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Description

[0001] Conventional electron emission devices are
classified into thermal electron source devices and cold
cathode electron source devices. The cold cathode
electron source devices include field emission (herein-
after referred to as FE) types, metal-insulator-metal
(hereinafter referred to as MIM) types, and surface con-
duction types.
[0002] FE type devices are disclosed by, for example,
W. P. Dyke & W. W. Dolan ("Field Emission", Advances
in Electron Physics, Vol. 8, 89 (1956)), and by C. A.
Spindt ("Physical Properties of Thin-Film Field Emission
Cathodes with Molybdenum Cones", J. Appl. Phys., Vol.
47, 5248 (1976)). MIM type devices are disclosed by,
for example, C. A. Mead ("The Tunnel-Emission Ampli-
fier", J. Appl. Phys., Vol. 32, 646 (1961)). Surface con-
duction type devices are disclosed by, for example, M.
I. Elinson (Radio Eng. Electron Phys., Vol. 10, 1290
(1965)).
[0003] In surface conduction electron emission devic-
es, when a current flows along the plane of a thin film
with a small area formed on a substrate, electrons are
emitted. Examples of thin films disclosed as surface
conduction electron emission devices include an SnO2
thin film by Elinson as described above, a gold thin film
by G. Dittmer (Thin Solid Films, Vol. 9, 317-328 (1972)),
an In2O3/SnO2 thin film by M. Hartwell and C. G. Fons-
tad (IEEE Trans. ED Conf., p. 519 (1975)), and a carbon
thin film by H. Araki et al. (Sinku (Vacuum), Vol. 26, No.
1, 22 (1983)).
[0004] Fig. 25 shows a configuration of the above de-
vice by M. Hartwell as a typical example of a surface
conduction electron emission device. A conductive film
4 having an H shape is formed on a substrate 1. The
conductive film 4 is composed of the above-described
composite metal oxide. The conductive film 4 is subject-
ed to an electrifying process generally called "electrify-
ing forming" to form an electron emitting section 5. In
the drawing, two device electrodes have a total length
L in the range of 0.5 to 1.0 mm, and a width W' of ap-
proximately 0.1 mm.
[0005] In the surface conduction electron emission
device, the electron emitting section 5 is generally
formed by the "electrifying forming" process of the con-
ductive film 4 prior to electron emission. In the electrify-
ing forming, a voltage is applied to two ends of the con-
ductive film 4 to locally destruct, deform or modify the
conductive film 4. As a result, the electron emitting sec-
tion 5 having high electrical resistance is formed. The
electron emitting section 5 includes cracks and elec-
trons are emitted near the cracks.
[0006] Examples of arrays of many surface conduc-
tion electron emission devices are ladder-type electron
sources disclosed in, for example, Japanese Patent Ap-
plication Laid-Open Nos. 64-31332, 1-283749, and
2-257552, in which many lines of surface conduction
electron emission devices are arranged, and two ends

(electrodes) of each devices are connected to lead lines
(common lead lines).
[0007] An array of surface conduction electron emis-
sion devices enables production of a planar display de-
vice similar to a liquid crystal display device. EP-A-0 299
461 discloses such a display device which comprises a
combination of an electron source including many sur-
face conduction electron emission devices and a fluo-
rescent coating which is irradiated with electrons from
the electron source to emit visible light.
[0008] A voltage is applied to the electron emission
device subjected to electrifying forming in an atmos-
phere containing an organic substance in order to im-
prove electron emission characteristics (hereinafter re-
ferred to as an activation step). The voltage applied in
the activation step is substantially equal to the voltage
applied in the forming step. Carbon and/or carbona-
ceous materials are deposited on and near the electron
emitting section 5 during the activation step, as dis-
closed, for example, in European Patent Application
Laid-Open No. 0660357.
[0009] The present invention has been made with the
intention of achieving a consistent yield of electron emis-
sion devices having excellent electron emission charac-
teristics.
[0010] The method applied to an electron emission
device including a conductive film having an electron
emitting section disposed between a pair of electrodes,
in common with that known previously comprises

a voltage-applying step for applying an voltage to
the conductive film through the electrodes in an atmos-
phere containing an organic substance.
[0011] This method is, in accordance with the present
invention, characterised by a pre-treatment step of treat-
ing the organic substance to remove impurities.
[0012] In an embodiment of the method, the removal
step may include removing atmospheric components,
such as oxygen and nitrogen, contained in the organic
substance when the organic substance is introduced
from a supply source of the organic substance into a
treating unit for performing the voltage-applying step.
[0013] Preferably, the atmospheric components con-
tained in the organic substance are removed by a freeze
and thawing method. Preferably, the organic substance
is introduced to the treating unit without contact with air
after the atmospheric components contained in the or-
ganic substance are removed.
[0014] Another aspect of the present invention is a
method for making an image forming apparatus includ-
ing at least one electron emission device and an image
forming member for forming an image by electrons emit-
ted from the electron emission device, wherein the elec-
tron emission device is made by the above-described
method.
[0015] In a preferred mode of carrying out the inven-
tion, the voltage-applying step is conducted in a treating
unit the organic substance is introduced into the treating
unit via a needle-value and in the pre-treatment step,
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the organic substance is treated to remove impurities
having lower molecular weight than the organic sub-
stance, before the organic substance is introduced via
the needle-valve.
[0016] Further features and advantages of the
present invention will become apparent from the follow-
ing description of the preferred embodiments with refer-
ence to the attached drawings.

Figs. 1A and 1B are a schematic plan view and a
cross-sectional view, respectively, of an electron
emission device
Fig. 2 is a schematic cross-sectional view of an al-
ternative electron emission device;
Figs. 3A to 3C show steps of a method applied to
an electron emission device in accordance with the
present invention;
Figs. 4A and 4B are graphs of voltage waveforms
applied during electrifying forming ;
Figs. 5A and 5B are graphs of voltage waveforms
applied during an activation step performed in ac-
cordance with the present invention;
Fig. 6 is a schematic view of a testing apparatus for
evaluating an electron emission device treated in
accordance with the present invention;
Fig. 7 is a schematic view of a vacuum treatment
system used in an activation step performed in ac-
cordance with the present invention;
Fig. 8 is a graph showing the relationships of emis-
sion current Ie and device current If versus device
voltage Vf of a typical electron emission device;
Fig. 9 is a schematic view of a simple matrix electron
source;
Fig. 10 is a schematic view of a display panel of an
image forming apparatus in accordance with the
present invention:
Figs. 11A and 12A are schematic views of fluores-
cent films;
Fig. 12 is a block diagram of a driving circuit for per-
forming display in an image forming apparatus in
response to NTSC television signals;
Fig. 13 is a schematic diagram of a ladder-type elec-
tron source;
Fig. 14 is a schematic view of a display panel of an
image forming apparatus;
Fig. 15 is a schematic view of a vacuum system
used in an activation step performed in accordance
with the present invention;
Fig. 16 is a schematic diagram of connection for
forming and activation;
Figs. 17A to 17E, 18F to 18J and 19K to 190 are
cross-sectional views of steps in a production proc-
ess of an electron emission device ;
Fig. 20 is a schematic view of a deaeration unit in a
feed system of an organic substance ;
Fig. 21 is a plan view of an electron source ;
Fig. 22 is a cross-sectional view taken along line
XXII-XXII in Fig. 21;

Figs. 23A to 23D and 24E to 24H are cross-section-
al views of a method for making an electron source;

and
Fig. 25 is a schematic view of a conventional sur-
face conductive electron emission device.

[0017] The preferred embodiments in accordance
with the present invention will now be described with ref-
erence to the attached drawings.
[0018] The electron emission devices considered
herein can have either of two basic configurations, that
is, a planar configuration and an upright configuration.
First, a planar electron emission device will be de-
scribed.
[0019] Figs. 1A and 1B are a schematic plan view and
a cross-sectional view, respectively, of a planar electron
emission device
[0020] The electron emission device is formed on a
substrate 1, and includes two electrodes 2 and 3, a con-
ductive film 4, and an electron emitting section 5. The
electron emitting section 5 includes a gap, such as a
crack, which is formed in the conductive film 4, and thin
films 7 composed of carbon or carbonaceous materials
are formed on the conductive film 4 to narrow the gap 6.
[0021] The substrate 1 may be composed of quartz
glass, a purified glass with a reduced content of impuri-
ties such as sodium components, a blue flat glass, a
composite glass substrate comprising a blue flat glass
and a SiO2 layer deposited thereon by a sputtering proc-
ess or the like, a ceramic such as alumina, or a silicon
substrate.
[0022] The opposing electrodes 2 and 3 may be com-
posed of a general conductive or semiconductive mate-
rial. Examples of such materials include metals and al-
loys thereof, e.g., Ni, Cr, Au, Mo, W, Pt, Ti, Al, Cu, and
Pd; printed conductors comprising metals and metal ox-
ides, e.g., Pd, Ag, Au, RuO2, and Pd-Ag, printed on sub-
strates such as glass; transparent conductors such as
In2O3-SnO2; and semiconductors such as polysilicon.
[0023] The distance L between the electrodes 2 and
3, the width of the electrodes 2 and 3, and the shape of
the conductive film 4 can be determined in consideration
of the application of the device. In general, the distance
L between the electrodes 2 and 3 is in a range of several
hundreds of nanometers to several hundreds of microm-
eters, and preferably several micrometers to several
tens of micrometers in view of the voltage applied to
these electrodes 2 and 3. The width W of the electrodes
2 and 3 is in a range of several micrometers to several
hundreds of micrometers in view of the resistance of the
electrodes 2 and 3 and electron emitting characteristics.
The thickness d of the electrodes 2 and 3 is in a range
of several tens of nanometers to several micrometers.
[0024] In addition to the above configuration, the con-
ductive film 4 and then the two opposing electrodes 2
and 3 may be deposited on the substrate 1.
[0025] Examples of materials for the conductive film
4 include metals, e.g., Pd, Pt, Ru, Ag, Au, Ti, In, Cu, Cr,

