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Description

[0001] The present invention generally relates to a
method for manufacturing gas discharge display unit for
displaying characters and images by utilizing gas dis-
charge.
[0002] In PATENT ABSTRACTS OF JAPAN vol. 095,
no. 005, 30 June 1995 & JP 07 045190 A (DAINIPPON
PRINTING CO LTD), 14 February 1995, a method is dis-
closed to form a barrier of a plasma display panel. A
partition wall layer is constituted by layering two or more
kinds of glass pastes whose grinding speeds are differ-
ent from each other and the glass paste whose grinding
speed is fast is used as glass paste of the lowest layer.
Since the glass paste of the lowest layer can be ground
easily by sand-blasting, the damage exerted on a lower
surface such as an electrode can be reduced when the
sand-blasting is carried out.
[0003] Recently, a gas discharge display unit (plasma
display panel) has been utilized as a plane-type display
unit for an information terminal such as a portable com-
puter. The gas discharge display unit has been applied
widely because the display is clear and the angle of vis-
ibility is greater than that of a liquid crystal panel.
[0004] Furthermore, the size of a television picture re-
ceiver has been increased so that a projection-type tel-
evision using a projection cathode ray tube or a liquid
crystal panel has been marketed. However, the bright-
ness of the screen and the size of the device have
caused problems.
[0005] On the other hand, the coloring technology of
the gas discharge display unit has recently been devel-
oped remarkably. The depth of the unit can be reduced
more than that of the cathode ray tube. Consequently,
attention has been paid to the gas discharge display unit
as the best wall-type television for high visibility. In ad-
dition, it is expected that colors will be accurately repro-
duced and that brightness and lifetime will be enhanced.
[0006] An example of a memory driving type DC gas
discharge display unit according to the prior art will be
described below with reference to Fig. 8. As shown in
Fig. 8, a plurality of stripe-shaped cathode electrodes
22 are formed on a front plate 21, which is made of a
transparent glass or the like. A plurality of stripe-shaped
anode buses 24a are formed on a back plate 23, which
is made of a transparent glass or the like. The front plate
21 is opposed to the back plate 23 with a plurality of
partition walls 25 held therebetween in such a manner
that the cathode electrodes 22 are orthogonal to the an-
ode buses 24a. Thus, a lot of discharge cells 26, which
are surrounded by the partition walls 25, are formed like
a matrix. The peripheral portions of the front plate 21
and the back plate 23, which are combined, are sealed
by a low melting point glass or the like. Discharge gases
whose main component is an inert gas are filled in the
discharge cell 26.
[0007] Anode electrodes 24b are individually formed
corresponding to respective discharge cells 26 on the

back plate 23. A display electrode 27 is formed on each
anode electrode 24b in the discharge cell 26. The dis-
play electrode 27 is connected to the anode bus 24a by
a resistor 28. Thus, a pair of discharge electrodes are
formed in the discharge cell 26 by the cathode elec-
trodes 22 and the display electrode (anode) 27. In Fig.
8, the reference numeral 31 designates an auxiliary
electrode for generating auxiliary discharge so as to
easily start discharge in the discharge cell 26.
[0008] A layer insulating film 30 is formed on the back
plate 23, except for the display electrode 27 portion, on
which the anode bus 24a, the anode electrode 24b and
the resistor 28 are formed. Consequently, discharge can
be prevented from occurring between a plasma in the
discharge cell 26 and the anode bus 24a or resistor 28.
A phosphor 29 is applied onto the layer insulating film
30 in the discharge cell 26 except for the display elec-
trode 27 portion.
[0009] The front plate 21 is transparent except for the
cathode electrode 22 portion. The surface of the phos-
phor 29 can be directly observed through the discharge
cell 26.
[0010] The cathode electrode 22, the anode bus 24a,
the anode electrode 24b, the display electrode 27, the
resistor 28, the layer insulating film 30, the phosphor 29,
the partition wall 25 and the like are formed, by thick film
printing technology, on the front plate 21 or the back
plate 23 which is made of the glass plate or the like.
[0011] In order to increase the pixel density and re-
produce the finer images in the above structure similarly
to the high visibility television, it is necessary to form
partition walls forming discharge cells hyperfinely. More
specifically, the partition wall having a height of 160 to
200 µm and a width of 50 to 60 µm should be formed.
In particular, 1 dot should be formed by three discharge
cells R, G and B in order to display color images. Hence,
if fine images are to be displayed, it is necessary to form
partition walls having a very small size and highly pre-
cise dimensions.
[0012] A method for forming the partition walls of a
gas discharge display unit according to the prior art will
be described with reference to the drawings. Figs. 9(a)
to 9(c) are views showing the steps of forming partition
walls in the gas discharge display unit according to the
prior art. Fig. 10 is a view schematically showing the
sand blasting step. In Figs. 9(a) to 9(b) and 10, the com-
ponents that are not related to the formation of partition
walls are omitted.
[0013] As shown in Fig. 9(a), a rib paste 32 for forming
a partition wall 25 is applied, by the knife coating meth-
od, onto a back plate 23 made of a transparent glass or
the like on which an anode electrode 24b is formed.
Then, the rib paste 32 is dried and solidified. Then, a
photosensitive film 33 is fixed onto the rib paste 32 as
shown in Fig. 9(b). Thereafter, ultraviolet rays are irra-
diated on the photosensitive film 33 through an expo-
sure mask on which partition patterns are formed, and
the sensitized portion is developed and removed to form
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a mask pattern 34 as shown in Fig. 9(c). As shown in
Fig. 9(d), abrasive particles such as glass beads are jet-
ted on the rib paste 32 by means of a sand blasting de-
vice having a jet gun 35. Consequently, the rib paste 32
is cut except for the portion on which the mask pattern
34 is formed. Finally, the mask pattern 34 is removed by
using a peeling agent as shown in Fig. 9(e). Thus, the
partition walls (25) are formed on the back plate 23.
[0014] As shown in Fig. 10, the back plate 23 is moved
in one direction and the sand blasting device (jet gun
35) reciprocates in the direction perpendicular to the di-
rection of movement of the back plate 23 above the
mask pattern 34 on the back plate 23. In this state, the
abrasive sand such as glass beads are jetted through
the nozzle of the jet gun 35. Consequently, the rib paste
32 on the portion where the mask pattern 34 is not
formed is cut and removed.
[0015] In order to fabricate the gas discharge display
unit according to the prior art, a material for the partition
wall is applied over the whole glass substrate by the
thick film printing technology, and unnecessary portions
are removed at the sand blasting step so that the parti-
tion wall is formed. In other words, the material for the
partition wall should have the following characteristics:
(1) adhesion to the glass substrate, (2) cutting proper-
ties for the sand blasting step, (3) adhesion to a resist
for a mask during sand blasting, (4) durability against a
peeling agent used for peeling and removing the resist
after the rib paste is cut, and the like. However, it is very
hard for the material for the partition wall material ac-
cording to the prior art to satisfy all these characteristics.
[0016] According to the partition wall having the
above structure and the method for manufacturing the
same, the shape and dimension of the partition wall
have limitations, that is, a width of (100± 10) µm and a
height of (200± 5) µm. In addition, the pitch of the dis-
charge cells is at best (650± 10) µm. Accordingly, it is
very hard to form fine partition walls and discharge cells
having high densities for forming pixels that can repro-
duce images with high precision.
[0017] According to the method for manufacturing the
gas discharge display unit according to the prior art, the
rib paste is generally cut and removed by sand blasting
by means of a sand blasting device having a jet gun.
Fig. 11 shows the influence on the cutting rate of the rib
paste and the amount of side etching of the partition wall
by the jet pressure of the abrasive sand which is applied
during sand blasting by means of the jet gun. Fig. 12
shows the influence on the cutting rate of the rib paste
and the amount of side etching of the partition wall ex-
erted by . the distance between the rib paste and the jet
gun (jet distance). As shown in Fig. 11, when a jet pres-
sure P is raised, a cutting rate Rs of the rib paste is in-
creased and the amount Es of side etching of the parti-
tion wall is increased at a greater ratio than the cutting
rate Rs. If the jet pressure P is set to a relative value
having a smaller amount Es of side etching, i.e., 3 or
less so that the injection distance must be reduced so

