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Description

[0001] The present invention relates to a cold-cathode type of an electron-emitting device. The present invention
also relates to an electron beam-generating apparatus, and an image-forming apparatus employing the electron-emit-
ting device.
[0002] Cold cathode devices are known as devices capable of emitting electrons with a simple structure. For example,
a cold cathode device is reported by M.I. Elinson (Radio Eng. Electron Phys., vol. 10, pp. 1290-1296 (1965)). These
devices are based on the phenomenon that electrons are emitted by a flow of an electric current in parallel through a
thin film of small area formed on a substrate. Such devices are called generally surface-conduction type electron-
emitting devices. The surface-conduction type electron-emitting devices include the ones using a thin SnO2 (Sb) film
developed by M.I. Elinson as mentioned above; the ones using a thin Au film (G. Dittmer: "Thin Solid Films", vol. 9, p.
317, (1972)); and the ones using a thin ITO film (M. Hartwell and C.G. Fonstad: IEEE Trans. ED Conf., p. 519 (1975)).
[0003] A typical construction of the surface conduction type electron-emitting device is shown in Fig. 30. This device
comprises electrodes 82, 83 for an electric connection, a thin film 85 formed of an electron-emitting material, a substrate
(insulating base) 81, and an electron-emitting portion 84. Conventionally, in such a surface conduction type electron-
emitting device, the electron-emitting portion is formed by an electric current-heating treatment called "forming". In this
treatment, an electric voltage is applied between the electrode 82 and the electrode 83 to cause a flow of electric
current through the thin film 85 and to destroy, deform, or denature locally the thin film 85 by utilizing Joule heat gen-
erated. Thereby, the electron-emitting portion 84 having high electric resistance is formed, and thus the function of
electron emission is obtained. Here the state of the high electric resistance results from a discontinuity of the thin film
85 in which cracks of 0.5 to 5 µm in length are formed locally and the cracks have an island structure therein. The
island structure means a state of the film in which the film contains fine particles of several tens of angstroms to several
microns in diameter and the particles are discontinuous but the film is electrically continuous. In a conventional surface
conduction type electron-emitting device, voltage is applied to the aforementioned discontinuous high-resistance film
through the electrodes 82, 83 to cause a current flow at the surface of the device, thereby electron being emitted from
the fine particles.
[0004] A novel surface conduction type electron-emitting device in which electron-emitting fine particles are distrib-
uted between electrodes was disclosed by the inventors of the present invention in Japanese Patent Application Laid-
Open Nos. Hei-1-200532 and Hei-2-56822. This electron-emitting device has advantages that (1) high electron-emitting
efficiency can be obtained, (2) the device can be readily prepared because of its simple construction, (3) many devices
can be arranged on one and the same substrate, and so forth. Fig. 31 shows a typical construction of such a surface
conduction type electron-emitting device, which comprises electrodes 82, 83 for electric connection, an electron-emit-
ting portion 86 having electron-emitting fine particles dispersed therein, and a substrate 81.
[0005] In recent years, attempts were made to use the aforementioned surface conduction type electron-emitting
device for an image-forming apparatus. One example is shown in Fig. 32, which illustrates an image-forming apparatus
having a number of the aforementioned electron-emitting devices arranged therein. The apparatus comprises wiring
electrodes 92, 93, electron-emitting portions 94, grid electrodes 95, electron-passing holes 96, and an image-forming
member 97. This image-forming member is made of a material such as fluorescent materials and resist materials which
cause light-emission, color change, electrification, denaturing or like changes on collision of electrons. With this image-
forming apparatus, the linear electron sources have a plurality of electron-emitting portions 94 arranged between the
electrodes 92, 93, and grid electrodes 95 are driven in XY matrix, and electrons are made to collide against the image-
forming member 97 in correspondence with information signals to form an image.
[0006] The electric characteristics (current-voltage characteristics) of conventional surface conduction type of elec-
tron-emitting devices are explained by reference to Fig. 6. In conventional electron-emitting devices, electron emission
increases rapidly from a certain device voltage Ve (voltage applied to the device) with increase of the device voltage,
and at a device voltage Vd, sufficient electron beam comes to be emitted: for example, a sufficient electron beam for
forming an image in the above-mentioned image-forming apparatus. The device current If (current which flows in the
device) increases with the device voltage, and the rate of the increase becomes larger at around the device voltage
Ve. Generally, in such conventional devices flows a strong ineffective current, which is useless for electron emission,
as shown in Fig. 6. The ratio of the ineffective current to the device current If rises in some cases to as much as about
50 %. Such increase of the ineffective current will cause increase of power consumption in driving the electron-emitting
device, and increase of heat generation in the electron-emitting device to deteriorate electron-emitting characteristics
(electron-emission efficiency, electron-emission stability, etc.). Further, the increase of the ineffective current gives rise
to the problems, when the electron-emitting device in which the ineffective current is remarkable is used for an image-
forming apparatus: 1) the ineffective current flows to wiring electrodes to cause a voltage drop, whereby the quantity
of electron emission varies with the electron-emitting devices, and 2) the ineffective current varies depending on the
kind of the image (namely, difference in inputted information signal) to cause a voltage drop in wiring electrode, whereby
the quantity of the emitted electrons varies. Such disadvantageous phenomena further cause lowering of contrast and
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sharpness of the formed image; and in particular, in the case where the formed image is a fluorescent image, bring
about variation and change of luminance of the fluorescent images, which makes it difficult to obtain fineness of the
image and to enlarge a picture screen, and further increase the power consumption.
[0007] Therefore, it is an object of the present invention to provide an electron-emitting device and an electron beam-
generating apparatus in which ineffective current is extremely weak.
[0008] Another object of the present invention is to provide an electron-emitting device and an electron beam-gen-
erating apparatus which are excellent in electron emission characteristics such as electron-emission efficiency, and
electron-emission stability, and which consumes less electric power.
[0009] A further object of the present invention is to provide an electron beam-generating apparatus in which an
ineffective current is extremely weak in the whole apparatus, and which gives an image with high contrast and high
sharpness with less power consumption, in particular an electron beam-generating apparatus capable of forming a
luminescent image with extremely low variation and low fluctuation of luminance.
[0010] According to the present invention, the above objects are achieved by an electron emitting device according
to claim 1, 24 or 47, respectively.
[0011] Furthermore, according to the present invention, the above objects are achieved by an electron beam-gen-
erating apparatus according to claim 5, 28 or 52, respectively.
[0012] Moreover, according to the present invention, the above objects are achieved by an image forming apparatus
according to claim 12, 35 or 60, respectively.
[0013] Advantageous further developments of the present invention are as set out in the respective dependent claims.

[0014] Fig. 1 is a plan view illustrating schematically an electron-emitting device of the present invention.
[0015] Fig. 2 is a sectional view of the electron-emitting device at A-A' in Fig. 1.
[0016] Fig. 3 is a sectional view of the electron-emitting device at B-B' in Fig. 2.
[0017] Fig. 4A is an SEM photograph of an electron-emitting region between electrodes of an electron-emitting device
of the present invention (magnification: 330,000).
[0018] Fig. 4B is a sketch of an SEM photograph of an electron-emitting region of Fig. 4A (plan view).
[0019] Fig. 5A is an enlarged SEM photograph of an electron-emitting region of the electron-emitting device of Fig.
4 (magnification: 3150,000).
[0020] Fig. 5B is an enlarged SEM photograph of an electron-emitting region of the electron-emitting device of Fig.
4 (magnification: 3800,000).
[0021] Fig. 5C is a sketch of the enlarged SEM photograph of an electron-emitting region of Fig. 5A (plan view).
[0022] Fig. 6 shows a current-voltage relation of a conventional electron-emitting device.
[0023] Fig. 7 shows a current-voltage relation of an electron-emitting device of the present invention.
[0024] Fig. 8A is an SEM photograph (magnification: 3150,000) to explain the method for measuring the voltage
application length of the electron-emitting device of the present invention.
[0025] Fig. 8B is a sketch of the SEM photograph of Fig. 8A.
[0026] Fig. 9A is another SEM photograph (magnification:3150,000) to explain the method for measuring the voltage
application length of the electron-emitting device of the present invention.
[0027] Fig. 9B is a sketch of the SEM photograph of Fig. 9A.
[0028] Fig. 10 is a drawing to explain the method for measuring the voltage application length of the electron-emitting
device of the present invention.
[0029] Figs. 11A to 11C are drawings to explain a method for preparing the electron-emitting device of the present
invention (sectional view).
[0030] Fig. 12 shows a wave form of the pulse voltage on forming treatment of an electron-emitting device of the
present invention.
[0031] Fig. 13 shows another wave form of the pulse voltage on forming treatment of an electron-emitting device of
the present invention.
[0032] Figs 14A to 14E are drawings to explain a method for preparing the electron-emitting device of the present
invention (sectional view).
[0033] Figs. 15A to 15D are drawings to explain a method for preparing the electron-emitting device of the present
invention (sectional view).
[0034] Fig. 16 illustrates schematically the construction of the measurement apparatus of electron emission charac-
teristics of an electron-emitting device.
[0035] Fig. 17 is a perspective view illustrating schematically an electron beam-generating apparatus of the present
invention.
[0036] Fig. 18 is a perspective view illustrating schematically another electron beam-generating apparatus of the
present invention.
[0037] Fig. 19 is a perspective view illustrating schematically still another electron beam-generating apparatus of the
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present invention.
[0038] Fig. 20 is a perspective view illustrating schematically still another electron beam-generating apparatus of the
present invention.
[0039] Fig. 21 is a perspective view illustrating schematically still another electron beam-generating apparatus of the
present invention.
[0040] Fig. 22 is a perspective view illustrating schematically an image-forming apparatus of the present invention.
[0041] Fig. 23 is a perspective view illustrating schematically another image-forming apparatus of the present inven-
tion.
[0042] Fig. 24 is a perspective view illustrating schematically still another image-forming apparatus of the present
invention.
[0043] Fig. 25 is a perspective view illustrating schematically still another image-forming apparatus of the present
invention.
[0044] Figs. 26A and 26B illustrate schematically an image-forming apparatus (optical printer) of the present inven-
tion.
[0045] Fig. 27 illustrates schematically another image-forming apparatus (optical printer) of the present invention.
[0046] Fig. 28 illustrates schematically an image forming apparatus provided with a supporting member of the present
invention (assembling drawing).
[0047] Fig. 29 is a sectional view of the apparatus of Fig. 28.
[0048] Fig. 30 is a plan view illustrating schematically construction of a conventional electron-emitting device.
[0049] Fig. 31 is a plan view illustrating schematically construction of another conventional electron-emitting device.
[0050] Fig. 32 is a perspective view of a conventional image-forming apparatus.
[0051] The electron-emitting device of the present invention is described below in detail. Firstly, the characteristic
portion of the electron-emitting device is explained by reference to Fig. 1 (plan view), Fig. 2 (sectional view at A-A' in
Fig. 1), and Fig. 3 (sectional view at B-B' in Fig. 2). In Figs. 1 to 3, the numeral 1 denotes an insulating substrate; 2
and 3, each an electrode; 5, an electron-emitting region; 4, a fine particle film having an electric resistance lower than
that of the electron-emitting region 5; and 6, a fine particle dispersed in the electron-emitting region 5. The electron-
emitting device of the present invention is required essentially to have an electron-emitting region 5 having fine particles
6 dispersed therein, and electrodes 2 and 3 to apply voltage to the interior of the region 5. The electron-emitting device
of the present invention serves in such a mechanism that electrons pass (or current flows) through the electron-emitting
region by application of voltage between the electrodes 2 and 3, and the electrons are emitted out from the gap formed
by the fine particles 6 (or spacing between the fine particles) in the region. The fine particle film 4 having lower resistance
is not an essential requirement in the present invention, but is preferred to improve further the electrical contact between
the electron-emitting region 5 and the electrodes 2 and 3. The electron-emitting region and the fine particles constituting
the fine particle film 4 are both made of an electroconductive material.
[0052] In addition to the above essential requirement, the electron-emitting device of the present invention has to
satisfy further another requirement shown below, and is classified into two types of embodiments according to the
requirement. It is described in detail.
[0053] In the one type of embodiment of the electron-emitting device, the areal occupation ratio of the fine particles
is in the range of 20 to 75 % in the electron-emitting region 5. Fig. 4A, Fig. 5A, and Fig. 5B are SEM (scanning electron
microscope) photographs of an electron-emitting region of an electron-emitting device of the present invention prepared
as examples described later. Fig. 4B and Fig. 5C are sketches of the SEM photographs. Fig. 4A and Fig. 4B shows a
view of the region A-A' of Fig. 2 observed from the top. Fig. 5A and Fig. 5C shows a view of the region A-A' of Fig. 2
observed from the top. Fig. 5B and the dotted-line region in Fig. 5C correspond to the enlarged view of the electron-
emitting region 15 observed with SEM of high magnification. The numerals 12 and 13 denote electrodes; 14, a fine
particle film; 15, an electron-emitting region; and 16 a fine particle dispersed in the electron-emitting region 15. The
areal occupation ratio in the present invention means the value measured as follows. As shown by the dotted-line area
in Fig. 5C, the SEM image of the inside of the electron-emitting region 15 of the element is taken at a magnification
such that 10 to 1000 fine particles are observed (Fig. 5B). (An STM image (scanning tunnel microscopy image) may
be used instead of the SEM image.) With the SEM image, the ratio of the total area of the fine particles to the whole
dotted-line area is measured. This measurement is practiced throughout the entire area of the electron-emitting region
15. The average of the measured values is the areal occupation ratio of the fine particles.
[0054] In the electron-emitting device of the present invention, the relations of the areal occupation ratio of the fine
particles with the aforementioned ineffective current flowing in the device, and with the electron-emitting characteristics
of the device are considered as below by the inventors of the present invention. If the areal occupation ratio of the fine
particles is excessively large, the ratio of the aforementioned gap to the entire electron-emitting region is extremely
small, and the the electron-emitting region behaves as a continuous film. Therefore, the quantity of electrons flowing
through the continuous film is larger than the quantity of electrons emitted from the gap. As the results, the the ineffective
current becomes stronger, and quantity of the emitted electrons decreases. On the other hand, if the areal occupation
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ratio is extremely small, the ratio of the aforementioned gap to the entire electron-emitting region is excessively large,
and the higher voltage is required for electron emission. Therefore, a phenomenon occurs that electrons once emitted
are pulled back to the electrode. As the results, the ineffective current becomes stronger, and the quantity of the emitted
electrons decreases also in this case.
[0055] After comprehensive study on the basis of the above considerations, it was found by the inventors of the
present invention that, if the areal occupation ratio of the fine particles is in the range of from 20 to 75 %, more preferably
from 35 to 60 %, the ineffective current of the electron-emitting device is effectively made extremely small, and the
quantity of electron emission is increased, and further thereby the electron-emission efficiency and the electron-emis-
sion stability are improved effectively. Consequently, the present invention has been completed.
[0056] In this first embodiment of the present invention, the average particle diameter of the fine particles dispersed
in the electron-emitting region is adjusted preferably to be in the range of from 5 to 300 Å, more preferably 5 to 80 Å.
With the average diameter within this range, the ineffective current flowing through very large particles can be sup-
pressed, the ineffective current in the whole device can further be reduced, and the electron emission efficiency and
the electron emission stability (in particular, flickering of electron emission) are improved more.
[0057] In the other type of embodiment of the electron-emitting device of the present invention, the gap between the
fine particles 6 in the electron-emitting region 5 is in the range of from 5 to 100 Å, and the average particle diameter
of the fine particles is in the range of from 5 to 1000 Å. The gap between the fine particles in the present invention
means the spacing of particles as shown by the symbol S in Fig. 3. The gap S of the fine particles and the average
particle diameter t are measured as follows. As shown by the dotted-line area in Fig. 5, the SEM image of the inside
of the electron-emitting region 15 (photograph) of the element is taken at a magnification such that 10 to 1000 fine
particles are observed. (An STM image (scanning tunnel microscopy image) may be used instead of the SEM image.)
With the SEM image, the gaps S and the diameters t of all the fine particles are measured. This measurement is
practiced throughout the entire of the electron-emitting region 15. The respective average of the measured values are
the gap and the average particle diameter of the fine particles.
[0058] In the electron-emitting device of the present invention, the dependence of the ineffective current flowing in
the device and the electron emission characteristics of the device on the fine particle gap and the average diameter
are considered as below by the inventors of the present invention. If the average particle diameter is excessively large
and the fine particle gap is extremely small, the ratio of the aforementioned gap to the entire electron-emitting region
is too small, and the electron-emitting region behaves as a continuous film. Therefore, the quantity of electrons flowing
through the continuous film is larger than the quantity of electrons emitted from the gap. As the results, the ineffective
current becomes large, and quantity of the emitted electrons decreases. On the other hand, if the average particle
diameter is extremely small and the gap of the fine particles is extremely large, the ratio of the aforementioned gap to
the entire electron-emitting region is too large, and the higher voltage is required for electron emission. Therefore, a
phenomenon occurs that electrons once emitted are pulled back to the electrode. As the results, the ineffective current
becomes large, and the quantity of the emitted electrons decreases also in this case.
[0059] On the basis of the above considerations, comprehensive studies were made by the inventors of the present
invention, and it was found that, if the gap of the fine particles is adjusted to be within the range of from 5 to 100 Å,
preferably 5 to 50 Å, the ineffective current of the electron-emitting device is effectively made extremely small, and the
quantity of electron emission is increased, and further thereby the electron emission efficiency and the electron emission
stability are improved effectively. Consequently, the present invention has been completed. In this second embodiment
of the present invention, the average particle diameter of the fine particles dispersed in the electron-emitting region is
adjusted preferably to be in the range of from 5 to 300 Å, more preferably 5 to 80 Å due to the same reason as in the
above-described first embodiment.
[0060] Two types of embodiments of the electron-emitting device of the present invention are described above. The
electron-emitting device which meets simultaneously the both requirements of the two types of embodiments is more
preferable in the present invention. That is, if the areal occupation ratio in the electron-emitting region is from 20 to 75
%, the gap of the particles is from 5 to 100 Å, and the average particle diameter of the fine particles is from 5 to 1000
Å, then the electron-emitting device is improved in comparison with each of the above embodiments in reducing the
ineffective current in the device and is superior in electron emission quantity, electron emission efficiency, and electron
emission stability (prevention of flickering of electron emission), and further the device is driven with lower voltage and
has longer life. The above effects are more remarkable if the areal occupation ratio is from 35 to 60 %, and the particle
gap is from 5 to 50 Å. The effects are still more remarkable if the average particle diameter is from 5 to 300 Å, more
preferably 5 to 80 Å.
[0061] The methods for controlling the areal occupation ratio, the fine particle gap, and the fine particle diameter are
described below. The control of these parameters were practiced as follows. The gap between the electrodes was set
in the range of 0.2 to 5 µm. An electroconductive film having a sheet resistance of 3 3 103 Ω/cm2 to 107 Ω/cm2 was
formed by placing electroconductive particles of 5 to 100 Å in particle diameter in dispersion between the electrodes.
To the electroconductive film, a specified wave form of voltage pulse was applied to the electrodes. The applied voltage
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pulse is suitably decided depending on the shape of the electrodes, the material of the electroconductive film, and the
material of the substrate. The material of the electroconductive particles includes metals such as Pd, Nb, Mo, Rh, Hf,
Ta, W, Re, Ir, Pt, Ti, Au, Ag, Cu, Cr, Al, Co, Ni, Fe, Pb, Cs, and Ba; borides such as LaB6, CeB6, HfB4, and GdB4;
carbides such as TiC, ZrC, HfC, TaC, SiC, and WC; nitrides such as TiN, ZrN, and HfN; metal oxides such as PdO,
Ir2O3, SnO2, and Sb2O; semiconductors such as Si, and Ge; carbon, Ag, Mg, and the like. The above method is
preferred in controlling the parameters.
[0062] The large ineffective current of the conventional electron-emitting device as described above, was further
studied by the inventors of the present invention. As the results, it was found that the strength of the ineffective current
flowing through the electron-emitting device varies depending on the size of the region where the voltage for driving
the device is effectively applied (the size being referred to as "voltage application length"). It was further found that the
ineffective current can be suppressed to extremely small by adjusting the voltage application length within a certain
range, the ineffective current of the device being negligible at the voltage application length of from 5 to 300 Å, preferably
5 to 50 Å. The voltage application length, in more detail, means a length of the region where the voltage is effectively
applied as described above in the electron-emitting device. In this region, voltage drops substantially, but outside the
region, the voltage does not drop substantially.
[0063] The voltage application length is measured as below. Fig. 8A is an SEM photograph of an area between the
electrodes on application of voltage to an electron-emitting device of the present invention. Fig. 8B is a sketch of the
SEM photograph of Fig. 8A. Fig. 9A is an SEM photograph of an area between the electrodes of the same electron-
emitting device on application of voltage in the reversed direction. Fig. 9B is a sketch of the SEM photograph of Fig.
9A. In Fig 8B and Fig. 9B, the numeral 15 denotes an electron-emitting region; the numeral 14 denotes an electrocon-
ductive film for sufficient electric contact of electrodes (not shown in the drawing) with the electron-emitting region, and
the numeral 17 denotes a portion from which the secondary electron emission is less. This portion is observed to be
dark in the actual SEM image (Fig. 8A and Fig. 9B). The SEM photograph of the area between the device electrodes
to be measured is taken by applying to the electrodes a voltage of 1.5 V to 4.0 V under a vacuum of 1 3 103 to 1 3

