
United States Patent [19] 
Hasegawa 

US006086943A 

6,086,943 
*Jul. 11,2000 

[11] Patent Number: 

[45] Date of Patent: 

[54] METHOD OF MANUFACTURING 
ELECTRON-EMITTING DEVICE, 
ELECTRON SOURCE AND IMAGE 
FORMING APPARATUS 

Mitsutoshi Hasegawa, Yokohama, 
Japan 

[75] Inventor: 

[73] Assignee: Canon Kabushiki Kaisha, Tokyo, 
Japan 

[*] Notice: This patent issued on a continued pros 
ecution application ?led under 37 CFR 
1.53(d), and is subject to the tWenty year 
patent term provisions of 35 U.S.C. 
154(a)(2). 

[21] Appl. No.: 08/794,891 

[22] Filed: Feb. 5, 1997 

[30] Foreign Application Priority Data 

Feb. 8, 1996 

[51] Int. c1.7 ...................................................... .. B05D 5/12 

[52] US. Cl. ................................. .. 427/8; 347/1; 356/237; 
427/10; 427/100; 427/121; 427/256; 427/122 

[58] Field Of Search ............................... .. 347/1; 356/237; 

427/s_10, 121, 58, 256, 100, 122, 140, 
287 

[JP] Japan .................................. .. 8-045676 

[56] References Cited 

U.S. PATENT DOCUMENTS 

3,611,077 10/1971 Smith ...................................... .. 315/94 

12 

I 
\\ I 

4,627,730 12/1986 Jungerman et al. .................. .. 356/348 

5,286,414 2/1994 Kampf et al. . . . . . . . . . . . . .. 427/58 X 

5,486,701 1/1996 Norton et al. .................... .. 356/382 X 

FOREIGN PATENT DOCUMENTS 

0 604 939 7/1994 European Pat. Off. . 
0 605 881 7/1994 European Pat. Off. . 
0 658 912 6/1995 European Pat. Off. . 
717428A2 6/1996 European Pat. Off. . 
59-211936 11/1984 Japan . 
61-104541 5/1986 Japan . 
61-296649 12/1986 Japan . 
7235255 9/1995 Japan . 
8273529 1/1996 Japan . 

Primary Examiner—Janyce Bell 
Attorney, Agent, or Firm—FitZpatrick, Cella, Harper & 
Scinto 

[57] ABSTRACT 

An electron-emitting device having an electroconductive 
?lm including an electron-emitting region arranged betWeen 
a pair of device electrodes is manufactured. The electrocon 
ductive ?lm is formed by applying a liquid containing the 
material of the ?lm to a substrate by using an ink-j et method, 
then drying and heating the applied liquid. Defective 
conditions, if any, in the applied liquid or the precursor ?lm 
formed by drying the liquid or the electroconductive ?lm 
formed by heating the precursor ?lm are detected and 
remedied by applying the same liquid again to the area 
detected for a defective condition. The detection and remedy 
of any defective condition may be conducted after the 
liquid-applying, drying or baking step. 

61 Claims, 15 Drawing Sheets 
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METHOD OF MANUFACTURING 
ELECTRON-EMITTING DEVICE, 
ELECTRON SOURCE AND IMAGE 

FORMING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a method of manufacturing an 
electron-emitting device having an electroconductive ?lm, 
an electron source realized by arranging a plurality of such 
electron-emitting devices on a substrate and an image 
forming apparatus comprising the same. 

2. Related Background Art 
CRTs have been Widely used for image-forming apparatus 

for displaying images by means of electron beams. 
In recent years, on the other hand, ?at panel display 

apparatus utiliZing liquid crystal have been replacing CRTs 
to some eXtent. HoWever, they are accompanied by certain 
draWbacks including that they have to be provided With a 
back light because they are not not emissive and hence there 
eXists a strong demand for emissive type display apparatus. 
While plasma displays have become commercially available 
as emissive type display apparatus, they are based on 
principles that are different from those of CRTs and cannot 
fully compete With CRTs, at least currently, from the vieW 
point of contrast, chromatic effects and other technological 
factors. Since an electron-emitting device appears to be very 
promising for preparing an electron source by arranging a 
plurality of such devices and an image-forming apparatus 
comprising such an electron source is eXpected to be as 
effective as CRT for light emitting effects, efforts have been 
made in the ?eld of research and development of such 
electron-emitting devices. 

