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(57) ABSTRACT 

A field emission display includes a front Substrate and a rear 
Substrate provided opposing one another with a predeter 
mined gap therebetween; gate electrodes formed in a line 
pattern in a first direction and cathode electrodes formed in 
a line pattern in a Second direction, which is perpendicular 
to the first direction, on a Surface of the rear Substrate 
opposing the front Substrate; an insulating layer formed 
between the gate electrodes and the cathode electrodes, and 
a plurality of field emitters formed on the cathode electrodes 
at areas corresponding to each pixel region where the gate 
electrodes interSect the cathode electrodes. Any one of the 
field emitters adjacent in one of the first and Second direc 
tions to another field emitter is at a predetermined distance 
from the another field emitter in the other of the first and 
Second directions. 
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FIELD EMISSION DISPLAY HAVING FIELD 
EMITTERS IN A ZIGZAG PATTERN 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of Korean Application 
No. 2002-16804 filed Mar. 27, 2002, in the Korean Intel 
lectual Property Office, the disclosure of which is incorpo 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a field emission display, 
and more particularly, to a field emission display that 
includes field emitters made of a carbon-based material 
having a low work function. 

2. Description of the Related Art 
A field emission display (FED) is a flat display device that 

realizes a display of images by using a cold cathode as a 
Source for emitting electrons. Recently, much research has 
been performed on formation of field emitters, in which a 
low work function carbon-based material that emits elec 
trons at low Voltages of approximately 10 to 15 volts is used 
to perform a thick layer proceSS Such as Screen printing. 
Where the FED employs a triode structure including a 

cathode, an anode, and a gate electrode, cathode electrodes 
and field emitters are formed on a rear Substrate, and gate 
electrodes are formed on the cathode electrodes and emitters 
with an insulating layer interposed therebetween. Further, an 
anode electrode and phosphor layers are provided on an 
inner Surface of a front Substrate. 

However, in the above triode structure, the formation of 
field emitters through the thick layer process is technically 
very difficult to perform. That is, to form the field emitters, 
holes are formed in the gate electrodes and the insulating 
layer to expose the cathode electrodes, and where perform 
ing Screen printing of carbon-based material on a Surface of 
the cathode electrodes, which are exposed through the holes, 
the carbon-based material may be formed extending from 
the cathode electrodes to the gate electrodes to thereby cause 
a short between the two electrodes. 

FIGS. 17 and 18 show a structure in which gate electrodes 
7 are arranged under cathode electrodes 3 and emitters 5 
with an insulating layer 1 interposed between the gate 
electrodes 7 and the pairs of the cathode electrodes 3 and the 
field emitters 5. 

In the FED shown in FIGS. 17 and 18, electric fields are 
formed in peripheries of the field emitters 5 by a voltage 
difference between the gate electrodes 7 and the cathode 
electrodes 3 such that electrons (indicated by the arrows in 
FIG. 18) are emitted from the field emitters 5. The emitted 
electrons are accelerated toward a front Substrate 11 as a 
result of a high Voltage of approximately 1 to 5 KV applied 
to an anode electrode 9 formed on the front Substrate 11. The 
electrons excite phosphor layers 13 formed on the front 
substrate 11 to thereby realize the display of predetermined 
images. 

With Such an FED, the manufacture of the field emitters 
5 is easy, and a short does not occur between the gate 
electrodes 7 and the cathode electrodes 3. However, with the 
use of this Structure, Since there is a limited ability to focus 
electrons emitted from the field emitters 5, the electrons that 
are emitted from the emitters 5 disperse toward the front 
substrate 11 while moving within the display such that the 
emitted electrons land on unintended phosphor layerS 13, 
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2 
that is, adjacent phosphor layers 13 of different colors. The 
unintended electron landings result in a mixture of colors, 
reducing color purity. 

Examining traces of electron beams formed by the emit 
ted electrons in more detail with reference to FIG. 18, as the 
distance between the field emitters 5 and the phosphor layers 
13 increases, the degree of focusing of the electron beams 
deteriorates. That is, electron beams (2) and (3) are less 
focused than electron beam (1) and more dispersed in the 
direction of an axis Y shown in FIG. 18. Further, electron 
beams (2) and (3), are also dispersed in the direction of axis 
X as shown in FIG. 17, thereby resulting in the formation 
roughly of a triangle by the electrons landing on the front 
Substrate 11. 

FIG. 19 is an optical microphotograph showing an illu 
mination pattern of actual phosphor layers by the emission 
of electron beams in a conventional FED. The microphoto 
graph shows that the electron beams landing on the front 
Substrate illuminate the phosphor layers in roughly triangu 
lar patterns. Therefore, with the dispersion of the electron 
beams in both X and Y axis directions in the conventional 
FED, adjacent phosphor layers of different colors are also 
illuminated (together with the intended phosphor layer) Such 
that color purity is diminished. 

SUMMARY OF THE INVENTION 

An object of the present invention is to improve color 
purity of the display device by providing a field emission 
display in which electrons emitted from field emitters accu 
rately land on phosphor layers of intended pixels rather than 
on phosphor layers of unintended pixels. 

Additional objects and advantages of the invention will be 
Set forth in part in the description which follows, and, in part, 
will be obvious from the description, or may be learned by 
practice of the invention. 

In one embodiment, the present invention provides a field 
emission display comprising a front Substrate and a rear 
Substrate provided opposing one another with a predeter 
mined gap therebetween; a plurality of gate electrodes 
formed in a line pattern in a first direction and a plurality of 
cathode electrodes formed in a line pattern in a Second 
direction, which is perpendicular to the first direction, on a 
Surface of the rear Substrate opposing the front Substrate; a 
plurality of field emitters formed on the cathode electrodes 
at areas corresponding to each pixel region where the gate 
electrodes interSect the cathode electrodes, an anode elec 
trode formed over an entire Surface of the front Surface that 
opposes the rear Substrate; and phosphor layers formed on 
the anode electrode, wherein any one of the field emitters 
adjacent in one of the first and Second directions to another 
field emitter is at a predetermined distance from the another 
field emitter in the other of the first and second directions. 