10-6 torr. Then, the same SEM photograph is taken by applying the same voltage in the reversed direction at the same
magnification. The obtained two SEM images are superposed as shown in Fig. 10. The maximum width L of the blank
area 18 in the electron-emitting region 15 is measured, from which the real length is calculated in consideration of the
magnification of the SEM. In the case, where the measurement by SEM imaging is impracticable, STM may be em-
ployed for measurement. In STM measurement, a voltage of 1 to 2.5 V is applied to the device, and the probe of the
STM is driven to scan the area to be measured from the negative potential side to the positive potential electrode side.
In this measurement, the length of the region where 30 % to 70 % of the applied voltage is observed is taken as the
voltage application length.
[0064] Further, the strength of the electric field applied to the electron-emitting device was investigated by the inven-
tors of the present invention. It was found that a decrease of the voltage application length for the device voltage applied
to the device leads to an increase of the electric field strength, and electron-emitting devices exhibiting very weak
ineffective current have an electric field strength of not less than 1 3 107 V/cm, where the electric field strength is
calculated from E = Vf/L.
[0065] The control of the voltage application length and the electric field strength of the electron-emitting device was
practiced as below. The gap between the electrodes was set in the range of from 0.2 to 5 µm. An electroconductive
film having a sheet resistance of from 3 3 103 Ω/square to 107 Ω/square was formed. To the electroconductive film, a
specified wave form of voltage pulse was applied through the electrodes. The applied voltage pulse is suitably decided
depending on the shape of the electrodes, the material of the electroconductive film, and the material of the substrate.
The electroconductive film is preferably formed, as described later in Examples, by placing electroconductive particles
of from 5 to 1000 Å in particle diameter in dispersion between the electrodes, the material thereof is those mentioned
above.
[0066] The electron-emitting devices of the above embodiments exhibit extremely small ineffective current, the in-
effective current being 2% or less, in more preferred embodiment, 1 % or less. The electron-emitting device of any
embodiment of the present invention is excellent in electron-emitting characteristics such as electron emission quantity,
electron emission efficiency, and emission stability (prevention of flickering of electron emission).
[0067] The electron beam-generating apparatus and the image-forming apparatus of the present invention are de-
scribed below in detail. The electron beam-generating apparatus and the image-forming apparatus of the present
invention are characterized by the use of the above-described electron-emitting devices. The electron beam-generating
apparatus of the present invention comprises a plurality of the above electron-emitting devices, and modulation means
for modulating electron beams emitted from the electron-emitting devices in accordance with information signals. Some
of the embodiments are explained by reference to Figs. 18, 19, 20, and 21. In these drawings, the numeral 41 denotes
an insulating substrate; 42 and 43, electrodes; 45, an electron-emitting region; 44, an electroconductive film for ob-
taining sufficient electric contact between the electrode and the electron-emitting region; and 46, a modulation means.
In the apparatuses shown in Figs. 18, 19, and 20, linear electron-emitting devices having a plurality of electron-emitting
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regions are juxtaposed on the substrate, and a plurality of grid electrodes (modulation electrodes) 46 are placed in an
XY matrix with the linear electron-emitting devices. The grid electrodes are placed above the electron-emitting face of
the electron-emitting device in Fig. 18; juxtaposed on the same substrate plane as the electron-emitting devices in Fig.
19; and laminated on the electron-emitting devices by the aid of the substrate in Fig. 20. In the embodiment shown in
Fig. 21, a plurality of electron-emitting devices having each a single electron-emitting portion are arranged in matrix,
and each element is connected to a signal wiring electrode 50 and a scanning wiring electrode 51 as shown in the
drawing. This construction is called a simple matrix construction, in which the signal wiring electrodes 50 and the
scanning wiring electrodes 51 serves as the modulation means. The electron beam-generating apparatuses exempli-
fied above are driven as below. To drive the apparatus illustrated in Fig. 18, 19, or 20, a pulsing voltage of 10 to 35 V
is applied to the electrodes 42 and 43 of one line of the linear electron-emitting devices to cause emission of electron
beams from a plurality of the electron-emitting portions. The emitted electron beams are turned on and off by the
application of a voltage of 50 V to -70 V to the grid electrodes 46 in correspondence with information signals to obtain
electron emission corresponding to the information signals for the one line. Such operation is conducted sequentially
for the adjacent lines of the linear electron-emitting devices to obtain electron beam emission for one picture image.
To drive the apparatus illustrated in Fig. 21, a pulsing voltage is applied with the scanning wiring electrode 51 to the
plurality of the electron-emitting devices on one line, and subsequently a pulsing voltage is applied to the signal wiring
electrodes 50 in correspondence with information signals to obtain electron emission corresponding to information
signal for one line. Such operation is conducted sequentially for adjacent lines to obtain electron beam emission for
one picture image.
[0068] Several examples are described above. The electron beam-generating apparatus of the present invention is
advantageous in that the ineffective current in the whole apparatus is extremely week, electron-emitting characteristics
such as electron emission efficiency and electron emission stability are excellent, and power consumption is low.
[0069] An image-forming apparatus of the present invention is explained below. The image-forming apparatus of the
present invention has a constitution such that an image-forming member is placed on the electron beam emission side
of the aforementioned electron beam-generating apparatus. The image-forming member is constituted of a material
which causes light emission, color change, electrification, denaturing, etc. on collision of electrons, such as a light-
emitting material like a fluorescent material, and a resist material. Fig. 22 illustrates one embodiment of an image-
forming apparatus of the present invention. The apparatus of Fig. 22 comprises a rear plate 52 (which may serve also
as the aforementioned insulating substrate 41), modulation means 46 (which are shown in a form of grid electrodes
of Fig. 18, but may be the grid electrodes of Fig. 19 or Fig. 20, or the modulation means of Fig. 21), electrodes 42 and
43, electron-emitting regions 45, electroconductive films 44 for obtaining sufficient electric contact between the elec-
trodes and the electron-emitting regions, a face plate 58, a glass plate 57, a transparent electrode 55, and a fluorescent
material 56. To drive the image-forming apparatus of the present invention, a voltage of 0.5 KV to 10 KV is applied to
the image-forming member (transparent electrode 55 in Fig. 22), and then the apparatus is driven in the same manner
as driving of the above-described electron beam-generating apparatus, and thus an image corresponding to information
signals is obtained on the image-forming member (fluorescent image in Fig. 22). In the case where the image-forming
member is made of a light-emitting material such as a fluorescent material, a full-color image display can be obtained
by using three light-emitting materials of three primary colors of red, green, and blue for one picture element. The
electron beam-generating apparatus and the image-forming apparatus described above are usually driven at a vacuum
of 10-4 to 10-9 torr.
[0070] The image-forming apparatus of the present invention includes the embodiment shown in Fig. 28 and Fig.
29. In the image forming apparatus shown by Fig. 28, a supporting member for supporting the atmospheric pressure
is provided between the face plate 58 and the rear plate 52 in the image-forming apparatus of Fig. 23, Fig. 24, or Fig.
25. Fig. 28 illustrates schematically the construction of an image-forming member of the present invention. Fig. 29 is
a sectional view of the image-forming apparatus viewed at around the atmospheric pressure-supporting member of
the image-forming apparatus shown in Fig 28. In Fig. 28, the numeral 95 denotes an atmospheric pressure-supporting
member; 96, a supporting frame; and 97, a luminescent spot of the fluorescent substance. An envelop of the image-
forming apparatus is constructed of a face plate 58, a rear plate 52, and a supporting frame 96. The internal pressure
is kept at a vacuum of 10-4 to 10-9 torr.
[0071] In an image-forming apparatus having no atmospheric pressure-supporting member, the larger the picture to
be formed, the higher is the total atmospheric pressure given to the face plate 58 and the rear plate 52, and to support
the increased pressure, the face plate 58 and the rear plate 52 have to be made thick, which inevitably increases the
weight of the apparatus. To avoid this disadvantage, an atmospheric pressure-supporting member is provided desirably.
The atmospheric pressure-supporting members 95 are placed usually at intervals of 1 mm to 100 mm between the
picture elements so that image defect may be avoided. The material of the atmospheric pressure-supporting member
95 is an insulating material such as glass.
[0072] When the image-forming apparatus having an atmospheric supporting member 95 as shown in Fig. 28 and
Fig. 29 is driven, the supporting member is liable to be electrically charged by unexpected collision of electron beam
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or ions against the supporting member 95 since the supporting member 95 is electrically floating. This electric charging
bends the locus of the electron beam and changes the amount of the electron beam colliding to the fluorescent material,
causing irregularity of luminance and color. It was found by the present inventors that the disadvantage caused by the
electric charging of the supporting member relates to driving voltage of the electron-emitting device. If the ineffective
current of the electron-emitting device is large, the voltage applied to the device is high, and the supporting member
95 becomes liable to be charged. Accordingly, in the present invention, use of an electron-emitting device causing
weak ineffective current makes it possible to obtain an image-forming apparatus with a large picture area and light
weight.
[0073] The image-forming apparatus of the present invention includes the embodiments shown in Fig. 26 and Fig.
27, which are examples of optical printers employing as the light source of the image-forming apparatus illustrated in
Fig. 22. In Fig. 26, the numeral 62 denotes the light source; 65 a drum; 63, a delivery roller; and 64, a heat-sensitive
or light-sensitive sheet. The optical printer records an image on a recording medium by driving the light source as
described above (as driving of the image-forming apparatus of Fig. 22) to emit light in correspondence with information
signals onto the recording medium 64 with scanning of the recording medium 64 supported by a support 65 or 63, or
the light source 62. Fig. 27 illustrates another embodiment of the optical printer. The numeral 71 denotes a light source;
72, a drum-shaped recording medium; 77, a developer; 75, a static eliminator; 74, a cleaner; 73, an electric charger;
and 76, an image-transfer medium. This optical printer records an image by electrically charging the recording medium
72 with an electric charger 73, projecting a light beam emitted from the light source 71 in a manner as above (driving
method of the image-forming apparatus of Fig. 22) to the recording medium 72 to eliminate electric charge from the
illuminated area, adhering a toner on the non-illuminated area by means of a developer 77, and transferring the toner
onto the image-transfer medium 76 by eliminating the electric charge at the position of the static eliminator 75.
[0074] The image-forming apparatus of the present invention as described above is capable of forming an image
with high contrast and sharpness with less consumption of electric power. In particular, the image-forming apparatus
utilizing luminescent image gives extremely small variation or flickering of the luminance.
[0075] The present invention is described in more detail below by reference to Examples.

