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(54) FLAT DISPLAY

(57) Disclosed here is a flat display having a pair of
glass substrates and a sealing member applied on the
periphery of the glass substrates. The glass substrates
are oppositely disposed to each other at intervals there-
between. The glass substrates contain silicon as a com-
ponent, while the sealing member contains bismuth. A

protection layer and an insulating layer as an intermedi-
ate layer, which has a silicon-content lower than the glass
substrates, are formed on the interface between the glass
substrates and the sealing member. The structure above
reinforces bonding strength of the sealing section, pro-
viding a highly reliable flat display.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a flat display,
such as a field emission display (hereinafter referred to
as FED) and a plasma display panel (hereinafter, PDP).

BACKGROUND ART

[0002] In general, frit glass is used as an adhesive for
bonding inorganic material, such as glass, ceramics and
metal. When the frit glass is used as a sealing member
of FEDs and PDPs in which a panel is formed of two
glass substrates bonded with each other, a firm bonding-
strength is required of the frit glass. This is because the
inside the panel of an FED or a PDP has to be kept in
conditions of reduced pressure or high vacuum. Frit glass
seals the periphery of the panel to avoid entry of outside
air into inside the panel. When the panel suffers vibration
or drop impact during transport, poor bonding-strength
of frit glass can cause a crack between the frit glass and
the glass substrates. Through the crack, outside air
comes into the interior of the panel, causing lighting fail-
ure in a partial area-in the entire area, at worst-of the
panel. In the case of FEDs where the inside of the panel
is kept under high vacuum, the worst case often results.
[0003] Hereinafter, the structure of a PDP as a flat dis-
play will be described. A PDP has a front substrate and
a back substrate.
[0004] The front substrate contains the following com-
ponents:

- a glass substrate made of sodium borosilicate glass
by a float method;

- display electrodes having transparent electrodes
and bus electrodes arranged in stripes on one prin-
cipal plane of the glass substrate;

- a dielectric layer that is disposed over the display
electrodes and serves as a capacitor; and

- a protection layer that is made of magnesium oxide
(MgO) and is disposed over the dielectric layer.

[0005] On the other hand, the back substrate contains
the following components:

- a glass substrate;
- data electrodes arranged in stripes on one principal

plane of the glass substrate;
- an insulating layer disposed over the data elec-

trodes;
- barrier ribs, which are formed on the insulating layer,

divides a discharge space into a plurality of dis-
charge cells; and

- phosphor layers, which are formed between the bar-
rier ribs, emit light in red, green and blue.

[0006] The front substrate and the back substrate are

located with the electrode-formed planes of each sub-
strate disposed in face-to-face arrangement. The two
substrates are hermetically sealed on the periphery with
a sealing member. After that, the discharge space, which
is divided by the barrier ribs, is filled with a discharge gas
of Ne - Xe with a charge pressure ranging from 53 kPa
to 80 kPa (i.e., from 400 Torr to 600 Torr). Through the
process above, the panel is completed.
[0007] In a PDP with the structure above, selective ap-
plication of image signal voltage to the display electrodes
causes discharge. The discharge generates ultraviolet
light, which excites the phosphor layers responsible for
emitting red, green and blue. This allows the panel to
provide full color display
[0008] The materials constituting a PDP are mainly
formed of glasses with a low melting point. To form these
materials, printing and firing processes are repeatedly
carried out. Because of repeated cycles of printing and
firing, the materials used in later processes have to be
formed of glasses with lower softening point than that in
former processes. That is, when such materials are
formed one after another, there is a need to control a
softening point of each material in a broad range of tem-
perature. Among the glasses with a low melting point,
lead glass is a material that offers an easy control of
softening point. This is why the lead glass has been pop-
ularly used for PDPs.
[0009] In recent years, however, under growing con-
cern about environmental protection, studies show that
lead is hazardous to human and environment. Manufac-
turers have perceived these as problems and sought sub-
stitutes for lead glass. Frit glass, which is a sealing ma-
terial used in the final process of manufacturing PDPs,
has the lowest softening point; and accordingly, high in
lead content. Under the circumstances, development of
lead-free frit glass has become necessary. Japanese
Patent Unexamined Publication No. 2004-238273 dis-
closes a bismuth (Bi)-based glass composition as a lead-
free material. However, a problem has occurred in using
Bi-based frit glass as the sealing member of PDPs; Bi-
based frit glass can cause a crack between the frit glass
and the glass substrates in the drop impact.