3 4



EP 0 952 602 B1

4

5

10

15

20

25

30

35

40

45

50

55

Fe, Zn, Sn, Ta, W, and Pb; oxides, e.g., PdO, SnO2,
In2O3, PoO, and Sb2O3; borides, e.g., HfB2, ZrB2, LaB6,
CeB6, YB4, and GdB4; carbides, e.g., TiC, ZrC, HfC,
TaC, SiC, and WC; nitrides, e.g., TiN, ZrN, and HfN;
semiconductors, e.g., Si and Ge; and carbonaceous
materials.
[0026] The conductive film 4 is preferably composed
of a fine-particle thin film containing fine particles having
superior electron emitting characteristics. The thickness
of the conductive film 4 may be determined in consider-
ation of step coverage with respect to the electrodes 2
and 3 and the resistance of the electrodes 2 and 3. The
thickness is preferably in a range of several tenths na-
nometer (Angstroms) to several hundreds of nanome-
ters, and more preferably 1 nanometer to 50 nanometer.
The sheet resistance Rs of the electrodes 2 and 3 is in
a range of 102 to 107 Ω. The sheet resistance is deter-
mined by the equation R = Rs(ø/w) wherein Rs is the
resistance, w is the width, and ø is the length of the con-
ductive film 4.
[0027] "Fine-particle film" means a film containing a
plurality of fine particles. These fine particles may have
fine textures in which fine particles are separately dis-
persed in the film or agglomerated to form islands. The
size of the fine particles is in a range of several ang-
stroms to several hundreds of nanometers, and prefer-
ably 1 nanometer to 20 nanometers.
[0028] The meaning of the term "fine particle", will
now be described. Particles having small diameters are
called fine particles and particles having smaller diam-
eters than the fine particles are called "ultrafine parti-
cles". Particles having smaller diameters than the ul-
trafine particles and comprising several hundreds of at-
oms are called "clusters". There is no strict boundary
between these particles and the clusters, and thus such
classification depends on aspects of properties. The
"fine particles" in the present invention include both "fine
particles" and "ultrafine particles".
[0029] The following description is cited from "Exper-
imental Physics Vol. 14, Surface & Fine Particles" (ed-
ited by Koreo Kinoshita; published by Kyoritsu Shuppan;
September 1, 1986). "Fine particles" in this book have
a diameter ranging from approximately 2 to 3 µm to 10
nm, and ultrafine particles have a diameter ranging from
approximately 10 nm to 2 to 3 nm. The boundary be-
tween the fine particles and the ultrafine particles is not
strict and is merely a standard, because both are termed
"fine particles" in some cases. Particles comprising two
atoms to several tens or several hundreds of atoms are
called clusters (page 195, lines 22 to 26).
[0030] In addition, according the definition of "ultrafine
particles" in the Hayashi Ultrafine Particle Project of the
Research Development Corporation of Japan, the lower
limit of the particle size is smaller, as follows. "In the 'Ul-
trafine Particle Project' of the Creative Scientific Tech-
nology Promotion System, particles having a particle
size in a range of approximately 1 to 100 nm are called
'ultrafine particles'. Thus, an ultrafine particle is com-

posed of approximately 100 to 108 atoms. From the
viewpoint of atoms, ultrafine particles are large particles
to giant particles." ("Ultrafine Particles in Creative Sci-
entific Technology" edited by Chikara Hayashi, Ryoji
Ueda, and Akira Tazaki, page 2, lines 1 to 4; Mita Shup-
pan (1988)). "That which is smaller than the ultrafine
particle, that is, composed of several to several hun-
dreds of atoms, is generally called a cluster." (ibid., page
2 lines 12 to 13) Taking into consideration these descrip-
tions, the term "ultrafine particle" means an agglomerate
composed of many atoms or molecules, and has a lower
limit of the particle size in a range of several angstroms
to approximately one nanometer and an upper limit of
several micrometers.
[0031] The electron emitting section 5 includes a gap
6 formed of a thin film 7 which is composed of carbon
or carbonaceous materials and includes the vicinity of
the gap 6. The gap 6 may contain conductive fine par-
ticles having a particle size in a range of several tenths
of nanometers (Angstroms) to several tens of nanome-
ters in the interior. In such a case, the conductive fine
particles may occupy a part of or the entirety of the con-
ductive film 4.
[0032] An upright electron emission device will now
be described. Fig. 2 is a schematic view of an upright
electron emission device.
[0033] Parts having the same functions as in Figure
1 are referred to with the same numerals. The device
has a step section 21 which is composed of an insulating
material such as SiO2 and is formed by a vacuum dep-
osition process, a printing process, or a sputtering proc-
ess, in addition to a substrate 1, electrodes 2 and 3, a
conductive film 4, a gap 6, a thin film 7, and an electron
emitting section 5, these parts being composed of the
same materials as those in the above-described planar
electron emission device. The thickness of the step sec-
tion 21 corresponds to the interval L between the elec-
trodes 2 and 3 in the above-described planar electron
emission device and lies in a range of several hundreds
of nanometers to several tens of micrometers, and pref-
erably several tens of nanometers to several microme-
ters in consideration of the method for making the step
section 21 and the voltage applied between the elec-
trodes 2 and 3.
[0034] The electron emission device may be pro-
duced by various methods. Figs. 3A to 3C are cross-
sectional views showing one of the methods. Parts hav-
ing the same functions as in Figure 1 are referred to with
the same numerals.

1) With reference to Fig. 3A, a substrate 1 is thor-
oughly cleaned with a detergent, purified water and
an organic solvent. An electrode material is depos-
ited thereon by a vacuum deposition process or a
sputtering process, and then patterned to form de-
vice electrode 2 and 3 by a photolithographic proc-
ess.
2) With reference to Fig. 3B, an organometallic so-
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lution is applied onto the substrate 1 provided with
the electrodes 2 and 3 to form an organometallic
thin film. The organometallic solution contains an
organometallic compound primarily composed of a
metal used for the formation of the conductive film
4. The organometallic thin film is baked and then
patterned by a lift-off or etching process to form a
conductive film 4. Instead of the coating process,
the conductive film 4 may also be formed by a vac-
uum deposition process, a sputtering process, a
chemical vapor deposition process, a dispersion
coating process, a dipping process or a spinning
process.
3) With reference now to Fig. 3C, the substrate is
subjected to an electrifying forming step to form a
gap 6 such as a crack in the conductive film 4.

[0035] Figs. 4A and 4B are graphs of waveforms of
pulse voltages applied in the electrifying forming. As
shown in Figs. 4A and 4B, pulse voltages are preferable.
In Fig. 4A, pulses having a constant voltage are contin-
uously applied, whereas in Fig. 4B, pulses having grad-
ually increasing voltages are continuously applied. In
Figs. 4A and 4B, T1 represents the pulse width and T2
represents the pulse interval.
[0036] In the method shown in Fig. 4A, the height of
the triangular waves or the peak voltage is determined
depending on type of the electron emission device. The
pulses are generally applied for several seconds to sev-
eral tens of minutes under such conditions. Any other
pulse waves, for example, rectangular waves, other
than triangular waves, may also be used. In the method
shown in Fig. 4B, the height of the triangular waves is
increased by, for example, 0.1 V for each pulse.
[0037] The electrifying forming treatment is per-
formed before the conductive film 4 has a predeter-
mined resistance. The resistance is measured as fol-
lows. A low voltage not causing local destruction or de-
formation is applied to the conductive film 4 during a
pause time between the pulses, that is, the pulse interval
T2, and the conducted current is measured. For exam-
ple, a voltage of approximately 0.1 volts is applied to
detect the current in the conductive film 4. When the re-
sistance reaches 1 MΩ or more, the electrifying forming
treatment is completed.
[0038] The device after the forming treatment is pref-
erably subjected to an activation step. The device cur-
rent If and the emission current Ie significantly change
during the activation step. In the activation step, pulses
are repeatedly applied in an organic gas atmosphere as
in the electrifying forming treatment. As shown in Figs.
1A and 1B, carbon or carbonaceous materials derived
from the organic substance are deposited on the con-
ductive film 4. The resulting thin film 7 causes significant
changes in the device current If and the emission current
Ie.
[0039] Herein, the term "carbon and/or a carbona-
ceous material" includes, for example, graphites and

