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Description
Field of the Invention

The present invention relates to aflat display having
the features of the precharacterizing part of claim 1.

Such a flat display is known e.g. from EP-A-O 328
079.

Description of the Prior Art

Various flat displays, namely, panel displays, have
been proposed. Japanese Patent Laid-open (Kokai) No.
1-173555 discloses a flat cathode-ray tube of a second-
ary-electron multiplication type. It is desirable to apply
the flat cathode-ray tube of a secondary-electron multi-
plication type to a flat display with a large screen, such
as a 40 in. screen.

A flat display, like the flat cathode-ray tube dis-
closed in Japanese Patent Laid-open (Kokai) No.
1-173555, is provided with a plurality of cathodes or fil-
aments, and makes sections of a fluorescent screen
emit visible light for desired display by striking the fluo-
rescent screen namely by thermions produced by the
cathodes or the filaments and modulated according to
display signals. The assignment of the plurality of cath-
odes or filaments to the sections of the fluorescent
screen has a problem that the sections of the fluorescent
screen are not uniform in brightness due to difference
between the cathodes or filaments in their characteris-
tics.

Japanese patent Laid-open (Kokai) No. 60-115134
discloses a flat display employing a single cathode in-
stead of a plurality of cathodes or filaments to obviate
such a problem.

EP-A-0 328 079, mentioned above and correspond-
ing to the precharacterizing part of claim 1, seeks to
avoid mechanical vibration of the line cathode by a sup-
porting structure from an electrically insulating ceramic
material which has an upper surface having a contour
in the shape of an arc of a circle. The line cathode and
a spring member are fixedly attached to the supporting
structure, such as to retain the line cathode in a state of
tension stretched over and in contact with the arc con-
tour surface of the cathode-supporting member.

EP-A-0 434 054 being prior art according to Article
54(3) and (4) EPC, which is also corresponding to the
precharacterizing part of claim 1 has an electron gun
with a common linear or band-like cathode coated with
a thermion emitting substance and extending in the hor-
izontal scanning direction.

A single-cathode structure for a display having a
large display screen needs a linear cathode having a
large length of about 100 mm or above with respect to
the vertical scanning direction; and the linear cathode is
liable to vibrate. The vibration of the linear cathode affect
the path of the electron beam significantly to deteriorate
the definition. Therefore, the linear cathode having such
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a long length is provided with stays between the oppo-
site ends thereof to suppress vibration.

Fig. 11 shows a conventional single-cathode struc-
ture having a single linear cathode 81. The linear cath-
ode 81 is formed by coating a tungsten wire with a ter-
nary salt and is stretched between anchors 82 fixed to
insulating base 80. Stays 83 provided between the an-
chors 82 supports the linear cathode 81 to prevent the
vibration of the linear cathode 81. In Fig. 11, indicated
at 84 is a back plate, and G1 to G4 are first to fourth
grids, respectively.

An electron beam of a desired acceleration can be
obtained, for example, by applying voltages of 30 V, -5
V, 350 Vand 110 V to the first grid G1, the second grid
G2, the third grid G3 and the fourth grid G4, respectively,
and a voltage of -10 V to the back plate 84.

In producing an electron beam, the linear cathode
81 is heated at a high temperature of 760°C or higher.
However, heat flows from the linear cathode 81 through
the stays 83 to the insulating base 80 to cause and cool,
namely, local temperature drop in the linear cathode 81
in regions about 10 mm about the stays 83, to deterio-
rate the thermion emission characteristics of the linear
cathode 81. Thus, the stays 83 provided to prevent the
vibration of the linear cathode 81 increases the ineffec-
tive region of the linear cathode 81 and deteriorates the
thermion emission characteristics of the linear cathode
81.

Electrons emitted by the linear cathode 81 in a
plane including the linear cathode 81 and traveling to-
ward a fluorescent screen are divided into a plurality of
groups by, for example, a counter electrode. However,
many electrons collide against the counter electrode
and become unavailable, and stay electrons produced
by the collision of the electrons against the counter elec-
trode charges the exposed surface of the insulating
members, such as the surface of the tube entailing dis-
turbance in the picture. To reduce the unavailable elec-
trons, namely, to reduce reactive current, sections of the
linear cathode 81 must be coated by the ternary salt so
as to correspond respectively to the beam dividing sec-
tions of the counter electrode, which requires a trouble-
some work.