The field emitters may include first emitters and second 
emitters, which are alternately arranged in the direction the 
cathode electrodes are arranged, the first emitters having a 
predetermined distance in a direction perpendicular to the 
direction the cathode electrodes are arranged from the 
adjacent Second emitters to thereby result in a ZigZag pattern 
of the first and second field emitters. 

The cathode electrodes may each include first and Second 
Sub-electrodes, which are arranged in a line pattern at a 
predetermined distance, and corresponding connecting elec 
trodes that electrically connect the first and Second Sub 
electrodes. Also, the first emitters may be arranged on long 
edges of the first Sub-electrodes, which are opposite the 
Second Sub-electrodes, and the Second emitters may be 
arranged long edges of the Second Sub-electrodes. 
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Alternatively, the field emitters include first emitters and 
Second emitters, which are alternately arranged in the direc 
tion the gate electrodes are arranged, the first emitters having 
a predetermined distance in a direction perpendicular to the 
direction the gate electrodes are arranged from the adjacent 
Second emitters to thereby result in a ZigZag pattern of the 
first and Second emitters. 

To realize this structure, holes are formed in the cathode 
electrodes to expose the insulating layer at areas correspond 
ing to each pixel region, and the holes include first and 
Second Sides that are parallel to the gate electrodes. Also, the 
first emitters are formed on the cathode electrodes along the 
first Sides of the holes and the Second emitters are formed on 
the cathode electrodes along the Second Sides of the holes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above objects and advantages of the present invention 
will become more apparent by describing in detaila embodi 
ment thereof with reference to the attached drawings in 
which: 

FIG. 1 is an exploded perspective view of a field emission 
display according to a first embodiment of the present 
invention; 

FIG. 2 is a partial plan view of a rear substrate of the field 
emission display shown in FIG. 1; 

FIG. 3A is a sectional view of the rear Substrate shown in 
FIG. 2 taken along line 3A-3A of FIG. 2 and shown 
positioned opposite a corresponding Section of the front 
Substrate shown in FIG. 1; 

FIG. 3B is a sectional view of the rear Substrate shown in 
FIG. 2 taken along line 3B-3B of FIG. 2 and shown 
positioned opposite a corresponding Section of the front 
Substrate shown in FIG. 1; 

FIG. 4 is a partial plan view of a rear substrate of a field 
emission display according to a Second embodiment of the 
present invention; 

FIG. 5 is a sectional view of the rear Substrate shown in 
FIG. 4 taken along line 5-5 of FIG. 4 and shown positioned 
opposite a corresponding Section of the front Substrate 
shown in FIG. 1; 

FIG. 6 is a partial plan view of a rear substrate of a field 
emission display according to a third embodiment of the 
present invention; 

FIG. 7 is a partial plan view of a rear substrate of a field 
emission display according to a fourth embodiment of the 
present invention; 

FIG. 8 is a schematic view of a phosphor layer pattern that 
may be applied to the first and Second embodiments of the 
present invention; 

FIG. 9A is a schematic view of a spacer that may be 
applied to the first and Second embodiments of the present 
invention; 
FIG.9B is a schematic view of another spacer that may 

be applied to the first and Second embodiments of the present 
invention; 

FIG. 10 is a schematic view of a phosphor layer pattern 
that may be applied to the third and fourth embodiments of 
the present invention; 

FIG. 11A is a schematic view of a spacer that may be 
applied to the third and fourth embodiments of the present 
invention; 

FIG. 11B is a schematic view of another spacer that may 
be applied to the third and fourth embodiments of the present 
invention; 
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4 
FIG. 12 is a partial plan view of a rear Substrate of a field 

emission display according to a fifth embodiment of the 
present invention; 

FIG. 13 is a partial plan view of a rear Substrate of a field 
emission display according to a sixth embodiment of the 
present invention; 

FIG. 14 is sectional view of the rear Substrate shown in 
FIG. 13 taken along line 14-14 of FIG. 13 and shown 
opposite a corresponding Section of the front Substrate 
shown in FIG. 1; 

FIG. 15 is a partial plan view of a rear Substrate of a field 
emission display according to a Seventh embodiment of the 
present invention; 

FIG. 16 is a partial plan view of a rear Substrate of a field 
emission display according to an eighth embodiment of the 
present invention; 

FIG. 17 is an exploded perspective view of a conventional 
field emission display; 

FIG. 18 is a sectional view of a conventional field 
emission display; and 

FIG. 19 is an optical microphotograph showing an illu 
mination pattern of actual phosphor layers by the emission 
of electron beams in a conventional FED. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

Reference will now be made in detail to the present 
embodiments of the present invention, examples of which 
are illustrated in the accompanying drawings, wherein like 
reference numerals refer to like elements throughout. 

Referring now to FIGS. 1, 2, 3A and 3B, the first 
embodiment of the field emission display (FED) comprises 
a front Substrate 2 and a rear Substrate 4 provided Substan 
tially in parallel with a predetermined gap therebetween So 
as to define an inner Space 25. The rear Substrate 4 has a 
Structure which enables an emission of electrons by a 
formation of electric fields, and the front Substrate 2 has a 
Structure which enables a realization of predetermined 
images in response to the emitted electrons. 

In more detail, a plurality of gate electrodes 6 is formed 
in a line pattern along a first direction (in the direction of axis 
Y in the drawings) on the rear Substrate 4. An insulating 
layer 8 is formed over an entire surface of the rear substrate 
4 covering the gate electrodes 6. A plurality of cathode 
electrodes 10 is formed in a line pattern along a Second 
direction (in the direction of axis X in the drawings) on the 
insulating layer 8. As a result, the cathode electrodes 10 
perpendicularly interSect the gate electrodes 6. 
A field emitter 12, is formed at areas where the gate 

electrodes 6 intersect the cathode electrodes 10. That is, one 
of the field emitters 12 is formed in each pixel region along 
edges of the cathode electrodes 10. The field emitters 12 are 
made of a low work function carbon-based material Such as 
carbon nanotubes, graphite, diamond-like carbon, and Co 
(Fullerene). A paste carbon-based material undergoes thick 
layer printing on the cathode electrodes 10 to form the field 
emitters 12. 