as to raise the cutting rate Rs, the amount of side etching
is increased again as shown in Fig. 12. As shown in Fig.
13(a), the partition wall 25 should have a rectangular
shape in section. However, the partition wall 25 has a
concave curved face so that the width of the section on
the central portion thereof is reduced. For this reason,
the precision and strength of the partition wall are re-
duced.
[0018] It is an object of the present invention to pro-
vide a method for manufacturing a gas discharge dis-
play unit having a partition wall structure that is useful
for the formation of a discharge cell that is suitable for
color image display with high precision.
[0019] The present invention provides a method for
manufacturing a gas discharge display according to the
preamble of claim 1, which is characterized in, that the
partition walls are formed by controlling the cutting rates
of the plurality of jet guns to be different from each other.
According to the method for manufacturing a gas dis-
charge display unit, a plurality of jet guns are provided
in the direction of movement of the second substrate.
The cutting rate of each jet gun is adjusted so as to be
decreased sequentially in the direction of movement of
the second substrate. Consequently, the amount of side
etching of the partition wall can be controlled as much
as possible and the throughput of a manufacturing ap-
paratus can be increased. The insulating layer on a spe-
cific portion is cut and removed with a cutting rate that
is gradually decreased. As a result, the amount of side
etching of the partition wall is reduced. Since the sand
blasting device having a plurality of jet guns is used, the
throughput of the manufacturing apparatus is not low-
ered.
[0020] In the method for manufacturing a gas dis-
charge display unit of the present invention, it is pre-
ferred that the present invention further comprises the
step of forming an insulating film on the second sub-
strate before forming an insulating layer so that the in-
sulating layer is formed on the insulating film.
[0021] According to the method for manufacturing a
gas discharge display unit of the present invention, it is
preferred that the second electrode includes an anode
bus, an anode electrode connected to the anode bus
through a resistor, and a display electrode formed on
the anode electrode, further comprising the step of form-
ing an insulating film.on the second substrate except for
the display electrode so that the insulating layer is
formed on the insulating film.
[0022] According to the method for manufacturing a
gas discharge display unit of the present invention, it is
preferred that the insulating layer is formed of first, sec-
ond and third insulating layers laminated sequentially
from the second substrate side. In this case, it is pre-
ferred that the first insulating layer made of a material
whose main components are 1.0 to 3.0% by weight of a
resin binder and a glass frit, the second insulating layer
made of a material whose main components are 0.5 to
1.5% by weight of a resin binder and a glass frit, and the
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third insulating layer made of a material whose main
components are 2.0 to 5.0% by weight of a resin binder
and a glass frit are laminated and sintered at a prede-
termined temperature. In this case, it is preferred that
first insulating layer is formed with a thickness of 5 to
15µm, the second insulating layer is formed with a thick-
ness of 100 to 250µm, and the third insulating layer is
formed with a thickness of 5 to 30µm. Furthermore, it is
preferred that the second insulating layer is formed by
laminating a plurality of insulating layers. Preferably, the
third insulating layer is made of a black material.
[0023] According to the method for manufacturing a
gas discharge display unit of the present invention, it is
preferred that the jet pressures of the jet guns are varied.
According to the preferred example, it is possible to re-
move the insulating layer on a portion where the mask
pattern is not formed while controlling the cutting rates
of the jet guns.
[0024] According to the method for manufacturing a
gas discharge display unit of the present invention, it is
preferred that the the nozzle calibers of the jet guns are
varied. According to the preferred example, it is possible
to remove the insulating layer on a portion where the
mask pattern is not formed while controlling the cutting
rates of the jet guns.
[0025] According to the method for manufacturing a
gas discharge display unit of the present invention, it is
preferred that the distances between the nozzle tips of
the jet guns and the surface substance on the substrate
are varied. According to the preferred example, it is pos-
sible to remove the insulating layer on a portion where
the mask pattern is not formed while controlling the cut-
ting rates of the jet guns.
[0026] According to the method for manufacturing a
gas discharge display unit of the present invention, it is
preferred that the average particle sizes of abrasive par-
ticles jetted from the jet guns are different from one an-
other. According to the preferred example, it is possible
to remove the insulating layer on a portion where the
mask pattern is not formed while controlling the cutting
rates of the jet guns.
[0027] According to the method for manufacturing a
gas discharge display unit of the present invention, it is
preferred that the second substrate is moved relative to
the sand blasting device in a first direction, the sand
blasting device comprises a plurality of jet nozzles ar-
ranged in the first direction, and the cutting rates of the
plurality of jet nozzles decrease in the first direction.
[0028] According to the gas discharge display unit of
the present invention described above, the adhesion of
the partition wall to the second substrate can be en-
hanced by the first partition wall layer and the durability
of the partition wall against a resist peeling agent can
be improved. In addition, excellent cutting properties for
the sand blasting step can be obtained by the second
partition wall layer. Furthermore, the adhesion of the
partition wall to a resist which acts as a mask during
sand blasting can be enhanced.

