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(54) Electron emitter display apparatus, method of driving electron emitter display apparatus,
apparatus for driving electron emitter display apparatus

(57) One image is displayed in a period as one

frame, which includes one charge accumulation period

and one light emission period. In the charge accumula-

tion period (Td), all electron emitters (12) are scanned,

and voltages depending on the luminance levels of cor-
responding pixels are applied to the electron emitters
(12) which correspond to pixels to be turned on (to emit
light), to accumulate charges (electrons) in amounts de-

pending on the luminance levels of corresponding pixels
in the electron emitters (12) which correspond to pixels
to be turned on. In the next light emission period (Th),
a constant voltage is applied to all the electron emitters
(12) to emit electrons in amounts depending on the lu-
minance levels of corresponding pixels from the elec-
tron emitters (12) which correspond to pixels to be
turned on, thereby emitting light from the pixels to be
turned on.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention:

[0001] The present invention relates to a display ap-
paratus for supplying pixel signals respectively to a plu-
rality of electron emitters arranged in association with a
plurality of pixels thereby to display an image, a method
of driving such a display apparatus, an electron emitter,
a method of driving an electron emitter, an apparatus for
driving an electron emitter, an electron emission appa-
ratus, and a method of driving an electron emission ap-
paratus.

Description of the Related Art:

[0002] Recently, electron emitters having a cathode
electrode and an anode electrode have been finding use
in various applications such as field emission displays
(FEDs) and backlight units. In an FED, a plurality of elec-
tron emitters are arranged in a two-dimensional array,
and a plurality of phosphors are positioned in associa-
tion with the respective electron emitters with a prede-
termined gap left therebetween.

[0003] Conventional electron emitters are disclosed
in the following documents 1 through 5. Various theories
about the emission of electrons from a dielectric material
making up an emitter have been presented in the fol-
lowing documents 6 through 8:

[Document 1]

Japanese laid-open patent publication No.
1-311533

[Document 2]

Japanese laid-open patent publication No.
7-147131

[Document 3]

Japanese laid-open patent publication No.

2000-285801

[Document 4]

Japanese patent publication No. 46-20944
[Document 5]

Japanese patent publication No. 44-26125
[Document 6]

Yasuoka and Ishii, "Pulsed electron source using a
ferroelectric cathode", J. Appl. Phys., Vol. 68, No.
5, p. 546 - 550 (1999)

[Document 7]

V.F. Puchkarev, G.A. Mesyats, On the mechanism
of emission from the ferroelectric ceramic cathode,
J. Appl. Phys., Vol. 78, No. 9, 1 November, 1995, p.
5633 - 5637

[Document 8]

H. Riege, Electron emission ferroelectrics - a re-
view, Nucl. Instr. and Meth. A340, p. 80 - 89 (1994)
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[0004] If a display apparatus is constructed using pix-
els comprising electron emitters, then it is considered to
array a number of pixels in a matrix drive them according
to a passive matrix drive process or an active matrix
drive process.

[0005] For enabling the pixels to emit light, it is nec-
essary to apply a high voltage to the electron emitters.
For this reason, for emitting light when the pixels are
scanned, it is necessary to apply a high voltage during
a period (e.g., one frame) for displaying one image, re-
sulting in the problem of increased electric power con-
sumption. A circuit for selecting each electron emitter
and a circuit for supplying a pixel signal to the selected
electron emitter need to be able to handle the high volt-
age.

[0006] The pixels on unselected rows often tend to be
affected by a signal that is supplied to the pixels on a
selected row, and this leads to an increase in the electric
power consumption. Since each pixel is devoid of a
memory effect (charge storage at electron emitters), the
pixels are disadvantageous in attempts to achieve high-
er luminance and higher contrast.

SUMMARY OF THE INVENTION

[0007] The present invention has been made in view
of the above drawbacks. It is an object of the present
invention to provide a display apparatus which is de-
signed for low electric power consumption and is capa-
ble of being driven at a low voltage, and a method of
driving such a display apparatus.

[0008] Another object of the present invention is to
provide a display apparatus which, in addition to the
above capabilities, prevents the pixels on unselected
rows from being affected by a signal that is supplied to
the pixels on a selected row, and allows each pixel to
have a memory effect for higher luminance and higher
contrast, and a method of driving such a display appa-
ratus.

[0009] A display apparatus according to the present
invention has a plurality of electron emitters arrayed in
association with a plurality of pixels, for emitting elec-
trons from the electron emitters to display an image, and
is characterized in that necessary charges are accumu-
lated in all the electron emitters in a first period, and a
voltage required to emit electrons is applied to all the
electron emitters to cause a plurality of electron emitters
which correspond to pixels to emit light therefrom, for
emitting light from the pixels, in a second period after
the first period.

[0010] Still another object of the present invention is
to provide an apparatus for driving an electron emitter
and a method of driving an electron emitter with a circuit
system which can be driven at a low voltage for driving
the electron emitter with reduced power consumption.

[0011] Yet still another object of the present invention
is to provide an electron emission apparatus and a
method of driving such an electron emission apparatus
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with a circuit which can be driven at a low voltage for
applying voltages (an accumulation voltage and an
emission voltage) to electron emitters with reduced
power consumption.

[0012] According to the present invention, there is al-
so provided a method of driving a display apparatus hav-
ing a plurality of electron emitters arrayed in association
with a plurality of pixels, for emitting electrons from the
electron emitters to display an image, characterized by
the step of accumulating necessary charges in all the
electron emitters in a first period, and the step of apply-
ing a voltage required to emit electrons to all the electron
emitters to cause a plurality of electron emitters which
correspond to pixels to emit light therefrom, for emitting
light from the pixels, in a second period after the first
period.

[0013] One electron emitter may be assigned to one
pixel, or a plurality of electron emitters may be assigned
to one pixel.

[0014] Usually, if pixels are made up of electron emit-
ters, then a high voltage needs to be applied to the elec-
tron emitters to emit light from the pixels. Therefore, for
emitting light from the pixels when the pixels are
scanned, a high voltage needs to be applied to the pixels
during a period (e.g., one frame) for displaying one im-
age, resulting in the problem of increased electric power
consumption. Circuits for selecting electron emitters
and supplying pixel signals to the selected electron emit-
ters need to be able to handle the high voltage.

[0015] Accordingtothe presentinvention, after charg-
es have been accumulated in all the electron emitters,
a voltage is applied to all the electron emitters, emitting
light from the pixels which correspond to the electron
emitters to be turned on.

[0016] Because the period (first period) for accumu-
lating charges in electron emitters and the period (sec-
ond period) for emitting electrons from electron emitters
which correspond to the pixels to be turned on are sep-
arated from each other, the circuit for applying voltages
(an accumulation voltage and an emission voltage) de-
pending on luminance levels to the electron emitters can
be driven at a low voltage.

[0017] Specific drive methods for driving the display
apparatus according to the present invention will be de-
scribed below.

[0018] According to a first drive method, one image is
displayed in a period as one frame, the one frame in-
cluding the first period and the second period, all the
electron emitters are scanned, and accumulation volt-
ages depending on the luminance levels of correspond-
ing pixels are applied to the electron emitters which cor-
respond to pixels to emit light therefrom in the first pe-
riod, to accumulate charges in amounts depending on
the luminance levels of corresponding pixels in the elec-
tron emitters which correspond to pixels to emit light
therefrom in the first period, and a constant emission
voltage is applied to all the electron emitters in the sec-
ond period after the first period, to emit electrons in
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amounts depending on the luminance levels of corre-
sponding pixels from the electron emitters which corre-
spond to pixels to emit light therefrom in the second pe-
riod, thereby emitting light from the pixels.

[0019] According to a second drive method, one im-
age is displayed in a period as one frame, the one frame
being divided into a plurality of periods having respec-
tive different luminance levels, each of the periods serv-
ing as one subfield, the one subfield including the first
period and the second period, all the electron emitters
are scanned, and a constant accumulation voltage is ap-
plied to the electron emitters to emit light therefrom in
the first period, to accumulate a constant amount of
charges in the electron emitters to emit light therefrom
in the first period, and emission voltages depending on
luminance levels assigned to the subfields are applied
to all the electron emitters in the second period after the
first period, to emit electrons in amounts depending on
the luminance levels assigned to the subfields from the
electron emitters which correspond to pixels to emit light
therefrom in the second period, thereby emitting light
from the pixels.

[0020] According to a third drive method, one image
is displayed in a period as one frame, the one frame be-
ing divided into a plurality of periods having respective
different luminance levels, each of the periods serving
as one subfield, the one subfield including the first pe-
riod and the second period, all the electron emitters are
scanned, and accumulation voltages depending on lu-
minance levels assigned to the subfields are applied to
the electron emitters to emit light therefrom in the first
period, to accumulate charges in amounts depending
on the luminance levels assigned to the subfields in the
electron emitters to emit light therefrom in the first peri-
od, and a constant emission voltage is applied to all the
electron emitters in the second period after the first pe-
riod, to emit electrons in amounts depending on the lu-
minance levels assigned to the subfields from the elec-
tron emitters which correspond to pixels to emit light
therefrom in the second period, thereby emitting light
from the pixels.

[0021] According to a fourth drive method, one image
is displayed in a period as one frame, the one frame be-
ing divided into a plurality of periods having the same
luminance level, each of the periods serving as one lin-
ear subfield, the one linear subfield including the first
period and the second period, all the electron emitters
are scanned, and a constant accumulation voltage is ap-
plied to the electron emitters to emit light therefrom in
the liner subfields in the first period, to accumulate a
constant amount of charges in the electron emitters to
emit light therefrom in the linear subfields in the first pe-
riod, and a constant emission voltage is applied to all
the electron emitters in the second period after the first
period, to emit a constant amount of electrons from the
electron emitters which correspond to pixels to emit light
therefrom in the linear subfields in the second period,
thereby emitting light from the pixels.
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[0022] According to a fifth drive method, one image is
displayed in a period as one frame, the one frame in-
cluding the first period and the second period, a constant
accumulation voltage is applied to all the electron emit-
ters in the first period to accumulate a constant amount
of charges in all the electron emitters in the first period,
and all the electron emitters are scanned and emission
voltages depending on the luminance levels of corre-
sponding pixels are applied to the electron emitters
which correspond to pixels to emit light therefrom in the
second period after the first period, to emit electrons in
amounts depending on the luminance levels of corre-
sponding pixels from the electron emitters which corre-
spond to pixels to emit light therefrom in the second pe-
riod, thereby emitting light from the pixels.

[0023] According to a sixth drive method, one image
is displayed in a period as one frame, the one frame be-
ing divided into a plurality of periods having respective
different luminance levels, each of the periods serving
as one subfield, the one subfield including the first pe-
riod and the second period, accumulation voltages de-
pending on luminance levels assigned to the subfields
are applied to all the electron emitters to emit light there-
from in the first period, to accumulate charges in
amounts depending on the luminance levels assigned
to the subfields in all the electron-emitters in the first pe-
riod, and all the electron emitters are scanned and a
constant emission voltage is applied to the electron
emitters to emit light therefrom in the second period after
the first period, to emit electrons in amounts depending
on the luminance levels assigned to the subfields from
the electron emitters which correspond to pixels to emit
light therefrom in the second period, thereby emitting
light from the pixels.

[0024] According to a seventh drive method, one im-
age is displayed in a period as one frame, the one frame
being divided into a plurality of periods having respec-
tive different luminance levels, each of the periods serv-
ing as one subfield, the one subfield including the first
period and the second period, a constant accumulation
voltage is applied to all the electron emitters in the first
period, to accumulate a constant amount of charges in
all the electron emitters in the first period, and all the
electron emitters are scanned emission voltages de-
pending on the luminance levels assigned to the sub-
fields are applied to the electron emitters to emit light
therefrom in the second period after the first period, to
emit electrons in amounts depending on the luminance
levels assigned to the subfields from the electron emit-
ters which correspond to pixels to emit light therefrom
in the second period, thereby emitting light from the pix-
els.

[0025] According to an eighth drive method, one im-
age is displayed in a period as one frame, the one frame
being divided into a plurality of periods having the same
luminance level, each of the periods serving as one lin-
ear subfield, the one linear subfield including the first
period and the second period, a constant accumulation
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voltage is applied to all the electron emitters in the first
period, to accumulate a constant amount of charges in
the electron emitters to emit light therefrom in the linear
subfields in the first period, and all the electron emitters
are scanned and a constant emission voltage is applied
to the electron emitters to emit light therefrom in the lin-
ear subfields in the second period after the first period,
to emit a constant amount of electrons from the electron
emitters which correspond to pixels to emit light there-
from in the linear subfields in the second period, thereby
emitting light from the pixels.

[0026] In the above drive methods, particularly, in the
first, third, fourth, and sixth drive methods, a pulse signal
having a constant pulse amplitude may be generated,
and the pulse signal may be amplitude-modulated to
generate the accumulation voltage in the first period. Al-
ternatively, a pulse signal applicable to the electron
emitters may be generated, the pulse signal having a
voltage waveform including a positive-going edge or a
negative-going edge which is continuously variable in
level, and the pulse signal may be pulse-width-modulat-
ed to generate the accumulation voltage in the first pe-
riod.

[0027] Inthe above drive methods, particularly, in the
second, fifth, seventh, and eighth drive methods, a pulse
signal having a constant pulse amplitude may be gen-
erated, and the pulse signal may be amplitude-modu-
lated to generate the emission voltage in the second pe-
riod. Alternatively, a pulse signal applicable to the elec-
tron emitters may be generated, the pulse signal having
a voltage waveform including a positive-going edge or
a negative-going edge which is continuously variable in
level, and the pulse signal may be pulse-width-modulat-
ed to generate the emission voltage in the second peri-
od.

[0028] If the electron emitters that are used have such
characteristics that the electron emitters change to a
state (first state) in which electrons are accumulated
when an electric field is applied in one direction to the
electron emitters, and change from the first state to a
state (second state) in which electrons are emitted when
an electricfield is applied in another direction to the elec-
tron emitters, then it is preferable to apply a voltage be-
tween a voltage for changing the electron emitters to the
first state and a voltage for changing the electron emit-
ters to a state immediately prior to the second state, to
electron emitters which are unselected. With such an
arrangement, unselected pixels are not affected by sig-
nals supplied to selected pixels, and a memory effect
can be achieved at each pixel for higher luminance and
higher contrast.

[0029] According to a ninth drive method, when the
electron emitters are selected and unselected through
corresponding select lines, the select lines of electron
emitters which are unselected may be placed into a high
impedance state. In this case, the electron emitters
which are not selected in the first row, for example, are
not affected by the pixel signal that is supplied to the
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selected electron emitters in the second row. Further-
more, the power consumption by the unselected rows
can be reduced. Specifically, the power consumption by
the unselected rows in the ninth drive method can be
reduced to about 1/4 of the power consumption by the
unselected rows in the first drive method.

[0030] A display apparatus according to the present
invention has a plurality of electron emitters, select lines
for selecting and unselecting the electron emitters, sig-
nal lines for supplying ON and OFF signals to electron
emitters which are selected, and a drive circuit for driv-
ing the electron emitters in a selection period, a reset
period, and a non-selection period allocated to one
frame which is a period for displaying one image, where-
in the drive circuit applies a voltage sufficient to cause
the electron emitters to emit light, to electron emitters to
emit light therefrom which are selected in the selection
period, applies a reference voltage serving as a central
voltage across which a voltage varies in the non-selec-
tion period subsequent to the reset period, to electron
emitters which are selected in the reset period, and plac-
es the select lines of electron emitters which are unse-
lected in the non-selection period into a high impedance
state. With this arrangement, the power consumption
can be reduced.

[0031] The non-selection period subsequent to the re-
set period has a time duration which may be set depend-
ing on the gradation level of a next frame. For example,
the drive circuit may select at least a row of electron
emitters, and may set the time duration of the non-se-
lection period after the reset period depending on the
gradation level of the corresponding row in a next frame.
[0032] The non-selection period has a first non-selec-
tion period assigned prior to the reset period and a sec-
ond non-selection period assigned subsequent to the
reset period, and the second non-selection period has
a time duration which may be set depending on the gra-
dation level of a next frame.

[0033] Anelectron emitter according to the presentin-
vention is characterized by the step of accumulating
charges required for electron emission in a first period,
and the step of applying a voltage required for electron
emission to emit electrons in an amount depending on
the accumulated charges in a second period after the
first period.

[0034] Because the period (first period) for accumu-
lating charges in electron emitters and the period (sec-
ond period) for emitting electrons from electron emitters
which correspond to the pixels to be turned on are sep-
arated from each other, a circuit system for driving the
electron emitters can be driven at a low voltage.
[0035] According to the presentinvention, an appara-
tus for driving a plurality of electron emitters by selecting
at least one electron emitter from the electron emitters
and emitting electrons from the selected electron emit-
ter, is characterized in that if the electron emitters have
such characteristics that the electron emitters change
to a state (first state) in which electrons are accumulated
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when an electric field is applied in one direction to the
electron emitters, and change from the first state to a
state (second state) in which electrons are emitted when
an electricfield is applied in another direction to the elec-
tron emitters, then a voltage between a voltage for
changing the electron emitters to the first state and a
voltage for changing the electron emitters to a state im-
mediately prior to the second state, is applied to electron
emitters which are unselected among the plurality of
electron emitters.

[0036] Even if a plurality of electron emitters are ar-
rayed in a row or a matrix, and the electron emitters in
a column are connected in common and a row of elec-
tron emitters is selected, the emission of electrons from
unselected electron emitters is not affected by signals
supplied to selected electron emitters, and a memory
effect can be achieved at each electron emitter. The
electron emitters can easily be applied to various display
apparatus and illumination units (surface light sources
and liquid crystal backlight units). If the electron emitters
are applied to a display apparatus, for example, the dis-
play apparatus can have higher luminance and higher
contrast.

[0037] According to the presentinvention, an electron
emission apparatus having a plurality of electron emit-
tersis characterized in that charges required for electron
emission are accumulated in all the electron emitters in
a first period, and a voltage required for electron emis-
sion is applied to all the electron emitters to emit elec-
trons in an amount depending on the charges accumu-
lated in the electron emitters in a second period after the
first period.

[0038] In the above electron emission apparatus, ac-
cumulation voltages depending on charges to be accu-
mulated in the electron emitters may be applied in the
first period, and a constant emission voltage may be ap-
plied to all the electron emitters in the second period
after the first period.

[0039] The electron emission apparatus may have a
pulse generating circuit for generating a pulse signal
having a constant pulse amplitude, and an amplitude
modulating circuit for amplitude-modulating the pulse
signal to generate the accumulation voltage in the first
period.

[0040] Alternatively, the electron emission apparatus
may have a pulse generating circuit for generating a
pulse signal applicable to the electron emitters, the
pulse signal having a voltage waveform including a pos-
itive-going edge or a negative-going edge which is con-
tinuously variable in level, and a pulse width modulating
circuit for pulse-width-modulating the pulse signal to
generate the accumulation voltage in the first period.
[0041] According to the presentinvention, an electron
emission apparatus is characterized in that a constant
accumulation voltage is applied to all the electron emit-
ters to accumulate a constant amount of charges in the
electron emitters in a first period, and emission voltages
depending on amounts of electrons to be emitted are
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applied to the electron emitters to cause the electron
emitters to emit electrons in the amounts depending on
the emission voltages in a second period after the first
period.

[0042] The above electron emission apparatus may
have a pulse generating circuit for generating a pulse
signal having a constant pulse amplitude, and an ampli-
tude modulating circuit for amplitude-modulating the
pulse signal to generate the emission voltage in the sec-
ond period.

[0043] Alternatively, the electron emission apparatus
may have a pulse generating circuit for generating a
pulse signal applicable to the electron emitters, the
pulse signal having a voltage waveform including a pos-
itive-going edge or a negative-going edge which is con-
tinuously variable in level, and a pulse width modulating
circuit for pulse-width-modulating the pulse signal to
generate the emission voltage in the second period.
[0044] Because the period (first period) for accumu-
lating charges in electron emitters and the period (sec-
ond period) for emitting electrons from electron emitters
which correspond to the pixels to be turned on are sep-
arated from each other in the electron emission appa-
ratus according to the presentinvention, a circuit system
for applying voltages (an accumulation voltage and an
emission voltage) to the electron emitters can be driven
at a low voltage.

[0045] In the electron emission apparatus, if the elec-
tron emitters have such characteristics that the electron
emitters change to a state (first state) in which electrons
are accumulated when an electric field is applied in one
direction to the electron emitters, and change from the
first state to a state (second state) in which electrons
are emitted when an electric field is applied in another
direction to the electron emitters, then the electron emis-
sion apparatus may have a drive circuit for applying a
voltage between a voltage for changing the electron
emitters to the first state and a voltage for changing the
electron emitters to a state immediately prior to the sec-
ond state, to electron emitters which are unselected.
[0046] Even if a plurality of electron emitters are ar-
rayed in a row or a matrix, and the electron emitters in
a column are connected in common and a row of elec-
tron emitters is selected, the emission of electrons from
unselected electron emitters is not affected by signals
supplied to selected electron emitters, and a memory
effect can be achieved at each electron emitter. The
electron emission apparatus according to the present
invention can easily be applied to various display appa-
ratus and illumination units (surface light sources and
liquid crystal backlight units). If the electron emitters are
applied to a display apparatus, for example, the display
apparatus can have higher luminance and higher con-
trast.

[0047] A method of driving an electron emitter accord-
ing to the present invention is characterized by the step
of accumulating charges required for electron emission
in a first period, and the step of applying a voltage re-
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quired for electron emission to emit electrons in an
amount depending on the accumulated charges in a
second period after the first period.

[0048] According to the present invention, a method
of driving a plurality of electron emitters by selecting at
least one electron emitter from the electron emitters and
emitting electrons from the selected electron emitter, is
characterized in that if the electron emitters have such
characteristics that the electron emitters change to a
state (first state) in which electrons are accumulated
when an electric field is applied in one direction to the
electron emitters, and change from the first state to a
state (second state) in which electrons are emitted when
an electricfield is applied in another direction to the elec-
tron emitters, then a voltage between a voltage for
changing the electron emitters to the first state and a
voltage for changing the electron emitters to a state im-
mediately prior to the second state, may be applied to
electron emitters which are unselected among the plu-
rality of electron emitters.