In the first embodiment of the present invention, the field 
emitters 12 are not all aligned along one Side of the cathode 
electrodes 10 but instead are formed in a dot pattern corre 
sponding to each pixel region. In more detail, first emitters 
12A are formed along one longside (direction X) of each of 
the cathode electrodes 10 at predetermined intervals and 
Second emitters 12B are formed along an opposite longside 
of each of the cathode electrodes 10 at predetermined 
intervals. 
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Along the axis X direction, each of the Second emitters 
12B is positioned between a pair of the first emitters 12A 
formed on the same cathode electrode 10, preferably at 
Substantially a center position. Likewise, along the axis X 
direction, each of the first emitters 12A is provided between 
a pair of the Second emitters 12B on the same cathode 
electrode 10. Further, the first and second emitters 12A and 
12B, respectively, of the same cathode electrode 10 are 
separated by a distance A in the direction of the Y axis. This 
results in an overall ZigZag pattern of the emitters 12. 
Therefore, electron beams formed by the emission of elec 
trons from the field emitters 12 are dispersed in substantially 
a triangular shape from each of the field emitters 12 as 
shown by the arrows in the drawings, and the electron beams 
emitted from the field emitters 12 independently travel along 
their respective paths. Such that their respective traces do not 
overlap. 

The cathode electrodes 10 may be realized by a structure 
comprising first and Second Sub-electrodes 16 and 18, 
respectively, which are connected at one end by a connecting 
electrode 14 Such that the first and second Sub-electrodes 16 
and 18 are maintained at the same Voltage. The first and 
second sub-electrodes 16 and 18 that comprise each of the 
cathode electrodes 10 are arranged along the axis X direc 
tion opposing each other. The field emitters 12 are arranged 
in the ZigZag pattern as described above on edges of the first 
and second Sub-electrodes 16 and 18. 

That is, in the first embodiment of the present invention, 
the first emitters 12A are arranged on the first Sub-electrodes 
16 and the Second emitters 12B are arranged on the Second 
sub-electrodes 18. For any one of the cathode electrodes 10, 
there is the distance A in the axis Y direction between the 
first emitters 12A formed on the first Sub-electrode 16 and 
the second emitters 12B formed on the second Sub-electrode 
18. Each of the cathode electrodes 10 has this arrangement. 
On a Surface of the front Substrate 2 opposing the rear 

Substrate 4, there are formed a transparent anode electrode 
20, and a plurality of R (red), G (green), and B (blue) 
phosphor layers 22, which emit visible light where excited 
by electrons. AS an example, the phosphor layerS 22 may be 
arranged in rows in the Y axis direction with the phosphor 
layers 22 in one row being of the same color (see FIG. 17 
of the prior art FED). A plurality of spacers 24 is provided 
between the front and rear Substrates 2 and 4 to maintain the 
predetermined gap therebetween in a State where a vacuum 
is maintained in the inner Space 25 between the first and 
Second Substrates 2 and 4. 

With the above structure, if a predetermined DC or AC 
Voltage is applied between the gate electrodes 6 and the 
cathode electrodes 10, and a high Voltage (approximately 1 
to 5 KV) needed to accelerate electrons is applied to the 
anode electrode 20, electric fields are formed in peripheries 
of the field emitters 12 by the difference in voltages applied 
to the gate electrodes 6 and the cathode electrodes 10 such 
that electrons are emitted from the field emitters 12. The 
emitted electrons land on the phosphor layerS 22 due to the 
voltage applied to the anode electrode 20 to thereby illumi 
nate the phosphor layerS 22. 

Since the field emitters 12 are arranged in a ZigZag pattern 
on the first and second Sub-electrodes 16 and 18 of the 
cathode electrodes 10 as described above, the electron 
beams, being dispersed in Substantially a triangular shape 
from each of the field emitters 12, travel in the FED in a state 
where they are directed toward the phosphor layers 22 
without overlapping. That is, the electron beams emitted 
from the field emitters 12 of adjacent pixels do not overlap. 
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6 
Accordingly, in the first embodiment of the present 

invention, even without artificially altering the traces of the 
electron beams emitted from the field emitters 12, the 
electron beams do not land on unintended phosphor layers 
22 of a different color. This greatly enhances color purity of 
the display device. 

Referring now to FIGS. 4 and 5 a second embodiment of 
the present invention further comprises a plurality of counter 
electrodes 26, which are formed between the first and second 
Sub-electrodes 16 and 18 of the cathode electrodes 10. The 
counter electrodes 26 are electrically connected to gate 
electrodes 6. 

In more detail, the counter electrodes 26 are formed in the 
pixel regions between the first and Second Sub-electrodes 16 
and 18 of the cathode electrodes 10. AS in the first 
embodiment, the pixel regions are formed at interSections of 
the gate electrodes 6 and the cathode electrodes 10. The 
counter electrodes 26 are partially formed on the insulating 
layer 8 and partially filling passage holes 8a formed in the 
insulating layer 8. With the formation of the counter elec 
trodes 26 within the passage holes 8a, the counter electrodes 
26 contact the gate electrodes 6 Such that the counter 
electrodes 26 share the same Voltage as the gate electrodes 
6. AS a result, when electric fields are formed in peripheries 
of the field emitters 12 by the application of a predetermined 
drive Voltage to the gate electrodes 6, the counter electrodes 
26 also form electric fields directed toward the field emitters 
12 to thereby reduce a voltage required to drive the FED. 
The counter electrodes 26 are shown Substantially rectan 
gular but may be formed in other shapes. 

FIG. 6 is a partial plan view of a rear substrate of a field 
emission display according to a third embodiment of the 
present invention. In the third embodiment of the present 
invention, first emitters 12A and second emitters 12B are 
alternately arranged on the first Sub-electrodes 16 and the 
Second Sub-electrodes 18, respectively, of first cathode elec 
trodes 10A. Also, the first emitters 12A and the second 
emitters 12B are alternately arranged respectively on the 
Second Sub-electrodes 18 and the first Sub-electrodes 16 of 
second cathode electrodes 10B, which are adjacent to the 
first cathode electrodes 10A. That is, in the third embodi 
ment of the present invention, the field emitters 12 of the first 
and second cathode electrodes 10A and 10B are provided in 
opposite arrangements, with the first emitters 12A being 
provided on the first sub-electrodes 16 of the first cathode 
electrodes 10A and on the second Sub-electrodes 18 of the 
Second cathode electrodes 10B, and the second emitters 12B 
being provided on the second sub-electrodes 18 of the first 
cathode electrodes 10A and on the first Sub-electrodes 16 of 
the second cathode electrodes 10B. As a result of the 
arrangement shown in FIG. 6, the second emitters 12B 
provided on adjacent first and Second cathode electrodes 
10A and 10B are arranged in close proximity to one another, 
while the first emitters 12A provided on adjacent first and 
second cathode electrodes 10A and 10B are arranged at a 
greater distance from one another than a distance between 
the first emitters 12A. 