For instance, the applicant of the present invention has 
made a number of proposals for an electron source realiZed 
by arranging a number of surface conduction electron 
emitting devices that are cold-cathode type devices and an 
image-forming apparatus comprising such an electron 
source. 

Since the con?guration and the characteristic features of 
a surface conduction electron-emitting device and those of 
an electron source comprising such devices are described in 
detail in various documents, including Japanese Application 
Laid-Open No. 7-235255, they Will be described only sum 
marily here. FIGS. 4A and 4B of the accompanying draW 
ings schematically illustrate a surface conduction electron 
emitting device comprising a substrate 1, a pair of device 
electrodes 2 and 3 and an electroconductive ?lm 4, Which 
includes an electron-emitting region 5. With a method of 
producing an electron-emitting region, a part of the electro 
conductive ?lm is deformed, transformed or destroyed to 
make it electrically highly resistive by applying a voltage 
betWeen the paired device electrodes. This process is 
referred to as “energiZation forming process”. In order to 
produce an electron-emitting region that operates Well for 
electron emission in an electroconductive ?lm, the latter 
preferably comprises electroconductive ?ne particles such 
as ?ne particles of palladium oXide (PdO). A pulse voltage 
is preferably used for an energiZation forming process. A 
pulse voltage to be used for energiZation forming may have 
a constant Wave height as shoWn in FIG. 13A or, 
alternatively, it may have a gradually increasing Wave height 
as shoWn in FIG. 13B. 

While an electroconductive ?lm of ?ne particles may be 
prepared by means of a gas deposition technique, With which 
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2 
electroconductive ?ne particles are deposited directly on a 
substrate, a technique of applying a solution of a compound 
of the element that constitutes the electroconductive ?lm 
(e.g., an organic metal compound) to a substrate and pro 
ducing a desired electroconductive ?lm, typically by heat 
treatment, is more advantageous particularly for preparing a 
large electron source because it does not require the use of 
a vacuum apparatus and hence is less costly. For applying a 
solution of an organic metal compound only to an intended 
area, an ink-jet device may advantageously be used because 
it does not require any additional patterning operation for the 
electroconductive ?lm. 

After producing an electron-emitting region, a ?lm con 
taining carbon as a principal ingredient is formed by depo 
sition in the electron-emitting region and its vicinity, to 
increase the intensity of electric current ?oWing through the 
device and improve the electron-emitting property of the 
device a pulse voltage is applied betWeen the device elec 
trodes in an appropriate atmosphere containing organic 
substances (a process referred to as “activation process”). 

Then, the electron-emitting device is preferably subjected 
to a process referred to as “stabilization process”, Where the 
device is placed into and heated in a vacuum vessel, While 
the latter is gradually evacuated, in order to satisfactorily 
remove the organic substances remaining in the vacuum 
vessel and make the device operate stably. 

Methods for producing electroconductive ?lms for an 
electron source comprising surface conduction electron 
emitting devices are disclosed in a number of documents 
including Japanese Patent Application Laid-Open No. 
8-273529, the assignee of Which is the applicant of the 
present patent application. 
NoW, ink-jet devices that can be used for the purpose of 

the present invention Will be brie?y described beloW. 
Ink-jet devices are roughly classi?ed into tWo types 

according to the ink ejection technique used in the device. 
According to a ?rst ink ejection technique, ?ne liquid 

drops of ink are ejected by the pressure generated by 
contraction of a pieZo-electric element arranged in a noZZle. 
A second technique is referred to as a bubble-jet system, 
With Which ink is heated to a bubble by means of a 
heat-generating resistor and then ejected in the form of ?ne 
liquid drops. 

FIGS. 5 and 6 schematically illustrate ink-jet devices of 
these tWo types. 

