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(54) Light emitting device

(57) A light emission device (10A) has an emitter
(14) made of a dielectric material, a cathode electrode
(16) disposed on a surface of the emitter (14), an anode
electrode (20) disposed on a reverse surface of the emit-
ter (14), and a pulse generation source (22) for applying

a drive voltage (Va) between the cathode electrode (16)
and the anode electrode (20) through a resistor (Rl). A
fluorescent body (28) is disposed on the surface of the
emitter (14) out of contact with the cathode (16), but as
closely to the cathode electrode (16) as possible.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention:

[0001] The present invention relates to a light emis-
sion device having a first electrode, a second electrode,
and a fluorescent body which are disposed on a sub-
stance that serves as an emitter.

Description of the Related Art:

[0002] In recent years, light emission devices employ-
ing electron emitters have been used in various appli-
cations such as field emission displays (FEDS) and
backlight units. The electron emitter has an anode elec-
trode and a cathode electrode as a basic element. In an
FED, a plurality of electron emitters are arranged in a
two-dimensional array, and a plurality of fluorescent
bodies are positioned in association with the respective
electron emitters with a predetermined gap left therebe-
tween.
[0003] Conventional electron emitters are disclosed
in, for example, Japanese laid-open patent publication
No. 1-311533, Japanese laid-open patent publication
No. 7-147131, Japanese laid-open patent publication
No. 2000-285801, Japanese patent publication No.
46-20944, and Japanese laid-open patent publication
No. 44-26125. All of these disclosed electron emitters
are disadvantageous in that since no dielectric body is
employed in the emitter, a forming process or a mi-
cromachining process is required between facing elec-
trodes, a high voltage needs to be applied to emit elec-
trons, and a panel fabrication process is complex and
entails a high panel fabrication cost.
[0004] It has been considered to make an emitter of
a dielectric material. The emission of electrons from a
dielectric material has been discussed in Yasuoka, Ishii
"Pulsed electron source using a ferroelectric cathode",
J. Appl. Phys., Vol. 68, No. 5, p. 546 - 550 (1999), V.F.
Puchkarev, G.A. Mesyats, "On the mechanism of emis-
sion from the ferroelectric ceramic cathode", J. Appl.
Phys., Vol. 78. No. 9, November 1995, p. 5633 - 5637,
and H. Riege, "Electron emission ferroelectrics - a re-
view", Nucl. Instr. And Meth. A340, p. 80 - 89 (1994).
[0005] In the above light emission devices, electrons
emitted from an electron emitter are accelerated by an
electric field produced by a collector electrode, and ap-
plied through a vacuum atmosphere to a fluorescent
body, which is excited to emit fluorescent light. Since the
distance that the accelerated electrons travel (flying dis-
tance) is very large, the accelerated electrons tend to
collide with gas molecules that are present in the vacu-
um atmosphere. Therefore, it is difficult to supply elec-
trons stably from the electron emitter to the fluorescent
body. As the flying distance of accelerated electrons is
very large, the light emission device cannot be reduced

in size.
[0006] A spacer is often provided between the elec-
tron emitter and the collector electrode for keeping the
gap between the electron emitter and the collector elec-
trode at a predetermined distance and also for achieving
desired rigidity of the light emission device. However,
some of the accelerated electrons are liable to hit the
spacer, negatively charging the spacer. When the spac-
er is negatively charged, a field distribution between the
electron emitter and the collector electrode, i.e., a field
distribution for directing electrons emitted from the elec-
tron emitter toward the collector electrode, is changed,
so that the fluorescent body will not be excited accurate-
ly by the electron beam, tending to cause image quality
failures and crosstalk.
[0007] Another problem is that positive ions generat-
ed by a plasma in the vacuum atmosphere impinge upon
the cathode electrode, damaging the cathode electrode
in a so-called ion bombardment phenomenon.
[0008] In the conventional light emission device de-
scribed above, electrons restrained by the surface of the
dielectric material, the interface between the dielectric
material and an upper electrode, and a defective level
in the dielectric material are emitted by a reversal of the
polarization of the dielectric material. Stated otherwise,
if the polarization of the dielectric material is reversed,
the number of emitted electrons becomes substantially
constant independently of the voltage level of an applied
voltage pulse.
[0009] However, the conventional light emission de-
vice is disadvantageous in that it is not practical as its
electron emission is not stable and it can emit electrons
as many times as several ten thousands at most.

SUMMARY OF THE INVENTION

[0010] It is therefore an object of the present invention
to provide a light emission device which has an emitter
made of a dielectric material, is capable of allowing elec-
trons emitted from the emitter to impinge upon a fluo-
rescent body without the need for a collector electrode
thereby to excite the fluorescent body to emit fluores-
cent light therefrom, and is low in profile, lightweight, and
low in cost.
[0011] A light emission device according to the
present invention has a substance disposed in a vacu-
um atmosphere and serving as an emitter made of a
dielectric material, and a first electrode, a second elec-
trode, and a fluorescent body which are disposed in con-
tact with the substance serving as the emitter. When a
drive voltage is applied between the first electrode and
the second electrode, the polarization of at least a por-
tion of the substance serving as the emitter is reversed
or changed to emit electrons from at least a portion of
the first electrode. The substance serving as the emitter
may be made of a piezoelectric material, an anti-ferro-
electric material, or an electrostrictive material.
[0012] According to the present invention, there are
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two representative arrangements available for specific
structural details of the light emission device. According
to the first arrangement, the first electrode and the flu-
orescent body are disposed on a first surface of the sub-
stance serving as the emitter, and the second electrode
is disposed on a second surface of the substance serv-
ing as the emitter.
[0013] According to the second arrangement, the first
electrode and the second electrode are disposed in con-
tact with a principal surface (the first surface) of the sub-
stance serving as the emitter, with a slit defined between
the first electrode and the second electrode, the fluores-
cent body being disposed in at least the slit. The sub-
stance serving as the emitter may have a portion ex-
posed between the first electrode and the fluorescent
body and/or between the second electrode and the flu-
orescent body.
[0014] In the first and second arrangements, a step
may include a preparatory period in which a first voltage
making the potential of the first electrode higher than the
potential of the second electrode is applied between the
first electrode and the second electrode to polarize the
substance serving as the emitter, and an electron emis-
sion period in which a second voltage making the po-
tential of the first electrode lower than the potential of
the second electrode is applied between the first elec-
trode and the second electrode to reverse or change the
polarization of the substance serving as the emitter to
emit electrons therefrom, and the step may be repeated.
[0015] Electrons are emitted from a portion of the first
electrode in the vicinity of a triple point made up of the
first electrode, the substance serving as the emitter, and
a vacuum atmosphere during the electron emission pe-
riod in the step, and the emitted electrons impinge upon
the fluorescent body to emit light therefrom.
[0016] Alternatively, electrons are emitted from a por-
tion of the first electrode in the vicinity of a triple point
made up of the first electrode, the substance serving as
the emitter, and a vacuum atmosphere during the elec-
tron emission period in the step, and the emitted elec-
trons are reflected by a surface of the substance serving
as the emitter and impinge upon the fluorescent body to
emit light therefrom.
[0017] Further alternatively, electrons are emitted
from a portion of the first electrode in the vicinity of a
triple point made up of the first electrode, the substance
serving as the emitter, and a vacuum atmosphere during
the electron emission period in the step, the emitted
electrons impinge upon the substance serving as the
emitter to emit secondary electrons therefrom, and the
secondary electrons impinge upon the fluorescent body
to emit light therefrom.
[0018] According to the second arrangement, partic-
ularly, a step includes a preparatory period in which a
first voltage making the potential of the first electrode
higher than the potential of the second electrode is ap-
plied between the first electrode and the second elec-
trode to polarize the substance serving as the emitter,