amorphous carbon. Examples of graphites include high-
ly orientated pyrolytic graphite (HOPG), pyrolytic graph-
ite (PG) and graphitizing carbon (GC). The HOPG has
a crystal structure composed of substantially complete
graphite, the PG has a slightly disordered crystal struc-
ture having a crystal grain size of approximately 20nm
(200 Angstroms) and the GC has a considerably disor-
dered crystal structure having a crystal grain size of ap-
proximately 2nm (20 Angstroms). The amorphous car-
bon includes mixtures of amorphous carbon and micro-
crystal graphite. The thickness of the carbon and/or the
carbonaceous material is preferably 50nm (500 Ang-
stroms) or less, and more preferably 30nm (300 Ang-
stroms) or less.
[0040] A voltage is applied in the activation step, while
changing the voltage over time, the polarity of the ap-
plied voltage, or the waveform of the voltage. The volt-
age may be applied in a constant voltage mode or an
increasing voltage mode, as in the forming treatment.
The polarity of the applied voltage may be the same as
that during a driving mode as shown in Fig. 5A, or may
be alternatively changed as shown in Fig. 5B. The latter
case is preferable since carbon films are symmetrically
formed on both sides of the crack, as shown in Figs. 1
and 2. In the former case, the volume of the deposited
thin films 7 at the low potential side is smaller than the
volume at the high potential side, although the device
configuration is similar to that in the latter case. Any oth-
er pulse waves, for example, sinusoidal waves, triangu-
lar waves, rectangular waves, and sawtooth waves, oth-
er than rectangular waves, may also be used. The com-
pletion of the activation step is appropriately determined
by measuring the device current If and the emission cur-
rent Ie.
[0041] In the activation step, the organic gas atmos-
phere is formed by introducing an organic gas into the
vacuum system.
[0042] Fig. 6 is a schematic view of a vacuum unit that
also functions as a measuring unit, in which an electron
emission device to be treated by an electrical process
is connected to an electrical power source and the rel-
evant parts in the vacuum unit. Parts having the same
functions as in Fig. 1 are referred to with the same nu-
merals. In Fig. 6, the vacuum unit has a vacuum cham-
ber 55 and a vacuum system 56. An electron emission
device is placed into the vacuum chamber 55. The vac-
uum unit further has an electrical power source 51 for
applying a device voltage Vf to the electron emission de-
vice, and an ammeter 50 for detecting the device current
If flowing in the conductive film 4 between electrodes 2
and 3, and an anode 54 for collecting the emission cur-
rent Ie from the electron emitting section 5. A voltage is
applied to the anode 54 through a high-voltage electrical
power source 53. An ammeter 52 detects the emission
current Ie from the electron emitting section 5. Measure-
ment is performed, for example, at a voltage of the an-
ode 54 of 1 kV to 10 kV, and a distance H between the
anode 54 and the electron emission device of 2 to 8 mm.
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[0043] The electron emission device and the anode
54 are placed in the vacuum chamber 55 which is pro-
vided with a pump for evacuating the vacuum chamber
55, and the electron emission device is evaluated under
a required vacuum pressure. The vacuum system 56 is
an oil-less vacuum system. For example, the vacuum
system 56 is an ultrahigh vacuum system including an
ion pump in addition to a conventional high vacuum sys-
tem of a magnetic levitation-type turbopump and a dry
pump. The vacuum system is further provided with a
manometer and a mass filter-type gas analyzer (a quad-
rupole mass spectrometer), which are not shown in the
drawing, in order to measure the pressure and to identify
the gas in the vacuum system. The overall vacuum sys-
tem and the device substrate can be heated by a heater
not shown in the drawing.
[0044] The atmosphere in the activation step is pre-
pared by introducing a desirable organic gas in the vac-
uum chamber which is preliminarily evacuated to a suf-
ficiently high vacuum pressure by the magnetic levita-
tion-type turbopump and the dry pump.
[0045] With reference to Fig. 7, the vacuum chamber
55 is connected to an ampoule 58 as a supply source
of the organic substance 57. A gas cylinder can also be
used as a supply source. The organic substance 57 in
the supply source is introduced into the vacuum cham-
ber 55 through a needle valve 59 as a flow controlling
means to prepare an atmosphere for the activation step.
A mass flow controller may be used instead of the nee-
dle valve 59. The pressure in the vacuum chamber is
adjusted by the balance between the gas flow rate from
the supply source and the evacuating rate of the vacuum
pump. The gas flow rate from the supply source is con-
trolled by the needle valve 59 (or the mass flow control-
ler). The evacuating rate of the vacuum pump is control-
led by a valve provided for adjusting the conductance
between the vacuum pump and the vacuum chamber.
[0046] The preferable pressure of the organic gas
substance is determined by the shape of the vacuum
chamber, the type of the organic substance, and the like.
In general, the preferable partial pressure of the organic
gas is in a range of 1 Pa to 10-5 Pa.
[0047] In the present invention, any conventional or-
ganic substance can be used. Examples of organic gas
materials include aliphatic hydrocarbons, such as al-
kanes, alkenes, and alkynes; aromatic hydrocarbons;
alcohols; aldehydes; ketones; amines; organic acids,
such as phenol, carboxylic acids, and sulfonic acids;
and derivatives thereof. Examples of these compounds
include methane, ethane, ethylene, acetylene, propyl-
ene, butadiene, n-hexane, 1-hexene, n-octane, n-de-
cane, n-dodecane, benzene, toluene, o-xylene, ben-
zonitrile, chloroethylene, trichloroethylene, methanol,
ethanol, isopropyl alcohol, ethylene glycol, glycerin, for-
maldehyde, acetaldehyde, propanal, acetone, methyl
ethyl ketone, diethyl ketone, methylamine, ethylamine,
ethylene diamine, phenol, formic acid, acetic acid, and
propionic acid.

[0048] In the activation step, the electron emitting
characteristics of the electron emission device are de-
termined by the concentration of the organic substance
and the components other than the organic substance
in the atmosphere in the vacuum chamber containing
the device. For example, carbon and carbonaceous ma-
terials are more rapidly deposited when the concentra-
tion of the organic substance is high in the atmosphere.
Thus, the deposit has a different volume or different
crystallinity even if a voltage is applied between the elec-
trodes for a fixed time. Accordingly, the electron-emitting
device has different electron emitting characteristics.
[0049] Trace constituents, such as oxygen and water,
in the atmosphere have an effect on the activation step.
For example, the deposition of the carbon or carbona-
ceous materials is reduced, the activation requires a
large initiation time, and the electron emitting character-
istics by the activation are insufficient.
[0050] The atmosphere used in the activation step is
generally formed by introducing an organic substance
from a supply source into an apparatus which can be
isolated from the external atmosphere. When the organ-
ic substance is liquid or solid, the vapor of the organic
substance is introduced into the apparatus. Commer-
cially available organic substances contain inert gas
such as argon for ensuring stability of the substance in
preservation. Furthermore, atmospheric gas compo-
nents are contained in the organic substance, when the
organic substance is fed into the supply source. The gas
components in the organic substance cause unstable
evaporation of the organic substance and unstable
feeding from the supply source, and thus the concen-
tration of the organic substance in the activation atmos-
phere changes over time. Furthermore, some dissolved
gas components may have an effect on the deposition
of carbon or carbonaceous materials. Accordingly, the
impurities in the organic substance in tne supply source
have to be removed before the organic substance is fed
into the vacuum chamber.
[0051] Examples of the impurities include atmospher-
ic impurities, e.g., dust, water, nitrogen, and oxygen; iso-
mers, such as racemic compounds; polymers such as
dimers, oligomers; and reaction products. The type of
the impurities highly depends on the chemical proper-
ties of the organic substances and the methods for mak-
ing the substances.
[0052] The impurities in the organic substance may
be removed by, for example, distillation or partial distil-
lation by means of differences in boiling points; melting
fractionation by means of differences in melting points;
adsorption using an adsorbent including dehydration by
a desiccating agent, filtration, and recrystallization. Oth-
er purification processes can also be employed in the
present invention. The preferable purity of the organic
substance is 99% or more.
[0053] When the organic substance used in the acti-
vation step is liquid or solid, the organic substance is
generally gasified in the supply source and then intro-
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duced into the vacuum chamber. If the organic sub-
stance contains gaseous components or if impurities
are contained in the dead space of the supply source,
the partial pressure of the organic substance is de-
creased in the atmosphere. In particular, oxygen causes
decreased electron emitting characteristics.
[0054] As described above, the feed rate of the organ-
ic substance into the vacuum chamber is controlled by
a controlling means, such as a needle valve or a mass
flow controller. Since a solid or liquid organic substance
at room temperature generally has a low vapor pres-
sure, which is lower than the pressure (1 kg/cm2 or
more) sufficient for operation of the mass flow controller.
Thus, the feed rate is controlled by slight adjustment of
the needle valve opening.
[0055] The conductance of the gas in the needle valve
is proportional to the inverse number of the root of the
molecular weight of the gas. When the organic sub-
stance contains impurities having lower molecular
weights, the impurities predominantly pass through the
needle valve. As a result, the activation atmosphere in
the vacuum chamber contains concentrated impurities.
[0056] When the concentration of the impurities de-
creases during feeding for a long period, the flow rate
of the organic substance relatively increases. Thus, the
partial pressure of the organic substance will change in
the vacuum chamber.
[0057] Since a solid or liquid organic substance at
room temperature has a higher molecular weight and
thus a lower vapor pressure than those of atmospheric
components, such as nitrogen and oxygen, the atmos-
pheric impurities have a significant effect on the activa-
tion step. The gas components dissolved in the organic
substance may be removed by, for example, a freeze
and thawing method. Any other process may also be
employed in the present invention. The freeze and thaw-
ing method can effectively remove gas dissolved in the
liquid, and particularly nitrogen and oxygen.
[0058] Oxygen deteriorates electron-emitting charac-
teristics of the electron emission device in accordance
with the present invention. Thus, when oxygen dis-
solved in the organic substance is removed by the
freeze and thawing method, the activation step is effec-
tively achieved.
[0059] Removal of nitrogen which is an atmospheric
component ensures stability of feeding of the organic
substance, and thus maintains a constant concentration
of the organic substance in the vacuum chamber. Re-
moval of atmospheric components is also effective for
chemical stability of the organic substance in the supply
source.
[0060] The impurity-free organic substance is intro-
duced into the vacuum chamber, preferably without con-
tact with atmospheric components. If the organic sub-
stance is contaminated by atmospheric components,
such as oxygen and nitrogen, the activation is affected.
[0061] The isolation of the organic substance from the
atmospheric components has the following advantages:

(1) The activation atmosphere does not contain
substances, such as oxygen and water, which ad-
versely affect the activation step.
(2) The purified organic substance is protected from
inclusion of the atmospheric components.

[0062] The activated electron emission device is pref-
erably subjected to a stabilization step. This step in-
cludes evacuation of the organic substance in the vac-
uum chamber. The vacuum unit for evacuating the vac-
uum chamber is preferably of an oil-less type. Examples
of preferable vacuum units include a sorption pump and
an ion pump.
[0063] It is preferable that the partial pressure of the
organic component in the vacuum chamber be
1.3x10-4Pa (1x10-6 Torr) or less, and more preferably
1.3x10-6Pa (1x10-8 Torr or less, so that the carbon and/
or carbonaceous material do not further deposit in this
step. It is preferable that the vacuum chamber be heated
during the stabilization step so that organic molecules
adsorbed in the inner wall of the vacuum chamber and
in the electron emission device are easily removed and
evacuated. Heating is performed at a temperature of 80
to 250°C, and preferably 150°C or more for as long as
possible. The heating conditions, however, may be
changed without restriction depending on the size and
shape of the vacuum chamber and the configuration of
the electron emission device. The pressure in the vac-
uum chamber must be decreased as much as possible,
and is preferably 1.3x10-3 Pa (1x10-5 Torr) or less, and
more preferably 1.3x10-4Pa (1x10-6 Torr) or less.
[0064] It is preferable that the atmosphere in the sta-
bilizing step be maintained in a driving mode of the elec-
tron emission device. Sufficiently stable characteristics,
however, can be achieved as long as the organic com-
ponents are sufficiently removed even when the degree
of the vacuum is slightly decreased. Since carbon or car-
bonaceous materials are not further deposited, the de-
vice current If and the emission current Ie can be stabi-
lized.
[0065] The basic characteristics of the electron emis-
sion device in accordance with the present invention will
now be described with reference to Fig. 8. Fig. 8 is a
schematic graph showing the relationship between the
emission current Ie or device current If and the device
voltage Vf that are measured by the vacuum unit shown
in Figs. 6 and 7. Since the emission voltage Ie is signif-
icantly smaller than the device voltage If, these voltages
are expressed by arbitrary. units in Fig. 8. The vertical
axis and the horizontal axis are linear scales.
[0066] The electron emission device shown in Fig. 8
has the following three characteristics regarding the
emission current Ie.