SUMMARY OF THE INVENTION

[0010] The flat display of the present invention has a
pair of glass substrates oppositely disposed at intervals
and a sealing member disposed on the periphery of the
glass substrates. The glass substrates contain silicon,
whereas the sealing member contains bismuth. The flat
display contains an intermediate layer disposed at the
interface between the glass substrates and the sealing
member. The intermediate layer has a silicon-content
lower than the glass substrates.
[0011] Having the structure above, the flat display of-
fers high strength in the sealing section and therefore
offers highly reliable performance.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Fag. 1 is a perspective view showing the structure
of a PDP as a flat display in accordance with a first
exemplary embodiment of the present invention.
Fig. 2 is a perspective view showing an appearance
of the PDP as a flat display in accordance with the
first exemplary embodiment.
Fig. 3 is a section view showing the essential part of
the structure of the PDP as a flat display in accord-
ance with the first exemplary embodiment.
Fig. 4 is a section view showing the essential part of
the structure of a PDP as a flat display in accordance
with a second exemplary embodiment.
Fig. 5 is a section view showing the essential part of
the structure of a PDP as a flat display in accordance
with a third exemplary embodiment.
Fig. 6 is a section view showing the essential part of
the structure of a PDP as a flat display in accordance
with a fourth exemplary embodiment.
Fig. 7 is a section view showing the essential part of
another structure of a PDP as a flat display in ac-
cordance with the fourth exemplary embodiment.
Fig. 8 is a section view showing the essential part of
still another structure of a PDP as a flat display in
accordance with the fourth exemplary embodiment.
Fig. 9 is a perspective view showing an appearance
of a display device using an electron-emitting ele-
ment as a flat display in accordance with a fifth ex-
emplary embodiment.
Fig. 10 is a section view showing the essential part
of the structure of the display device using an elec-
tron-emitting element as a flat display in accordance
with the fifth exemplary embodiment.

REFERENCE MARKS IN THE DRAWINGS

[0013]

1, 21 front substrate
2, 22 back substrate
4, 24, 27, 90 glass substrate
5 scan electrode
6 sustain electrode
7 dielectric layer
9 shielding layer
11 insulating layer
12 data electrode
13 barrier rib
14, 26 phosphor layer
15, 30 peripheral section
16, 33 sealing member
25 anode electrode
28 cathode electrode
29 electron-emitting element array
31 sealing section

32 frame
34 intermediate layer
93 discharge space
98 protection layer

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0014] The exemplary embodiments of the present in-
vention are described hereinafter with reference to the
accompanying drawings.

(FIRST EXEMPLARY EMBODIMENT)