[0049] A method of driving an electron emission ap-
paratus having a plurality of electron emitters according
to the present invention is characterized in that charges
required for electron emission are accumulated in all the
electron emitters in a first period, and a voltage required
for electron emission is applied to all the electron emit-
ters to emit electrons in an amount depending on the
charges accumulated in the electron emitters in a sec-
ond period after the first period.

[0050] Accumulation voltages depending on charges
to be accumulated in the electron emitters may be ap-
plied in the first period, and a constant emission voltage
may be applied to all the electron emitters in the second
period after the first period.

[0051] In this case, a pulse signal having a constant
pulse amplitude may be amplitude-modulated to gener-
ate the accumulation voltage in the first period. Alterna-
tively, a pulse signal applicable to the electron emitters
may be generated, the pulse signal having a voltage
waveform including a positive-going edge or a negative-
going edge which is continuously variable in level, and
the pulse signal may be pulse-width-modulated to gen-
erate the accumulated voltage in the first period.
[0052] A method of driving an electron emission ap-
paratus having a plurality of electron emitters according
to the present invention is characterized by the step of
applying a constant accumulation voltage to all the elec-
tron emitters to accumulate a constant amount of charg-
es in the electron emitters in a first period, and the step
of applying emission voltages depending on amounts of
electrons to be emitted to the electron emitters to cause
the electron emitters to emit electrons in the amounts
depending on the emission voltages in a second period
after the first period.

[0053] In the above method, a pulse signal having a
constant pulse amplitude may be amplitude-modulated
to generate the emission voltage in the second period.
Alternatively, a pulse signal applicable to the electron
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emitters may be generated, the pulse signal having a
voltage waveform including a positive-going edge or a
negative-going edge which is continuously variable in
level, and the pulse signal may be pulse-width-modulat-
ed to generate the emission voltage in the second peri-
od.

[0054] In the above methods of driving an electron
emission apparatus, if the electron emitters have such
characteristics that the electron emitters change to a
state (first state) in which electrons are accumulated
when an electric field is applied in one direction to the
electron emitters, and change from the first state to a
state (second state) in which electrons are emitted when
an electric field is applied in another direction to the elec-
tron emitters, then a voltage between a voltage for
changing the electron emitters to the first state and a
voltage for changing the electron emitters to a state im-
mediately prior to the second state, may be applied to
electron emitters which are unselected.

[0055] In an apparatus for driving an electron emitter,
an electron emission apparatus, and a method of driving
an electron emission apparatus according to the present
invention, if at least one of a plurality of electron emitters
is selected and electrons are emitted from the selected
electron emitter, when the electron emitters are selected
and unselected through corresponding select lines, se-
lect lines of electron emitters which are unselected are
placed into a high impedance state.

[0056] In an apparatus for driving an electron emitter,
an electron emission apparatus, and a method of driving
an electron emission apparatus according to the present
invention, the apparatus has a plurality of electron emit-
ters, select lines for selecting and unselecting the elec-
tron emitters, and signal lines for supplying ON and OFF
signals to electron emitters which are selected, the ap-
paratus being characterized in that the electron emitters
are driven in a selection period, a reset period, and a
non-selection period allocated to one frame which is a
period for displaying one image, a voltage sufficient to
cause the electron emitters to emit light is applied to
electron emitters to emit light therefrom which are se-
lected in the selection period, a reference voltage serv-
ing as a central voltage across which a voltage varies
in the non-selection period subsequent to the reset pe-
riod is applied to electron emitters which are selected in
the reset period, and the select lines of electron emitters
which are unselected in the non-selection period is
placed into a high impedance state.

[0057] The non-selection period subsequentto the re-
set period has a time duration which may be set depend-
ing on the gradation level of a next frame. For example,
at least a row of electron emitters may be selected, and
the time duration of the non-selection period after the
reset period may be set depending on the gradation lev-
el of the corresponding row in a next frame.

[0058] The non-selection period may have a first non-
selection period assigned prior to the reset period and
a second non-selection period assigned subsequent to
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the reset period, and the second non-selection period
has a time duration which may be set depending on the
gradation level of a next frame. For example, at least a
row of electron emitters may be selected, and the time
duration of the second non-selection period may be set
depending on the gradation level of the corresponding
row in a next frame.

[0059] In the apparatus for driving the electron emit-
ter, the electron emission apparatus, and the method of
driving an electron emission apparatus according to the
presentinvention, the power consumption can effective-
ly be reduced.

[0060] With the display apparatus and the method of
driving the display apparatus according to the present
invention, as described above, the display apparatus
can have low power consumption and can be driven at
a low voltage.

[0061] Furthermore, unselected pixels are not affect-
ed by signals supplied to selected pixels, and a memory
effect can be achieved at each pixel for higher lumi-
nance and higher contrast.

[0062] In the electron emitter, the apparatus for driv-
ing the electron emitter, and the method of driving the
electron emitter according to the present invention, a cir-
cuit system for applying voltages (an accumulation volt-
age and an emission voltage) to the electron emitters
can be driven at a low voltage, and can have reduced
power consumption.

[0063] In the electron emission apparatus and the
method of driving same according to the present inven-
tion, a circuit for voltages (an accumulation voltage and
an emission voltage) to the electron emitters can be driv-
en at a low voltage, and can have reduced power con-
sumption.

[0064] The above and other objects, features, and ad-
vantages will become apparent from the following de-
scription of the preferred embodiments when taken in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0065]

FIG. 1 is a block diagram of a display area and a
drive circuit of a display apparatus according to an
embodiment of the present invention;

FIGS. 2A through 2C are waveform diagrams illus-
trative of the amplitude modulation of pulse signals
by an amplitude modulating circuit;

FIG. 3 is a block diagram of a signal supply circuit
according to a modification;

FIGS. 4A through 4C are waveform diagrams illus-
trative of the pulse width modulation of pulse signals
by a pulse width modulating circuit;

FIG. 5 is a diagram showing the voltage vs. charge
quantity characteristics (voltage vs. polarized quan-
tity characteristics) of an electron emitter used in the
display apparatus according to the embodiment of
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the present invention;

FIG. 6 is a fragmentary cross-sectional view of an
electron emitter used in the display apparatus ac-
cording to the embodiment of the present invention;
FIG. 7 is an enlarged fragmentary cross-sectional
view of the electron emitter;

FIG. 8 is a plan view showing an example of the
shape of through regions defined in an upper elec-
trode;

FIG. 9 is a view showing a layout of a collector elec-
trode, a phosphor, and a transparent plate on the
upper electrode;

FIG. 10 is a view showing another layout of a col-
lector electrode, a phosphor, and a transparent
plate on the upper electrode;

FIG. 11Ais a view illustrative of a state at a point p1
shown in FIG 5;

FIG. 11B is a view illustrative of a state at a point p2
shown in FIG 5;

FIG. 11C is a view illustrative of a state from the
point p2 to a point p3 shown in FIG 5;

FIG. 12A is a view illustrative of a state from the
point p3 to a point p4 shown in FIG 5;

FIG. 12B is a view illustrative of a state immediately
prior to a point p4 shown in FIG. 5;

FIG. 12C is a view illustrative of a state from the
point p4 to a point p6 shown in FIG 5;

FIG. 13A is a diagram showing a hysteresis curve
plotted when a voltage Vsl shown in FIG. 2A or 4A
is applied;

FIG. 13B is a diagram showing a hysteresis curve
plotted when a voltage Vsm shown in FIG. 2B or 4B
is applied;

FIG. 13C is a diagram showing a hysteresis curve
plotted when a voltage Vsh shown in FIG. 2C or 4C
is applied;

FIG. 14A is a diagram showing the waveform of a
write pulse and an turn-on pulse that are used in a
first experimental example (an experiment for ob-
serving the emission of electrons from an electron
emitter);

FIG. 14B is a diagram showing the waveform of a
detected voltage of a light-detecting device, which
is representative of the emission of electrons from
the electron emitter in the first experimental exam-
ple;

FIG. 15 is a diagram showing the waveform of a
write pulse and a turn-on pulse that are used in sec-
ond through fourth experimental examples;

FIG. 16 is a characteristic diagram showing the re-
sults of a second experimental example (an exper-
iment for observing how the amount of electrons
emitted from the electron emitter changes depend-
ing on the amplitude of a write pulse);

FIG. 17 is a characteristic diagram showing the re-
sults of a third experimental example (an experi-
ment for observing how the amount of electrons
emitted from the electron emitter changes depend-
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ing on the amplitude of a turn-on pulse);

FIG. 18 is a characteristic diagram showing the re-
sults of a fourth experimental example (an experi-
ment for observing how the amount of electrons
emitted from the electron emitter changes depend-
ing on the level of a collector voltage);

FIG. 19 is a view showing a cross-sectional shape
of an overhanging portion of the upper electrode of
the electron emitter;

FIG. 20 is a view showing a cross-sectional shape
of another overhanging portion of the upper elec-
trode of the electron emitter;

FIG. 21 is a view showing a cross-sectional shape
of still another overhanging portion of the upper
electrode of the electron emitter;

FIG. 22 is an equivalent circuit diagram showing a
connected state of various capacitors connected
between an upper electrode and a lower electrode;
FIG. 23 is a diagram illustrative of calculations of
capacitances of the various capacitors connected
between the upper electrode and the lower elec-
trode;

FIG. 24 is a fragmentary plan view of an electron
emitter according to a first modification of the em-
bodiment;

FIG. 25 is a fragmentary plan view of an electron
emitter according to a second modification of the
embodiment;

FIG. 26 is a fragmentary plan view of an electron
emitter according to a third modification of the em-
bodiment;

FIG. 27 is a timing chart illustrative of a first drive
method;

FIG. 28 is a diagram showing the relationship of ap-
plied voltages according to the first drive method;
FIG. 29 is a timing chartillustrative of a second drive
method;

FIG. 30 is a block diagram of a signal supply circuit
used in the second drive method;

FIG. 31 is a diagram showing the relationship of ap-
plied voltages according to the second drive meth-
od;

FIG. 32 is a timing chart illustrative of a third drive
method;

FIG. 33 is a diagram showing the relationship of ap-
plied voltages according to the third drive method;
FIG. 34 is a timing chart illustrative of a fourth drive
method;

FIG. 35 is a block diagram of a signal supply circuit
used in the fourth drive method;

FIG. 36 is a diagram showing the relationship of ap-
plied voltages according to the fourth drive method;
FIG. 37 is a timing chart illustrative of a fifth drive
method;

FIG. 38 is a block diagram of a row selecting circuit
and a signal supplying circuit used in the fifth drive
method;

FIG. 39 is a diagram showing the relationship of ap-
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plied voltages according to the fifth drive method;
FIG. 40 is a timing chart illustrative of a sixth drive
method;

FIG. 41 is a diagram showing the relationship of ap-
plied voltages according to the sixth drive method;
FIG. 42 is a timing chart illustrative of a seventh
drive method;

FIG. 43 is a diagram showing the relationship of ap-
plied voltages according to the seventh drive meth-
od;

FIG. 44 is a timing chartillustrative of an eighth drive
method;

FIG. 45 is a diagram showing the relationship of ap-
plied voltages according to the eighth drive method;
FIG. 46 is a timing chart illustrative of a ninth drive
method;

FIG. 47 is a diagram showing voltage vs. charged
amount characteristics (voltage vs. polarization
amount characteristics) of an electron emitter used
in the ninth drive method;

FIG. 48 is a diagram showing the relationship of ap-
plied voltages according to the ninth drive method;
FIG. 49 is a diagram showing the waveform of an
applied voltage in another drive method;

FIG. 50 is a view illustrative of the emission of elec-
trons according to the other drive method shown in
FIG. 49;

FIG. 51 is a diagram showing voltage vs. charged
amount characteristics (voltage vs. polarization
amount characteristics) of an electron emitter used
in the other drive method shown in FIG. 49;

FIG. 52 is a block diagram of a display apparatus
which employs a tenth drive method and an elev-
enth drive method;

FIG. 53 is a diagram showing the relationship of ap-
plied voltages according to the tenth drive method;
FIG. 54 is a diagram showing the relationship of ap-
plied voltages according to the eleventh drive meth-
od;

FIG. 55 is a block diagram of a display apparatus
which employs a twelfth drive method;

FIG. 56 is a timing chart showing operation accord-
ing to the twelfth drive method together with reset
data;

FIG. 57A is a diagram showing gradation levels in
respective rows in an (n-2)th frame shown in FIG.
56;

FIG. 57B is a diagram showing gradation levels in
respective rows in an (n-1)th frame shown in FIG.
56;

FIG. 57C is a diagram showing gradation levels in
respective rows in an nth frame shown in FIG. 56;
and

FIG. 58 is a diagram showing the relationship of ap-
plied voltages according to the twelfth drive method.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0066] Display apparatus, an electron emitter, a meth-
od of driving an electron emitter, an apparatus for driving
an electron emitter, an electron emission apparatus, and
a method of driving an electron emission apparatus ac-
cording to embodiments of the present invention will be
described below with reference to FIGS. 1 through 58.
[0067] AsshowninFIG. 1, adisplay apparatus 10 ac-
cording to an embodiment of the present invention has
a display unit 14 comprising a matrix or staggered pat-
tern of electron emitters 10 corresponding to respective
pixels, and a drive circuit 16 for driving the display unit
14. One electron emitter 12 may be assigned to each
pixel, or a plurality of electron emitters 12 may be as-
signed to each pixel. In the present embodiment, it is
assumed for the sake of brevity that one electron emitter
12 is assigned to each pixel.

[0068] The drive circuit 16 has a plurality of row select
lines 18 for selecting rows in the display unit 14 and a
plurality of signal lines 20 for supplying pixel signals Sd
to the display unit 14.

[0069] The drive circuit 16 also has a row selecting
circuit 22 for supplying a selection signal Ss selectively
to the row select lines 18 to successively select a row
of electron emitters 12, a signal supplying circuit 24 for
outputting parallel pixel signals Sd to the signal lines 20
to supply the pixel signals Sd to a row (selected row)
selected by the row selecting circuit 22, and a signal
control circuit 26 for controlling the row selecting circuit
22 and the signal supplying circuit 24 based on a video
signal Sv and a synchronizing signal Sc that are input
to the signal control circuit 26.

[0070] A power supply circuit 28 (which supplies 50 V
and 0V, for example) is connected to the row selecting
circuit 22 and the signal supplying circuit 24. A pulse
power supply 30 is connected between a negative line
between the row selecting circuit 22 and the power sup-
ply circuit 28, and GND (ground). The pulse power sup-
ply 30 outputs a pulsed voltage waveform having a ref-
erence voltage (e.g., 0 V) during a charge accumulation
period Td, to be described later, and a certain voltage
(e.g., - 400 V) during a light emission period Th.
[0071] During the charge accumulation period Td, the
row selecting circuit 22 outputs the selection signal Ss
to the selected row and outputs a non-selection signal
Sn to the unselected rows. During the light emission pe-
riod Th, the row selecting circuit 22 outputs a constant
voltage (e.g., -350 V) which is the sum of a power supply
voltage (e.g., 50 V) from the power supply circuit 28 and
a voltage (e.g., -400 V) from the pulse power supply 30.
[0072] The signal supplying circuit 24 has a pulse
generating circuit 32 and an amplitude modulating cir-
cuit 34. The pulse generating circuit 32 generates a
pulse signal Sp having a constant pulse period and a
constant amplitude (e.g., 50 V) during the charge accu-
mulation period Td, and outputs a reference voltage (e.
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g., 0 V) during the light emission period Th.

[0073] During the charge accumulation period Td, the
amplitude modulating circuit 34 amplitude-modulates
the pulse signal Sp from the pulse generating circuit 32
depending on the luminance levels of the pixels of the
selected row, and outputs the amplitude-modulated
pulse signal Sp as the pixel signal for the pixels Sd of
the selected row. During the light emission period Th,
the amplitude modulating circuit 34 outputs the refer-
ence voltage from the pulse generating circuit 32 as it
is. The timing control in the amplitude modulating circuit
34 and the supply of the luminance levels of the selected
pixels to the amplitude modulating circuit 34 are per-
formed by the signal control circuit 26.

[0074] For example, as indicated by three examples
shown in FIGS. 2A through 2C, if the luminance level is
low, then the amplitude of the pulse signal Sp is set to
a low level Vsl (see FIG. 2A), if the luminance level is
medium, then the amplitude of the pulse signal Sp is set
to a medium level Vsm (see FIG. 2B), and if the lumi-
nance level is high, then the amplitude of the pulse sig-
nal Sp is set to a high level Vsh (see FIG. 2C). Though
the amplitude of the pulse signal Sp is modulated into
three levels in the above examples, if the amplitude
modulation is applied to the display apparatus 10, then
the pulse signal Sp is amplitude-modulated to 128 levels
or 256 levels depending on the luminance levels of the
pixels.

[0075] A modification of the signal supplying circuit 24
will be described below with reference to FIGS. 3
through 4C.

[0076] AsshowninFIG. 3, amodified signal supplying
circuit 24a has a pulse generating circuit 36 and a pulse
width modulating circuit 38. The pulse generating circuit
36 generates and outputs a pulse signal Spa (indicated
by the broken lines in FIGS. 4A through 4C) where the
positive-going edge of a voltage waveform (indicated by
the solid lines in FIGS. 4A through 4C) applied to the
electron emitter 12 is continuously changed in level, dur-
ing the charge accumulation period Td. The pulse gen-
erating circuit 36 outputs a reference voltage during the
light emission period Th. During the charge accumula-
tion period Td, the pulse width modulating circuit 38
modulates the pulse width Wp (see FIGS. 4A through
4C) of the pulse signal Spa from the pulse generating
circuit 36 depending on the luminance levels of the pix-
els of the selected row, and outputs the pulse signal Spa
with the modulated pulse width Wp as the pixel signal
Sd for the pixels of the selected row. During the light
emission period Th, the pulse width modulating circuit
38 outputs the reference voltage from the pulse gener-
ating circuit 36 as it is. The timing control in the pulse
width modulating circuit 38 and the supply of the lumi-
nance levels of the selected pixels to the pulse with mod-
ulating circuit 38 are also performed by the signal control
circuit 26.

[0077] For example, as indicated by three examples
shown in FIGS. 4A through 4C, if the luminance level is
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low, then the pulse width p of the pulse signal Sp is set
to a short width, setting the substantial amplitude to a
low level Vsl (see FIG. 4A), if the luminance level is me-
dium, then the pulse width Wp of the pulse signal Sp is
set to a medium width, setting the substantial amplitude
to a medium level Vsm (see FIG. 4B), and if the lumi-
nance level is high, then the pulse width Wp of the pulse
signal Sp is set to a long width, setting the substantial
amplitude to a high level Vsh (see FIG. 4C). Though the
pulse width Wp of the pulse signal Sp is modulated into
three levels in the above examples, if the amplitude
modulation is applied to the display apparatus 10, then
the pulse signal Sp is pulse-width-modulated to 128 lev-
els or 256 levels depending on the luminance levels of
the pixels.

[0078] Preferable characteristics of the electron emit-
ter 12 will be described below. The electron emitter 12
has an electron emission region (a region from which
electrons are emitted) characterized by an asymmetric
hysteresis curve based on the reference voltage = 0 (V)
in vacuum, as indicated by the voltage vs. charge quan-
tity characteristics shown in FIG. 5.

[0079] The voltage vs. charge quantity characteristics
will be described below. At a point p1 (initial state) where
the reference voltage is applied, almost no electrons are
stored in the electron emission region. Thereafter, when
a negative voltage is applied, the amount of positive
charges in the electron emission region increases, stor-
ing electrons. When the level of the negative voltage in-
creases in a negative direction, electrons are progres-
sively stored in the electron emission region until the
amount of positive charges and the amount of electrons
are held in equilibrium with each other at a point p2 of
the negative voltage. As the level of the negative voltage
further increases in the negative direction, the stored
amount of electrons increases, making the amount of
negative charges greater than the amount of positive
charges. The accumulation of electrons is saturated at
a point P3.

[0080] As the level of the negative voltage further in-
creases, and a positive voltage is applied in excess of
the reference voltage, electrons start being emitted at a
point p4. When the positive voltage increases in a pos-
itive direction, the amount of emitted electrons increas-
es until the amount of positive charges and the amount
of electrons are held in equilibrium with each other at a
point p5. At a point p6, almost all the stored electrons
are emitted, bringing the difference between the amount
of positive charges and the amount of negative charges
into substantial conformity with a value in the initial
state.

[0081] The voltage vs. charge quantity characteristics
have the following features:

(1) If the negative voltage at the point p2 where the
amount of positive charges and the amount of elec-
trons are held in equilibrium with each other is rep-
resented by V1 and the positive voltage at the point
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p5 by V2, then these voltages satisfy the following
relationship:

V1] < |V2|

(2) More specifically, the relationship is expressed
as

1.5 X [V1] < V2|

(3) If the rate of change of the amount of positive
charges and the amount of electrons at the point p2
is represented by AQ1/AV1 and the rate of change
of the amount of positive charges and the amount
of electrons at the point p5 by AQ2/AV2, then these
rates satisfy the following relationship:

(AQ1/AV1) > (AQ2/AV2)

(4) If the voltage at which the accumulation of elec-
trons is saturated is represented by V3 and the volt-
age at which electrons start being emitted by V4,
then these voltages satisfy the following relation-
ship:

1< |VA|/|V3| <15

[0082] Anexample of electron emitter 12 which satisfy
the above characteristics will be described below with
reference to FIGS. 6 through 26.

[0083] As shown in FIG. 6, the electron emitter 12
comprises a plate-like emitter (a substance serving as
an emitter) 40 made of a dielectric material, an upper
electrode 42 formed on an upper surface, for example,
of the emitter 40 and connected to a signal line 20, and
a lower electrode 44 formed on a lower surface, for ex-
ample, of the emitter 40 and connected to a row select
line 18. In this embodiment, the signal line 20 is con-
nected to the upper electrode 42, and the row select line
18 is connected to the lower electrode 44. Conversely,
the row select line 18 may be connected to the upper
electrode 42, and the signal line 20 may be connected
to the lower electrode 44.