(1) The emission current Ie steeply increases for an
applied voltage higher than a threshold voltage Vth
(see Fig. 8), whereas the emission current Ie is not
substantially detected for a device voltage lower
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than the threshold voltage Vth. Thus, the device is
of a nonlinear type having a distinct threshold volt-
age Vth with respect to the emission current Ie.
(2) Since the emission current Ie shows a monotonic
increase as the device voltage Vf increases, the de-
vice voltage Vf can control the emission current Ie.
(3) The amount of charge collected in the anode 54
changes with the application time of the device volt-
age Vf. In other words, the application time of the
device voltage Vf controls the charge collected in
the anode 54.

[0067] As described above, in the electron emission
device, electron-emitting characteristics can be readily
controlled in response to the input signal. Such charac-
teristics permit the application of the device in various
fields, for example, an electron source and an image
forming apparatus including an array of a plurality of
electron emission devices. Fig. 8 shows a monotonic in-
crease in the device current If with respect to the device
voltage Vf (hereinafter referred to as an MI characteris-
tic). Some devices have a voltage-controlled negative
resistance characteristic (hereinafter referred to as a
VCNR characteristic), although this is not shown in the
drawings. The characteristics of the device can be de-
termined by controlling the above-mentioned steps.
[0068] An image forming apparatus can be produced
by a combination of an electron source including an ar-
ray of electron emission devices formed on a substrate
with an image forming member which forms an image
by irradiation of electrons from the electron source.
[0069] In an array of the electron emission devices,
electron emission devices are arranged in a matrix in
the X and Y directions, one of the electrodes of each
electron emission device is connected to a common
lead in the X direction, and the other electrode of each
electron emission device is connected to a common
lead in the Y direction. Such an arrangement is called a
simple matrix arrangement.
[0070] A substrate for an electron source (or an elec-
tron source substrate) having a simple matrix arrange-
ment of electron emission devices in accordance with
the present invention will now be described with refer-
ence to Fig. 9. X-axis lead lines 72 including Dx1, Dx2,
···, Dxm (wherein m is a positive integer) are composed
of a conductive material such as a metal and are formed
on an electron source substrate 71 by a vacuum depo-
sition, printing, or sputtering process. The material,
thickness, and width of the lead lines can be appropri-
ately determined depending on the application. Y-axis
lead lines 73 including Dy1, Dy2, ···, Dyn (wherein n is a
positive integer) are also formed as in the X-axis lead
lines 72. The X-axis lead lines 72 are electrically isolated
from the Y-axis lead lines 73 by an insulating interlayer
(not shown in the drawing) provided therebetween. The
insulating interlayer is composed of, for example, SiO2,
and formed by a vacuum deposition, printing, or sput-
tering process on a part or the entirety of the electron

source substrate 71. The material and process for and
the shape and thickness of the insulating interlayer are
determined such that the insulating interlayer has dura-
bility to a potential difference between the X-axis lead
lines 72 and the Y-axis lead lines 73. One end of each
X-axis lead line 72 and one end of each Y-axis lead line
73 are extracted as external terminals. Each of electron
emission devices 74 in a matrix (m3n) are connected
to the corresponding X-axis lead line 72 and the corre-
sponding Y-axis lead line 73 through a pair of electrodes
(not shown in the drawing) provided on the two ends of
the electron emission device 74 and a connecting line
75 composed of a conductive metal or the like.
[0071] The electron emission device 74 may be of a
horizontal type or a vertical type. These lines 72, 73, and
75 and the electrodes may be composed of partially or
substantially the same conductive material, or of differ-
ent conductive materials.
[0072] The electron emission device made by the
method in accordance with the present invention has the
above-mentioned characteristics (1) to (3). That is, the
emission current of the electron emission device is con-
trolled by the height and width of the pulse voltage ap-
plied between the two electrodes when the voltage is
higher than the threshold voltage. In contrast, electrons
are not substantially emitted at a voltage which is lower
than the threshold voltage. Also, in an array of electron
emission devices, the emission current of each electron
emission device is independently controlled in response
to the pulse signal voltage which is applied to the elec-
tron emission device.
[0073] The Y-axis lead lines 73 are connected to a
scanning signal application means (not shown in the
drawing). The scanning signal application means ap-
plies scanning signals for selecting lines of the electron
emission devices 74 arranged in the Y direction. The X-
axis lead lines 72 are connected to a modulation signal
application means (not shown in the drawing). The mod-
ulation signal application means apply modulation sig-
nals to the rows of the electron emission devices 74 ar-
ranged in the X direction in response to the input signals.
A driving voltage applied to each electron emission de-
vice corresponds to a differential potential between the
scanning signal and the modulation signal applied to the
device.
[0074] In such a configuration, a simple matrix wiring
system can independently drive individual electron
emission devices. An image forming apparatus using an
electron source having a simple matrix arrangement will
be described with reference to Figs. 10, 11A, 11B, and
12.
[0075] Fig. 10 is a schematic isometric view of a dis-
play panel of an image forming apparatus. With refer-
ence to Fig. 10, an electron source substrate as a rear
plate 81 is provided with a matrix of electron emission
devices 74 such as that shown in Fig. 1. An X-axis lead
line 72 and a Y-axis lead line 73 are connected to a pair
of electrodes in each electron emission device. Numeral
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86 represents a face plate in which a fluorescent film 84
and a metal back layer 85 are formed on the inner face
of a glass substrate 83. Numeral 82 represents a frame
which is bonded to the rear plate 81 and the face plate
86 using frit glass having a low melting point.
[0076] An envelope 88 includes the face plate 86, the
frame 82, and the rear plate 81. Since the rear plate 81
is provided for reinforcing the substrate 71, it can be
omitted when the substrate 71 has sufficient strength.
In-such a case, the frame 82 is directly bonded to the
substrate 71 so that the envelope 88 is composed of the
face plate 86, the frame 82, and the substrate 71. When
a support called a spacer (not shown in the drawing) is
provided, the envelope 88 has sufficient strength at at-
mospheric pressure.
[0077] Figs. 11A and 11B are schematic views of flu-
orescent films. A monochrome fluorescent film may
comprise only a fluorescent substance. A colored fluo-
rescent film may comprise conductive black stripes 91a
(in Fig. 11A) or a conductive black matrix 91b (in Fig.
11B) and fluorescent substances 92 depending on the
arrangement of the fluorescent substances. The black
stripe or matrix prevents mixing between adjacent fluo-
rescent substances 92 corresponding to three primary
colors and suppression of the contrast due to reflection
of external light by the fluorescent film. The material for
the black stripe or matrix contains graphite as a main
component and a conductive component having low
light transmittance and reflection.
[0078] With reference to Fig. 10, the monochrome or
color fluorescent substance may be applied onto the
glass substrate 83 to form the fluorescent film 84 by a
precipitation or printing process. The metal back layer
85 is generally provided on the inner face of the fluores-
cent film 84. The metal back layer 85 acts as a mirror
reflecting light emitted from the fluorescent substance
towards the face plate 86 and thus improves luminance.
Also, the metal back layer 85 functions as an electrode
for applying an electron beam acceleration voltage and
protects the fluorescent substance from damage due to
collision of negative ions occurring in the package. The
metal back layer 85 is generally formed by depositing
aluminum by a vacuum deposition process onto the in-
ner surface of the fluorescent film 84 after performing a
smoothing treatment (generally called "filming") of the
inner surface.
[0079] The face plate 86 may be provided with a trans-
parent electrode (not shown in the drawing) at the outer
face of the fluorescent film 84 in order to enhance con-
ductivity of the fluorescent film 84.
[0080] In a color system, color fluorescent substances
and electron emission devices must be exactly aligned
before sealing.
[0081] The image forming apparatus shown in Fig. 10
is produced as follows. Fig. 15 is a schematic view of
an apparatus used in the process. An image forming ap-
paratus 131 is connected to a vacuum chamber 133
through an exhaust tube 132, and to a vacuum system

135 through a gate valve 134. The vacuum chamber 133
has a manometer 136 and a quadrupole mass spec-
trometer 137, which determine the internal pressure and
the partial pressure of the components in the atmos-
phere. Since it is difficult to directly measure the internal
pressure of the envelope 88 of the image forming appa-
ratus 131, the internal pressure of the vacuum chamber
is measured to control the treating conditions. The vac-
uum chamber 133 is connected to gas inlet lines 138
which feed gas required for controlling the atmosphere
into the vacuum chamber. The other ends of the gas inlet
lines 138 are connected to a supply source 140 for ma-
terials to be introduced. The materials are reserved in
an ampoule 140a and a cylinder 140b. Feed controlling
means 139 are provided in the gas inlet lines 138 to con-
trol the feed rate of the materials. As the feed controlling
means 139, valves which can control the flow rate of the
leaked gas, such as a slow leak valve, and a mass flow
controller can be used according to the type of the ma-
terials.
[0082] The interior of the envelope 88 is evacuated
and subjected to forming treatment using the apparatus
shown in Fig. 15. With reference to Fig. 16, the Y-axis
lead lines 73 are connected to a common electrode 141,
and a pulse voltage is applied to devices connected to
one of the X axis lead lines 72 from an electrical power
source 142 for simultaneously forming these devices.
The forming conditions, such as the pulse shape and
the completion of the treatment, are determined accord-
ing to the above-described method for a single device.
Pulses having different phases may be sequentially ap-
plied to Y-axis lead lines (by scrolling) so that devices
connected to the Y-axis lead lines are simultaneously
subjected to forming process. In the drawing, numeral
143 and numeral 144 represent a resistance and an os-
cilloscope, respectively, used for measuring the current.
[0083] The forming step is followed by the activation
step. The envelope 88 is thoroughly evacuated, and
then the gas of a deaerated organic substance is intro-
duced from the supply source through the gas inlet lines
138. When a voltage is applied to each electron emis-
sion device in the organic atmosphere, carbon and/or
carbonaceous materials are deposited on the electron
emission device, as described above.
[0084] The electron emission devices are preferably
subjected to a stabilizing step, as in the above-de-
scribed single electron emission device. The envelope
88 is heated and evacuated through the exhaust tube
132 using an oil-less vacuum unit, such as an ion pump
or a sorption pump while maintaining the temperature
at 80°C to 250°C. After the envelope 88 is thoroughly
evacuated, the exhaust tube 132 is sealed off using a
burner. The envelope 88 may be subjected to getter
treatment in order to maintain the pressure of the sealed
envelope. In the getter treatment, a getter (not shown in
the drawings) provided at a given position in the enve-
lope 88 is heated immediately before or after the sealing
of the envelope 88 to form a deposited film by evapora-
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tion. The getter is generally composed of barium, and
the deposited film has adsorption effects such that the
atmosphere in the envelope 88 is maintained.
[0085] Fig. 12 is a block diagram of a driving circuit
for an NTSC television display having a display panel
including an electron source having a simple matrix ar-
rangement. The circuit diagram includes an image dis-
play panel 101, a scanning circuit 102, a control circuit
103, a shift register 104, a line memory 105, a synchro-
nous separation circuit 106, a modulation signal gener-
ator 107, and DC voltage sources Vx and Va.
[0086] The display panel 101 is connected to an ex-
ternal electrical circuit through terminals Dox1 to Doxm
and Doy1 to Doyn and a high voltage terminal Hv. Scan-
ning signals are applied to the terminals Dox1 to Doxm
for driving the electron source provided in the display
panel 101, that is, for driving each line (including n de-
vices) sequentially of a matrix (m3n) of surface conduc-
tive type electron emission devices. Modulation signals
are applied to the terminals Doy1 to Doyn for controlling
the intensity of the electron beam output from each elec-
tron emission device. A DC voltage of, for example, 10
kV is applied to the high-voltage terminal Hv through the
DC voltage source Va. The DC voltage corresponds to
an acceleration voltage that accelerates the electron
beams emitted from the electron emission devices to a
level capable of exciting the fluorescent substance.
[0087] The scanning circuit 102 has m switching ele-
ments S1 to Sm therein, as shown schematically in the
drawing. Each switching element selects either an out-
put voltage from the DC voltage source Vx or a ground
level (0 volts), and the switching elements S1 to Sm are
connected to the terminals Dox1 to Doxm, respectively, in
the display panel 101. The switching elements S1 to Sm
operate based on the control signals Tscan output from
the control circuit 103. Each switching element includes,
for example, an FET. The DC voltage source Vx outputs
a constant voltage so that the driving voltage applied to
the unscanned devices, on the basis of the characteris-
tics of the electron emission device, is lower than the
threshold voltage of electron emission.
[0088] The control circuit 103 controls matching of in-
dividual units so that a desired display is achieved based
on external image signals. The control circuit 103 gen-
erates control signals Tscan, Tsft, and Tmry in response
to synchronous signals Tsync sent from the synchronous
separation circuit 106. The synchronous separation cir-
cuit 106 includes a typical frequency separation circuit
(filter), and separates the external NTSC television sig-
nals into synchronous signal components and lumi-
nance signal components. The synchronous signal
components include vertical synchronous signals and
horizontal synchronous signals, and are represented by
"Tsync" in the present invention. The luminance signal
components are represented by "DATA signal". The DA-
TA signals enter the shift register 104.
[0089] The shift register 104 serial-to-parallel-con-
verts the DATA signals input in time series correspond-