[0029] Furthermore, the partition wall having fine and
accurate shape and dimension can be formed easily
without side etching and without lowering the throughput
of the manufacturing apparatus.

Figure 1 is a partially sectional view showing a gas
discharge display unit according to a first embodi-
ment which is not subject of the present invention;
Figs. 2(a) to 2(e) are views showing the steps of
manufacturing the gas discharge display unit ac-
cording to the first embodiment;
Fig. 3 is a graph showing the relationship between
the amount of a cellulose polymeric binder con-
tained in a partition wall material and a sand blasting
cutting rate and adhesion according to the first em-
bodiment;
Fig. 4 is a partially sectional view showing a gas dis-
charge display unit according to a second embodi-
ment which is not subject of the present invention;
Fig. 5 is a perspective view schematically showing
a sand blasting device used in a third embodiment
which is subject of the present invention;
Fig. 6 is a sectional view showing a method for form-
ing partition walls according to the third embodi-
ment invention;
Fig. 7 is a graph showing the relationship between
the amount of side etching of the partition wall and
the throughput of a gas discharge display unit ob-
tained in the third embodiment ;
Fig. 8 is a partially sectional view showing a gas dis-
charge display unit according to the prior art;
Figs. 9(a) to 9(e) are views showing the steps of a
method for manufacturing the gas discharge dis-
play unit according to the prior art.
Fig. 10 is a view schematically showing the sand
blasting step according to the prior art;
Fig. 11 is a characteristic chart showing the relation-
ship between the jet pressure of a sand blasting de-
vice having a jet gun according to the prior art and
the cutting rate of a rib paste and the amount of side
etching of partition walls;
Fig. 12 is a characteristic chart showing the rela-
tionship between the jet distance of the sand blast-
ing device having a jet gun according to the prior art
and the cutting rate of a rib paste and the amount
of side etching of partition walls; and
Figs. 13(a) and 13(b) are sectional views showing
the ideal state of side etching of the partition walls
and an example of the actual state according to the
prior art.

<First Embodiment>

[0030] Fig. 1 is a partially sectional view showing a
gas discharge display unit according to the first embod-
iment. As shown in Fig. 1, a plurality of stripe-shaped
cathode electrodes 2 are formed on a first substrate 1
made of a transparent glass or the like. A plurality of
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stripe-shaped anode buses 4a are formed on a second
substrate 3 made of a transparent glass or the like. The
first substrate 1 is opposed to the second substrate 3
with a plurality of partition walls 5 held therebetween in
such a manner that the cathode electrode 2 is orthogo-
nal to the anode bus 4a. Consequently, a number of dis-
charge cells 6, which are surrounded by the partition
walls 5, are formed like a matrix. The peripheral portions
of the first substrate 1 and the second substrate 3, which
are combined, are sealed by a low melting point glass
or the like. Discharge gases whose main component is
an inert gas are filled in the discharge cell 6.
[0031] Anode electrodes 4b are individually formed
corresponding to respective discharge cells 6 on the
second substrate 3. A display electrode 7 is formed on
each anode electrode 4b in the discharge cell 6. The
display electrode 7 is connected to the anode bus 4a
through a resistor 8. Thus, a pair of discharge electrodes
are formed by the cathode electrode 2 and the display
electrode (anode) 7 in the discharge cell 6. In Fig. 1, the
reference numeral 11 designates an auxiliary anode for
generating an auxiliary discharge so as to easily start
the discharge in the discharge cell 6.
[0032] A layer insulating film 10 is formed on the sec-
ond substrate 3 on which the anode buses 4a, the anode
electrodes 4b and the resistors 8 are formed except for
the display electrode 7 portion. Consequently, dis-
charge can be prevented from occurring between a
plasma in the discharge cell 6 and the anode bus 4a or
resistor 8. A phosphor 9 is applied onto the layer insu-
lating film 10 in the discharge cell 6 except for the display
electrode 7 portion.
[0033] The partition wall 5 has a three-layered struc-
ture in which first, second and third partition wall layers
5a, 5b and 5c are formed sequentially from the second
substrate 3 side. For this reason, the adhesion of the
partition wall 5 to the layer insulating film 10 can be en-
hanced by the first partition wall layer 5a and the dura-
bility of the partition wall 5 against a resist peeling agent
can be improved. In addition, it is possible to obtain good
cutting properties for the sand blasting step in the sec-
ond partition wall layer 5b. Furthermore, the adhesion
of the partition wall 5 to a resist which acts as a mask
during sand blasting can be enhanced by the third par-
tition wall layer 5c.
[0034] A method for manufacturing a gas discharge
display unit according to a first embodiment of the
present invention will be described below.
[0035] Fig. 2 shows the method for manufacturing a
gas discharge display unit according to the first embod-
iment. As shown in Fig. 2(a), a plurality of stripe-shaped
anode buses 4a, anode electrodes 4b and auxiliary an-
odes 11 are formed on the second substrate 3 made of
a transparent glass which has a thickness of 3 mm by
the screen printing method and the photolithographic
method. The anode bus 4a, the anode electrode 4b and
the auxiliary anode 11 have a thickness of 5 µm and a
width of 80 µm. As shown in Fig. 2(b), a RuO2 paste is