FIG. 5 shoWs a pieZo-jet type ink-jet device comprising a 
?rst glass-made noZZle 21, a second glass-made noZZle 22, 
a cylindrical pieZo-electric element 23, tubes 25 and 26 for 
feeding liquid to be ejected, that may typically be a solution 
of an organic metal compound, and an electric signal input 
terminal 27. As a predetermined voltage is applied to the 
electric signal input terminal, the cylindrical pieZo-electric 
element contracts to discharge the liquid staying there as ?ne 
drops. 

FIG. 6 shoWs a bubble-jet type ink-jet device comprising 
a base plate 31, a heat-generating resistor 32, a support plate 
33, a liquid path 34, a ?rst noZZle 35, a second noZZle 36, a 
partition Wall 37, a pair of liquid chambers 38 and 39 
containing a predetermined liquid, a pair of liquid supply 
ports 310 and 311 and a top plate 312. With this 
arrangement, the liquid in the liquid chambers is caused to 
bubble and forced out from the noZZles as liquid drops by the 
heat generated by the heat-generating resistor. While each of 
the above-described devices has a pair of noZZles, the 
number of noZZles arranged in a device of the type under 
consideration is not limited to tWo. 
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After applying a solution of an organic metal compound 
only to predetermined areas as ?ne liquid drops by means of 
an ink-jet device of either of the above-described types and 
then drying the solution, the organic metal compound is 
heated for pyrolysis to produce an electroconductive ?lm 
typically made of ?ne particles of metal or metal oxide. 

The resulting electroconductive ?lm has a thickness pref 
erably betWeen several and 50 nanometers, although it may 
vary depending on the electric resistance of the electrocon 
ductive ?lm, the distance separating the device electrodes 
and other factors. The variance of the ?lm thickness has to 
be strictly limited Within a single electron-emitting device 
and also among the electron-emitting devices of an electron 
source. 

An electron-emitting region may not be prepared cor 
rectly and properly in an electron-emitting device if the 
electroconductive ?lm of the electron-emitting device shoWs 
a large variance. Likewise, an electron source comprising a 
large number of electron-emitting devices shoWing a large 
variance in the ?lm thickness of their electroconductive 
?lms may not operate evenly and uniformly for electron 
emission. 

Therefore, the ink-jet device to be used for producing 
electroconductive ?lms has to be examined and regulated 
thoroughly in order to ensure an even and uniform produc 
tion of electroconductive ?lms that are free from any unde 
sirable variance in the ?lm thickness. 

Alarge and high de?nition ?at-type image-forming appa 
ratus can be manufactured only by using an electron source 
comprising a large number of electron-emitting devices that 
operate satisfactorily from the above described point of 
vieW. 

Thus, While the ink-jet device being used for forming 
electroconductive ?lms on respective electron-emitting 
devices is rigorously controlled for operation in order to 
avoid producing defective devices, the probability of pro 
ducing defective devices inevitably rises as the number of 
electron-emitting devices arranged in an image-forming 
apparatus increases. 

There can be various causes that give rise to defective 
electroconductive ?lms produced by means of an ink-jet 
device, including noise mingled into the electric signals for 
controlling the ink-jet device that interfere With the normal 
liquid drop ejecting operation of the device to make the ?lm 
thickness of the produced electroconductive ?lm signi? 
cantly depart from a predetermined level, mechanical vibra 
tions that displace the locations Where liquid drops are 
applied on the electron source substrate, and foreign objects 
put into the liquid contained in the ink-j et device to interfere 
With the normal liquid discharge of the device to make the 
electroconductive ?lms unacceptable in terms of thickness, 
location and pro?le. 
When manufacturing electron-emitting devices on a mass 

production basis, it is very difficult to improve the rate of 
producing acceptable devices or the manufacturing yield 
particularly When a large number of electron-emitting 
devices have to be produced on a single substrate. 
A high manufacturing yield is accompanied by high 

manufacturing cost and a need for treating rejected devices. 
In vieW of the current social need for suppressing the volume 
of industrial Waste, therefore, there is a strong and urgent 
demand for a method of manufacturing electron-emitting 
devices at a high yield. 