[0015] A flat display of the first exemplary embodiment
is described hereinafter with reference to Figs. 1 through
3. The description of the embodiment will be made on a
PDP as an example of flat displays.
[0016] Fig. 1 and Fig. 2 are perspective views of a PDP;
the former shows the structure of the PDP, and the latter
shows its appearance. Fig. 3 is a section view taken along
the line 3 - 3 in Fig. 2, which shows the essential part of
the PDP. As is shown in Fig. 1, the PDP contains a pair
of glass-made substrates (i.e., front substrate 1 and back
substrate 2). The two substrates are oppositely disposed
at intervals so as to form discharge space 93 therebe-
tween.
[0017] Front substrate 1 has glass substrate 4 and a
plurality of display electrodes on glass substrate 4. Each
of the display electrodes is formed of pairs of scan elec-
trodes 5 and sustain electrodes 6 in parallel with each
other. Scan electrodes 5 and sustain electrodes 6 are
generally formed of a combination of a transparent con-
ductive film and a bus electrode film that carries electricity
to the transparent conductive film. As for the transparent
conductive film, an indium tin oxide (ITO)-film and a tin
oxide (SnO2)-film are employed. As for the bus electrode
film, a silver-made film and a film with three-layered struc-
ture of Cr/Cu/Cr are employed.
[0018] Scan electrodes 5 and sustain electrodes 6 are
covered with dielectric layer 7 that is disposed almost
over glass substrate 4. Dielectric layer 7 is further cov-
ered with protection layer 98. Dielectric layer 7 has a
thickness ranging from 30 Pm to 50 Pm, and protection
layer 98 has a thickness ranging from 0.5Pm to 2 Pm.
Dielectric layer 7 is formed through the process below:
preparing paste including dielectric glass-powder
(where, the paste is typically formed of bismuth-based
material [Bi-Zn-B-Si-O], zinc/boric-acid-based material
[Zn-B-Si-O] and lead-based material [Pb-B-Si-O]); coat-
ing the paste on glass substrate 4 by printing and then
firing it. Protection layer 98 is made of a multi-crystal mag-
nesium oxide (MgO) film that is resistant to sputtering to
protect dielectric layer 7 from damage caused by dis-
charge. Protection layer 98 is formed by commonly used
thin-film forming methods, such as electron beam depo-
sition, chemical vapor deposition (CVD) and sputtering.
[0019] Front substrate 1 further contains black shield-
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ing layer 9 between the display electrodes formed of scan
electrodes 5 and sustain electrodes 6.
[0020] On the other hand, back substrate 2 has glass
substrate 90 and a plurality of data electrodes 12 formed
on glass substrate 90. Data electrodes 12 are covered
with insulating layer 11 that is disposed almost all over
glass substrate 90. Barrier ribs 13 are formed into stripes
or a grid on insulating layer 11 to divide discharge space
93 into a plurality of discharge cells. Insulating layer 11
has a thickness ranging from 5 Pm to 20 Pm. Insulating
layer 11 is formed of a material and by a process similar
to those of dielectric layer 7 of front substrate 1. Phosphor
layer 14, which is responsible for emitting three colors
(red, green and blue) for full color display, is disposed on
the surface of insulating layer 11 and on the side surface
of barrier ribs 13.
[0021] Such structured front substrate 1 and back sub-
strate 2 are oppositely located via discharge space 93 in
a manner that the display electrodes (i.e., scan elec-
trodes 5 and sustain electrodes 6) and data electrodes
12 are placed in an orthogonal arrangement. Discharge
space 93 is sealed with sealing member 16 formed on
peripheral section 15 of front substrate 1 and back sub-
strate 2. Discharge space 93 is filled with discharge gas,
for example, a gas mixture of neon (Ne) and xenon (Xe).
A PDP is thus completed.
[0022] Discharge space 93 is sealed with sealing
member 16 through the following steps: mixing glass frit
powder that contains bismuth (Bi) as a main component,
resin and a solvent to prepare paste; applying the paste
to peripheral section 15 of front substrate 1 or back sub-
strate 2 by screen printing or an injection method; heating
the paste until a temperature that melts away resin and
putting together the two substrates; and bonding the two
substrates by heating the paste on peripheral section 15
until a temperature that softens the glass powder.
[0023] Acrylic resin, ethylcellulose and nitrocellulose
are employed for the resin used for the paste of sealing
member 16. Isoamyl acetate, terpineol are employed for
the solvent.
[0024] The Bi-content of sealing member 16 should
preferably be determined between 50 wt% and 80 wt%.
This is because of the constraint described earlier-a
member to be formed in later stage of the manufacturing
process has no ill effect on a member formed in earlier
stage of the process. Other than Bi, sealing member 16
contains silicon (Si) and oxygen (O) to maintain charac-
teristics as glass, and further contains boron (B), zinc
(Zn), aluminum (Al). In addition, to increase strength of
itself, sealing member 16 contains ceramic powder and
glass with a high softening point formed of Al-Si-Mg-O-
based material, which is known as filler. Such a filler is
included in sealing member 16 in a range of 5 wt% to 20
wt%.
[0025] According to the structure of the embodiment,
an intermediate layer is disposed at an interface between
glass substrate 4 of front substrate 1 and sealing member
16, and an interface between glass substrate 90 of back