ing to each line of the image, and operates in response
to the control signal Tsft from the control circuit 103. In
other words, the control signal Tsft functions as a shift
clock for the shift register 104. The serial-to-parallel-
converted data corresponding to one line of the image
is output as n parallel signals Id1 to Idn from the shift reg-
ister 104 to drive n electron emission devices. The line
memory 105 temporally stores n data Id1 to Idn corre-
sponding to one line of the image under the control of
the control signal Tmry sent from the control circuit 103.
The stored data is output as Id'1 to Id'n to the modulation
signal generator 107.
[0090] The modulation signal generator 107 produces
output signals for driving the electron emission devices
in response to the image data Id'1 to Id'n, and the output
signals are applied to the electron emission devices in
the display panel 101 through the terminals Doy1 to Doyn.
[0091] The electron emission device described above
has the following fundamental characteristics with re-
spect to the emission current Ie. Electron emission oc-
curs when a voltage larger than the threshold voltage
Vth is applied to the device, and the emission current,
that is, the intensity of the electron beams, varies mo-
notonically with voltages higher than the threshold volt-
age Vth. Electron emission does not occur at an applied
voltage lower than the threshold voltage Vth. When a
pulse voltage higher than the threshold voltage Vth is
applied, the intensity of the emitted electron beams is
controlled by the pulse height Vm. The total amount of
the electron beams is also controlled by the pulse width
Pw.
[0092] Examples of modulation systems for the elec-
tron emission devices in response to the input signals
include a voltage modulation system and a pulse width
modulation system. The voltage modulation system us-
es the modulation signal generator 107 including a volt-
age modulation circuit that modulates the height of the
voltage pulse having a predetermined length in re-
sponse to the input data. The pulse width modulation
system uses the modulation signal generator 107 in-
cluding a pulse width modulation circuit that modulates
the width of the voltage pulse having a predetermined
height in response to the input data.
[0093] The shift register 104 and the line memory 105
may be of digital signal types or analog signal types, as
long as serial-to-parallel conversion of the image signals
is performed within a predetermined time. When a digital
signal type shift register 104 and line memory 105 are
used, the output signal DATA from the synchronous sep-
aration circuit 106 must be digitized using an A/D con-
verter provided at the output section of the synchronous
separation circuit 106. The circuit in the modulation sig-
nal generator 107 is partially different between the dig-
ital signals and analog signals from the line memory
105. For example, in a voltage modulation system by
digital signals, the modulation signal generator 107 has
a D/A conversion circuit and an amplification circuit, if
necessary. In a pulse width modulation system, the
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modulation signal generator 107 has a high-speed os-
cillator, a counter for counting the wave number output
from the oscillator, and a comparator for comparing the
output value from the counter with the output value from
the memory. The modulation signal generator 107 may
have an amplifier for voltage-amplifying the pulse width
modulated signals from the comparator up to a driving
voltage of the surface conductive type electron emission
device.
[0094] In the voltage modulation system by analog
signals, the modulation signal generator 107 has an op-
erational amplifier, and a level shift circuit, if necessary.
In the pulse width modulation system, the modulation
signal generator 107 has a voltage-controlled oscillator
(VCO), and an amplifier, if necessary, for voltage-ampli-
fying the pulse width modulated signals up to a driving
voltage of the surface conductive type electron emission
device.
[0095] In such an image forming apparatus in accord-
ance with the present invention, each electron emission
device emits electron beams in response to the voltage
applied to the device through the external terminals Dox1
to Doxm and Doy1 to Doyn. The electron beams are ac-
celerated by a high voltage applied to the metal back
layer 85 or a transparent electrode (not shown in the
drawing) through the high-voltage terminal Hv. The ac-
celerated electron beams collide with the fluorescent
film 84 to form a fluorescent image.
[0096] A variety of modifications in the configuration
of the image forming apparatus are available within the
technical concept of the present invention. For example,
the input signal may be of a PAL system, a SECAM sys-
tem, or a high-definition TV system, such as a MUSE
system, having a larger number of scanning lines.
[0097] Next, a ladder type electron source and image
forming apparatus will be described with reference to
Figs. 13 and 14. Fig. 13 is a schematic view of a ladder
type electron source. The electron source includes an
electron source substrate 110, electron emission devic-
es 111 arranged on the electron source substrate 110,
and common lead lines 112 (Dx1 to Dx10) connected to
the electron emission devices 111. The electron emis-
sion devices 111 are arranged in series in the horizontal
(X-axis) direction to form a plurality of device lines.
Thus, the electron source comprises a plurality of hori-
zontal device lines. Each device line is independently
driven by a driving voltage applied to the two common
lead lines connected to the device line. In other words,
a voltage higher than the threshold voltage for electron
emission is applied to lines that require emission of elec-
tron beams, whereas a voltage lower than the threshold
voltage is applied to the other lines that do not require
emission of electron beams. Among the common lead
lines Dx2 to Dx9 disposed between the device lines, for
example, lead lines Dx2 and Dx3 may be replaced with
a common lead line.
[0098] Fig. 14 is a schematic view of a panel of an
image forming apparatus provided with the ladder type

electron source, wherein numeral 120 represents grid
electrodes, and numeral 121 represents openings
which allow the transit of electrons. The image forming
apparatus also has external terminals Dox1, Dox2, ···,
Doxm, external grid terminals G1, G2, ···, Gn connected
to the grid electrodes 120, and an electron source sub-
strate 110 provided with a single common electrode for
electron emission devices. Parts having the same func-
tions as in Figs. 10 and 13 are referred to with the same
numerals. The image forming apparatus shown in Fig.
14 is fundamentally different from the simple matrix im-
age forming apparatus shown in Fig. 10 in that the
former has the grid electrodes 120 between the electron
source substrate 110 and the face plate 86. The grid
electrodes 120 modulate the electron beams emitted
from the electron emission devices 111. Each grid elec-
trode 120 has circular openings 121. The number of the
openings 121 is equal to the number of devices. Elec-
tron beams pass through the openings 121 towards strip
electrodes provided perpendicular to the ladder type de-
vice lines. The shape and position of the grids are not
limited to those shown in Fig. 14. For example, the grids
may comprise a mesh having many openings or pas-
sages. The grids may be arranged at the peripheries of,
or in the vicinity of, the electron emission devices.
[0099] The external terminals Dox1, Dox2, ···, Doxm and
external grid terminals G1, G2, ···, Gn are connected to
a control circuit (not shown in the drawing). In the image
forming apparatus in this embodiment, each device line
is driven or scanned in series while a series of modula-
tion signals corresponding to one line of the image are
synchronously applied to the corresponding grid elec-
trode rows. The fluorescent substance is irradiated with
the emitted electron beams to cause fluorescence with
various luminances corresponding to one line of the im-
age.
[0100] The image forming apparatus can be applied
to display devices for television broadcasting, television
conferencing, and computer systems, and to optical
printers provided with photosensitive drums.

EXAMPLES

[0101] The present invention will now be described in
more detail with reference to the following examples. It
is our intention that the invention not be limited by any
of these examples, and it is believed obvious that mod-
ification and variation of our invention is possible in light
of the examples.