applied in a thickness of 20 µm between the anode bus
4a and the anode electrode 4b. The RuO2 paste is sin-
tered at a temperature of about 520 to 600°C to form a
resistor 8. As shown in Fig. 2(c), a glass paste is applied
in a thickness of 35 µm on the back plate 3 except for
an opening portion for the display electrode 7 and a part
of the auxiliary electrode 11. The glass paste is sintered
at a temperature of about 520 to 600°C to form a layer
insulating film 10. Then, the display electrode 7 is
formed on the upper face of the anode electrode 4b. As
shown in Fig. 2(d), a film is formed in a thickness of 10
µm on the layer insulating film 10 by using a material
whose main components are 1.0 to 3.0 % by weight of
a cellulose polymeric binder and a glass frit. Thus, a first
insulating partition wall layer 5a is formed. Then, a film
is formed in a thickness of 200 to 210 µm on the first
insulating film by using a material whose main compo-
nents are 0.5 to 1.5 % by weight of the cellulose poly-
meric binder and the glass frit. Thus, a second insulating
partition wall layer 5b is formed. Thereafter, a film is
formed in a thickness of 10 to 20 µm on the second in-
sulating film by using a material whose main compo-
nents are 2.0 to 5.0 % by weight of the cellulose poly-
meric binder and the glass frit. Thus, a third insulating
partition wall layer 5c is formed. Examples of the cellu-
lose polymer are methyl cellulose, ethyl cellulose, propyl
cellulose, hydroxymethyl cellulose, hydroxyethyl cellu-
lose, hydroxypropyl cellulose, hydroxymethylpropyl cel-
lulose, hydroxyethylpropyl cellulose and the like. After
the three-layered product is formed as described above,
unnecessary portions of the three-layered product are
etched and removed through a mask pattern by the sand
blasting method. Then, the three-layered product thus
obtained is sintered at a temperature of about 500 to
550°C so that the partition wall 5 comprised of the first,
second and third partition wall layers 5a, 5b and 5c is
formed on the layer insulating film 10. Then, the phos-
phor 9 is applied in a thickness of 20 µm onto the insu-
lating film layer 10 between the partition walls 5 except
for the display electrode 7 portion. A plurality of stripe
shaped cathode electrodes 2 are formed on the first sub-
strate 1 made of a transparent glass or the like by the
screen printing method and the photolithographic meth-
od. The cathode electrode 2 has a thickness of 35 µm
and a width of 170 µ m (see Fig. 2(d)). As shown in Fig.
2(e), the cathode electrode 2 side of the first substrate
1 is opposed to the anode bus 4a side of the second
substrate 3 so that the first substrate 1 is joined to the
second substrate 3 through the partition wall 5 in such
a manner that the cathode electrode 2 is orthogonal to
the anode bus 4a. Consequently, a number of discharge
cells 6, which are surrounded by the partition walls 5,
are formed like a matrix. Then, the peripheral portions
of the first substrate 1 and the second substrate 3 are
sealed by a low melting point glass or the like and evac-
uation is performed. Thereafter, discharge gases whose
main component is an inert gas are filled in the dis-
charge cell 6 by the well-known technology. Thus, a gas
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discharge display unit can be obtained.
[0036] As shown in Fig. 3, the amount of the cellulose
polymeric binder contained in the glass frit paste for
forming the partition wall 5 influences the adhesion to
the second substrate 3 or the like and the cutting rate
obtained during sand blasting. Accordingly, the amount
of the cellulose polymeric binder contained in the parti-
tion wall 5 or the distribution thereof greatly influences
the formation of the precise and fine partition walls 5.
[0037] More specifically, if the amount of the cellulose
polymeric binder contained in the first partition wall layer
5a is less than 1.0 % by weight, the adhesive strength
to the second substrate 3 and the layer insulating film
10 is decreased. If the amount of the cellulose polymeric
binder contained in the first partition wall layer 5a is more
than 3.0 % by weight, the cutting rate is reduced too
much during sand blasting so that the throughput of a
manufacturing apparatus is lowered. If the amount of the
cellulose polymeric binder contained in the second par-
tition wall layer 5b is less than 0.5 % by weight, the cut-
ting rate is increased too much during sand blasting.
Consequently, the amount of side etching of the partition
wall 5 is increased.and the adhesion of the second par-
tition wall layer 5b to the first and third partition wall lay-
ers 5a and 5c becomes poor. If the amount of the cellu-
lose polymeric binder contained in the second partition
wall 5b is more than 1.5 % by weight, the cutting rate is
reduced too much during sand blasting so that the
throughput of the manufacturing apparatus is lowered.
If the amount of the cellulose polymeric binder contained
in the third partition wall layer 5c is less than 2.0 % by
weight, the adhesion to the resist for sand blasting be-
comes poor so that the partition wall 5 is hard to process
finely. If the amount of the cellulose polymeric binder
contained in the third partition wall layer 5c is more 5.0
% by weight, the cutting rate is reduced too much during
sand blasting so that the throughput of the manufactur-
ing apparatus is lowered. According to the experiments
carried out by the inventors, if the first and third partition
wall layers 5a and 5c have small thicknesses and the
quantities of the cellulose polymeric binder contained in
the first and third partition wall layers 5a and 5c are
large, good results can be obtained.
[0038] According to the present embodiment de-
scribed above, the amount of the cellulose polymeric
binder contained in the third partition wall layer 5c is the
largest. Consequently, the adhesion of the partition wall
5 to the resist for a mask pattern is excellent. In addition,
the cutting rate is comparatively small so that the open-
ing portion of the discharge cell can be cut precisely in
the first stage of sand blasting. Furthermore, since the
amount of the cellulose polymeric binder contained in
the second partition wall layer 5b is reduced as much
as possible, the cutting rate is greatly increased so that
the throughput of the manufacturing apparatus can be
enhanced. The amount of the cellulose polymeric binder
contained in the first partition wall layer 5a is larger than
that of the second partition layer 5b. Consequently, the