[0084] The upper electrode 42 has a plurality of
through regions 46 where the emitter 40 is exposed. The
emitter 40 has surface irregularities 48 due to the grain
boundary of the dielectric material. The through regions
46 of the upper electrode 42 are formed in areas corre-
sponding to concavities 50 due to the grain boundary of
the dielectric material. In the embodiment shown in FIG.
6, one through region 46 is formed in association with
one recess 50. However, one through region 46 may be
formed in association with a plurality of concavities 50.
The particle diameter of the dielectric material of the
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emitter 40 should preferably be in the range from 0.1 um
to 10 pm, and more preferably be in the range from 2
um to 7 um. In the embodiment shown in FIG. 6, the
particle diameter of the dielectric material is of 3 um.
[0085] In this embodiment, as shown in FIG. 7, each
of the through regions 46 of the upper electrode 42 has
a peripheral portion 52 having a surface 52a facing the
emitter 40, the surface 52a being spaced from the emit-
ter 40. Specifically, a gap 54 is formed between the sur-
face 52a, facing the emitter 40, of the peripheral portion
52 of the through region 46 and the emitter 40, and the
peripheral portion 52 of the through region 46 of the up-
per electrode 42 is formed as an overhanging portion
(flange). In the description which follows, "the peripheral
portion 52 of the through region 46 of the upper elec-
trode 42" is referred to as "the overhanging portion 52
of the upper electrode 42". In FIGS. 6, 7, 9, 10, 11A
through 11C, 12A through 12C, 19 through 21, and 26,
convexities 56 of the surface irregularities 48 of the grain
boundary of the dielectric material are shown as having
a semicircular cross-sectional shape. However, the con-
vexities 56 are not limited to the semicircular cross-sec-
tional shape.

[0086] With the electron emitter 12, the upper elec-
trode 42 has a thickness t in the range of 0.01 um <t <
10 um, and the maximum angle 6 between the upper
surface of the emitter 40, i.e., the surface of the convex-
ity 56 (which is also the inner wall surface of the con-
cavity 50) of the grain boundary of the dielectric material,
and the lower surface 56a of the overhanging portion 52
of the upper electrode 42 is in the range of 1°< 6 < 60° .
The maximum distance d in the vertical direction be-
tween the surface of the convexity 56 (the inner wall sur-
face of the concavity 50) of the grain boundary of the
dielectric material and the lower surface 56a of the over-
hanging portion 52 of the upper electrode 42 is in the
range of 0 um <d <10 um.

[0087] In the electron emitter 12, the shape of the
through region 46, particularly the shape as seen from
above, as shown in FIG. 8, is the shape of a hole 58,
which may be a circular shape, an elliptical shape, a
track shape, a shape including a curve, or a polygonal
shape such as a quadrangular shape or a triangular
shape. In FIG. 8, the shape of the hole 58 is a circular
shape.

[0088] The hole 58 has an average diameter ranging
from 0.1 um to 10 um. The average diameter represents
the average of the lengths of a plurality of different line
segments passing through the center of the hole 58.
[0089] Materials of the various components will be de-
scribed below. The dielectric material which the emitter
40 is made of may be a dielectric material having a rel-
atively high dielectric constant, e.g., a dielectric con-
stant 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 mag-
nesium tantalate, lead antimony tinate, lead titanate,
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lead magnesium tungstenate, lead cobalt niobate, etc.
or a combination of any of these materials, a material
which chiefly contains 50 weight % or more of any of
these materials, or such ceramics to which there is add-
ed an oxide such as lanthanum, calcium, strontium, mo-
lybdenum, tungsten, barium, niobium, zinc, nickel, man-
ganese, or the like, or a combination of these materials,
or any of other compounds.

[0090] For example, a two-component material
nPMN-mPT (n, m represent molar ratios) of lead mag-
nesium niobate (PMN) and lead titanate (PT) has its Cu-
rie point lowered for a larger specific dielectric constant
at room temperature if the molar ratio of PMN is in-
creased.

[0091] Particularly, a dielectric material where n =
0.85-1.0and m =1.0 - nis preferable because its spe-
cific dielectric constant is 3000 or higher. For example,
a dielectric material where n =0.91 and m = 0.09 has a
specific dielectric constant of 15000 at room tempera-
ture, and a dielectric material where n = 0.95 and m =
0.05 has a specific dielectric constant of 20000 at room
temperature.

[0092] For increasing the specific dielectric constant
of a three-component dielectric material of lead magne-
sium niobate (PMN), lead titanate (PT), and lead zirco-
nate (PZ2), itis preferable to achieve a composition close
to a morphotropic phase boundary (MPB) between a te-
tragonal system and a quasi-cubic system or a tetrago-
nal system and a rhombohedral system, as well as to
increase the molar ratio of PMN. For example, a dielec-
tric material where PMN : PT: PZ=0.375:0.375:0.25
has a specific dielectric constant of 5500, and a dielec-
tric material where PMN : PT: PZ=0.5:0.375:0.125
has a specific dielectric constant of 4500, which is par-
ticularly preferable. Furthermore, it is preferable to in-
crease the dielectric constant by introducing a metal
such as platinum into these dielectric materials within a
range to keep them insulative. For example, a dielectric
material may be mixed with 20 weight % of platinum.
[0093] The emitter 40 may be in the form of a piezo-
electric/electrostrictive layer or an anti-ferroelectric lay-
er. If the emitter 40 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.

[0094] The emitter 40 may be made of chief compo-
nents including 50 wt % 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 40.

[0095] If the piezoelectric/electrostrictive layer is
made of ceramics, then lanthanum, calcium, strontium,
molybdenum, tungsten, barium, niobium, zinc, nickel,
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manganese, or the like, or a combination of these ma-
terials, or any of other compounds may be added to the
ceramics. Alternatively, ceramics produced by adding
SiO, CeO,, PbsGe;044, or a combination of any of
these compounds to the above ceramics may be used.
Specifically, a material produced by adding 0.2 wt % of
SiO,, 0.1 wt % of CeO, or 1 to 2 wt % of PbgGe;044 to
a PT-PZ-PMN piezoelectric material is preferable.
[0096] 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.

[0097] 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.

[0098] If the emitter 40 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.

[0099] 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.

[0100] If the emitter 40 is made of strontium tantalate
bismuthate (SrBi,Ta,Og) , then its polarization reversal
fatigue is small. Materials whose polarization reversal
fatigue is small are laminar ferroelectric compounds and
expressed by the general formula of (BiOy)2*
(Am-1BmO3m+1)% . lons of the metal A are Ca2*, Sr2*,
Ba2*, pb2*, Bid*, La3*, etc., and ions of the metal B are
Ti4*, Ta5*, Nb%*, etc.

[0101] 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/an-
ti-ferroelectric ceramics.

[0102] If the emitter 40 is made of piezoelectric/elec-
trostrictive/anti-ferroelectric ceramics, then it may be a
sheet-like molded body, a sheet-like laminated body, or
either one of such bodies stacked or bonded to another
support substrate.

[0103] If the emitter 40 is made of a non-lead-based
material, then it may be a material having a high melting
point or a high evaporation temperature so as to be less
liable to be damaged by the impingement of electrons
or ions.

[0104] The emitter 12 may be made by any of various
thick-film forming processes including screen printing,
dipping, coating, electrophoresis, aerosol deposition,
etc., or any of various thin-film forming processes includ-
ing an ion beam process, sputtering, vacuum evapora-
tion, ion plating, chemical vapor deposition (CVD), plat-
ing, etc.

[0105] The upper electrode 42 is made of an organic
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metal paste which can produce a thin film after being
baked. For example, a platinum resinate paste or the
like, should preferably be used. An oxide electrode for
suppressing a polarization reversal fatigue, which is
made of ruthenium oxide (RUO,), iridium oxide (IrO,)
strontium ruthenate (SrRuQg), La;_,Sr,Co03 (e.g., X =
0.3 or 0.5), La,CaMnO;z, (e.g., x = 0.2),
LayCaMn,,CO,03 (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.

[0106] Graphite formed in the shape of scales may al-
so preferably be used as the upper electrode 42. In this
case, the surface of the emitter 40 is not fully covered
with scales of graphite, but the emitter 40 has an ex-
posed portion serving as an electron emission region.
[0107] The upper electrode 42 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 upper
electrode 42 is made by any of the above thick-film form-
ing processes.

[0108] The lower electrode 44 is made of platinum,
molybdenum, tungsten, or the like. Alternatively, the
lower electrode 44 is made of an electric conductor
which is resistant to a high-temperature oxidizing at-
mosphere, e.g., a metal, an alloy, a mixture of insulative
ceramics and a metal, a mixture of insulative ceramics
and an alloy, or the like. Preferably, the lower electrode
44 should be made of a precious metal having a high
melting point such as platinum, iridium, palladium, rho-
dium, molybdenum, or the like, or a material chiefly com-
posed of an alloy of silver and palladium, silver and plat-
inum, platinum and palladium, or the like, or a cermet of
platinum and ceramics. Further preferably, the lower
electrode 44 should be made of platinum only or a ma-
terial chiefly composed of a platinum-base alloy.
[0109] The lower electrode 44 may be made of carbon
or a graphite-base material. Ceramics to be added to
the electrode material should preferably have a propor-
tion ranging from 5 to 30 volume %. The lower electrode
44 may be made of the same material as the upper elec-
trode, as described above.

[0110] The lower electrode 44 should preferably be
formed by any of various thick-film forming processes.
The lower electrode 44 has a thickness of 20 um or less
or preferably a thickness of 5 um or less.

[0111] Each time the emitter 40, the upper electrode
42, or the lower electrode 44 is formed, the assembly is
heated (sintered) into an integral structure.

[0112] The sintering process for integrally combining
the emitter 40, the upper electrode 42, and the lower
electrode 44 may be carried out at a temperature rang-
ing from 500 to 1400°c, preferably from 1000 to 1400°C.
For heating the emitter 40 which is in the form of a film,
the emitter 40 should be sintered together with its evap-
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oration source while their atmosphere is being control-
led, so that the composition of the emitter 40 will not
become unstable at high temperatures.

[0113] By performing the sintering process, the film
which will serve as the upper electrode 42 is shrunk from
the thickness of 10 um to the thickness of 0.1 um, and
simultaneously a plurality of holes are formed therein.
As a result, as shown in FIG. 6, a plurality of through
regions 46 are formed in the upper electrode 42, and
the peripheral portions 52 of the through regions 46 are
turned into overhanging portions. In advance (of the sin-
tering process), the film which will serve as the upper
electrode 42 may be patterned by etching (wet etching
or dry etching) or lift-off, and then may be sintered. In
this case, recesses or slits may easily be formed as the
through regions 46.

[0114] The emitter 40 may be covered with a suitable
member, and then sintered such that the surface of the
emitter 40 will not be exposed directly to the sintering
atmosphere.

[0115] For using the electron emitter 12 as light-emit-
ting device or a pixel of a display apparatus, as shown
in FIG. 9, a transparent plate 60 made of glass or acrylic
resin is placed above the upper electrode 42, and a col-
lector electrode 62 in the form of a transparent elec-
trode, for example, is placed on the reverse side of the
transparent plate 60 (which faces the upper electrode
42), the collector electrode 62 being coated with a phos-
phor 64. A bias voltage source 66 (collector voltage Vc)
is connected to the collector electrode 62 through a re-
sistor. The electron emitter 12 is naturally placed in a
vacuum. The vacuum level in the atmosphere should
preferably in the range from 102 to 10-¢ Pa and more
preferably in the range from 103 to 105 Pa.

[0116] The reason for the above range is that in a low-
er vacuum, (1) many gas molecules would be present
in the space, and a plasma can easily be generated and,
if too an intensive plasma were generated, many posi-
tive ions thereof would impinge upon the upper elec-
trode 42 and damage the same, and (2) emitted elec-
trons would tend to impinge upon gas molecules prior
to arrival at the collector electrode 62, failing to suffi-
ciently excite the phosphor 64 with electrons that are
sufficiently accelerated under the collector voltage Vc.
[0117] Ina higher vacuum, though electrons would be
liable to be emitted from a point where electric field con-
centrates, structural body supports and vacuum seals
would be large in size, posing disadvantages on efforts
to make the emitter smaller in size.

[0118] Inthe embodiment shown in FIG. 9, the collec-
tor electrode 62 is formed on the reverse side of the
transparent plate 60, and the phosphor 64 is formed on
the surface of the collector electrode 62 (which faces
the upper electrode 42). According to another arrange-
ment, as shown in FIG. 10, the phosphor 64 may be
formed on the reverse side of the transparent plate 60,
and the collector electrode 62 may be formed in cover-
ing relation to the phosphor 64.
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[0119] Such another arrangement is for use in a CRT
or the like where the collector electrode 62 functions as
a metal back. Electrons emitted from the emitter 40 pass
through the collector electrode 62 into the phosphor 64,
exciting the phosphor 64. Therefore, the collector elec-
trode 62 is of a thickness which allows electrons to pass
therethrough, preferably be 100 nm or less thick. As the
kinetic energy of the emitted electrons is larger, the
thickness of the collector electrode 62 may be in-
creased.
[0120]

tages:

This arrangement offers the following advan-

(a) If the phosphor 64 is not electrically conductive,
then the phosphor 64 is prevented from being
charged (negatively), and an electric field for accel-
erating electrons can be maintained.

(b) The collector electrode 62 reflects light emitted
from the phosphor 64, and discharges the light emit-
ted from the phosphor 64 efficiently toward the
transparent plate 60 (light emission surface).

(c) Electrons are prevented from impinging exces-
sively upon the phosphor 64, thus preventing the
phosphor 64 from being deteriorated and from pro-
ducing a gas.

[0121] The principles of electron emission of the elec-
tron emitter 12 will be described below with reference to
FIG. 5 and FIGS. 11A through 12C.

[0122] First, the electron emitter 12 emits electrons
when a drive voltage is applied between the upper elec-
trode 42 and the lower electrode 44. The drive voltage
is defined as a voltage, such as a pulse voltage or an
alternating-current voltage, which abruptly changed
from a reference voltage (e.g., 0 V) or a voltage level
that is higher or lower than the reference voltage to a
voltage level that is lower or higher than the reference
voltage.

[0123] Atriple junction is formed in a region of contact
between the upper surface of the emitter 40, the upper
electrode 42, and a medium (e.g., a vacuum) around the
electron emitter 12. The triple junction is defined as an
electric field concentration region formed by a contact
between the upper electrode 42, the emitter 40, and the
vacuum. The triple junction includes a triple point where
the upper electrode 42, the emitter 40, and the vacuum
exist as one point.

[0124] With the arrangement of the electron emitter
12, the triple junction is formed on the overhanging por-
tion 52 of the upper electrode 42 and the peripheral area
of the upper electrode 42. Therefore, when the above
drive voltage is applied between the upper electrode 42
and the lower electrode 44, an electric field concentra-
tion occurs at the triple junction.

[0125] In the description which follows, it is assumed
that the emitter 40 is polarized in one direction, with di-
poles having negative poles facing toward the upper
surface of the emitter 40 (see FIG. 11A).
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[0126] At the point p1 (initial state) where the refer-
ence voltage (e.g., 0 V) is applied as shown in FIG. 5,
since the negative poles of the dipole moments face to-
ward the upper surface of the emitter 40, as shown in
FIG. 11, almost no electrons are accumulated on the up-
per surface of the emitter 40.

[0127] Thereafter, when a negative voltage is applied
and the level of the negative voltage is increased in the
negative direction, the polarization starts being reversed
substantially at the time the negative voltage exceeds a
negative coercive voltage (see the point p2 in FIG. 5).
All the polarization is reversed at the point p3 shown in
FIG. 5 (see FIG. 11B). Because of the polarization re-
versal, an electric field concentration occurs at the triple
junction, causing electrons to be accumulated in the por-
tion of the emitter 40 which is exposed through the
through region 46 of the upper electrode 42 and the por-
tion of the emitter 40 which is near the peripheral portion
of the upper electrode 42 (see FIG. 11C). In particular,
electrons are emitted (emitted inwardly) from the upper
electrode 42 toward the portion of the emitter 40 which
is exposed through the through region 46 of the upper
electrode 42. At the point p3 shown in FIG. 5, the accu-
mulation of electrons is saturated.

[0128] Thereafter, when the level of the negative volt-
age is reduced and a positive voltage is applied in ex-
cess of the reference voltage, the upper surface of the
emitter 40 is kept charged up to a certain voltage level
(see FIG. 12A). As the level of the positive voltage is
increased, there is produced a region where the nega-
tive poles of dipole moments start facing the upper sur-
face of the emitter 40 (see FIG. 12B) immediately prior
to the point p4 in FIG. 5. When the level is further in-
creased, electrons start being emitted after the point p4
in FIG. 5 (see FIG. 12C). When the positive voltage is
increased in the positive direction, the amount of emitted
electrons is increased. Substantially at the time the pos-
itive voltage exceeds the positive coercive voltage (the
point p5), a region where the polarization is reversed
again is increased. At the point p6, almost all the accu-
mulated electrons are emitted, and the amount of polar-
ization at this time is essentially the same as the amount
of polarization in the initial state.

[0129] The characteristics of the electron emitter 12
has have the following features:

(A) If the negative coercive voltage is represented
by v1 and the positive coercive voltage by v2, then

V1] <[v2)

(B) More specifically, 1.5 X |v1| < |v2|

(C) If the rate of change of the polarization at the
time the negative coercive voltage v1 is applied is
represented by Aq1/Av1 and the rate of change of
the amount of positive charges and the rate of
change of the polarization at the time the positive
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coercive voltage v2 is applied is represented by
AQ2/Av2, then

(Aq1/Av1) > (Ag2/Av2)

(4) If the voltage at which the accumulation of elec-
trons is saturated is represented by v3 and the volt-
age at which electrons start being emitted by v4,
then

1< |val/v3| < 1.5

[0130] It can thus be seen that the electron emitter 12
has substantially the same characteristics as the fea-
tures (1) through (4) of the characteristics of the electron
emitter as described above.

[0131] Changes of the characteristics at the time the
level of the negative voltage for the accumulation of
electrons will be reviewed in relation to the three exam-
ples of amplitude modulation on the pulse signal Sp
shown in FIGS. 2A through 2C and the three examples
of pulse width modulation on the pulse signal Spa shown
in FIGS. 4A through 4C. At the level Vsl of the negative
voltage shown in FIGS. 2A and 4A, the amount of elec-
trons accumulated in the electron emitter 12 is small as
shown in FIG. 13A. At the level Vsm of the negative volt-
age shown in FIGS. 2B and 4b, the amount of electrons
accumulated in the electron emitter 12 is medium as
shown in FIG. 13B. At the level Vsh of the negative volt-
age shown in FIGS. 2C and 4C, the amount of electrons
accumulated in the electron emitter 12 is large and is
substantially saturated as shown in FIG. 13C.

[0132] However, as shown in FIGS. 13A through 13C,
the voltage level at the point p4 where electrons start
being emitted is substantially the same. That is, even if
the applied voltage changes to the voltage level indicat-
ed at the point p4 after electrons are accumulated, the
amount of accumulated electrons does not change es-
sentially. It can thus be seen that a memory effect has
been caused.

[0133] Four experimental examples (first through
fourth experimental examples) of the electron emitter 12
according to the present embodiment will be shown.
[0134] According to the first experimental example,
the emission of electrons from the electron emitter 12
was observed. Specifically, as shown in FIG. 14A, a
write pulse Pw having a voltage of - 70 V was applied
to the electron emitter 12 to cause the electron emitter
12 to accumulate electrons, and thereafter a turn-on
pulse Ph having a voltage of 280 V was applied to cause
the electron emitter 12 to emit electrons. The emission
of electrons was measured by detecting the light emis-
sion from the phosphor 64 with a light-detecting device
(photodiode). The detected waveform is shown in FIG.
14B. The write pulse Pw and the turn-on pulse Ph had
a duty cycle of 50 %.
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[0135] It can be seen from the first experimental ex-
ample that light starts to be emitted on a positive-going
edge of the turn-on pulse Ph and the light emission is
finished in an initial stage of the turn-on pulse Ph. There-
fore, it is considered that the light emission will not be
affected by shortening the period of the turn-on pulse
Ph. This period shortening will lead to a reduction in the
period in which to apply the high voltage, resulting in a
reduction in power consumption.

[0136] According to the second experimental exam-
ple, how the amount of electrons emitted from the elec-
tron emitter 12 is changed by the amplitude of the write
pulse Pw shown in FIG. 15 was observed. Changes in
the amount of emitted electrons were measured by de-
tecting the light emission from the phosphor 64 with a
light-detecting device (photodiode), as with the first ex-
perimental example. The experimental results are
shown in FIG. 16.

[0137] InFIG. 16, the solid-line curve Arepresents the
characteristics at the time the turn-on pulse Ph had an
amplitude of 200 V and the write pulse Pw had an am-
plitude changing from - 10 V to - 80 V, and the solid-line
curve B represents the characteristics at the time the
turn-on pulse Ph had an amplitude of 350 V and the write
pulse Pw had an amplitude changing from - 10 V to - 80
V.

[0138] Asillustrated in FIG. 16, when the write pulse
Pw is changed from - 20V to - 40V, it can be understood
that the light emission luminance changes substantially
linearly. A comparison between the amplitudes 350 V
and 200 V of the turn-on pulse Ph in particular indicates
that a change in the light emission luminance in re-
sponse to the write pulse Pw at the time the amplitude
of the turn-on pulse Ph is 350 V has a wider dynamic
range, which is advantageous for increased luminance
and contrast for the display of images. This tendency
appears to be more advantageous as the amplitude of
the turn-on pulse Ph increases in a range until the light
emission luminance is saturated with respect to the set-
ting of the amplitude of the turn-on pulse Ph. It is pref-
erable to set the amplitude of the turn-on pulse Ph to an
optimum value in relation to the withstand voltage and
power consumption of the signal transmission system.
[0139] According to the third experimental example,
how the amount of electrons emitted from the electron
emitter 12 is changed by the amplitude of the turn-on
pulse Ph shown in FIG. 15 was observed. Changes in
the amount of emitted electrons were measured by de-
tecting the light emission from the phosphor 64 with a
light-detecting device (photodiode), as with the first ex-
perimental example. The experimental results are
shown in FIG. 17.