Example 1

[0102] An electron emission device in accordance
with Example 1 has a configuration shown in Fig. 1. A
method for making the electron emission device is de-
scribed with reference to Figs. 17A to 17E, 18F to 18J,
and 19K to 190.
[0103] Step 1) With reference to Fig. 17A, a quartz
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substrate as in insulating substrate 1 was thoroughly
cleaned with a detergent, deionized water, and an or-
ganic solvent. With reference to Fig. 17B, a resist 10
(RD-2000N made by Hitachi Chemical Co., Ltd.) was
coated on the insulating substrate 1 by a spin coating
process at 2,500 rpm for 40 seconds, and was then pre-
liminarily baked at 80°C for 25 minutes. With reference
to Fig. 17C, a mask 11 having an electrode pattern with
an interelectrode distance L of 2 µm and an electrode
width W of 500 µm, as shown in Fig. 1, was brought into
contact with the resist 10. The resist 10 was exposed
through the mask 11 and developed with an exclusive
developing solution for RD-2000N. The insulating sub-
strate 1 was heated to 120°C for 20 minutes for post
baking. With reference to Fig. 17D, a nickel film 12 with
a thickness of 100 nm was deposited thereon at a dep-
osition rate of 0.3 nm/sec in a resistance heating evap-
oration system. With reference to Fig. 17E, the residual
resist 10 with the nickel film 12 formed thereon was re-
moved with acetone by a lift-off technique, and the in-
sulating substrate 1 was cleaned with acetone, isopro-
pyl alcohol, and then butyl acetate, and then dried. Two
electrodes 2 and 3 were thereby formed on the insulat-
ing substrate 1, as shown in Fig. 17E.
[0104] Step 2) With reference to Fig. 18F, a chromium
film 13 with a thickness of 50 nm was formed on the
entire substrate by a vapor evaporation process. With
reference to Fig. 18G, a resist 14 (AZ1370 made by
Hoechst AG) was coated thereon by a spin coating proc-
ess at 2,500 rpm for 30 seconds, and was then prelim-
inarily baked at 90°C for 30 minutes. With reference to
Fig. 18H, the resist 14 was exposed through a mask 15
having a conductive film pattern. With reference to Fig.
18I, the resist 14 was developed with a developing so-
lution MIF312. With reference to Fig. 18J, the chromium
film 13 was etched by dipping the substrate in a solution
containing 17 g of (NH4)Ce(NO3)6, 5 ml of HClO4 and
100 ml of H2O for 30 seconds. With reference to Fig.
19K, the substrate was agitated by ultrasonic waves in
acetone for 10 minutes to remove the resist.
[0105] With reference to Fig. 19I, an organic palladi-
um compound (ccp4230 made by Okuno Chemical In-
dustries, Co., Ltd.) was coated thereon by a spin coating
process at 800 rpm for 30 seconds, and was then baked
at 300°C for 10 minutes to form a particulate conductive
film 4, composed of palladium oxide (PdO) particles with
an average particle size of 7 nm, between the electrodes
2 and 3. The conductive film 4 had a thickness of 10 nm
and a sheet resistance of 53104 Ω (per sheet).
[0106] The chromium film 13 was removed by a lift-
off technique to form a conductive film 4 as shown in
Fig. 19M.
[0107] Step 3) The device was placed into a vacuum
chamber 55 in a vacuum treatment system shown in
Figs. 6 and 7, and the vacuum chamber 55 was evacu-
ated by a vacuum pump (a magnetic levitation-type tur-
bopump 64). With reference to Fig. 19N, after the pres-
sure in the vacuum chamber reached approximately

2.7310-6 Pa, a pulse device voltage Vf as shown in Fig.
4B was applied between the electrodes 2 and 3 through
an electrical power source 51. With reference to Fig.
190, a crack 6 was formed in the conductive film 4 by
the electrifying treatment (forming treatment).
[0108] In this example, the pulse device voltage Vf
had a pulse width T1 of 1 msec and a pulse interval T2
of 10 msec. The pulse height was increased by an in-
crement of 0.1 V during the forming step. In the forming
step, a 0.1-V pulse was inserted in the pulse interval T2
to measure the resistance of the device. When the re-
sistance reached approximately 1 MΩ or more, the
forming treatment was completed. The forming voltage
VF was approximately 5V. The width of the crack 6
formed by the forming treatment was approximately 150
nm.
[0109] Acetone was introduced into the vacuum
chamber 44 through a needle valve 59 in Fig. 7. The
vacuum pressure was approximately 1.3310-3 Pa. The
partial pressure of oxygen in the vacuum chamber 55
was lower than the detection limit (1.3310-8 Pa). A pulse
voltage as shown in Fig. 5A was applied between the
electrodes 2 and 3 for activation. The pulse had a width
T1 of 100 µsec, an interval T2 of 10 msec, and a pulse
height of 14 V. The vacuum chamber was evacuated to
approximately 1.3310-6 Pa.
[0110] Before acetone was introduced into the vacu-
um chamber 55, acetone contained an ampoule 58 as
a supply source was deaerated by a freeze and thawing
method using the apparatus shown in Fig. 7, as follows.
Into a Pyrex glass ampoule 58, 20 ml of acetone with a
purity of 99.5%, made by Kishida Chemical Co., Ltd.,
was placed, and the ampoule 58 was connected to the
needle valve 59, as shown in Fig. 7. Deaeration was per-
formed as follows.

A. The second valve 62 was closed (the needle
valve 59 and the first valve 61 were already closed).
B. Acetone in the ampoule 58 was frozen with liquid
nitrogen 60.
C. The second valve 62 was fully opened, and the
ampoule 58 was evacuated for 20 minutes by an
oil-less dry pump 63.
D. The second valve 62 was closed.
E. The acetone was warmed to room temperature
to be melted.
F. The procedures B to E were repeated another
two or three times.

[0111] The device current If after the activation step
was 3 mA. Then, the needle valve 59 was closed, and
the vacuum chamber and the device were heated at
200°C for 12 hours in the vacuum. The pressure of the
vacuum chamber after cooling to room temperature was
approximately 1310-6 Pa.
[0112] Characteristics of the resulting electron emis-
sion device were measured at an anode voltage of 1 kV
and a distance H between the anode and the electron
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emission device of 4 mm. The device current If was 2
mA and the emission current Ie was 1.2 µA for a device
voltage Vf of 14 V. Thus, the electron emission efficiency
η (= Ie/If) was 0.06%.

Example 2

[0113] The device after the forming treatment was
subjected to electrifying treatment in a benzonitrile con-
taining atmosphere as an activation step. Benzonitrile
(20 ml) having a purity of 99% (made by Kishida Chem-
ical Co., Ltd.) contained in an ampoule was deaerated
by a freeze and thawing method using the apparatus
shown in Fig. 20, as follows.

A. The needle valve 159 was closed.
B. Benzonitrile in the stainless steel ampoule 158
was frozen with liquid nitrogen 160.
C. The needle valve 159 was fully opened and the
ampoule 158 was evacuated for 20 minutes using
a magnetic levitation-type turbopump 164.
D. The needle valve 159 was closed.
E. The benzonitrile was warmed to room tempera-
ture to be melted.
F. The procedures B to E were repeated another
two or three times.

[0114] The benzonitrile-containing ampoule 158 with
the needle valve 159 was separated from the deaeration
apparatus and was attached to the vacuum treatment
system shown in Fig. 7.
[0115] After the vacuum chamber, the gas line and the
dead space were thoroughly evacuated by a magnetic
levitation-type turbopump until the vacuum pressure in
the vacuum chamber reached approximately 1310-5

Pa.
[0116] The needle valve was opened so that the ben-
zonitrile vapor was introduced into the vacuum chamber
containing the device after the forming treatment, while
the vacuum chamber was evacuated by the magnetic
levitation-type turbopump so that the vacuum pressure
was maintained at approximately 1 3 10-4 Pa by adjust-
ing the needle valve.
[0117] The partial pressures of oxygen and nitrogen
in the vacuum chamber according to a quadrupole mass
spectrometer were less than 1 3 10-9 Pa and less than
1 3 10-8 Pa, respectively.
[0118] A rectangular voltage as shown in Fig. 5B was
applied between the electrodes 2 and 3 for one hour.
The pulse width T1 and the pulse interval T2 of the wave
voltage were 1 msec and 10 msec, respectively. The
pulse height of the rectangular voltage was 14V. The
device current If after the activation step was 6 mA.
Then, the needle valve was closed, and the vacuum
chamber and the device were heated to 200°C for 12
hours in the vacuum. The pressure of the vacuum cham-
ber after cooling to room temperature was approximate-
ly 1310-6 Pa.

[0119] The device current If and the emission current
were measured as in Example 1. The device current If
was 4 mA and the emission current Ie was 4 µA for a
device voltage Vf of 14 V. Thus, the electron emission
efficiency η was 0.1%.

Comparative Example 1

[0120] An electron emission device was evaluated as
in Example 1 using acetone which was not deaerated.
[0121] The device current If after the activation step
was 2 mA. The device current If and the emission current
were measured as in Example 1. The device current If
was 1.5 mA and the emission current Ie was 0.2 µA for
a device voltage Vf of 14 V. Thus, the electron emission
efficiency η was 0.013%.

Comparative Example 2

[0122] An ampoule with a needle valve containing
benzonitrile which was deaerated as in Example 1 was
removed from the deaeration apparatus shown in Fig.
20. The needle valve was opened to the atmosphere for
2 seconds, and was then closed. The subsequent treat-
ment was performed as in Example 1.
[0123] The partial pressures of oxygen and nitrogen
in the vacuum chamber were 1 3 10-7 Pa and 5 3 10-7

Pa, respectively.
[0124] The device current If and the emission current
were measured as in Example 1. The device current If
was 1.5 mA and the emission current Ie was 0.2 µA for
a device voltage Vf of 14 V. Thus, the electron emission
efficiency η was 0.013%.