adhesion of the partition wall 5 to the layer insulating
film 10 is enhanced. As a result, there is no possibility
that the peeling agent enters and injures the portion be-
tween the partition wall 5 and the layer insulating film 10
at the step of removing the resist from the partition wall
5 after the sand blasting step is completed.
[0039] In the formation of the partition wall 5 at the
sand blasting step, the cutting conditions for a sand
blasting device and the partition wall materials to be cut
should have different characteristics in the first, middle
and final stages of the sand blasting step. According to
the present embodiment, three kinds of partition wall
layers having different material characteristics are lam-
inated. Consequently, it is possible to perform ideal sand
blasting without lowering the throughput of the manu-
facturing apparatus.
[0040] In order to enhance brightness, a white mate-
rial is used for the first and second partition wall layers
5a and 5b. On the other hand, it is preferred that a black
paste is used for the third partition wall layer 5c. By using
the black paste for the third partition wall layer 5c, it is
possible to prevent halation from occurring during resist
exposure when forming.the mask pattern for sand blast-
ing. As a result, a precise mask pattern can be formed.
Consequently, it is possible to form fine and precise par-
tition walls which are necessary for the formation of dis-
charge cells to display images with high precision. Fur-
thermore, the black paste functions as a black matrix
when the finished gas discharge display unit reproduces
images. Hence, the contrast of displayed images can
be enhanced.
[0041] The first partition wall layer 5a has a thickness
of 10 µm, the second partition wall layer 5b has a thick-
ness of 200 to 210 µm, and the third partition wall layer
5c has a thickness of 10 to 20µm in the present embod-
iment. If the first insulating layer 5a has a thickness of
5 to 15 µm, the second insulating layer 5b has a thick-
ness of 100 to 250 µm and the third insulating layer 5c
has a thickness of 5 to 30 µm, the same effects can be
obtained.

<Second Embodiment>

[0042] Fig. 4 is a partially sectional view showing a
gas discharge display unit according to the second em-
bodiment. As shown in Fig. 4, a plurality of partition wall
films 5b1, 5b2, 5b3, ..., 5bn are laminated to form the sec-
ond partition wall layer 5b according to the present em-
bodiment. More specifically, a glass frit paste is applied
onto the upper face of a first partition wall layer 5a. The
glass frit paste is prepared by changing the amount of
a cellulose polymeric binder, which is contained within
the range of 0.5 to 1.5% by weight. Thus, the second
partition wall layer 5b comprised of a plurality of partition
wall films 5b1, 5b2, 5b3, ... 5bn is formed. In this case,
the material compositions.of.the partition wall films 5b1,
5b2, 5b3, ..., 5bn and the number n of the partition wall
films are properly selected depending on the size and
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shape of the discharge cell to be obtained, the use of
the gas discharge display unit, and the like. Since other
structures are the same as the structure of the first em-
bodiment, the description will be omitted.
[0043] Thus, the second partition wall layer 5b has a
lamination structure of the partition wall films 5b1, 5b2,
5b3, ..., 5bn. Consequently, it is possible to process pre-
cisely the partition wall 5 having the fine shape and di-
mension while preventing side etching as much as pos-
sible.
[0044] While the cellulose polymeric binder has been
used for forming the partition wall 5 in the first and sec-
ond embodiments, a resin binder can be used. In this
case, a polymer which produces the same effects can
be used. Examples of the polymer are silicon polymer,
polystyrene, butadiene/styrene copolymer, polyamide,
high molecular weight polyether, ethylene oxide/propyl-
ene oxide copolymer, various acrylic polymers and the
like.
[0045] While the partition walls are formed by the
printing method in the first and second embodiments, a
method using an insulator composition tape material,
which is referred to as a green tape, can be adopted.