[0140] In FIG. 17, the solid-line curve C represents
the characteristics at the time the write pulse Pw had an
amplitude of - 40 V and the turn-on pulse Ph had an
amplitude changing from 50 V to 400 V, and the solid-
line curve D represents the characteristics at the time
the write pulse Pw had an amplitude of - 70 V and the
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turn-on pulse Ph had an amplitude changing from 50 V
to 400 V.

[0141] As illustrated in FIG. 17, when the turn-on
pulse Ph is changed from 100 V to 300 V, it can be un-
derstood that the light emission luminance changes
substantially linearly. A comparison between the ampli-
tudes -40 V and - 70 V of the write pulse Pw in particular
indicates that a change in the light emission luminance
in response to the turn-on pulse Ph at the time the am-
plitude of the write pulse Pw is - 70 V has a wider dy-
namic range, which is advantageous for increased lu-
minance and contrast for the display ofimages. This ten-
dency appears to be more advantageous as the ampli-
tude of the write pulse Pw increases in a range until the
light emission luminance is saturated with respect to the
setting of the amplitude of the write pulse Pw. It is pref-
erable also in this case to set the amplitude (absolute
value) of the write pulse Pw to an optimum value in re-
lation to the withstand voltage and power consumption
of the signal transmission system.

[0142] According to the fourth experimental example,
how the amount of electrons emitted from the electron
emitter 12 is changed by the level of the collector voltage
Vc shown in FIG. 9 or 10 was observed. Changes in the
amount of emitted electrons were measured by detect-
ing the light emission from the phosphor 64 with a light-
detecting device (photodiode), as with the first experi-
mental example. The experimental results are shown in
FIG. 18.

[0143] InFIG. 18, the solid-line curve E represents the
characteristics at the time the level of the collector volt-
age Vc was 3 kV and the amplitude of the turn-on pulse
Ph was changed from 80 V to 500 V, and the solid-line
curve F represents the characteristics at the time the
level of the collector voltage Vc was 7 kV and the am-
plitude of the turn-on pulse Ph was changed from 80 V
to 500 V.

[0144] As illustrated in FIG. 18, it can be understood
that a change in the light emission luminance in re-
sponse to the turn-on pulse Ph has a wider dynamic
range when the collector voltage Vc is 7 kV than when
the collector voltage Vc is 3 kV, which is advantageous
for increased luminance and contrast for the display of
images. This tendency appears to be more advanta-
geous as the level of the collector voltage Vc increases.
It-is preferable also in this case to set the level of the
collector voltage Vc to an optimum value in relation to
the withstand voltage and power consumption of the sig-
nal transmission system.

[0145] The electron emitter 12 also offers the follow-
ing advantages: Since the upper electrode 42 has the
plural through regions 46, electrons are uniformly emit-
ted from each of the through regions 46 and the outer
peripheral portions of the upper electrode 42. Thus, any
variations in the overall electron emission characteris-
tics of the electron emitter 12 are reduced, making it pos-
sible to facilitate the control of the electron emission and
increase the electron emission efficiency.

10

15

20

25

30

35

40

45

50

55

16

[0146] Because the gap 54 is formed between the
overhanging portion of the upper electrode 42 and the
emitter 40, when the drive voltage is applied, an electric
field concentration tends to be produced in the region of
the gap 54. This leads to a higher efficiency of the elec-
tron emission, making the drive voltage lower (emitting
electrons at a lower voltage level).

[0147] As described above, since the upper electrode
42 has the overhanging portion 52 on the peripheral por-
tion of the through hole 46, together with the increased
electric field concentration in the region of the gap 54,
electrons are easily emitted from the overhanging por-
tion 52 of the upper electrode 42. This leads to a higher
output and higher efficiency of the electron emission,
making the drive voltage lower. As the overhanging por-
tion 52 of the upper electrode 42 functions as a gate
electrode (a control electrode, a focusing electronic
lens, or the like), the linearity of emitted electrons can
be increased. This is effective in reducing crosstalk if a
number of electron emitters 12 are arrayed for use as
an electron source of the display apparatus 10.

[0148] As described above, the electron emitter 12 is
capable of easily developing a high electric field con-
centration, provides many electron emission regions,
has a higher output and higher efficiency of the electron
emission, and can be driven at a lower voltage (lower
power consumption).

[0149] With the electron emitter 12 in particular, at
least the upper surface of the emitter 40 has the surface
irregularities 48 due to the grain boundary of the dielec-
tric material. As the upper electrode 42 has the through
regions 46 in portions corresponding to the concavities
50 of the grain boundary of the dielectric material, the
overhanging portions 52 of the upper electrode 42 can
easily be realized.

[0150] The maximum angle 6 between the upper sur-
face of the emitter 40, i.e., the surface of the convexity
56 (which is also the inner wall surface of the concavity
50) of the grain boundary of the dielectric material, and
the lower surface 56a of the overhanging portion 52 of
the upper electrode 42 is in the range of 1° 6 60°. The
maximum distance d in the vertical direction between
the surface of the convexity 56 (the inner wall surface
of the concavity 50) of the grain boundary of the dielec-
tric material and the lower surface 56a of the overhang-
ing portion 52 of the upper electrode 42 is in the range
of Oum <d 10 um. These arrangements make it possible
to increase the degree of the electric field concentration
in the region of the gap 54, resulting in a higher output
and higher efficiency of the electron emission and mak-
ing the drive voltage lower efficiently.

[0151] Withthe electron emitter 12, the through region
46 is in the shape of the hole 58. As shown in FIG. 7,
the portions of the emitter 40 where the polarization is
reversed or changed depending on the drive voltage ap-
plied between the upper electrode 42 and the lower
electrode 44 (see FIG. 6) include a portion (first portion)
70 directly below the upper electrode 42 and a portion
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(second portion) 72 corresponding to a region extending
from the inner peripheral edge of the through region 46
inwardly of the through region 46. Particularly, the sec-
ond portion 72 changes depending on the level of the
drive voltage and the degree of the electric field concen-
tration. With the electron emitter 12, the average diam-
eter of the hole 58 is in the range from 0.1 um to 10 um.
Insofar as the average diameter of the hole 58 is in this
range, the distribution of electrons emitted through the
through region 46 is almost free of any variations, allow-
ing electrons to be emitted efficiently.

[0152] If the average diameter of the-hole 58 is less
than 0.1 um, then the region where electrons are accu-
mulated is made narrower, reducing the amount of emit-
ted electrons. While one solution would be to form many
holes 58, it would be difficult and highly costly to form
many holes 58. If the average diameter of the hole 58
is in excess of 10 um, then the proportion (share) of the
portion (second portion) 72 which contributes the emis-
sion of electrons in the portion of the emitter 40 that is
exposed through the through region 46 is reduced, re-
sulting in a reduction in the electron emission efficiency.
[0153] The overhanging portion 52 of the upper elec-
trode 42 may have upper and lower surfaces extending
horizontally as shown in FIG. 7. Alternatively, as shown
in FIG. 19, the overhanging portion 52 may have a lower
surface 52a extending substantially horizontally and an
upper end raised upwardly. Alternatively, as shown in
FIG. 20, the overhanging portion 52 may have a lower
surface 52a inclined progressively upwardly toward the
center of the through hole 46. Further alternatively, as
shown in FIG. 21, the overhanging portion 52 may have
a lower surface 52a inclined progressively downwardly
toward the center of the through hole 46. The arrange-
ment shown in FIG. 19 is capable of increasing the func-
tion as a gate electrode. The arrangement shown in FIG.
21 makes it easier to produce a higher electric field con-
centration for a higher output and higher efficiency of
the electron emission because the gap 54 is narrower.
[0154] As shown in FIG. 21, the electron emitter 12
has in its electrical operation a capacitor C1 due to the
emitter 40 and a cluster of capacitors Ca due to respec-
tive gaps 54, disposed between the upper electrode 42
and the lower electrode 44. The capacitors Ca due to
the respective gaps 54 are connected parallel to each
other into a single capacitor C2. In terms of an equiva-
lent circuit, the capacitor C1 due to the emitter 40 is con-
nected in series to the capacitor C2 which comprises
the cluster of capacitors Ca.

[0155] Actually, the capacitor C1 due to the emitter 40
is not directly connected in series to the capacitor C2
which comprises the cluster of capacitors Ca, but the
capacitive component that is connected in series varies
depending on the number of the through regions 46
formed in the upper electrode 42 and the overall area of
the through regions 46.

[0156] Capacitance calculations will be performed on
the assumption that 25 % of the capacitor C1 due to the
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emitter 40 is connected in series to the capacitor C2
which comprises the cluster of capacitors Ca, as shown
in FIG. 23. Since the gaps 54 are in vacuum, the relative
permittivity thereof is 1. It is assumed that the maximum
distance d of the gaps 54 is 0.1 um, the area S of each
gap 54is S =1 um X 1 um, and the number of the gaps
54 is 10,000. It is also assumed that the emitter 40 has
a relative permittivity of 2000, the emitter 40 has a thick-
ness of 20 um, and the confronting area of the upper
and lower electrodes 42, 44 is 200 um X 200 um. The
capacitor C2 which comprises the cluster of capacitors
Ca has a capacitance of 0.885 pF, and the capacitor C1
due to the emitter 40 has a capacitance of 35.4 pF. If the
portion of the capacitor C1 due to the emitter 40 which
is connected in series to the capacitor C2 which com-
prises the cluster of capacitors Ca is 25 % of the entire
capacitor C1, then that series-connected portion has a
capacitance (including the capacitance of capacitor C2
which comprises the cluster of capacitors Ca) of 0.805
pF, and the remaining portion has a capacitance of 26.6
pF.

[0157] Because the series-connected portion and the
remaining portion are connected parallel to each other,
the overall capacitance is 27.5 pF. This capacitance is
78 % of the capacitance 35.4 pF of the capacitor C1 due
to the emitter 40. Therefore, the overall capacitance is
smaller than the capacitance of the capacitor C1 due to
the emitter 40.

[0158] Consequently, the capacitance of the cluster
of capacitors Ca due to the gaps 54 is relatively small.
Because of the voltage division between the cluster of
capacitors Ca and the capacitor C1 due to the emitter
40, almost the entire applied voltage Va is applied
across the gaps 54, which are effective to produce a
higher output of the electron emission.

[0159] Since the capacitor C2 which comprises the
cluster of capacitors Ca is connected in series to the ca-
pacitor C1 due to the emitter 40, the overall capacitance
is smaller than the capacitance of the capacitor C1 due
to the emitter 40. This is effective to provide such pre-
ferred characteristics that the electron emission is per-
formed for a higher output and the overall power con-
sumption is lower.

[0160] Three modifications of the electron emitter 12
described above will be described below with reference
to FIGS. 24 through 26.

[0161] As shown in FIG. 24, an electron emitter 12a
according to a first modification differs from the above
electron emitter 12 in that the through region 46 has a
shape, particularly a shape viewed from above, in the
form of a recess 74. As shown in FIG. 24, the recess 74
should preferably be shaped such that a number of re-
cesses 74 are successively formed into a saw-toothed
recess 76. The saw-toothed recess 76 is effective to re-
duce variations in the distribution of electrons emitted
through the through region 46 for efficient electron emis-
sion. Particularly, it is preferable to have the average
width of the recesses 74 in the range from 0.1 um to 10
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pm. The average width represents the average of the
lengths of a plurality of different line segments extending
perpendicularly across the central line of the recess 74.
[0162] As shown in FIG. 25, an electron emitter 12a
according to a second modification differs from the
above electron emitter 12 in that the through region 46
has a shape, particularly a shape viewed from above,
inthe form of a slit 78. The slit 78 is defined as something
having a major axis (extending in a longitudinal direc-
tion) whose length is 10 times or more the length of the
minor axis (extending in a transverse direction) thereof.
Those having a major axis (extending in a longitudinal
direction) whose length is less than 10 times the length
of the minor axis (extending in a transverse direction)
thereof are defined as holes 58 (see FIG. 8). The slit 78
includes a succession of holes 58 in communication with
each other. The slit 78 should preferably have an aver-
age width ranging from 0.1 um to 10 um for reducing
variations in the distribution of electrons emitted through
the through region 46 for efficient electron emission. The
average width represents the average of the lengths of
a plurality of different line segments extending perpen-
dicularly across the central line of the slit 78.

[0163] As shown in FIG. 26, an electron emitter 12¢c
according to a third modification differs from the above
electron emitter 12 in that a floating electrode 79 exists
on the portion of the upper surface of the emitter 40
which corresponds to the through region 46, e.g., in the
concavity 50 due to the grain boundary of the dielectric
material. With this arrangement, in the state shown in
FIG. 11C, the floating electrode 79 forms a false lower
electrode for promoting the emission (inward emission)
of electrons from the upper electrode 42.

[0164] Various drive methods for the display appara-
tus 10 according to the present embodiment will be de-
scribed below with reference to FIGS. 27 through 45. In
the description of those drive methods, the electron
emitter 12 shown in FIG. 6 is used.

[0165] A first drive method will first be described be-
low with reference to FIGS. 27 and 28. FIG. 27 shows
operation of pixels in the first row and the first column,
the second row and the first column, and the nth row
and the first column. The electron emitter 12 used in the
first drive method has such characteristics that the co-
ercive voltage v1 at the point p2 shown in FIG. 5 is - 20
V, for example, the coercive voltage v2 at the point p5
is + 70 V, the voltage v3 at the point p3 is - 50 V, and
the voltage v4 at the point p4 is + 50 V.

[0166] As shown in FIG. 27, if the period in which to
display one image is defined as one frame, then one
charge accumulation period Td and one light emission
period Th are included in one frame, and n selection pe-
riods Ts are included in one charge accumulation period
Td. Since each selection period Ts becomes a selection
period Ts for a corresponding row, it becomes a non-
selection period Tn for non-corresponding n-1 rows.
[0167] According to the first drive method, all the elec-
tron emitters 12 are scanned in the charge accumulation
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period Td, and voltages depending on the luminance
levels of corresponding pixels are applied to a plurality
of electron emitters 12 which correspond to pixels to be
turned on (to emit light), thereby accumulating charges
(electrons) in amounts depending on the luminance lev-
els of the corresponding pixels in the electron emitters
12 which correspond to the pixels to be turned on. In the
next light emission period Th, a constant voltage is ap-
plied to all the electron emitters 12 to cause the electron
emitters 12 which correspond to the pixels to be turned
on to emit electrons in amounts depending on the lumi-
nance levels of the corresponding pixels, thereby emit-
ting light from the pixels to be turned on.

[0168] More specifically, as shown in FIG. 28, in the
selection period Ts for the first row, a selection signal Ss
of 50V, for example, is supplied to the row selection line
18 of the first row, and a non-selection signal Sn of 0 V,
for example, is applied to the row selection lines 18 of
the other rows. A pixel signal Sd supplied to the signal
lines 20 of the pixels to be turned on (to emit light) of all
the pixels of the first row has a voltage in the range from
0 V to 30 V, depending on the luminance levels of the
corresponding pixels. If the luminance level is maxi-
mum, then the voltage of the pixel signal Sdis 0 V. The
pixel signal Sd is modulated depending on the lumi-
nance level by the amplitude modulating circuit 34
shown in FIG. 1 or the pulse width modulating circuit 38
shown in FIG. 3.

[0169] Thus, a voltage ranging from - 50 V to - 20 V
depending on the luminance level is applied between
the upper and lower electrodes 42, 44 of the electron
emitter 12 which corresponds to each of the pixels to be
turned on in the first row. As a result, each electron emit-
ter 12 accumulates electrons depending on the applied
voltage. For example, the electron emitter 12 corre-
sponding to the pixel in the first row and the first column
is in a state at the point p3 shown in FIG. 5 as the lumi-
nance level of the pixel is maximum, and the portion of
the emitter 40 which is exposed through the through re-
gion 46 of the upper electrode 42 accumulates a maxi-
mum amount of electrons.

[0170] A pixel signal Sd supplied to the electron emit-
ters 12 which correspond to pixels to be turned off (to
extinguish light) has a voltage of 50 V, for example.
Therefore, a voltage of 0 V is applied to the electron
emitters 12 which correspond to pixels to be turned off,
bringing those electron emitters 12 into a state at the
point p1 shown in FIG. 5, so that no electrons are accu-
mulated in those electron emitters 12.

[0171] After the supply of the pixel signal Sd to the
first row is finished, in the selection period Ts for the sec-
ond row, a selection signal Ss of 50 V is supplied to the
row selection line 18 of the second row, and a non-se-
lection signal Sn of 0 V is applied to the row selection
lines 18 of the other rows. In this case, a voltage ranging
from - 50 V to - 20 V depending on the luminance level
is also applied between the upper and lower electrodes
42, 44 of the electron emitter 12 which corresponds to
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each of the pixels to be turned on. At this time, a voltage
ranging from 0 V to 50 V is applied between the upper
and lower electrodes 42, 44 of the electron emitter 12
which corresponds to each of unselected pixels in the
first row, for example. Since this voltage is of a level not
reaching the point 4 in FIG. 5, no electrons are emitted
from the electron emitters 12 which correspond to the
pixels to be turned on in the first row. That is, the unse-
lected pixels in the first row are not affected by the pixel
signal that is supplied to the selected pixels in the sec-
ond row.

[0172] Similarly, in the selection period Ts for the nth
row, a selection signal Ss of 50 V is supplied to the row
selection line 18 of the nth row, and a non-selection sig-
nal Sn of 0 V is applied to the row selection lines 18 of
the other rows. In this case, a voltage ranging from - 50
V to - 20 V depending on the luminance level is also
applied between the upper and lower electrodes 42, 44
of the electron emitter 12 which corresponds to each of
the pixels to be turned on. At this time, a voltage ranging
from 0 V to 50 V is applied between the upper and lower
electrodes 42, 44 of the electron emitter 12 which cor-
responds to each of unselected pixels in the first through
(n-1)th rows. However, no electrons are emitted from the
electron emitters 12 which correspond to the pixels to
be turned on, of those unselected pixels.

[0173] After elapse of the selection period Ts for the
nth row, it is followed by the light emission period Th. In
the light emission period Th, a reference voltage (e.qg.,
0 V) is applied from the signal supplying circuit 24 to the
upper electrodes 42 of all the electron emitters 12, and
a voltage of - 350 V (the sum of the voltage of - 400 V
from the pulse power supply 30 and the power supply
voltage 50 V from the row selecting circuit 22) is applied
to the lower electrodes 44 of all the electron emitters 12.
Thus, a high voltage (+ 350 V) is applied between the
upper and lower electrodes 42, 44 of all the electron
emitters 12. All the electron emitters 12 are now brought
into a state at the point p6 shown in FIG. 5. As shown
in FIG. 12C, electrons are emitted from the portion of
the emitter 40 where the electrons have been accumu-
lated, through the through region 46. Electrons are also
emitted from near the outer peripheral portion of the up-
per electrode 42.

[0174] Electrons are thus emitted from the electron
emitters 12 which correspond to the pixels to be turned
on, and the emitted electrons are led to the collector
electrodes 62 which correspond to those electron emit-
ters 12, exciting the corresponding phosphors 64 which
emit light. In this manner, an image is displayed on the
surface of the transparent plate 60.

[0175] Subsequently, electrons are accumulated in
the electron emitters 12 which correspond to the pixels
to be turned on (to emit light) in the charge accumulation
period Td, and the accumulated electrons are emitted
for fluorescent light emission in the light emission period
Th, for thereby displaying a moving image or a still im-
age on the surface of the transparent plate 60.
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[0176] A second drive method will be described below
with reference to FIGS. 29 through 31. According to the
second drive method, as shown in FIG. 29, one frame
is divided into a plurality of periods referred to as sub-
fields SF1, SF2, -+, SFm, respectively, each including
one charge accumulation period Td and one light emis-
sion period Th. The subfields SF1, SF2, -, SFm have
the same time intervals.

[0177] The luminance level assigned to the first sub-
field (the subfield SF1) is highest, and is progressively
lowered as the subfields elapse successively.

[0178] According to the second drive method, all the
electron emitters 12 are scanned in the charge accumu-
lation period Td, and a constant voltage is applied to
electron emitters 12 to be turned on, thereby accumu-
lating a constant amount of charges in the electron emit-
ters 12 to be turned on. In the next light emission period
Th, voltages depending on the luminance levels as-
signed to the subfield (the subfield being currently
scanned) are applied to all the electron emitters 12 to
cause a plurality of electron emitters 12 which corre-
spond to the pixels to be turned on to emit electrons in
amounts depending on the luminance levels assigned
to the subfield, thereby emitting light from the pixels to
be turned on. The second drive method employs a com-
bination of the pulse number modulating process and
the amplitude modulating process (the amplitude mod-
ulation of the voltage in the light emission period Th).
[0179] The second drive method employs a signal
supplying circuit 80 shown in FIG. 30. A pulse power
supply 82 is connected between a negative line between
the signal supplying circuit 80 and the power supply cir-
cuit 28, and GND (ground). The pulse power supply 82
outputs a pulsed voltage waveform having a voltage of
0V, for example, during the charge accumulation period
Td, and a voltage of -330 V, for example, during the light
emission period Th.

[0180] A pulse generating circuit 84 generates and
outputs a pulse signal Sp1 having a constant pulse pe-
riod and a constant amplitude (e.g., 50 V) during the
charge accumulation period Td, and also generates and
outputs a pulse signal Sp2 having a constant pulse pe-
riod and a constant amplitude (e.g., - 280 V) during the
light emission period Th.

[0181] As shown in FIG. 31, in the charge accumula-
tion period Td, an amplitude modulating circuit 86 is con-
trolled by the signal control circuit 26 to amplitude-mod-
ulate the voltage of the pulse signal Sp1 to be applied
to the pixels to be turned on of the selected pixels into
0V, for example, amplitude-modulate the voltage of the
pulse signal Sp1 to be applied to the pixels to be turned
off of the selected pixels into 50 V, for example, and out-
put the signals as the pixel signal Sd.