Example 1

[0076] Electron-emitting devices of the type'shown in Figs. 1 to 3 were prepared. The procedure of the preparation
is described below by reference to Fig. 11.

(1) A quartz substrate as the insulating substrate 21 was cleaned sufficiently with an organic solvent, and on the
face of the substrate 21, electrodes 22 and 23 were formed (see Fig. 11A). Metallic nickel was used as the material
for the electrodes. The gap G between the two electrodes was 3 µm, the length of the electrodes was 500 µm,
and the thickness thereof was 1000 Å.
(2) Organic palladium (CCP-4260, made by Okuno Seiyaku K.K.) was applied thereon, and the applied matter
was heat-treated at 300°C to form a fine particle film 24 composed of palladium oxide (PdO) (average particle
diameter: 20 Å). The fine particle film 24 had a length of 300 µm and was placed around the midpoint between the
electrodes 22, 23 (Fig. 11B).
(3) Then, as shown in Fig. 11C, an electron-emitting region 25 was formed by forming treatment: that is, electric
current is made to flow through the fine particle film 24 by application of voltage between the electrode 22 and the
electrode 23. The wave form of the applied voltage in the forming treatment is shown in Fig. 12.

[0077] In Fig. 12, the pulse width T1 was 1.0 millisecond, and the pulse interval T2 was 10 milliseconds in this Example.
The forming treatment was conducted at the forming voltage as shown below. under a vacuum environment of about
1 3 10-6 torr. The electron-emitting region 25 was formed between the fine palladium oxide film 4, and was composed
of fine palladium particles 6 as shown in Fig. 3. The fine particles 6 had an average diameter of 10 Å.
[0078] Three devices of different areal occupation ratio of the fine particles 6 were prepared by changing the amount
of the coating of the organic palladium to change a sheet resistance of the fine particle film 24 in the step (2) and
changing the forming voltage in the step (3).

1) Sheet resistance: 8 3 104 Ω/square
Forming voltage: 4 V:

Areal occupation ratio of fine particles: 75 %
2) Sheet resistance: 3 3 104 Ω/square
Forming voltage: 7 V:

Areal occupation ratio of fine particles: 50 %
3) Sheet resistance: 5 3 103 Ω/square
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Forming voltage: 13 V:
Areal occupation ratio of fine particles: 20 %

[0079] The devices were tested for electron emission characteristics by means of the evaluation apparatus illustrated
in Fig. 16 under a vacuum of 1 3 10-7 torr. The results are shown in Table 1.

(Measurement method)

[0080] Fig. 16 illustrates schematically the construction of the measuring apparatus. The measuring apparatus com-
prises an insulating substrate 21, electrodes 22 and 23, an electron-emitting region 25, electroconductive films 24 for
obtaining electric contact, a power source 31 for applying voltage to the device, an ammeter 30 for measuring the
device current (If), an anode electrode 34 for measuring emission current (Ie) emitted from the device, a high-voltage
power source 33 for applying a voltage to the anode electrode 34, and an ammeter 32 for measuring the emission
current. The aforementioned device current means the current measured by the ammeter 30, and the emission current
means the current measured by the ammeter 32. The device current and the emission current of the electron-emitting
device are measured by connecting the power source 31 and the ammeter 30 to the electrodes 22 and 23, and placing,
above the electron-emitting device, the anode electrode 34 connected to the power source 33 and the ammeter 32
under a vacuum of 1 3 10-5 torr. From the results of the measurement as shown in Fig. 6, the ineffective current is
calculated as below:

where If' is the device current at a drive voltage Vd, and Ix is the extrapolated value at the drive voltage Vd of the
straight line through the point of the device current at the device voltage of zero and the point of the device current at
the device voltage Ve where the device begins electron emission.

Example 2

[0081] Electron-emitting devices were prepared by the procedure below.

(1) A pair of electrodes was formed on an insulating substrate in the same manner as in step (1) in Example 1.
(2) A fine particle film 24 was formed in the same manner as in step (2) in Example 1 (Fig. 11B). The resulting fine
particle film was heated in a reducing atmosphere (a mixture of hydrogen gas and nitrogen gas) at 350°C, and
then in the air at 350°C. Thereby, the fine palladium oxide particles of 70 Å in diameter grew to have a diameter
of 500 Å. As the results, the resulting fine palladium oxide film 24 was composed of particles larger in diameter
than the particles of Example 1. The sheet resistance of the fine particle film 24 was 2 3 104 Ω/cm2.
(3) The fine palladium oxide film 24 prepared in the above step (2) was subjected to the forming treatment with
the voltage wave form as shown in Fig. 13. In this Example, the pulse width T1 was 10 milliseconds, and the pulse
interval T2 was 100 milliseconds.

[0082] Two kinds of devices were prepared by changing the voltage in the forming treatment.

1) Forming voltage 6 V:

Average diameter of fine particles 6: 40 Å
Areal occupation ratio of fine particles 6: 60 %

2) Forming voltage 13 V:

Average diameter of fine particles 6: 300 Å
Areal occupation ratio of fine particles 6: 35 %

[0083] The devices were evaluated in the same manner as in Example 1. The results are shown in Table 1.

Example 3

[0084] An electron-emitting device was prepared in the same manner as in Example 2 except that the sheet resist-

ineffective current = (Ix/If') 3 100 (%)
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ance of the fine particle film 24 was 5 3 105 Ω/square and the forming voltage was 4 V. In the resulting device, the
areal occupation ratio of the fine particles 6 was 50 %, and the average particle diameter of the fine particles 6 was 5
Å. The electron-emitting device exhibited approximately the same effect as the ones in Example 2 (ineffective current
being not more than 1 %).

Example 4

[0085] Electron-emitting devices were prepared as below.

(1) On an insulating substrate 21, electrodes 22 and 23 were formed with the electrode gap G of 1 µm (Fig. 11A)
in the same manner as in Example 1.
(2) A fine particle film 24 was formed comprising fine palladium oxide particles (PdO, particle diameter: 20 to 80
Å, Fig. 11B) in the same manner as in Example 1. This fine particle film was heated in a reducing atmosphere (a
gas mixture of hydrogen and nitrogen) at about 200°C to give a fine palladium (Pd) particle film (particle diameter:
15 to 60 Å). The length of the fine particle film was 300 µm.
(3) An electron-emitting region 25 was formed by the application of a voltage between the electrode 22 and the
electrode 23 for the forming treatment of the fine particle film 24. The forming treatment was conducted with the
voltage wave form shown in Fig. 12. The pulse width T1 was 10 microseconds, and the pulse interval T2 was 500
microseconds. The forming treatment was conducted in a vacuum of about 1 3 10-6 torr.

[0086] Three kinds of devices were prepared by changing the amount of the coating of the organic palladium to
change the sheet resistance of the fine particle film 24 and by changing the forming voltage as below:

1) Sheet resistance: 1 3 105 Ω/square
Forming voltage: 3.5 V

Average gap between particles: 12 Å
Average particle diameter: 30 Å

2) Sheet resistance: 5 3 104 Ω/square
Forming voltage: 6.0 V

Average gap between particles: 20 Å
Average particle diameter: 35 Å

3) Sheet resistance: 3 3 104 Ω/square
Forming voltage: 14 V

Average gap between particles: 50 Å
Average particle diameter: 40 Å

[0087] The devices were evaluated in the same manner as in Example 1. The results are shown in Table 2.

Example 5

[0088] An electron-emitting device was prepared in the same manner as in Example 4 except that the sheet resist-
ance of the fine particle film 24 was 1 3 105 Ω/square and the forming voltage was 4 V. In the resulting device, the
average particle gap was 5 Å, and the average particle diameter was 50 Å. The electron-emitting device exhibited
approximately the same effect as the ones in Example 4 (ineffective current being not more than 3 %).

Example 6

[0089] An electron-emitting device was prepared in the same manner as in Example 4 except that the sheet resist-
ance of the fine particle film 24 was 5 3 103 Ω/square and the forming voltage was 14 V. In the resulting device, the
average particle gap was 100 Å, and the average particle diameter was 50 Å. The electron-emitting device exhibited
approximately the same effect as the ones in Example 4 (ineffective current being not more than 1 %).
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Example 7

[0090] Electron-emitting devices were prepared as below.

(1) On an insulating substrate 21, electrodes 22 and 23 were formed in the same manner as in the step (1) in
Example 4 (Fig. 11A).
(2) A fine particle film 24 of palladium (Pd) (particle diameter: 60 to 500 Å) was formed in the same manner as in
the step (2) in Example 4 except that the temperature of heating in the reducing atmosphere was 370°C (Fig. 11B).
(3) An electron-emitting region 25 as shown in Fig. 11C was formed by forming treatment. The forming treatment
was conducted with the voltage wave form shown in Fig. 13, the pulse width T1 of 50 microseconds, and the pulse
interval T2 of 500 microseconds.

[0091] Two kinds of devices were prepared by changing the amount of coating to change the sheet resistance of the
fine particle film 24, and by changing the forming voltage.

1) Sheet resistance: 5 3 104 Ω/square
Forming voltage: 4.0 V

Average gap between particles: 20 Å
Average particle diameter: 40 Å

2) Sheet resistance: 7 3 103 Ω/square
Forming voltage: 12 V

Average gap between particles: 35 Å
Average particle diameter: 300 Å

[0092] The devices were evaluated in the same manner as in Example 1. The results are shown in Table 2.

Example 8

[0093] An electron-emitting device was prepared in the same manner as in Example 7 except that the sheet resist-
ance of the fine particle film 24 was 3 3 105 Ω/square and the forming voltage was 4 V. In the resulting device, the
average particle gap was 30 Å, and the average particle diameter was 5 Å. The electron-emitting device exhibited
approximately the same effect as the ones in Example 7 (ineffective current being not more than 1.0 %).

Example 9

[0094] Electron-emitting devices were prepared as below. The procedures explained by reference to Fig. 14.
[0095] The steps of Figs. 14A to 14C were practiced in the same manner as in the steps (1) to (3) in Example 1
except that the forming treatment was conducted with the voltage wave form as shown in Fig. 12 at the forming voltage
of 8 V, the pulse width of T1 of 1 millisecond, and the pulse interval T2 of 10 milliseconds.

(4) As shown in Fig. 14D, organic palladium (CCP-4260, made by Okuno Seiyaku K.K.) was applied at a desired
position by dipping. The applied matter was heat treated at 320°C to form a fine particle film 24-b composed of
fine particle of palladium oxide (PdO) on the electron-emitting region 25-a.
(5) Then as shown in Fig. 14E, the electron-emitting region 25-b was formed by a forming treatment conducted in
the same manner as before. In this treatment, the electron-emitting region 25-b was formed nearly at the same
position as the initially formed electron-emitting region 25-a. Repetition of the steps of (4) and (5) of this Example
enables the control of the gaps of fine palladium particles 6. Thereby, three kinds of devices were prepared as below.

1) The steps (4) and (5) were conducted three times:

Average gap of fine particles 12 Å
Average diameter of fine particles 35 Å
Areal occupation ratio of fine particles 65 %
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[0096] The devices were evaluated in the same manner as in Example 1. The results are shown in Table 3.

Example 10

[0097] An electron-emitting device was prepared in the same manner as in Example 9 except that the steps (4) and
(5) were conducted four times. In the resulting electron-emitting device, the areal occupation ratio of the fine particles
in the electron-emitting region was 75 %, the average particle diameter of the fine particles was 35 Å, and the average
gap of the fine particles was 5 Å. The device was evaluated in the same manner as in Example 9. The effect was nearly
the same as that of Example 9 (ineffective current: not more than 2.0 %).

Example 11

[0098] An electron-emitting device was prepared in the same manner as in Example 9 except that in the step (4) the
forming voltage was 12 V. In the resulting electron-emitting device, the areal occupation ratio of the fine particles in
the electron-emitting region was 20 %, the average particle diameter of the fine particles was 25 Å, and the average
gap of the fine particles was 100 Å. The device was evaluated in the same manner as in Example 9. The effect was
nearly the same as that of Example 9 (ineffective current: not more than 0.2 %).

Example 12

[0099] An electron-emitting device was prepared in the same manner as in Example 9 except that in the step (4) the
forming voltage was 12 V, and the steps (4) and (5) were conducted twice. In the resulting electron-emitting device,
the areal occupation ratio of the fine particles in the electron-emitting region was 50 %, the average particle diameter
of the fine particles was 300 Å, and the average gap of the fine particles was 30 Å.
[0100] The device was evaluated in the same manner as in Example 9. The effect was nearly the same as that of
Example 9 (ineffective current: not more than 1.0 %).