WO-A-8 505 491 describes a flat panel display uti-
lizing a linear array of field emission cathode elements,
such as Spindt type field emission cathode elements.
The specific arrangement of this flat panel display is de-
manding for a multiple number of field emission cath-
odes or electron guns, preferably as many as lines of
the display are desired in the direction perpendicular to
the array, which forms a single line. Each electron gun
is individually addressable so that one electron gun may
be individually modulated. Each electron gun cathode
includes a counter electron or gate, respectively, to co-
operate with the chips for the production of field-emitted
electrons. The counter electrodes are supported spaced
from the emitter tips by a layer of insulating material.
The counter electrodes are provided with a specific



3 EP 0 461 657 B1 4

space between adjacent counter electrodes to delineate
the separate cathodes. Each field emission cathode in-
cludes a plurality of electron emission sites enabling rel-
atively high energy beams.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to improve the definition of pictures displayed on a flat
display of such a type having a large display screen, and
to improve the characteristics of the flat display by pre-
venting the vibration of the cathode, reducing the power
consumption, and reducing the reactive current to en-
hance the brightness and to reduce disturbance in the
pictures.

According to the essential aspect of the present in-
vention, a flat display comprising:

- a flat tube having a front panel and a back panel
facing the front panel;

- afluorescent screen formed on the inner surface of
the front panel;

- an electron gun disposed outside a region extend-
ing behind the fluorescent screen for emitting an
electron beam into the space between a vertical de-
flecting electrode and an electrode structure,

- said vertical deflecting electrode being disposed
opposite to the fluorescent screen on the inner sur-
face of the back panel facing the fluorescent screen
and comprising a plurality of parallel electrode ele-
ments extending along the horizontal scanning di-
rection; and

- said electrode structure being disposed between
the vertical deflecting electrode and the fluorescent
screen and comprising at least a counter electrode
disposed opposite to the vertical deflecting elec-
trode so as to constitute a vertical deflecting system
together with the vertical deflecting electrode and
further comprising a modulating electrode and a
horizontal deflecting electrode;

is characterized in that the electron gun comprises:

- aback plate,

- a cathode having a plurality of field emission cath-
ode elements arranged on a line on the inner sur-
face of the back plate, and

- anaccelerating electrode having holes respectively
above the tips of said cathode elements,

said holes and said cathode elements being dis-
tributed with an equal pitch in longitudinal direction of
the line of the cathode elements, said field emission
cathode elements being distributed according to a width
and a pitch of electron transmitting slits of said electrode
structure, and said plurality of field emission cathode el-
ements emits a laminar flow of electrons of said electron
beam. (Claim 1).
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Depending claims 2 to 5 characterize advanta-
geous developments thereof.

In this specification, the horizontal and vertical
scanning directions are not necessarily physically hori-
zontal and vertical directions; they are two directions
perpendicular to each other on a screen.

The electron gun emits an electron beam into the
space between the electrode structure and the vertical
deflecting electrode, and the cathode of the electron gun
comprises the plurality of field emission cathode ele-
ments arranged on a line.

The electron beam is a generally planar or linear
beam. Desired voltages are applied sequentially to the
parallel electrode elements of the vertical deflecting
electrode in synchronism with a vertical scanning period
to create a deflecting electric field for deflecting the elec-
tron beam emitted by the electron gun toward the elec-
trode structure for vertical scanning. The electron beam
thus vertically deflected is directed toward the fluores-
cent screen by applying predetermined voltages to the
counter electrode and the vertical deflecting electrode.

Thus, in the flat display in accordance with the
present invention, the electron beam is produced by the
plurality of field emission cathode elements. Therefore,
the cathode of the electron gun does not vibrate and
hence the cathode can be formed in a large length suit-
able for a large display screen without deteriorating its
electron emitting characteristics.

Furthermore, since the cathode of the electron gun
consists of the field emission cathode elements, the
back plate and the accelerating electrode, which can be
formed accurately in desired shapes, respectively, dif-
ference in characteristics between positions on the cath-
ode is very small as compared with that on the conven-
tional cathode consisting of a plurality of filaments. Ac-
cordingly, the flat display of the present invention is able
to form pictures in uniform brightness.