and an electron emission period in which a second volt-
age making the potential of the first electrode lower than
the potential of the second electrode is applied between
the first electrode and the second electrode to reverse
the polarization of the substance serving as the emitter
to emit electrons from the first electrode, and a first cycle
includes at least one the step, a step includes a prepar-
atory period in which the second voltage is applied be-
tween the first electrode and the second electrode to po-
larize the substance serving as the emitter, and an elec-
tron emission period in which the first voltage applied
between the first electrode and the second electrode to
reverse the polarization of the substance serving as the
emitter to emit electrons from the second electrode, and
a second cycle includes at least one the step, and op-
eration of the first cycle and operation of the second cy-
cle are selectively performed.
[0019] Electrons are emitted from a portion of the first
electrode in the vicinity of a triple point made up of the
first electrode, the substance serving as the emitter, and
a vacuum atmosphere during the electron emission pe-
riod in the step of the first cycle, and the emitted elec-
trons impinge upon the fluorescent body to emit light
therefrom, and electrons are emitted from a portion of
the second electrode in the vicinity of a triple point made
up of the second electrode, the substance serving as
the emitter, and a vacuum atmosphere during the elec-
tron emission period in the step of the second cycle, and
the emitted electrons impinge upon the fluorescent body
to emit light therefrom.
[0020] Alternatively, electrons are emitted from a por-
tion of the first electrode in the vicinity of a triple point
made up of the first electrode, the substance serving as
the emitter, and a vacuum atmosphere during the elec-
tron emission period in the step of the first cycle, and
the emitted electrons are reflected by a surface of the
substance serving as the emitter and impinge upon the
fluorescent body to emit light therefrom, and electrons
are emitted from a portion of the second electrode in the
vicinity of a triple point made up of the second electrode,
the substance serving as the emitter, and a vacuum at-
mosphere during the electron emission period in the
step of the second cycle, and the emitted electrons are
reflected by a surface of the substance serving as the
emitter and impinge upon the fluorescent body to emit
light therefrom.
[0021] Further alternatively, electrons are emitted
from a portion of the first electrode in the vicinity of a
triple point made up of the first electrode, the substance
serving as the emitter, and a vacuum atmosphere during
the electron emission period in the step of the first cycle,
the emitted electrons impinge upon a surface of the sub-
stance serving as the emitter to emit secondary elec-
trons therefrom, and the secondary electrons impinge
upon the fluorescent body to emit light therefrom, and
electrons are emitted from a portion of the second elec-
trode in the vicinity of a triple point made up of the sec-
ond electrode, the substance serving as the emitter, and

3 4



EP 1 403 897 A2

4

5

10

15

20

25

30

35

40

45

50

55

a vacuum atmosphere during the electron emission pe-
riod in the step of the second cycle, the emitted electrons
impinge upon the substance serving as the emitter to
emit secondary electrons therefrom, and the secondary
electrons impinge upon the fluorescent body to emit light
therefrom.
[0022] With the light emission device according to the
present invention, electrons emitted from the surface of
the first electrode, the second electrode, or the sub-
stance serving as the emitter impinge upon the fluores-
cent body disposed in the vicinity of the first electrode,
exciting the fluorescent body to emit light therefrom.
[0023] Therefore, the light emission device does not
need to have a collector electrode. As a result, the light
emission device may be low in profile, lightweight, and
low in cost.
[0024] Inasmuch as the distance from the electron
emission region of the first electrode or the second elec-
trode to the fluorescent body is short, almost all of the
discharged electrons can reach the fluorescent body
without impinging upon gas molecules even when the
vacuum atmosphere has a low vacuum level of 2000
Pa. Thus, a number of electrons that impinge upon the
fluorescent body which are required to achieve a de-
sired luminance level of light emission can be main-
tained. A higher vacuum level of 10-3 Pa or less is pref-
erable for higher luminance.
[0025] In the first arrangement, atoms produced when
a portion of the substance serving as the emitter is evap-
orated are floating in the vicinity of the emitter. In the
second arrangement, atoms produced when a portion
of the second electrode and the substance serving as
the emitter is evaporated are floating in the vicinity of
the electrode (e.g., the second electrode) to which a
positive voltage is applied.
[0026] If a collector electrode were present, then
when the discharged electrodes travel toward the col-
lector electrode, the electrons would ionize the gas and
the atoms into positive ions and electrons. Since the
electrons thus generated by the ionization would further
ionize the gas and the atoms, electrons are exponen-
tially multiplied to generate a local plasma in which the
electrons and the positive ions are neutrally present.
The generated positive ions would impinge upon the
substance serving as the emitter and the electrode (e.
g., the first electrode) to which a negative voltage is ap-
plied, tending to damage the substance serving as the
emitter and the first electrode (ion bombardment phe-
nomenon).
[0027] According to the present invention, however,
inasmuch as there is no collector electrode and the dis-
tance that the discharged electrons are accelerated and
fly is small, the discharged electrons do not substantially
ionize the gas present in the vicinity of the substance
serving as the emitter or atoms of the second electrode
into positive ions and electrons. As a result, the number
of areas where positive ions are generated in the vacu-
um atmosphere is reduced, and the problem of damage

caused to the substance serving as the emitter and the
first electrode by the ion bombardment phenomenon is
avoided.
[0028] If a plurality of light emission devices are ar-
rayed into a single display, then since the distance from
the electron emission region of the first electrode or the
second electrode to the fluorescent body is short and
the distance that the discharged electrons are acceler-
ated and fly is small in each of the light emission devices,
electrons emitted from each of the light emission devic-
es do not impinge upon the fluorescent bodies of adja-
cent light emission devices, and hence there is no cross-
talk between the light emission devices.
[0029] If a plurality of light emission devices are ar-
rayed into a single display with a display panel, one or
more spacers may be interposed between the light
emission devices and the display panel in order to keep
rigid the display including the display panel and to main-
tain the gap between the light emission devices and the
display panel at a predetermined distance. The spacer
or spacers are not charged because electrons emitted
from the light emission devices do not fly to the spacer.
Even if the spacer is charged for some reasons, produc-
ing an unwanted field distribution between the light
emission devices and the spacer, the electrons are not
affected by the unwanted field distribution because the
distance that the discharged electrons are accelerated
and fly is small.
[0030] With the light emission device in which the sub-
stance serving as the emitter made of the dielectric ma-
terial according to the present invention, therefore, elec-
trons discharged from the emitter are caused to impinge
upon the fluorescent body without using a collector elec-
trode, exciting the fluorescent body to emit light. The
light emission device can effectively be rendered low in
profile, lightweight, and low in cost.
[0031] In the first arrangement, the first electrode and
the fluorescent body may have an outer peripheral edge
and an inner peripheral edge, respectively, which face
each other, i.e., the outer peripheral edge of the first
electrode may be surrounded by the fluorescent body.
The outer peripheral portion of the first electrode con-
tributes to the emission of electrons, thus increasing the
amount of emitted light. By appropriately selecting the
area of the first electrode and the projected shape there-
of as viewed in plan, the amount of emitted light and the
electrostatic capacitance between the first electrode
and the second electrode can be optimized for reducing
the power consumption and increasing the amount of
emitted light.
[0032] In the first arrangement, the fluorescent body
and the first electrode may have an outer peripheral
edge and an inner peripheral edge, respectively, which
face each other. If this structure is combined with the
above structure in which the outer peripheral edge of
the first electrode and the inner peripheral edge of the
fluorescent body face each other, then the light emission
device can emit a maximum amount of light with a min-
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imum level of power consumption.
[0033] In the first arrangement, the first electrode and
the second electrode may have respective projected
shapes as viewed in plan, and the projected shape of
the second electrode may have a protruding portion
which protrudes from a peripheral edge of the projected
shape of the first electrode. The projected shape of the
first electrode and the projected shape of the second
electrode may be similar to each other.
[0034] With this structure, the portion of the substance
serving as the emitter which corresponds to the protrud-
ing portion of the second electrode can have its polari-
zation reversed or changed easily. Since the electric
field is concentrated from the protruding portion toward
the peripheral edge of the first electrode, electrons can
easily be emitted from around the triple point.
[0035] As the protruding portion is larger, the concen-
tration of the electric field on the triple point increases.
Therefore, the protruding portion should preferably have
a maximum length of at least 1 µm. Since the increase
in the concentration of the electric field becomes satu-
rated at a certain level, the maximum length of the pro-
truding portion should preferably be of a value which
does not adversely affect efforts to reduce the size of
the light emission device, i.e., at most 500 pm.
[0036] In the second arrangement, the first electrode
and the fluorescent body may have an outer peripheral
edge and an inner peripheral edge, respectively, which
face each other, i.e., the outer peripheral edge of the
first electrode may be surrounded by the fluorescent
body. Furthermore, the fluorescent body and the second
electrode may have an outer peripheral edge and an in-
ner peripheral edge, respectively, which face each oth-
er, i.e., the outer peripheral edge of the fluorescent body
may be surrounded by the second electrode.
[0037] Alternatively, the second electrode and the flu-
orescent body may have an outer peripheral edge and
an inner peripheral edge, respectively, which face each
other, i.e., the outer peripheral edge of the second elec-
trode may be surrounded by the fluorescent body. Fur-
thermore, the fluorescent body and the first electrode
may have an outer peripheral edge and an inner periph-
eral edge, respectively, which face each other, i.e., the
outer peripheral edge of the fluorescent body may be
surrounded by the first electrode.
[0038] In the first and second arrangements, the flu-
orescent body may be is disposed in covering relation
to the second electrode. With this structure, the fluores-
cent body thus performs the function of a charged film.
Specifically, when some of the discharged electrons are
drawn to the second electrode, they negatively charge
the surface of the fluorescent body. The positive polarity
of the anode electrode is now weakened, reducing the
intensity of the electric field between the first electrode
and the second electrode, thereby instantaneously
stopping the ionization. Thus, there is essentially no
change in the voltage between the first electrode and
the second electrode upon the emission of electrons. As

