 

disadvantage that it is difficult to form an minute 

25 oxldlzed filir. ~aving Si02 structure so that its breakdown 
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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 exai:nple, hydrogen atoms drop 

5 ou'; from the surface of the strong field drift layer.) • 

T~erefore, it is feared that the stability of the electron 

emitting efficiency as to ti:ne passing is deteriorated. 

Thus, in the field emission-type electron source 

disclosed in th(! Japar..ese Patent Application of No. 10-

10 272340, No. 10-272342 or No. 10-?.71S76, although its cost 

can be lowered and electrons can he stably enitted with 

hiqh efficiency in comparison with the field emission-type 

electron source disc:i.osed in the Japanese Laid-Open Patent 

Publication No. 8-250766, it is expected to improve tho 

15 electron emitting efficiency further more. 

SUMMARY OF THE INVENTION 

The p:-esent inventioni which has been performed to 

solve lhe conventional problems described above, has an 

20 obiect 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 tr.e source. 

Further, the present invention 1:.as another object to 

25 provide a field emission-type electron source .in which the 
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change of the electron emi ttinq 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 manufac~uring method thereof. 

According to a first aspect of the present invention, 

which is preformed to achieve :he objects described above, 

:o there is provided a field emission-type electron source 

including an electri.cally conductive substrate, a strong 

field drift layer =armed on a surface of the electrically 

conduc-:i ve substrate and an electrically conductive thin 

·fi lrr. formed on the strong field drift layer, wherein 

15 electror..s, which are injected into the electrically 

conductive substrate, dri:t in the strong field drif~ layer 

-:o be emi-:ted ot:.tward through the electrically conductive 

thin film by applying voltage between the electrically 

cor.ductive thin film and the electrically conductive 

20 substrate ln such a ma::iner that the electrically co~ductive 

thin film acts as a positive electrode against the 

electrically conductive substrate, wherein the strong field 

drlf L layer is formed by a process including an oxidation 

step o= oxidizing a porous semiconductor layer at 

25 relatively lower temperature. 
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In the field emission-type electron sou~ce, 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 perforruing an anodic oxidation to a semiconductor layer. 

In the field emission-type electron source, its process 

temperature is lower than tnat 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 electrica:ly conductlve substrate 

becomes smaller so that enlarging the area (electron 

emitting area) and lowering the manufacturing cost of ~he 

field e~ission-~ype electron source may be easily achieved. 

15 According to a second aspect of the present invention, 

there is provided a method of manuf acturinq a field 

emission-type electron source including an electrically 

conductive substrate, a stror.g field drift layer :onned on 

a surface of the electrically conductive substrate and an 

20 electrically conductive thin film formed on the strong 

field drift layer, whereir.. elect~ons, which are injected 

into the electrically condt:.ctive substrate, drift in tr..e 

stror..g f~eld drift layer to be emitted outward through the 

electrically conductive thin filn by applying voltage 

25 between the electrically conductive thin film and the 
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electrically conductive substrate in such a manner that the 

electrically conducti"lfe 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 layer by oxidizing a porous 

semiconductor layer a': relatively lower temperature. 

In the main oxidation step, the porous semiconductor 

layer may be oxidized i~ an electroly=e solution by means 

of an electrochemical reaction. As the electrolyte 

1.0 solution, for example, an acid solution may be used. In 

this case, the process temperature or lhe manufacturing 

method is lower than that of the conventional manufacturing 

method, in which the str.ong field drift layer is formed by 

ox:.dizing the po!'ous semiconductor layer usinq the RTO 

15 method. Accordingly, restriction for materials usable for 

the electrically conductive substrat.e becomes snaller so 

that a field emission-type electron source with a larger 

area nay be manufactured at lower cost. Further, because 

the porous semiconductor layer is oxidized by means of a 

20 wet process, the manufacturing process may be si~plified in 

compariso~ with the conventional manufacturing method. 

25 

Fu.r·L!1er, a supplemental oxidation step by means of a 

rapid heating process may be performed before and/or after 

the main oxidation step. 

Mea:i.while, before the main oxidai::ion step or before 
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the main oxidation step and supplemental oxidation step, a 

pre oxidation step of oxidizing the porous semiconductor 

layer using an oxidant solution may be performed. In this 

case, hydrogen atoms, which terminate the atom group on the 

5 surface of the porous semiconductor 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 t~e strong field dzift 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 oxi~ized by means of at least 

15 one of a treatment which applies ultraviolet rays to the 

porous semiconductor layer in a qas atmosphe~e 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 contair.ing ozone, a treatment which applies 

ultraviolet rays to the porous semiconductor layer and 

heats Lhe porous semiconductor layer, and a ~reatment which 

applies ultraviolet rays to the porous semiconductor layer 

25 ~n a gas atmosphere containing at least one of oxygen and 
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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 formed by 

oxidizinq the porous semicor..ductor layer using the RTO 

process. Further, because the process temperature is lower, 

restr!ction fo~ materials usable for Lhe electrically 

conductive substrate becomes smaller so that a field 

10 emission-type electron so~rce with a ~arger electron 

e~itting area may be manufactured at lower cost. 

Further, if the main oxidation step is performed after 

the electrically conductive thin film has been formed, 

contamination due to organic Il'.aterials produced in tl:.e 

15 processes before the present oxidation rooy be re-~oved. In 

consequence, there may be also obtained such an effect that 

the electron emitting property is i~proved. 

Hereupon, before and/or after the main oxida~ion step, 

lhere .may be perforil'.ed a supplemental oxidation step of 

20 oxidizing the porous semiconductor layer by means of a 

rapid heating process, a further supplemental oxidat:ion 

step of oxldh:ing the porous semiconductor layer using an 

acid solution, or the bo::h supplemental oxidation steps 

described above. In thiR case, the electron em:tting 

25 efficiency may be raised much more. 
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Further, before the main oxidation step {in the case 

of including no supplemental oxidation), or before the main 

oxidation step and the supplemental oxidation step(s), 

there may be performed a pre 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 surf ace of the porous 
~-

semicunciuctor layer are substituted with 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 ~he rapid heating 

15 process. 

In each of the above-mentioned manufacturing methods, 

the porous semiconductor layer may be a porous· 

monocrys talline silicor.. layer or a porot;.s polycrystalline 

silicon layer. The 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 po~ous semiconductor layer 

25 may be formed by performing an anodic oxidation to a 
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semiconductor layer. 

In each of the above-mentioned manufacturing methods, 

it is preferable that the acid solution, which is u~ed in 

the main oxidation step or the supplemental oxidation step, 

5 is dilute nitric acid, dilute sulfuric acid or aqua reqia. 

10 

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 acld, 

concentrated sulfuric acid, hyd~ochloric acid and hydrogen 

peroxide. Hereupon, it is preferable that the oxidant 

solution is used ln a heated state in order to shorten 

processir.g tine of the pre oxidation step so as to improve 

its throi;gh 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 disposed so as to face the field emission-type 

electron source, a fluorescent disposed on a surface of the 

20 collector electrode, the surface facing the field em~ss~on­

type 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:i the 

25 collector electrode and the electrically conductive thin 
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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. 

BRI~F DESCRIPTION OF TIU!: DRAWINGS 

The present invention will become more fully 

understood frcrr. the detailed description given below and 

the accompanied drawings, wherein: 

10 Fig. 1.A is an elevational section view of a field 

em!.ssion-type electron source according to· the present 

invention, in which the electrically conductive substrate 

is composed of an n-type silicon substrate; 

Fiq. lB is an elevational section view of a field 

15 emission-type electron source according to the present 

ir..vention, in 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 elevational section views of 

20 intermediate prodacts or a final product in the main steps 

of the manufacturing process of the field em:.ssion-type 

electror. source shown ln Flg. lA; 

25 

Fig 3 is a schematic view st:.owinq an outline of a 

electrochemical oxidation process in a porous silicon; 

Fig. 4 is a view showing a principle o= an electron-
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emitting It:.ecr..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 tA; 

10 

Fiq. 6A is an elevational section view of another 

f icld emission-type electron source according to the 

present invenlion, in which the electrica:ly conductive 

substrate is composed of an n-type silicon substrate; 

Fig. 6B is a::i elevatiorial section view of another 

field emlssion-type electron source accordir.g to the 

present inver.tion, 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 final prod~ct in the main steps 

of the nanufacturing process of the field emission-type 

elec~ron source shown 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. Fiq. 6A; 

Fig. 9 i~ a graph showing relationships between 

voltage and current de~sity (voltage-current property) in 

the field emission-type electron source of the p~esent 

25 inve::i.tion and the field emission-type electron source of a 
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comparative example; 

Fiqs. lOA and lOB are views showinq oxidized states of 

a nano crystalline silicon layer; 

Fig. 11 is a rough perspective view of a display which 

5 ulilizes a field emission-type electron source using ar. n­

type silicon substrate, according to the present invention; 

Fig. 12 is an clevational section view of a display 

whlch utilizes a field emission-type electron source using 

a glass s-..Wstrate, according to the 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. 14 is a graph showing an operating characteristic 

of a field emission-typP. electron source according to 

15 Example 2; and 

Fig. 15 is a graph showir.g an operating characteristic 

of a rleld einission-type electron source according to 

Example 3. 

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, preferred e:nbodiments of the present 

invention will be concretely described. 

(Eirhodiment 1} 

~iq. lA shows an elevationa! section of a field 

25 emission-type electron sc:lrce, in which the el ectrica1 ly 
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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 O .1 Q cm. As shown in Fig. lA, the field 

5 emit;sion-type electron source 10 is provided with an n-type 

silicon substrate 1, a non-doped polycrystalline silicon 

layer 3 formed on a surf ace of the n-type silicon substrate 

1, a st!'ong field drift layer 6 formeci on the 

polycrystalline silicon layer 3! and an electrical:y 

10 conductive thin film 7 formed on the strong ::ield drift 

layer 6, the thin film 7 being composed or a thin gold film. 

Further, an ohmic electrode 2 is provided on the back 

surfa~e of then-type silicon substrate 1. 

Thus, in the field emission-type electron source 10, 

15 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 10, to 

support the strong field drift layer 6 in a vacaum space, 

20 and further to inject 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 drift layer 6. For example, 
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tte electrically conductive substrate may be composed of 

metal such as chrome. 

Moreover, as shown in Fig. lB, the electrically 

conductive substrate may be composed of a substrate in 

5 which an electrically conductive film 12 (for example, ITO 

film) is for:ned on a surface of an insulating plate 11 such 

as a glass plate (or a ceramic plate). In this case, it: 

would be possible to enlarge the electron emitting area of 

the field emission-type electron source and to lower the 

i.O 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 polycryslal:ine silicon using an acid 

solution, is a layer into which eleclrons are injected when 

15 voltage is applied between the electrically conductive 

substrate and the electrically conductive thin fil:n (thin 

~etal 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 ~he strong field 
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drift layer 6 without colliding the electrons to the nano 

structure (nalnely, without causing dispersion of electrons}. 

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 :un. 

In Embodiment 1, the electrically conductive thin filn 

7 (thin meta: film) is composed of a thin gold fil~. 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 ~ave reached 

the surface of the strong _field drift layer 6 by applying 

~he electrical field, are emitted outward =rom the surface 

o= the electrically conductive Lhln film 7 by means of the 

15 tunnel effect. Hereupon, 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 from the energy of the electrons 

obtained by applying DC voltage between the electrically 

20 conductive substrate and the elect:dcally conductive thin 

film 7. Therefore, the smaller the work ::unction of the 

electrical~y conduct1.ve thin film 7 is, it is more 

desirable. 