Example 13

[0101] Electron-emitting devices were prepared as below. The procedures explained by reference to Fig. 15.

(1) and (2) The steps of Figs. 15A and 15B were practiced in the same manner as in the steps (1) and (2) in
Example 1.
(3) A part of the fine palladium oxide particle film 24 is irradiated with an electron beam to reduce the palladium
oxide to form a fine particle film 26 composed of fine palladium particles (particle diameter: 15 to 60 Å) (Fig. 15C).
The electron beam irradiation was practiced under the conditions of an electric current of 30 nA, an accelerating
voltage of 30 kV, and a vacuum of 1 3 10-6 torr. The fine palladium particle film 26 was formed in a width of 1000
Å around the center of the fine palladium oxide film 24.
(4) Then, as shown in Fig. 15D, the electron-emitting region 25 was formed by a forming treatment. The forming
treatment was practiced by applying a voltage between the electrode 22 and the electrode 23 in the voltage wave
form shown in Fig. 12 in the pulse width T1 of 70 microseconds, and the pulse interval T2 of 500 microseconds.
Three kinds of devices were prepared by changing the forming voltage as below.

2) The steps (4) and (5) were conducted twice:

Average gap of fine particles 20 Å
Average diameter of fine particles 30 Å
Areal occupation ratio of fine particles 50 %

3) The steps (4) and (5) were conducted once:

Average gap of fine particles 50 Å
Average diameter of fine particles 25 Å
Areal occupation ratio of fine particles 30 %
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[0102] The devices were evaluated in the same manner as in Example 1. The results are shown in Table 3.

Example 14

[0103] An electron ray-generating apparatus was prepared by arranging in a line a plurality of the electron-emitting
devices prepared in Examples 1 - 13 as shown in Fig. 17. The apparatus comprises an insulating substrate (a rear
plate) 41, wiring electrodes 42 and 43, low-resistance portions 44 having low electric resistance, electron-emitting
regions 45, modulation means (grid electrodes) G1 to GL (46), and electron-passing holes 47. The spacing between
the insulating substrate 41 and the modulation means 46 was adjusted to 10 µm. The electron beam-generating ap-
paratus was driven as described below. The apparatus was placed in the vacuum of 10-6 torr. A driving voltage (device
voltage in Examples 1 - 13) was applied between the wiring electrodes. Then, a voltage of 30 V was applied to the
modulation means in accordance with information signals. Thereby, electron beams were emitted from the plurality of
the regions 45 in accordance with the information signals.
[0104] The electron beam-generating apparatus of this Example consumed less electric power because the ineffec-
tive current in the device current was extremely low (2 % or less). Therefore, the electron-emitting devices could be
arranged in fine pitch in the apparatus. Further, since the current flowing through the electrodes 42 and 43 was weak,
the voltage drop between the electrodes 42 and 43 was small, and the quantities of the electron beams (or emission
current) emitted from the elements were uniform. Therefore, many elements could be arranged between the electrodes
42 and 43.
[0105] From among the above electron-emitting devices in this Example, more effective were those of Example 1
(1) and (2), Example 2 (1), Example 3, Example 4 (1), (2), and (3), Example 5, Example 7 (1), Example 8, and in
particular, Example 9 (1), (2), and (3), and Example 12 (1), (2), and (3) in that the driving voltage of the electron-emitting
device was low, the emission current was strong, and variation of the emission current between the devices was small.

Example 15

[0106] An electron beam-generating apparatus was prepared by arranging in lines a plurality of linear electron-emit-
ting device groups comprising the electron-emitting devices of Examples 1 - 13, as shown in Fig. 18. The spacing
between the insulating substrate 41 and the modulation means 46 was adjusted to 10 µm, and the interval between
the linear electron-emitting device groups was adjusted to 1 mm. The electron beam-generating apparatus was driven
as described below. The apparatus was placed in the vacuum of 10-6 torr. The driving voltage (device voltage in Ex-
amples 1 - 13) was applied between the wiring electrodes 42 and 43. Then, a voltage was applied to the modulation
means 46 in accordance with information signals: the electron beam being controlled to be off at 0 V or lower, being
controlled to be on at +30 V or higher, and to vary continuously between 30 V and 0 V. Consequently, electron beams
were emitted from a plurality of electron-emitting region 45 in a line between the wiring electrodes 42 and 43 in ac-
cordance with the one line of information. This operation was conducted sequentially for adjacent lines of the linear
electron-emitting device group to obtain electron emission for the entire information signals.

1) Forming voltage: 3.5 V:

Average gap of fine particles 12 Å
Average diameter of fine particles 25 Å
Areal occupation ratio of fine particles 65 %

2) Forming voltage: 6.0 V:

Average gap of fine particles 20 Å
Average diameter of fine particles 28 Å
Areal occupation ratio of fine particles 50 %

3) Forming voltage: 14 V:

Average gap of fine particles 50 Å
Average diameter of fine particles 35 Å
Areal occupation ratio of fine particles 35 %



EP 0 536 732 B1

14

5

10

15

20

25

30

35

40

45

50

55

[0107] In this Example also, the similar effects as in Example 14 were confirmed.

Example 16

[0108] An electron beam-generating apparatus was prepared in the same manner as in Example 15 except that the
modulation means (grid electrodes) 46 were placed on the face of the insulating substrate 41. The emission of electron
beams could be made in accordance with information signals by driving the apparatus in a similar manner as in Example
15. In the apparatus of this Example, the electron beams could be controlled by the voltage applied to the modulation
means: to be off at -30 V or lower, to be on at +20 V or higher, and to vary continuously between -30 V and +20 V.
[0109] In this Example also, the similar effects as in Example 14 were confirmed.

Example 17

[0110] An electron beam-generating apparatus was prepared in the same manner as in Example 15 except that the
modulation means (grid electrodes) 46 were placed on the face of the insulating substrate opposite to the electron-
emitting face of the linear electron-emitting device groups. The emission of electron could be made in accordance with
information signals by driving the apparatus in a similar manner as in Example 15. In the apparatus of this Example,
the electron beams could be controlled by the voltage applied to the modulation means: to be off at -30 V or lower, to
be on at +20 V or higher, and to vary continuously between -30 V and +20 V.
[0111] In this Example also, the similar effects as in Example 14 were confirmed.

Example 18

[0112] The electron beam-generating apparatus of this Example has the construction shown schematically in Fig.
21. In this apparatus having a simple matrix construction, a plurality of electron-emitting devices of any of Examples
1 to 13 are arranged in matrix, and each device is connected to a signal wiring electrode 50 and a scanning wiring
electrode 51.
[0113] The apparatus was driven as described below. The device voltage indicated in Examples 1 to 13 was applied
to each of the electron-emitting devices to cause electron emission from the electron-emitting devices. Firstly, pulsing
voltage of 0 V or half the device voltage was applied by the scanning wiring electrode 51 to one line of a plurality of
the electron-emitting devices. Then another pulsing voltage of 0 V or half the device voltage was applied to the signal
wiring electrode 50 in correspondence with information signals to obtain the electron beam emission in correspondence
with the information signals for the one line. Such operation was conducted sequentially for adjacent lines to obtain
electron beam emission for one picture image.
[0114] In this Example also, the similar effects as in Example 14 were confirmed.

Example 19

[0115] An image-forming apparatus as shown in Fig. 22 was prepared by use of the electron beam-generating ap-
paratus of Example 15. In Fig. 22, the numeral 58 denotes a face plate; 57, a glass plate; 55, a transparent electrode;
and 56, a fluorescent material. The spacing between the face plate 58 and the rear plate 52 was adjusted to be 3 mm.
[0116] The image-forming apparatus was driven in a manner shown below. The panel vessel constructed from the
face plate 58 and the rear plate 52 was evacuated to a vacuum of 10-6 torr; the voltage of the fluorescent material face
was set through the EV terminal 59 at 5 KV to 10 KV; and pulsing voltage (namely the device voltage indicated in
Example 1 to 13) was applied to a pair of wiring electrodes 42 and 43. Then voltage was applied to the modulation
means through the wiring 54 to control the electron beam emission to be on or off in accordance with information
signals: the electron beam being controlled to be off at -30 V or lower, being controlled to be on at 0 V or higher, and
to vary continuously between -30 V and 0 V, thus gradation display being practicable.
[0117] The electron beams were emitted through the modulation means in accordance with the information signals
collided against the fluorescent material 56 to display one line of information of the information signal. This operation
was sequentially conducted to obtain a display of entire picture. The image displayed by the image-forming apparatus
of this Example exhibited low irregularity in luminance, and gave a sharp image with high contrast. The image-forming
apparatus having a well-known constitution of a cathode beam tube gave a sharp color image with high contrast with
less irregularity of luminance by use of a face plate employing color fluorescent materials of R (red), G (green), and B
(blue).
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Example 20

[0118] An image-forming apparatus as shown in Fig. 23 was prepared by use of the electron beam-generating ap-
paratus of Example 16. The apparatus was driven to display a luminescent image of the fluorescent material in the
same manner as in Example 19, except that the voltage applied to the modulation means was - 40 V or lower to control
the electron beam to be off and +10 V or higher to control the electron beam to be on. In the voltage range between
-40 V to +10 V, the quantity of the electron of the electron beam varies continuously, thereby gradation of display being
practicable.
[0119] In this Example also, the same effects as in Example 19 were confirmed.

Example 21

[0120] An image-forming apparatus as shown in Fig. 24 was prepared by use of the electron beam-generating ap-
paratus of Example 17. The apparatus was driven to display a luminescent image of the fluorescent material in the
same manner as in Example 19, except that the voltage applied to the modulation means was -40 V or lower to control
the electron beam to be off and +10 V or higher to control the electron beam to be on. In the voltage range between
-40 V to +10 V, the quantity of the electron of the electron beam varies continuously, thereby gradation of display being
practicable.
[0121] In this Example also, the same effects as in Example 19 were confirmed.

Example 22

[0122] An image-forming apparatus shown in Fig. 25 which is similar to the one of Example 19 was prepared by use
of the electron beam-generating apparatus of Example 18. In Fig. 25, the numerals 51 and 52 respectively denote a
wiring connected to the scanning wiring electrode and a wiring connected to the signal wiring electrode.
[0123] The image-forming apparatus was driven in a manner shown below. The panel vessel constructed from the
face plate 58 and the rear plate 52 was evacuated to a vacuum of 10-6 torr; the voltage of the fluorescent material face
was set through the EV terminal 59 at 5 KV to 10 KV. Electron beams were emitted from the electron-emitting devices
on application of the device voltage indicated in Examples 1 to 13 to the electron-emitting devices. Firstly, pulsing
voltage of 0 V or half the device voltage was applied by the scanning wiring electrode 51 to one line of a plurality of
the electron-emitting devices. Then another pulsing voltage of 0 V or half the device voltage was applied to the signal
wiring electrode 50 in correspondence with information signals to project the electron beam to the fluorescent material
56 in correspondence with the information signals for the one line. Such operation was conducted sequentially for
adjacent lines to obtain display of one picture image.
[0124] In this Example also, the similar effects as in Example 14 were confirmed.

Example 23

[0125] An image-forming apparatus shown in Fig. 28 was prepared by providing an atmospheric pressure-supporting
member 95 additionally in the image-forming apparatus of Example 22. In this Example, the apparatus was driven in
the same manner as in Example 22, and nearly the same results were obtained, Furthermore, the face plate and the
rear plate could be made thinner, whereby the weight of the image-forming apparatus could be reduced, and the picture
screen could be enlarged.

Table 1

Electron-
emitting
device

Device
voltage V

Device
current mA

Emission
current µA

Ineffective
current %

Voltage
application

length Å

Electric field
strength 107

V/cm

Example 1
(1)

16 2.2 2.0 2.0 50 3.2

Example 1
(2)

18 1.5 1.2 0.8 100 1.8

Example 1
(3)

30 0.18 0.2 0.6 300 1.0
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Claims

1. An electron-emitting device having an electron-emitting region (5; 15) between electrodes (2, 3; 12, 13) on a sub-
strate (1), said electron-emitting region containing fine particles (6; 16) dispersed therein at an areal occupation
ratio of said fine particles (6; 16) ranging from 20 % to 75 % of said electron-emitting region (5; 15).

Table 1 (continued)

Electron-
emitting
device

Device
voltage V

Device
current mA

Emission
current µA

Ineffective
current %

Voltage
application

length Å

Electric field
strength 107

V/cm

Example 2
(1)

18 1.3 1.3 0.7 100 1.8

Example 2
(2)

18 0.8 0.8 0.7 100 1.8

Table 2

Electron-
emitting
device

Device
voltage V

Device
current mA

Emission
current µA

Ineffective
current %

Voltage
application

length Å

Electric field
strength 107

V/cm

Example 4
(1)

13 3.0 1.5 1.2 30 4.3

Example 4
(2)

14.5 2.0 1.5 0.7 40 3.6

Example 4
(3)

16 0.1 0.2 0.3 120 1.3

Example 7
(1)

14.5 2.0 1.6 0.7 40 3.6

Example 7
(2)

14.5 0.8 0.6 0.7 40 3.6

Table 3

Electron-
emitting
device

Device
voltage V

Device
current mA

Emission
current µA

Ineffective
current %

Voltage
application

length Å

Electric field
strength 107

V/cm

Example 9
(1)

13.5 3.5 2.8 1.0 30 4.3

Example 9
(2)

14 2.5 2.5 0.5 40 3.6

Example 9
(3)

16 0.3 0.5 0.3 120 1.3

Example 13
(1)

13.5 3.5 3.0 0.9 30 4.3

Example 13
(2)

14 2.5 2.7 0.4 40 3.6

Example 13
(3)

16 0.3 0.6 0.2 120 1.3
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2. An electron-emitting device according to claim 1, wherein the areal occupation ratio is from 35 to 60 %.

3. An electron-emitting device according to claim 1, wherein the average diameter (t) of said fine particles (6; 16) is
from 0.5 to 30 nm.

4. An electron-emitting device according to claim 1, wherein ineffective current flowing in the device is not more than
2 %.

5. An electron-beam-generating apparatus, comprising a plurality of electron-emitting devices and a modulation
means (46) for modulating the electron beams emitted from the electron-emitting devices in accordance with in-
formation signals, said electron-emitting device having an electron-emitting region (45) between electrodes (42,
43) on a substrate (41), and said electron-emitting region (45) containing fine particles (6; 16) dispersed therein
at an areal occupation ratio of said fine particles (6; 16) ranging from 20 % to 75 % of the electron-emitting region.

6. An electron beam-generating apparatus according to claim 5, wherein the areal occupation ratio is from 35 to 60 %.

7. An electron beam-generating apparatus according to claim 5, wherein the average diameter (t) of the fine particles
is from 0.5 to 30 nm.