[0182] Therefore, as shown in FIG. 29, a voltage of -
50 V is applied to the electron emitters 12 which corre-
spond to the pixels to be turned on of the selected pixels,
and a voltage of 0 V is applied to the electron emitters
12 which correspond to the pixels to be turned off. A
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voltage of 0 V or 50 V is applied to the electron emitters
12 which correspond to the unselected pixels.

[0183] In the light emission period Th, the amplitude
modulating circuit 86 is controlled by the signal control
circuit 26 to amplitude-modulate the voltage into a volt-
age depending on the luminance level in the present
subfield. In this example, as shown in FIG. 31, the volt-
age is amplitude-modulated in the range from - 280 V
to 0 V. For example, in the light emission period Th of
the first subfield SF1, the amplitude modulating circuit
86 applies a voltage of 0 V through the signal lines 20
to the upper electrodes 42 of all the electron emitters
12. In the light emission period Th of the second subfield
SF2, the amplitude modulating circuit 86 applies a volt-
age of - 175V to the upper electrodes 42 of all the elec-
tron emitters 12. In the light emission period Th of the
mth subfield SFm, the amplitude modulating circuit 86
applies a voltage of - 280 V to the upper electrodes 42
of all the electron emitters 12. In the light emission pe-
riods Th of the subfields SF1, SF2, ---, SFm, the row se-
lecting circuit 22 applies a voltage of - 350 V through all
the row select lines 18 to the lower electrodes 44 of all
the electron emitters 12.

[0184] Accordingly, as shown in FIG. 29, in the light
emission period Th of the first subfield SF1, a voltage of
350 V is applied to all the electron emitters 12. In the
light emission period Th of the second subfield SF2, a
voltage of 175 V is applied to all the electron emitters
12. In the light emission period Th of the mth subfield
SFm, a voltage of 70 V is applied to all the electron emit-
ters 12.

[0185] Specifically, only the first subfield SF1 and the
second subfield SF2 will be considered below. If the lu-
minance level of the first subfield SF1 is 64, for example,
and the luminance level of the second subfield SF2 is
32, the pixel in the first row and the first column has a
luminance level of 64 because the first subfield SF1 is
turned on and the second subfield SF2 is turned off. The
pixel in the second row and the first column has a lumi-
nance level of 64 + 32 = 96 because the first subfield
SF1 is turned on and the second subfield SF2 is turned
on. Similarly, the pixel in the nth row and the first column
has a luminance level of 32 because the first subfield
SF1 is turned off and the second subfield SF2 is turned
on.

[0186] In this manner, in each subfield, a constant
amount of electrons are accumulated in the electron
emitters 12 which correspond to the pixels to be turned
on (to emit light) in the charge accumulation period Td,
and a voltage depending on the luminance level of the
subfield is applied to emit the accumulated electrons for
fluorescent light emission in the light emission period
Th, for thereby displaying a moving image or a still im-
age on the surface of the transparent plate 60.

[0187] A third drive method will be described below
with reference to FIGS. 32 and 33. According to the third
drive method, as shown in FIG. 32, the concept of sub-
fields is employed as with the second drive method. The
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subfields SF1, SF2, ---, SFm have the same time inter-
vals. The luminance level assigned to the first subfield
(the subfield SF1) is highest, and is progressively low-
ered as the subfields elapse successively.

[0188] According to the third drive method, all the
electron emitters 12 are scanned in the charge accumu-
lation period Td, and voltages depending on the lumi-
nance levels assigned to a subfield are applied to elec-
tron emitters 12 to be turned on, thereby accumulating
charges in amounts depending on the luminance levels
assigned to the subfield in the electron emitters 12 to be
turned on. In the next light emission period Th, a con-
stant voltage is applied to all the electron emitters 12 to
cause the electron emitters 12 which correspond to the
pixels to be turned on to emit electrons in amounts de-
pending on the luminance levels assigned to the sub-
field, thereby emitting light from the pixels to be turned
on. The third drive method employs a combination of the
pulse number modulating process and the amplitude
modulating process (the amplitude modulation of the
voltage in the charge accumulation period) or a combi-
nation of the pulse number modulating process and the
pulse width modulating process (the pulse width modu-
lation of the voltage in the charge accumulation period).
[0189] The third drive method employs the signal sup-
plying circuit 24, 24a shown in FIG. 1 or 3. If the ampli-
tude modulating circuit 34 shown in FIG. 1, for example,
is employed, then in the charge accumulation period Td
as shown in FIG. 33, the amplitude modulating circuit
34 is controlled by the signal control circuit 26 to ampli-
tude-modulate the voltage of the pulse signal Sp to be
applied to the pixels to be turned on of the selected pix-
els into a voltage depending on the luminance level of
the present subfield, and outputs the modulated voltage
as the pixel signal Sd. In this example, the voltage is
amplitude-modulated in a range from 0 V to 30 V.
[0190] Accordingly, as shownin FIG. 32, in the charge
accumulation period Td of the first subfield SF1, a volt-
age of 0 V is applied to the upper electrodes 42 of the
electron emitters 12 which correspond to the pixels to
be turned on when all the electron emitters 12 are
scanned. In the charge accumulation period Td of the
second subfield SF2, a voltage of 15 V is applied to the
upper electrodes 42 of the electron emitters 12 which
correspond to the pixels to be turned on. In the charge
accumulation period Td of the mth subfield SFm, a volt-
age of 30 V is applied to the upper electrodes 42 of the
electron emitters 12 which correspond to the pixels to
be turned on.

[0191] Therefore, as shown in FIG. 32, in the charge
accumulation period Td of the first subfield SF1, a volt-
age of - 50 V is applied to the electron emitters 12 which
correspond to the pixels to be turned on. In the charge
accumulation period Td of the second subfield SF2, a
voltage of - 35 V is applied to the electron emitters 12
which correspond to the pixels to be turned on. In the
charge accumulation period Td of the mth subfield SFm,
a voltage of - 20 V is applied to the electron emitters 12



39 EP 1 463 022 A2

which correspond to the pixels to be turned on.

[0192] Inthe light emission periods Th of the subfields
SF1, SF2, -+, SFm, the amplitude modulating circuit 34
applies a voltage of 0 V through the signal lines 20 to
the upper electrodes 42 of all the electron emitters 12,
and the row selecting circuit 22 applies a voltage of -
350 V through all the row select lines 18 to the lower
electrodes 44 of all the electron emitters 12. Thus, a volt-
age of 350 V is applied to all the electron emitters 12 in
the light emission periods Th of the subfields SF1, SF2,
-+, SFm.

[0193] In this manner, in each subfield, an amount of
electrons depending on the luminance level of the sub-
field are accumulated in the electron emitters 12 which
correspond to the pixels to be turned on (to emit light)
in the charge accumulation period Td, and the accumu-
lated electrons are emitted for fluorescent light emission
in the light emission period Th, for thereby displaying a
moving image or a stillimage on the surface of the trans-
parent plate 60.

[0194] A fourth drive method will be described below
with reference to FIGS. 34 through 36. According to the
fourth drive method, as shown in FIG. 34, one frame is
divided into a plurality of periods, each having the same
luminance level, referred to as linear subfields LSF1,
LSF2, -, LSFm, respectively, each including one
charge accumulation period Td and one light emission
period Th. The linear subfields LSF1, LSF2, ---, LSFm
have the same time intervals.

[0195] According to the fourth drive method, all the
electron emitters 12 are scanned in the charge accumu-
lation period Td, and a constant voltage is applied to
electron emitters 12 to be turned on in a linear subfield
(a linear subfield being presently scanned), thereby ac-
cumulating a constant amount of charges in the electron
emitters 12 to be turned on in the linear subfield. In the
next light emission period Th, a constant voltage is ap-
plied to all the electron emitters 12 to cause a plurality
of electron emitters 12 which correspond to the pixels
to be turned on in the linear subfield to emit electrons in
a constant amount, thereby emitting light from the pixels
to be turned on. The fourth drive method employs the
pulse number modulating process.

[0196] The fourth drive method employs a signal sup-
plying circuit 90 shown in FIG. 35. A pulse power supply
92 is connected between a negative line between the
signal supplying circuit 90 and the power supply circuit
28, and GND (ground). The pulse power supply 92 out-
puts a pulsed voltage waveform having a voltage of 0 V,
for example, during the charge accumulation period Td,
and a voltage of -200 V, for example, during the light
emission period Th.

[0197] A pulse generating circuit 94 generates and
outputs a pulse signal Sp3 having a constant pulse pe-
riod and a constant amplitude (e.g., 50 V) during the
charge accumulation period Td, and also generates and
outputs a pulse signal Sp4 having a constant pulse pe-
riod and a constant amplitude (e.g., - 150 V) during the
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light emission period Th.

[0198] As shown in FIG. 36, in the charge accumula-
tion period Td, an amplitude modulating circuit 96 is con-
trolled by the signal control circuit 26 to amplitude-mod-
ulate the voltage of the pulse signal Sp3 to be applied
to the pixels to be turned on of the selected pixels into
0V, for example, amplitude-modulate the voltage of the
pulse signal Sp3 to be applied to the pixels to be turned
off of the selected pixels into 50 V, for example, and out-
put the signals as the pixel signal Sd.

[0199] Therefore, as shown in FIG. 34, a voltage of -
50 V is applied to the electron emitters 12 which corre-
spond to the pixels to be turned on of the selected pixels,
and a voltage of 0 V is applied to the electron emitters
12 which correspond to the pixels to be turned off. A
voltage of 0 V or 50 V is applied to the electron emitters
12 which correspond to the unselected pixels.

[0200] In the light emission periods Th of the linear
subfields LSF1, LSF2, ---, LSFm, the amplitude modu-
lating circuit 96 applies a voltage of - 150 V through the
signal lines 20 to the upper electrodes 42 of all the elec-
tron emitters 12, and the row selecting circuit 22 applies
a voltage of - 350 V through all the row select lines 18
to the lower electrodes 44 of all the electron emitters 12.
In the light emission periods Th of the linear subfields
LSF1, LSF2, -, LSFm, therefore, a voltage of 200 V is
applied to all the electron emitters 12. If the signal sup-
plying circuit 90 is designed to apply a voltage of 350 V
to all the electron emitters 12 in the light emission peri-
ods Th, then the signal supplying circuit 24 shown in
FIG. 1 can be employed.

[0201] Each pixel is turned on in the charge accumu-
lation periods Td of a succession of linear subfields
LSF1, LSF2, ---, LSFm depending on the corresponding
luminance level, and is turned off in the charge accumu-
lation periods Td of the remaining linear subfields.
[0202] For example, as shown in FIG. 34, if the lumi-
nance level of the pixel in the first row and the first col-
umn is "64", then a voltage of - 50 V is applied to the
electron emitter 12 which corresponds to the pixel in the
charge accumulation periods Td of a number of succes-
sive linear subfields depending on the luminance level
"64", causing the electron emitter 12 to emit light in the
light emission periods Th. If the luminance level of the
pixel in the second row and the first column is "32", then
a voltage of - 50 V is applied to the electron emitter 12
which corresponds to the pixel in the charge accumula-
tion periods Td of a number of successive linear sub-
fields depending on the luminance level "32" (which
number is half the number corresponding to the lumi-
nance level "64"), causing the electron emitter 12 to emit
light in the light emission periods Th. If the luminance
level of the pixel in the nth row and the first column is
"8", then a voltage of - 50 V is applied to the electron
emitter 12 which corresponds to the pixel in the charge
accumulation periods Td of a number of successive lin-
ear subfields depending on the luminance level "8"
(which number is 1/8 of the number corresponding to
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the luminance level "64"), causing the electron emitter
12 to emit light in the light emission periods Th.

[0203] In this manner, in each linear subfield, a con-
stant amount of electrons are accumulated in the elec-
tron emitters 12 which correspond to the pixels to be
turned on (to emit light) in the charge accumulation pe-
riod Td, and the accumulated electrons are emitted for
fluorescent light emission in the light emission period
Th, for thereby displaying a moving image or a still im-
age on the surface of the transparent plate 60.

[0204] A fifth drive method will be described below
with reference to FIGS. 37 through 39. According to the
fifth drive method, one frame includes one charge ac-
cumulation period Td and one light emission period Th,
as with the first drive method.

[0205] In the description which follows, it is assumed
that the electron emitter 12 has such characteristics that
the coercive voltage v1 at the point p2 shown in FIG. 5
is - 20 V, for example, the coercive voltage v2 at the
point p5is + 140V, the voltage v3 at the point p3is - 70
V, and the voltage v4 at the point p4 is + 110 V.

[0206] According to the fifth drive method, in the
charge accumulation period Td, a constant voltage is
applied to all the electron emitters 12 to accumulate a
constant amount of charges in all the electron emitters
12. In the next light emission period Th, all the electron
emitters 12 are scanned, and voltages depending on the
luminance levels of corresponding pixels to be turned
on are applied to a plurality of electron emitters 12 which
correspond to the pixels to be turned on, causing the
electron emitters 12 which correspond to the pixels to
be turned on to emit amounts of electrons depending on
the luminance levels of the corresponding pixels thereby
to emit light from the pixels to be turned on. The fifth
drive method employs the amplitude modulating proc-
ess (the amplitude modulation of the voltage in the light
emission period Th).

[0207] The fifth drive method employs a row selecting
circuit 100 and a signal supplying circuit 102 shown in
FIG. 38. The row selecting circuit 100 is supplied with
voltages of 100 V, 70 V, and 0 V, for example, from the
power supply circuit 28. The signal supplying circuit 102
is supplied with voltages of 200 V and 0 V, for example,
from the power supply circuit 28.

[0208] As shown in FIG. 39, the row selecting circuit
100 outputs a constant voltage (e.g., 70 V) in the charge
accumulating period Td. In the light emission period Th,
the row selecting circuit 100 outputs a voltage of 0V, for
example, to the selected rows, and outputs a voltage of
100V, for example, to the unselected rows.

[0209] A pulse generating circuit 104 of the signal
supplying circuit 102 outputs a reference voltage (e.g.,
0V) during the charge accumulation period Td, and gen-
erates and outputs a pulse signal Sp5 having a constant
period and a constant amplitude (e.g., 200 V) during the
light emission period Th.

[0210] An amplitude modulating circuit 106 outputs
the reference voltage from the pulse generating circuit
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104 as it is in the charge accumulation period Td. In the
light emission period Th, the amplitude modulating cir-
cuit 106 amplitude-modulates the voltage of the pulse
signal Sp5 to be applied to the pixels to be turned on of
the selected pixels in a range from 110 V to 200 V de-
pending on the luminance levels of those pixels, ampli-
tude-modulates the voltage of the pulse signal Sp5 be
applied to the pixels to be turned off into a voltage of
100V, for example, and outputs the signals as the pixel
signal Sd.

[0211] In this manner, as shown in FIG. 37, in the
charge accumulation period Td, a voltage of - 70 V is
applied to all the electron emitters 12 to accumulate a
constant amount of charges (electrons) in all the elec-
tron emitters 12.

[0212] In the next light emission period Th, a voltage
ranging from 110 V to 200 V depending on the lumi-
nance level is applied to the electron emitters 12 which
correspond to the pixels to be turned on of the selected
pixels, and a voltage of 100 V is applied to the electron
emitters 12 which correspond to the pixels to be turned
off, not shown. A voltage ranging from 10 V to 100 V is
applied to the electron emitters 12 which correspond to
the unselected pixels.

[0213] In the example shown in FIG. 37, a voltage of
200 V is applied to the electron emitter 12 which corre-
sponds to the pixel in the first row and the first column
to cause the electron emitter 12 to emit light at a lumi-
nance level of "64". A voltage of 150 V is applied to the
electron emitter 12 which corresponds to the pixel in the
second row and the first column to cause the electron
emitter 12 to emit light at a luminance level of "32". A
voltage of 170 V is applied to the electron emitter 12
which corresponds to the pixel in the nth row and the
first column to cause the electron emitter 12 to emit light
at a luminance level of "48". Though a voltage ranging
from 10 V to 100 V is applied to the electron emitters 12
which correspond to the unselected pixels, since this
voltage is of a level not reaching the point 4 (110 V in
this example) in FIG. 5, no electrons are emitted from
the electron emitters 12 which correspond to the unse-
lected pixels. That is, the unselected pixels are not af-
fected by the pixel signal Sd that is supplied to the se-
lected pixels.

[0214] In this manner, in each subfield, a constant
amount of electrons are accumulated in the electron
emitters 12 which correspond to the pixels to be turned
on (to emit light) in the charge accumulation period Td,
and voltages depending on the luminance levels of the
pixels to be turned on are applied to emit the accumu-
lated electrons for fluorescent light emission in the light
emission period Th, for thereby displaying a moving im-
age or a still image on the surface of the transparent
plate 60.

[0215] A sixth drive method will be described below
with reference to FIGS. 40 and 41. According to the sixth
drive method, as shown in FIG. 40, the concept of sub-
fields is employed as with the second drive method. The
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subfields SF1, SF2, ---, SFm have the same time inter-
vals. The luminance level assigned to the first subfield
(the subfield SF1) is highest, and is progressively low-
ered as the subfields elapse successively.

[0216] According to the sixth drive method, voltages
depending on the luminance levels assigned to a sub-
field are applied to all the electron emitters 12, thereby
accumulating charges in amounts depending on the lu-
minance levels assigned to the subfield in all the elec-
tron emitters 12. In the next light emission period Th, all
the electron emitters 12 are scanned, and a constant
voltage is applied to the electron emitters 12 to be turned
on to cause the electron emitters 12 which correspond
to the pixels to be turned on to emit electrons in amounts
depending on the luminance levels assigned to the sub-
field, thereby emitting light from the pixels to be turned
on. The sixth drive method employs a combination of
the pulse number modulating process and the amplitude
modulating process (the amplitude modulation of the
voltage in the charge accumulation period Td) or a com-
bination of the pulse number modulating process and
the pulse width modulating process (the pulse width
modulation of the voltage in the charge accumulation
period Td).

[0217] The sixth drive method can employ the signal
supplying circuit 102 shown in FIG. 38. In particular, the
sixth drive method can employ the amplitude modulat-
ing circuit 34 shown in FIG. 1 or the pulse width modu-
lating circuit 38 shown in FIG. 3. If the amplitude mod-
ulating circuit 34 shown in FIG. 1, for example, is em-
ployed, then in the charge accumulation period Td, the
amplitude modulating circuit 34 is controlled by the sig-
nal control circuit 26 to amplitude-modulate the voltages
of all the pulse signals Sp5 into a voltage depending on
the luminance level of the present subfield, and output
the modulated voltages as the pixel signal Sd. In this
example, the voltages are amplitude-modulated in a
range from 0 V to 50 V.

[0218] Accordingly, as shownin FIG. 40, in the charge
accumulation period Td of the first subfield SF1, a volt-
age of 0 V is applied to the upper electrodes 42 of all
the electron emitters 12. In the charge accumulation pe-
riod Td of the second subfield SF2, a voltage of 25 V is
applied to the upper electrodes 42 of all the electron
emitters 12. In the charge accumulation period Td of the
mth subfield SFm, a voltage of 50 V is applied to the
upper electrodes 42 of all the electron emitters 12.
[0219] Therefore, in the charge accumulation period
Td of the first subfield SF1, a voltage of - 70 V is applied
to all the electron emitters 12. In the charge accumula-
tion period Td of the second subfield SF2, a voltage of
- 45V is applied to all the electron emitters 12. In the
charge accumulation period Td of the mth subfield SFm,
a voltage of - 20 V is applied to all the electron emitters
12.

[0220] Inthe light emission periods Th of the subfields
SF1, SF2, ---, SFm, the amplitude modulating circuit 34
is controlled by the signal control circuit 26 to amplitude-
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modulate the voltage of the pulse signal Sp5 to be ap-
plied to the pixels to be turned on of the selected pixels
into a voltage of 200 V, amplitude-modulate the voltage
of the pulse signal Sp5 to be applied to the pixels to be
turned off into a voltage of 100 V, and output the voltages
as the pixel signal Sd.

[0221] Consequently, as shown in FIG. 41, the light
emission periods Th of the subfields SF1, SF2, -+, SFm,
a voltage of 200 V is applied to the electron emitters 12
which correspond to the pixels to be turned on, and a
voltage of 100 V is applied to the electron emitters 12
which correspond to the pixels to be turned off. A voltage
of 0 V or 100 V is applied to the electron emitters 12
which are not selected.

[0222] Specifically, only the first subfield SF1 and the
second subfield SF2 will be considered below. If the lu-
minance level of the first subfield SF1 is 64, for example,
and the luminance level of the second subfield SF2 is
32, the pixel in the first row and the first column has a
luminance level of 64 because the first subfield SF1 is
turned on and the second subfield SF2 is turned off. The
pixel in the second row and the first column has a lumi-
nance level of 64 + 32 = 96 because the first subfield
SF1 is turned on and the second subfield SF2 is turned
on. Similarly, the pixel in the nth row and the first column
has a luminance level of 32 because the first subfield
SF1 is turned off and the second subfield SF2 is turned
on.

[0223] In this manner, in each subfield, electrons de-
pending on the luminance level of the subfield are ac-
cumulated in all the electron emitters 12 in the charge
accumulation period Td, and the accumulated electrons
in the pixels to be turned on (to emit light) are emitted
for fluorescent light emission in the light emission period
Th, for thereby displaying a moving image or a still im-
age on the surface of the transparent plate 60.

[0224] A seventh drive method will be described be-
low with reference to FIGS. 42 and 43. According to the
seventh drive method, as shown in FIG. 42, the concept
of subfields is employed as with the second drive meth-
od. The subfields SF1, SF2, ---, SFm have the same time
intervals. The luminance level assigned to the first sub-
field (the subfield SF1) is highest, and is progressively
lowered as the subfields elapse successively.