<Third Embodiment>

[0046] A sand blasting device for carrying out the
sand blasting step will be described below.
[0047] Fig. 5 is a perspective view schematically
showing the sand blasting device used in a third embod-
iment of the present invention. As shown in Fig. 5, the
sand blasting device according to the present embodi-
ment comprises jet guns 16a, 16b, 16c and 16d. The
second substrate 3 moves in one direction. The sand
blasting device (jet gun 16) reciprocates perpendicularly
to the direction of movement of the second substrate 3
above a mask pattern 14 on the second substrate 3. In
this state, abrasive particles such as glass beads are
jetted from the nozzles of the jet guns 16a, 16b, 16c and
16d so that a rib paste 12 on a portion where the mask
pattern 14 is not formed is cut and removed. The jet guns
16a, 16b, 16c and 16d are provided sequentially in the
direction of movement of the second substrate 3.
[0048] Fig. 6 shows the cutting state obtained when
using the sand blasting device having the above struc-
ture. As shown in Fig. 6, the partition wall layer 12 con-
sisting of rib paste which is placed below the jet guns
16a, 16b, 16c and 16d is cut on different conditions. Fig.
6 shows the case where the cutting rates of the jet guns
16a, 16b, 16c and 16d are set at the different jet distanc-
es. It is also possible to adjust the cutting rates of the
jet guns 16a, 16b, 16c and 16d by varying the jet pres-
sure and nozzle caliber thereof or the average particle
size of the abrasive sand.
[0049] If the sand blasting device is formed as de-
scribed above to reduce the cutting rates of the jet guns
16a, 16b, 16c and 16d in this order, the amount of side
etching of the partition wall 5 can be controlled to be

smaller and the throughput of a manufacturing appara-
tus can be increased. In other words, the partition wall
layer 12 on a specific portion is cut and removed at a
cutting rate which is gradually decreased. Consequent-
ly, the amount of side etching of the partition wall 5 can
be controlled to be smaller. Since the sand blasting de-
vice having the jet guns 16a, 16b, 16c and 16d is used,
the throughput of the manufacturing apparatus is not
lowered.
[0050] The jetting conditions for each jet gun accord-
ing to the present embodiment will be described below.

(Example 1)

[0051] When the nozzle caliber of the jet gun is fixed
at 9 mm and the abrasive sand has an average particle
size of 20 µm, the jet pressure of each jet gun is ex-
pressed by the following relative value.

(Example 2)

[0052] When the jet pressure is constant (2kg/cm2)
and the abrasive sand has an average particle size of
20 µm, the nozzle caliber of each jet gun is as follows.

(Example 3)

[0053] When the jet pressure is constant (2kg/cm2),
the abrasive sand has an average particle size of 20 µm
and the nozzle caliber of each jet gun is 9 mm, each jet
distance is as follows.

(Example 4)

[0054] When the jet pressure is constant (2kg/cm2),
the nozzle caliber is 9 mm and the jet distance is 100
mm, the average particle size of the abrasive sand is as
follows.

Jet gun 16a 4.0
Jet gun 16b 2.5
Jet gun 16c 1.0
Jet gun 16d 0.5

Jet gun 16a 6 mm
Jet gun 16b 9 mm
Jet gun 16c 12 mm
Jet gun 16d 15 mm

Jet gun 16a 50 mm
Jet gun 16b 100 mm
Jet gun 16c 150 mm
Jet gun 16d 200 mm

Jet gun 16a 15 µm

11 12
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[0055] On a portion where the mask pattern for parti-
tion wall formation is not provided, the cutting rate is not
influenced by the average particle size of the abrasive
sand. On a portion surrounded by the mask pattern, the
cutting rate is greater when the average particle size is
smaller.
[0056] According to the experiments of the first to
fourth embodiments, the discharge cell of the gas dis-
charge display unit has an opening dimension of 550
µm 3 450 µm and a partition wall height of 200 µm. Fig.
7 shows the comparison of the relationship between the
amount of side etching of the partition wall and the
throughput of the gas discharge display unit according
to the present embodiment with the relationship be-
tween the amount of side etching of the partition wall
and the throughput of the gas discharge display unit ac-
cording to the prior art. According to the method for form-
ing partition walls according to the prior art as shown in
Fig. 7, when the throughput of the manufacturing appa-
ratus is increased, the amount of side etching of the par-
tition wall is increased. According to the gas discharge
display unit of the present embodiment, the partition wall
has very high dimensional precision irrespective of the
throughput of the manufacturing apparatus. In addition,
the amount of side etching of the partition wall is con-
trolled to be very small even if the throughput of the man-
ufacturing apparatus is increased. As a result, the mass
production of the gas discharge display unit is en-
hanced.
[0057] While the first to fourth embodiments show a
change in one of the jetting conditions of each jet gun
to vary the cutting rates thereof, a plurality of conditions
of each jet gun may be changed to vary the cutting rates
thereof. In this case, it is required that the cutting rates
of the jet guns 16a, 16b, 16c and 16d are decreased in
this order.
[0058] While the case where the sand blasting device
comprising four jet guns 16a, 16b, 16c and 16d is used
has been described in the present embodiment, 2 to 10
jet guns can be used. The number of the jet guns can
be properly changed depending on the size of the gas
discharge display unit, the purpose of use, the shape of
the discharge cell and the like.
[0059] While the examples of the DC gas discharge
display unit have been described in the first to third em-
bodiments, the present invention is not limited thereto.
Also in the case where the present invention is applied
to an AC gas discharge display unit, the same effects
can be obtained.

(continued)

Jet gun 16b 35 µm
Jet gun 16c 60 µm
Jet gun 16d 100 µm

Claims

1. A method for manufacturing a gas discharge dis-
play unit having a first substrate (1), a second sub-
strate (3) opposed to said first substrate (1), parti-
tion walls (5) formed between said first (1) and sec-
ond substrates (3) to form discharge cells compris-
ing the steps of:

forming an insulating partition wall layer (12) for
forming partition walls (5) on the second sub-
strate (3);
forming a mask pattern (14) having sand blast-
ing resistance on the partition wall layer (12);
and
forming partition walls (5) by removing the par-
tition wall layer (12) on a portion where a mask
pattern (14) is not provided by means of sand
blasting device having a plurality of jet guns
(16a, 16b, 16c, 16d),

characterized in, that
the partition walls (5) are formed by controlling cut-
ting rates of the plurality of jet guns (16a, 16b, 16c,
16d) to be different from each other.

2. The method as defined in claim 1 wherein the par-
tition wall layer (12) is formed of first, second and
third insulating partition wall layers (5a, 5b, 5c) lam-
inated sequentially from the second substrate (3)
side.