8. An electron beam-generating apparatus according to claim 5, wherein ineffective current flowing in the device is
not more than 2 %.

9. An electron beam-generating apparatus according to claim 5, wherein said modulation means (46) has a modu-
lation electrode (G1 to GL), and said modulation electrode (G1 to GL) is arranged on the same face of said substrate
(41).

10. An electron beam-generating apparatus according to claim 5, wherein said modulation means (46) has a modu-
lation electrode (G1 to GL), and said modulation electrode (G1 to GL) is laminated on the electron-emitting device
with interposition of an insulating layer.

11. An electron beam-generating apparatus according to claim 5, wherein the modulation means has scanning elec-
trodes (51) and information signal electrodes (50) which are arranged in an XY matrix and are connected to said
electron-emitting regions (45) of the electron-emitting devices.

12. An image-forming apparatus, comprising a plurality of electron-emitting devices having an electron-emitting region
(45) between electrodes (42, 43) on a substrate (41), and said electron-emitting region (45) containing fine particles
(6; 16) dispersed therein at an areal occupation ratio of said fine particles (6; 16) ranging from 20 % to 75 % of
said electron-emitting region (45); a modulation means (46) for modulating the electron beams emitted from said
electron-emitting devices in accordance with information signals; and an image-forming member (58) for forming
an image on irradiation of electron beams.

13. An image-forming apparatus according to claim 12, wherein the areal occupation ratio is from 35 to 60 %.

14. An image-forming apparatus according to claim 12, wherein the average diameter (t) of the fine particles (6; 16)
is from 0.5 to 30 nm.

15. An image-forming apparatus according to claim 12, wherein ineffective current flowing in the device is not more
than 2 %.

16. An image-forming apparatus according to claim 12, wherein said modulation means (46) has a modulation elec-
trode (G1 to GL), and said modulation electrode (G1 to GL) is arranged on the same face of said substrate (41).

17. An image-forming apparatus according to claim 12, wherein said modulation means (46) has a modulation elec-
trode (G1 to GL), and said modulation electrode (G1 to GL) is laminated on the electron-emitting device with inter-
position of an insulating layer.

18. An image-forming apparatus according to claim 12, wherein said modulation means (46) has scanning electrodes
(51) and information signal electrodes (50) which are arranged in an XY matrix and are connected to the electron-
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emitting regions (45) of the electron-emitting devices.

19. An image-forming apparatus according to claim 12, wherein said image-forming member is made of a luminescent
material (56) which emits light on irradiation of electron beams.

20. An image-forming apparatus according to claim 19, wherein the luminescent material (56) comprises three primary
colors (R, G, B) of luminescent materials.

21. An image-forming apparatus according to claim 12, wherein said image-forming member is made of a luminescent
material (56) which emits light on irradiation of electron beams, and a recording medium (64) is further provided
which records an image on irradiation of light from said luminescent material (56).

22. An image-forming apparatus according to claim 12, wherein said image-forming member is made of a luminescent
material (56) which emits light on irradiation of electron beams, and said image-forming member further comprises
a supporting means (65, 63) for supporting a recording medium (64) which records an image on irradiation of light
from said luminescent material (56).

23. An image-forming apparatus according to claim 12, further comprising an envelope (52, 58, 96) and a supporting
member (95) for supporting said envelope (52, 58, 96) wherein the electron-emitting device (42 to 45), the mod-
ulation means (46), the image-forming member (58) and the supporting member (95) are arranged in said envelope
(52, 58, 96).

24. An electron-emitting device having an electron-emitting region (5) between electrodes (2, 3) on a substrate (1),
said electron-emitting region (5) containing fine particles (6) being arranged at gaps (s) of from 0.5 nm to 10 nm
and having an average particle diameter (t) of from 0.5 nm to 100 nm.

25. An electron-emitting device according to claim 24, wherein said gaps (s) between said fine particles (6) are from
0.5 to 5 nm.

26. An electron-emitting device according to claim 24, wherein said average diameter (t) of said fine particles (6) is
from 0.5 to 30 nm.

27. An electron-emitting device according to claim 24, wherein ineffective current flowing in the device is not more
than 2 %.

28. An electron beam-generating apparatus, comprising a plurality of electron-emitting devices and a modulation
means (46) for modulating the electron beams emitted from the electron-emitting devices in accordance with in-
formation signals, said electron-emitting device having an electron-emitting region (45) between electrodes (42,
43) on a substrate (41), and said electron-emitting region (45) containing fine particles (6; 16) dispersed therein
at gaps (s) of from 0.5 to 10 nm and said fine particles (6; 16) having an average particle diameter (t) of from 0.5
to 100 nm.

29. An electron beam-generating apparatus according to claim 28, wherein said gaps (s) between the particles (6; 16)
are from 0.5 to 5 nm.

30. An electron beam-generating apparatus according to claim 28, wherein the average diameter (t) of the fine particles
(6; 16) is from 0.5 to 30 nm.

31. An electron beam-generating apparatus according to claim 28, wherein ineffective current flowing in the device is
not more than 2 %.

32. An electron beam-generating apparatus according to claim 28, wherein said modulation means (46) has a mod-
ulation electrode (G1 to GL), and said modulation electrode (G1 to GL) is arranged on the same face of said substrate
(41).

33. An electron beam-generating apparatus according to claim 28, wherein said modulation means (46) has a mod-
ulation electrode (G1 to GL), and said modulation electrode (G1 to GL) is laminated on the electron-emitting device
with interposition of an insulating layer.
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34. An electron beam-generating apparatus according to claim 28, wherein the modulation means (46) has scanning
electrodes (51) and information signal electrodes (50) which are arranged in an XY matrix and are connected to
said electron-emitting regions (45) of the electron-emitting devices.

35. An image-forming apparatus, comprising a plurality of electron-emitting devices, a modulation means (46) for
modulating the electron beams emitted from the electron-emitting devices in accordance with information signals,
and an image-forming member (58) for forming an image on irradiation of electron beams; said electron-emitting
device having an electron-emitting region (45) between electrodes on a substrate (41), said electron-emitting region
(45) containing fine particles (6; 16) dispersed therein at gaps (s) of from 0.5 to 10 nm, and the fine particle (6; 16)
having an average particles diameter (t) of from 0.5 to 100 nm.

36. An image-forming apparatus according to claim 35, wherein said gaps (s) between the particles (6; 16) are from
0.5 to 5 nm.

37. An image-forming apparatus according to claim 35, wherein said average diameter (t) of the fine particles is from
0.5 to 30 nm.

38. An image-forming apparatus according to claim 35, wherein ineffective current flowing in the device is not more
than 2 %.

39. An image-forming apparatus according to claim 35, wherein said modulation means (46) has a modulation elec-
trode (G1 to GL), and said modulation electrode (G1 to GL) is arranged on the same face of said substrate (41).

40. An image-forming apparatus according to claim 35, wherein said modulation means (46) has a modulation elec-
trode (G1 to GL) , and said modulation electrode (G1 to GL) is laminated on the electron-emitting device with inter-
position of an insulating layer.

41. An image-forming apparatus according to claim 35, wherein said modulation means (46) has scanning electrodes
(51) and information signal electrodes (50) which are arranged in an XY matrix and are connected to said electron-
emitting regions (45) of the electron-emitting devices.

42. An image-forming apparatus according to claim 35, wherein said image-forming member (58) is made of a lumi-
nescent material (56) which emits light on irradiation of an electron beams.

43. An image-forming apparatus according to claim 42, wherein the luminescent material (56) comprises three primary
colors (R, G, B) of luminescent materials.

44. An image-forming apparatus according to claim 35, wherein said image-forming member (58) is made of a lumi-
nescent material which emits light on irradiation of an electron beams, and a recording medium (64) is further
provided which records an image on irradiation of light from the luminescent material.

45. An image-forming apparatus according to claim 35, wherein the image-forming member (58) is made of a lumi-
nescent material (56) which emits light on irradiation of an electron beams, and said image-forming member (58)
further comprises a supporting means (65, 63) for supporting a recording medium (64) which records an image
on irradiation of light from the luminescent material.

46. An image-forming apparatus according to claim 35, further comprising an envelope (52, 58, 96) and a supporting
member (95) for supporting said envelope (52, 58, 96) wherein the electron-emitting device (42 to 45), the mod-
ulation means (46), the image-forming member (58) and the supporting member (95) are arranged in said envelope
(52, 58, 96).

47. An electron-emitting device having an electron-emitting region (45) between electrodes (42, 43) on a substrate
(41), said electron-emitting region (45) containing fine particles (6; 16) dispersed therein at an areal occupation
ratio of the fine particles (6; 16) ranging from 20 % to 75 %, and said fine particles (6; 16) being arranged at gaps
(s) of from 0.5 to 10 nm and having an average particle diameter (t) of from 0.5 to 100 nm.

48. An electron-emitting device according to claim 47, wherein the areal occupation ratio is from 35 to 60 %.
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49. An electron-emitting device according to claim 47, wherein said gaps (s) between said fine particles (6; 16) are
from 0.5 to 5 nm.

50. An electron-emitting device according to claim 47, wherein said average diameter (t) of said fine particles (6; 16)
is from 0.5 to 30 nm.

51. An electron-emitting device according to claim 47, wherein ineffective current flowing in the device is not more
than 2 %.

52. An electron beams-generating apparatus, comprising a plurality of electron-emitting devices and a modulation
means (46) for modulating the electron beams emitted from the electron-emitting devices (42 to 45) in accordance
with information signals, the electron-emitting device having an electron-emitting region (45) between electrodes
(42, 43) on a substrate (41), said electron-emitting region (45) containing fine particles (6; 16) dispersed therein
at an areal occupation ratio of the fine particles (6; 16) ranging from 20 % to 75 % of the electron-emitting region
(45), gaps (s) between said particles (6; 16) being from 0.5 to 10 nm, and said fine particles (6; 16) having an
average diameter (t) of from 0.5 to 100 nm.

53. An electron beams-generating apparatus according to claim 52, wherein the areal occupation ratio is from 35 to
60 %.

54. An electron beam-generating apparatus according to claim 52, wherein said gaps (s) between the particles (6; 16)
are from 0.5 to 5 nm.

55. An electron beam-generating apparatus according to claim 52, wherein said average diameter (t) of the fine par-
ticles (6; 16) is from 0.5 to 30 nm.

56. An electron beam-generating apparatus according to claim 52, wherein ineffective current flowing in the device is
not more than 2 %.

57. An electron beam-generating apparatus according to claim 52, wherein said modulation means (46) has a mod-
ulation electrode (G1 to GL), and said modulation electrode (G1 to GL) is arranged on the same face of said substrate
(41).

58. An electron beam-generating apparatus according to claim 52, wherein said modulation means (46) has a mod-
ulation electrode (G1 to GL), and said modulation electrode (G1 to GL) is laminated on the electron-emitting device
with interposition of an insulating layer.

59. An electron beam-generating apparatus according to claim 52, wherein said modulation means (46) has scanning
electrodes (51) and information signal electrodes (50) which are arranged in an XY matrix and are connected to
the electron-emitting regions (45) of the electron-emitting devices.

60. An image-forming apparatus, comprising a plurality of electron-emitting devices (42 to 45), a modulation means
(46) for modulating the electron beams emitted from the electron-emitting devices in accordance with information
signals, and an image-forming member (58) for forming an image on irradiation of an electron beams; said electron-
emitting device having an electron-emitting region (45) between electrodes (42, 43) on a substrate (41), said elec-
tron-emitting region (45) containing fine particles (6; 16) dispersed therein at an areal occupation ratio of the fine
particles (6; 16) ranging from 20 % to 75 % of the electron-emitting region (45), gaps (s) between the particles (6;
16) being from 0.5 to 10 nm, and said fine particles (6; 16) having an average diameter (t) of from 0.5 to 100 nm.

61. An image-forming apparatus according to claim 60, wherein said areal occupation ratio is from 35 to 60 %.

62. An image-forming apparatus according to claim 60, wherein said gaps (s) between said particles (6; 16) are from
0.5 to 5 nm.

63. An image-forming apparatus according to claim 60, wherein said average diameter (t) of the fine particles (6; 16)
is from 0.5 to 30 nm.

64. An image-forming apparatus according to claim 60, wherein ineffective current flowing in the device is not more
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than 2 %.

65. An image-forming apparatus according to claim 60, wherein said modulation means (46) has a modulation elec-
trode (G1 to GL), and said modulation electrode (G1 to GL) is arranged on the same face of said substrate (41).

66. An image-forming apparatus according to claim 60, wherein said modulation means (46) has a modulation elec-
trode (G1 to GL), and said modulation electrode (G1 to GL) is laminated on the electron-emitting device with inter-
position of an insulating layer.

67. An image-forming apparatus according to claim 60, wherein said modulation means (46) has scanning electrodes
(51) and information signal electrodes (50) which are arranged in an XY matrix and are connected to the electron-
emitting regions (45) of the electron-emitting devices.

68. An image-forming apparatus according to claim 60, wherein said image-forming member (58) is made of a lumi-
nescent material (56) which emits light on irradiation of an electron beams.

69. An image-forming apparatus according to claim 68, wherein said luminescent material (56) comprises three primary
colors (R, G, B) of luminescent materials.

70. An image-forming apparatus according to claim 60, wherein said image-forming member (58) is made of a lumi-
nescent material which emits light on irradiation of an electron beams, and a recording medium (64) is further
provided which records an image on irradiation of light from the luminescent material.

71. An image-forming apparatus according to claim 60, wherein said image-forming member (58) is made of a lumi-
nescent material (56) which emits light on irradiation of an electron beams, and the image-forming member (58)
further comprises a supporting means (63, 65) for supporting a recording medium (64) which records an image
on irradiation of light from the luminescent material.

72. An image-forming apparatus according to Claim 60, further comprising an envelope (52, 58, 96) and a supporting
member (95) for supporting said envelope (52, 58, 96), wherein the electron-emitting device (42 to 45), the mod-
ulation means (46), the image-forming member (58) and the supporting member (95) are arranged in said envelope
(52, 58, 96).

73. An electron-emitting device according to one of the preceding claims, wherein said electron-emitting region (5; 15)
is located at a portion of a conductive film (4; 14) located between said electrodes (2, 3; 12, 13).

74. An electron-emitting device according to claim 73, wherein said conductive film (4; 14) is comprised of fine particles.

Patentansprüche

1. Elektronenemittierende Vorrichtung mit einer elektronenemittierenden Zone (5; 15) zwischen Elektroden (2, 3; 12,
13) auf einem Substrat (1), wobei die elektronenemittierende Zone feine Partikel (6; 16) enthält, die in dieser mit
einem Flächenbelegungsverhältnis der feinen Partikel (6; 16) im Bereich von 20 % und 75 % der elektronenemit-
tierenden Zone (5; 15) verteilt sind.