The distribution of the field emission cathode ele-
ments according to the width and pitch of the electron
transmitting slits of the electrode structure suppresses
the emission of unavailable electrons and resultant
charging up of the exposed insulating members by sec-
ondary electrons and stray electrons to avoid the distur-
bance of pictures. Reduction of reactive current enables
the flat display to display pictures in high brightness
without requiring much power.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advan-
tages of the present invention will become more appar-
ent from the following description taken in connection
with the accompanying drawings, in which:

Figure 1 is a front view of a flat display in a preferred
embodiment according to the present invention;

Figure 2 is atop plan view of the flat display of Fig. 1;
Figure 3is a schematic sectional view of the flat dis-
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play of Fig. 1 taken on a line parallel to the vertical
scanning direction;

Figure 4 is a front view of patterns of electrodes;
Figure 5 is a schematic sectional view of an essen-
tial portion of an electrode structure;

Figure 6 is a schematic sectional view of an electron
gun;

Figure s 7A 1 7D are sectional views of assistance
in explaining a process of fabricating a cathode hav-
ing field emission cathode elements;

Figure 8 is an exploded perspective view of an es-
sential portion of an electrode structure;

Figure 9 is a schematic sectional view of of a sec-
ondary-electron multiplier;

Figure 10 is a schematic sectional view of assist-
ance in explaining the construction of a horizontal
deflecting electrode and the arrangement of elec-
tron beam transmitting apertures; and

Figure 11 is a schematic sectional view of a conven-
tional single-line cathode structure.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A flat display in a preferred embodiment according
to the present invention employs a flat tube 1. The flat
tube 1 has a light-transmissive front panel 1F, a back
panel 1B and a circumferential wall 1S hermetically
joined to the front panel 1F and the back panel 1B. The
flat tube 1 is evacuated through a chip-off tube 21, and
then the chip-off tube 21 is chipped off after hermetically
sealing the flat tube 21. The front panel 1F, the back
panel 1B and the circumferential wall 1S are formed of
glass plates and are joined together by glass frit.

Afluorescent material is applied directly to the inner
surface of the front panel 1F or a transparent plate coat-
ed with a fluorescent material is applied to the inner sur-
face of the front panel 1F to form a fluorescent screen
2. The fluorescent screen 2 is a metal-backed fluores-
cent screen formed by coating a fluorescent film with a
metal film, such as an aluminum film, by vapor deposi-
tion.

A vertical deflecting electrode 3 is attached directly
to or through a substrate to the inner surface of the back
panel 1B. An electrode structure 7 is disposed between
the fluorescent screen 2 and the vertical deflecting elec-
trode 3 with a predetermined interval between the ver-
tical deflecting electrode 3 and the electrode structure
7. As shown in Figs. 3, 4 and 5, the vertical deflecting
electrode 3 has a plurality of parallel electrode strips 3a
having a predetermined width and arranged at prede-
termined intervals so as to extend in the horizontal scan-
ning direction, the number of the parallel electrode strips
3a being, for example, in a range of 480 to 525 corre-
sponding to the number of the vertical scanning lines.
The electrode strips 3a are metal thin films formed by
etching a thin film of 426 alloy or chromium, metal thin
films formed by vapor deposition or carbon thin films
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formed by screen printing.

As shown in Figs. 1 and 3, an electron gun 10 is
disposed outside a region extending behind the fluores-
cent screen 2, for example, at a position separated from
the region extending behind the fluorescent screen 2 in
the vertical scanning direction. As shown in Fig. 6, the
electron gun 10 comprises a cathode 1K having a plu-
rality of field emission cathode elements K arranged on
a line, and four grid electrodes G1 to G4 disposed op-
posite to the cathode 1K and provided with slits extend-
ing along the horizontal scanning direction. The cathode
1K is, for example, a Spindt field emission cathode con-
sisting of a back plate 41 to which a predetermined neg-
ative voltage is applied, the plurality of field emission
cathode elements K arranged on a line on the inner sur-
face of the back plate 41, an insulator 42, and an accel-
erating electrode 43 to which a predetermined positive
voltage is applied to accelerate electrons. The back
plate 41, the insulator 42 and the accelerating electrode
43 are stacked in layers. The back plate 41 has the
shape of a band or strip having a predetermined width
and a predetermined length.