[0225] According to the seventh drive method, a con-
stant voltage is applied to all the electron emitters 12,
thereby accumulating a constant amount of charges in
all the electron emitters 12. In the next light emission
period Th, all the electron emitters 12 are scanned, and
voltages depending on the luminance levels assigned
to a subfield are applied to the electron emitters 12 to
be turned on, to cause the electron emitters 12 which
correspond to the pixels to be turned on to emit electrons
in amounts depending on the luminance levels assigned
to the subfield, thereby emitting light from the pixels to
be turned on. The seventh drive method employs a com-
bination of the pulse number modulating process and
the amplitude modulating process (the amplitude mod-
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ulation of the voltage in the charge accumulation period
Td).

[0226] The seventh drive method can employ the sig-
nal supplying circuit 102 shown in FIG. 38. As shown in
FIG. 43, the amplitude modulating circuit 106 is control-
led by the signal control circuit 26 to output the reference
voltage from the pulse generating circuit 104 as it is in
the charge accumulation period Td. In the light emission
period Th, the amplitude modulating circuit 106 is con-
trolled by the signal control circuit 26 to amplitude-mod-
ulate the voltage of the pulse signal Sp5 to be applied
to the pixels to be turned on of the selected pixels in a
range from 110 V to 200 V depending on the luminance
level of the present subfield, amplitude-modulate the
voltage of the pulse signal Sp5 be applied to the pixels
to be turned off into a voltage of 100 V, for example, and
output the signals as the pixel signal Sd.

[0227] Therefore, as shown in FIG. 42, in the charge
accumulation period Td, a voltage of - 70 V is applied to
all the electron emitters 12, accumulating a constant
amount of charges (electrons) in all the electron emitters
12.

[0228] In the next light emission period Th, as shown
in FIG. 43, a voltage ranging from 110 V to 200 V de-
pending on the luminance levels of the present subfield
is applied to the electron emitters 12 which correspond
to the pixels to be turned on of the selected pixels, and
a voltage of 100 V is applied to the electron emitters 12
which correspond to the pixels to be turned off. For ex-
ample, as shown in FIG. 42, in the light emission period
Th of the first subfield SF1, a voltage of 200 V is applied
to the electron emitters 12 which correspond to the pix-
els to be turned on. In the light emission period Th of the
second subfield SF2, a voltage of 155 V is applied to the
electron emitters 12 which correspond to the pixels to
be turned on. In the light emission period Th of the mth
subfield SFm, a voltage of 110 V is applied to the elec-
tron emitters 12 which correspond to the pixels to be
turned on. A voltage ranging from 10 V to 100 V is ap-
plied to the electron emitters 12 which correspond to the
unselected pixels.

[0229] In this manner, in each subfield, a constant
amount of electrons are accumulated in the electron
emitters 12 which correspond to the pixels to be turned
on (to emit light) in the charge accumulation period Td,
and voltages depending on the luminance levels of the
subfield are applied to emit the accumulated electrons
for fluorescent light emission in the light emission period
Th, for thereby displaying a moving image or a still im-
age on the surface of the transparent plate 60.

[0230] An eighthdrive method will be described below
with reference to FIGS. 44 and 45. According to the
eighth drive method, as shown in FIG. 44, the concept
of linear subfields is employed as with the fourth drive
method. The linear subfields LSF1, LSF2, ---, LSFm
have the same time intervals and luminance levels.
[0231] According to the eighth drive method, a con-
stant voltage is applied to all the electron emitters 12 to
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accumulate a constant amount of charges in the elec-
tron emitters 12 to be turned on in a linear subfield in
the charge accumulation period Td. In the next light
emission period Th, all the electron emitters 12 are
scanned, and a constant voltage is applied to the elec-
tron emitters 12 to be turned on in the linear subfield,
causing the electron emitters 12 which correspond the
pixels to be turned on in the linear subfield to emit light
thereby to emit light from the pixels to be turned on. The
eighth drive method employs the pulse number modu-
lating process.

[0232] The eighth drive method can employ the signal
supplying circuit 102 shown in FIG. 38. The amplitude
modulating circuit 106 is controlled by the signal control
circuit 26 to output the reference voltage from the pulse
generating circuit 104 as it is in the charge accumulation
period Td. In the light emission period Th, the amplitude
modulating circuit 106 is controlled by the signal control
circuit 26 to amplitude-modulate the voltage of the pulse
signal Sp5 to be applied to the pixels to be turned on of
the selected pixels into a voltage of 200 V, for example,
amplitude-modulate the voltage of the pulse signal Sp5
be applied to the pixels to be turned off into a voltage of
100V, for example, and output the signals as the pixel
signal Sd.

[0233] Therefore, as shown in FIG. 45, in the charge
accumulation period Td, a voltage of - 70 V is applied to
all the electron emitters 12, accumulating a constant
amount of charges (electrons) in all the electron emitters
12.

[0234] In the next light emission period Th, as shown
in FIG. 45, a voltage of 200 V is applied to the electron
emitters 12 which correspond to the pixels to be turned
on of the selected pixels, and a voltage of 100 V is ap-
plied to the electron emitters 12 which correspond to the
pixels to be turned off. A voltage ranging from 10 V to
100 V is applied to the electron emitters 12 which cor-
respond to the unselected pixels.

[0235] Each pixelis turned on in the light emission pe-
riods Th of a succession of linear subfields LSF1, LSF2,
-+, LSFm depending on the corresponding luminance
level, and is turned off in the light emission period peri-
ods Th of the remaining linear subfields.

[0236] For example, as shown in FIG. 44, if the lumi-
nance level of the pixel in the first row and the first col-
umn is "64", then a voltage of 200 V is applied to the
electron emitter 12 which corresponds to the pixel in the
light emission periods Th of a number of successive lin-
ear subfields depending on the luminance level "64",
causing the electron emitter 12 to emit light in the light
emission periods Th. If the luminance level of the pixel
in the second row and the first column is "32", then a
voltage of 200 V is applied to the electron emitter 12
which corresponds to the pixel in the light emission pe-
riod Th of a number of successive linear subfields de-
pending on the luminance level "32", causing the elec-
tron emitter 12 to emit light in the light emission periods
Th. If the luminance level of the pixel in the nth row and



47

the first column is "8", then a voltage of 200 V is applied
to the electron emitter 12 which corresponds to the pixel
in the light emission periods Th of a number of succes-
sive linear subfields depending on the luminance level
"8", causing the electron emitter 12 to emit light in the
light emission periods Th.

[0237] In this manner, in each linear subfield, a con-
stant amount of electrons are accumulated in all the
electron emitters 12 in the charge accumulation period
Td, and a constant voltage is applied to the electron
emitters 12 which correspond to the pixels to be turned
on (to emit light) to emit the accumulated electrons for
fluorescent light emission in the light emission period
Th, for thereby displaying a moving image or a still im-
age on the surface of the transparent plate 60.

[0238] In the display apparatus 10 according to the
present embodiment, as described above, necessary
charges are accumulated in all the electron emitters 12
in the charge accumulation period Td. In the subsequent
light emission period Th, a voltage required to emit elec-
trons is applied to all the electron emitters 12 to cause
a plurality of electron emitters 12 which correspond to
the pixels to be turned on to emit the electrons for there-
by emitting light from the pixels to be turned on.

[0239] Usually, if pixels are made up of electron emit-
ters 12, then a high voltage needs to be applied to the
electron emitters 12 to emit light from the pixels. There-
fore, for accumulating charges in the pixels and emitting
light from the pixels when the pixels are scanned, a high
voltage needs to be applied to the pixels during a period
(e.g., one frame) for displaying one image, resulting in
the problem of increased electric power consumption.
Circuits for selecting electron emitters 12 and supplying
the pixel signals Sd to the selected electron emitters 12
need to be able to handle the high voltage.

[0240] According to the present embodiment, after
charges have been accumulated in all the electron emit-
ters 12, a voltage is applied to all the electron emitters
12, emitting light from the pixels which correspond to the
electron emitters 12 to be turned on.

[0241] Therefore, the period Th during which a volt-
age (emission voltage) for emitting electrons is applied
to all the electron emitters 12 is necessarily shorter than
one frame. As can be seen from the first experimental
example shown in FIGS. 14A and 14B, since the period
during which to apply the emission voltage can be re-
duced, the power consumption can be made much
smaller than if charges are accumulated and light is
emitted when the pixels are scanned.

[0242] Because the period Td for accumulating charg-
es in electron emitters 12 and the period Th for emitting
electrons from electron emitters 12 which correspond to
the pixels to be turned on are separated from each other,
the circuit for applying voltages depending on luminance
levels to the electron emitters 12 can be driven at a low
voltage.

[0243] The pixel signal Sd depending on an image
and the selection signal Ss/non-selection signal Sn in
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the charge accumulation period Td need to be applied
for each row or each column. As can be seen from the
above embodiment, as the drive voltage may be of a
few tens of volts, an inexpensive multi-output driver for
use with fluorescent display tubes may be used. In the
light emission period Th, a voltage for emitting sufficient
electrons is likely to be higher than the drive voltage.
Since all the pixels to be turned on may be driven alto-
gether, no multi-output circuit component is required.
For example, a one-output drive circuit in the form of a
discrete component having a high withstand voltage
may be sufficient. Therefore, the drive circuit may be in-
expensive and may be small in circuit scale.

[0244] According to the drive methods described
above, non-selection signals Sn are supplied through
the row selecting circuit 22 to row select lines 18 for un-
selected rows, and a certain voltage depending on the
drive method is applied to the electron emitters 12 of the
unselected rows. However, the row select lines 18 for
unselected rows may be placed in a high impedance
state (a ninth drive method).

[0245] The ninth drive method will be described below
with reference to FIGS. 46 through 48. FIG. 46 shows
a simple model of a four-row scanning sequence, illus-
trating a representative mode of operation of pixels in
the first row and the first column, the second row and
the first column, the third row and the first column, and
the fourth row and the first column. The electron emitter
12 used in the ninth drive method has such character-
istics that the coercive voltage v2 at the point p2 shown
in FIG. 47 is - 20 V, for example, the coercive voltage
v5 at the point p5 is + 75 V, the voltage v3 at the point
p3is-50V, and the voltage v4 at the point p4 is + 100 V.
[0246] AsshowninFIG. 46, ifthe period for displaying
one image is one frame, then that one frame includes
one charge accumulation period Td and one light emis-
sion period Th, the charge accumulation period Td in-
cluding four selection periods Ts and four reset periods
Tr. Since each selection period Ts and each reset period
Tr become a selection period Ts and a reset period Tr
for a corresponding row, they become a non-selection
period Tn for non-corresponding 3 rows. In the selection
period Ts for each row, a selection signal Ss is supplied
through the corresponding row select line 18, and in the
reset period Tr for each row, a reset signal is supplied
through the corresponding row select line 18.

[0247] As shown in FIG. 48, in the selection period Ts
of the first row, a selection signal Ss of 50 V, for example,
is supplied to the row select line 18 for the first row, and
the row select lines 18 for the other rows are placed in
a high impedance state. The voltages of pixel signals
Sd supplied to signal lines 20 for pixels to be turned on
(to emit light) of the pixels of the first row are in the range
from 0 V to 30 V, and depend on the luminance levels
of the corresponding pixels. If the luminance level is
maximum, then the voltage of the pixel signal Sdis 0 V.
The pixel signal Sd is modulated depending on the lu-
minance level by the amplitude modulating circuit 34
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shown in FIG. 1 or the pulse width modulating circuit 38
shown in FIG. 3.

[0248] Thus, a voltage ranging from - 50 V to - 20 V
depending on the luminance level is applied between
the upper and lower electrodes 42, 44 of the electron
emitter 12 which corresponds to each of the pixels to be
turned on in the first row. As a result, each electron emit-
ter 12 accumulates electrons depending on the applied
voltage. A pixel signal Sd supplied to the electron emit-
ters 12 which correspond to pixels to be turned off (to
extinguish light) has a voltage of 50 V, for example.
Therefore, a voltage of 0 V is applied to the electron
emitters 12 which correspond to pixels to be turned off,
bringing those electron emitters 12 into a state at the
point p1 shown in FIG. 47, so that no electrons are ac-
cumulated in those electron emitters 12.

[0249] After the supply of the pixel signal Sd to the
first row is finished, a reset signal starts being supplied
to the first row. A voltage of 50 V is between the upper
and lower electrodes 42, 44 of the electron emitter 12
which corresponds to each of the pixels in the first row.
[0250] In the selection period Ts of the second row, a
selection signal Ss of 50 V is supplied to the row select
line 18 for the second row, and the row select lines 18
for the other rows are placed in a high impedance state.
A voltage ranging from - 50 V to - 20 V depending on
the luminance level is applied between the upper and
lower electrodes 42, 44 of the electron emitter 12 which
corresponds to each of the pixels to be turned on (to
emit light). Between the upper and lower electrodes 42,
44 of the electron emitter 12 which corresponds to each
of unselected pixels, the voltage of 50 V applied in the
reset period Tr varies in the range from 0 V to 100 V.
Since this voltage of a level not reaching the point 4 in
FIG. 47, no electrons are emitted from the electron emit-
ters 12 which correspond to the pixels to be turned on
(to emit light) in the first row. That is, the unselected pix-
els in the first row are not affected by the pixel signal Sd
that is supplied to the selected pixels in the second row.
[0251] Furthermore, the power consumption by the
unselected rows can be reduced. Specifically, the power
consumption by the unselected rows in the ninth drive
method can be reduced to about 1/4 of the power con-
sumption by the unselected rows in the first drive meth-
od.

[0252] Specifically, one example of calculations will
be described below. If it is assumed that the display unit
14 has a matrix of pixels in N rows and M columns, and
the mth column of the M columns is turned on, then the
power consumption by the unselected rows in the first
drive method is expressed by:

P1=Cx V> XfXNXxmx(N-1)

where C represents the capacitance of a pixel, V., the
voltage applied across a pixel, and f the frequency (= 60
Hz) of one frame.
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[0253] The power consumption by the unselected
rows in the ninth drive method is expressed by:

P9=CxV X X NX{mx(M-m)x (N-1)}M

[0254] P1 takes a maximum value P1 when m

M, as expressed by:

max

P1ra=C X Voot X FX N X (N-1) X M

[0255] P9 takes a maximum value P9, when m
M/2, as expressed by:

P9, . =C X V2 XfxNX(N-1)x M4

[0256] Thus, the power consumption can greatly be
reduced by placing the row select lines 18 for the unse-
lected rows in a high impedance state.

[0257] According to the above drive methods, neces-
sary charges are accumulated in all the electron emit-
ters 12 in the charge accumulation period Td. In the sub-
sequent light emission period Th, a voltage required to
emit electrons is applied to all the electron emitters 12
to cause a plurality of electron emitters 12 which corre-
spond to the pixels to be turned on to emit the electrons.
However, other drive methods described below may be
employed.

[0258] In a preparatory period Ta shown in FIG. 49, a
voltage V11 higher than a reference voltage (e.g., 0 V)
is applied to the upper electrode 42, and a voltage V12
lower than the reference voltage is applied to the lower
electrode 44. In the preparatory period Ta, the electron
emitter is prepared for electron emission (e.g., the emit-
ter 40 is polarized in one direction). In a next drive period
Tb, the voltage level of a drive voltage Va is quickly
changed, i.e., the voltage V12 lower than the reference
voltage is applied to the upper electrode 42, and the volt-
age V11 higher than the reference voltage is applied to
the upper electrode 42. Now, an electric field concen-
tration occurs at the triple junction referred to above,
causing the upper electrode 42 to emit primary elec-
trons, which impinge upon the portions of the emitter 40
which are exposed through the through region 46 and
regions near the outer peripheral portion of the upper
electrode 42. As shown in FIG. 50, secondary electrons
(including reflected primary electrons) are emitted from
the portions hit by the primary electrons. Thus, second-
ary electrons are emitted from the through region 46 and
the regions near the outer peripheral portion of the upper
electrode 42 in an initial state of the drive period Tb.
[0259] According to the present drive method, the
voltage vs. charged amount characteristics of the elec-
tron emitter 12 are represented by a hysteresis curve,
as shown in FIG. 51, which is symmetrical with respect
to the reference voltage = 0 (V), where the absolute val-
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ue of a negative coercive electric field (the voltage at
the point p2) and the absolute value of a positive coer-
cive electric field (the voltage at the point p5) are sub-
stantially the same as each other in vacuum.

[0260] As shown in FIG. 52, for example, if a number
of electron emitters 12 are arrayed into a display appa-
ratus 110, it may be driven by the following drive method
(tenth drive method): As shown in FIG. 53, a voltage (e.
g., 100 V) higher than the reference voltage is applied
to a row selected by the row selecting circuit 22 (select-
ed row), an ON signal (e.g., - 40 V) is supplied to the
signal lines 20 of electron emitters 12 which correspond
to pixels to emit light therefrom in the selected row, and
an OFF signal (e.g., 0 V) is supplied to the signal lines
20 of electron emitters 12 which correspond to pixels to
extinguish light therefrom. A voltage (e.g., - 100 V) lower
than the reference voltage is applied to rows not select-
ed by the row selecting circuit 22 (unselected rows). In
this example, the voltage of - 140 V is a voltage for caus-
ing electron emission, and the voltage of - 100 V is a
voltage for not causing electron emission.

[0261] The tenth drive method will be described be-
low. If all the electron emitters 12 are not to be selected,
a voltage of - 100 V, for example, is applied through the
row select lines 18 to the lower electrodes 44 of all the
electron emitters 12, and a voltage of 0 V, for example,
is applied through the signal lines 20 to the upper elec-
trodes 42 of all the electron emitters 12, so that a voltage
of 100 V is applied to all the electron emitters 12.
[0262] Thereafter, if a plurality of electron emitters 12
in the first row are to be selected, in the selection period
Ts, a voltage of 100 V is applied to the lower electrodes
44 of the plurality of electron emitters 12 in the first row
through the row select line 18 for the first row. A voltage
of - 40 V is applied to the upper electrodes 42 of the
electron emitters 12 to be turned on, of the plurality of
electron emitters 12 in the first row, through the corre-
sponding signal lines 20. A voltage of 0 V is applied to
the upper electrodes 42 of the electron emitters 12 to
be turned off, through the corresponding signal lines 20.
[0263] As aresult, avoltage (e.g., - 140 V) for causing
electron emission is applied between the upper and low-
er electrodes 42, 44 of the electron emitters 12 to be
turned on, of the plurality of electron emitters 12 in the
first row, during the selection period Ts for the first row.
Thus, the electron emitters 12 to be turned on emit elec-
trons for fluorescent light emission.

[0264] A voltage (e.g., - 100 V) for not causing elec-
tron emission is applied between the upper and lower
electrodes 42, 44 of the electron emitters 12 to be turned
off, of the plurality of electron emitters 12 in the first row,
during the selection period Ts for the first row. Thus, the
electron emitters 12 to be turned off do not emit elec-
trons and hence are extinguished.

[0265] A voltage of-40V or 0V is applied to the upper
electrodes 42 of the electron emitters 12 in the unselect-
ed rows through the signal lines 20. A voltage of - 100
V is applied to the lower electrodes 44 of the electron
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emitters 12 in the unselected rows through the row se-
lect lines 18. Since a voltage of 60 V or 100 V higher
than the reference voltage (e.g., 0 V) is applied to the
electron emitters 12 in the unselected rows, the electron
emitters 12 in the unselected rows do not emit electrons.
[0266] The first row, the second row, the third row, ---,
the nth row are successively selected in synchronism
with a horizontal synchronizing signal, and then select-
ed again after flyback in synchronism with a vertical syn-
chronizing signal, thereby displaying a moving image or
a still image on the screen of the display apparatus 110
(the surface of the transparent plate 60).

[0267] An eleventh drive method and a twelfth drive
method will be described below. The eleventh drive
method has the same principles as the ninth drive meth-
od, i.e., provides a reset period Trimmediately after the
selection period Ts, and places the row select lines 18
for unselected rows in a high impedance state. There-
fore, one frame is cycled from a selection period Ts ((n-
1)th frame) to a reset period Tr to a non-selection period
Tn to a selection period Ts (nth frame).

[0268] According to the eleventh drive method, if a
plurality of electron emitters 12 in the first row are to be
selected, i.e., inthe selection period Ts, as shown in FIG.
54, a voltage of 100 V is applied to the lower electrodes
42 of the plurality of electron emitters 12 in the first row
through the row select line 18 for the first row. A voltage
of - 40 V is applied to the upper electrodes 42 of the
electron emitters 12 to be turned on, of the plurality of
electron emitters 12 in the first row, through the corre-
sponding signal lines 20. A voltage of 0 V is applied to
the upper electrodes 42 of the electron emitters 12 to
be turned off, through the corresponding signal lines 20.
[0269] Asaresult, avoltage (e.g., - 140 V) for causing
electron emission is applied between the upper and low-
er electrodes 42, 44 of the electron emitters 12 to be
turned on, of the plurality of electron emitters 12 in the
first row, during the selection period Ts for the first row.
Thus, the electron emitters 12 to be turned on emit elec-
trons for fluorescent light emission.

[0270] A voltage (e.g., - 100 V) for not causing elec-
tron emission is applied between the upper and lower
electrodes 42, 44 of the electron emitters 12 to be turned
off, of the plurality of electron emitters 12 in the first row,
during the selection period Ts for the first row. Thus, the
electron emitters 12 to be turned off do not emit elec-
trons and hence are extinguished.

[0271] If a plurality of electron emitters 10 in the first
row are to be reset, i.e., in the reset period Tr, a voltage
of - 100 V is applied to the lower electrodes 42 of the
plurality of electron emitters 10 in the first row through
the row select line 18 for the first row. At this time, a
voltage of - 40 V or 0V is applied through the signal lines
20. Therefore, a voltage of 60 V or 100 V higher than
the reference voltage (e.g., 0 V) is applied to the electron
emitters 12 during the reset period Tr.

[0272] The voltage of - 40 V or 0 V which is applied
through the signal lines 20 to the electron emitters 12
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during the reset period Tr is an ON signal or an OFF
signal for the electron emitters 12 in other selected rows.
By having the voltage applied from the signal lines 20
to end at 0 V within the reset period Tr (stated otherwise,
the selection period Ts), the electron emitters 12 in the
reset period Tr necessarily finish the reset period Tr
while the voltage of 100 V is being applied thereto.
[0273] Therow selectlines 18 for the unselected rows
are placed in a high impedance state. Therefore, a volt-
age varying in the range from 60 V to 140 V, which is
higher than the reference voltage (e.g., 0 V), is applied
to the electron emitters 12 in the unselected rows, and
the electron emitters 12 in the unselected rows do not
emit electrons.