2. Elektronenemittierende Vorrichtung nach Anspruch 1, bei der das Flächenbelegungsverhältnis 35 % bis 60 %
beträgt.

3. Elektronenemittierende Vorrichtung nach Anspruch 1, bei der der mittlere Durchmesser (t) der feinen Partikel (6;
16) zwischen 0,5 und 30 nm liegt.

4. Elektronenemittierende Vorrichtung nach Anspruch 1, bei der der in der Vorrichtung fließende unwirksame Strom
geringer als 2 % ist.

5. Elektronenstrahl-Erzeugungsgerät, mit einer Vielzahl von elektronenemittierenden Vorrichtungen und einem Mo-
dulationsmittel (46) zum Modulieren der aus den elektronenemittierenden Vorrichtungen gemäß Informationssi-
gnalen emittierten Elektronenstrahlen, wobei die elektronenemittierenden Vorrichtung mit einer elektronenemittie-
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renden Zone (45) zwischen Elektroden (42, 43) auf einem Substrat (41) vorgesehen sind, und die elektronenemit-
tierende Zone (45) feine Partikel (6; 16) erhält, die in dieser mit einem Flächenbelegungsverhältnis der feinen
Partikel (6; 16) im Bereich zwischen 20 % und 75 % auf der elektronenemittierenden Zone verteilt sind.

6. Elektronenstrahl-Erzeugungsgerät nach Anspruch 5, bei dem das Flächenbelegungsverhältnis zwischen 35 %
und 60 % liegt.

7. Elektronenstrahl-Erzeugungsgerät nach Anspruch 5, bei dem der mittlere Durchmesser (t) der feinen Artikel zwi-
schen 0,5 und 30 nm liegt.

8. Elektronenstrahl-Erzeugungsgerät nach Anspruch 5, bei der der in der Vorrichtung fließende unwirksame Strom
nicht mehr als 2 % beträgt.

9. Elektronenstrahl-Erzeugungsgerät nach Anspruch 5, bei dem das Modulationsmittel (46) eine Modulationselek-
trode (G1 bis GL) enthält und bei dem die Modulationselektrode (G1 bis GL) auf derselben Oberfläche des Substrats
(41) angeordnet ist.

10. Elektronenstrahl-Erzeugungsgerät nach Anspruch 5, bei dem das Modulationsmittel (46) über eine Modulations-
elektrode (G1 bis GL) verfügt, die auf die elektronenemittierende Vorrichtung unter Zwischenschaltung einer Iso-
lationsschicht geschichtet ist.

11. Elektronenstrahl-Erzeugungsgerät nach Anspruch 5, bei dem das Modulationsmittel über Abtastelektroden (51)
und Informationssignalelektroden (50) verfügt, die in einer XY-Matrix angeordnet und mit den elektronenemittie-
renden Zonen (45) der elektronenemittierenden Vorrichtungen verbunden sind.

12. Bilderzeugungsgerät mit einer Vielzahl von elektronenemittierenden Vorrichtungen mit einer elektronenemittieren-
den Zone (45) zwischen Elektroden (42, 43) auf einem Substrat (41), wobei die elektronenemittierende Zone (45)
feine Partikel (6; 16) enthält, die in dieser mit einem Flächenbelegungsverhältnis der feinen Partikel (6; 16) im
Bereich zwischen 20 und 75 % der elektronenemittierenden Zone (45) verteilt sind; mit einem Modulationsmittel
(46) zum Modulieren der von den elektronenemittierenden Vorrichtungen emittierten Elektronenstrahlen gemäß
Informationssignalen; und mit einem Bilderzeugungsglied (58) zum Erzeugen eines Bildes nach Bestrahlung mit
Elektronenstrahlen.

13. Bilderzeugungsgerät nach Anspruch 12, bei dem das Flächenbelegungsverhältnis zwischen 35 % und 60 % liegt.

14. Bilderzeugungsgerät nach Anspruch 12, bei dem der mittlere Durchmesser (t) der feinen Partikel (6; 16) zwischen
0,5 nm und 30 nm liegt.

15. Bilderzeugungsgerät nach Anspruch 12, bei dem in der Vorrichtung ein unwirksamer Strom fließt, der nicht mehr
als 2 % beträgt.

16. Bilderzeugungsgerät nach Anspruch 12, bei dem das Modulationsmittel (46) über eine Modulationselektrode (G1
bis GL) verfügt, die (G1 bis GL) auf derselben Oberfläche des Substrats (41) angeordnet ist.

17. Bilderzeugungsgerät nach Anspruch 12, bei dem das Modulationsmittel (46) über eine Modulationselektrode (G1
bis GL) verfügt, die (G1 bis GL) unter Zwischenschaltung einer Isolationsschicht auf die elektronenemittierende
Vorrichtung geschichtet ist.

18. Bilderzeugungsgerät nach Anspruch 12, bei dem das Modulationsmittel (46) Abtastelektroden (51) und Informa-
tionssignalelektroden (50) enthält, die zu einer XY-Matrix geschaltet und mit den elektronenemittierenden Zonen
(45) der elektronenemittierenden Vorrichtungen verbunden sind.

19. Bilderzeugungsgerät nach Anspruch 12, bei dem das Bilderzeugungsglied aus einem Lumineszenzmaterial (56)
besteht, das nach Bestrahlung mit Elektronenstrahlen Licht emittiert.

20. Bilderzeugungsgerät nach Anspruch 19, bei dem das Lumineszenzmaterial (56) aus Lumineszenzmaterialien drei-
er Primärfarben (R, G, B) besteht.
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21. Bilderzeugungsgerät nach Anspruch 12, bei dem das Bilderzeugungsglied aus einem Lumineszenzmaterial (56)
besteht, das nach Bestrahlung mit Elektronenstrahlen Licht emittiert, und bei dem des weiteren ein Aufzeichnungs-
träger (64) vorgesehen ist, der nach Bestrahlung mit Licht ein Bild aus dem Lumineszenzmaterial (56) aufzeichnet.

22. Bilderzeugungsgerät nach Anspruch 12, dessen Bilderzeugungsglied aus einem Lumineszenzmaterial (56) be-
steht, das nach Bestrahlung mit Elektronenstrahlen Licht emittiert, und dessen Bilderzeugungsglied des weiteren
ein Stützmittel (65, 63) zum Stützen eines Aufzeichnungsträgers (64) enthält, der nach Bestrahlung mit Licht aus
dem Lumineszenzmaterial (56) ein Bild aufzeichnet.

23. Bilderzeugungsgerät nach Anspruch 12, das des weiteren aus einer Hülle (52, 58, 96) und einem Stützglied (95)
zum Stützen der Hülle (52, 58, 96) besteht, wobei die elektronenemittierende Vorrichtung (42 bis 45), das Modu-
lationsmittel (46), das Bilderzeugungsglied (58) und das Stützglied (95) in der Hülle (52, 58, 96) angeordnet sind.

24. Elektronenemittierende Vorrichtung mit einer elektronenemittierenden Zone (5) zwischen Elektroden (2, 3) auf
einem Substrat (1), wobei die elektronenemittierende Zone (5) feine Partikel (6) enthält, die in Abständen (s) von
0,5 nm bis 10 nm angeordnet sind und einen mittleren Partikeldurchmesser (t) zwischen 0,5 nm und 100 nm haben.

25. Elektronenemittierende Vorrichtung nach Anspruch 24, bei der die Abstände (s) zwischen den feinen Partikeln (6)
0,5 nm bis 5 nm betragen.

26. Elektronenemittierende Vorrichtung nach Anspruch 24, bei der der mittlere Durchmesser (t) der feinen Partikel (6)
zwischen 0,5 und 30 nm liegt.

27. Elektronenemittierende Vorrichtung nach Anspruch 24, bei der in der Einrichtung fließende unwirksamer Strom
nicht mehr als 2 % beträgt.

28. Elektronenstrahl-Erzeugungsgerät mit einer Vielzahl von elektronenemittierenden Vorrichtungen und einem Mo-
dulationsmittel (46) zum Modulieren der aus den elektronenemittierenden Einrichtungen gemäß Informationssi-
gnalen emittierten Elektronenstrahlen, wobei die elektronenemittierende Vorrichtung zwischen Elektroden (42, 43)
über eine elektronenemittierende Zone (45) auf einem Substrat (41) verfügt, wobei die elektronenemittierende
Zone (45) feine Partikel (6; 16) enthält, die in den Spalten (s) zwischen 0,5 nm und 10 nm verteilt sind, und wobei
die feinen Partikel (6; 16) einen mittleren Partikeldurchmesser (t) zwischen 0,5 nm und 100 nm haben.

29. Elektronenstrahl-Erzeugungsgerät nach Anspruch 28, bei dem die Abstände (s) zwischen den feinen Partikeln (6;
16) zwischen 0,5 nm und 5 nm liegen.

30. Elektronenstrahl-Erzeugungsgerät nach Anspruch 28, bei dem der mittlere Durchmesser (t) der feinen Partikel (6;
16) zwischen 0,5 nm und 30 nm liegt.

31. Elektronenstrahl-Erzeugungsgerät nach Anspruch 28, bei dem ein unwirksamer Strom in der Einrichtung nicht
mehr als 2 % beträgt.

32. Elektronenstrahl-Erzeugungsgerät nach Anspruch 28, dessen Modulationsmittel (46) über eine Modulationselek-
trode (G1 bis GL) verfügt, die (G1 bis GL) auf derselben Oberfläche des Substrats (41) angeordnet ist.

33. Elektronenstrahl-Erzeugungsgerät nach Anspruch 28, dessen Modulationsmittel (46) über eine Modulationselek-
trode (G1 bis GL) verfügt, die (G1 bis GL) auf die elektronenemittierende Vorrichtung unter Zwischenschaltung
einer Isolationsschicht geschichtet ist.

34. Elektronenstrahl-Erzeugungsgerät nach Anspruch 28, dessen Modulationsmittel (46) über Abtastelektroden (51)
und Informationssignalelektroden (50) verfügt, die zu einer XY-Matrix geschaltet und mit den elektronenemittie-
renden Zonen (45) der elektronenemittierenden Vorrichtungen verbunden sind.

35. Bilderzeugungsgerät mit einer Vielzahl elektronenemittierender Vorrichtungen und einem Modulationsmittel (46)
zum Modulieren der von den elektronenemittierenden Vorrichtungen emittierten Elektronenstrahlen gemäß Infor-
mationssignalen und einem Bilderzeugungsgerät (58) zum Erzeugen eines Bildes nach Bestrahlung mit Elektro-
nenstrahlen; wobei die elektronenemittierende Vorrichtung über eine elektronenemittierende Zone (45) zwischen
Elektroden auf einem Substrat (41) verfügt, wobei die elektronenemittierenden Zone (45) feine Partikel (6; 16)
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enthält, die in dieser in Abständen (s) zwischen 0,5 nm und 10 nm verteilt sind, und die (6; 16) einen mittleren
Partikeldurchmesser (t) zwischen 0,5 nm und 100 nm haben.

36. Bilderzeugungsgerät nach Anspruch 35, bei dem die Abstände (s) zwischen den Partikeln (6; 16) zwischen 0,5
und 5 nm liegen.

37. Bilderzeugungsgerät nach Anspruch 35, bei dem der mittlere Durchmesser (t) der feinen Partikel 0,5 nm bis 30
nm beträgt.

38. Bilderzeugungsgerät nach Anspruch 35, bei dem in der Vorrichtung ein unwirksamer Strom von nicht mehr als 2
% fließt.

39. Bilderzeugungsgerät nach Anspruch 35, dessen Modulationsmittel (46) über eine Modulationselektrode (G1 bis
GL) verfügt, die (G1 bis GL) auf derselben Oberfläche des Substrats (41) angeordnet ist.

40. Bilderzeugungsgerät nach Anspruch 35, dessen Modulationsmittel (46) über eine Modulationselektrode (G1 bis
GL) verfügt, die (G1 bis GL) auf die elektronenemittierenden Vorrichtung unter Zwischenschaltung einer Isolations-
schicht geschichtet ist.

41. Bilderzeugungsgerät nach Anspruch 35, dessen Modulationsmittel (46) über Abtastelektroden (51) und Informa-
tionssignalelektroden (50) verfügt, die zu einer XY-Matrix geschaltet und mit den elektronenemittierenden Zonen
(45) der elektronenemittierenden Vorrichtungen verbunden sind.

42. Bilderzeugungsgerät nach Anspruch 35, dessen Bilderzeugungsglied (58) aus einem Lumineszenzmaterial (56)
besteht, das nach Bestrahlung mit Elektronenstrahlen Licht emittiert.

43. Bilderzeugungsgerät nach Anspruch 42, dessen Lumineszenzmaterial (56) Lumineszenzmaterialien dreier Pri-
märfarben (R, G, B) enthält.

44. Bilderzeugungsgerät nach Anspruch 35, bei dem das Bilderzeugungsglied (58) aus einem Lumineszenzmaterial
besteht, das nach Bestrahlung mit Elektronenstrahlen Licht emittiert, und aus einem weiterhin vorgesehenen Auf-
zeichnungsträger (64), der nach Bestrahlung mit Licht aus dem Lumineszenzmaterial ein Bild aufzeichnet.

45. Bilderzeugungsgerät nach Anspruch 35, bei dem das Bilderzeugungsglied (58) aus einem Lumineszenzmaterial
(56) besteht, das nach Bestrahlung mit einem Elektronenstrahl Licht emittiert, wobei das Bilderzeugungsglied (58)
des weiteren ein Stützmittel (65, 63) zum Stützen eines Aufzeichnungsträgers (64) enthält, der nach Bestrahlung
mit Licht aus dem Lumineszenzmaterial ein Bild aufzeichnet.

46. Bilderzeugungsgerät nach Anspruch 35, das des weiteren mit einer Hülle (52, 58, 96) und einem Stützglied (95)
zum Stützen der Hülle (52, 58, 96) ausgestattet ist, wobei die elektronenemittierende Vorrichtung (42 bis 45), das
Modulationsmittel (46), das Bilderzeugungsglied (58) und das Stützglied (95) in der Hülle (52, 58, 96) angeordnet
sind.

47. Elektronenemittierende Vorrichtung mit einer elektronenemittierenden Zone (45) zwischen Elektroden (42, 43) auf
einem Substrat (41), wobei die elektronenemittierende Zone (45) feine Partikel (6; 16) enthält, die in dieser mit
einem Flächenbelegungsverhältnis der feinen Partikel (6; 16) im Bereich zwischen 20 % und 75 % verteilt sind,
die (6; 16) mit Abständen (s) von 0,5 nm bis 10 nm mit einem mittleren Partikeldurchmesser (t) zwischen 0,5 nm
und 100 nm verteilt sind.