SUMMARY OF THE INVENTION 

Under the above-described circumstances, it is therefore 
an object of the present invention to provide a method of 
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4 
manufacturing an electron-emitting device such as an sur 
face conduction electron-emitting device having an electro 
conductive ?lm including an electron-emitting region that 
can be used for rectifying a rejected electroconductive ?lm 
to an acceptable one in the course of manufacturing the 
device. 

Another object of the present invention is to provide a 
method of manufacturing an electron source comprising a 
plurality of electron-emitting devices that can remarkably 
improve the manufacturing yield by partially rectifying 
defective electroconductive ?lms found in the devices in the 
course of manufacturing the electron source. 

Still another object of the present invention is to provide 
a method of manufacturing an image-forming apparatus 
comprising an electron source prepared by arranging a large 
number of electron-emitting devices that can effectively and 
remarkably improve the manufacturing yield and produce 
image-forming apparatus that are free from defective images 
and a noticeable variance in the brightness. 

According to an aspect of the invention, the above object 
is achieved by providing a method of manufacturing an 
electron-emitting device having an electroconductive ?lm 
including an electron-emitting region arranged betWeen a 
pair of device electrodes, characteriZed in that the process of 
forming an electroconductive ?lm including an electron 
emitting region comprises steps of applying a liquid con 
taining the material of the electroconductive ?lm to a 
substrate by an ink-jet method and thereafter detecting any 
defective condition in the applied liquid and applying the 
liquid containing the material again to the detected defective 
area condition in the applied liquid by an ink-jet method. 

According to another aspect of the invention, there is 
provided a method of manufacturing an electron source 
comprising a plurality of electron-emitting devices arranged 
on a substrate, each having an electroconductive ?lm includ 
ing an electron-emitting region formed betWeen a pair of 
device electrodes, characteriZed in that the electron-emitting 
devices are manufactured by the above described method. 

According to still another aspect of the invention, there is 
also provided a method of manufacturing an image-forming 
apparatus comprising an electron source formed by arrang 
ing a plurality of electron-emitting devices on a substrate, 
each having an electroconductive ?lm including an electron 
emitting region formed betWeen a pair of device electrodes, 
and an image-forming section for forming an image by 
irradiation of electrons emitted from the electron source, 
characteriZed in that the electron-emitting devices are manu 
factured by the above-described method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A, 1B, 1C, 1D and 1E are schematic illustrations 
of a method of manufacturing an electron-emitting device 
according to the invention, shoWing steps of examining a 
precursor ?lm, removing a defective precursor ?lm and 
forming a replacement precursor ?lm. 

FIGS. 2A, 2B and 2C are schematic illustrations of a 
method of manufacturing an electron-emitting device 
according to the invention, shoWing an alternative step of 
removing a defective precursor ?lm. 

FIG. 3A is a graph shoWing the If-Vf relationship of an 
electron-emitting device accompanied by a leak current as a 
result of an energiZation forming process. 

FIG. 3B is a graph shoWing the If-Vf relationship of an 
electron-emitting device properly subjected to an energiZa 
tion forming process. 
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FIGS. 4A and 4B are schematic illustrations of a surface 
conduction electron-emitting device, showing its con?gura 
tion. 

FIG. 5 is a schematic illustration of a pieZo-j et type ink-jet 
device, showing its con?guration. 

FIG. 6 is a schematic illustration of a bubble-jet type 
ink-jet device, shoWing its con?guration. 

FIG. 7 is a schematic illustration of a device for locally 
producing a reducing atmosphere. 

FIGS. 8A, 8B, 8C, 8D and 8E are schematic illustrations 
of a process of forming an electron source With a matrix 
Wiring arrangement. 

FIG. 9 is a schematic illustration of an image-forming 
apparatus manufactured by a method according to the inven 
tion. 

FIG. 10 is a schematic illustration of a Wiring arrangement 
to be used for an energiZation forming process. 

FIGS. 11A, 11B, 11C, 11D and 11E are schematic illus 
trations of part of an electron source being processed for 
Wiring by means of photolithography for the purpose of the 
invention. 

FIG. 12 is a plan vieW of the electron source of FIGS. 
11A, 11B, 11C, 11D and 11E, Which shoWs cross-sectional 
vieWs taken along line A—A. 