substrate 2 and sealing member 16. The intermediate
layer has a silicon-content lower than glass substrates 4
and 90. Specifically, as shown in Fig. 3, dielectric layer
7 and protection layer 98, as the intermediate layer, are
disposed at an interface between glass substrate 4 and
sealing member 16. Dielectric layer 7 is made of glass
with a low melting point, and protection layer 98 is made
of a crystalline oxide film. On the other hand, insulating
layer 11, as the intermediate layer is disposed at an in-
terface between glass substrate 90 and sealing member
16. Insulating layer 11 is made of glass with a low melting
point. The intermediate layer is formed on all over glass
substrates 4 and 90.
[0026] Next will be described the effect obtained by
the PDP as a flat display of the first exemplary embodi-
ment.
[0027] The inventor prepared a PDP having the struc-
ture of the embodiment and a comparative PDP where
sealing member 16 makes directly contact with glass
substrates 4 and 90. After being packed, the two PDPs
underwent a drop impact test. The test samples were
prepared more than 30 for each.
[0028] The result of the test showed that sealing mem-
ber 16 of the PDP of the embodiment had no problem.
In the comparative PDP, however, some samples had a
crack between sealing member 16 and glass substrate
4, 90.
[0029] To track down the cause of difference in
strength between the two PDPs, the inventor observed
each section of the interface between sealing member
16 and glass substrates 4, 90 by a transmission electron
microscope (TEM). At the same time, the inventor per-
formed analyses on composition of sealing member 16
by an energy dispersive X-ray spectroscopy (EDS) meth-
od. According to the observation result of the PDP of the
embodiment, dispersion of Si into sealing member 16
was not found at the interface between sealing member
16 and protection layer 98; on the other hand, at the in-
terface between sealing member 16 and insulating layer
11, the Si-dispersion was observed no more than 10 nm.
In contrast, in the observation result of the comparative
PDP, Si contained in glass substrates 4 and 90 has dis-
persed into sealing member 16 as deep as 100 nm from
each section of the interface between sealing member
16 and glass substrates 4, 90.
[0030] Studying the result above, the inventor has a
view that the following contributes to decrease in strength
of sealing member 16 in the comparative PDP. As the
Si-dispersion into Bi-contained sealing member 16 in-
creases, sealing member 16 is prone to get harder. That
is, the inventor makes the inference that sealing member
16 disposed around the interface, due to increased Si-
content on the interface and the adjacent area, becomes
harder and therefore brittle. In other words, protecting
sealing member 16 from Si-dispersion is critical to en-
hancing reliability of sealing member 16 that contains Bi.
[0031] According to the PDP of the first exemplary em-
bodiment, protection layer 98 serves as an intermediate
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layer with a low Si-content. Even in the case where Si is
added as dopant to control electron emission character-
istic of MgO, the Si-content of protection layer 98 does
not go beyond 1%. The Si-content of protection layer 98
is so low that sealing member 16 has no Si-dispersion
from protection layer 98. Similarly, insulating layer 11-
although it contains Si as a nature of glass material-has
a low Si-content not greater than half of that of glass
substrates 4 and 90. Glass substrates 4 and 90, which
contain Si as a main component, usually have an Si-
content ranging from 20 wt% to 30 wt%. The low Si-con-
tent of insulating layer 11 contributes to a minimized Si-
dispersion into sealing member 16. According to the PDP
of the embodiment, insulating layer 11 has a thickness
ranging from 5 Pm to 20 Pm, and protection layer 98 has
a thickness ranging from 0.5 Pm to 2 Pm. Having a proper
thickness may be an advantageous factor.
[0032] According to the PDP of the embodiment, as
described above, the reinforced sealing section allows
the flat display to have high reliability. Besides, in the
embodiment, protection layer 98 and insulating layer 11,
both of which constitutes the PDP, serve as an interme-
diate layer to prevent Si-dispersion into the interface be-
tween sealing member 16 and glass substrates 4, 90.
That is, there is no need to have another step for forming
the intermediate layer, simplifying the manufacturing
process. When an intermediate layer is additionally dis-
posed between sealing member 16 and glass substrates
4, 90, the following are important in designing the layer
from the aforementioned analysis;

- the intermediate layer has a silicon-content lower
than the glass substrates; and

- the intermediate layer has a thickness of at least 0.1
Pm (100 nm).