A process of fabricating the cathode 1K will be de-
scribed with reference to Figs. 7A to 7D. As shown in
Fig. 7A, an insulating layer 42A having an appropriate
thickness, for example, 1.5um, is formed over the entire
surface of the back plate 41 by depositing an insulating
material, such as SiO,, by a CVD process (chemical va-
por deposition process), and then the insulating layer
42A is coated with a metal layer 43A having an appro-
priate thickness, for example, 0.4 um, by a vapor dep-
osition process or the like.

Then, as shown in Fig. 7B, circular holes 44 of an
appropriate diameter, for example, 1.2 um, are formed
at a longitudinal pitch p on the order of 5 um in the metal
layer 43A by anisotropic etching process, such as a RIE
process (reactive ion etching process) to form the ac-
celerating electrode 43. Holes 45 of a diameter greater
than that of the circular holes 44 are formed in the insu-
lating layer 42A by etching the insulating layer 42A
through the circular holes 44 by an isotropic etching
process.

Then, as shown in Fig. 7C, a metal layer 46, such
as a Ni layer, is formed over the accelerating electrode
43 by an oblique vapor deposition process. During the
oblique vapor deposition process, the back plate 41 is
rotated to form holes 46 A having the shape of a frustum
of circular cone in the metal layer 46 over the circular
holes 44, respectively. The oblique vapor deposition of
the metal layer 46 is performed so that any metal layer
is not deposited in the holes 45. Then, an electrode layer
47, such as a Mo layer, is formed over the metal layer
46 by a vapor deposition process. Even if the direction
of vapor deposition is vertical to the back plate 41, holes
each having a conical surface merging into the conical
surface of the circular hole 44 are formed in the elec-
trode layer 47, and the circular holes 44 are closed when
the thickness of the electrode layer 47 exceeds a certain
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thickness. During the vapor deposition process for form-
ing the electrode layer 47, the field emission cathode
elements K are formed respectively in the holes 45.
Each field emission cathode element K has the shape
of a circular cone having a circular bottom of a diameter
substantially equal to that of the lower circle of the hole
formed in the metal layer 46.

Then, as shown in Fig. 7D, the metal layer 46 and
the electrode layer 47 formed over the accelerating elec-
trode 43 are removed to complete the cathode 1K of the
electron gun 10. The pitch of the field emission cathode
elements K is substantially equal to the pitch p of the
circular holes 44, and the distance € with respect to the
longitudinal direction of the cathode 1K between the tip
of the field emission element K and the edge of the cor-
responding circular hole 44 of the accelerating electrode
43 is on the order of 0.6 um.

Electrons emitted by the minute field emission cath-
ode elements K of a size in the range of 5 to 6 um form
an electron beam b. Since the field emission cathode
elements K are fixed, the cathode 1K does not vibrate.

The field emission cathode elements K formed by
the foregoing process are more uniform in characteris-
tics than the plurality of filaments employed in the con-
ventional flat display. Accordingly, the field emission
cathode elements K, similarly to the single-line cathode,
enables displaying pictures in uniform brightness.

A predetermined voltage is applied across the back
plate 41 and accelerating electrode 43 of the electron
gun 10 to make the field emission cathode elements K
electrons having predetermined energy, and predeter-
mined voltages are applied to the first grid electrode G1
comprising a meshed metal plate provided with circular
through holes at positions corresponding respectively to
the field emission cathode elements K, and the second
grid electrode G2, the third electrode G3 and the fourth
electrode G4 having a shape resembling a frame as
shown in Fig. 6 to produce the electron beam b having
the shape of a band or a strip.

As shown in Fig. 3, the electron beam b spreading
in the horizontal scanning direction, namely a laminar
flow of the electrons emitted by the field emission cath-
ode elements K, is introduced into the space between
the electrode structure 7 and the vertical deflecting elec-
trode 3.

As shown in Figs. 4, 5 and 8, the counter electrode
4 comprises an electrode plate provided with a plurality
of parallel slits SL extending along the vertical scanning
direction and arranged at a predetermined pitch Pg , for
example, a pitch of 2 mm.

The modulating electrode 5 comprises an insulating
plate S, provided with electron beam transmission slits
hyy corresponding respectively to the slits SL of the
counter electrode 4, and conductive layers 5a formed
along the edges of the electron beam transmitting slits
hy-

The horizontal deflecting electrode 6 comprises two
superposed electrode plates 6a and 6b. The electrode
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plates 6a and 6b have insulating plates Sp; and Sy, pro-
vided with electron beam transmitting slits hy; and hy,
corresponding to the slits SL of the counter electrode 4
and the electron beam transmitting slits hy, of the mod-
ulating electrode 5, respectively. Conductive layers 6a;,
and 6a, are formed on the edges of the electron beam
transmitting slits hyyy, and conductive layers 6b, and 6b,
are formed on the edges of of the electron beam trans-
mitting slits hy.