In Embodiment 1, although golci. is used as a material 

25 of the electrically conductive t.hln film 7, the material 
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need not be restricted to qold. Any metal may be used as 

the material, if only its work function is small. For 

example, aluminum,. chrome, tungsten., nickel, platinwr. or 

the like may be used. The work function of each of the 

5 metals described above is as follows. 

Gold s.10 ev 

Chrome. 4.50 ev 

Nickel 5.15 eV 

Altuninum 

Tungsten 

Platinu.'ll 

4-.28 ev 

4.55 eV 

5.65 eV 

Hereinafter, a manufacturing process of a field 

10 emission-type electron source 10 will be described, while 

referring to Figs. 2A to 2D. 

In the man~f acturing process, after an ohmic electrode 

2 has been f onned on the back surf ace of an n-type silicon 

substrate 1 at first, a non-doped polycrystalline silicon 

15 layez: 3 of about l. 5 µ m thickness is fornted on the n-type 

silicon layer 1 so that the structure shown in Fig. 2A is 

obtained. The film making process of the polycrystalline 

silicon layer 3 is perfor~ed by mcar.s of the LPCVD process. 

Ir: the f:i.:m making process, degree of vacuum is set to 20 

20 Pa, tempera~ure of the substrate is set to 640 't, and flow 

rate of monosilane gas is set to 600 seem. Hereupon, if 

the electrically conductive substrate is a semiconductor, 

the film making process of the polyc~ystalline silicon 

layer 3 may be performed by means of the LPCVD process or 

25 ::he sputter!ng process. Alternatively, the film making 
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process may be perf orm.ed by annealing an umolpho~s silicon 

film so as to be crystallized, the amolphous silicon film 

having been formed by t~e plasma CVD process. 

If the electrically conductive substrate is a 

5 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 amolphous silicor.. film having been 

formed on the electrically conduc":.ive film by the CVD 

10 process. Because the process for forning the 

polycrystalline si:icon 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 Grain 

Sjlicon) process OL the catalytic CVD process. 

15 After the non-doped po:ycrystalline silicon layer 3 

has been formed, a porous po~ycrystalline silicon layer 4 

ls formed by performinq an anodic oxidation treatment to 

the polycrystalline silicon layer 3 usinq an anodic 

oxidation processing tank containing electrolyte co:tr.posed 

20 of a mixture i~ which hydrogen fluoride aqueous solution of 

55 wt% and ethanol are mixed toge-:her ir: the ratio of 

nearly l: 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 tl:e n-type silicon substrate 1 
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(ohmic electrode 2) 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 surf ace 

of the polycrystalline silicon layer 3 using a tungsten 

lamp of 500 W. In conseque~ce, the porous polycrystalline 

silicon layer 4 of nearly 1 µ. m thickness is formed. 

10 Although only a part of the polycrystalline silicon layer 3 

is crystallized in this case, the whole polycrystalline 

silicon layer 3 may be crystallized. 

After the anodic oxidation treattr.ent has been 

completed, the electrolyte is removed from the anodic 

15 oxidation processing tank, and then dilute nitric acid of 

nearly 10% concentr.ation is _newly puc into the anodic 

oxidation processing tank. T~en, usinq the anodic 

oxidation processing tank containing di:ute nitric acid, 

the porous polycrystalline silicon layer 4 is oxidized by 

20 let-:ing constant curren~ flew be-:ween the platinum 

electrode (not shown) and the n-type silicon substrate 1 

(ohmic elect~ode 2) in such a tr.anner that the platinum 

electrode acts os a negative electrode and the silicon 

substrate 1 acts as a positive electrode. Thus, the 

25 structure shown ir.. Fig. 2C is obtained. In Fiq. 2C, the 
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numeral 6 denotes a strong field drift layer fonned by 

o~idizing the porous polycrystalline silicon layer 4 using 

acid (dilute nitric acid in t:iis 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 ::ormulas 1 and 2. In the react:ion 

formulas, h 1 denotes a hole, and e- denotes an eiectron. 

(Negative electrode) 

10 HN03+3H- -+ N0+2H20-t-3h"'·····················reaction formula 1 

(Positive electrode] 

3h++si+2H20 - Si02+4H++e-··················reaction formula 2 

As shown schematically in Fig. 3, silicon oxide (Si02 ) 

is formed on the surfaces of pores of the porous 

15 polycrystalline silicon layer 4 due to the above-mentioned 

reactions. Further, t:ie 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 

ranqe of several V to several tens V. Moreover, the 

applied light or the temperature may be conveniently set to 

25 a preferable value. 
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Hereupon, as to the stronq field drift layer 6, it may 

be considered that the surface of the fine silicon crystal 

composed of the nano structure, which is formed by means of 

the anodic oxidation treatment, is oxi.dized 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, thin silicon oxide films 

62 formed on the surfaces of the polycrystalline silicon 

10 grains 61, fine crystall~ne silicon layers 63 existing 

among the polycrystalline silicon grains 61, and silicon 

oxide films 64 formed on the sarfaces of the fine 

crystalline silicon layer:~ 63. 

In Embodizr.ent 1, because the porous polycrystalline 

15 silicon layer 4 is oxidized using acid (dilute nitric acid), 

the process temperature ls lower than that of the 

conventional manufacturing process (disclosed in Japanese 

Patent Applications of No. 10-272340, No. 10-272342 or No. 

10-271876 by the inventors 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 sl!l.aller so that 

the field emission-type electron source may have a larger 

25 electron emitting area and may be manufactured at lower 
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cost. Further, because the porous polycrystalline silicon 

layer 4 is oxidized by mea!ls or the wet process after the 

anodic oxidation treatment, the manuf ac~uring process may 

be simplif~ed in comparison with the case of oxidizing the 

5 layer 4 by means of the RTO process after the anodic 

oxidation treatment. 

After the str.onq field drift layer 6 has bee11 for.:ned, 

an electrically conductive thin film 7, which is composed 

of a thir. gold fil~, is formed on the strong field drift 

10 layer 6, for example, by means of the vapo~ deposition 

process. Thus, there is obtained such a -field emission­

type electron source 10 having the str~cture shown in Fig. 

20 (Fig. lA) . Although the thickness of the electrically 

conductive thin film 7 is set to r-early 10 run 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 ohm.le 

electrode 2 acts as a negative electrode (cathode). 

20 Meanwhile, although the electrically conductive thin film 7 

(thin qold film) is formed by means o: the vapo~ deposition 

process in Embodlment 1, the method of forming the 

electrically cor.ductive thin film 7 need not be restricted 

to the vapor deposition process. For example, the 

25 sputteri~g process ~ay be used. 
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lt may be considered that in the field emission-type 

electron source 1.0 of Embodiment 1, electrons are emitted 

according to the following model. 

That is, as shown in Fiq. 5, let us suppose that a 

5 colleclor electrode 21 is disposed so as to face the 

electrically conductive thin film ·1, DC vol ::age Vps is 

applied between the electrically conductive thin film 7 and 

the ohm~c electrode 2, and further DC voltage Ve is applied 

between the collector elcctJ:cde 21 and the electrically 

10 co::i.ducti ve thin f il:rn 7. In thaL condition, when the DC 

volLage, which is applied to t!le electrically conductive 

thin film 7 in such a manner that the thin film 7 becomes a 

positive electJ:ode against the n-type silicon substrate 1, 

reaches a predetermined value (critical value), electrons 

15 c- are injected from the n-type silicon substrate 1 side to 

the strong field drift layer 6 by means of ther~al 

exc.!.tation. On the other hand, because t:i.e elec-:rical 

field, which is applied to the strong field drift layer 6, 

is mostly applied to the silicon oxide films 64, the 

20 lnjected electrons are accelerated by the strong electrical 

field applied to the silicon oxide films 64. Thus, within 

the strong field drift layer 6, the electrons d~ift in the 

direction indicated by an arrow A in Fig. 4 in the space 

among the polycrystalline silicon grains 61 toward ~he 

25 surface of the layer 6. Then, the electrons pass t~rough 
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the electrically conductive thin film ? to be emitted into 

tte vacuG.Ill 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-montioned process, as 

same as the case of the field emission-type electron sou.t·ce 

proposed in the Japanese Patent Application of No. 10-

272340, No. 10-212342 or No. 10-2718'/6 by the inventors of 

the present .application, electrons can be stably emitted, 

10 because its electron emitting property has a smaller 

dependency ~o the degree of vacuum, and further a popping 

phenomenor.. is not caused when the e:!.ectrons are emitted. 

Further, ln add~tion to a semiconductor substrate such as a 

monocrystalline silicon substrate, there may be used a 

15 substrate in which an electr.ically conductive film (for 

example, ITO film) is provided on a surface of a glass 

plate or the like, as the electrically conductive substrate. 

Therefore, in the fjeld emission-type electron source, its 

electron emitting area can be enlarged and its 

20 manufacturing cost can be lowered, in comparison with :he 

Spindt-type electrode. 

Although both of the anodic oxidatic:i treatment and 

the oxidation treat!r.ent using acid after the anodic 

oxidation treatment are performed using the same anodic 

25 oxidation processing tank in Embodiment 1, it is of course 
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that each of the treatments may be performed using its 

individual anodic oxidation processlng tank. 

(Embodiment 2) 

Hereinafter, Embodirr.em:: 2 of the present invention · 

5 will be described. Hereupon, the fundamental construction 

of tr.e field emission-type electron source and the 

manufacturing method thereof according to Embodiment 2 are 

nearly as same as those of Embodiment 1 except the 

following matters. 

10 Namely, in Embodimeul 2,. after the anodic oxidation 

treatment has been completed, the electrolyte is removed 

from the anodic oxidation processing tank, and then dilute 

sulfuric acid of 11early 10% concentration is newly put into 

the anodic oxidation processing tank. Then, using the 

15 anodic oxidation processing tank contair-inq d~lute sulfuric 

acid, the porous polycrystalline silicon layer 4 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 Embodl::nent 2, the surface of the fine silicon crystal 

composed cf the nano structure, which is formed by mear.s of 

the anodic oxidation treatment, is oxidized by dilute 

25 sulfuric acid. 
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Hereupor., it may be considered that when the porous 

polyc=ystalline silicon layer 4 is oxidized by dilute 

sulfuric acid, there occur such reactions as shown by the 

following reaction forll'.ulas 3 and 4 • In the reaction 

5 formulas, h+ denotes a hole, and e- denotes an electron. 

(Negative electrode) 

H
2
S0

4
+2H+ -+ so2+2H

2
o+2b+ ..................... reaction formula 3 

{Positive electrode) 

2h-1Si+2H20 ---+ Si02+4H++2e-··················reaction formula 4 

:o Hereupon, the concentration of dilute sulfuric acid or 

15 

Lhe current density may be conveniently changed in 

correspondence with any desired thickness or quality etc. 

of the porous polycrystalline silicon layer 4 which is to 

be oxldized. 

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..'tlbodiment 3) 

Hereinafter, Embodiment 3 of the present invention 

wjll be described. Hereupon, the fundamental construction 

of the field emission-type electron sou~ce anci the 

manufacturing method thereof accordjng to ElllbodiIUent 3 are 

25 nearly as same as those of Embodi~e~t l except the 
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following matters. 