a result, almost no positive ions are produced, thus pre-
venting the first electrode from being damaged by pos-
itive ions. The light emission device can thus have an
increased service life. The fluorescent body covering
the second electrode also performs the function of a pro-
tective film.
[0039] With the light emission device in which the sub-
stance serving as the emitter made of the dielectric ma-
terial according to the present invention, as described
above, electrons discharged from the emitter are
caused to impinge upon the fluorescent body without us-
ing a collector electrode, exciting the fluorescent body
to emit light. The light emission device can effectively
be rendered low in profile, lightweight, and low in cost.
[0040] The above and other objects, features, and ad-
vantages of the present invention will become more ap-
parent from the following description when taken in con-
junction with the accompanying drawings in which pre-
ferred embodiments of the present invention are shown
by way of illustrative example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041]

FIG. 1 is a view of a light emission device according
to a first embodiment of the present invention;
FIG. 2 is a plan view of the light emission device
according to the first embodiment of the present in-
vention;
FIG. 3 is a plan view of electrodes of a first modifi-
cation of the light emission device according to the
first embodiment of the present invention;
FIG. 4 is a plan view of electrodes of a second mod-
ification of the light emission device according to the
first embodiment of the present invention;
FIG. 5 is a plan view of electrodes of a third modi-
fication of the light emission device according to the
first embodiment of the present invention;
FIG. 6 is a diagram showing the waveform of a drive
voltage that is outputted from a pulse generation
source;
FIG. 7 is a view showing the manner in which the
light emission device according to the first embod-
iment operates when a first voltage is applied there-
to;
FIG. 8 is a view showing the manner in which light
is emitted from a fluorescent body when primary
electrons directly impinge upon the fluorescent
body in the light emission device according to the
first embodiment;
FIG. 9 is a view showing the manner in which light
is emitted from the fluorescent body when reflected
electrons impinge upon the fluorescent body in the
light emission device according to the first embod-
iment;
FIG. 10 is a view of a light emission device accord-
ing to a second embodiment of the present inven-
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tion, the view being illustrative of a first process of
driving the light emission device according to the
second embodiment;
FIG. 11 is a plan view of the light emission device
according to the second embodiment of the present
invention;
FIG. 12 is a view showing the manner in which light
is emitted from a fluorescent body when primary
electrons directly impinge upon the fluorescent
body in the light emission device according to the
second embodiment;
FIG. 13 is a view showing the manner in which light
is emitted from the fluorescent body when reflected
electrons impinge upon the fluorescent body in the
light emission device according to the second em-
bodiment;
FIG. 14 is a view of the light emission device ac-
cording to the second embodiment of the present
invention, the view being illustrative of a second
process of driving the light emission device accord-
ing to the second embodiment;
FIG. 15A is a diagram showing the waveform of a
drive voltage that is outputted from a first pulse gen-
eration source;
FIG. 15B is a diagram showing the waveform of a
drive voltage that is outputted from a second pulse
generation source;
FIG. 15C is a diagram showing the waveform of a
drive voltage that is outputted from a first pulse gen-
eration circuit;
FIG. 15D is a diagram showing the waveform of a
drive voltage that is outputted from a second pulse
generation circuit;
FIG. 16 is a view of a light emission device accord-
ing to a third embodiment of the present invention;
FIG. 17 is a plan view of the light emission device
according to the third embodiment of the present
invention; and
FIG. 18 is a view showing the manner in which light
is emitted from the light emission device according
to the third embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0042] Light emission devices according to preferred
embodiments of the present invention will be described
in detail below with reference to FIGS. 1 through 18.
[0043] Light emission devices according to the
present invention can be used in displays, electron
beam irradiation apparatus, light sources, LED alterna-
tives, and electronic parts manufacturing apparatus.
[0044] An electron beam in an electron beam irradia-
tion apparatus has a higher energy and a better absorp-
tion capability than ultraviolet rays in ultraviolet ray irra-
diation apparatus that are presently in widespread use.
Light emission devices are used to solidify insulating
films in superposing wafers for semiconductor devices,

harden printing inks without irregularities for drying
prints, and sterilize medical devices while being kept in
packages.
[0045] Light emission devices are also used as high-
luminance, high-efficiency light sources for use in pro-
jectors, for example, which employ an ultrahigh-pres-
sure mercury lamp or the like. If an electron pulse emis-
sion device according to the present invention is applied
to a light source, then it can be reduced in size, has a
longer service life, can be turned on at a higher speed,
and is capable of reducing environmental burdens be-
cause it is free of mercury.
[0046] Light emission devices are also used as LED
alternatives in planar light source applications including
indoor illumination devices, automobile lamps, and traf-
fic signal devices, and also in chip light sources, traffic
signal devices, and backlight units for small-size liquid-
crystal display devices for cellular phones.
[0047] Light emission devices are also used in elec-
tronic parts manufacturing apparatus including electron
beam sources for film growing apparatus such as elec-
tron beam evaporation apparatus, electron sources for
generating a plasma (to activate a gas or the like) in
plasma CVD apparatus, and electron sources for de-
composing gases. Light emission devices are also used
in vacuum micro devices including ultrahigh-speed de-
vices operable in a tera-Hz range and large-current out-
put devices. Light emission devices are also used in
printer parts, i.e., light emission devices for exposing
photosensitive drums to light, and electron sources for
charging dielectric bodies.
[0048] Light emission devices are also used in elec-
tronic circuit parts including digital devices such as
switches, relays, diodes, etc. and analog devices such
as operational amplifiers, etc. as they can be designed
for outputting large currents and high amplification fac-
tors.
[0049] As shown in FIG. 1, a light emission device 10A
according to a first embodiment of the present invention
has a plate-like emitter (a substance serving as an emit-
ter) 14, a first electrode (cathode electrode) 16 formed
on one surface of the emitter 14, a second electrode (an-
ode electrode) 20 formed on the reverse surface of the
emitter 14, and a pulse generation source 22 for apply-
ing a drive voltage Va between the cathode electrode
16 and the anode electrode 20 through a resistor R1.
[0050] In the embodiment shown in FIG. 1, the anode
electrode 20 is connected to GND (ground) through a
resistor R2, and hence is maintained at the zero poten-
tial. However, the anode electrode 20 may be main-
tained at a potential other than the zero potential. The
drive voltage Va is applied between the cathode elec-
trode 16 and the anode electrode 20 through, as shown
in FIG. 2, a lead electrode 17 extending to the cathode
electrode 16 and a lead electrode 21 extending to the
anode electrode 20.
[0051] The light emission device 10A also has a fluo-
rescent body 28 disposed on the surface of the emitter
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14 out of contact with, but as closely as possible, to the
cathode electrode 16.
[0052] The electron emitter 10A according to the first
embodiment is placed in a vacuum space. As shown in
FIG. 1, the electron emitter 10A has an electric field con-
centration point A. The point A can also be defined as
a point including a triple point where the cathode elec-
trode 16, the emitter 14, and the vacuum are present at
one point.
[0053] The vacuum level in the atmosphere should
preferably in the range from 2000 to 10-6 Pa and more
preferably in the range from 10-3 to 10-5 Pa.
[0054] The reason for the above range is that in a low-
er vacuum in excess of 2000 Pa, many gas molecules
would be present in the space, and sufficient luminance
could not be achieved, and in a higher vacuum lower
than 10-6 Pa, though electrons would be liable to be eas-
ily emitted from the electric field concentration point A,
structural body supports and vacuum seals would be
large in size, posing disadvantages on efforts to make
the light emission device smaller in size.
[0055] The emitter 14 is made of a dielectric material.
The dielectric material should preferably have a relative-
ly high dielectric constant, e.g., a dielectric constant of
1000 or higher. Dielectric materials of such a nature may
be ceramics including barium titanate, lead zirconate,
lead magnesium niobate, lead nickel niobate, lead zinc
niobate, lead manganese niobate, lead magnesium tan-
talate, lead nickel tantalate, lead antimony tinate, lead
titanate, lead magnesium tungstenate, lead cobalt nio-
bate, etc., ceramics containing a desired combination of
these compounds, materials whose chief constituent
contains 50 weight % or more of these compounds, or
materials containing the above ceramics and oxides of
lanthanum, calcium, strontium, molybdenum, tungsten,
barium, niobium, zinc, nickel, manganese, etc., any
combinations thereof, or other compounds added there-
to.
[0056] For example, a two-component n-PMN-mPT
compound (n, m represent molar ratios) of lead magne-
sium niobate (PMN) and lead titanate (PT) has its Curie
point lowered and its specific dielectric constant in-
creased at room temperature when the molar ratio of
PMN is increased.
[0057] Particularly, if n = 0.85 - 1.0, m = 1.0 - n, then
the specific dielectric constant has a preferable value of
3000 or higher. For example, if n = 0.91, m = 0.09, then
the specific dielectric constant of 15000 at room temper-
ature is achieved, and if n = 0.95, m = 0.05, the specific
dielectric constant of 20000 at room temperature is
achieved.
[0058] A three-component compound of lead magne-
sium niobate (PMN), lead titanate (PT), and lead zirco-
nate (PZ) may have its specific dielectric constant in-
creased by making the compound have a composition
in the vicinity of a morphotropic phase boundary (MPB)
between a tetragonal system and a pseudo-cubic sys-
tem or a tetragonal system and a rhombohedral system.