In the first and second embodiments of the present 
invention, at areas where dispersion of the electron beams is 
the greatest (an example is shown by an ellipse 27 in FIG. 
2), the electron beams intersect Such that there is a possi 
bility that the electron beams land on phosphor layers of 
adjacent pixels (i.e., of different colors). With the arrange 
ment of the field emitters 12 as in the third embodiment of 
the present invention and considering that the phosphor 
layers are arranged in rows along the lines of the gate 
electrodes 6, phosphor layers of the same color are posi 
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tioned at areas where the dispersion of electron beams is the 
greatest (an example is shown by the ellipse 29 in FIG. 6) 
Such that the landing of electron beams on unintended 
phosphor layerS is even more effectively prevented. 

Referring now to FIG. 7, a fourth embodiment of the 
present invention differs from the configuration of the third 
embodiment of the present invention in an arrangement of 
the field emitters 12 relative to the counter electrodes 26, 
which are formed between first and second Sub-electrodes 
16 and 18 of cathode electrodes 10. AS in the third 
embodiment, the counter electrodes 26 enable the FED to be 
driven at a low voltage. 

In the present invention, the arrangement of the field 
emitters 12 is arranged to prevent mis-landing of the elec 
tron beams. It is preferable that phosphor layerS 22 and 
Spacers 24 are formed to correspond with the arrangement of 
the field emitters 12. 

FIG. 8 is a schematic view of a phosphor layer pattern that 
may be applied to the first and Second embodiments of the 
present invention, and FIGS. 9A and 9B are schematic views 
of Spacers (herinafter referred to as “first spacers') that may 
be applied to the first and Second embodiments of the present 
invention. Referring now to FIG. 8, the R (red), G (green), 
and B (blue) phosphor layers 22 are formed in substantially 
triangular shapes, each triangular shape having an apex 
corresponding to the location of a respective one of the 
emitters 12 and Sides that expand from the apex following 
the dispersion paths of the electron beams. In FIG. 8, an 
emitter 12 is Schematically shown Superimposed at the apex 
of each triangular phosphor shape. 
As an example, in the case where the R, G, and B 

phosphor layerS 22 are continuously arranged along the axis 
X direction. The phosphor layerS 22 comprise first phosphor 
layerS 22A which are formed with their respective apexes 
pointed in one direction and Second phosphor layerS 22B 
which are formed with their respective apexes pointed in an 
opposite direction with respect to the axis Y direction. 
Therefore, in the axis Y direction, all the phosphor layers 22 
are arranged with their apexes pointed in either a same 
direction or an opposite direction. Further, a black matrix 28 
is formed between the phosphor layerS 22 to improve a 
contrast ratio of the Screen. 
To correspond with the formation of the phosphor layers 

22 as shown in FIG. 8, first spacers 24A are formed of first 
and second supports 30a and 30b as shown in FIG.9A. The 
first and second supports 30a and 30b are plates connected 
along one side and provided at a predetermined angle (0) at 
the points of connection between the plates. Therefore, 
where the first spacers 24A are mounted in the FED in a state 
where their points of connection correspond to the apexes of 
the phosphor layerS 22, the first and Second Supports 30a and 
30b surround the sides of the phosphor layers 22 extending 
from the apexes. As an example, the angle (0) at the point 
of connection is 60. 

Alternatively, as shown in FIG. 9B, first spacers 24A1 
may be provided. Each first Spacers 24A may include a third 
support 30c that is formed in the Y axis direction following 
the gate electrode line when mounted in the FED. The third 
support 30c is integrally formed to the first spacers 24A1 at 
points of connection of first and Second Supports 30a and 
3Ob. 

FIG. 10 is a schematic view of a phosphor layer pattern 
that may be applied to the third and fourth embodiments of 
the present invention, and FIGS. 11A and 11B are schematic 
views of Spacers (hereinafter referred to as “second 
spacers”) that may be applied to the third and fourth embodi 
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8 
ments of the present invention. As shown in FIG. 10, the R, 
G, and B phosphor layers 22 are formed in substantially 
triangular shapes, each having an apex corresponding to a 
location of a respective one of the field emitters 12 and Sides 
that expand from the respective apexS of the triangular shape 
following the dispersion paths of the respective electron 
beams. Therefore, in the axis X direction, the apexes of the 
phosphor layerS 22 repeatedly alternate the direction that 
they point with respect to the axis Y direction. With the 
configuration shown in FIG. 10, the phosphor layers 22 are 
rotationally Symmetrical about predetermined points, for 
example, at point C in FIG. 10. Second spacers 24B are also 
formed rotationally Symmetrical to thereby increase their 
Supporting Strength. 
AS an example, in the case where the phosphor layerS 22 

are formed as equilateral triangles, the Second Spacers 24B 
may be formed including first, Second, and third Supports 
32a, 32b, and 32c, which are interconnected along points of 
connection along one Side of each Support as shown in FIG. 
11A. Where placed in the FED, a line passing through the 
points of connection of the first, Second, and third Supports 
32a, 32b, and 32c intersects point C such that the second 
spacers 24B may be provided where the points of six of the 
triangular shapes of the phosphor layerS 22 merge. 

Further, the first, second, and third supports 32a, 32b, and 
32c are provided at a predetermined angle 01 of approxi 
mately 120 at the points of connection. Alternatively, 
Second Spacers 24B1 may include Six Supports 32a, 32b, 
32c, 32d, 33e and 33f that are provided at a predetermined 
angle (02) of approximately 60 at points of connection. 