Namely, in Embodiiuent 3, after the anodic oxidation 

treatment has been completed, the electrolyte is removed 

from the anodic oxidati.on 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 i~to the pores in the porous polycrystalline 

silicon luyer 4 in Embodiment 3. 

Th~s, in Embodiments 1 to 3, the porosity of the 

porous polycrystalline silicon layer 4 is r.early 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 sl.ru::::ture that 

porous polycrystalline silicon layers with larger porosity 

20 and porous polycrystalline silicon layer w:th smaller 

porosity are laminated by turns, or such a struct~re that 

the porosity successively changes in the direction of 

thickness of the layer. 

Meanwtile, in Embodiments 1 to 3, the strong field 

25 drift layer 6 is .formed by oxidizing the porous 
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polycrystalline si~icon layer using acid. However, the 

strong field 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. 

(Embodiment 4) 

Herei:i.u.fter, Embodiment 4 of the present invention 

will be described. In the field emission-type electron 

source 10 according to any one of Embod:nents 1 to 3, the 

10 strong field drift layer 6 is formed by oxldizing the 

porous semiconductor layer (porous polycrystalline silicon 

layer 4 or porous nonocrystalline silicon layer), wcich has 

.been formed by means of the anodic oxidation Lreatment, 

usinq 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. 

Accordinqly, · because the hydroqen conlent in the st?:ong 

20 field drift layer 6 becomes comparatively hiqher, the 

distribution of the hydrogen ato:ns changes wi.th the lapse 

of time so t:hat the stability of the electron emitting 

efficiency with time passing may deterio?:ated. For example, 

when the electrically conductive thin film 7 (thin gold 

25 film) ls patterned on the stronq field drift layer 6, 
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hydroqcn 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 'the 

porous semiconductor layer are terminated by the hydrogen 

5 atoms, ll may be difficult to form a minute oxide film s~ch 

as Si02 • 

On the other hand, in Embodiment 4, nefore the porous 

semiconductor layer (porous polycrystalline silicon layer 4 

or porous monocrystalline silico:i layer}, which has been 

10 formed by ~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 electrocbemica l.J y fo!'med, hydroge11 

a-:oms whlch terminate silicon atoms are substituted w!. th 

15 oxygen atoms by immer_qinq the porous semiconductor layer in 

an oxidant solution for a time capable of oxidlzing its 

very surface layer. Hereupor.., as the above-mentioned 

oxidant solution, it is preferable to use any one or a 

mixture o= plural ones selected in a group of oxidants 

20 composed of r..i tric acid (HNO~), sulfuric acid (H2504 ), 

hydrochloric acid (HCl} and hydrogen perox:..de (H20i) • 

Thus, in Embodimenl 4, as shown in Fig. 6A, the strong 

field drift layer 6 is formed by oxidizing the porous 

semicond·.ictor layer, whose very surface layer has been 

25 oxidized by the oxidant solut!on, usi~g acid. Accordingly, 
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when the porous semiconductor layer is formed by means of 

the anodic oxidation treatinent, hydrogen atoms, which 

termina~e atoms of the surface of tho porous semico~ductor 

layer, are st:bstituted with oxygen atoms by the oxidant 

5 solution. In consequence, the hydrogen content in the 

s~rong field drift layer 6 becomes sma!!er, 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 

Sio2 structt:re or a structure simi~ar to the Si02 structure, 

the minuteness and quality of the oxide film may be 

improved so that electron emitting e:ficiency 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 stronq field drift layer 6 in Embodiment 1. 

Hereupon, if the oxidant solution is heated, process 

time of the oxidation treatment by means of the oxidar.t 

20 solution may be shortened so that its throughput may be 

improved. 

Moreover, as shown in Fig. 6B, as the electrically 

conductive substrate, there may be used a substrate in 

whic:r.. a electrically conductive f:.lm 12 (for example, ITO 

25 film) is formed on a insulciting plate 11 suer.. as a glass 
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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 re:erring to Figs. 7A to 7D. However, 

be=ause the manufacturing process is nearly as same as the 

10 manufacturing process described in Embodimer.t 1 (Figs. 2A-

2D), the members corresponding to members in Embodiment 1 

are given the same numeral as same as those ir.. Embod:.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 t~e 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 formed on the bac~ surf ace of an n­

type silica~ substrate 1, a non-doped polycrystalline 

20 silicon layer 3 of about 1.5 µm thickness is formed on the 

front surface of the n-type silicon layer 1 by means of the 

LPCVD pror.:ess so. that the structure shown in Fig. 7A is 

obtained. In E?nbodiment 4, the n-type silicon substrate l 

{(100) type of substrate), which is used as an electrically 

25 conductive substra\:e, has electrical re·sistivity of 0.01 to 
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0.02 Qcm and thickness of 525 µm. 

Then, a porous polycrystalline silicon layer 4 is 

formed by performing an anodic oxidation treatment to the 

polycrystalline silicon layer 3 using an anodic oxidation 

5 processing tank containing electrolyte composed of a 

mixture in which hydrogen fluoride aqueous solution of 55 

wt% and ethar.ol are mixed together in the ratio of nearly 

1: 1. The anodic oxidation treatll\ent is performed with 

constant c.irrent while applying light to the layer 3 in 

10 such a manner that a plat:!..num electrode {not shown) acts as 

a r:egati.ve electrode a~d the 11-Lype si::..con substrate 1 

(ohmic electrode 2) acts as a positive electrode. T~us, 

the structu~e shown in F~g. 7B is obtained. In the anodic 

oxidation ~reatment, current de~sity is set to the constant 

15 value of 30 r.rA/cm2
, 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 

polycrystalline silicon layer 3 using a tunqst:en lamp of 

500 W. Hereupon, in Embodiment 4, the· anodic oxida:zion 

20 treatment is performed in such a condition that only one 

area whose diameter is 10 I!l1n i~ t~e surf ace of the 

polycrystalline silicon layer 3 contacts with the 

electrolyte, while the other area is sealed so as to be 

prevented from contacting with the electrolyte. Further, 

25 in Embodiment 4, the polycrystalline si~icon layer 3 is 
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wholly made porous. 

Next, the very surface layer of the porous silicon 

layer 3 is oxidized by an oxidant solution. In E:mDodiment 

4, as the oxidant solution, ther.e is used nitric acid 

5 (concentrated nitric acid) heated up to 115 °C , whose 

concentration is nearly 70 %. Time oxidation is 10 minute. 

Then, dilute nitri.c acid of nearly 10% concentration 

is newly put into the anodic oxidation processing tank. 

Thus, ~sing the anodic oxidation processing tank containing 

10 dilute nitrjc aci.d, the poro-;J.~ polycrystalline silicon 

layer 4 is oxidized by lettinq constant current flow 

between the pla~inum electrode and the n-type silicon 

substrate 1 in such a manner ·that the platinum electrode 

acts as a negative electrode and the silicon substrat:e 1 

15 acts as a positive electrode. Thus, the structure shown in 

F_ig. 7C is obtained. In Fig. 7C, the numeral 6 denotes a 

stror..g field drift layer formed by oxidizing the porous 

polycrystalline silicon layer 4, whose very surface layer 

has been oxidized by the oxidant solutio:i., using acid 

20 (Although dilute nitric acid is used in Embodiment 4, 

dilute sulfuric acid or aqua regia may be used.). 

25 

After the strong field drift layer 6 has been formed, 

an electrically conductive thin film 7, which is composed 

of a thin gold film, is formed on the strong field drift 

layer 6. Thus, there is obtained such a !ield emission-
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type electron source 10 having the structure shown in Fig. 

7D. Although the thickness cf the electrically conduc~ive 

thin J:ilm 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. Howcvar, because the fundamental 

construction and the nanufacturing process of the fleld 

emission-type electron source according to Embodiment 5 are 

10 nearly as SB.ltl.e as tr.ose of Embodinent 4 {further Embodiment 

1) , as to the constructive elements and the manufacturing 

step corresponding to those in Embodiment 4, detailed 

description about them will be simplified er omitted. Thus, 

differences to Embodiment 4 will be mainly described. 

15 Embodiment 5 will be described, referring to Figs. 6A-6B, 

Figs. 7A-"/D, Fig. 8 and Fig. 9. In Embodi.ment 5, as the 

electrically 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 Can). 

In the field emission-type electz:oll .so..irce 10 shown in 

Fig. 6A according to Embod.:.:nent S, also, as same as the 

case of Embodiment 4, electrons injected from t:he n-type 

25 silicon substrate 1 to the st1·0.:ig field drift layer 6 drift 
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the layer 6, and then pass through the electrically 

conductive th!n film 7 (st:.rface electrode) to be emitted 

outward. The field emission-type electron source 10 is 

characterized in that the strong field drift layer 6 has a 

S minute oxide film in which hydroge~ content (entrance) is 

less in comparison with the conventional case. Hereupon, 

the oxide film is a very minute film having a SiO-, 

structure or a structure nearer to ~he 5102 structure. In 

the field emission-type electron source 1 O, because the 

lC 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 l:ydrogen 

dis~ribution is less compared with the conver..tional case. 

Further, because the oxide film is very minute in 

15 comparison with the conven~ional case, the breakdown 

voltage for insul~tion of tte 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, the 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 to 7D. However, 

because the manufacturing process is nearly as same as the 

25 manufacturing process described in E."tlbodiment 4 (Figs. 7A-
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iD), the members 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 

simplif~ed or omitted. Further, as to the steps as same as 

5 those in Embodiment 4, 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 µ. m), which is one cf semiconductor layers, is formed 

on the f ron~ surf ace of the n-type silicon layer 1 so that 

the structure shown in Fig. 7A is obtained. Hereupon, as 

15 same as the case of Embodiment 4 (Embodimen~ 1), when the 

electrically conductive substrate is a semico~ductor 

substrate, the polycrystalline silicon layer 3 may be 

formed by means of the LPCVD process, the sputte=ing 

process or the like. Meanwhile, when the electrically 

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 mea~s 

of the process similar to those of Embodiment 4. 

After t!le non-doped polycrystalline silicon layer 3 

25 has been formed, as same as the case of Embod:.ment 4, a 
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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 liqht applied to the polycrystalline silicon 

5 layer 3 and the current density are constant during the 

anodic oxidation process in the anodic oxidation treatment 

in Embodiment 5, ttose may be conveniently changed during 

the process (For example, the current density may be 

changed.). 

10 ~.fter the anodic oxidat:i.on has been completed, the 

15 

very st;.rface layer of the porous polycrystalline silicon 

layer 4 is oxidized using an oxidant sc!ution. Further, 

the layer 4 is oxidj?.ed by means of t~e RTO proces~ so Lhat 

a strong field drift layer 6 is formed. . Thus, the 

structure shown in Fiq. 7C is obtained. In short, in 

Embodiment 5, hydrogen atoms, which terminate silicon atoms 

in the porous polycrystalline silicor.. layer '1 formed by 

means of the anodic ox:.dation treatment, are substituted 

with oxygen atoms by the oxidation solution. Hereupon, as 

20 the oxidant solution, any one or a mixture of plural ones 

selected in a group of oxidants composed of nitric acid 

(HN03), sulfuric acid {H2SO,), hydrochloric acid (HCl) and 

hydrogen peroxide (H202 ) may be used. 