[0274] The first row, the second row, the third row, ---,
the nth row are successively selected in synchronism
with a horizontal synchronizing signal, and then select-
ed again after flyback in synchronism with a vertical syn-
chronizing signal, thereby displaying a moving image or
a still image on the screen of the display apparatus 110
(the surface of the transparent plate 60).

[0275] The twelfth drive method has the same princi-
ples as the ninth drive method, i.e., provides a reset pe-
riod Tr immediately after the selection period Ts, and
places the row select lines 18 for unselected rows in a
high impedance state. Particularly, the twelfth drive
method is a process for varying the length of a non-se-
lection period immediately prior to the selection period
Ts depending on the gradation level of each row. One
frame is cycled from a selection period Ts ((n-1)th frame)
to a first non-selection period Tn1 to a reset period Tr to
a second non-selection period Tn2 to a selection period
Ts (nth frame).

[0276] As shown in FIG. 55, a display apparatus 120
used in the twelfth drive method has, in addition to the
row selecting circuit 22, the signal supplying circuit 24,
and the signal control circuit 26, a frame memory unit
122, a selection data generator 124, and a reset data
generator 126. The frame memory unit 122 has three
frame memories (first through third frame memories
FM1 through FM3), for example.

[0277] The signal control circuit 26 successively
switches the three frame memories (first through third
frame memories FM1 through FM3) to select a frame
memory to write a frame of image data Dg therein, and
also to select a frame memory to supply a frame of im-
age data Dg therefrom to the signal supplying circuit 24.
For example, if it is assumed that an (n-2)th frame of
image data is written in the first frame memory FM1 and
an (n-1)th frame of image data is written in the second
frame memory FM2, then the signal control circuit 26
reads the image data from the first frame memory FM1
and outputs the image data to the signal supplying cir-
cuit 24, and writes an nth frame of image data Dg input
from an external circuit into the third frame memory
FM3.

[0278] Afterthe (n-2)th frame of the image data is out-
putin its entirety and the nth frame of image data is writ-
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ten in its entirety into the third frame memory FM3, an
(n-1)th frame of image data Dg is supplied to the signal
supplying circuit 24, and an (n+1)th frame of image data
Dg from an external circuit is written into the first frame
memory FM1.

[0279] Similarly, after the (n-1)th frame of the image
data is output in its entirety and the (n+1)th frame of im-
age datais written in its entirety into the first frame mem-
ory FM1, an nth frame of image data Dg is supplied to
the signal supplying circuit 24, and an (n+2)th frame of
image data Dg from an external circuit is written into the
second frame memory FM2.

[0280] That is, image data Dg is read from the frame
memory which stores the oldest frame of image data Dg,
of the three frame memories FM1 through FM3, and out-
put to the signal supplying circuit 24, and a next frame
of image data Dg is written into the frame memory from
which one frame of image data has already been output.
[0281] The selection data generator 124 generates
selection data Ds which represents only a selected row
as "1" in each selection period Ts, and outputs the se-
lection data Ds to the row selecting circuit 22. According
to a simple model of a six-row scanning sequence, if the
selected row is the first row, then the selection data gen-
erator 124 outputs selection data "100000" and supplies
the selection data to the row selecting circuit 22 in the
selection period Ts. Likewise, if the selected row is the
second row, the selection data generator 124 outputs
selection data "010000", and if the selected row is the
third row, the selection data generator 124 outputs se-
lection data "001000".

[0282] The row selecting circuit 22 sets the voltage of
the row select line 18 corresponding to the row "1" to
100 V based on the selection data Ds from the selection
data generator 124.

[0283] The reset data generator 126 sets a reset pe-
riod Tr in each row depending on the gradation level for
the row in a next one frame. For example, it is assumed
that in a six-row scanning sequence as shown in FIG.
56, the gradation levels (the maximum level 4) for re-
spective rows in the (n-2)th frame, the (n-1)th frame, and
the nth frame are as shown in FIGS. 57A through 57C.
That is, the gradation levels for the first through sixth
rows are 1 in the (n-2)th frame. In the (n-1)th frame, the
gradation level for the first row is 1, the gradation level
for the second row is 1, the gradation level for the third
row is 2, the gradation level for the fourth row is 3, the
gradation level for the fifth row is 2, and the gradation
level for the sixth row is 1. In the nth frame, the gradation
level for the first row is 2, the gradation level for the sec-
ond row is 2, the gradation level for the third row is 2,
the gradation level for the fourth row is 3, the gradation
level for the fifth row is 2, and the gradation level for the
sixth row is 1.

[0284] In the selection period Ts for the fist row in the
(n-2)th frame, the reset data generator 126 outputs reset
data Dr="001000" and supplies the reset data Dr to the
row selecting circuit 22. The row selecting circuit 22 sets
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the voltage of the row select line 18 corresponding to
the row "1" to - 100 V based on the reset data Dr from
the reset data generator 126.

[0285] The row selecting circuit 22 places those row
select lines which do not correspond to the "1" of the
selection data Ds and do not correspond to the "1" of
the reset data Dr, of all the row select lines 18, into a
high impedance state.

[0286] As a result, as shown in FIG. 58, a voltage of
-140 V is applied to the pixels to be turned on, of the row
put in the selection period Ts, and a voltage of - 100 V
is applied to the pixels to be turned off. In order to fix the
central value of the voltage which varies in the following
first non-selection period Tn1 (high impedance state),
the voltage applied to the pixels to be turned on is nec-
essarily set to - 100 V at the end of the reset period Tr.
A voltage of 60 V or 100 V is applied to the pixels in the
row put in the reset period Tr. In order to fix the central
value of the voltage which varies in the following second
non-selection period Tn2 (high impedance state), the
voltage applied to the pixels is necessarily set to 100 V
at the end of the reset period Tr. A voltage which varies
in the range from - 140 V to - 60 V is applied to the pixels
in the row put in the first non-selection period Tn1, and
a voltage which varies in the range from 60 V to 140 V
is applied to the pixels in the row put in the second non-
selection period Tn2.

[0287] In the example shown in FIG. 56, the first non-
selection period Tn1 corresponding to three selection
periods Ts is set after each selection period Ts for the
first row, the second row, and the sixth row in the (n-2)
th frame. Thereafter, the reset period Tr, and the second
non-selection period Tn2 corresponding to one selec-
tion period Ts are set. The first non-selection period Tn1
corresponding to two selection periods Ts is set after the
selection period Ts for the third row and the fifth row in
the (n-2)th frame. Thereafter, the reset period Tr, and
the second non-selection period Tn2 corresponding to
two selection periods Ts are set. Similarly, the first non-
selection period Tn1 corresponding to one selection pe-
riod Ts is set after the selection period Ts for the fourth
row in the (n-2)th frame. Thereafter, the reset period Tr,
and the second non-selection period Tn2 corresponding
to three selection periods Ts are set. In the first and sec-
ond non-selection periods Tn1, Tn2, the corresponding
row select line 18 is placed in a high impedance state.
[0288] That is, the non-selection period (the second
non-selection period Tn2) immediately prior to the se-
lection period Ts for each row in the (n-1)th frame is the
longest for the fourth row, the shortest for the first row,
the second row, and the sixth row, and intermediate for
the third row and the fifth row. Therefore, electrons are
emitted from the electron emitters 12 to be turned on in
the selection period Ts for each row in the (n-1)th frame,
and the brightness of the pixels to be turned on varies
in terms of rows such that the pixels in the fourth row
have the gradation level 3, the pixels the third and fifth
rows have the gradation level 2, and the pixels in the
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first row, the second row, and the sixth row have the gra-
dation level 1.

[0289] Likewise, inthe nthframe, the brightness of the
pixels to be turned on varies in terms of rows such that
the pixels in the fourth row have the gradation level 3,
the pixels in the first row, the second row, the third row,
and the fifth row have the gradation level 2, and the pix-
els in the sixth row have the gradation level 1.

[0290] According to the twelfth drive method, inas-
much as the corresponding row select lines 18 are
placed in a high impedance state during the first and
second non-selection periods Tn1, Tn2, the power con-
sumption is reduced with the eleventh drive method.
[0291] Inthe above example, the reset data Dr for the
rows are generated by the reset data generator 126. If
reset data for rows and columns are generated, then the
above drive method can easily be used with image data
including differential data between frames (compressed
image data).

[0292] The display apparatus 10 according to the
present embodiment can be used as electron beam ir-
radiation apparatus, light sources, LED alternatives,
electronic parts manufacturing apparatus, and electron-
ic circuit components, in addition to display apparatus.
[0293] 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.
The display apparatus may be 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.

[0294] The display apparatus may also be used as
high-luminance, high-efficiency light sources for use in
projectors, for example, which may employ ultrahigh-
pressure mercury lamps. The light source using the
electron emitter according to the present embodiment
is compact, has a long service life, has a fast response
speed for light emission. The electron emitter does not
use any mercury, and the electron emitter is environ-
mentally friendly.

[0295] The display apparatus may also be used as
LED alternatives in surface light sources such as indoor
illumination units, automobile lamps, traffic signal devic-
es, and also in chip light sources, traffic signal devices,
and backlight units for small-size liquid-crystal display
devices for cellular phones.

[0296] The display apparatus may also be used in
electronic parts manufacturing apparatus as 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. The display apparatus may also be
used in vacuum micro devices including ultrahigh-speed
devices operable in a tera-Hz range and large-current
output devices. The display apparatus may also prefer-
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ably be used as printer components, i.e., light emission
devices for applying light to a photosensitive drum in
combination with a phosphor, and electron sources for
charging dielectric materials.

[0297] The display apparatus may also be used in
electronic circuit components including digital devices
such as switches, relays, diodes, etc. and analog devic-
es such as operational amplifiers, etc. as they can be
designed for outputting large currents and higher ampli-
fication factors.

[0298] The pixels of the display apparatus 10 which
have the collector electrode 62 coated with the phos-
phor 64 as shown in FIGS. 9 and 10 offer the following
advantages:

(1) The display apparatus can be much thinner (the
panel thickness = several mm) than CRTs.

(2) Since the display apparatus emits natural light
from the phosphor 64, the display apparatus can
provide a wide angle of view which is about 180°
unlike LCDs (liquid crystal displays) and LEDs
(light-emitting diodes).

(3) Since the display apparatus employs a surface
electron source, it produces less image distortions
than CRTs.

(4) The display apparatus can respond more quickly
than LCDs, and can display moving images free of
after image with a high-speed response on the or-
der of usec.

(5) The display apparatus consumes an electric
power of about 100 W in terms of a 40-inch size,
and hence is

characterized by lower power consumption than
CRTs, PDPs (plasma displays), LCDs, and LEDs.
(6) The display apparatus has a wider operating
temperature range (- 40 to + 85°C) than PDPs and
LCDs. LCDs have lower response speeds at lower
temperatures.

(7) The display apparatus can produce higher lumi-
nance than conventional FED displays as the fluo-
rescent material can be excited by a large current
output.

(8) The display apparatus can be driven at a lower
voltage than conventional FED displays because
the drive voltage can be controlled by the polariza-
tion reversing characteristics and film thickness of
the piezoelectric material.

[0299] Because of the above various advantages, the
display apparatus can be used in a variety of applica-
tions described below.

(1) Since the display apparatus can produce higher
luminance and consume lower electric power, it is
optimum for use as 30- through 60-inch displays for
home use (television and home theaters) and public
use (waiting rooms, karaoke rooms, etc.).

(2) Inasmuch as the display apparatus can produce
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higher luminance, can provide large screen sizes,
can display full-color images, and can display high-
definition images, it is optimum for use as horizon-
tally or vertically long, specially shaped displays,
displays in exhibitions, and message boards for in-
formation guides.

(3) Because the display apparatus can provide a
wider angle of view due to higher luminance and
fluorescent excitation, and can be operated in a wid-
er operating temperature range due to vacuum
modularization thereof, it is optimum for use as dis-
plays on vehicles. Displays for use on vehicles need
to have a horizontally long 8-inch size whose hori-
zontal and vertical lengths have a ratio of 15 : 9 (pix-
el pitch = 0.14 mm), an operating temperature in the
range from - 30 to + 85°C, and a luminance level
ranging from 500 to 600 cd/mZ2 in an oblique direc-
tion.

[0300] Because of the above various advantages, the
display apparatus can be used as a variety of light sourc-
es described below.

(1) Since the display apparatus can produce higher
luminance and consume lower electric power, it is
optimum for use as projector light sources which are
required to have a luminance level of 2000 lumens.
(2) Because the display apparatus can easily pro-
vide a high-luminance two-dimensional array light
source, can be operated in a wide temperature
range, and have their light emission efficiency un-
changed in outdoor environments, it is promising as
an alternative of LEDs. For example, the display ap-
paratus is optimum as an alternative of two-dimen-
sional array LED modules for traffic signal devices.
At 25°C or higher, LEDs have an allowable current
lowered and produce low luminance.

(3) Since a surface light source comprising a two-
dimensional array of electron emitters according to
the present invention can be turned on/off emitter
by emitter, it is preferable for use in applications
where portions of a light emission area are turned
on/off. Furthermore, because the surface light
source can instantaneously be turned on, itrequires
no time for warming up. If the surface light source
is used as a liquid crystal backlight, then the quality
of moving images displayed thereby can be im-
proved by high-speed blinking.

Claims

1. A display apparatus (10) having a plurality of elec-
tron emitters (12) arrayed in association with a plu-
rality of pixels, for emitting electrons from the elec-
tron emitters (12) to display an image, character-
ized in that

necessary charges are accumulated in all the
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electron emitters (12) in a first period (Td); and

a voltage required to emit electrons is applied
to all the electron emitters (12) to cause a plurality
of electron emitters (12) which correspond to pixels
to emit light therefrom, for emitting light from said
pixels, in a second period (Th) after said first period
(Td).

A display apparatus according to claim 1, charac-
terized by:

a drive circuit (16) for scanning all the electron
emitters (12) to apply necessary voltages to the
electron emitters (12);

wherein one image is displayed in a period as
one frame, said one frame including said first period
(Td) and said second period (Th);

wherein said drive circuit (16) scans all said
electron emitters (12) and applies accumulation
voltages depending on the luminance levels of cor-
responding pixels to the electron emitters (12)
which correspond to pixels to emit light therefrom in
said first period (Td), and applies a constant emis-
sion voltage to all the electron emitters (12) in the
second period (Th) after said first period (Td);

wherein charges in amounts depending on
the luminance levels of corresponding pixels are ac-
cumulated in the electron emitters (12) which cor-
respond to pixels to emit light therefrom in said first
period (Td); and

wherein electrons are emitted in amounts de-
pending on the luminance levels of corresponding
pixels from the electron emitters (12) which corre-
spond to pixels to emit light therefrom in said sec-
ond period (Th), thereby emitting light from the pix-
els.

A display apparatus according to claim 1, charac-
terized by:

a drive circuit (16) for scanning all the electron
emitters (12) to apply necessary voltages to the
electron emitters (12);

wherein one image is displayed in a period as
one frame, said one frame being divided into a plu-
rality of periods having respective different lumi-
nance levels, each of said periods serving as one
subfield, said one subfield including said first period
(Td) and said second period (Th);

wherein said drive circuit scans all said elec-
tron emitters (12) and applies a constant accumu-
lation voltage to the electron emitters (12) to emit
light therefrom in said first period (Td), and applies
emission voltages depending on luminance levels
assigned to the subfields to all said electron emit-
ters (12) in the second period (Th) after said first
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period (Td);

wherein a constant amount of charges are ac-
cumulated in the electron emitters (12) to emit light
therefrom in said first period (Td); and

wherein electrons are emitted in amounts de-
pending on the luminance levels assigned to the
subfields from the electron emitters (12) which cor-
respond to pixels to emit light therefrom in said sec-
ond period (Th), thereby emitting light from the pix-
els.

A display apparatus according to claim 1, charac-
terized by:

a drive circuit (16) for scanning all the electron
emitters (12) to apply necessary voltages to the
electron emitters (12);

wherein one image is displayed in a period as
one frame, said one frame being divided into a plu-
rality of periods having respective different lumi-
nance levels, each of said periods serving as one
subfield, said one subfield including said first period
(Td) and said second period (Th);

wherein said drive circuit scans all said elec-
tron emitters (12) and applies accumulation voltag-
es depending on luminance levels assigned to the
subfields to the electron emitters (12) to emit light
therefrom in said first period (Td), and applies a con-
stant emission voltage to all said electron emitters
(12) in the second period (Th) after said first period
(Td);

wherein charges in amounts depending on
the luminance levels assigned to the subfields are
accumulated in the electron emitters (12) to emit
light therefrom in said first period (Td); and

wherein electrons are emitted in amounts de-
pending on the luminance levels assigned to the
subfields from the electron emitters (12) which cor-
respond to pixels to emit light therefrom in said sec-
ond period (Th), thereby emitting light from the pix-
els.

A display apparatus according to claim 1, charac-
terized by:

a drive circuit (16) for scanning all the electron
emitters (12) to apply necessary voltages to the
electron emitters (12);

wherein one image is displayed in a period as
one frame, said one frame being divided into a plu-
rality of periods having the same luminance level,
each of said periods serving as one linear subfield,
said one linear subfield including said first period
(Td) and said second period (Th);

wherein said drive circuit scans all said elec-
tron emitters (12) and applies a constant accumu-
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lation voltage to the electron emitters (12) to emit
light therefrom in said liner subfields in said first pe-
riod (Td), and applies a constant emission voltage
to all said electron emitters (12) in the second period
(Th) after said first period (Td);

wherein a constant amount of charges are ac-
cumulated in the electron emitters (12) to emit light
therefrom in said linear subfields in said first period
(Td); and

wherein a constant amount of electrons are
emitted from the electron emitters (12) which corre-
spond to pixels to emit light therefrom in the linear
subfields in said second period (Th), thereby emit-
ting light from the pixels.

A display apparatus according to claim 1, charac-
terized by:

a drive circuit (16) for scanning all the electron
emitters (12) to apply necessary voltages to the
electron emitters (12);

wherein one image is displayed in a period as
one frame, said one frame including said first period
(Td) and said second period (Th);

wherein said drive circuit applies a constant
accumulation voltage to all said electron emitters
(12) in said first period (Td), and scans all said elec-
tron emitters (12) and applies emission voltages de-
pending on the luminance levels of corresponding
pixels to the electron emitters (12) which corre-
spond to pixels to emit light therefrom in said sec-
ond period (Th) after said first period (Td) ;

wherein a constant amount of charges are ac-
cumulated in all said electron emitters (12) in said
first period (Td); and

wherein electrons are emitted in amounts de-
pending on the luminance levels of corresponding
pixels from the electron emitters (12) which corre-
spond to pixels to emit light therefrom in said sec-
ond period (Th), thereby emitting light from the pix-
els.

A display apparatus according to claim 1, charac-
terized by:

a drive circuit (16) for scanning all the electron
emitters (12) to apply necessary voltages to the
electron emitters (12);

wherein one image is displayed in a period as
one frame, said one frame being divided into a plu-
rality of periods having respective different lumi-
nance levels, each of said periods serving as one
subfield, said one subfield including said first period
(Td) and said second period (Th);

wherein said drive circuit applies accumula-
tion voltages depending on luminance levels as-
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signed to the subfields to all said electron emitters
(12) to emit light therefrom in said first period (Td),
and scans all said electron emitters (12) and applies
a constant emission voltage to said electron emit-
ters (12) to emit light therefrom in the second period
(Th) after said first period (Td);

wherein charges in amounts depending on
the luminance levels assigned to the subfields are
accumulated in all said electron emitters (12) in said
first period (Td); and

wherein electrons are emitted in amounts de-
pending on the luminance levels assigned to the
subfields from the electron emitters (12) which cor-
respond to pixels to emit light therefrom in said sec-
ond period (Th), thereby emitting light from the pix-
els.

A display apparatus according to claim 1, charac-
terized by:

a drive circuit (16) for scanning all the electron
emitters (12) to apply necessary voltages to the
electron emitters (12);

wherein one image is displayed in a period as
one frame, said one frame being divided into a plu-
rality of periods having respective different lumi-
nance levels, each of said periods serving as one
subfield, said one subfield including said first period
(Td) and said second period (Th);

wherein said drive circuit applies a constant
accumulation voltage to all said electron emitters
(12) in said first period (Td), and scans all said elec-
tron emitters (12) and applies emission voltages de-
pending on the luminance levels assigned to the
subfields to the electron emitters (12) to emit light
therefrom in said second period (Th) after said first
period (Td);

wherein a constant amount of charges are ac-
cumulated in all said electron emitters (12) in said
first period (Td); and

wherein electrons are emitted in amounts de-
pending on the luminance levels assigned to the
subfields from the electron emitters (12) which cor-
respond to pixels to emit light therefrom in said sec-
ond period (Th), thereby emitting light from the pix-
els.

A display apparatus according to claim 1, charac-
terized by:

a drive circuit (16) for scanning all the electron
emitters (12) to apply necessary voltages to the
electron emitters (12);

wherein one image is displayed in a period as
one frame, said one frame being divided into a plu-
rality of periods having the same luminance level,
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each of said periods serving as one linear subfield,
said one linear subfield including said first period
(Td) and said second period (Th);

wherein said drive circuit applies a constant
accumulation voltage to all said electron emitters
(12) in said first period (Td), and scans all said elec-
tron emitters (12) and applies a constant emission
voltage to the electron emitters (12) to emit light
therefrom in the linear subfields in said second pe-
riod (Th) after said first period (Td);

wherein a constant amount of charges are ac-
cumulated in the electron emitters (12) to emit light
therefrom in the linear subfields in said first period
(Td); and

wherein a constant amount of electrons are
emitted from the electron emitters (12) which corre-
spond to pixels to emit light therefrom in the linear
subfields in said second period (Th), thereby emit-
ting light from the pixels.