In the FED of the present invention described above, 
alternative to the structure in which the first and second 
Sub-electrodes 16 and 18 of the cathode electrodes 10 are 
Separated and the emitters 12 are formed on edges of the first 
and second sub-electrodes 16 and 18, a structure may be 
used in which holes are formed in the cathode electrodes 10 
and the field emitters 12 are arranged at edges of the holes 
on the cathode electrodes 10. 

FIG. 12 is a partial plan view of a rear Substrate of a field 
emission display according to a fifth embodiment of the 
present invention. In the fifth embodiment, gate electrodes 6 
are formed in a line pattern along an axis X direction, and 
cathode electrodes 10 are formed in a line pattern along an 
axis Y direction Such that the cathode electrodes 10 are 
perpendicular to the gate electrodes 6. An insulating layer 8 
is interposed between the cathode electrodes 10 and the gate 
electrodes 6. 

Further, in each pixel region, holes 34 that pass through 
the cathode electrodes 10 and expose the insulation layer 8 
are formed in the cathode electrodes 10. A field emitter 12 
is formed along an edge of each of the holes 34 and on the 
cathode electrodes 10. The field emitters 12 are positioned 
Such that there is a predetermined distance A1 in an axis Y 
direction between the field emitters 12 of adjacent cathode 
electrodes 10 as shown in FIG. 12. 

In more detail, the holes 34 are Substantially rectangular 
including short Sides, that is, first and Second Sides 34a and 
34b that are formed along the axis X direction at opposite 
ends of the holes 34. First emitters 12A are formed on the 
cathode electrodes 10 at edges of the first sides 34a of select 
holes 34 and second emitters 12B are formed on the cathode 
electrodes 10 at edges of the second sides 34a of select holes 
34. That is, since only one of the field emitters 12 is provided 
at each of the holes 34, the first emitters 12A are formed at 
edges of the first sides 34a of all the holes 34 in one cathode 
electrode 10, and the second emitters 12B are formed at 
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edges of the second sides 34b of all the holes 34 of an 
adjacent cathode electrode 10. This alternating formation of 
the field emitters 12 is repeated for all the cathode electrodes 
10 Such that the field emitters 12 form a ZigZag pattern along 
the axis X direction. 

The holes 34 enable electric fields to be more easily 
formed in the peripheries of the field emitters 12 through the 
exposed insulating layers 8 by a difference in Voltages 
between the gate electrodes 6 and the cathode electrodes 10 
Such that a drive Voltage may be reduced. Therefore, if a 
predetermined DC or AC Voltage is applied between the gate 
electrodes 6 and the cathode electrodes 10, electric fields are 
formed in the peripheries of the field emitters 12 through the 
exposed insulating layer 8 Such that electrons are emitted 
from the field emitters 12. 

In the fifth embodiment of the present invention as 
described above, the field emitters 12 are structured Such 
that first emitters 12A and second emitters 12B are formed 
on the cathode electrodes 10 along the first sides 34a and the 
Second Sides 34b, respectively. As a result, on areas of the 
cathode electrodes 10 corresponding to each of the gate 
electrodes 6, the field emitters 12 are identically arranged. 

Referring now to FIGS. 13 and 14, an FED according to 
a sixth embodiment of the present invention further com 
prises passageways 8a, which are formed within holes 34 
and passing through the insulating layer 8. Counter elec 
trodes 26 made of a conductive material are formed within 
the holes 34 and within the passageways 8a to be electrically 
connected to the gate electrodes 6. 

The counter electrodes 26 perform the Same function as 
described with reference to the previously described 
embodiments. Also, a pattern of phosphor layerS 22 and a 
pattern of spacers (not shown) suitable for the fifth and sixth 
embodiments of the present invention are identical to those 
described with reference to the first and second embodi 
ments of the present invention and shown in FIGS. 8, 9A, 
and 9B. 

Referring now to FIG. 15, in an FED according to a 
Seventh embodiment of the present invention, first emitters 
12A and second emitters 12B are formed on cathode elec 
trodes 10 along first sides 34a and second sides 34b, 
respectively, of holes 34 in areas of the cathode electrodes 
10 corresponding to first gate electrodes 6A. Further, the first 
emitters 12A and the second emitters 12B are formed on the 
cathode electrodes 10 along the second sides 34b and the 
first sides 34a, respectively, of the holes 34 in areas of the 
cathode electrodes 10 corresponding to Second gate elec 
trodes 6B, which are adjacent to the first gate electrodes 6A. 
Therefore, instead of the field emitters 12 being identically 
arranged on areas of the cathode electrodes 10 correspond 
ing to each of the gate electrodes 6, the field emitters 12 are 
arranged on areas of the cathode electrodes 10 correspond 
ing to the first gate electrodes 6A opposite to the way the 
field emitters 12 are arranged on areas of the cathode 
electrodes 10 corresponding to the Second gate electrodes 
6B. 

In the seventh embodiment of the present invention, with 
the arrangement of the field emitters 12 as described above 
and considering that phosphor layers (not shown) of the 
Same color are arranged in rows along gate electrode lines, 
phosphor layers of the same color are positioned at areas 
where the dispersion of electron beams is the greatest Such 
that the landing of electron beams on unintended phosphor 
layerS is prevented. This prevents a reduction in color purity 
by the landing of electron beams on phosphor layers of the 
wrong color. 
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Referring now to FIG. 16, an FED according to an eighth 

embodiment of the present invention, is constructed as in the 
Seventh embodiment except that the eighth embodiment 
further comprises counter electrodes 26 formed in holes 34 
of the cathode electrodes 10. 

A pattern of phosphor layers (not shown) and a pattern of 
Spacers (not shown) Suitable for the Seventh and eighth 
embodiments of the present invention are identical to those 
described with reference to the third and fourth embodi 
ments of the present invention and shown in FIGS. 10, 11A, 
and 11B. 

In the FED of the present invention described above, the 
landing of electron beams on phosphor layers of the wrong 
color by the dispersion of electron beams is prevented by 
varying the arrangement of the emitters and without the 
addition of Separate electrodes for electron beam focusing, 
thereby enhancing color purity. Further, a filling ratio of 
electron beams with respect to corresponding phosphor 
layerS is increased to improve picture brightness. 