After the strong field drift layer 6 has been fo~med, 

25 an electrically conductive thin film 7, which is composed 
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of a thin gold film, is formed on the strong field drift 

layer 6, for example, by means of: ~he vapor deposition 

process. Thus, there is obtained such a field emission­

type electron source 10 having the structure shown in Fig. 

5 7D. Hereupon, the thickness of the electrically conductive 

thin film 7 need not be restricted to a particular value, 

it ~.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. E'urther, al though 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. 

the sputter process may be used. 

Fot· example, 

15 Thus, in the above-mentioned manufacturing method, the 

RTO process is performed to the very surf.ace layer of the 

porous polycrystalline silicon layer 4 formed by means of 

the anodic oxidation treatment after the oxidation process 

using the oxidant solution, thereby the hydrogen content in 

20 the stronq field d:-if t layer 6 becomes smaller so that a 

minute oxide film having a Si02 structure or a structure 

nearer to the Si02 structure. In consequence, the field 

emission-type electron source, :n which the time-dependent 

change of the electron emj ttinq efficiency is less and 

25 f~rther the breakdown voltage is higher, may be obtained. 
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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 sn1aller dependency to the degree of vacuum, and 

further a popping phenomenon is not caused when the 

e:ectrons are emitted. Further, in a::Jditi.on to a 

semiccndJ.ctor substrate such as a monocrystalline silicon 

10 substrate, there may be useci a substrate in whicr. an 

elec::rically conductive film (for exar:tple, ITO film) is 

provlded on a surface of a glass plate er the like, as the 

electrically conduc~ive substrate. Therefore, in the field 

emission-type electron source, its electron emilting area 

15 can be enlarqed and its manufactaring cost car- be lowered, 

in conparison with tte Spindt-type electrode. 

(Example 1) 

Hereinafter, as Example l, there wil! be described a 

field emission-type electron source 10 manufactured under 

20 the following conditions, by means of the manufacturing 

method according to Embodiment 5. 

In Example 1, as the· n-type siliccn substrate J., there 

was used a (100) type silicon substrate, in which the 

electrical resistivity was 0. 01-0 .02 0 cm and the thickness 

25 was 525 µ m. The polycrystallj,ne silicon l~yer 3 (see Fig. 
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7A) was formed by means of the LPCVD process. In the film 

forming process, the degree of vacuum was 20 Pa, the 

temperature of the substrate was 640 °C, and the flow rate 

of the monosilane gas was 600 seem. 

In the anodic oxidation. treatment, there was used an 

electrolyte in which hydrogen fluoride aqueous solution of 

55 wt% and ethanol were mixed together in the ratio of 

nea:t:ly 1: 1. In t!J.e anodic oxidation treatment, only one 

reqion cf 10 mm diameter ir:. the su:?:face of the 

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 

Lhen a predeterr.li.ned current was made flow between the 

15 platinum electrode and the n-type silicon sUbstrate 1 

{ohhm:.c electrode 2) in such a manner that the platinum 

electrode became a neqati ve electrode and the substrate 1 

became a positive electrode, while applying light with 

constant light power (intensity) to the polycrystalline 

20 silicon layer 3 using a tu..~gsten lamp of 500 w. Hereupon, 

the current density was th constan~ value of 30 rrA/cm.2, and 

the tjme 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 oxidation is raised 
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so that the process time of the oxidation using the oxidant 

solution can be shortened. 

In the RTO process for oxidizing the porous 

polycrys~alline silicon layer 4, the flow ra~e of the oxygen 

5 qas was 300 seem, the· oxidizing temperature was 900 °c, and 

the oxidizing time was 1 hour. The electrically conduct~ve 

thin film 7 (thi.n qold filtrL 7} was formed by mea.."1.s of the 

vapor deposition process, the thickness cf the film being 15 

nm. 

10 The field emissicn ... type electron source 10 was 

introduced into a vacuum chamber (not shown), and then a 

collector electrode 21 {clactrode for collecting emitted 

electrons) was disposed al a posit:.on facing to the 

electrically conductive thin film 7 as shown in Fig. B. 

15 '.:'hen, the degree of vacuum in the vacuum chamber was set to 

5 X 10·5 Pa, DC voltage Vps was applied between the 

electrically cond~ctive tr.:.:i film 7 (anode} and the ohmic 

electrode 2 (cathode), and further DC voltage Ve of 100 V 

was applied between the collector electrode 21 and t~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 collector 

electrode 21 and the electrically conductive Lhln film 7 due 

25 to electrons a- emitted from the field emission-.:ype 
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electron source 10 through the electrically conductive thin 

filn 7 (The dashed line in Fig. 8 shows the current of the 

emitted electrons.). 

E'ig. 9 shows the resu:;.t of the measurement. In Fig. 9, 

5 the horizontal axis shows the DC voltaqe Vps, and the 

vertical axis s~ows the current density. Further, in Fig. 

9, the marks () (Q)) and ~ ((ID) show the diode current Ips 

and the emitted electror. current !e in Example 1, 

respectively. 

10 Mo::eover, in Fiq. 9, as an exa."nple for comparison, 

there is also shown the result obtained by performinq a 

measurement si:nilar to the above-mentioned measurement as 

to a field emission-type electron source, which was 

manufactured under the same conditions as those of Example 

15 1 except omitting tte oxidation usir.g the oxidant solution 

before the RTO process. In Fig. 9, the marks 0 (@) and • 

({4}) show the diode current Ips and the emitted electron 

current le in the example for comparison, respectively. 

As appare::it from Fig. 9, when Example 1 is compareci 

20 with the example ::or ccn1parison, the diode current Ips of 

Example 1 is lower than that of the example for comparison, 

although the e~itted electron currents le of the bolh are 

r..early 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 
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ur..derstood that the electron emittinq efficiency of the 

field emission-type electron source 10 according to Example 

1 is higher t~an 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 :or co!Uparison, while 

such a dielectric breakdown does no-: occur in Example 1 

eve~ if DC voltage Vps is raised up to 28 V. That is, the 

breakdown voltage of Example 1 is higl:er than that of the 

example for comparison. 

10 (Example 2) 

Hereinafter, as Example 2, there will be described a 

f:.eld etr..ission-type electron source 10 manufactured under 

the following condition. 

In Exairple 2, as the n-type silicon substrate 1, there 

15 was used a (100} type silicon substrate, in which the 

electrical resistivity was 0 .. 01-0.02 Con and the thickness 

was 525 w::n. The polycrystalline silicon layer 3 (see Fig. 

7A) was formed by means of the LPCVD process. In the film 

forming precess, the degref: of vacut:m was 20 Pa, the 

20 temperature of the substrate was 640 °C, ar..d the flow rate 

of the monosilane gas was 600 seem. 

25 

In the anodic oxidation treatment, there was used an 

elect:?:"ol yte in which hydrogen fl;ioride aqueous solution of 

55 wt% and ethanol were mixed together in the ratio of 

nearly 1: 1. In the anodic oxidation treatment, o!lly one 



49 

region of 10 nnn diameter in the surface of the 

polycrystalline silicon layer 3 co~tacted with ~he 

electrolyte, while the other region of the surf ace was 

scaled so as not to contact with the electrolyte. Further, 

5 a platinum e 1 ectrode was irr.mersed in the electrolyte, and 

then a predetermined current was made flow between the 

platir.um electrode and the n-type silicon substrate 1 

(ohhmic electrode 2) in such a ll'.anner Lhat the platinum 

electrode became a negative electrode and the substrate 1 

10 became a positive electrode, while applying light with 

constant light power (intensity) to the polycrystalline 

silicon layer 3 using a tungsten lamp of 500 w. Hereupon, 

the current density was th constant value of 30 mA/cm.2, and 

the tl!I'.e of anodic oxidation process was 10 seconds. 

15 After the porous polycrystalline silicon layer 4 had 

been formed, the layer 4 was electrochemically oxidized with 

the constant current of 1 mA/ cm"' in l molar wt% of sulfuric 

acid solution of 70 't in such a manner that t:i.e platin:nn 

electrode became a negative electrode and the n-type silicon 

20 substra~e · (electrically conductive substratej became a 

posit~ve electrode. Then the porous polycrystalline silicon 

layer 4 was washed using water and further dried up. 

Moreover, on the oxidized porous pclycrystallir-e silicon 

layer 4, there was formed an e::.ectrically conductive thin 

25 film 7 (surface electrode) composed of gold (Au} having a 
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thickness of 10 r..m. 

Thus, the electron emitting efficiency of the field 

emission-type eiectron source 10 obtained as described above 

was measured in such a manner that the electrically 

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 µ 

m/cm2
• The result is shown in Fig. 14. 

Thus, although the only oxidation trealment 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 

req".Iires 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 tr.e 

acid, current density o~ the like need not be restricted to 

the above-~entioned condition. 

20 (Example 3) 

Hereinafter, as Example 31 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 
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electrical resistivlty was 0.01-0.02 Ocm and the thickness 

was 525 µ m. The polycrystalline silicon layer 3 (see Fig. 

7A) was fanned by means of the LPCVD process. In the film 

forming process, the degree of vacuum was 20 Pa, Lhe 

5 tempcratc.re of the substrate was 640 uc, and the flow rate 

of tr.c monosi~ane gas was €00 seem. 

In the anodic oxidation treatment, . !.:here was used an 

electrolyte i:-i. whicl:. hydrogen fluoride aqueous solution of 

55 wt% and ethanol were mixed together in the ratio of 

lC nearly 1: 1. In the anodic oxidation treatment, only one 

region of 10 mm diameter :.n the surface of the 

polycrystalline sil:con layer 3 contacted with the 

electrolyte, while the other region of the surf ace was 

sealed so as not to contact with the electrolyte. Further, 

15 a platinum electrode was immersed in the electrolyle, and 

then a predetermined currer.t was r:tade flow between the 

platinum electrode and the n-typc silicon substrate 1 

(ohhmic electrode 2) in such a ma~er that the pla~inum 

electrode became a negative electrode and the substrate 1 

20 became a positive electrode, wr.i~e applying light w~t~ 

constant light power (intensity) to the polycrystalline 

si:icon layer 3 using a tungsten lamp of 500 W. Hereupon, 

~he curre~t density was th constant value of 30 mA/cm2
, and 

the ti.me cf anodic oxidation process was 10 seco:ids. 

25 After the porous polycrystalline silicon layer 4 had 
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been formed, the layer 4 was electrochemically oxidized with 

the constant current of 20 m'A/cm2 in 1 molar. .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 (electrically conducllve substrate) became a 

positive electrode. Then the ~orous polycrystalline silicon 

layer 4 wos woshed using water and further dried up. 

Further, a supplemental oxldatlon Lreatment by means of the 

rapid thermal oxidation process was performed to tr.e layer 4. 

10 In the rapid thermal oxidation process, the flow rate of 

oxygen gas was 300 seem, the oxidizing temperature was 

750 t;, and the oxidiz:nq time was 1 hour. 

'Ihen, 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. 

rhus, tne 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 and tha 

n-type silicon substrate 1 {ohmic electrode 2) became a 

negative electrode. According to the measure.."1\ent, when the 

voltaqe Vps was 20 V, the emitted electron current was 10 µ 

m/cm2
• The result is shown in Fig. 15. 

25 Thus, although there was performed the only oxidation 
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trea":ment cf comparatively lower temperature in comparison 

with the process usi nq the only rapid thermal oxidation 

process, there is observed much e~ission of electrons o= the 

err.it-:ed electron current. Tharcforc, if there is used a 

5 subs-:rate, which requires to be treated at lower tempe~ature 

process, any desired field emission-t:ype electron source may 

be manufactured. 