For example, the specific dielectric constant of 5500 is
achieved preferably with PMN : PT : PZ = 0.375 : 0.375 :
0.25, and the specific dielectric constant of 4500 is
achieved preferably with PMN : PT : PZ = 0.5 : 0.375 :
0.125. It is also preferable to increase the dielectric con-
stant by mixing the above dielectric materials with a met-
al such as platinum insofar as electric insulation is main-
tained. For example, the dielectric materials are mixed
with 20 weight % of platinum.
[0059] The emitter 14 may be in the form of a piezo-
electric/electrostrictive layer or an anti-ferroelectric lay-
er. If the emitter 14 comprises a piezoelectric/electros-
trictive layer, then it may be made of ceramics such as
lead zirconate, lead magnesium niobate, lead nickel nio-
bate, lead zinc niobate, lead manganese niobate, lead
magnesium tantalate, lead nickel tantalate, lead antimo-
ny tinate, lead titanate, barium titanate, lead magnesium
tungstenate, lead cobalt niobate, or the like. or a com-
bination of any of these materials.
[0060] The emitter 14 may be made of chief compo-
nents including 50 weight % or more of any of the above
compounds. Of the above ceramics, the ceramics in-
cluding lead zirconate is mostly frequently used as a
constituent of the piezoelectric/electrostrictive layer of
the emitter 14.
[0061] If the piezoelectric/electrostrictive layer is
made of ceramics, then oxides of lanthanum, calcium,
strontium, molybdenum, tungsten, barium, niobium,
zinc, nickel, manganese, or the like, or a combination of
these materials, or any of other compounds may be add-
ed to the ceramics.
[0062] For example, the piezoelectric/electrostrictive
layer should preferably be made of ceramics including
as chief components lead magnesium niobate, lead zir-
conate, and lead titanate, and also including lanthanum
and strontium.
[0063] The piezoelectric/electrostrictive layer may be
dense or porous. If the piezoelectric/electrostrictive lay-
er is porous, then it should preferably have a porosity of
40 % or less.
[0064] If the emitter 14 is in the form of an anti-ferro-
electric layer, then the anti-ferroelectric layer may be
made of lead zirconate as a chief component, lead zir-
conate and lead tin as chief components, lead zirconate
with lanthanum oxide added thereto, or lead zirconate
and lead tin as components with lead zirconate and lead
niobate added thereto.
[0065] The anti-ferroelectric layer may be porous. If
the anti-ferroelectric layer is porous, then it should pref-
erably have a porosity of 30 % or less.
[0066] If the emitter 14 is made of strontium tantalate
bismuthate, then its polarization reversal fatigue is
small. Materials whose polarization reversal fatigue is
small are laminar ferroelectric compounds and ex-
pressed by the general formula of (BiO2)2+

(Am-1BmO3m+1)2-. Ions of the metal A are Ca2+, Sr2+,
Ba2+, Pb2+, Bi3+, La3+, etc., and ions of the metal B are
Ti4+, Ta5+, Nb5+, etc.
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[0067] The baking temperature can be lowered by
adding glass such as lead borosilicate glass or the like
or other compounds of low melting point (e.g., bismuth
oxide or the like) to the piezoelectric/electrostrictive/ce-
ramics.
[0068] If the emitter 14 is made of a material having
a high melting point or a high evaporation temperature,
such as a non-lead material, then it is less liable to be
damaged by the impingement of electrons or ions.
[0069] The magnitude of the thickness h (see FIG. 1)
of the emitter 14 between the cathode electrode 16 and
the anode electrode 20 will be described below. If the
voltage between the cathode electrode 16 and the an-
ode electrode 20, i.e., the voltage appearing between
the cathode electrode 16 and the anode electrode 20
when the drive voltage Va outputted from the pulse gen-
eration source 22 is applied between the cathode elec-
trode 16 and the anode electrode 20, is Vak, then the
thickness h should preferably be set in order to reverse
or change the polarization in an electric field E ex-
pressed by E = Vak/h. That is, as the thickness h is
smaller, the polarization can be reversed or changed at
a lower voltage, so that the light emission device is ca-
pable of emitting electrons at a lower drive voltage of
100 V or less.
[0070] The cathode electrode 16 is made of materials
to be described below. The cathode electrode 16 should
preferably be made of a conductor having a small sput-
tering yield and a high evaporation temperature in vac-
uum. For example, materials having a sputtering yield
of 2.0 or less at 600 V in Ar+ and an evaporation tem-
perature of 1800 K or higher at an evaporation pressure
of 1.3 3 10-3 Pa are preferable. Such materials include
platinum, molybdenum, tungsten, etc. The cathode
electrode 16 may be made of a conductor which is re-
sistant to a high-temperature oxidizing atmosphere, e.
g., a metal, an alloy, a mixture of insulative ceramics and
a metal, or a mixture of insulative ceramics and an alloy.
Preferably, the cathode electrode 16 should be chiefly
composed of a precious metal having a high melting
point, e.g., platinum, iridium, palladium, rhodium, mo-
lybdenum, or the like, or an alloy of silver and palladium,
silver and platinum, platinum and palladium, or the like,
or a cermet of platinum and ceramics. Further prefera-
bly, the cathode electrode 16 should be made of plati-
num only or a material chiefly composed of a platinum-
base alloy. The cathode electrode 16 should also pref-
erably be made of carbon or a graphite-base material,
e.g., diamond thin film, diamondlike carbon, or carbon
nanotube. Ceramics to be added to the electrode mate-
rial should preferably have a proportion ranging from 5
to 30 volume %.
[0071] Furthermore, a material such as an organic
metal paste which can produce a thin film after being
baked, e.g., a platinum resinate paste or the like, should
preferably be used. An oxide electrode for suppressing
a polarization reversal fatigue, which is made of ruthe-
nium oxide, iridium oxide, strontium ruthenate,