48. Elektronenemittierende Vorrichtung nach Anspruch 47, bei der das Flächenbelegungsverhältnis zwischen 35 %
und 60 % liegt.

49. Elektronenemittierende Vorrichtung nach Anspruch 47, bei der die Abstände (s) zwischen den feinen Partikeln (6;
16) zwischen 0,5 nm und 5 nm liegen.

50. Elektronenemittierende Vorrichtung nach Anspruch 47, bei der der mittlere Durchmesser (t) der feinen Partikel (6;
16) zwischen 0,5 nm und 30 nm liegt.
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51. Elektronenemittierende Vorrichtung nach Anspruch 47, bei der ein unwirksamer Strom in der Einrichtung nicht
mehr als 2 % beträgt.

52. Elektronenstrahl-Erzeugungsgerät mit einer Vielzahl von elektronenemittierenden Vorrichtungen und einem Mo-
dulationsmittel (46) zum Modulieren der Elektronenstrahlen, die die elektronenemittierenden Einrichtungen gemäß
Informationssignalen emittieren, wobei die elektronenemittierende Vorrichtung über eine elektronenemittierende
Zone (45) zwischen Elektroden (42, 43) auf einem Substrat (41) verfügt, wobei die elektronenemittierende Zone
(45) feine Partikel (6; 16) enthält, die mit einem Flächenbelegungsverhältnis der feinen Partikel (6; 16) im Bereich
zwischen 20 % und 75 % auf der elektronenemittierenden Zone (45) verteilt sind, wobei Abstände (s) zwischen
den Partikeln (6; 16) zwischen 0,5 und 10 nm liegen und die feinen Partikel (6; 16) einen mittleren Durchmesser
(t) zwischen 0,5 nm und 100 nm haben.

53. Elektronenstrahl-Erzeugungsgerät nach Anspruch 52, bei dem das Flächenbelegungsverhältnis zwischen 35 %
und 60 % liegt.

54. Elektronenstrahl-Erzeugungsgerät nach Anspruch 52, bei dem die Abstände (s) zwischen den Partikeln (6; 16)
zwischen 0,5 nm und 5 nm liegen.

55. Elektronenstrahl-Erzeugungsgerät nach Anspruch 52, bei dem der mittlere Durchmesser (t) der feinen Partikel (6;
16) zwischen 0,5 nm und 30 nm liegt.

56. Elektronenstrahl-Erzeugungsgerät nach Anspruch 52, bei dem der unwirksame Strom in der Einrichtung nicht
mehr als 2 % beträgt.

57. Elektronenstrahl-Erzeugungsgerät nach Anspruch 52, bei dem das Modulationsmittel (46) eine Modulationselek-
trode (G1 bis GL) enthält, die (G1 bis GL) auf derselben Oberfläche des Substrats (41) angeordnet ist.

58. Elektronenstrahl-Erzeugungsgerät nach Anspruch 52, dessen Modulationsmittel (46) über eine Modulationselek-
trode (G1 bis GL) verfügt, die (G1 bis GL) auf die elektronenemittierenden Vorrichtung unter Zwischenschaltung
einer Isolationsschicht geschichtet ist.

59. Elektronenstrahl-Erzeugungsgerät nach Anspruch 52, dessen Modulationsmittel (46) über Abtastelektroden (51)
und Informationssignalelektroden (50) verfügt, die zu einer XY-Matrix geschaltet und mit den elektronenemittie-
renden Zonen (45) der elektronenemittierenden Vorrichtungen verbunden sind.

60. Bilderzeugungsgerät mit einer Vielzahl von elektronenemittierenden Vorrichtungen (42 bis 45), einem Modulati-
onsmittel (46) zum Modulieren der Elektronenstrahlen, die die elektronenemittierenden Einrichtungen gemäß In-
formationssignalen emittieren, und mit einem Bilderzeugungsglied (58) zum Erzeugen eines Bildes nach Bestrah-
len mit Elektronenstrahlen; wobei die elektronenemittierende Vorrichtung über eine elektronenemittierende Zone
(45) zwischen Elektroden (42, 43) auf einem Substrat (41) verfügt, wobei die elektronenemittierende Zone (45)
feine Partikel (6; 16) enthält, die in dieser mit einem Flächenbelegungsverhältnis der feinen Partikel (6; 16) im
Bereich zwischen 20 % und 75 % der elektronenemittierenden Zone (45) verteilt sind, wobei Abstände (s) zwischen
den Partikeln (6; 16) in einem Bereich zwischen 0,5 nm und 10 nm liegen, und wobei die feinen Partikel (6; 16)
einen mittleren Durchmesser (t) zwischen 0,5 nm und 100 nm haben.

61. Bilderzeugungsgerät nach Anspruch 60, bei dem das Flächenbelegungsverhältnis zwischen 35 % und 60 % liegt.

62. Bilderzeugungsgerät nach Anspruch 60, bei die Abstände (s) zwischen den Partikeln (6; 16) zwischen 0,5 nm und
5 nm liegen.

63. Bilderzeugungsgerät nach Anspruch 60, bei der mittlere Durchmesser (t) der feinen Partikel (6; 16) zwischen 0,5
nm und 30 nm liegt.

64. Bilderzeugungsgerät nach Anspruch 60, bei dem der in der Vorrichtung fließende unwirksame Strom nicht mehr
als 2 % beträgt.

65. Bilderzeugungsgerät nach Anspruch 60, dessen Modulationsmittel (46) eine Modulationselektrode (G1 bis GL)
enthält, die (G1 bis GL) auf derselben Oberfläche des Substrats (41) angeordnet ist.
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66. Bilderzeugungsgerät nach Anspruch 60, dessen Modulationsmittel (46) eine Modulationselektrode (G1 bis GL)
enthält, die (G1 bis GL) auf die elektronenemittierende Vorrichtung unter Zwischenschaltung einer Isolationsschicht
laminiert ist.

67. Bilderzeugungsgerät nach Anspruch 60, dessen Modulationsmittel (46) Abtastelektroden (51) und Informations-
signalelektroden (50) enthält, die zu einer XY-Matrix geschaltet und mit den elektronenemittierenden Zonen (45)
der elektronenemittierenden Vorrichtungen verbunden sind.

68. Bilderzeugungsgerät nach Anspruch 60, dessen Bilderzeugungsglied (58) aus einem Lumineszenzmaterial (56)
besteht, das nach Bestrahlung mit Elektronenstrahlen Licht emittiert.

69. Bilderzeugungsgerät nach Anspruch 68, bei dem das Lumineszenzmaterial (56) Lumineszenzmaterialien dreier
Primärfarben (R, G, B) enthält.

70. Bilderzeugungsgerät nach Anspruch 60, dessen Bilderzeugungsglied (58) aus einem Lumineszenzmaterial (56)
besteht, das nach Bestrahlung mit Elektronenstrahlen Licht emittiert, wobei des weiteren ein Aufzeichnungsme-
dium (64) vorgesehen ist, das nach Bestrahlung mit Licht aus dem Lumineszenzmaterial ein Bild aufzeichnet.

71. Bilderzeugungsgerät nach Anspruch 60, dessen Bilderzeugungsglied (58) aus einem Lumineszenzmaterial (56)
besteht, das nach Bestrahlung mit Elektronenstrahlen Licht emittiert, wobei das Bilderzeugungsglied (58) des
weiteren ein Stützmittel (63, 65) zum Stützen des Aufzeichnungsmediums (64) enthält, das nach Bestrahlung mit
Licht aus dem Lumineszenzmaterial ein Bild aufzeichnet.

72. Bilderzeugungsgerät nach Anspruch 60, das des weiteren eine Hülle (52, 58, 96) und ein Stützglied (95) zum
Stützen der Hülle (52, 58, 96) enthält, wobei die elektronenemittierende Vorrichtung (42 bis 45) das Modulations-
mittel (46), das Bilderzeugungsglied (58) und das Stützglied (95) in der Hülle (52, 58, 96) angeordnet sind.

73. Elektronenemittierende Vorrichtung nach einem der vorstehenden Ansprüche, bei der die elektronenemittierende
Zone (5; 15) auf einem Abschnitt eines leitenden Films (4; 14) angeordnet ist, der sich zwischen den Elektroden
(2, 3; 12, 13) befindet.

74. Elektronenemittierende Vorrichtung nach Anspruch 73, dessen leitfähiger Film (4; 14) aus feinen Partikeln besteht.

Revendications

1. Dispositif d'émission d'électrons ayant une région (5 ; 15) d'émission d'électrons entre des électrodes (2, 3 ; 12,
13) sur un substrat (1), ladite région d'émission d'électrons contenant en dispersion des particules fines (6 ; 16)
dans un taux d'occupation surfacique desdites particules fines (6 ; 16) allant de 20 % à 75 % de ladite région
d'émission d'électrons (5 ; 15).

2. Dispositif d'émission d'électrons selon la revendication 1, dans lequel le taux d'occupation surfacique va de 35 à
60 %.

3. Dispositif d'émission d'électrons selon la revendication 1, dans lequel le diamètre moyen (t) desdites particules
fines (6 ; 16) va de 0,5 à 30 nanomètres.

4. Dispositif d'émission d'électrons selon la revendication 1, dans lequel le courant inefficace circulation dans le
dispositif n'est pas supérieur à 2 %.

5. Appareil de génération de faisceaux d'électrons, comportant plusieurs dispositifs d'émission d'électrons et un
moyen de modulation (46) destiné à moduler les faisceaux d'électrons émis depuis les dispositifs d'émission d'élec-
trons conformément à des signaux d'informations, ledit dispositif d'émission d'électrons ayant une région d'émis-
sion d'électrons (45) entre des électrodes (42, 43) sur un substrat (41), et ladite région d'émission d'électrons (45)
contenant en dispersion des particules fines (6 ; 16) dans un taux d'occupation surfacique desdites particules fines
(6 ; 16) allant de 20 % à 75 % de la région d'émission d'électrons.

6. Appareil de génération de faisceaux d'électrons selon la revendication 5, dans lequel le taux d'occupation surfa-
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cique va de 35 à 60 %.

7. Appareil de génération de faisceaux d'électrons selon la revendication 5, dans lequel le diamètre moyen (t) des
particules fines va de 0,5 à 30 nanomètres.

8. Appareil de génération de faisceaux d'électrons selon la revendication 5, dans lequel le courant inefficace circulant
dans le dispositif n'est pas supérieur à 2 %.

9. Appareil de génération de faisceaux d'électrons selon la revendication 5, dans lequel ledit moyen de modulation
(46) comporte une électrode de modulation (G1 à GL), et ladite électrode de modulation (G1 à GL) est agencée
sur la même face dudit substrat (41).

10. Appareil de génération de faisceaux d'électrons selon la revendication 5, dans lequel ledit moyen de modulation
(46) comporte une électrode de modulation (G1 à GL), et ladite électrode de modulation (G1 à GL) est stratifiée
sur le dispositif d'émission d'électrons avec l'interposition d'une couche isolante.

11. Appareil de génération de faisceaux d'électrons selon la revendication 5, dans lequel le moyen de modulation
comporte des électrodes de balayage (51) et des électrodes (50) à signaux d'informations qui sont agencées
suivant une matrice XY et sont connectées auxdites régions d'émission d'électrons (45) des dispositifs d'émission
d'électrons.

12. Appareil de formation d'images, comportant plusieurs dispositifs d'émission d'électrons ayant une région d'émis-
sion d'électrons (45) entre des électrodes (42, 43) sur un substrat (41), et ladite région d'émission d'électrons (45)
contient en dispersion des particules fines (6 ; 16) à un taux d'occupation surfacique desdites particules fines (6 ;
16) allant de 20 % à 75 % de ladite région d'émission d'électrons (45) ; un moyen de modulation (46) destiné à
moduler les faisceaux d'électrons émis depuis lesdits dispositifs d'émission d'électrons conformément à des si-
gnaux d'informations ; et un élément (58) de formation d'image destiné à former une image sous l'effet d'une
irradiation par des faisceaux d'électrons.

13. Appareil de formation d'images selon la revendication 12, dans lequel le taux d'occupation surfacique va de 35 à
60 %.

14. Appareil de formation d'images selon la revendication 12, dans lequel le diamètre moyen (t) des particules fines
(6 ; 16) va de 0,5 à 30 nanomètres.

15. Appareil de formation d'images selon la revendication 12, dans lequel le courant inefficace circulant dans le dis-
positif n'est pas supérieur à 2 %.

16. Appareil de formation d'images selon la revendication 12, dans lequel ledit moyen de modulation (46) comporte
une électrode de modulation (G1 à GL), et ladite électrode de modulation (G1 à GL) est agencée sur la même face
dudit substrat (41).

17. Appareil de formation d'images selon la revendication 12, dans lequel ledit moyen de modulation (46) comporte
une électrode de modulation (G1 à GL), et ladite électrode de modulation (G1 à GL) est stratifiée sur le dispositif
d'émission d'électrons avec l'interposition d'une couche isolante.

18. Appareil de formation d'images selon la revendication 12, dans lequel ledit moyen de modulation (46) comporte
des électrodes de balayage (51) et des électrodes (50) à signaux d'informations qui sont agencées en une matrice
XY et sont connectées aux régions d'émission d'électrons (45) des dispositifs d'émission d'électrons.

19. Appareil de formation d'images selon la revendication 12, dans lequel ledit élément de formation d'image est formé
d'une matière luminescente (56) qui émet de la lumière lors d'une irradiation par des faisceaux d'électrons.

20. Appareil de formation d'images selon la revendication 19, dans lequel la matière luminescente (56) comprend trois
couleurs primaires (R, G, B) de matières luminescentes.

21. Appareil de formation d'images selon la revendication 12, dans lequel ledit élément de formation d'image est formé
d'une matière luminescente (56) qui émet de la lumière lors d'une irradiation par des faisceaux d'électrons, et un
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support d'enregistrement (64) est en outre prévu, lequel enregistre une image lors d'une irradiation par de la
lumière à partir de ladite matière luminescente (56).

22. Appareil de formation d'images selon la revendication 12, dans lequel ledit élément de formation d'image est formé
d'une matière luminescente (56) qui émet de la lumière lors d'une irradiation par des faisceaux d'électrons, et ledit
élément de formation d'image comporte en outre un moyen de support (65, 63) destiné à supporter un support
d'enregistrement (64) qui enregistre une image lors d'une irradiation par de la lumière provenant de ladite matière
luminescente (56).

23. Appareil de formation d'images selon la revendication 12, comportant en outre une enveloppe (52, 58, 96) et un
élément de support (95) destiné à supporter ladite enveloppe (52, 58, 96), dans lequel le dispositif d'émission
d'électrons (42 à 45), le moyen de modulation (46), l'élément de formation d'image (58) et l'élément de support
(95) sont agencés dans ladite enveloppe (52, 58, 96).