Although a few embodiments of the present invention 
have been shown and described, it would be appreciated by 
those skilled in the art that changes may be made in these 
embodiments without departing from the principles and 
spirit of the invention, the scope of which is defined in the 
claims and their equivalents. 
What is claimed is: 
1. A field emission display, comprising: 
a front Substrate and a rear Substrate provided opposite 

one another with a predetermined gap therebetween; 
gate electrodes formed in a line pattern in a first direction 

and cathode electrodes formed in a line pattern in a 
Second direction on a Surface of the rear Substrate 
opposing the front Substrate, with a pixel region being 
defined at an interSection of one of the gate electrodes 
and one of the cathode electrodes: 

an insulating layer formed between the gate electrodes 
and the cathode electrodes to insulate the gate elec 
trodes from the cathode electrodes, 

field emitters formed on the cathode electrodes at areas 
corresponding to each pixel region; 

an anode electrode formed over an entire Surface of the 
front Surface; and 

phosphor layerS formed on the anode electrode to be 
exposed to the predetermined gap, each of the phosphor 
layers being disposed at one of the pixel regions, 

wherein, for each one of the cathode electrodes, 
ones of the field emitters are disposed along one Side of 

the one cathode electrode in the Second direction and 
are separated by corresponding interSections of the 
one side and corresponding ones of the gate elec 
trodes at which no field emitter is disposed, and 

others of the field emitters are disposed along another 
Side of the one cathode electrode in the Second 
direction and are separated by corresponding inter 
Sections of the another Side and corresponding other 
ones of the gate electrodes at which no field emitter 
is disposed such that the ones of the field emitters 
form a ZigZag pattern with the others of the field 
emitters on the one cathode electrode. 

2. The field emission display of claim 1, wherein each of 
the field emitters comprises a carbon-based material Selected 
as one or more from the group consisting of carbon 
nanotubes, graphite, diamond-like carbon, and C60 
(Fullerene). 
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3. The field emission display of claim 1, wherein: 
the field emitters include first emitters on a first cathode 

electrode and Second emitters disposed on a Second 
cathode electrode, and 

adjacent pairs of the first and Second emitters are disposed 
on the first and Second cathode electrodes So as face 
each other on adjacent gate electrodes to form in the 
ZigZag pattern. 

4. The field emission display of claim 3, wherein: 
each of the cathode electrodes comprise first and Second 

Sub-electrodes arranged in a line pattern at a predeter 
mined distance apart, and 

a connecting electrode that electrically connects the first 
and Second Sub-electrodes. 

5. The field emission display of claim 4, wherein for each 
cathode electrode, the first emitters are arranged on a first 
long edge of the first Sub-electrode So as to be opposite a 
Second long edge of the Second Sub-electrode, and the 
Second emitters are arranged on the Second long edge of the 
Second Sub-electrode So as to be opposite the first long edge 
of the first Sub-electrode. 

6. The field emission display of claim 5, wherein the 
insulating layer further comprises holes passing through the 
insulating layer at corresponding pixel regions between the 
first and Second Sub-electrodes, and the field emission dis 
play further comprises counter electrodes, each counter 
electrode being within the one of the holes to be electrically 
connected to one of the gate electrodes. 

7. The field emission display of claim 4, wherein: 
the ZigZag pattern comprises first and Second ZigZag 

patterns, 
first ones of the cathode electrodes are adjacent Second 

ones of the cathode electrodes, 
the first and Second emitters are arranged respectively on 

ones of the first and second Sub-electrodes of the first 
cathode electrodes to form the first ZigZag patterns, and 

the first and Second emitters are arranged respectively on 
others of the first and second Sub-electrodes of the 
Second cathode electrodes to form the Second ZigZag. 
patterns which are different from the first ZigZag pat 
terns. 

8. The field emission display of claim 7, wherein the 
insulating layer further comprises holes passing through the 
insulating layer in pixel regions between the first and Second 
Sub-electrodes, and the field emission display further com 
prises counter electrodes, each counter electrode being 
within one of the holes to be electrically connected to one of 
the gate electrodes. 

9. The field emission display of claim 1, wherein the field 
emitters include first emitters and Second emitters, which are 
alternately arranged in the first direction of gate electrodes, 
the first emitters having a predetermined distance in a 
direction perpendicular to the first direction from the adja 
cent Second emitters to thereby result in the ZigZag pattern 
with the first and second emitters. 

10. The field emission display of claim 9, wherein the 
insulating layers comprise holes in the cathode electrodes to 
expose the insulating layer at areas corresponding to each 
pixel region, and the field emitters are formed on the cathode 
electrodes at an edge of each of the holes. 

11. The field emission display of claim 10, wherein each 
of the holes includes first and Second Sides parallel to the 
first direction, and the first emitters are formed on the 
cathode electrodes along the first Sides of the holes and the 
Second emitters are formed on the cathode electrodes along 
the second sides of the holes. 
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12. The field emission display of claim 11, further com 

prising passageways formed within the holes and passing 
through the insulating layer, and the field emission display 
further comprises counter electrodes formed within the holes 
and within the passageways to be electrically connected to 
the gate electrodes. 

13. The field emission display of claim 10, wherein: 
the holes include first and Second Sides that are parallel to 

the first direction, 
along an area corresponding to any one of the gate 

electrodes, the first and Second emitters are formed on 
the cathode electrodes respectively at edges of one of 
the first and Second Sides of the holes, and 

along an adjacent one of the gate electrodes, the first and 
Second emitters are formed on the cathode electrodes 
respectively at edges of the other of the first and Second 
sides of the holes. 

14. The field emission display of claim 13, further com 
prising passageways, which are formed within the holes and 
passing through the insulating layer, and counter electrodes 
formed within the holes and within the passageways to be 
electrically connected to the gate electrodes. 

15. The field emission display of claim 1, wherein the 
phosphor layers include R (red), G (green), and B (blue) 
phosphor layers corresponding to each of the field emitters, 
wherein each of the R, G, and B phosphor layers is sub 
Stantially triangular in shape in which each triangle shape 
includes an apex corresponding to positions of the field 
emitters and Sides extending from the apex. 