La1-xSrxCoO3 (e.g., x = 0 . 3 or 0.5), La1-xCaxMnO3,
La1-xCaxMn1-yCoyO3 (e.g., x = 0 . 2 , y = 0.05), or a mix-
ture of any one of these compounds and a platinum res-
inate paste, for example, is preferable.
[0072] The cathode electrode 16 may be made of any
of the above materials by any of thick-film forming proc-
esses including screen printing, spray coating, coating,
dipping, electrophoresis, etc., or any of various thin-film
forming processes including sputtering, an ion beam
process, vacuum evaporation, ion plating, chemical va-
por deposition (CVD), plating, etc. Preferably, the cath-
ode electrode 16 is made by any of the above thick-film
forming processes.
[0073] The cathode electrode 16 has a thickness tc
(see FIG. 1) of 20 µm or less and preferably 5 µm or
less. Therefore, the thickness tc of the cathode elec-
trode 16 may be 100 nm or less. If the thickness tc of
the cathode electrode 16 is very thin (10 nm or less),
then electrons are emitted from the interface between
the cathode electrode 16 and the emitter 14, so that the
electron emission efficiency can be increased further-
more.
[0074] The anode electrode 20 is made of the same
material by the same process as the cathode electrode
16. Preferably, the anode electrode 20 is made by any
of the above thick-film forming processes. The anode
electrode 20 has a thickness of 20 µm or less and pref-
erably 5 µm or less.
[0075] Each time the emitter 14, the cathode elec-
trode 16, or the anode electrode 20 is formed, the as-
sembly may be heated (sintered) into an integral struc-
ture. Depending on the process by which the cathode
electrode 16 and the anode electrode 20 are formed,
they may not be heated (sintered) so as to be integrally
combined.
[0076] The sintering process for integrally combining
the emitter 14, the cathode electrode 16, and the anode
electrode 20 may be carried out at a temperature rang-
ing from 500 to 1400°C, preferably from 1000 to
1400°C. For heating the emitter 14 which is in the form
of a film, the emitter 14 should be sintered together with
its evaporation source while their atmosphere is being
controlled, so that the composition of the emitter 14 will
not become unstable at the high temperature.
[0077] The emitter 14 may be covered with an appro-
priate member for concealing the surface thereof
against direct exposure to the sintering atmosphere
when the emitter 14 is sintered.
[0078] The cathode electrode 16 as viewed in plan
has a projected shape which is a slender rectangular
shape as shown in FIG. 2. The cathode electrode 16 is
shaped such that its outer peripheral edge confronts the
inner peripheral edge of the fluorescent body 28, i.e.,
the outer peripheral edge of the cathode electrode 16 is
surrounded by the fluorescent body 28. The anode elec-
trode 20 as viewed in plan has a projected shape which
is an elongate rectangular shape whose area is greater
than the cathode electrode 16, such that the projected
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shape of the cathode electrode 16 is fully contained in
the projected shape of the anode electrode 20.
[0079] Specifically, the projected shape of the anode
electrode 20 has a protruding portion 20a which pro-
trudes out of the projected shape of the cathode elec-
trode 16. The protruding portions 20a has a maximum
length that should preferably range from 1 µm to 500
µm.
[0080] With this structure, the portion of the emitter 14
which corresponds to the protruding portion 20a of the
anode electrode 20 can have its polarization reversed
or changed easily. Since the electric field is concentrat-
ed from the protruding portion 20a toward the peripheral
edge of the cathode electrode 16, electrons can easily
be emitted from around the triple point on the cathode
electrode 16.
[0081] Because the projected shape of the cathode
electrode 16 is fully contained in the projected shape of
the anode electrode 20, the outer peripheral portion of
the cathode electrode 16 contributes to the emission of
electrons, thus increasing the amount of emitted light.
By appropriately selecting the area of the cathode elec-
trode 16 and the projected shape thereof as viewed in
plan, the amount of emitted light and the electrostatic
capacitance between the cathode electrode 16 and the
anode electrode 20 can be optimized for reducing the
power consumption and increasing the amount of emit-
ted light.
[0082] The projected shapes as viewed in plan of the
cathode electrode 16 and the anode electrode 20 may
be an elliptical shape as with a light emission device
10Aa according to a first modification as shown in FIG.
3. In FIG. 3, the projected shapes of the cathode elec-
trode 16 and the anode electrode 20 are similar to each
other.
[0083] A light emission device 10Ab according to a
second modification as shown in FIG. 4 has a cathode
electrode 16 having a ring-like projected shape and an
anode electrode 20 having an elongate rectangular pro-
jected shape. The cathode electrode 16 surrounds the
outer peripheral edge of a central fluorescent body 28a,
and an outer fluorescent body 28b surrounds the outer
peripheral edge of the cathode electrode 16. Therefore,
the triple point where the cathode electrode 16, the emit-
ter 14, and the vacuum are present, i.e., the electric field
concentration point A, is present on not only the outer
periphery, but also the inner periphery, of the cathode
electrode 16 for an increased electron emission efficien-
cy.
[0084] A light emission device 10Ac according to a
third modification as shown in FIG. 5 has a cathode elec-
trode 16 having a comb-toothed projected shape and
an anode electrode 20 having an elongate rectangular
projected shape. With this structure, the length of the
outer periphery of the cathode electrode 16 where the
triple point of the cathode electrode 16, the emitter 14,
and the vacuum is present is greatly increased without
changing the overall size of the cathode electrode 16,

for increasing the electron emission efficiency and eas-
ily optimizing the electrostatic capacitance and power
consumption.
[0085] A process of driving the light emission device
10A will be described below with reference to FIGS. 1,
6 through 9. As shown in FIG. 6, the drive voltage Va
outputted from the pulse generation source 22 has the
waveform of alternating-current pulses in the form of re-
peated steps each including a period in which a first volt-
age Va1 is outputted (preparatory period T1) and a pe-
riod in which a second voltage Va2 is outputted (electron
emission period T2). The first voltage Va1 is a voltage
that makes the potential of the cathode electrode 16
higher than the potential of the anode electrode 20, and
the second voltage Va2 is a voltage that makes the po-
tential of the cathode electrode 16 lower than the poten-
tial of the anode electrode 20. The drive voltage Va has
an amplitude Vin that can be defined by a value pro-
duced by subtracting the second voltage Va2 from the
first voltage Va1 (= Va1 - Va2).
[0086] As shown in FIG. 7, the preparatory period T1
is a period in which the first voltage Va1 is applied be-
tween the cathode electrode 16 and the anode electrode
20 to polarize the emitter 14. The first voltage Val may
be a DC voltage, as shown in FIG. 6, but may be a single
pulse voltage or a succession of pulse voltages. The
preparatory period T1 should preferably be longer than
the electron emission period T2 for sufficiently polarizing
the emitter 14. For example, the preparatory period T1
should preferably be 100 µsec. or longer because the
absolute value of the first voltage Va1 for polarizing the
emitter 14 is set to a smaller value than the absolute
value of the second voltage Va2 for the purpose of re-
ducing the power consumption when the first voltage
Va1 is applied and preventing damage to the cathode
electrode 16.
[0087] The first voltage Va1 and the second voltage
Va2 should preferably be of voltage levels for reliably
polarizing the emitter 14 into positive and negative
poles. For example, if the dielectric material of the emit-
ter 14 has a coercive voltage, then the absolute values
of the first voltage Va1 and the second voltage Va2
should preferably be higher than the coercive voltage.
[0088] The electron emission period T2 is a period in
which the second voltage Va2 is applied between the
cathode electrode 16 and the anode electrode 20. When
the second voltage Va2 is applied between the cathode
electrode 16 and the anode electrode 20, the polariza-
tion of at least a portion of the emitter 14 is reversed or
changed, as shown in FIG. 8. The portion of the emitter
14 where the polarization is reversed or changed in-
cludes not only a portion directly below the cathode elec-
trode 16, but also a portion having an exposed surface
with no cathode electrode 16 thereon, in the vicinity of
the cathode electrode 16.
[0089] Specifically, the portion of the emitter 14 which
as an exposed surface in the vicinity of the cathode elec-
trode 16 has its polarization seeping out. Because of the
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reversed or changed polarization, a locally concentrated
electric field is produced in the cathode electrode 16 and
the positive poles of dipole moments in the vicinity of the
cathode electrode 16, causing the cathode electrode 16
to emit primary electrons.
[0090] As shown in FIG. 8, if the distance L between
the outer peripheral edge of the cathode electrode 16
and the inner peripheral edge of the fluorescent body
28, which confront each other, is small, then primary
electrons discharged from the cathode electrode 16 di-
rectly impinge upon the fluorescent body 28, exciting the
fluorescent body 28 to emit fluorescent light. If the thick-
ness of the cathode electrode 16 is very small (up to 10
nm), then electrons are discharged from the interface
between the cathode electrode 16 and the emitter 14,
and the discharged electrons directly impinge upon the
fluorescent body 28, exciting the fluorescent body 28.
[0091] As shown in FIG. 9, if the distance L between
the outer peripheral edge of the cathode electrode 16
and the inner peripheral edge of the fluorescent body
28, which confront each other, is large, then when the
second voltage Va2 is applied between the cathode
electrode 16 and the anode electrode 20, primary elec-
trons discharged from the cathode electrode 16 are re-
flected by the surface of the emitter 14 and impinge as
reflected electrons upon the fluorescent body 28, excit-
ing the fluorescent body 28 to emit fluorescent light. At
this time, not all the discharged primary electrons be-
come reflected electrons, but some primary electrons
may directly impinge upon the fluorescent body 28, ex-
citing the fluorescent body 28.
[0092] In addition, primary electrons may impinge up-
on the emitter 14, causing the emitter 14 to discharge
secondary electrons. The discharged secondary elec-
trons may be accelerated by an electric field generated
in the vicinity of the surface of the cathode electrode 16
and impinge upon the fluorescent body 28, exciting the
fluorescent body 28.
[0093] When electrons discharged from the emitter 14
impinge again upon the emitter 14, or when ionization
occurs in the vicinity of the surface of the emitter 14, the
emitter 14 may be damaged or crystalline defects may
be induced, tending to make the emitter 14 weak struc-
turally.
[0094] It is therefore preferable to construct the emit-
ter 14 of a dielectric material having a high evaporation
temperature in vacuum, e.g., BaTiO3 or the like which
does not contain Pb. The emitter 14 thus constructed
has its constituent atoms less liable to evaporate due to
the Joule heat, obstructing the promotion of ionization
by electrons. This is effective in protecting the surface
of the emitter 14.
[0095] With the light emission device 10A according
to the first embodiment, electrons discharged from the
cathode electrode 16 impinge upon the fluorescent body
28 disposed in the vicinity of the cathode electrode 16,
exciting the fluorescent body 28 to emit light.
[0096] Therefore, the light emission device 10A does