FIGS. 13A and 13B are graphs shoWing tWo different 
pulse voltage Waveforms that can be used for an energiZation 
forming process for the purpose of the invention. 

FIG. 14 is a graph shoWing the relationship betWeen the 
?lm thickness and the sheet resistance of a ?lm of electro 
conductive ?ne particles. 

FIG. 15 is a schematic illustration of an electron source 
having a ladder-like Wiring arrangement. 

FIG. 16 is a schematic illustration of an image-forming 
apparatus comprising an electron source as illustrated in 
FIG. 15. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

NoW, the present invention Will be described in greater 
detail by referring to the accompanying draWings that illus 
trate preferred embodiments of the invention. 

In one aspect, the present invention speci?cally relates to 
a method of manufacturing an electron source comprising a 
large number of electron-emitting devices arranged on a 
substrate, each having a pair of device electrodes oppositely 
disposed on the substrate and an electroconductive ?lm 
connected to the paired device electrodes and including an 
electron-emitting region as part thereof, Wherein the process 
of forming the electroconductive ?lm for each electron 
emitting device comprises steps of applying drops of a liquid 
containing the material of the electroconductive ?lm to a 
predetermined area of a substrate by an ink-jet device and 
drying. Thereafter the applied liquid is heat-treated to pro 
duce a ?lm of electroconductive ?ne particles. Furthermore 
there are the folloWing additional steps. 

In a ?rst preferred mode of carrying out the invention, the 
additional steps are steps of examining a precursor ?lm for 
forming a ?lm of electroconductive ?ne particles 
(hereinafter simply referred to as “precursor ?lm”) produced 
as a result of the step of applying drops of the liquid by an 
ink-jet device, removing the ?lm from the area determined 
to be defective as a result of the examining step and applying 
drops of the liquid again to the removed area. NoW, these 
steps Will be described by referring to FIGS. 1A through 1E. 

Referring ?rstly to FIG. 1A, there are shoWn a substrate 
1 for forming an electron source and a pair of device 
electrodes 2 and 3. Then, a precursor ?lm 6 is formed 
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6 
betWeen the paired device electrodes to electrically connect 
them. If the produced precursor ?lm is displaced from its 
proper position, it is recti?ed by the above described 
method. More speci?cally, reference symbol 6‘ denotes a 
displaced precursor ?lm that has to be recti?ed. Techniques 
that can be used for detecting abnormal conditions on the 
precursor ?lm such as displacement include visual observa 
tion through an optical microscope. FIG. 1A also illustrates 
an arrangement for detecting abnormal conditions. Referring 
to FIG. 1A, there are shoWn a re?ector 11, an ink-jet device 
12 for discharging a solvent for recti?cation and an imaging 
apparatus 13 including an image enlarging optical system. 
With such an arrangement, any defective precursor ?lm can 
be detected and the solvent can be applied there for 
recti?cation, While the ink-jet device can be checked for 
proper positioning by means of the imaging apparatus at the 
same time. Any abnormal conditions including a defective 
pro?le and an abnormal ?lm thickness of the precursor ?lm 
and unusually large crystal grains of the metal compound 
that is the precursor of the electroconductive material of the 
electroconductive ?lm can be detected along With any 
positional displacement of the precursor ?lm by this detect 
ing operation. A precursor ?lm under such an abnormal 
condition is determined to be defective for the purpose of the 
invention. 

Various techniques may be used for removing defective 
?lms. 
With a ?rst technique, the ?lm formed by applying a 

solvent such as Water or an organic solvent by means of an 
ink-jet device is expanded through dissolution and dilution. 
Although the ?lm should not be expanded to get to any of 
the adjacently arranged devices, this technique can prove to 
be simple and effective if the device of the ?lm is separated 
from the adjacent devices by a considerable space and the 
?ne particles of the ?lm are dispersed When dried and 
heat-treated so that it can be expanded suf?ciently to make 
it electrically unconductive if vieWed globally. 
The above described technique of removing a ?lm Will be 