The insulating plates S, of the modulating elec-
trode 5, and the insulating plates Syy; and Sy, of the
horizontal deflecting electrode 6 are formed of for ex-
ample, a photosenstive glass, and the electron beam
transmitting slits hy;, hy; and hy, are formed by an op-
tical process, i.e., a photographic process. The conduc-
tive layers 5a, 6a,, 6a,, 6b; and 6b, are, for example,
Ni layers formed by electroless plating or electroplating.

As shown in Fig. 5, if necessary, the electrode struc-
ture 7 may be provided with a shield electrode 12 dis-
posed between the fluorescent screen 2 and the hori-
zontal deflecting electrode 6 of the electrode structure
7. The shield electrode 12 comprises a plurality of metal
plates, for example, four metal plates 12A, 12B, 12Cand
12D provided with electron beam transmitting slits hgp,
hgg, hgc and hgp, respectively, corresponding to the
electron beam transmitting slits hy.

The adjacent electrodes, i.e., the counter electrode
4, the modulating electrode 5, the horizontal deflecting
electrode 6, the electrode plates 12A, 12B, 12Cand 12D
of the shield electrode 12 are isolated from each other
for insulation with insulating balls 11, such as glass
beads. The electrode structure 7 is set apart from the
front panel 1F by a predetermined interval with insulat-
ing balls 11.

Vertical fluorescent triplets each consisting of red,
green and blue fluorescent stripes are formed on the flu-
orescent screen 2 so that a plurality of fluorescent tri-
plets correspond to each electron beam transmitting slit
hgp-

Suppose that the distance € between the tip of the
field emission cathode element K and the edge of the
corresponding circular hole 44 of the accelerating elec-
trode 43 is 0.6 um in the cathode 1K of the electron gun
10. Then, the field emission cathode elements K can be
made to emit electrons of predetermined energy by ap-
plying a voltage of O V to the back plate 41 and applying
a voltage of 80 V to the accelerating electrode 43. Volt-
agesof 30V, -5V, 350 Vand 100 V are applied respec-
tively to the first grid electrode G1, the second grid elec-
trode G2, the third grid electrode G3 and the fourth elec-
trode grid G4. Predetermined voltages are applied to the
counter electrode 4 and the parallel electrode stripes 3a.
The vertical deflecting electrode 3 and the counter elec-
trode 4 constitute a vertical deflecting system 34. The
adjacent electrode strips 3a; and 3a, of the parallel
electrode stripes 3 on the opposite sides of a predeter-
mined vertical scanning position V are charged so that
a potential difference is produced between the adjacent
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electrode strips 3a; and 3a,, namely, a voltage of 100
V, which is equal to the voltage applied to the counter
electrode 4, is applied to all the electrode strips 3a in-
cluding the electrode strip 3a; on the side of the electron
gun 10 with respect to the predetermined vertical scan-
ning position V, and a voltage of O V is applied to all the
electrode strips 3a including the electrode strip 3a, on
the opposite side with respect to the predetermined ver-
tical scanning position V, and then the predetermined
vertical scanning position V is shifted in the vertical
scanning direction in synchronism with the scanning
speed and the scanning period. Consequently, the elec-
tron beam b is deflected in the vicinity of the electrode
strips 3a, and 3a, towardthe slits SL of the counter elec-
trode 4 as shown in Fig. 3. Thus, the electron beam b
are divided into a plurality of fractional electron beams.
The number of the fractional electron beams is equal to
that of the slits SL.

A voltage of 200 V, for instance, is applied to the
modulating electrode 5 to focus the fractional electron
beams, and a pulse width modulating voltage corre-
sponding to a display signal is applied to the conductive
layers 5a formed on the edges of the electron transmit-
ting slits hy.