3. The method as defined in claim 2, wherein the first
partition wall layer (5a) made of a material whose
main components are 1.0 to 3.0 % by weight of a
resin binder and a glass frit, the second partition
wall layer (5b) made of a material whose main com-
ponents are 0.5 to 1.5 % by weight of a resin binder
and a glass frit, and the third partition wall layer (5c)
made of a material whose main components are 2.0
to 5.0 % by weight of a resin binder and a glass frit
are laminated and sintered at a predetermined tem-
perature.

4. The method as defined in claim 2, wherein said first
partition wall layer (5a) is formed with a thickness
of 5 to 15 µm, said second partition wall layer (5b)
is formed with a thickness of 100 to 250 µm, and
said third partition wall layer (5c) is formed with a
thickness of 5 to 30 µm.

5. The method as defined in claim 2, wherein said sec-
ond partition wall layer (5b) is formed by laminating
a plurality of insulating layers.

6. The method as defined in claim 2, wherein said third
partition wall layer (5c) is made of a black material.
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7. Method according to claim 1, wherein the partition
wall layer (12) is cut and removed at a cutting rate
which is gradually decreased with increasing cut-
ting depth.

8. Method according to claim 1, wherein the jet pres-
sures of said jet guns (16a, 16b, 16c, 16d) are var-
ied.

9. Method according to claim 1, wherein the nozzle ca-
libers of said jet guns (16a, 16b, 16c, 16d) are var-
ied.

10. Method according to claim 1, wherein the distances
between the nozzle tips of said jet guns (16a, 16b,
16c, 16d) and the substrate (3) are varied.

11. Method according to claim 1, wherein average par-
ticle sizes of abrasive particles jetted from said jet
guns (16a, 16b, 16c, 16d) are different from one an-
other.

12. Method according to claim 1, wherein the second
substrate (3) is moved relative to the sand blasting
device in a first direction, the nozzles of the jet guns
(16a, 16b, 16c, 16d) are arranged in that first direc-
tion and the cutting rates of the plurality of jet guns
(16a, 16b, 16c, 16d) decrease in that first direction.

13. Method according to claim 1, further comprising the
step of forming an insulating film (10) on said sec-
ond substrate (3) before forming the partition wall
layer (12) so that said partition wall layer (12) is
formed on said insulating film (10).

Patentansprüche

1. Verfahren zur Herstellung einer Gasentladungsdis-
playeinheit mit einem ersten Substrat (1), einem
zweiten Substrat (3) gegenüber dem ersten Sub-
strat (1), zwischen dem ersten (1) und zweiten Sub-
strat (3) ausgebildeten Trennwänden (5) zum Aus-
bilden von Entladungszellen, mit den folgenden
Schritten:

Ausbilden einer isolierenden Trennwand-
schicht (12) zum Ausbilden von Trennwänden
(5) auf dem zweiten Substrat (3);

Ausbilden eines Maskenmusters (14) mit
Sandstrahlbeständigkeit auf der Trennwand-
schicht (12) und

Ausbilden von Trennwänden (5) durch Entfer-
nen der Trennwandschicht (12) auf einem Teil,
wo kein Maskenmuster (14) bereitgestellt ist,
mit Hilfe einer Sandstrahleinrichtung mit meh-

reren Strahlkanonen (16a, 16b, 16c, 16d),

dadurch gekennzeichnet, daß
die Trennwände (5) ausgebildet werden, indem die
Schneidgeschwindigkeiten der mehreren Strahlka-
nonen (16a, 16b, 16c, 16d) so gesteuert werden,
daß sie voneinander verschieden sind.

2. Verfahren nach Anspruch 1, wobei die Trennwand-
schicht (12) auf einer ersten, zweiten und dritten
isolierenden Trennwandschicht (5a, 5b, 5c) ausge-
bildet ist, die sequentiell von der Seite des zweiten
Substrats (3) laminiert sind.

3. Verfahren nach Anspruch 2, wobei die erste Trenn-
wandschicht (5a), die aus einem Material herge-
stellt ist, dessen Hauptkomponenten 1,0 bis 3,0
Gew.-% eines Harzbindemittels und eine Glasfritte
sind, die zweite Trennwandschicht (5b), die aus ei-
nem Material hergestellt ist, deren Hauptkompo-
nenten 0,5 bis 1,5 Gew.-% eines Harzbindemittels
und eine Glasfritte sind, und die dritte Trennwand-
schicht (5c), die aus einem Material hergestellt ist,
dessen Hauptkomponenten 2,0 bis 5,0 Gew.-% ei-
nes Harzbindemittels und eine Glasfritte sind, bei
einer vorbestimmten Temperatur laminiert und ge-
sintert werden.

4. Verfahren nach Anspruch 2, wobei die erste Trenn-
wandschicht (5a) mit einer Dicke von 5 bis 15 µm,
die zweite Trennwandschicht (5b) mit einer Dicke
von 100 bis 250 µm und die dritte Trennwandschicht
(5c) mit einer Dicke von 5 bis 30 µm ausgebildet ist.

5. Verfahren nach Anspruch 2, wobei die zweite
Trennwandschicht (5b) durch Laminieren mehrerer
isolierender Schichten ausgebildet ist.

6. Verfahren nach Anspruch 2, wobei die dritte Trenn-
wandschicht (5c) aus einem schwarzen Material
besteht.

7. Verfahren nach Anspruch 1, wobei die Trennwand-
schicht (12) mit einer Schneidgeschwindigkeit ge-
schnitten und entfernt wird, die mit zunehmender
Schnittiefe allmählich abnimmt.