24. Dispositif d'émission d'électrons ayant une région d'émission d'électrons (5) entre des électrodes (2, 3) sur un
substrat (1), ladite région d'émission d'électrons (5) contenant des particules fines (6) agencées à des intervalles
(s) allant de 0,5 nanomètre à 10 nanomètres et ayant un diamètre moyen (t) de particule de 0,5 nanomètre à 100
nanomètres.

25. Dispositif d'émission d'électrons selon la revendication 24, dans lequel lesdits intervalles (s) entre lesdites parti-
cules fines (6) vont de 0,5 à 5 nanomètres.

26. Dispositif d'émission d'électrons selon la revendication 24, dans lequel ledit diamètre moyen (t) desdites particules
fines (6) va de 0,5 à 30 nanomètres.

27. Dispositif d'émission d'électrons selon la revendication 24, dans lequel un courant inefficace circulant dans le
dispositif n'est pas supérieur à 2 %.

28. Appareil de génération de faisceaux d'électrons comportant plusieurs dispositifs d'émission d'électrons et un
moyen de modulation (46) destiné à moduler les faisceaux d'électrons émis depuis les dispositifs d'émission d'élec-
trons conformément à des signaux d'informations, ledit dispositif d'émission d'électrons ayant une région d'émis-
sion d'électrons (45) entre des électrodes (42, 43) sur un substrat (41), et ladite région d'émission d'électrons (45)
contenant en dispersion des particules fines (6 ; 16) à des intervalles (s) allant de 0,5 à 10 nanomètres et lesdites
particules fines (6 ; 16) ayant un diamètre moyen (t) de particule allant de 0,5 à 100 nanomètres.

29. Appareil de génération de faisceaux d'électrons selon la revendication 28, dans lequel lesdits intervalles (s) entre
les particules (6 ; 16) vont de 0,5 à 5 nanomètres.

30. Appareil de génération de faisceaux d'électrons selon la revendication 28, dans lequel le diamètre moyen (t) des
particules fines (6 ; 16) va de 0,5 % à 30 nanomètres.

31. Appareil de génération de faisceaux d'électrons selon la revendication 28, dans lequel un courant inefficace cir-
culant dans le dispositif n'est pas supérieur à 2 %.

32. Appareil de génération de faisceaux d'électrons selon la revendication 28, dans lequel ledit moyen de modulation
(46) comporte une électrode de modulation (G1 à GL), et ladite électrode de modulation (G1 à CL) est agencée
sur la même face dudit substrat (41).

33. Appareil de génération de faisceaux d'électrons selon la revendication 28, dans lequel ledit moyen de modulation
(46) comporte une électrode de modulation (G1 à GL), et ladite électrode de modulation (G1 à GL) est stratifiée
sur le dispositif d'émission d'électrons avec l'interposition d'une couche isolante.

34. Appareil de génération de faisceaux d'électrons selon la revendication 28, dans lequel le moyen de modulation
(46) comporte des électrodes de balayage (51) et des électrodes (50) à signaux d'informations qui sont agencées
en une matrice XY et sont connectées auxdites régions d'émission d'électrons (45) des dispositifs d'émission
d'électrons.

35. Appareil de formation d'images, comportant plusieurs dispositifs d'émission d'électrons, un moyen de modulation
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(46) destiné à moduler les faisceaux d'électrons émis depuis les dispositifs d'émission d'électrons conformément
à des signaux d'informations, et un élément de formation d'image (58) destiné à former une image sous l'effet
d'une irradiation par des faisceaux d'électrons ; ledit dispositif d'émission d'électrons ayant une région d'émission
d'électrons (45) entre des électrodes sur un substrat (41), ladite région d'émission d'électrons (45) contenant en
dispersion des particules fines (6 ; 16) à des intervalles (s) allant de 0,5 à 10 nanomètres, et les particules fines
(6 ; 16) ayant un diamètre moyen (t) de particule allant de 0,5 à 100 nanomètres.

36. Appareil de formation d'images selon la revendication 35, dans lequel lesdits intervalles (s) entre les particules
(6 ; 16) vont de 0,5 à 5 nanomètres.

37. Appareil de formation d'images selon la revendication 35, dans lequel ledit diamètre moyen (t) des particules fines
va de 0,5 à 30 nanomètres.

38. Appareil de formation d'images selon la revendication 35, dans lequel un courant inefficace circulant dans le dis-
positif n'est pas supérieur à 2 %.

39. Appareil de formation d'images selon la revendication 35, dans lequel ledit moyen de modulation (46) comporte
une électrode de modulation (G1 à GL), et ladite électrode de modulation (G1 à GL) est agencée sur la même face
dudit substrat (41).

40. Appareil de formation d'images -selon la revendication 35, dans lequel ledit moyen de modulation (46) comporte
une électrode de modulation (G1 à GL), et ladite électrode de modulation (G1 à GL) est stratifiée sur le dispositif
d'émission d'électrons avec l'interposition d'une couche isolante.

41. Appareil de formation d'images selon la revendication 35, dans lequel ledit moyen de modulation (46) comporte
des électrodes de balayage (51) et des électrodes (50) à signaux d'informations qui sont agencées en une matrice
XY et sont connectées auxdites régions d'émission d'électrons (45) des dispositifs d'émission d'électrons.

42. Appareil de formation d'images selon la revendication 35, dans lequel ledit élément de formation d'image (58) est
formé d'une matière luminescente (56) qui émet de la lumière sous l'effet d'une irradiation par des faisceaux d'élec-
trons.

43. Appareil de formation d'images selon la revendication 42, dans lequel la matière luminescente (56) comprend trois
couleurs primaires (R, G, B) de matières luminescentes.

44. Appareil de formation d'images selon la revendication 35, dans lequel ledit élément de formation d'image (58) est
formé d'une matière luminescente qui émet de la lumière lors d'une irradiation par des faisceaux d'électrons, et
un support d'enregistrement (46) est en outre prévu, lequel enregistre une image lors d'une irradiation par de la
lumière provenant de la matière luminescente.

45. Appareil de formation d'images selon la revendication 35, dans lequel l'élément de formation d'image (58) est
formé d'une matière luminescente (56) qui émet de la lumière lors d'une irradiation par des faisceaux d'électrons,
et ledit élément de formation d'image (58) comporte en outre un moyen de support (65, 63) destiné à supporter
un support d'enregistrement (64) qui enregistre une image lors d'une irradiation par de la lumière provenant de la
matière luminescente.

46. Appareil de formation d'images selon la revendication 35, comportant en outre une enveloppe (52, 58, 96) et un
élément de support (95) destiné à supporter ladite enveloppe (52, 58, 96), dans lequel le dispositif d'émission
d'électrons (42 à 45), le moyen de modulation (46), l'élément de formation d'image (58) et l'élément de support
(95) sont agencés dans ladite enveloppe (52, 58, 96).

47. Dispositif d'émission d'électrons ayant une région d'émission d'électrons (45) entre des électrodes (42, 43) sur un
substrat (41), ladite région d'émission d'électrons (45) contenant en dispersion des particules fines (6 ; 16) à un
taux d'occupation surfacique des particules fines (6 ; 16) allant de 20 % à 75 %, et lesdites particules fines (6 ; 16)
étant agencées à des intervalles (s) allant de 0,5 à 10 nanomètres et ayant un diamètre moyen (t) de particule
allant de 0,5 à 100 nanomètres.

48. Dispositif d'émission d'électrons selon la revendication 47, dans lequel le taux d'occupation surfacique va de 35
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à 60 %.

49. Dispositif d'émission d'électrons selon la revendication 47, dans lequel lesdits intervalles (s) entre lesdites parti-
cules fines (6 ; 16) vont de 0,5 à 5 nanomètres.

50. Dispositif d'émission d'électrons selon la revendication 47, dans lequel ledit diamètre moyen (t) desdites particules
fines (6 ; 16) va de 0,5 à 30 nanomètres.

51. Dispositif d'émission d'électrons selon la revendication 47, dans lequel un courant inefficace circulant dans le
dispositif n'est pas supérieur à 2 %.

52. Appareil de génération de faisceaux d'électrons comportant plusieurs dispositifs d'émission d'électrons et un
moyen de modulation (46) destiné à moduler les faisceaux d'électrons émis depuis les dispositifs d'émission d'élec-
trons (42 à 45) conformément à des signaux d'informations, le dispositif d'émission d'électrons ayant une région
d'émission d'électrons (45) entre des électrodes (42, 43) sur un substrat (41), ladite région d'émission d'électrons
(45) contenant en dispersion des particules fines (6 ; 16) à un taux d'occupation surfacique des particules fines
(6 ; 16) allant de 20 % à 75 % de la région d'émission d'électrons (45), des intervalles (s) entre lesdites particules
(6 ; 16) allant de 0,5 à 10 nanomètres, et lesdites particules fines (6 ; 16) ayant un diamètre moyen (t) allant de
0,5 à 100 nanomètres.

53. Appareil de génération de faisceaux d'électrons selon la revendication 52, dans lequel le taux d'occupation sur-
facique va de 35 à 60 %.

54. Appareil de génération de faisceaux d'électrons selon la revendication 52, dans lequel lesdits intervalles (s) entre
les particules (6 ; 16) vont de 0,5 à 5 nanomètres.

55. Appareil de génération de faisceaux d'électrons selon la revendication 52, dans lequel ledit diamètre moyen (t)
des particules fines (6 ; 16) va de 0,5 à 30 nanomètres.

56. Appareil de génération de faisceaux d'électrons selon la revendication 52, dans lequel un courant inefficace cir-
culant dans le dispositif n'est pas supérieur à 2%.

57. Appareil de génération de faisceaux d'électrons selon la revendication 52, dans lequel ledit moyen de modulation
(46) comporte une électrode de modulation (G1 à GL), et ladite électrode de modulation (G1 à GL) est agencée
sur la même face dudit substrat (41).

58. Appareil de génération de faisceaux d'électrons selon la revendication 52, dans lequel ledit moyen de modulation
(46) comporte une électrode de modulation (G1 à GL), et ladite électrode de modulation (G1 à GL) est stratifiée
sur le dispositif d'émission d'électrons avec interposition d'une couche isolante.

59. Appareil de génération de faisceaux d'électrons selon la revendication 52, dans lequel ledit moyen de modulation
(46) comporte des électrodes de balayage (51) et des électrodes (50) à signaux d'informations qui sont agencées
en une matrice XY et sont connectées aux régions d'émission d'électrons (45) des dispositifs d'émission d'élec-
trons.

60. Appareil de formation d'images, comportant plusieurs dispositifs d'émission d'électrons (42 à 45), un moyen de
modulation (46) destiné à moduler les faisceaux d'électrons émis depuis les dispositifs d'émission d'électrons
conformément à des signaux d'informations, et un élément de formation d'image (58) destiné à former une image
lors d'une irradiation par des faisceaux d'électrons ; ledit dispositif d'émission d'électrons ayant une région d'émis-
sion d'électrons (45) entre des électrodes (42, 43) sur un substrat (41), ladite région d'émission d'électrons (45)
contenant en dispersion des particules fines (6 ; 16) à un taux d'occupation surfacique des particules fines (6 ; 16)
allant de 20 % à 75 % de la région d'émission d'électrons (45), des intervalles (s) entre les particules (6 ; 16) allant
de 0,5 à 10 nanomètres et lesdites particules fines (6 ; 16) ayant un diamètre moyen (t) allant de 0,5 à 100 nano-
mètres.

61. Appareil de formation d'images selon la revendication 60, dans lequel ledit taux d'occupation surfacique va de 35
à 60 %.
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62. Appareil de formation d'images selon la revendication 60, dans lequel lesdits intervalles (s) entre lesdites particules
(6 ; 16) vont de 0,5 à 5 nanomètres.

63. Appareil de formation d'images selon la revendication 60, dans lequel ledit diamètre moyen (t) des particules fines
(6 ; 16) va de 0,5 à 30 nanomètres.

64. Appareil de formation d'images selon la revendication 60, dans lequel un courant inefficace circulant dans le dis-
positif n'est pas supérieur à 2 %.

65. Appareil de formation d'images selon la revendication 60, dans lequel ledit moyen de modulation (46) comporte
une électrode de modulation (G1 à GL), et ladite électrode de modulation (G1 à GL) est agencée sur la même face
dudit substrat (41).

66. Appareil de formation d'images selon la revendication 60, dans lequel ledit moyen de modulation (46) comporte
une électrode de modulation (G1 à GL), et ladite électrode de modulation (G1 à GL) est stratifiée sur le dispositif
d'émission d'électrons avec interposition d'une couche isolante.

67. Appareil de formation d'images selon la revendication 60, dans lequel ledit moyen de modulation (46) comporte
des électrodes de balayage (51) et ces électrodes (50) à signaux d'informations qui sont agencées en une matrice
XY et sont connectées aux régions d'émission d'électrons (45) des dispositifs d'émission d'électrons.

68. Appareil de formation d'images selon la revendication 60, dans lequel ledit élément de formation d'image (58) est
formé d'une matière luminescente (56) qui émet de la lumière en étant irradiée par des faisceaux d'électrons.

69. Appareil de formation d'images selon la revendication 68, dans lequel ladite matière luminescente (56) comprend
trois couleurs primaires (R, G, B) de matières luminescentes.

70. Appareil de formation d'images selon la revendication 60, dans lequel ledit élément de formation d'images (58)
est formé d'une matière luminescente qui émet de la lumière lors d'une irradiation par des faisceaux d'électrons,
et un support d'enregistrement (64) est en outre prévu, lequel enregistre une image lors d'une irradiation par de
la lumière à partir de la matière luminescente.

71. Appareil de formation d'images selon la revendication 60, dans lequel ledit élément de formation d'image (58) est
formé d'une matière luminescente (56) qui émet de la lumière lors d'une irradiation par des faisceaux d'électrons,
et l'élément de formation d'image (58) comporte en outre un moyen de support (63, 65) destiné à supporter un
support d'enregistrement (64) qui enregistre une image lors d'une irradiation par de la lumière à partir de la matière
luminescente.

72. Appareil de formation d'images selon la revendication 60, comportant en outre une enveloppe (52, 58, 96) et un
élément de support (95) destiné à supporter ladite enveloppe (52, 58, 96), dans lequel le dispositif d'émission
d'électrons (42 à 45), le moyen de modulation (46), l'élément de formation d'image (58) et l'élément de support
(95) sont agencés dans ladite enveloppe (52, 58, 96)

73. Dispositif d'émission d'électrons selon l'une des revendications précédentes, dans lequel ladite région d'émission
d'électrons (5 ; 15) est placée à une partie d'un film conducteur (4 ; 14) située entre lesdites électrodes (2, 3 ; 12,
13).

74. Dispositif d'émission d'électrons selon la revendication 73, dans lequel ledit film conducteur (4 ; 14) est constitué
de particules fines.
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