A voltage of 300 V + 100V, for instance, is applied
across a pair of conductive layers 6a; and 6b; and a
pair of conductive layers 6a, and 6b, formed on the edg-
es of each electron beam transmitting slit, in synchro-
nism with the horizontal scanning action of the horizon-
tal deflecting electrode 6, for the minute horizontal de-
flection of the fractional electron beams divided by the
slits SL of the counter electrode 4 in areas on the fluo-
rescent screen 2 corresponding to the electron beam
transmitting slits, namely, in areas each including the
plurality of vertical fluorescent triplets each of red, green
and blue fluorescent stripes and corresponding to the
electron beam transmitting slit.

A voltage of 10 kV, for instance is applied to the flu-
orescent screen 2, and voltages of 2 kV, 4 kV, 6 kV and
8 kV are applied respectively to the electrode plates
12A, 12B, 12C and 12D of the shield electrode 12 to
shield the horizontal deflecting electrode 6 and the mod-
ulating electrode 5 from the influence of the high voltage
applied to the fluorescent screen 2.

Thus, according to the present invention, the single
laminar electron beam b activates the entire area of the
fluorescent screen 2. If the density of the electron beam
b is insufficient to produce a sufficient anode current, a
secondary-electron multiplier 22 as shown in Fig. 9 may
be provided between the modulating electrode 5 and the
horizontal deflecting electrode 6.

Referring to Fig. 9, the secondary-electron multipli-
er 22 comprises electrode plates 22A, 22B and 22C ar-
ranged one after the other between the modulating elec-
trode 5 and the horizontal deflecting electrode 6. The
electrode plates 22A, 22B and 22C are provided respec-
tively with electron beam transmitting slits hya, hyg and
hyc corresponding to the slits SL. The inner surfaces of
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the electron beam transmitting slits hya, hyg and hyc
are coated with a material having a high secondary-
emission ratio, such as Mg, to emit a large number of
secondary electrons for secondary emission upon the
bombardment of the electrons thereon so that the elec-
tron beam traveling toward the fluorescent screen 2
builds up in strength. It is desirable to apply higher volt-
ages to the electrode plates 22A, 22B and 22C nearer
to the fluorescent screen 2. The electrode plates 22A,
22B and 22c, like the electrode plates of the electrode
structure 7, may be isolated from each other with insu-
lating balls 11, such as glass beads.

It is also possible to employ a horizontal deflecting
electrode 6 comprising three electrically isolated elec-
trode plates 6A, 6B and 6C provided respectively with
electron beam transmitting slits hya, hyg and hye as
shown in Fig. 10. The slit hg of the electrode plate 6B
is shifted in one direction relative to the corresponding
slit hya of the electrode plate 6A, and the slit hye of the
electrode plate 6C is shifted in the opposite direction rel-
ative to the corresponding slit hy 5 of the electrode plate
6A to deflect a fractional electron beam bg horizontally
for minute horizontal deflection at a high definition.

The field emission cathode elements K may be dis-
posed in an arrangement other than that shown in Fig.
6 in which the back plate 41 and the accelerating elec-
trode 43 are common to all the field emission cathode
elements K. A plurality of back plates and a plurality of
accelerating electrodes may be provided respectively
for the plurality of field emission cathode elements K.

In the foregoing embodiment, the field emission
cathode elements K of the cathode 1K correspond re-
spectively to the slits SL of the counter electrode 4. Each
field emission cathode element K corresponding to each
slit SL may be a multiple cathode element. The cathode
1K comprising the plurality of field emission cathode el-
ements K or a plurality of multiple cathode elements cor-
responding respectively to the slits SL reduces the pro-
duction of unavailable electrons resulting from the im-
pingement of electrons on portions of the electrode
structure 7 other than the slits SL, as compared with a
cathode provided with the conventional cathode provid-
ed with a single cathode element having the shape of a
band, so that reactive current can be reduced.

Claims
1. Aflat display comprising:

- aflat tube (1) having a front panel (1F) and a
back panel (1B) facing the front panel,

- a fluorescent screen (2) formed on the inner
surface of the front panel;

- an electron gun (10) disposed outside a region
extending behind the fluorescent screen for
emitting an electron beam (b) into the space be-
tween a vertical deflecting electrode and an
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electrode structure (7),

- said vertical deflecting electrode (3) being dis-
posed opposite to the fluorescent screen (2) on
the inner surface of the back panel facing the
fluorescent screen and comprising a plurality of
parallel electrode elements (3a) extending
along the horizontal scanning direction; and