16. The field emission display of claim 15, wherein, along 
one of the first and Second directions, apexes of the phosphor 
layerS point in one direction to form a designated line 
passing through these apexes, and along a line adjacent and 
parallel to the designated line, apexes of the phosphor layers 
point in the opposite direction, this pattern repeating for all 
the phosphor layers. 

17. The field emission display of claim 15, wherein, along 
each of the first and Second directions, apexes of the 
phosphor layerS point alternately in opposite directions. 

18. The field emission display of claim 15, further com 
prising Spacers provided between the front and rear 
Substrates, the Spacers including first and Second Supports 
Surrounding without covering two sides of each of the 
phosphor layers. 

19. The field emission display of claim 18, wherein the 
Spacers include also a third side connected to the first and 
Second Sides and formed along the first direction to be 
parallel to a Side of an adjacent phosphor layer. 

20. The field emission display of claim 15, further com 
prising Spacers provided between the front and rear 
Substrates, the Spacers including three Supports that are 
rotationally Symmetrical about a center point where corners 
of Six phosphor layerS merge. 

21. The field emission display of claim 20, wherein the 
Spacers include Six Supports that are rotationally Symmetri 
cal about the center point. 

22. A field emission display, comprising: 
a front Substrate and a rear Substrate disposed opposite 

one another with a predetermined gap therebetween; 
gate electrodes formed in a line pattern in a first direction 

on a Surface of the rear Substrate opposite the front 
Substrate; 

an insulating layer formed over an entire Surface of the 
rear Substrate and covering the gate electrodes; 

cathode electrodes, each of the cathode electrodes includ 
ing first and Second Sub-electrodes arranged in a line 
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pattern in a Second direction perpendicular to the first 
direction, the first and Second Sub-electrodes being 
Separated at a predetermined distance and being elec 
trically connected by a connecting electrode, each 
interSection of one of the cathode electrodes and one of 
the gate electrodes defining a pixel region; 

field emitters formed on the cathode electrodes at areas 
corresponding to each pixel region, the field emitters 
including first emitters and Second emitters, the first 
emitters and the Second emitters being alternately 
arranged in the Second direction; 

an anode electrode formed over an entire Surface of the 
front Surface opposite the rear Substrate; and 

phosphor layerS formed on the anode electrode, 
wherein, for each cathode electrode, the first emitters are 

arranged on a first long edge of the first Sub-electrode 
So as to be opposite the Second Sub-electrode, and 

the Second emitters are arranged on a Second long edge of 
the Second Sub-electrode So as to be opposite the first 
Sub-electrode. 

23. The field emission display of claim 22, wherein the 
insulating layer further comprises holes passing through the 
insulating layer in pixel regions between the first and Second 
Sub-electrodes, and the field emission display further com 
prises counter electrodes, each counter electrode being 
formed within one of the holes to be electrically connected 
to one of the gate electrodes. 

24. The field emission display of claim 22, wherein: 
first ones of the cathode electrodes are adjacent to Second 

ones of the Second cathode electrodes, 
the first and Second emitters are arranged respectively on 

ones of the first and second Sub-electrodes of the first 
cathode electrodes, and 

the first and Second emitters are arranged respectively on 
other ones of the first and second Sub-electrodes of the 
Second cathode electrodes. 

25. The field emission display of claim 24, wherein the 
insulating layer further comprises holes passing through the 
insulating layer in pixel regions between the first and Second 
Sub-electrodes, and the field emission display further com 
prises counter electrodes, each counter electrode being 
formed within the holes to be electrically connected to the 
gate electrodes. 

26. The field emission display of claim 22, wherein the 
phosphor layers include R (red), G (green), and B (blue) 
phosphor layers corresponding to each of the field emitters, 
wherein each of the R, G, and B phosphor layers is sub 
Stantially triangular in shape in which each triangle shape 
includes an apex corresponding to positions of one of the 
field emitters and Sides extending from the apex. 

27. The field emission display of claim 26, wherein, along 
the Second direction, the apexes of the phosphor layerS point 
in opposite directions. 

28. The field emission display of claim 26, further com 
prising Spacers provided between the front and rear 
Substrates, the Spacers including first and Second Supports 
Surrounding without covering two sides of the phosphor 
layers. 

29. The field emission display of claim 28, wherein the 
Spacers include also a third Side connected to the first and 
Second Sides and formed along the first direction to be 
parallel to a Side of an adjacent phosphor layer. 

30. A field emission display, comprising: 
a front Substrate and a rear Substrate disposed opposite 

one another with a predetermined gap therebetween; 
gate electrodes formed in a line pattern in a first direction 

on a Surface of the rear Substrate opposite the front 
Substrate; 
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14 
an insulating layer formed over an entire Surface of the 

rear Substrate and covering the gate electrodes; 
cathode electrodes arranged in a line pattern in a Second 

direction perpendicular to the first direction, each of the 
cathode electrode comprising holes that expose the 
insulating layer at pixel regions, each pixel region 
defined at an interSection of one of the gate electrodes 
and one of the cathode electrodes, 

field emitters formed on the cathode electrodes at areas 
corresponding to each pixel region, the field emitters 
including first emitters and Second emitters alternately 
arranged in the first direction; 

an anode electrode formed over an entire Surface of the 
front Surface opposite to the rear Substrate; and 

phosphor layers formed on the anode electrode, 
wherein: 

the holes include first and Second Sides that are parallel 
to the gate electrodes, 

the first emitters are formed on the cathode electrodes 
along the first Sides of the holes, and 

the Second emitters are formed on the cathode elec 
trodes along the Second Sides of the holes. 

31. The field emission display of claim 30, further com 
prising passageways, which are formed within the holes and 
passing through the insulating layer, and the field emission 
display further comprises counter electrodes formed within 
the holes and within the passageways to be electrically 
connected to the gate electrodes. 

32. The field emission display of claim 30, wherein along 
an area corresponding to one of the gate electrodes, the first 
and Second emitters are formed on the cathode electrodes 
respectively at ones of the first and Second Sides of the holes, 
and 

along an adjacent one of the gate electrodes, the first and 
Second emitters are formed on the cathode electrodes 
respectively at others of the Second and first Sides of the 
holes. 

33. The field emission display of claim 32, further com 
prising passageways, which are formed within the holes and 
passing through the insulating layer, and the field emission 
display further comprises counter electrodes formed within 
the holes and within the passageways to be electrically 
connected to the gate electrodes. 