not need to have a collector electrode. As a result, the
light emission device 10A may be low in profile, light-
weight, and low in cost.
[0097] Inasmuch as the distance from the electron
emission region of the cathode electrode 16 to the fluo-
rescent body 28 is short, almost all of the discharged
electrons can reach the fluorescent body 28 without im-
pinging upon gas molecules even when the vacuum at-
mosphere has a low vacuum level of 2000 Pa. Thus, a
number of electrons that impinge upon the fluorescent
body 28 which are required to achieve a desired lumi-
nance level of light emission can be maintained. A high-
er vacuum level of 10-3 Pa or less is preferable for higher
luminance.
[0098] The gas and atoms that are produced when
part of the emitter 14 is evaporated are floating in the
vicinity of the emitter 14. If a collector electrode were
present, then when the discharged electrodes travel to-
ward the collector electrode, the electrons would ionize
the gas and the atoms into positive ions and electrons.
Since the electrons thus generated by the ionization
would further ionize the gas and the atoms, electrons
are exponentially multiplied to generate a local plasma
in which the electrons and the positive ions are neutrally
present. The generated positive ions would impinge up-
on the emitter 14 and the cathode electrode 16, tending
to damage the emitter 14 and the cathode electrode 16
(ion bombardment phenomenon).
[0099] According to the first embodiment, however,
inasmuch as there is no collector electrode and the dis-
tance that the discharged electrons are accelerated and
fly is small, the discharged electrons do not substantially
ionize the gas present in the vicinity of the emitter 14 or
atoms of the emitter 14 into positive ions and electrons.
As a result, the number of areas where positive ions are
generated in the vacuum atmosphere is reduced, and
the problem of damage caused to the emitter 14 and the
cathode electrode 16 by the ion bombardment phenom-
enon is avoided.
[0100] If a plurality of light emission devices 10A are
arrayed into a single display, then since the distance
from the electron emission region of the cathode elec-
trode 16 to the fluorescent body 28 is short and the dis-
tance that the discharged electrons are accelerated and
fly is small in each of the light emission devices 10A,
electrons emitted from each of the light emission devic-
es 10A do not impinge upon the fluorescent bodies of
adjacent light emission devices 10A, and hence there is
no crosstalk between the light emission devices.
[0101] In the above display, one or more spacers may
be interposed between the light emission devices 10A
and a display panel in order to keep rigid the display
including the display panel and to maintain the gap be-
tween the light emission devices 10A and the display
panel at a predetermined distance. In this arrangement,
the spacer or spacers are not charged because elec-
trons emitted from the light emission devices 10A do not
fly to the spacer. Even if the spacer is charged for some
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reasons, producing an unwanted field distribution be-
tween the light emission devices 10A and the spacer,
the electrons are not affected by the unwanted field dis-
tribution because the distance that the discharged elec-
trons are accelerated and fly is small.
[0102] With the light emission device 10A according
to the first embodiment, therefore, electrons discharged
from the cathode electrode 16 are caused to impinge
upon the fluorescent body 28 without using a collector
electrode, exciting the fluorescent body 28 to emit light.
The light emission device 10A can effectively be ren-
dered small in size, lightweight, and low in cost.
[0103] A light emission device 10B according to a sec-
ond embodiment of the present invention will be de-
scribed below with reference to FIGS. 10 through 15D.
[0104] As shown in FIGS. 10 and 11, the light emis-
sion device 10B according to the second embodiment
is substantially similar in structure to the light emission
device 10A according to the first embodiment, but differs
therefrom in that the cathode electrode 16 and the an-
ode electrode 20 are disposed in contact with a principal
surface of the emitter 14, with a slit 30 defined between
the cathode electrode 16 and the anode electrode 20,
and the fluorescent body 28 is disposed in at least the
slit 30. The emitter 14 has portions exposed between
the cathode electrode 16 and the fluorescent body 28
and between the anode electrode 20 and the fluorescent
body 28. According to the second embodiment, the light
emission device 10A has an electric field concentration
point B made up of the anode electrode 20, the emitter
14, and the vacuum, in addition to the electric field con-
centration point A.
[0105] According to the second embodiment, as
shown in FIG. 11, the outer peripheral edge of the cath-
ode electrode 16 and the inner peripheral edge of the
fluorescent body 28 face each other, i.e., the outer pe-
ripheral edge of the cathode electrode 16 is surrounded
by the fluorescent body 28, and the outer peripheral
edge of the fluorescent body 28 and the inner peripheral
edge of the anode electrode 20 face each other, i.e., the
outer peripheral edge of the fluorescent body 28 is sur-
rounded by the anode electrode 20.
[0106] In FIG. 11, as indicated by the reference nu-
merals in parentheses, the outer peripheral edge of the
anode electrode 20 and the inner peripheral edge of the
fluorescent body 28 may face each other, i.e., the outer
peripheral edge of the anode electrode 20 may be sur-
rounded by the fluorescent body 28, and the outer pe-
ripheral edge of the fluorescent body 28 and the inner
peripheral edge of the cathode electrode 16 may face
each other, i.e., the outer peripheral edge of the fluores-
cent body 28 may be surrounded by the cathode elec-
trode 16.
[0107] The magnitude of the width d (see FIG. 10) of
the slit between the cathode electrode 16 and the anode
electrode 20 will be described below. If the voltage be-
tween the cathode electrode 16 and the anode electrode
20 is Vak, then the width d should preferably be set in

order to reverse or change the polarization in an electric
field E expressed by E = Vak/d. That is, as the width d
is smaller, the polarization can be reversed or changed
at a lower voltage, so that the light emission device is
capable of emitting electrons at a lower drive voltage of
100 V or less.
[0108] A first process of driving the light emission de-
vice 10B will be described below with reference to FIGS.
6, 7, 10, 12, and 13. According to the second embodi-
ment, as with the first embodiment, as shown in FIG. 6,
a step including a period in which the first voltage Va1
is outputted (preparatory period T1) and a period in
which the second voltage Va2 is outputted (electron
emission period T2) is repeated.
[0109] In the preparatory period T1, as shown in FIG.
7, the first voltage Va1 is applied between the cathode
electrode 16 and the anode electrode 20 to polarize the
emitter 14 in one direction.
[0110] Subsequently, in the electron emission period
T2, the second voltage Va2 is applied between the cath-
ode electrode 16 and the anode electrode 20 to reverse
the polarization of at least a portion (corresponding to
the slit 30) of the emitter 14, as shown in FIG. 12. Be-
cause of the reversed polarization, a locally concentrat-
ed electric field is produced in the cathode electrode 16
and the positive poles of dipole moments in the vicinity
of the cathode electrode 16, causing the cathode elec-
trode 16 to emit primary electrons.
[0111] As shown in FIG. 12, if the distance L between
the outer peripheral edge of the cathode electrode 16
and the inner peripheral edge of the fluorescent body
28, which confront each other, is small, then primary
electrons discharged from the cathode electrode 16 di-
rectly impinge upon the fluorescent body 28, exciting the
fluorescent body 28 to emit fluorescent light. If the thick-
ness of the cathode electrode 16 is very small (up to 10
nm), then electrons are discharged from the interface
between the cathode electrode 16 and the emitter 14,
and the discharged electrons directly impinge upon the
fluorescent body 28, exciting the fluorescent body 28.
[0112] As shown in FIG. 13, if the distance L between
the outer peripheral edge of the cathode electrode 16
and the inner peripheral edge of the fluorescent body
28, which confront each other, is large, then when the
second voltage Va2 is applied between the cathode
electrode 16 and the anode electrode 20, primary elec-
trons discharged from the cathode electrode 16 are re-
flected by the surface of the emitter 14 and impinge as
reflected electrons upon the fluorescent body 28, excit-
ing the fluorescent body 28 to emit fluorescent light. At
this time, not all the discharged primary electrons be-
come reflected electrons, but some primary electrons
may directly impinge upon the fluorescent body 28, ex-
citing the fluorescent body 28.
[0113] In addition, primary electrons may impinge up-
on the emitter 14, causing the emitter 14 to discharge
secondary electrons. The discharged secondary elec-
trons may be accelerated by an electric field generated
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in the vicinity of the surface of the cathode electrode 16
and impinge upon the fluorescent body 28, exciting the
fluorescent body 28.
[0114] A second process of driving the light emission
device 10B will be described below with reference to
FIGS. 14 through 15D. The second driving process is
different from the first driving process as follows:

(1) The light emission device 10B has two pulse
generation sources (first and second pulse gener-
ation sources 22a, 22b) for applying a drive voltage
between the cathode electrode 16 and ground
(GND). (2) The light emission device 10B has a first
switching circuit 40 for alternately selecting the first
and second pulse generation sources 22a, 22b
based on a switching control signal Sc. (3) The light
emission device 10B has two pulse generation
sources (first and second pulse generation sources
44a, 44b) for applying a drive voltage between the
anode electrode 20 and ground (GND). (4) The light
emission device 10B has a second switching circuit
42 for alternately selecting the first and second
pulse generation sources 44a, 44b based on the
switching control signal Sc.

[0115] As shown in FIG. 15A, a drive voltage VA1 out-
putted from the first pulse generation source 22a has a
voltage waveform such that the first voltage Va1 (e.g.,
30 V) is applied between the cathode electrode 16 and
GND in the preparatory period T1 and the second volt-
age Va2 (e.g., -100 V) applied between the cathode
electrode 16 and GND in the electron emission period
T2.
[0116] As shown in FIG. 15B, a drive voltage VA2 out-
putted from the second pulse generation source 22b has
a voltage waveform such that the second voltage Va2
(e.g., - 100 V) is applied between the cathode electrode
16 and GND in the preparatory period T1 and the first
voltage Va1 (e.g., 30 V) applied between the cathode
electrode 16 and GND in the electron emission period
T2.
[0117] As shown in FIG. 15C, a drive voltage VB1 out-
putted from the first pulse generation source 44a has a
voltage waveform such that the second voltage Va2 (e.
g., - 100 V) is applied between the anode electrode 20
and GND in the preparatory period T1 and the first volt-
age Va1 (e.g., 30 V) applied between the anode elec-
trode 20 and GND in the electron emission period T2.
[0118] As shown in FIG. 15D, a drive voltage VB2 out-
putted from the second pulse generation source 22b has
a voltage waveform such that the first voltage Va1 (e.g.,
30 V) is applied between the anode electrode 16 and
GND in the preparatory period T1 and the second volt-
age Va2 (e.g.,-100 V) applied between the anode elec-
trode 20 and GND in the electron emission period T2.
[0119] The first and second switching circuits 40, 42
are ganged switching circuits having respective switch-
es operable by the single switch control signal Sc. The

switch control signal Sc may be a command signal from
a computer or a timer (not shown). In the embodiment
shown in FIG. 14, the first and second switching circuits
40, 42 are operated based on the voltage levels (high
and low levels) of the switch control signal Sc.
[0120] When the first and second switching circuits
40, 42 are supplied with the switch control signal Sc (e.
g., the high voltage level) to select the first pulse gener-
ation sources 22a, 44a, respectively, the first voltage
Va1 is applied between the cathode electrode 16 and
GND in the preparatory period T1, polarizing the emitter
14, and the second voltage Va2 is applied between the
cathode electrode 16 and GND in the electron emission
period T2, reversing or changing the polarization of the
emitter 14 for causing the cathode electrode 16 to dis-
charge primary electrons, which excite the fluorescent
body 28 to emit light.
[0121] If the above process is regarded as one step,
then the step is performed one time or a plurality of times
as long as the switch control signal Sc is of the high volt-
age level, thereby carrying out one cycle (first cycle) of
operation.
[0122] When the first and second switching circuits
40, 42 are supplied with the switch control signal Sc (e.
g., the low voltage level) to select the second pulse gen-
eration sources 22b, 44b, respectively, the first voltage
Va1 is applied between the anode electrode 20 and
GND in the preparatory period T1, polarizing the emitter
14, and the second voltage Va2 is applied between the
anode electrode 20 and GND in the electron emission
period T2, reversing the polarization of the emitter 14
for causing the anode electrode 20 to discharge primary
electrons, which excite the fluorescent body 28 to emit
light.
[0123] If the above process is regarded as one step,
then the step is performed one time or a plurality of times
as long as the switch control signal Sc is of the low volt-
age level, thereby carrying out one cycle (second cycle)
of operation.
[0124] Based on a command signal from the compu-
ter or the timer, the first and second switching circuits
40, 42 switch between the first cycle and the second cy-
cle per step or per number of steps.
[0125] According to the second driving process, pri-
mary electrons can be discharged from the cathode
electrode in the first cycle and primary can be dis-
charged from the anode electrode in the second cycle
for further increasing the electron emission efficiency.
[0126] As shown in FIG. 11, the outer peripheral edge
of the cathode electrode 16 is surrounded by the fluo-
rescent body 28, and the outer peripheral edge of the
fluorescent body 28 is surrounded by the anode elec-
trode 20, or the outer peripheral edge of the anode elec-
trode 20 is surrounded by the fluorescent body 28, and
the outer peripheral edge of the fluorescent body 28 is
surrounded by the cathode electrode 16. Consequently,
the outer peripheral portion of the cathode electrode 16
and the outer peripheral portion of the anode electrode
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20 contribute to the emission of electrons, thus increas-
ing the amount of emitted light. By appropriately select-
ing the area of the cathode electrode 16 and the project-
ed shape thereof as viewed in plan, the amount of emit-
ted light and the electrostatic capacitance between the
cathode electrode 16 and the anode electrode 20 can
be optimized for reducing the power consumption and
increasing the amount of emitted light.
[0127] A light emission device 10C according to a
third embodiment of the present invention will be de-
scribed below with reference to FIGS. 16 through 18.
[0128] As shown in FIGS. 16 and 17, the light emis-
sion device 10C according to the third embodiment is
substantially similar in structure to the light emission de-
vice 10B according to the second embodiment, but dif-
fers therefrom in that the fluorescent body 28 covers the
surface of the anode electrode 20.
[0129] The fluorescent body 28 thus performs the
function of a charged film and the function of a protective
film.
[0130] A process of driving the light emission device
10C will be described below with reference to FIGS. 6,
16 through 18. According to the third embodiment, as
with the first embodiment, as shown in FIG. 6, a step
including a period in which the first voltage Va1 is out-
putted (preparatory period T1) and a period in which the
second voltage Va2 is outputted (electron emission pe-
riod T2) is repeated.
[0131] In the preparatory period T1, although not
shown, the first voltage Va1 is applied between the cath-
ode electrode 16 and the anode electrode 20 to polarize
the emitter 14 in one direction.
[0132] Subsequently, in the electron emission period
T2, the second voltage Va2 is applied between the cath-
ode electrode 16 and the anode electrode 20 to reverse
the polarization of at least a portion (corresponding to
the slit 30) of the emitter 14, as shown in FIG. 18. Be-
cause of the reversed polarization, a locally concentrat-
ed electric field is produced in the cathode electrode 16
and the positive poles of dipole moments in the vicinity
of the cathode electrode 16, causing the cathode elec-
trode 16 to emit primary electrons.
[0133] At this time, when some of the discharged elec-
trons are drawn to the anode electrode 20, they nega-
tively charge the surface of the fluorescent body 28. The
positive polarity of the anode electrode 20 is now weak-
ened, reducing the intensity of the electric field between
the cathode electrode 16 and the anode electrode 20,
thereby instantaneously stopping the ionization. Thus,
there is essentially no change in the voltage between
the cathode electrode 16 and the anode electrode 20
upon the emission of electrons. As a result, almost no
positive ions are produced, thus preventing the cathode
electrode 16 from being damaged by positive ions. The
light emission device 10C can thus have an increased
service life.

Claims

1. A light emission device comprising:

a substance (14) disposed in a vacuum atmos-
phere and serving as an emitter made of a di-
electric material; and
a first electrode (16), a second electrode (20),
and a fluorescent body (28) which are disposed
in contact with said substance (14) serving as
the emitter;

wherein when a drive voltage (Va) is applied
between said first electrode (16) and said second
electrode (20), the polarization of at least a portion
of said substance (14) serving as the emitter is re-
versed or changed to emit electrons from at least a
portion of said first electrode (16), and said elec-
trons impinge upon said fluorescent body (28) to
emit light therefrom.