- said electrode structure (7) being disposed be-
tween the vertical deflecting electrode and the
fluorescent screen (2) and comprising at least
acounter electrode (4) disposed opposite tothe
vertical deflecting electrode (3) so as to consti-
tute a vertical deflecting system together with
the vertical deflecting electrode and further
comprising a modulating electrode (5) and a
horizontal deflecting electrode (6);

characterized in that the electron gun (10) com-
prises:

- abackplate (41)

- acathode (1K) having a plurality of field emis-
sion cathode elements (K) arranged on a line
on the inner surface of the back plate, and

- an accelerating electrode (43) having holes
(44) respectively above the tips of said cathode
elements (K),

said holes (44) and said cathode elements (K) being
distributed with an equal pitch (p) in longitudinal di-
rection of the line of the cathode element (K), said
field emission cathode elements (K) being distribut-
ed according to a width and a pitch (PSL) of electron
transmitting slits (SL,hM) of said electrode structure
(7), and

said plurality of field emission cathode elements (K)
emits a laminar flow of electrons of said electron
beam (b).

The flat display of claim 1, wherein said pitch (b) is
in the order of 5 micrometers.

The flat display according to claim 1 or 2, wherein
said holes (44) of the accelerating electrode (43)
have circular shape at a diameter of 1,2 microme-
ters.

The flat display according to one of the preceding
claims, wherein the distance (1) in longitudinal di-
rection of the cathode (1K) between the tip of each
field emission cathode element (K) and the edge of
the corresponding circular hole (44) of the acceler-
ating electrode (43) is in the order of 0,6 microme-
ters.

The flat display according to claim 4, wherein each
field emission cathode element (K) has the shape
of the circular cone, the circular bottom of which has
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a diameter substantially equal to that of the circular
hole (44) of the accelerating electrode (43).

Patentanspriiche

Flache Anzeigeeinrichtung mit:

- einerflachen Réhre (1) mit einer Fronttafel (1F)
und einer dieser zugewandten Rilckseitentafel
(1B);

- einem Fluoreszenzschirm (2), der an der In-
nenseite der Fronttafel ausgebildet ist;

- einer Elektronenkanone (10), die auBerhalb ei-
nes sich hinter dem Fluoreszenzschirm er-
streckenden Bereichs angeordnet ist, um einen
Elektronenstrahl (b) in den Raum zwischen ei-
ner Vertikalablenkelektrode und einer Elektro-
denkonstruktion (7) zu emittieren;

- wobei diese Vertikalablenkelekirode (3) den
Fluoreszenzschirm (2) an der Innenseite der
Ruckseitentafel gegenuberstehend so ange-
ordnet ist, dass sie dem Fluoreszenzschirm ge-
genlibersteht und eine Vielzahl paralleler Elek-
trodenelemente (3a) aufweist, die sich entlang
der Horizontalabrasterrichtung erstrecken; und

- wobei die Elektrodenkonstruktion (7) zwischen
der Vertikalablenkelekirode und dem Fluores-
zenzschirm (2) angeordnet ist und mindestens
eine Gegenelekirode (4) aufweist, die so ange-
ordnet ist, dass sie der Vertikalablenkelektrode
(8) gegenlibersteht, um zusammen mit der Ver-
tikalablenkelekirode ein Vertikalablenksystem
Zu bilden, und ferner mit einer Modulationselek-
trode (5) und einer Horizontalablenkelektrode

6);

dadurch gekennzeichnet, dass die Elekironenka-
none (10) folgendes aufweist:

- eine Rickseitenplatte (41);

- eine Kathode (1K) mit einer Anzahl von Felde-
missionskathoden-Elementen (K), die entlang
einer Linie an der Innenseite der Rickseiten-
platte angeordnet sind; und

- eine Beschleunigungselekirode (43) mit L&-
chern (44) jeweils Uber den Spitzen der Katho-
denelemente (K);

wobei die Lécher (44) und die Kathodenelemente
(K) mit gleichmé&Biger Schrittweite (p) in LAngsrich-
tung der Linie der Kathodenelemente (K) angeord-
net sind und wobei die Feldemissionskathoden-
Elemente (K) entsprechend der Weite und der
Schrittweite (PSL) von Elekironentransmissions-
schlitzen (SL, hM) der Elektrodenkonstruktion (7)
verteilt sind; und die Anzahl von Feldemissionska-
thoden-Elementen (K) einen laminaren Elektronen-
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fluss des Elektronenstrahls (b) emittiert.