34. The field emission display of claim 30, wherein the 
phosphor layers include R (red), G (green), and B (blue) 
phosphor layers corresponding to each of the field emitters, 
wherein each of the R, G, and B phosphor layers are 
Substantially triangular in Shape in which each triangle shape 
includes an apex corresponding to positions of the field 
emitters and Sides extending from the apex. 

35. The field emission display of claim 34, wherein: 
along one of the first and Second directions, apexes of the 

phosphor layerS point in the one direction to form a 
designated line passing through these apexes, and 

along a line adjacent and parallel to the designated line, 
apexes of the phosphor layerS point in the opposite 
direction, this pattern repeating for all the phosphor 
layers. 

36. The field emission display of claim 34, further com 
prising Spacers provided between the front and rear 
Substrates, the Spacers including three Supports that are 
rotationally Symmetrical about a center point where corners 
of Six phosphor layerS merge. 

37. The field emission display of claim 36, wherein the 
Spacers include Six Supports that are rotationally Symmetri 
cal about the center point. 
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38. A field emission display, comprising: 
first and Second Substrates having first and Second oppos 

ing Surfaces, respectively, which are Separated by a 
gap, 

an anode electrode formed on the first opposing Surface; 
phosphor layers formed on the anode electrode and 
divided into pixel regions which are arranged in first 
and Second directions, 

a plurality of adjacently arranged gate electrodes formed 
on the Second opposing Surface and running in one of 
the first and Second directions, 

a plurality of adjacently arranged cathode electrodes 
formed over the gate electrodes and running transverse 
to the gate electrodes, 

an insulating layer which insulates the cathode electrodes 
and the gate electrodes, and 

a plurality of field emitters formed on the cathode 
electrodes, wherein: 
one of the plurality of field emitters is formed at each 

area where one of the plurality of cathode electrodes 
crosses one of the plurality of gate electrodes, 

the field emitters are arranged in rows running in the 
first direction, and 

the field emitters of pairs of adjacent rows form ZigZag. 
patterns. 

39. The field emission display of claim 38, wherein 
adjacent ZigZag patterns have a same pattern orientation. 

40. The field emission display of claim 39, further com 
prising: 

a plurality of counter electrodes, and 
wherein: 

each cathode has a window through which the gate 
electrodes are accessible, 

a group of the plurality of counter electrodes is formed 
in each window, 

each of the plurality of counter electrodes is formed 
adjacent a respective one of the plurality of field 
emitters, and 

each of the plurality of counter electrodes is formed to 
contact a Selected one of the plurulity of gate elec 
trodes. 

41. The field emission display of claim 39, further com 
prising: 

a plurality of counter electrodes, and 
wherein: 

each cathode has a plurality of windows, 
one of the plurality of gate electrodes is accessible 

through each window, 
each of the plurality of field emitters is formed adjacent a 

respective one of the plurality of windows; 
one of the plurality of counter electrodes is formed in 

each of the plurality of windows, and 
each of the plurality of counter electrodes is formed to 

contact a Selected one of the plurality of gate elec 
trodes. 

42. The field emission display of claim 39, wherein the 
field emitters are formed of one or more carbon-based 
materials Selected from the group consisting of carbon 
nanotubes, graphite, diamond-like carbon, and C60 
(Fullerene). 

43. The field emission display of claim 38, wherein 
adjacent ZigZag patterns have an opposite pattern orienta 
tion. 

44. The field emission display of claim 43, further com 
pr1SIng: 

a plurality of counter electrodes, and 
wherein: 

each cathode has a window through which the gate 
electrodes are accessible, 

16 
a group of the plurality of counter electrodes is formed 

in each window, 
each of the plurality of counter electrodes is formed 

adjacent a respective one of the plurality of field 
5 emitters, and 

each of the plurality of counter electrodes is formed to 
contact a Selected one of the plurality of gate elec 
trodes. 

45. The field emission display of claim 43, further com 
1O prising: 

a plurality of counter electrodes, and 
wherein: 

each cathode has a plurality of windows, 
one of the plurality of gate electrodes is accessible 

through each window, 
15 each of the plurality of field emitters is formed adjacent a 

respective one of the plurality of windows; 
one of the plurality of counter electrodes is formed in 

each of the plurality of windows, and 
2O each of the plurality of counter electrodes is formed to 

contact a Selected one of the plurality of gate elec 
trodes. 

46. The field emission display of claim 43, wherein the 
field emitters are formed of one or more carbon-based 
materials Selected from the group consisting of carbon 

25 nanotubes, graphite, diamond-like carbon, and C60 
(Fullerene). 

47. The field emission display of claim 38, wherein the 
field emitters are formed of one or more carbon-based 
materials Selected from the group consisting of carbon 

30 nanotubes, graphite, diamond-like carbon, and C60 
(Fullerene). 

48. The field emission display of claim 38, wherein: 
each pixel region has a triangle shape having a base and 

an apex, 
each pixel region is positioned acroSS the gap from a 

corresponding one of the field emitters, and 
each field emitter is positioned nearer to the apex of the 

corresponding pixel than to the base of the correspond 
ing pixel. 

49. The field emission display of claim 48, wherein: 
the first and Second directions correspond to rows and 

columns of an array, 
the apexes of adjacent pixel regions in each row of the 

array alternate directions, and 
the apexes of adjacent pixel regions in each column of the 

array have a same direction. 
50. The field emission display of claim 49, further com 

prising a Spacer System which isolates each of the plurality 
of pixel regions from the field emitters corresponding to 
adjacent pixel regions, the Spacer System being formed in the 
gap. 

51. The field emission display of claim 50, wherein: 
the first and Second directions correspond to rows and 

columns of an array, 
the apexes of adjacent pixel regions in each row of the 

array alternate directions, and 
the apexes of adjacent pixel regions in each column of the 

array alternate directions. 
52. The field emission display of claim 48, wherein: 
the first and Second directions correspond to rows and 

columns of an array, 
the apexes of adjacent pixel regions in each row of the 

array alternate directions, and 
the apexes of adjacent pixel regions in each column of the 

array alternate directions. 
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