Example 3

[0125] An image forming apparatus shown in Fig. 14
was produced using a ladder-type electron source sub-
strate 110 shown in Fig. 13 including a plurality of lines
of electron emission devices 111 formed on a substrate.
Devices 111, each having a pair of electrodes 2 and 3
and a conductive film 4 formed therebetween (See Fig.
19M), were prepared as in Example 1.
[0126] The electron source substrate 110 was fixed to
a rear plate 81 shown in Fig. 14, and grid electrodes
(modulation electrodes) 120 having openings 121 were
disposed perpendicular to the common lead lines 112
on the electron source substrate 110.
[0127] A face plate 86 (a glass substrate with a fluo-
rescent film and a metal back layer formed on the inner
face) was exactly aligned on the electron emission de-
vices of the electron source substrate 110 by a frame 82
so that the face plate 86 is 5 mm distant from the electron
emission devices. A frit glass was applied to the con-
nections between the face plate 86, the frame 82, and
the rear plate 81, and melted at 430°C for 10 minutes
or more to seal the connections. The electron source
substrate 110 was fixed to the rear plate 81 using the
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frit glass.
[0128] The fluorescent film 84 had a striped pattern,
as shown in Fig. 11A, for a color image forming appara-
tus. Black stripes 91a were formed and color fluorescent
substances 92 were applied to the gaps between the
black stripes 91a. The back stripes 91a were composed
of graphite as a major component.
[0129] A metal back layer 85 was formed on the inner
face of the fluorescent film 84, by smoothing (referred
to as filming) the inner face of the fluorescent film 84
and then by depositing aluminum thereon by a vacuum
deposition process.
[0130] Since the metal back layer 85 had high con-
ductivity in this example, no transparent electrode,
which enhanced conductivity of the fluorescent film 84,
was formed on the outer face of the fluorescent film 84.
[0131] The resulting glass container (envelope) was
evacuated by a vacuum pump through an exhaust tube
(not shown in the drawing) to a sufficient vacuum pres-
sure. A voltage was applied between the electrodes 2
and 3 of each device through the external terminals Dox1
to Doxm to form a crack 6, as shown in Fig. 190, in the
conductive film 4 of the device. The forming conditions
were the same as those in Example 1.
[0132] Into the glass vessel, 1.3310-2 Pa of acetone,
which was deaerated as in Example 1, was introduced,
and then a voltage was applied between the electrodes
2 and 3 of each device through the external terminals
Dox1 to Doxm for activation. Carbonaceous compounds
were deposited on each device. The glass vessel was
evacuated to a vacuum pressure of approximately
6.7310-5 to remove acetone, and the exhaust tube (not
shown in the drawing) was sealed and cut by a gas burn-
er. The sealed glass vessel was subjected to getter
treatment by a radiofrequency heating process to main-
tain a high vacuum.
[0133] In the resulting image forming apparatus, volt-
ages are applied to electron emission devices through
the external terminals Dox1 to Doxm to emit electrons.
The emitted electrons pass through the openings 121
of the modulation electrodes 120, are accelerated by a
high voltage of several kV or more which is applied to
the metal back layer 85 from a high voltage terminal Hv,
and collide with the fluorescent film 84 to emit light. Volt-
ages in response to image signals are simultaneously
applied to the modulation electrodes 120 through the ex-
ternal terminal G1 to Gn to control electron beams pass-
ing through the openings 121. The apparatus thereby
displays an image.
[0134] In this example, the modulation electrodes 120
had openings 121 with a diameter of 50 µm and was
disposed at a position which is 10 µm distant from the
electron emission device 110, and an SiO2 insulating
layer (not shown in the drawing) was disposed between
the modulation electrodes and the electron source sub-
strate 110. When an acceleration voltage of 6 kV was
applied, the ON and OFF modes of the electron beams
was controllable within a modulation voltage of 50 V.

Example 4

[0135] In this example, an image forming apparatus
shown in Fig. 10 was produced using an electron source
substrate, as shown in Fig. 9, which includes electron
emission devices arranged in a simple matrix. Fig. 21 is
a partial plan view of the electron source substrate. Fig.
22 is a cross-sectional view taken along line XXII-XXII
in Fig. 21. Figs. 23A to 23D and 24E to 24H show pro-
duction steps of the electron source substrate. In these
drawings, numeral 71 represents an electron source
substrate, numeral 72 represents an X-axis lead line (or
an underlying line) corresponding to the line Dxm in Fig.
9, and numeral 73 represents a Y-axis lead line (or an
overlying line) corresponding to the line Dyn in Fig. 9.
Numeral 151 represents an insulating interlayer, and nu-
meral 152 represents a contact hole for electrically con-
necting the electrode 2 and the underlying lead line 72.
[0136] The electron source substrate has 300 elec-
tron emission devices on the X-axis lead line 72 and 100
electron-emitting section on the Y-axis lead line 73.
[0137] The method for making the electron source
substrate will now be described with reference to Figs.
23A to 23D and 24E to 24H. The following steps A to H
correspond to the steps shown in Figs. 23A to 23D and
24E to 24H.

Step A) A silicon oxide film with a thickness of 0.5
µm was formed on a blue plate glass with a thick-
ness of 2.8 nm by a sputtering process to form a
substrate 71. Chromium with a thickness of 5 nm,
and then gold with a thickness of 600 nm, were de-
posited thereon. A photoresist AZ1370 made by
Hoechst AG was applied by spin coating, was
baked, exposed through a photomask, and devel-
oped to form a resist pattern for an underlying lead
line 72. The gold-chromium film was etched by a
wet process to form the underlying lead line 72 hav-
ing a predetermined pattern.
Step B) A silicon dioxide insulating interlayer 151
with a thickness of 1.0 µm was deposited thereon
by a RF (radiofrequency) sputtering process.
Step C) A photoresist pattern was formed thereon,
and then the insulating interlayer 151 was etched
using the photoresist pattern as a mask by a RIE
(reactive ion etching) process using gaseous CH4
and H2 to form a contact hole 152 in the insulating
interlayer 151.
Step D) A photoresist pattern having openings for
forming electrodes was formed thereon using a
photoresist RD-2000N-41 made by Hitachi Chemi-
cal Co., Ltd. Titanium with a thickness 5 nm, and
then nickel with a thickness of 100 nm, were depos-
ited thereon. The photoresist pattern was removed
by an organic solvent to form electrodes 2 and 3.
The resulting electrodes 2 and 3 had an interelec-
trode distance L of 5 µm, and a width W of 300 µm.
Step E) A photoresist pattern having openings for
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forming the lead line 73 was formed thereon. Tita-
nium with a thickness 5 nm and then gold with a
thickness of 500 nm were deposited thereon. The
photoresist pattern was removed by an organic sol-
vent to form the lead line 73.
Step F) A patterned chromium film with a thickness
of 100 nm was deposited thereon through a mask
with an opening for forming a conductive film 4 by
a vacuum deposition process. An organic palladium
(ccp4230 made by Okuno Chemical Industries, Co.,
Ltd.) was applied thereon by a spin coating process,
and baked at 300°C for 10 minutes to form the con-
ductive film 4 composed of particulate PdO. The
conductive film 4 had a thickness of 10 nm and a
sheet resistance of 53104 Ω per sheet.
Step G) The chromium film 153 was wet-etched us-
ing an acid etchant to form the conductive film 4
having a predetermined shape.
Step H) A resist film was formed so as to cover the
portions other than the contact hole 152. Titanium
with a thickness of 5 nm, and then gold with a thick-
ness of 500 nm, were deposited thereon by a vac-
uum deposition process to fill the contact hole 152.
The titanium-gold film at the portions other than the
contact hole was removed by a lift-off process.

[0138] The underlying lead line 72, the insulating in-
terlayer 161, the overlying lead line 73, the electrodes
2 and 3, and the conductive film 4 were thereby formed
on the substrate 71.
[0139] Using an electron source substrate 71 (in Fig.
21) provided with a plurality of composite films 4 ar-
ranged in a matrix, which were made by the above
steps, an image forming apparatus was produced. The
production procedure will now be described with refer-
ence to Figs. 10 and 11.
[0140] The electron source substrate 71 provided with
a plurality of composite films 4 arranged in a matrix (Fig.
21) was fixed onto a rear plate 81. A face plate 86 with
a frame 82 was exactly aligned on the electron-emitting
section 71, in which the face plate 86 included a glass
substrate 83, and a fluorescent film 84 and a metal back
layer 85 formed on the inner face of the glass substrate
83. A frit glass was applied to the connections between
the face plate 86, the frame 82, and the rear plate 81,
and was then baked at 430°C for 10 minutes or more in
air. The frit glass was also used for connection of the
rear plate 81 and the electron source substrate 71.
[0141] The fluorescent film 84 had a striped pattern,
as shown in Fig. 11A, for a color image forming appara-
tus. Black stripes 91a were formed and color fluorescent
substances 92 were applied to the gaps between the
black stripes 91a. The back stripes 91a were composed
of graphite as a major component.
[0142] A metal back layer 85 was formed on the inner
face of the fluorescent film 84, by smoothing (referred
to as "filming") the inner face of the fluorescent film 84
and then by depositing aluminum thereon by a vacuum

deposition process.
[0143] Since the metal back layer 85 had high con-
ductivity in this example, no transparent electrode,
which enhanced conductivity of the fluorescent film 84,
was formed on the outer face of the fluorescent film 84.
[0144] The resulting envelope 88 was evacuated by
a vacuum pump through an exhaust tube (not shown in
the drawing) to 1.3310-4 Pa. A voltage was applied be-
tween the electrodes 2 and 3 of each device through the
external terminals Dox1 to Doxm and Doy1 to Doyn to form
an electron-emitting section 5 by a forming treatment.
The forming conditions were the same as those in Ex-
ample 1.
[0145] The electron-emitting section 5 was composed
of dispersed palladium particles with an average particle
size of 3 nm.
[0146] Into the envelope 88, 1.3310-1 Pa of acetone,
which was deaerated as in Example 1, was introduced
as in Example 2, and then a voltage was applied be-
tween the electrodes 2 and 3 of each device through the
external terminals Dox1 to Doxm and Doy1 to Doyn for ac-
tivation. Carbonaceous compounds were deposited on
each device. The envelope 88 was evacuated to remove
acetone and baked at 120°C for 10 hours. The exhaust
tube (not shown in the drawing) was sealed and cut by
a gas burner. The sealed envelope 88 was subjected to
getter treatment by a radiofrequency heating process to
maintain a high vacuum.
[0147] In the resulting display panel, the external ter-
minals Dox1 to Doxm(m = 100), Doy1 to Doyn (n = 300),
and the high voltage terminal Hv were connected to the
corresponding driving system to complete an image
forming apparatus. Scanning signals and modulation
signals were applied to electron emission devices
through the external terminals Dox1 to Doxm(m = 100)
and Doy1 to Doyn (n = 300) to emit electrons. The emitted
electrons were accelerated by a high voltage of several
kV or more which is applied to the metal back layer 85
from a high voltage terminal Hv, and collided with the
fluorescent film 84 to emit light.
[0148] The image forming apparatus in this example
has a small depth because of use of the thin display pan-
el. Since the formed electron emission devices have uni-
form electron emitting characteristics, the formed image
is of high quality and high definition.
[0149] As described above, the impurities in the or-
ganic substance are previously removed before the step
forming the thin film composed of carbon or carbona-
ceous materials on the electron emission device; hence,
electron emission devices having superior electron
emitting characteristics can be stably produced.
[0150] The image forming apparatus according to this
method does not have irregular luminance and reduced
luminance. Thus, an image forming apparatus having
high quality, such as a flat color television, is achieved.
[0151] While the present invention has been de-
scribed with reference to what are presently considered
to be the preferred embodiments, it is to be understood
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that the invention is not limited to the disclosed embod-
iments. On the contrary, the invention is intended to cov-
er various modifications and equivalent arrangements
included within the scope of the appended claims.