described further by referring to FIGS. 1B through 1D. 
Firstly, drops 14 of the solvent are applied to the precursor 
?lm to be recti?ed as shoWn in FIG. 1B. Then, the puddle 15 
of the solvent formed on the precursor ?lm is expanded 
Without alloWing it to get to any of the adjacently located 
electron-emitting devices. When the solvent is dried, the 
amount of the remaining organic metal compound is negli 
gible and, as shoWn in FIG. 1D, the pro?le of the device 
before the formation of the precursor ?lm is substantially 
restored. With a method according to the invention, a 
precursor ?lm is formed once again as shoWn in FIG. 1E 
after the defective one is removed through the above 
described steps. 
NoW, the relationship betWeen the ?lm thickness and the 

sheet resistance of the ?lm of electroconductive ?ne par 
ticles Will be discussed. 
When an electroconductive thin ?lm that can be used for 

the purpose of the invention is made of a material having a 
resistivity p and has a Width W, a length l and a thickness t, 
the sheet resistance Rs of the ?lm is used to de?ne the 
electric resistance R of the ?lm as determined betWeen the 
longitudinal opposite ends of the ?lm. 

If p and t are constant and do not have positional 
dependency, the sheet resistance Rs is expressed by the 
equation beloW. 

Thus, Rs is inversely proportional to t if the average ?lm 
thickness is sufficiently greater than the average diameter of 
the ?ne particles of the ?lm. This is because the ?lm of ?ne 
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particles can be approximately regarded to be an evenly and 
continuously extending ?lm for various calculations and the 
positional variance of the ?lm thickness that may be small 
does not have any signi?cance for the purpose of the 
invention. 

HoWever, if the average ?lm thickness is approximately 
the same as the average diameter of the ?ne particles of the 
?lm, the sheet resistance of the ?lm is signi?cantly affected 
by the local unevenness of the is made of ?ne particles and 
the positional variance of the ?lm thickness becomes sig 
ni?cant relative to the average ?lm thickness to make the 
sheet resistance greater than the value obtained by extrapo 
lating the above relationship of inversely proportional to the 
?lm thickness. 
As the average ?lm thickness is reduced further, the 

resistance shoWs a sharp rise until the ?lm becomes totally 
unconductive if vieWed globally because the ?ne particles of 
the ?lm do not contact each other in considerable portions 
thereof. Under this condition, clusters, each formed by a 
single ?ne particle or by a plurality of ?ne particles, become 
isolated as they do not connect With each other. It may not 
be appropriate to call it a “?lm” any more under such a 
condition but Will nevertheless be called as such hereinafter 
for the sake of convenience if such a Way of naming may not 
give rise to any misunderstanding. 

FIG. 14 is a graph shoWing the relationship betWeen the 
?lm thickness and the sheet resistance of a ?lm of ?ne 
particles of palladium oxide (PdO) produced by using an 
aqueous solution of an organic palladium compound as Will 
be described hereinafter by referring to Example 1-1 and 
other examples. In any of these examples, the ?lm thickness 
Was controlled by controlling the number of times of apply 
ing drops of the aqueous solution of the organic palladium 
compound or by further applying drops of Water to the 
applied drops of the aqueous solution to expand the area 
occupied by the applied drops of the aqueous solution. The 
applied organic palladium compound Was then turned to 
palladium oxide (PdO) by heat-treating it at 300° C. for 12 
minutes. In any specimen used in the examples, the palla 
dium oxide (PdO) ?ne particles shoWed an average particle 
diameter of 1012 nm. It Was also found that the sheet 
resistance Rs Was inversely proportional to the ?lm thick 
ness t When the average ?lm thickness Was greater than 
about 15 nm but the actual values (indicated by the thick 
solid line in FIG. 14) became greater than the calculated 
values (indicated by the thin solid line in FIG. 14) obtained 
by extrapolating the above relationship When the average 
?lm thickness Was almost as large as the average particle 
diameter. The sheet resistance of the ?lm shoWed an abrupt 
rise to lose its electric conductivity When the ?lm thickness 
became as small as 6 nm. Therefore, the results of the 
examples as described hereinafter agree Well With the above 
observation. 