Hereupon, the processing condition such as kind of the 

acid, tempera-:ure of ~he 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 

wlll be described. However, because the fundamental 

15 constri.:.ction and the manufacturing process of the field 

e~ission-type electron source according to Embodiment 6 are 

nearly as same as those of Eltlbodiment 5, as to the 

constructive eiements 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. 

E:nbodiment 6 will be described, refe!"ring to Figs. 6A-6B, 

Figs. 7A-7D, Fig. 8 and Figs. lOA-lOB. 

~-5 describe above, in the field emission-type electron 

25 source 10 shown i::i Fig. 4, the strong field drift layer 6 
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includes at least the pillar-shaped polycrystalline silicor. 

grains 61, the thin silicon oxide filrr.s 62 formed on the 

surfaces of the polycrystalline silicon 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 filn having a tr_ickness 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 ~he grains is made 

porous, wl:ile the crystal state is malnlalned ln the 

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 stronq electrical field applied ~o the 

20 silicon oxide films 64 so that the electrons drift among 

the polycrystalline silicon grains 61 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, -:he inventors of the present applicat.ion have 
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performed the following inventions according to Embodiments 

6 ~o 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. lOA 

when the surf aces of the fine crystalline silicor. layers 63 

have been co:npletely 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. lOB when the 

10 oxidation has been performed by the RTO process (namely, 

the fine crystal.silicon layers 63 would be insufficiently 

covered by tte oxygen atoms 65) • Thus, the inventors have 

perforn-.ed ::he inventions according to Embodiments 6 to 14 

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 nea~ to that 

cf an electrical conductor (for example, (100) type of 

silicon substrate whose electrical resistivity is 

20 approximately 0 .1 Ocm). 

In the field emission-type electron source 10 shown in 

Fig. 6A according to F.mbodiment 6, also, electrons injected 

from the n-type silicon substrate 1, which is an 

e:ectrically conductive s~bstrate, drift the strong field 

25 drift layer 6, and the:i are emitted outward through the 
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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 coTiductive 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 tte direction of the 

thickness of the layers. When the electrically conductive 

thin film 7 is composed of a lam~natcd thin electrode film 

having t.wo layers, for example, gold or the like may be 

used as ~he material for the upper layer of the laminated 

:s thin electrode film. On the other hand, as the material of 

the lower layer of the laminated thi.n electrode film (the 

thin layer fac!ng the strong field drift layer 6}, there 

may be used, for exareple, chrome, nickel, platinum, 

titanium, iridium or t~e like. 

20 Next, a manufacturing proces·s of a fie:d emission-type 

electron source according to Embodiment 6 will be described 

as an exar.Lple, whlle ref err i_ng to Figs. 7A to 7D. :nowever, 

because the manufacturing process is nearly as same as the 

manufacturing process described in F.rnbodiment 4 or S(Figs. 

25 7A-7D), the members corresponding to members in E..l?lbodiment 



57 

4 ox 5 · are given 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 

salt'.e as those in Embodiment 4 or 5, description abm1t them 

5 will be simpl~!led or omitted. 

In the nanufact~ring process according ~o Embodiment 6, 

as same as the case of Embodiment 4 or 5, after an onmic 

electrode 2 has been formed on the back surface of an n­

type silicon substrate 1, a non-doped polycrystallir.e 

lC silicon layer 3 with a predetermined thickness (for example, 

1. 5 p. m), which is one of serilconduc-:or layers, is formed 

on the front surf ace of the n-type silicon layer 1 so that 

the structure shown in Fi.g. 7A is obtained. Hereupon, the 

polycrystal:;.ine silicon layer 3 is formed by means of a 

15 process similar tc that of Embodiment 4 or 5. 

After the non-doped polycrystalline silicon layer 3 

has been fo!"ltled, as same as the case o: Embodinent 4 or S, 

a porous polycrystalline silicon layer 4 is formed by 

performing the anodic oxidation treatn.ent so that the 

20 structure s:t:.own in Fiq. 7B is obtained. ln the anociic 

oxidation treatnent in Embodiment 6, the current density is 

constant. Further, during t!ie anodic oxidation process, 

light is applied to the surface of the polycrys-calline 

silicon layer 3 using a tungsten lamp of 500 W so that the 

2.3 polycrystalline silicon layer 3 is wholly made porous. 
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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 lciyer 4 so 

5 that the construction shown in Fig. 7C ls obtained. 

Hereupon, during the step of oxidizing the porous 

polycrystalline si.licon layer 4, the porous :polycrystalline 

silicon substrate 4 is oxidized by applying ultraviolet 

rays thereto in a gas atmosphere containing at least one of 

10 oxygen (0~) and ozone (03 ) • Hereupon, as the light source 

of the ultt·aviolel rays, there may be used, for example, an 

ultraviolet lamp (for exanple, a low-pressure mercury lamp 

whose main wave length compor.ent is 185 run or 256 nm) or an 

excimer laser whose main wave lenglh component is 172 nm. 

15 Time for applying the ul~raviolet rays ~4Y be conveniently 

set to a value in a range of a few minutes to a few hours. 

2C 

After the strong =ield drift layer 6 has been formed, 

an electrically conductive thin fil:ir. 7 is formed on the 

strong ·field drift layer 6, for example, by means of the 

vapor deposition process. T~us, there is obtained such a 

f~eld emission-type electron source 10 having the structure 

shown in Fig. 7D. He!'eupon, although Lhe electrically 

conduct! ve thin film 7 is formed by means of the vapor 

deposition process i~ Erioodiment 6, the method of forming 

25 the electrically conductive thin fi~:m I need not be 
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restricted to the vapor deposition process. For example, 

the sputter process may be used. 

By the way, in the manufacturing method disclosed in 

the Japanese Patent Application of No. 10-272340 er No. 10-

5 272342, the strong field dr:ft layer 6 is formed by 

oxidizing the porous polycrys-:alline sil:.con layer 4 by 

means of the RTO process. In this cnse, because t~e 

temperature of oxidation is 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 mo:i.ocrystalline silicon substrate, as 

the 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 manufactuI"ing method of l:he 

f ieLd ereission-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 

oxyqen and ozone while applying ultraviolet rays thereto 

during the oxidation step of the silicon layer 4, the 

electron emitting efficiency (efficiency of emitting 

electrons) is raised in comparison wi-;h the method of 

25 forming the stro:iq field d.rlft layer by oxidizing t:.he 
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porous polycrystalline silicon layer 4 by means of ~he RTO 

process. Hereupon, the electron emitting efficiency is the 

value ob~ained by the formula of (Ie/Ips)XlOO on the basis 

of the diode current Ips and the emitted electron current 

5 Ie. It may be considered that the reason why tte electron 

emitting efficiency "is high as described above, is such a 

matter that when the ultraviolet rays are applied in the 

ozone atnLosphere, for exampie, silicon bonds in tt:.e 

uppermost surface of the fine crystal silicon layer 63 

10 shown in Fig. lOB are cut by the ultraviolet rays and Si-0 

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 oxyqen ato~s 6~ (That is, it approacr.es an 

ideal state shown in Fig. lOA.) is imp~oved. 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 

Embodill'.ent 6, because the porous polycrystalline silicon 

layer 4 is oxidized in the gas atmosphere containing at 

20 least one of oxygen and ozone while applying ultraviolet 

rays thereto during the oxidation step o= the siliccn layer 

4, the e le ctr.on emitting efficiency is raised. 

because the strong field drift layer 6 is 

oxidizing the porous polycrystalline silicon 

Further, 

formed by 

layer 4 

25 without heating the layer 4, lhe strong field drift layer 
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may be formed at a ~ower temperature in comparison with the 

case of forming the strong field drift layer b~l 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) • The!'efore, because the process temperature is 

lower, restriction for ~ater~als 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 

enissio~-type electron source according to Ent.bodiment 7 are 

15 nearly as same as these of Ell'.bodiment 6 except that its 

oxidation step of the porous polycrystalline silicon layer 

4 is different from that of Embodi~ent 6. Therefore, as to 

the constructive elements and the manufacturing step 

corresponding to those in En'hodiment 6, detailed 

20 description about them will be simplified or omitted. Thus, 

differences to Embodiment 6 will be mainly described. 

In Embodiment 7, in the oxidation step of oxidizing 

the porous polycrys':alline silicon layer 4, the porous 

polycrystalline silicon layer 4 is oxidized by exposing the 

25 layer 4 ~o plas~a in a gas atmosphere containing at least 
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one of oxyger. and ozone (main oxidation step). Hereupon, 

the plasma may be produced, for example, using a high 

frequency of 13.56 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. Furlhe.r:·, time for: t:ixposing 

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. Meanwhile, plasma may be produced in another 

gas atmosphere (for example, inert gas). 

Thus, acco~ding to the manufacturi:lg method of 

Embodiment 7, as same as the case of E:nbodiment 6, the 

electron emittinq efficiency may be raised i:i comparison 

15 with the conventional case of forming the strong field 

drift layer by mea~s of the RTO precess. 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 

20 lowered. 

(EzrJ:::>odimen t 9) 

He1·ei11after, Elnbodiment 8 of the present invention 

will be described. However, because the fundame~~al 

ccnstrt:ction and the manufacturing process of the field 

25 e~ission-type electron source according to Emhodimer.t a are 
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nearly as same as those of Embodiment 6 excepl Lhat its 

oxidation step of the porous polycrystalline silicon layer 

4 is dl!fe.remt from that of Embodiment 6. Therefore, as to 

the const!'uctive element-s and the manufacturing step 

5 corresponding to those in Embodiment 6, detailed 

description about them wlll 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, ~he porous 

10 polycrystalline silicon layer 4 is oxidized by heating the 

layer 4 in a gas atmosphere containing at least ozone (main 

oxidation step) . Hereupon, Lhe temperature and time of the 

heating process may be conveniently set to a value in the 

range of 100 to 600 °C and a val~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 tr.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 teat of a quartz glass plate, as t:t:.e electrically 

conductive substrate). 

25 Thus, accordinq to the :nanufacturing method of 
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Embodiment 8 ~ as same as the case of Embodiment 6, the 

electron emitting efficiency may be raised in comparison 

with the conventional case of 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 

furthe~ the manufacturinq cost of the source may be easily 

lowered. 

(Embodiment 9) 

10 Hereinafter, Embodiment 9 of the present :!.nvcntion 

will be descr~bed. However, because the fundamental 

construction and the manufac::uring process of the field 

emission-type electron source according to Embodiment 9 are 

neai:·ly as same as those of F.rnbodiment 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~led 

description about them will be simplified or omitted. Thus, 

20 differences Lo E!ubodiment 6 will be mainly described. 

In Embodiment 9, in the oxidation step of oxidizing 

the porous polycrystalline silicon layer t;;, the porous 

polycrystalline si:icon layer 4 is oxidized by applying 

ultraviolet rays to the layer 4 and heating the layer 4 

25 (1nain oxidation step) • Hereupon, the tempe:-ature and time 
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of the heatinq process may be conveniently set to a value 

in the range of 100 to 600 °c and a value in the range of 

several minutes to several hours, respectively. Hereupon, 

althot:qh the temperature of the heatLng process may be 

5 higher than 600 °c, it 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 comparison 

with the conventional case of faming the strong field 

drift layer by means of the RTO process. Further, as sane 

as the case of Embodiment 6, the area of the field 

emission-type electr.on sou~ce 10 may be easily enlarged and 

15 further the mar.ufactur~ng cost of the source may be easily 

lowered. 