Claims

1. A method applied to an electron emission device
including a conductive film (4) having an electron
emitting section (6) disposed between a pair of elec-
trodes (2,3), said method comprising:

a voltage-applying step of applying a voltage to
the conductive film (4) through the electrodes
(2,3) in an atmosphere containing an organic
substance;

characterised by a pre-treatment step of
treating the organic substance to remove impuri-
ties.

2. A method according to claim 1, wherein the pre-
treatment step comprises removing atmospheric
components contained in the organic substance
when the organic substance is introduced from a
supply source (57) of the organic substance into a
treating unit (55) for performing the voltage-apply-
ing step.

3. A method according to claim 2, wherein the atmos-
pheric components contained in the organic sub-
stance are removed by a freeze and thawing meth-
od.

4. A method according to either claim 2 or 3, wherein
the organic substance is introduced to the treating
unit without contact with air after the atmospheric
components contained in the organic substance are
removed.

5. A method according to claim 1, wherein the pre-
treatment step comprises removing oxygen con-
tained in the organic substance when the organic
substance is introduced from a supply source (57)
of the organic substance into a treating unit for per-
forming the voltage-applying step.

6. A method according to claim 5, wherein the oxygen
contained in the organic substance is removed by
a freeze and thawing method.

7. A method according to either claim 5 or 6, wherein
the organic substance is introduced to the treating
unit (55) without contact with air after the oxygen
contained in the organic substance is removed.

8. A method according to claim 1, wherein the pre-

treatment step comprises removing nitrogen con-
tained in the organic substance when the organic
substance is introduced from a supply source (57)
of the organic substance into a treating unit (55) for
performing the voltage-applying step.

9. A method according to claim 8, wherein the nitrogen
contained in the organic substance is removed by
a freeze and thawing method.

10. A method according to either claim 8 or 9, wherein
the organic substance is introduced to the treating
unit (55) without contact with air after the nitrogen
contained in the organic substance is removed.

11. A method according to claim 1 wherein said volt-
age-applying step is conducted in a treating unit
(55), said organic substance is introduced into said
treating unit via a needle-valve (59), and in said pre-
treatment step said organic substance is treated to
remove impurities having lower molecular weights
than said organic substance, before said organic
substance is introduced via said needle-value (59).

12. A method of making an image forming apparatus
comprising at least one electron emission device
(74) and an image forming member (84,85) for form-
ing an image by electrons emitted from the electron
emission device, wherein a method according to
any preceding claim 1 to 11 is applied to the electron
emission device.

Patentansprüche

1. Verfahren, das auf eine Elektronenemissionsvor-
richtung angewandt wird, welche einen leitfähigen
Film (4) mit einem zwischen einem Paar von Elek-
troden (2, 3) angeordneten Elektronen emittieren-
den Teilabschnitt (6) umfaßt, wobei das Verfahren
folgendes aufweist:
einen Spannungsanlegeschritt zum Anlegen einer
Spannung an den leitfähigen Film (4) durch die
Elektroden (2,3) in einer Atmosphäre, welche eine
organische Substanz enthält;
gekennzeichnet durch einen Vorbehandlungs-
schritt zur Behandlung der organischen Substanz,
um Verunreinigungen zu entfernen.

2. Verfahren nach Anspruch 1, wobei der Vorbehand-
lungsschritt ein Entfernen von in der organischen
Substanz enthaltenen atmosphärischen Kompo-
nenten aufweist, wenn die organische Substanz
von einer Versorgungsquelle (57) der organischen
Substanz in eine Behandlungseinheit (55) einge-
führt wird, um den Spannungsanlegeschritt durch-
zuführen.
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3. Verfahren nach Anspruch 2, wobei die in der orga-
nischen Substanz enthaltenen atmosphärischen
Komponenten mittels eines Ausfrierungs- und Auf-
tauverfahrens entfernt werden.

4. Verfahren nach Anspruch 2 oder 3, wobei die orga-
nische Substanz in die Behandlungseinheit ohne
Luftkontakt nach Entfernen der in der organischen
Substanz enthaltenen atmosphärischen Kompo-
nenten eingeführt wird.

5. Verfahren nach Anspruch 1, wobei der Vorbehand-
lungsschritt ein Entfernen von in der organischen
Substanz enthaltenem Sauerstoff aufweist, wenn
die organische Substanz von einer Versorgungs-
quelle (57) der organischen Substanz in eine Be-
handlungseinheit eingeführt wird, um den Span-
nungsanlegeschritt durchzuführen.

6. Verfahren nach Anspruch 5, wobei der in der orga-
nischen Substanz enthaltene Sauerstoff mittels ei-
nes Ausfrierungsund Auftauverfahrens entfernt
wird.

7. Verfahren nach Anspruch 5 oder 6, wobei die orga-
nische Substanz in die Behandlungseinheit (55)
ohne Luftkontakt nach Entfernen des in der organi-
schen Substanz enthaltenen Sauerstoffs eingeführt
wird.

8. Verfahren nach Anspruch 1, wobei der Vorbehand-
lungsschritt ein Entfernen von in der organischen
Substanz enthaltenem Stickstoff aufweist, wenn die
organische Substanz von einer Versorgungsquelle
(57) der organischen Substanz in eine Behand-
lungseinheit (55) eingeführt wird, um den Span-
nungsanlegeschritt durchzuführen.

9. Verfahren nach Anspruch 8, wobei der in der orga-
nischen Substanz enthaltene Stickstoff mittels ei-
nes Ausfrierungsund Auftauverfahrens entfernt
wird.

10. Verfahren nach Anspruch 8 oder 9, wobei die orga-
nische Substanz in die Behandlungseinheit (55)
ohne Luftkontakt nach Entfernen des in der organi-
schen Substanz enthaltenen Stickstoffs eingeführt
wird.

11. Verfahren nach Anspruch 1, wobei der Spannungs-
anlegeschritt in einer Behandlungseinheit (55)
durchgeführt wird, die organische Substanz in die
Behandlungseinheit über ein Nadelventil (59) ein-
geführt wird und in dem Vorbehandlungsschritt die
organische Substanz behandelt wird, um Verunrei-
nigungen, die niedrigere Molekulargewichte als die
organische Substanz aufweisen, zu entfernen, be-
vor die organische Substanz über das Nadelventil

(59) eingeführt wird.

12. Verfahren zur Herstellung eines Bilderzeugungsge-
räts mit zumindest einer Elektronenemissionsvor-
richtung (74) und einem Bilderzeugungselement
(84, 85) zum Erzeugen eines Bilds durch von der
Elektronenemissionsvorrichtung emittierte Elektro-
nen, wobei ein Verfahren nach einem der vorste-
henden Ansprüche 1 bis 11 auf die Elektronenemis-
sionsvorrichtung angewandt wird.

Revendications

1. Procédé appliqué à un dispositif d'émission d'élec-
trons incluant un film conducteur (4) ayant un tron-
çon d'émission d'électrons (6) disposé entre une
paire d'électrodes (2, 3), ledit procédé comportant :

une étape d'application de tension consistant à
appliquer une tension au film conducteur (4) à
travers les électrodes (2, 3) dans une atmos-
phère contenant une substance organique,

caractérisé par une étape de traitement
préalable consistant à traiter la substance organi-
que afin d'enlever des impuretés.

2. Procédé selon la revendication 1, dans lequel l'éta-
pe de traitement préalable comporte l'étape consis-
tant à enlever des composants atmosphériques
contenus dans la substance organique lorsque la
substance organique est introduite, à partir d'une
source d'alimentation (57) de la substance organi-
que, dans une unité de traitement (55), pour effec-
tuer l'étape d'application de tension.

3. Procédé selon la revendication 2, dans lequel les
composants atmosphériques contenus dans la
substance organique sont enlevés par un procédé
de congélation et de décongélation.

4. Procédé selon la revendication 2 ou 3, dans lequel
la substance organique est introduite vers l'unité de
traitement sans contact avec l'air après que les
composants atmosphériques contenus dans la
substance organique aient été enlevés.

5. Procédé selon la revendication 1, dans lequel l'éta-
pe de traitement préalable comporte l'étape consis-
tant à enlever l'oxygène contenu dans la substance
organique lorsque la substance organique est intro-
duite, à partir d'une source d'alimentation (57) de la
substance organique, dans une unité de traitement
pour effectuer l'étape d'application de tension.

6. Procédé selon la revendication 5, dans lequel l'oxy-
gène contenu dans la substance organique est en-
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levé par un procédé de congélation et de décongé-
lation.

7. Procédé selon la revendication 5 ou 6, dans lequel
la substance organique est introduite vers l'unité de
traitement (55) sans contact avec l'air après que
l'oxygène contenu dans la substance organique ait
été enlevé.

8. Procédé selon la revendication 1, dans lequel l'éta-
pe de traitement préalable comporte l'étape consis-
tant à enlever l'azote contenu dans la substance or-
ganique lorsque la substance organique est intro-
duite, à partir d'une source d'alimentation (57) de la
substance organique, dans une unité de traitement
(55) pour effectuer l'étape d'application de tension.

9. Procédé selon la revendication 8, dans lequel l'azo-
te contenu dans la substance organique est enlevé
par un procédé de congélation et de décongélation.

10. Procédé selon la revendication 8 ou 9, dans lequel
la substance organique est introduite vers l'unité de
traitement (55) sans contact avec l'air après que
l'azote contenu dans la substance organique ait été
enlevé.

11. Procédé selon la revendication 1, dans lequel ladite
étape d'application de tension est effectuée dans
une unité de traitement (55), ladite substance orga-
nique est introduite dans ladite unité de traitement
via une vanne à aiguille (59), et dans ladite étape
de traitement préalable, ladite substance organique
est traitée pour enlever des impuretés ayant des
poids moléculaires plus bas que ladite substance
organique, avant que ladite substance organique
ne soit introduite via ladite vanne à aiguille (59).

12. Procédé de fabrication d'un dispositif de formation
d'image comportant au moins un dispositif d'émis-
sion d'électrons (74) et un élément de formation
d'image (84, 85) pour former une image par l'inter-
médiaire d'électrons émis à partir du dispositif
d'émission d'électrons, dans lequel un procédé se-
lon l'une quelconque des revendications 1 à 11 est
appliqué au dispositif d'émission d'électrons.
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