8. Verfahren nach Anspruch 1, wobei Strahldrücke der
Strahlkanonen (16a, 16b, 16c, 16d) variiert werden.

9. Verfahren nach Anspruch 1, wobei die Düsenkali-
ber der Strahlkanonen (16a, 16b, 16c, 16d) variiert
werden.

10. Verfahren nach Anspruch 1, wobei die Entfernun-
gen zwischen den Düsenspitzen der Strahlkanonen
(16a, 16b, 16c, 16d) und dem Substrat (3) variiert
werden.
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11. Verfahren nach Anspruch 1, wobei mittlere Teil-
chengrößen von Schleifteilchen, die aus den Strahl-
kanonen (16a, 16b, 16c, 16d) herausgespritzt wer-
den, voneinander verschieden sind.

12. Verfahren nach Anspruch 1, wobei das zweite Sub-
strat (3) relativ zur Sandstrahleinrichtung in einer
ersten Richtung bewegt wird, wobei die Düsen der
Strahlkanonen (16a, 16b, 16c, 16d) in dieser ersten
Richtung angeordnet sind und die Schneidge-
schwindigkeiten der mehreren Strahlkanonen (16a,
16b, 16c, 16d) in dieser ersten Richtung abnehmen.

13. Verfahren nach Anspruch 1, weiterhin mit dem
Schritt des Ausbildens eines isolierenden Films
(10) auf dem zweiten Substrat (3) vor dem Ausbil-
den der Trennwandschicht (12), so daß die Trenn-
wandschicht (12) auf dem isolierenden Film (10)
ausgebildet wird.

Revendications

1. Un procédé de fabrication d'une unité d'affichage à
décharge dans un gaz ayant un premier substrat
(1), un second substrat (3) opposé audit premier
substrat (1), des cloisons de séparation (5) formées
entre lesdits premier (1) et second (3) substrats
pour former des cellules de décharge comprenant
les étapes consistant à :

former une couche isolante de cloisons de sé-
paration (12) pour former des cloisons de sé-
paration (5) sur le second substrat (3) ;

former un motif de masques (14) ayant une ré-
sistance au sablage sur la couche de cloisons
de séparation (12) ; et

former des cloisons de séparation (5) en enle-
vant la couche de cloisons de séparation (12)
sur une partie où le motif de masques (14) n'est
pas fourni, par un dispositif de sablage ayant
une pluralité de canons à jets (16a, 16b, 16c,
16d),

caractérisé en ce que
les cloisons de séparation (5) sont formées en

commandant les vitesses de coupe de la pluralité
de canons à jets (16a, 16b, 16c, 16d) de sorte qu'el-
les soient différentes l'une de l'autre.

2. Le procédé selon la revendication 1, dans lequel la
couche de cloisons de séparation (12) est formée
d'une première, seconde et troisième couches de
cloisons de séparation isolantes (5a, 5b, 5c) strati-
fiées séquentiellement à partir du côté du second
substrat (3).

3. Le procédé selon la revendication 2, dans lequel la
première couche de cloisons de séparation (5a) fai-
te en un matériau dont les principaux composants
sont 1,0 % en poids à 3,0 % en poids d'un liant ré-
sineux et une fritte de verre, la seconde couche de
cloisons de séparation (5b) faite en un matériau
dont les composants principaux sont 0,5 % en poids
à 1,5 % en poids d'un liant résineux et une fritte de
verre, et la troisième couche de cloisons de sépa-
ration (5C) faite en un matériau dont les principaux
composants sont 2,0 % en poids à 5,0 % en poids
d'un liant résineux et une fritte de verre sont strati-
fiées et frittées à une température prédéterminée.

4. Le procédé selon la revendication 2, dans lequel la-
dite première couche de cloisons de séparation (5a)
est formée avec une épaisseur de 5 µm à 15 µm,
ladite seconde couche de cloisons de séparation
(5b) est formée avec une épaisseur de 100 µm à
250 µm et ladite troisième couche de cloisons de
séparation (5c) est formée avec une épaisseur de
5 µm à 30 µm.

5. Le procédé selon la revendication 2, dans lequel la-
dite couche de cloisons de séparation (5b) est for-
mée en stratifiant une pluralité de couches isolan-
tes.

6. Le procédé selon la revendication 2, dans lequel la-
dite troisième couche de cloisons de séparation
(5c) est faite d'un matériau noir.

7. Un procédé selon la revendication 1, dans lequel la
couche de cloisons de séparation (12) est coupée
et enlevée à une vitesse de coupe qui diminue pro-
gressivement à mesure que la profondeur de coupe
augmente.

8. Le procédé selon la revendication 1, dans lequel on
fait varier les pressions de jets desdits canons à jets
(16a, 16b, 16c, 16d).

9. Le procédé selon la revendication 1, dans lequel on
fait varier les calibres des buses desdits canons à
jets (16a, 16b, 16c, 16d).

10. Un procédé selon la revendication 1, dans lequel
on fait varier les distances entre les embouts des
buses desdits canons à jets (16a, 16b, 16c, 16d) et
le substrat (3).

11. Un procédé selon la revendication 1, dans lequel
les tailles moyennes de particule des particules
abrasives éjectées desdits canons à jets (16a, 16b,
16c, 16d) sont différentes l'une de l'autre.

12. Un procédé selon la revendication 1, dans lequel le
second substrat (3) est déplacé par rapport au dis-
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positif de sablage dans une première direction, les
buses des canons à jets (16a, 16b, 16c, 16d) sont
placées dans cette première direction et les vites-
ses de coupe de la pluralité de canons à jets (16a,
16b, 16c, 16d) diminuent dans cette première direc-
tion.

13. Un procédé selon la revendication 1, comprenant
en outre l'étape consistant à former un film isolant
(10) sur ledit second substrat (3) avant de former la
couche de cloisons de séparation (12) de sorte que
ladite couche de cloisons de séparation (12) soit
formée sur ledit film isolant (10).
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