(Embodirr.ent 10) 

Hereinafter, Embodiment 10 of the present invention 

will be described. However, because the fundamental 

20 const.!'uctlon and the manufacturing process of the field 

emissior..-type electron source according to Embodiment 10 

are nearly as same as those of Embodiment 6 except that its 

oxidation step of the porous polycrystalline silicon layer 

4 is different from that of Embodiment 6. 'Ihe!"efore, as to 

25 the ~onst~uctive elements and the manufacturing step 
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corresponding to those in Er.1.bodiment 6, detailed 

description about them will be simplified or omitted. Thus, 

differences to Embodiment 6 will be mair.ly 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 ar.d ozone and heating the 

layer 4 (main oxidation step). Hereupon, the temperature 

10 and time of the heating process may be conveniently set to 

a value in the range of 100 to 600 °C and a value in the 

range of several minutes to several hour.s, respectively. 

Hereupon, although the temperature of the heating process 

may be higher thar.. 600 °C, it is preferable to set t~e 

15 telt'.perature to a convenient value ir.. the range of 100 to 600 

°C due to the same reason as that of Embodiment 8. 

Thus, according to the man~facturing method of 

Embodiment 10, as same as the case of Embodiment 6, the 

electror.. emitting efficiency may be raised in comparisor.. 

20 with the conve:i~ional 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 :ield 

emission-type electron source 10 may be easily enlarged and 

further the ~4nufacturing cost of the source may be easily 

25 lowered. 
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(Embodiment 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 according to. Embodiment 11 are nearly as sa"tle as 

those of any one of Embodiments 6 to 10. . However, the 

manufacturing method is charac_terized in ':hat it includes a 

supplemental oxidation step of oxidizing the porous 

polycrystalline silicon layer 4 by me.ans of the rapid 

10 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 heating 

process, ir. which for example a lamp annealing apparatus is 

used, is performed in a dry oxygen atmosphere by setting 

15 the temperat~re and time of the oxidalion process to 600-

900 °C and 30-120 minutes, respectively. Thus, according to 

the manufacturing method of Eirhodiment 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, Embodiit'.ent 12 of the p::::esent invention 

will be described. The fundamental constructior. and the 

25 manufacturing process of the field emission-type electron 
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source accordinq to Embodiment 12 are nearly as same as 

those of any one of Embodiments 6 to 11. However, the 

manufacturing method is characterized in that it includes 

another supplemental oxidation s~ep of oxidizing the porous 

5 polycrystalline silicon layer 4 using acid performed before 

and/or after the main oxidalion step (or the supplemental 

oxidation step in Embodiment 11) in any one of Embodiments 

6 to 11. That is, in the manufacturing process according 

to Embodiment 12, the stronq field drift layer 6 is formed, 

10 fer example, by performing any one of the following 

treatments (l} - (10) to the porous polycrystalline silicon 

layer 4. In the following treatments, [A] denotes .:he 

supplemental oxidation step using acid, [M] denotes the 

main oxidation s~ep, and [ H] denotes the supplemental 

15 oxidation step by means of the rapid heating precess. 

(1) [A] - [M] 

(2} [M] -[A] 

(3} [Hl -[M] 

(4} [M] -[HJ 

20 (5) [A] ..... [M] ~ [H] 

( 6} [H] - [M] - [A] 

(7) [A] _, [HJ ~ [VJ 

(8) [H] _... [A] - [M] 

(9) [M] ) [A] -[H] 

25 (10) [M] -[H] -[A] 
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He~eupon, the supplenental oxidation step using acid 

may be performed using a processing tank (the processing 

tank for the anodic oxidation treatment in Embodizr.ent 6 may 

be used for this purpose} containinq acid (for example, 

5 HN03, H2S04 , aqua regi a or the like) by letting flew a 

predetermined current between the platinu.~ electrode (not 

sr.own} and the n-type silicon substrate 1 (ohmic electrode 

2) in such a manner the plat:.n\LTU electrode acts as the 

negative electrode and the substrate 1 acts as the positive 

10 electrode. 

Hereupon, it may be considered that wheri the porous 

polycrystalline silicon layer 4 is oxidized using, for 

example, dilute nitric acid (for exanple, dilute nitric 

acid of 10%) before the mair: oxidation step, there occur 

15 such reactions as shown by the reaction formulas 1 and 2 

des·cribed above (Embodiment 1). Meanwhile1 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 manufacturi.ng method of 

Embodiment 12, insufficient oxidation in ~he ox~dation 

process, wr..ich is caused in the conventional oxida-:ion 

25 process, is supplemented so that the electron entl~l:ing 



., 0 

efficiency may be much more raised. 

(Embodiment 13) 

Hereinafter, Embodiment 13 of the present invention 

will be described. The fundamem:al construction and the 

5 manufacturiI1q process of the field emission-type electron 

source according to Embodiment 13 are 11early as same as 

those of any one of Embodiments 6 to 10. However, the 

manufacturing method ls 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 10. 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 silicon layer 4 has been oxidized. 

15 In the manu=acturing method according lo each of 

Embodiments 6 to 10, because the mixture solution, in which 

hydrogen fluorlde aqueous solution and ethanol are mixed 

together, is used as the electrolyte in the anodic 

oxidation treatment, silicon atoms are terminated by 

2 O hydrogen a toms . Accordingly, the hydrogen content in the 

strong field drift layer 6 becomes comparatively higher so 

that the breakdown voltage is lowered or the distribution 

of the hydroqen atoms char.gas with the lapse of time. In 

consequence, it is feared that the stability of the 

25 electron emitting efficlenc.:y with time passing may 
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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, 

5 which has been formed by the anodic oxidation treatment:, 

are substituted with oxygen atoms by the oxidant solution. 

Hereupon, as the oxidan-: solution, there may be used any 

one or a mixture of plural ones selected in a group of 

oxidants composed of nitric acid, sulfuric acid, 

10 hydrochloric acid and hydrogen peroxide aqueous solution. 

Thus, in the manufacturfng method according to 

Embodiment 13, the main oxidation step is performed after 

the very surf ace layer of the porous polycrystalline 

silicon layer 4 formed by the anodic oxidation treatment 

15 has been oxidized using the oxidant solution, in 

consequence the hydrogen content in the strong field drift 

layer 6 can be lowered. Therefore,· in the obtained field 

emissio~-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 manufacturinq method according tc 

each of Embodiments 11 and 12, a pre oxidation step of 

oxidizing the porous po1ycrystalline silicon layer 4 using 

an oxidant solution may be performed before the main 

25 oxidation step and the s~pplemental oxidation step(s). 
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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) 

Hereinafter, as Example 4, there will be described a 

fi'eld. emission-type electron source to manufactured under 

the following co::iditions, by means of the manufacturing 

method according to Embodiment 13. 

In Example 4, as the n-type silicon substrate l, there 

10 was used a {100) type silicon substrate, in which the 

electrical resistivity was 0.1 Q cm and the tl:ickness was 

525 µ m. The polycrystalline silicon layer 3 {see Fig. 7A} 

was formed by means of the LPCVD process. 

forming process, the degree of vacuum was 

In the film 

20 Pa, the 

15 temperature of the substrate was 640 °c, and the flow rate 

of the m.onosilane gas was 600 seem. 

In the anodic oxidation treatment, there was used an 

electrolyte in which hydrogen fluoride aqueous so:ution of 

55 wt% and ethanol were Ir.ixed together in the ratio of 

20 nearly 1:1. In the anodic oxidation treatment, the surface 

cf the polycrystalline silicon layer 3 was made contact with 

the electrolyte. Further, a predetermi~ed c~rent was let 

flow between the platinum electrode inunersed in the 

electrolyte and the n-~ype silicor. sUbstrate 1 (ohhmic 

25 electrode 2) in such a manner that the platinum electrode 



5 

73 

became a negative electrode and the substrate 1 became a 

positive electrode. Hereupon, the current density was the 

constant value of 30 mA/r::m:t, and the tL"1le of the anodic 

oxidation process was 10 seconds. 

In the pre oxidation step, as the oxidant solution, 

there was used a mixture solution in whicr. sulfuric acid and 

hydrogen peroxide aqueous solution are mixed together. Then, 

a sample, in which a porous polycrystalline silicon layer 4 

was formed, was iirmersed in the oxidant solution for 30 

10 minutes. 

After the pre oxidation step, a supplemental oxidation 

step was perfo::med. In the supplemental oxidallou 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 rnA/cm2 between the platin·Jm electrode 

and the n-type silicon substrate 1 (o!unic electrode 2; in 

st:.cb. a mazmer 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 step was performed. 

In the main oxidation step, ultraviolet rays, whose main 

wavelengths are 185 nm and 25~ run, were applied to the main 

surface of the sample (subst:rate) in a gas atmosphere 

containing oxygen and ozone while heating the sample up to 

2~ 500 °C. Ti~e of the main oxidation process was 1 hour. 
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The electrically conductl ve thin f iltr. 7 was formed by 

patterning a thin gold film using a photo lithograp~y 

technique, an etching technique or the like, the gold film 

being deposited on the whole surface of the stro:ig field 

5 drift layer 6 by mea:r.s of the vapor deposition process. 

Here-:Jpon~ il!e thickness of the electrically conductive thin 

film 7 was 10 rur.. 

The field. emission-type electron .source 10, which had 

been manufactured as described above, was introduced into a 

10 vacuum chcmber (not shown), and t!len a collector electrode 

21 (electrode for collecting ·e~itted ·electrons) was disposed 

at a posltior1 facing the electrically co~d~ctive thin film 7 

as shown in Fig. 8. Then, the deg~ee of vacuum. in the 

vacuum. chamber was set to 5X10-~ Pa, and then DC voltage Ve 

15 of 100 V was applied between the collector electrode 21 and 

the electr:..cal:y conductive thin film 7. Further, there 

were measured diode current Ips flowing between the 

electrically conducLive thin film 7 and the ohmic electrode 

2, and emitted electron current le flowing the collector 

20 electrode 21 and the electrica:ly conductive thin film 7 due 

to electro:is e- emitted outward from the field emlssion-type 

electron scn=ce 10 throuqh the electrically cond~ctive ~h!n 

film 'i, wh:le variously changinq DC voltage Vps applied 

between the electrically co~ductive thin film 7 {anode) and 

25 the ·ohmic electrode 2 (cathode) . In consequence, there was 
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obtained such a good result that the e~J.tted electron 

current Ie was 10 p.A/cm.2 • 

(Embodiment 14) 

Sereinafter, Embodiment l~ of the present invention 

5 will be described. F:.g. 11 shows al!. 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 !leld emissj on-type electron source 10 of 

Embodiment 14, which is a 11 ttle different from the fie:d 

10 emission-type elec~ron source 10 of Embodiment 6, eacl:. of 

the electrically conductive thin films 7 is formed in a 

striped shape. 