A display apparatus according to claim 2,4, 5, or 7,
characterized in that
said drive circuit (16) comprises:

a pulse generating circuit for generating a pulse
signal having a constant pulse amplitude; and
an amplitude modulating circuit for amplitude-
modulating said pulse signal to generate said
accumulation voltage in said first period (Td).

A display apparatus according to claim 2, 4, 5, or 7,
characterized in that
said drive circuit (16) comprises:

a pulse generating circuit for generating a pulse
signal applicable to said electron emitters (12),
said pulse signal having a voltage waveform in-
cluding a positive-going edge or a negative-go-
ing edge which is continuously variable in level;
and

a pulse width modulating circuit for pulse-width-
modulating said pulse signal to generate said
accumulation voltage in said first period (Td).

A display apparatus according to claim 3, 6, 8, or 9,
characterized in that
said drive circuit (16) comprises:

a pulse generating circuit for generating a pulse
signal having a constant pulse amplitude; and
an amplitude modulating circuit for amplitude-
modulating said pulse signal to generate said
emission voltage in said second period (Th).

A display apparatus according to claim 3, 6, 8, or 9,
characterized in that
said drive circuit (16) comprises:
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a pulse generating circuit for generating a pulse
signal applicable to said electron emitters (12),
said pulse signal having a voltage waveform in-
cluding a positive-going edge or a negative-go-
ing edge which is continuously variable in level;
and

a pulse width modulating circuit for pulse-width-
modulating said pulse signal to generate said
emission voltage in said second period (Th).

A display apparatus according to claim 1, wherein
said electron emitters (12) have such characteris-
tics that the electron emitters change to a state (first
state) in which electrons are accumulated when an
electric field is applied in one direction to said elec-
tron emitters, and change from said first state to a
state (second state) in which electrons are emitted
when an electric field is applied in another direction
to said electron emitters, and said drive circuit (16)
is controlled to apply a voltage between a voltage
for changing the electron emitters to said first state
and a voltage for changing the electron emitters to
a state immediately prior to said second state, to
electron emitters (12) which are unselected.

A display apparatus according to claim 2, charac-
terized in that
said electron emitters are selected and unse-
lected through corresponding select lines; and
said drive circuit places the select lines of
electron emitters which are unselected into a high
impedance state.

A display apparatus characterized by:

a plurality of electron emitters;

select lines for selecting and unselecting said
electron emitters;

signal lines for supplying ON and OFF signals
to electron emitters which are selected; and

a drive circuit for driving the electron emitters
in a selection period, a reset period, and a non-
selection period allocated to one frame which
is a period for displaying one image;

wherein said drive circuit applies a voltage
sufficient to cause the electron emitters to emit light,
to electron emitters to emit light therefrom which are
selected in said selection period;

applies a reference voltage serving as a cen-
tral voltage across which a voltage varies in the non-
selection period subsequent to the reset period, to
electron emitters which are selected in said reset
period; and

places the select lines of electron emitters
which are unselected in said non-selection period
into a high impedance state.



17.

18.

19.

20.

21.

65

A display apparatus according to claim 16, charac-
terized in that

said non-selection period subsequent to the
reset period has a time duration set depending on
the gradation level of a next frame.

A display apparatus according to claim 16, charac-
terized in that

said non-selection period has a first non-se-
lection period assigned prior to said reset period
and a second non-selection period assigned sub-
sequent to said reset period; and

said second non-selection period has a time
duration set depending on the gradation level of a
next frame.

A method of driving a display apparatus (10) having
a plurality of electron emitters (12) arrayed in asso-
ciation with a plurality of pixels, for emitting elec-
trons from the electron emitters (12) to display an
image, characterized by:

the step of accumulating necessary charges in
all the electron emitters (12) in a first period
(Td); and

the step of applying a voltage required to emit
electrons to all the electron emitters (12) to
cause a plurality of electron emitters (12) which
correspond to pixels to emit light therefrom, for
emitting light from said pixels, in a second pe-
riod (Th) after said first period (Td).

A method for driving a display apparatus according
to claim 19, characterized in that

one image is displayed in a period as one
frame, said one frame including said first period (Td)
and said second period (Th); and characterized by

the step of scanning all said electron emitters
(12), and applying accumulation voltages depend-
ing on the luminance levels of corresponding pixels
to the electron emitters (12) which correspond to
pixels to emit light therefrom in said first period (Td),
to accumulate charges in amounts depending on
the luminance levels of corresponding pixels in the
electron emitters (12) which correspond to pixels to
emit light therefrom in said first period (Td); and

the step of applying a constant emission volt-
age to all the electron emitters (12) in the second
period (Th) after said first period (Td), to emit elec-
trons in amounts depending on the luminance lev-
els of corresponding pixels from the electron emit-
ters (12) which correspond to pixels to emit light
therefrom in said second period (Th), thereby emit-
ting light from the pixels.

A method for driving a display apparatus according
to claim 19, characterized in that
one image is displayed in a period as one
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frame, said one frame being divided into a plurality
of periods having respective different luminance
levels, each of said periods serving as one subfield,
said one subfield including said first period (Td) and
said second period (Th); and
characterized by

the step of scanning all said electron emitters
(12), applying a constant accumulation voltage to
the electron emitters (12) to emit light therefrom in
said first period (Td), to accumulate a constant
amount of charges in the electron emitters (12) to
emit light therefrom in said first period (Td); and

the step of applying emission voltages de-
pending on luminance levels assigned to the sub-
fields to all said electron emitters (12) in the second
period (Th) after said first period (Td), to emit elec-
trons in amounts depending on the luminance lev-
els assigned to the subfields from the electron emit-
ters (12) which correspond to pixels to emit light
therefrom in said second period (Th), thereby emit-
ting light from the pixels.

A method for driving a display apparatus according
to claim 19, characterized in that

one image is displayed in a period as one
frame, said one frame being divided into a plurality
of periods having respective different luminance
levels, each of said periods serving as one subfield,
said one subfield including said first period (Td) and
said second period (Th); and
characterized by

the step of scanning all said electron emitters
(12), and applying accumulation voltages depend-
ing on luminance levels assigned to the subfields to
the electron emitters (12) to emit light therefrom in
said first period (Td), to accumulate charges in
amounts depending on the luminance levels as-
signed to the subfields in the electron emitters (12)
to emit light therefrom in said first period (Td); and

the step of applying a constant emission volt-
age to all said electron emitters (12) in the second
period (Th) after said first period (Td), to emit elec-
trons in amounts depending on the luminance lev-
els assigned to the subfields from the electron emit-
ters (12) which correspond to pixels to emit light
therefrom in said second period (Th), thereby emit-
ting light from the pixels.

A method for driving a display apparatus according
to claim 19, characterized in that

one image is displayed in a period as one
frame, said one frame being divided into a plurality
of periods having the same luminance level, each
of said periods serving as one linear subfield, said
one linear subfield including said first period (Td)
and said second period (Th); and
characterized by

the step of scanning all said electron emitters
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(12), and applying a constant accumulation voltage
to the electron emitters (12) to emit light therefrom
in said liner subfields in said first period (Td), to ac-
cumulate a constant amount of charges in the elec-
tron emitters (12) to emit light therefrom in said lin-
ear subfields in said first period (Td); and

the step of applying a constant emission volt-
age to all said electron emitters (12) in the second
period (Th) after said first period (Td), to emit a con-
stant amount of electrons from the electron emitters
(12) which correspond to pixels to emit light there-
from in the linear subfields in said second period
(Th), thereby emitting light from the pixels.

A method for driving a display apparatus according
to claim 19, characterized in that

one image is displayed in a period as one
frame, said one frame including said first period (Td)
and said second period (Th); and characterized by

the step of applying a constant accumulation
voltage to all said electron emitters (12) in said first
period (Td) to accumulate a constant amount of
charges in all said electron emitters (12) in said first
period (Td); and

the step of scanning all said electron emitters
(12) and applying emission voltages depending on
the luminance levels of corresponding pixels to the
electron emitters (12) which correspond to pixels to
emit light therefrom in said second period (Th) after
said first period (Td), to emit electrons in amounts
depending on the luminance levels of correspond-
ing pixels from the electron emitters (12) which cor-
respond to pixels to emit light therefrom in said sec-
ond period (Th), thereby emitting light from the pix-
els.

A method for driving a display apparatus according
to claim 19, characterized in that

one image is displayed in a period as one
frame, said one frame being divided into a plurality
of periods having respective different luminance
levels, each of said periods serving as one subfield,
said one subfield including said first period (Td) and
said second period (Th); and
characterized by

the step of applying accumulation voltages
depending on luminance levels assigned to the sub-
fields to all said electron emitters (12) to emit light
therefrom in said first period (Td), to accumulate
charges in amounts depending on the luminance
levels assigned to the subfields in all said electron
emitters (12) in said first period (Td); and

the step of scanning all said electron emitters
(12) and applying a constant emission voltage to
said electron emitters (12) to emit light therefrom in
the second period (Th) after said first period (Td),
to emit electrons in amounts depending on the lu-
minance levels assigned to the subfields from the
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electron emitters (12) which correspond to pixels to
emit light therefrom in said second period (Th),
thereby emitting light from the pixels.

A method for driving a display apparatus according
to claim 19, characterized in that

one image is displayed in a period as one
frame, said one frame being divided into a plurality
of periods having respective different luminance
levels, each of said periods serving as one subfield,
said one subfield including said first period (Td) and
said second period (Th); and
characterized by

the step of applying a constant accumulation
voltage to all said electron emitters (12) in said first
period (Td), to accumulate a constant amount of
charges in all said electron emitters (12) in said first
period (Td); and

the step of scanning all said electron emitters
(12) and applying emission voltages depending on
the luminance levels assigned to the subfields to the
electron emitters (12) to emit light therefrom in said
second period (Th) after said first period (Td), to
emit electrons in amounts depending on the lumi-
nance levels assigned to the subfields from the
electron emitters (12) which correspond to pixels to
emit light therefrom in said second period (Th),
thereby emitting light from the pixels.

A method for driving a display apparatus according
to claim 19, characterized in that

one image is displayed in a period as one
frame, said one frame being divided into a plurality
of periods having the same luminance level, each
of said periods serving as one linear subfield, said
one linear subfield including said first period (Td)
and said second period (Th); and
characterized by

applying a constant accumulation voltage to
all said electron emitters (12) in said first period
(Td), to accumulate a constant amount of charges
in the electron emitters (12) to emit light therefrom
in the linear subfields in said first period (Td); and

the step of scanning all said electron emitters
(12) and applying a constant emission voltage to the
electron emitters (12) to emit light therefrom in the
linear subfields in said second period (Th) after said
first period (Td), to emit a constant amount of elec-
trons from the electron emitters (12) which corre-
spond to pixels to emit light therefrom in the linear
subfields in said second period (Th), thereby emit-
ting light from the pixels.

A method for driving a display apparatus according
to claim 20, 22, 23, or 25, characterized in that

a pulse signal having a constant pulse ampli-
tude is generated; and

said pulse signal is amplitude-modulated to
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generate said accumulation voltage in said first pe-
riod (Td).

A method for driving a display apparatus according
to claim 20, 22, 23, or 25, characterized in that

a pulse signal applicable to said electron emit-
ters (12) is generated, said pulse signal having a
voltage waveform including a positive-going edge
or a negative-going edge which is continuously var-
iable in level; and

said pulse signal is pulse-width-modulated to
generate said accumulation voltage in said first pe-
riod (Td).

A method for driving a display apparatus according
to claim 21, 24, 26, or 27, characterized in that

a pulse signal having a constant pulse ampli-
tude is generated; and

said pulse signal is amplitude-modulated to
generate said emission voltage in said second pe-
riod (27).

A method for driving a display apparatus according
to claim 21, 24, 26, or 27, characterized in that

a pulse signal applicable to said electron emit-
ters (12) is generated, said pulse signal having a
voltage waveform including a positive-going edge
or a negative-going edge which is continuously var-
iable in level; and

said pulse signal is pulse-width-modulated to
generate said emission voltage in said second pe-
riod (Th).

A method for driving a display apparatus according
to claim 19, characterized in that

said electron emitters (12) have such charac-
teristics that the electron emitters change to a state
(first state) in which electrons are accumulated
when an electric field is applied in one direction to
said electron emitters, and change from said first
state to a state (second state) in which electrons
are emitted when an electric field is applied in an-
other direction to said electron emitters; and

a voltage between a voltage for changing the
electron emitters to said first state and a voltage for
changing the electron emitters to a state immedi-
ately prior to said second state, is applied to elec-
tron emitters (12) which are unselected.

A method of driving a display apparatus according
to any one of claims 19 through 32, characterized
in that

said electron emitters (12) are selected and
unselected through corresponding select lines; and

the select lines of electron emitters (12) which
are unselected are placed into a high impedance
state.
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A method of driving a display apparatus having a
plurality of electron emitters (12), select lines for se-
lecting and unselecting said electron emitters (12),
and signal lines for supplying ON and OFF signals
to electron emitters (12) which are selected, char-
acterized in that the electron emitters (12) are driv-
enin a selection period (Ts), a reset period (Tr), and
a non-selection period (Tn) allocated to one frame
which is a period for displaying one image;

wherein a voltage sufficient to cause the elec-
tron emitters (12) to emit light is applied to electron
emitters (12) to emit light therefrom which are se-
lected in said selection period (Ts);

a reference voltage serving as a central volt-
age across which a voltage varies in the non-selec-
tion period (Tn) subsequent to the reset period (Tr)
is applied to electron emitters (12) which are select-
ed in said reset period (Tr); and

the select lines of electron emitters (12) which
are unselected in said non-selection period (Tn) is
placed into a high impedance state.

A method of driving a display apparatus according
to claim 34, characterized in that

said non-selection period (Tn) subsequent to
the reset period (Tr) has a time duration set depend-
ing on the gradation level of a next frame.

A method of driving a display apparatus according
to claim 34, characterized in that

said non-selection period (Tn) has a first non-
selection period (Tn1) assigned prior to said reset
period (Tr) and a second non-selection period (Tn2)
assigned subsequent to said reset period (Tr); and

said second non-selection period (Tn2) has a
time duration set depending on the gradation level
of a next frame.

An electron emitter characterized by

charges required for electron emission are ac-
cumulated in a first period (Td); and

a voltage required for electron emission is ap-
plied to emit electrons in an amount depending on
the accumulated charges in a second period (Th)
after said first period (Td).

An apparatus for driving a plurality of electron emit-
ters (12) by selecting at least one electron emitter
(12) from the electron emitters (12) and emitting
electrons from the selected electron emitter (12),
characterized in that

said electron emitters (12) have such charac-
teristics that the electron emitters (12) change to a
state (first state) in which electrons are accumulat-
ed when an electric field is applied in one direction
to said electron emitters (12), and change from said
first state to a state (second state) in which elec-
trons are emitted when an electric field is applied in
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another direction to said electron emitters (12); and

a voltage between a voltage for changing the
electron emitters (12) to said first state and a volt-
age for changing the electron emitters (12) to a state
immediately prior to said second state, is applied to
electron emitters (12) which are unselected among
the plurality of electron emitters (12).

An electron emission apparatus having a plurality
of electron emitters (12), characterized in that

charges required for electron emission are ac-
cumulated in all the electron emitters (12) in a first
period (Td); and

a voltage required for electron emission is ap-
plied to all the electron emitters (12) to emit elec-
trons in an amount depending on the charges ac-
cumulated in said electron emitters (12) in a second
period (Th) after said first period (Td).

An electron emission apparatus according to claim
39, characterized in that

accumulation voltages depending on charges
to be accumulated in said electron emitters (12) are
applied in said first period (Td); and

a constant emission voltage is applied to all
said electron emitters (12) in the second period (Th)
after said first period (Td).

An electron emission apparatus according to claim
40, characterized by
a pulse generating circuit for generating a
pulse signal having a constant pulse amplitude; and
an amplitude modulating circuit for amplitude-
modulating said pulse signal to generate said accu-
mulation voltage in said first period (Td).

An electron emission apparatus according to claim
40, characterized by

a pulse generating circuit for generating a
pulse signal applicable to said electron emitters
(12), said pulse signal having a voltage waveform
including a positive-going edge or a negative-going
edge which is continuously variable in level; and

a pulse width modulating circuit for pulse-
width-modulating said pulse signal to generate said
accumulation voltage in said first period (Td).

An electron emission apparatus having a plurality
of electron emitters, characterized in that

a constant accumulation voltage is applied to
all said electron emitters (12) to accumulate a con-
stant amount of charges in said electron emitters
(12) in a first period (Td); and

emission voltages depending on amounts of
electrons to be emitted are applied to said electron
emitters (12) to cause said electron emitters (12) to
emit electrons in the amounts depending on the
emission voltages in a second period (Th) after said
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first period (Td).

An electron emission apparatus according to claim
43, characterized by
a pulse generating circuit for generating a
pulse signal having a constant pulse amplitude; and
an amplitude modulating circuit for amplitude-
modulating said pulse signal to generate said emis-
sion voltage in said second period (Th).

An electron emission apparatus according to claim
43, characterized by

a pulse generating circuit for generating a
pulse signal applicable to said electron emitters
(12), said pulse signal having a voltage waveform
including a positive-going edge or a negative-going
edge which is continuously variable in level; and

a pulse width modulating circuit for pulse-
width-modulating said pulse signal to generate said
emission voltage in said second period (Th).

An electron emission apparatus according to any
one of claims 39 through 45, characterized in that

said electron emitters (12) have such charac-
teristics that the electron emitters (12) change to a
state (first state) in which electrons are accumulat-
ed when an electric field is applied in one direction
to said electron emitters (12), and change from said
first state to a state (second state) in which elec-
trons are emitted when an electric field is applied in
another direction to said electron emitters (12); and
characterized by

a drive circuit (16) for applying a voltage be-
tween a voltage for changing the electron emitters
(12) to said first state and a voltage for changing the
electron emitters (12) to a state immediately prior
to said second state, to electron emitters (12) which
are unselected.

A method of driving an electron emitter, character-
ized by

the step of accumulating charges required for
electron emission in a first period (Td); and

the step of applying a voltage required for
electron emission to emit electrons in an amount
depending on the accumulated charges in a second
period (Th) after said first period (Td).

A method of driving a plurality of electron emitters
by selecting at least one electron emitter (12) from
the electron emitters (12) and emitting electrons
from the selected electron emitter (12), character-
ized in that

said electron emitters (12) have such charac-
teristics that the electron emitters (12) change to a
state (first state) in which electrons are accumulat-
ed when an electric field is applied in one direction
to said electron emitters (12), and change from said
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first state to a state (second state) in which elec-
trons are emitted when an electric field is applied in
another direction to said electron emitters (12); and

a voltage between a voltage for changing the
electron emitters (12) to said first state and a volt-
age for changing the electron emitters (12) to a state
immediately prior to said second state, is applied to
electron emitters (12) which are unselected among
the plurality of electron emitters (12).

A method of driving an electron emission apparatus
having a plurality of electron emitters, character-
ized in that

charges required for electron emission are ac-
cumulated in all the electron emitters (12) in a first
period (Td); and

a voltage required for electron emission is ap-
plied to all the electron emitters (12) to emit elec-
trons in an amount depending on the charges ac-
cumulated in said electron emitters (12) in a second
period (Th) after said first period (Td).

A method of driving an electron emission apparatus
according to claim 49, characterized in that

accumulation voltages depending on charges
to be accumulated in said electron emitters (12) are
applied in said first period (Td); and

a constant emission voltage is applied to all
said electron emitters (12) in the second period (Th)
after said first period (Td).

A method of driving an electron emission apparatus
according to claim 50, characterized in that

a pulse signal having a constant pulse ampli-
tude is amplitude-modulated to generate said accu-
mulation voltage in said first period (Td).

A method of driving an electron emission apparatus
according to claim 50, characterized in that

a pulse signal applicable to said electron emit-
ters (12) is generated, said pulse signal having a
voltage waveform including a positive-going edge
or a negative-going edge which is continuously var-
iable in level; and

said pulse signal is pulse-width-modulated to
generate said accumulated voltage in said first pe-
riod (Td).

A method of driving an electron emission apparatus
having a plurality of electron emitters, character-
ized by

the step of applying a constant accumulation
voltage to all said electron emitters (12) to accumu-
late a constant amount of charges in said electron
emitters (12) in a first period (Td); and

the step of applying emission voltages de-
pending on amounts of electrons to be emitted to
said electron emitters (12) to cause said electron
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emitters (12) to emit electrons in the amounts de-
pending on the emission voltages in a second peri-
od (Th) after said first period (Td).

A method of driving an electron emission apparatus
according to claim 53, characterized in that

a pulse signal having a constant pulse ampli-
tude is amplitude-modulated to generate said emis-
sion voltage in said second period (Th).

A method of driving an electron emission apparatus
according to claim 53, characterized in that

apulse signal applicable to said electron emit-
ters (12) is generated, said pulse signal having a
voltage waveform including a positive-going edge
or a negative-going edge which is continuously var-
iable in level; and

said pulse signal is pulse-width-modulated to
generate said emission voltage in said second pe-
riod (Th).

A method of driving an electron emission apparatus
according to any one of claims 49 through 55, char-
acterized in that

said electron emitters (12) have such charac-
teristics that the electron emitters (12) change to a
state (first state) in which electrons are accumulat-
ed when an electric field is applied in one direction
to said electron emitters (12), and change from said
first state to a state (second state) in which elec-
trons are emitted when an electric field is applied in
another direction to said electron emitters (12); and

a voltage between a voltage for changing the
electron emitters (12) to said first state and a volt-
age for changing the electron emitters (12) to a state
immediately prior to said second state, is applied to
electron emitters (12) which are unselected.
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FIG. 31
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FIG. 33
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FIG. 36
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FIG. 39
CHARGE LIGHT EMISSION PERIOD
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FIG. 41
CHARGE LIGHT EMISSION PERIOD
ACCUMULAT 10N
PERIOD ON OFF
0~50[V] 2001V] 100{V]
SELECTED 0LVl 200[V] 100[V]
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ALL
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FIG. 54
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