Thus, What is important for carrying out the present 
invention is apparently to determine the extent to Which the 
precursor ?lm is expanded. If the electroconductive ?lm 
obtained by heat-treating a normal precursor ?lm has a ?lm 
thickness of t and a surface area of s and the precursor ?lm 
is expanded to shoW an area of S by applying a solvent in an 
above described rectifying operation, the average thickness 
T of the “?lm” (Which is in fact not a ?lm) produced by the 
subsequent heat-treatment Will be expressed by T=st/S. In 
order for the ?lm not to globally shoW any electric 
conductivity, T has to be suf?ciently smaller than the aver 
age particle diameter D of the ?ne particles of the ?lm. More 
speci?cally, T is preferably smaller than 60% of D. 

The operation of applying drops of the solution for the 
second time may be conducted When the solvent applied in 
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8 
the above step is dried or after the normal precursor ?lm is 
heat-treated to produce an electroconductive ?lm. If drops of 
the solution are applied after a heat-treatment operation of 
the precursor ?lm, the precursor ?lm that is diluted and 
expanded by the applied solvent in the above step Will 
become comprised of isolated ?ne particles and the solution 
Will Wet the substrate in a Way same as it did When it Was 
applied for the ?rst time to make the recti?ed device operate 
properly like a device that operates Well from the very 
beginning. If the device is locally exposed to a reducing gas 
to turn the electroconductive ?ne particles of the metal oxide 
into those of the pure metal, the ?ne particles Will be 
coagulated further to increase their diameters and success 
fully make the ?lm unconductive globally even When the 
expansion of the area of the precursor ?lm by the application 
of the solvent is more or less restricted. 

The ?lm may be made more apt to dissolve in the solvent 
if the latter contains an appropriate ligand. In other Words, 
an aqueous solution of a salt containing a ligand that can 
easily coordinate With the metal atom of the metal com 
pound constituting the precursor ?lm can easily dissolve the 
precursor ?lm. Preferably, a chelatable ligand is used for the 
above ligand for the purpose of the invention. Candidates for 
such a ligand include diamines, amino acids and dicarboxy 
lic acids. 

With a second technique for removing defective precursor 
?lms, after diluting the ?lm With a solvent as With the above 
described ?rst technique (FIG. 2A), the solvent is sucked 
and removed from the ?lm. The operation of sucking the 
solvent can be carried out by means of a spongy piece of 
porous resin 16 ?tted to the front end of a rod 17 as shoWn 
in FIG. 17 or alternatively by means of a syringe needle or 
a tube. The device shoWs the original pro?le as shoWn in 
FIG. 23 after removing the solution dissolving the precursor 
?lm so that another precursor ?lm may be formed there. 
With this technique, electron-emitting devices may be 
arranged more densely than the case Where the above 
described ?rst technique is used. In other Words, this tech 
nique is suited in cases Where the puddle of the solvent 
cannot be suf?ciently expanded and the ?rst technique is not 
feasible. 

In a second preferred mode of carrying out the invention, 
the additional steps are steps of examining the eletrocon 
ductive ?lms produced by heat-treating the liquid drops 
applied by an ink-jet device, removing the electroconductive 
?lms judged as defective in the examining step and applying 
liquid drops to the appropriate areas of the removed defec 
tive ?lms and heat-treating them to produce replacing elec 
troconductive ?lms. 

An optical microscope may be used for optically observ 
ing electroconductive ?lms in the examining step. 
Alternatively, the electroconductive ?lms may be examined 
by observing the electric resistance of each of the electron 
emitting devices and this examining technique may Work 
more sensitively than the optical observation technique for 
detecting any abnormal ?lm thickness. 

Since the electroconductive ?lm is not soluble in the 
solvent at this stage, the technique of diluting the electro 
conductive ?lm as described earlier by referring to the ?rst 
mode of carrying out the invention cannot feasibly be used 
here. Thus, a technique of physically removing the electro 
conductive ?lm is adopted in this second mode of carrying 
out the invention. For instance, a ?ne rod carrying a piece of 
a soft and adhesive substance such as silicon rubber may be 
used and pressed onto the electroconductive ?lm to make it 
adhere to the silicon rubber in order to remove it. 






