2. Flache Anzeigeeinrichtung nach Anspruch 1, bei
der die Schrittweite (b) in der Gré8enordnung von
5 um liegt.

3. Flache Anzeigeeinrichtung nach einem der Anspri-
che 1 oder 2, bei der die Lécher (44) der Beschleu-
nigungselektrode (43) Kreisform mit einem Durch-
messer von 1,2 um aufweisen.

4. Flache Anzeigeeinrichtung nach einem der vorste-
henden Anspriche, bei der der Abstand (1) in
Langsrichtung der Kathode (1K) zwischen der Spit-
ze jedes Feldemissionskathoden-Elements (K) und
der Kante des entsprechenden Kreislochs (44) der
Beschleunigungselekirode (44) in der GréBenord-
nung von 0,6 um liegt.

5. Flache Anzeigeeinrichtung nach Anspruch 4, bei
der jedes Feldemissionskathoden-Element (K) die
Form eines Kreiskegels hat, dessen kreisférmiger
Boden einen Durchmesser aufweist, der im We-
sentlichen demjenigen des Kreislochs (44) der Be-
schleunigungselektrode (43) entspricht.

Revendications
1. Dispositif de visualisation plat comportant:

- untube plat (1) ayant un panneau avant (1F) et
un panneau arriére (1B) en face du panneau
avant, un écran fluorescent (2) formé sur la sur-
face intérieure du panneau avant;

- uncanon a électrons (10) disposé a l'extérieur
d'une région s'étendant derriére le tube fluores-
cent pour émettre un faisceau d'électrons (b)
dans l'espace situé entre une électrode de dé-
viation verticale et une structure d'électrodes
),

- ladite électrode de déviation verticale (3) étant
disposée en face de |'écran fluorescent (2) sur
la surface intérieure du panneau arriére qui fait
face a I'écran fluorescent et comportant une
pluralité d'éléments paralléles (3) formant élec-
trode et s'étendant le long de la direction hori-
zontale de balayage; et

- ladite structure d'électrodes (7) étant disposée
entre ['électrode de déviation verticale et
I'écran fluorescent (2) et comportant au moins
une contre-électrode (4) disposée en face de
I'électrode de déviation verticale (3) de fagon a
constituer, avec |'électrode de déviation verti-
cale, un systéme de déviation verticale et com-
portant en outre une électrode de modulation
(5) et une électrode de déviation horizontale

6);
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caractérisé par le fait que le canon a électrons
(10) comporte

- une plaque arriére (41)

- une cathode (1K) ayant une pluralité d'élé-
ments de cathode a émission de champ (K) dis-
posés sur une ligne sur la surface intérieure de
la plague arriére,

- une électrode d'accélération (43) ayant des
trous (44) respectivement au-dessus des poin-
tes desdits éléments de cathode (K),

lesdits trous (44) et lesdits éléments de cathode
(K) étant distribués avec le méme pas (p) selon
la direction générale de la ligne des éléments
de cathode (K),

lesdits éléments de cathode & émission de
champ (K) étant distribués selon la largeur et
le pas (PSL) de fentes (SL,hM) de transmission
d'électrons de ladite structure d'électrodes (7)
et

ladite pluralité d'éléments de cathode & émis-
sion de champ (K) émet un flux laminaire
d'électrons dudit faisceau d'électrons (b).

Dispositif de visualisation plat de la revendication
1, dans lequel ledit pas (b) est de l'ordre de 5 mi-
cromeétres.

Dispositif de visualisation plat selon la revendica-
tion 1 ou 2, dans lequel lesdits trous (34) de I'élec-
trode d'accélération (43) ont une forme circulaire
d'un diamétre de 1,2 micrométre.

Dispositif de visualisation plat selon I'une quelcon-
que des revendications précédentes, dans lequel la
distance 1), selon la direction longitudinale de la ca-
thode (1K) entre la pointe de chaque élément de
cathode & émission de champ (K) et la bord du trou
circulaire correspondant (44) de I'électrode d'accé-
|ération (43) est de I'ordre de 0,6 micrométre.

Dispositif de visualisation plat de la revendication
4, dans lequel chaque élément de cathode a émis-
sion de champ (K) a la forme du cbne circulaire,
dont la base circulaire a un diamétre substantielle-
ment égal a celui du trou circulaire (44) de I'électro-
de d'accélération (43).
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