2. A light emission device according to claim 1, where-
in said first electrode (16) and said fluorescent body
(28) are disposed on a first surface of said sub-
stance (14) serving as the emitter, and said second
electrode (20) is disposed on a second surface of
said substance (14) serving as the emitter.

3. A light emission device according to claim 2, where-
in said first electrode (16) and said fluorescent body
(28) have an outer peripheral edge and an inner pe-
ripheral edge, respectively, which face each other.

4. A light emission device according to claim 2 or 3,
wherein said fluorescent body (28) and said first
electrode (16) have an outer peripheral edge and
an inner peripheral edge, respectively, which face
each other.

5. A light emission device according to any one of
claims 2 through 4, wherein said first electrode (16)
and said second electrode (20) have respective
projected shapes as viewed in plan, and the pro-
jected shape of said second electrode (20) has a
protruding portion (20a) which protrudes from a pe-
ripheral edge of the projected shape of said first
electrode (16).

6. A light emission device according to claim 5, where-
in the projected shape of said first electrode (16)
and the projected shape of said second electrode
(20) are similar to each other.

7. A light emission device according to claim 5 or 6,
wherein said protruding portion (20a) has a maxi-
mum length ranging from 1 µm to 500 µm.

8. A light emission device according to claim 1, where-
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in said first electrode (16) and said second elec-
trode (20) are disposed in contact with a principal
surface of said substance (14) serving as the emit-
ter, with a slit (30) defined between said first elec-
trode (16) and said second electrode (20), said flu-
orescent body (28) being disposed in at least said
slit (30).

9. A light emission device according to claim 8, where-
in said substance (14) serving as the emitter has a
portion exposed at least between said first elec-
trode (16) and said fluorescent body (28).

10. A light emission device according to claim 8 or 9,
wherein said first electrode (16) and said fluores-
cent body (28) have an outer peripheral edge and
an inner peripheral edge, respectively, which face
each other.

11. A light emission device according to claim 10,
wherein said fluorescent body (28) and said second
electrode (20) have an outer peripheral edge and
an inner peripheral edge, respectively, which face
each other.

12. A light emission device according to claim 8 or 9,
wherein said second electrode (20) and said fluo-
rescent body (28) have an outer peripheral edge
and an inner peripheral edge, respectively, which
face each other.

13. A light emission device according to claim 12,
wherein said fluorescent body (28) and said first
electrode (16) have an outer peripheral edge and
an inner peripheral edge, respectively, which face
each other.

14. A light emission device according to any one of
claims 8 through 13, wherein said fluorescent body
(28) is disposed in covering relation to said second
electrode (20).

15. A light emission device according to any one of
claims 1 through 14, wherein a step includes a pre-
paratory period in which a first voltage (Va1) making
the potential of said first electrode (16) higher than
the potential of said second electrode (20) is applied
between said first electrode (16) and said second
electrode (20) to polarize said substance (14) serv-
ing as the emitter, and an electron emission period
in which a second voltage (Va2) making the poten-
tial of said first electrode (16) lower than the poten-
tial of said second electrode (20) is applied between
said first electrode (16) and said second electrode
(20) to reverse or change the polarization of said
substance (14) serving as the emitter to emit elec-
trons therefrom, and said step is repeated.

16. A light emission device according to any one of
claims 8 through 14, wherein a step includes a pre-
paratory period in which a first voltage (Va1) making
the potential of said first electrode (16) higher than
the potential of said second electrode (20) is applied
between said first electrode (16) and said second
electrode (20) to polarize said substance (14) serv-
ing as the emitter, and an electron emission period
in which a second voltage (Va2) making the poten-
tial of said first electrode (16) lower than the poten-
tial of said second electrode (20) is applied between
said first electrode (16) and said second electrode
(20) to reverse the polarization of said substance
(14) serving as the emitter to emit electrons from
said first electrode (16), and a first cycle includes at
least one said step, wherein a step includes a pre-
paratory period in which said second voltage (Va2)
is applied between said first electrode (16) and said
second electrode (20) to polarize said substance
(14) serving as the emitter, and an electron emis-
sion period in which said first voltage (Va1) applied
between said first electrode (16) and said second
electrode (20) to reverse the polarization of said
substance (14) serving as the emitter to emit elec-
trons from said second electrode (20), and a second
cycle includes at least one said step, and wherein
operation of said first cycle and operation of said
second cycle are selectively performed.

17. A light emission device according to claim 15,
wherein electrons are emitted from a portion of said
first electrode (16) in the vicinity of a triple point
made up of said first electrode (16), said substance
(14) serving as the emitter, and a vacuum atmos-
phere during said electron emission period in said
step, and the emitted electrons impinge upon said
fluorescent body (28) to emit light theref rom .

18. A light emission device according to claim 15,
wherein electrons are emitted from a portion of said
first electrode (16) in the vicinity of a triple point
made up of said first electrode (16), said substance
(14) serving as the emitter, and a vacuum atmos-
phere during said electron emission period in said
step, and the emitted electrons are reflected by a
surface of said substance (14) serving as the emit-
ter and impinge upon said fluorescent body (28) to
emit light therefrom.

19. A light emission device according to claim 15,
wherein electrons are emitted from a portion of said
first electrode (16) in the vicinity of a triple point
made up of said first electrode (16), said substance
(14) serving as the emitter, and a vacuum atmos-
phere during said electron emission period in said
step, the emitted electrons impinge upon said sub-
stance (14) serving as the emitter to emit secondary
electrons therefrom, and said secondary electrons
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impinge upon said fluorescent body (28) to emit
light therefrom.

20. A light emission device according to claim 16,
wherein electrons are emitted from a portion of said
first electrode (16) in the vicinity of a triple point
made up of said first electrode (16), said substance
(14) serving as the emitter, and a vacuum atmos-
phere during said electron emission period in said
step of said first cycle, and the emitted electrons im-
pinge upon said fluorescent body (28) to emit light
therefrom, and wherein electrons are emitted from
a portion of said second electrode (20) in the vicinity
of a triple point made up of said second electrode
(20), said substance (14) serving as the emitter, and
a vacuum atmosphere during said electron emis-
sion period in said step of said second cycle, and
the emitted electrons impinge upon said fluorescent
body (28) to emit light therefrom.

21. A light emission device according to claim 16,
wherein electrons are emitted from a portion of said
first electrode (16) in the vicinity of a triple point
made up of said first electrode (16), said substance
(14) serving as the emitter, and a vacuum atmos-
phere during said electron emission period in said
step of said first cycle, and the emitted electrons are
reflected by a surface of said substance (14) serv-
ing as the emitter and impinge upon said fluores-
cent body (28) to emit light therefrom, and wherein
electrons are emitted from a portion of said second
electrode (20) in the vicinity of a triple point made
up of said second electrode (20), said substance
(14) serving as the emitter, and a vacuum atmos-
phere during said electron emission period in said
step of said second cycle, and the emitted electrons
are reflected by a surface of said substance (14)
serving as the emitter and impinge upon said fluo-
rescent body (28) to emit light therefrom.

22. A light emission device according to claim 16,
wherein electrons are emitted from a portion of said
first electrode (16) in the vicinity of a triple point
made up of said first electrode (16), said substance
(14) serving as the emitter, and a vacuum atmos-
phere during said electron emission period in said
step of said first cycle, the emitted electrons im-
pinge upon a surface of said substance (14) serving
as the emitter to emit secondary electrons there-
from, and said secondary electrons impinge upon
said fluorescent body (28) to emit light therefrom,
and wherein electrons are emitted from a portion of
said second electrode (20) in the vicinity of a triple
point made up of said second electrode (20), said
substance (14) serving as the emitter, and a vacu-
um atmosphere during said electron emission peri-
od in said step of said second cycle, the emitted
electrons impinge upon said substance (14) serving

as the emitter to emit secondary electrons there-
from, and said secondary electrons impinge upon
said fluorescent body (28) to emit light therefrom.

23. A light emission device according to any one of
claims 1 through 22, wherein said vacuum atmos-
phere has a vacuum level of at most 2000 Pa.

24. A light emission device according to claim 23,
wherein said vacuum atmosphere has a vacuum
level of at most 10-3 Pa.

25. A light emission device according to any one of
claims 1 through 24, wherein said substance (24)
serving as the emitter is made of a piezoelectric ma-
terial, an anti-ferroelectric material, or an electros-
trictive material.
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