As shown in Fig. 11, ~he display Pl is provided with a 

glass substrate 33 whlch is dj sposed so as to face the 

15 electrically conductive thin filnts 7 of the field etnission­

type electron source 10. Thus, on the surface of the glass 

substrate 33,. which faces the field emis:;ion-type electron 

source 10, collector electrodes 31 of striped shape are 

fanned. Further, the display Pl is provided with a 

20 fluorescent layer 32 which emits visible light due to the 

electron beams emitted from the e:ectrically conductive thin 

films 7, the layer 32 being forned · so as to cover the 

collector electrodes 31. Hereupon, a space formed between 

tl:e field emission-type electron source 1 O and the glass 

25 su!)strate 33 is in a stale of vacuu.~. 
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In the display Pl, 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 shape in such a manner that it extends ir. a 

direction 

conductive 

(electrical 

perpendicular 

thi:i films 

f:.eld) is 

to each of the electrically 

7. Accordingly, when voltage 

applied to one of the collector 

electrodes 31 and one of the electrically conductive thin 

films 7, the electrode 31 and the film 7 being conveniently 

:!.O selec'l:ed respectively, electrons are emitted only from the 

electrically conductive t:hin film 7 to which voltage is 

applied. Hereupon, ouly electrons emitted from the region, 

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 31 emit light. 

That is, in the display Pl shown in Fig. 11, a por~ion 

in the fluorescent layer 32, which corresponds to the region 

20 where the electrically co~ductive thin film 7 and the 

collector electrode 31, to each of which voltage is applied, 

cross toqethe=, can be made emit light, by applying voltage 

to a .specific electrically conductive thin film 7 and a 

specific collecto:- electrode 31. Thus, images or letters 

25 can be displayed on the screen of the display Pl by 
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conv~niently changing the electrically conductive thin film 

7 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 E.rnbodiment 6. However, the manufacturing method is· 

characterized in that after the electrically conductive thin 

films 7 patterned in the predetermined shape (striped 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 atmosp?ere 

contair-ing at least one of oxygen and ozone as described in 

15 El11bodimen;::: 7, a treatment which heats the layer in a gas 

atmospher·e containir.g ozone as described in Embodinent 8, a 

treatment which applies ultraviolet rays to the layer and 

heats the layer as described in Embodiment 9, and a 

treatment whi.ch applies ultraviolet rays to the layer in a 

20 gas atmosphere containing at least one of oxygen and ozone 

and heats the layer as described in Embodiment 10. '!'hus, 

according to the· manufacturing method, by performing the 

treatments described above, conta:!llination due to organic 

materials produced in the processes- before the treatments 

25 may be removed, as well as the porous polycrystalline 
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5ilicon 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, accordinq to the 

5 following process. That is, after an electrically 

conductive thin film 7 has been formed on the whole surface 

of ~he 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 

:o 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. 

Hereupor., the electrically conductive thin films 7 of 

striped shape may be directly formed o:i the strong field 

15 drift layer 6 by means of the vapor deposition process or· 

the like using a metal :r.iask having an aperture pattern of 

the striped shape. 

In fig. 12, there is shown an example of a display 

using a fi.eld emission-type electron source 10' which is 

20 provided with a substrate ln which an electrically 

conductive film 12 is formed on a glass plate 11 as shown in 

Fig. 6B. 

As sr.own in Fig. 12, in the dl~play P2, an anode 

electrode 42 is disposed above the field emissio~-type 

25 electron source 10 1 while forming a space 41 therebetween, 
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and f~rther a fluorescent glass substrate 43 is disposed on 

the surface of t:t:.e anode electrode 42 so as to contact with 

Lhe 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. Moreover, spacers 45 are provided at some 

deslred posit:ions between the field emission-type electron 

source :or 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 is provided or.. the lower 

surfa~e of the anode electrode 42. 

Thus, when a predetermined voltage is applied between 

specific (desired) ones in a plurality of clectr:cally 

15 conductive thir.. filins 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 

s:iown by the arrow X, and then collide to the fluorescent 

members 46 facing the specific electrically conductive thin 

20 films 7. In consequence, the fluorescent members 46 emit 

liqht as shown by the broken line l. 

In the display P2, by applying voltage to specific 

electrically conductive thin films 7, and specific anode 

electrodes 42 and electrically cor..ductive film 12, the 

25 specific ones in a plurality of fluorescent members ~6, 



80 

which face the specific electrically conductive thin films 7 

to which vcltaqe is applied~ can be made emit light. 

Accordingly, images or letters can be displayed on the 

screen 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 will be described a 

field emission-type electron source 10 (see Fig. 11) 

10 manufactured ~nder the following conditions, oy means of the 

manufacturing method according to Embodiment 14. 

In Example 5, as ~he ~-type silicon subslrate 1, there 

was used a (100) type silicon substrate, in which the 

electrical resist! vi ty wa:S O .1 0 cm and the thickneas was 

15 525 µ m. The polycrystalline silicon layer 3 (sec Fig. 7A) 

was for:ned by means of the LPCVD process. In the fil::n 

forming precess, the degree of vacuum was 20 Pa, the 

temperature of the substrate was 640 °C, and the f:ow rate 

of the monosilane gas was 600 seem. 

20 In Lhe anodic oxidation treatment, there was used an 

electrolyte in which hydrogen fluoride aqueous solution of 

55 wt% and ethanol were mixed together in the ratio of 

r..early 1: 1. In the anodic oxidation tz·eatment, the surface 

of the polycrystalli~e s~licon layer 3 was made contact with 

25 the electrolyte. Further, a predetermined current was let 
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flow between tte platinum electrode immersed in the 

electrolyte and the n-type silicon substrate 1 (ohhmic 

electrode 2) in such a manner that the platinum. electrode 

became a negative electrode a:id the substrate 1 became a 

5 positive electrode. Hereupon, the current density in the 

anodic oxidation process was the constant value cf 30 mA/cm2
, 

and the time of anodic oxidation process was 10 seconds. 

In the rapid heating process for oxidizing the porous 

po~ycrystalline silicon layer 4, the flow rate of the oxygen 

10 gas was 300 seem, the oxidizjng temperature was 900 °C, and 

the oxidlzir-g time was 1 hour. The electrically conductive 

thin filn 7 was formed by patterning a thin gold fi 1 m using 

a photo lithography technique, an etching technique or the 

like, the gold fi:;,,m belr1g deposited on the upper surface of 

15 the stror..g field drift layer 6 by means of the vapcr 

deposition process. Hereupon, the thickness of the 

electrically conductive thin film 7 was 10 nm. 

After the electrically conductive ~hin film 7 had been 

formed, there was performed an oxidation treatment 

20 (he:?:einafte!", it is referred to "after treatment"} which 

applied ultraviolet rays to the layer ir. a mixed gas 

atmosphere (2000 ppm) contai~inq oxygen (02 } and ozone (03}. 

A low-pressure mercury lamp of 110 W was used as a source of 

ultraviolet rays. The ~emperature and time of the heating 

25 process were 200 °C Qnd 30 minutes, respectively. 
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Further, ·there was manufactured a. field emission-type 

electron source to which the after treatmenL had not been 

performed, as the comparative example 1 (example for 

comparison). Moreover, as Lhe comparative example 2, there 

5 was also manufactu~ed a =ield emission-type electron source, 

in vJhich the electrically conductive thin filn 7 had been 

formed using a :netal 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 ar.d the comparative example 2 was as follows. 

Namely, in F.mbcdiment 3, the electrically conductive thin 

film 7 was patterned by means of the pl:olo litl:ography 

technique or the like, and then the after treatment was 

15 performed. On the other ha.."ld, in the comparative exarr.ple ?., 

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. 

Eac:C of the field emission-type electron sources lO, 

20 which had been manufactured as described above, was 

introduced into a vacuum chamber {not shown} , and then a 

collector electrode 21 (electrode for collecting emitted 

electrons) was disposed at a position facir.g ~he 

electrically conductive thin film 7 as shown in Fig. 8. 

25 Tnus, the degree of vacuum in the vacul:..~ chamber -was set to 
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5 X 10-s Pa, and then DC voltage Ve of 100 V was applied 

between the collectqr electrode 21 and the electrically 

conductive thin film 7. Further, there were measured diode 

current Ips flowing between the electrically conductive thin 

5 film I and the ohmic elecLrode 2, and e1t1itted 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 electricalry conductive thin film 7, while 

10 variously changir-g DC voltage Vps applied between the 

eleC':rically conductive thin film 7 (anode} and the ohmic 

elcc:.rode 2 (cathode). The result o: the measurement are 

shown in F~q. 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 electron current Ie. 

The right vertical axis shows the electron emitting 

e!'ficiency (Ie/Ips X 100) . Further, the graphs in Fig. 13 

show the followinq physical prope~ties, respectively. 

20. Continuous line <D <•>: Ips in Example 5 

Dashed line ® ( •) : Ie in Exazuple 5 

Broken line @ ( •) : Eff in Examp:e 5 

Continuous line @ (n): tps in the comparati.ve ex. 1 

Dashed line ® (0) : Ie in the comparative ex. 1 

25 Broken line ® (0): Eff in the comparative ex. 1 
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Continuous line er> (0): Ips _in the comparative ex. 2 

Dashed line 

Broken line 

@ (0): le in the comparative ex. 2 

® {0) : Eff in the comparative ex. 2 

Ips: diode current 

le : 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 t~e comparative example 1 is 

10 smaller than that of the comparative example 2 (see qraphs 

<ID , @ ) , although the current densities of the diode 

currents Ips of the both are nearly same (see graphs Q),(V). 

Accordingly, the electron e..~itting 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 contami nati o:-i of organi.c 

materials due to the remaining ~esist of the photo resist 

layer used for patterning the electrically conductive thin 

20 film/. On the other hand, in the co~parative example 2, 

such contamination of organic materials may less re.;ua.in, 

because the metal mask is used for pattering the 

electrically conductive thin film 7. 

Next, when Example 5 is compared with the comparative 

25 example 1, the currenL denslty of the diode current rps of 
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Example 5 is smaller than that of the comparative· example 1 

(see graphs <D, ©), although the current density of the 

emit~ed elect~on cGrrent 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 !:han that of the comparative example 1 (see 

graphs @),@)). 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"'D.ple 1. Namely, the electron emitting efficiency cf 

15 Exa..'Uple 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 ~ay be considered as follows. Namely, in Example 5, there 
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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 an effect that the quall ty of the 

silicon oxide film 64 (see l!'ig. lOA) in the surface of the 

5 fine crystal si l i.con layer 63 which constructs the strong 

field drift layer 6, is improved (the ratio of the surface 

covered with oxygen atoms is increased). 

Although Lhe pl:·esent 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 

present invention be limited not by the specific disclosure 

herein, but only by the appended claims. 
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WHAT IS CLAIMED IS: 

1. A field emission-type electron source comprising 

an electrically conductive subst~ate, a strong field drift 

layer formed on a surface of the electrically conductive 

5 substrate and an electrically conductive thin film formed 

on the strong field drift layet·, wherein electrons, which 

are injected into the electrically conductive substrate, 

drift in the strong field drift layer to be emi~~ed outward 

through the electrically conductive thir.. film by applying 

10 voltage between the electrically conductive thin film and 

the electrically conductive substrate in such a manner that 

the electrically conductive thin film acls as a positive 

electrode against the electrically conductive subs':rate, 

wherein 

15 the strong field drift layer is formed by a process 

includinq an oxidation step of oxidizing a porous 

semiconductor layer at relati_vely lower temperature. 

2. 'Ihe field emission-type electron source according 

to claim 1, wherein the strong field drift layer is 

20 oxidized in a liquid phase in the oxidatior.. step. 

3. The field enission-type electron source according 

to claim 2, wherein the porous semiconductor layer is 
fortr.ed by per·forming an anodic oxidation to a semicond"t:ctor 

layer. 

25 4. A method of manufacturing a field emission-type 

1iii~f 
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electron source including ar. 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 

S field drift layer, wherein electrons, which are injected 

. into the electrically conductive substrate, drift in the 

stronq f~eld drift layer to be emitted outward through the 

electrically conduclive lhln film by applying voltage 

between the electrically conductive thin film and the 

10 electr~cally conductive substrate in such a manner that the 

electr~cally conductive thin filn acts as a positive 

electrode against tr.e electrically conductive substrate, 

the method comprising a mair.. oxidation step of forming a 

strong field drift layer by oxidizing a porous 

15 semiconductor layer at relatively lower temperature. 

5. The method of manufacturing tl:.e field emission-

type electron source according to claim 4, wherein the 

porous semiconductor layer is oxidized in a liquid phase in 

the main oxidation step. 

20 6. The method of manufacturing the field emission-

type electron source according to claim 5, wherein the 

liquid p:iase it> an acid solution. 

7. The Ir.ethod of manufactur!.ng the field emissior..-

type electron source according to claim 4 or S, wherein the 

25 porous semiconductor layer is oxidized in an electrolyte --------
Replaced 

\\i i\i l\ \\\\ 
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solution by means of an elec:rochemical reaction in the 

main oxidation step. 

a. The method of· manufacturing the· field emission-

type e::;.ectron source according to claim 7, wherein the 

5 electrolyte solution is an acid solution. 

9. The method of :nanufacturing the field emission-

type electron source according to claim 4, further 

comprising a supplemental oxldation step by means of a 

rapid 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 emission-

type electron source according to claim 5, further 

comprising a supplemental oxidation step by means of a 

rapid heating process, ~he supplemental oxidation step 

15 being performed before and/or after the main oxidatior. step. 

11. The method. of man-.ifacturing the field emission-

type electron source according to claim 6, further 

comprisir..g a sapplemental oxidation step by means of a 

rapid heating process, the supplemental oxidation step 

20 being performed before and/or ~fter the main oxidation step. 

12. The method of manufacturing the field emission-

type electron source according to claim 7, further 

comprising a supplemental oxidation step by means of a 

rapid heating process, the supplemental oxida~ion step 

25 being performed before and/or after the main oxidation slep. 
------·-·-
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13. The. method of manufacturing the field emisslon-

type electron source according to claim 8, further 

comprising a supplemental oxidation step by means cf a 

rapid heating process, the supplemental oxidation step 

5 being performed before and/or after the main oxidation step. 

14. The method of manufactu.r:lnq the field emission-

type electron source according to claim 4, fur the!" 

comprising a pre oxidation step of oxidizing the porous 

semiconductor layer using an oxidant solutioil, the pre 

10 oxidation step being performed before the main oxidation 

step or before the main oxidation step and the supplemental 

ox!.dation step. 

15. The l:lethod of manufacturing the field emission-

type electron source according to claim 5, further 

15 comprising a pre oxidation step of oxidizing -:he poro:is 

semiconductor layer using an oxidant scl"Jtion, the pre 

oxidalion st!:!p being performed before the main oxidation 

step or before the main oxidation step and the supplemental 

oxidation step. 

20 16. The ::nethoci of manufacturing the field emission-

type e::.ectron source according to claim 6, further 

comprising a pre oxidation S'tep of oxidizing the porous 

semiconductor layer using an oxidant solution, the pre 

oxidation step being performed before the main oxidation 

25 step or before the main ox!daticn step and the supplemental 

------
-------·-
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oxidation step. 

17. The method of manufacturing the field emission­

type electron source according to claim 7, further 

comprising a pre oxidation step of oxidizing the porous 

5 semi.conductor layer using an oxidant solut:ion, 'the pre 

oxidation step being performed before t:i.e main oxidation 

step or before tho main oxidation step and the supplemental 

oxidati.on step. 

18. The method of manuf act-..iring the !leld emission-

10 t~'Pe electron source according to claim 8, further 

compri.sir.g a pre oxidation step cf oxidizing the porous 

semiconductor layer using an oxidant solution, the pre 

oxidation step being performed before the main oxidation 

step or before the main ox:dation step and the supplemental 

15 oxidation step. 

19. The Il'.ethod of manufacturinq the field emission­

type electron source according to claim 9, further 

comprising a pr~ oxidation step of oxidizing the porous 

semiconductor layer using an oxidant solution, the pre 

20 oxidation slep being performed before the main oxidation 

step or before the main oxidation step and the supplemental 

oxidation step. 

20. The method of manufacturing the field emission­

type electron source according to claim 10, further 

25 comprising a pre oxidation step of oxidizing the porous 

-----·-
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semiconductor layer using an oxidant solution, the pre 

ox:!.dation step beinq performed before the main oxidation 

step or before the main oxidation step and the supplemental 

oxidation step. 

5 21. The method of manufacturing the field emission-

type electron source according to cla.im 11, further 

comprising a pre oxidation step of oxidizing the porous 

semiconductor layer using an oxidant solution, ::he pre 

oxidatior. step being performed before the main oxidation 

10 step or before the mai!l oxida-cion step and the supplemental 

oxidation step. 

22. !he method of manuf act-.iring the field emission-

~ype electron source according to claim 12, further 

comprising a pre oxidation st:ep of oxidizing the porous 

15 semiconductor layer using an oxidant solution, the pre 

oxidation step bei!lg performed before the main oxidation 

step or before the main oxidation step and the suppl~.mental 

oxidation step. 

23. The Il'.ethod of manufacturing the field emission-

20 type electron source according to claim 13, further 

comprising a pre oxidation step of oxidizing the porous 

semiconductor layer t:.sinq an oxidant solution, the pre 

oxidation step being performed before the maln oxldation 

step or before the main oxidation step and the supplemer-tal· 

25 oxidation step. ---·---- ----------- .. 
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24. The method of manufacturing the field emission-

type electron source according to claim 4, wherein in the 

main oxidation step, the porous semiconductor layer is 

oxidized .by means of at least one of a treatment which 

5 app1 i.es ultravio'.:.et rays to the porous semiconductor layer 

in a gas atmosphere 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 treatment which heats the porous 

10 semiconductor layer in a gas atmosphere containing ozone, a 

treatmer:t which applies ultraviolet rays to the porous 

semicondt;.ctor layer and heats the porous semiconduclor 

layer, anci a t:-eatrnent which applies ultraviolet rays to 

the porous semiconductor layer in a gas atmosphere 

15 containing at least one of oxyge~ and ozone and heats the 

porous semiconductor layer. 

25. The method of manufacturing the field emission-

type electron source according to claitr. 24, wherein the 

main oxidation step is performed afte:- the electrically 

20 conductive thin film has been formed. 

26. The Ir.cthod of manufacturing the field e:nission-

type electron source according to claim 24, further 

comprising a supplemental oxidation step of oxidizing the 

porous semiconductor layer by means of a rapid heating 

25 process, t~e supplemental oxidation step being performed 

---------------
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before and/or after the main oxidation step. 

27. The method of manufactur.ing the field ero.issior..-

type electron source according to claim 25, further 

comprising a supplemental oxidation step of oxidizing the 

5 porous semiconduc.:tor layer by means of a rapid heating 

process, the supplemental oxidation step being performed 

before and/or after the main oxidation step. 

28. The method of manufacturing :.he field emission-

type electron so:irce according to claim 24, further 

10 comprising a further supplemental oxidation step of 

oxidizing the porous semlcoriductor layer using an acid 

sol:ition, the fu!:ther suppleir.e~-:al oxidation step being 

pez.formed before and/or after the main oxidation s-:ep. 

29. The metr..od of manufacturing the field emlssiun-

15 type electron source according to claim 25, further 

comprising a further supplemental oxidation step of 

oxidizing the porous semicond~ctor layer using an acid 

solution, the further supplemental oxidation step being 

performed before and/or after the main oxidation step. 

20 30. The method of manufacturing the field emission-

type electron source according to claim 24, further 

conprisiug a pre oxidation step of oxidizing the porous 

sen~conductor layer usir.g an oxidant solution, · the pre 

oxidation step being performed before the main oxidatior.. 

25 step. 
··----·----- --·-- - -
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31. The method of manufacturing the field emission-

type 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 manufactt;.ring the field emission-

type elect~on source according to claim 26, further 

comprising a pre oxidation step of oxidizing the porous 

10 semiconductor layer using an . .?xidant solution, the pre 

oxi.dation step being performed before tl:e main oxi dat.:i on 

step and the supplemental oxidation S'!:ep. 

33. The method of manufacturing the field emission-

type electron ~ource ac;co.rding to claitn ~7, further 

15 comprising a pre oxidat:..on step of oxidizing the porous 

semiconductor layer using an oxidan17 solution, the pre 

oxidation step being performed before the :uain oxidallon 

stop and the supplemental oxidation step. 

34. The method of manufacturing the field emission-

20 type electron source according to claim 28, further 

comprising a pre oxidation step of oxidizing the po~ous 

semiconductor layer using an oxidant solution, the pre 

oxidation step being performed before the main oxidation 

step a:id the st:.pplemental oxidation steps. 

25 35. The melhod of manufaclurlng the !leld emlssion-
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type electron source accordinq to claim 29, further 

comprising a pre oxidation step of oxidizing t:he porous 

semiconductor layer using an oxidant solution, the pre 

oxidation step being performed before the main oxidation 

5 step and Lhe supplemental oxidation steps. 

3 6. The :nethod of Ir.a!lufacturing the field emission-

type electron source accordinq to any one of claims 4 to 35, 

wherein the porous semiconductor layer is a porous 

monocrystallir:e silicon layer or a porous polycrystalline 

10 silicon layer. 

37. The II'.ethod of ni.ariufacturing the field emission-

type electron source accordi~q to any one of claims 4 to 35, 

wherein the electrically conductive substrate is an n-type 

silicon subs~rate. 

:s 38. The method of manufacturing the field emission-

type electron source accorciing to any o!le of clains 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 emission-

type electron ao:.irce ac=ording to claim 38, wherein the 

insulating plate is composed of giass or ceramic. 

40. The method of manufacturing the field emission-

type electron source according to any one o: claims 4 to 35, 

25 further comprising a step of forming the porous 
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semicor.ductor layer by performing an anodlc oxidation to a 

semiconductor layer. 

41. Tr.e 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 sulfuL·ic acid or aqua r.egi a. 

42. The method of manufacturing the field emission-

type electron source according to ar.y one of claims 14 to 

23 and 30 to 35, wherein the oxidant solution l::i any one of 

10 or a mixture of plural ones of concentrated nitric aci.d, 

concent~ated sulfuric acid, hydrochloric acid and hydrogen 

peroxide. 

43. The ::nethod of manufacturing the field emission-

type electron source according to claim 4?., wherein the 

15 oxidant solution is used in a heated state. 

44. A display for displaying an image on a screen 

thereof, includtng: 

a field emission-type electron source according to any 

one of claims 1 to 3; 

20 a collector electrode dlsposed 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 between the collector 
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electrode and an electrically conductive thin film of the 

field e~ission-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 

emlLLed from the field emissior.-type electron source to the 

fluorescent member so as to make the fluorescent member 

emi.t light. 