(SECOND EXEMPLARY EMBODIMENT)

[0033] Next will be described the structure in accord-
ance with the second exemplary embodiment.
[0034] Fig. 4 is a section view showing the essential
part of the structure of a PDP as a flat display in accord-
ance with the embodiment. The PDP of the second em-
bodiment differs from that of the first embodiment in that
protection layer 98 does not extend inside peripheral sec-
tion 15 on which sealing member 16 is applied, as shown
in Fig. 4. At the interface between glass substrate 4 of
front substrate 1 and sealing member 16, dielectric layer
7 is disposed as an intermediate layer. At the interface
between glass substrate 90 of back substrate 2 and seal-
ing member 16, insulating layer 11 is disposed as an
intermediate layer.
[0035] The PDP of the second embodiment also un-
derwent the drop impact test as with the case in the first
embodiment. According to the test result, no problem oc-
curred in sealing member 16 in the PDPs. The inventor
observed each interface between sealing member 16
and dielectric layer 17, and between sealing member 16

and insulating layer 11 to check for Si-dispersion into
sealing member 16. The result showed that the both side
of sealing member 16 had Si-dispersion of not more than
10 nm. Although dielectric layer 7 is made of glass and
therefore contains Si, the Si-content of the layer is lower
than half that of a glass substrate predominantly com-
posed of Si. It is conceivable that the low content of Si
contributes to less Si-dispersion into sealing member 16.
In the PDP of the second embodiment, as shown in Fig,
4, dielectric layer 7 and insulating layer 11 can be a multi-
layered structure having different composition. In this
case, to minimize the Si-dispersion, the layer arrange-
ment should be determined in a manner that a layer with
a lower Si-content is located closer to sealing member
16. Employing the structure above allows a flat display
to have a reinforced sealing section, providing perform-
ance with high reliability.

(THIRD EXEMPLARY EMBODIMENT)

[0036] Fig. 5 is a section view showing the essential
part of the structure of a PDP as a flat display in accord-
ance with the third exemplary embodiment. The PDP of
the third embodiment differs from that of the first embod-
iment in that protection layer 98 and dielectric layer 11
do not extend inside peripheral section 15 on which seal-
ing member 16 is applied, as shown in Fig. 5. At the
interface between glass substrate 4 of front substrate 1
and sealing member 16, dielectric layer 7 is disposed as
an intermediate layer. That is, the intermediate layer is
formed on at least one of the interfaces between glass
substrate 4 and sealing member 16, and between glass
substrate 90 and sealing member 16.
[0037] The PDP of the third embodiment also under-
went the drop impact test as with the case in the first
embodiment. According to the test result, the strength of
the PDP proved somewhat inferior to that of the first em-
bodiment; one or two defective PDPs were found in ten
thousand PDPs in an actual transportation test. In con-
clusion, it satisfactorily maintains a proper level in prac-
tical use.

(FOURTH EXEMPLARY EMBODIMENT)

[0038] Fig. 6 is a section view showing the essential
part of the structure of a PDP as a flat display in accord-
ance with the fourth exemplary embodiment. The PDP
of the fourth embodiment differs from that of the first em-
bodiment in that dielectric layer 7 and insulating layer 11
extend inside peripheral section 15 on which sealing
member 16 is applied so as to exceed 50 % of the section.
The PDP of the fourth embodiment also underwent the
drop impact test as with the case in the first embodiment.
The test result showed that such structured PDP-where
the area of dielectric layer 7 and insulating layer 11 in
peripheral section 15 exceeds 50 % of the total area of
peripheral section 15 (as a total area of each peripheral
section of front substrate 1 and back substrate 2)-had
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substantially no problem in the actual transportation test.
The inventor has a conclusion that dielectric layer 7, in-
sulating layer 11 and sealing member 16 disposed be-
tween glass substrates 4 and 90 of the PDP structured
above maintain a bonding strength at a satisfactory level.
[0039] Fig. 7 is a section view showing the essential
part of another structure of a PDP as a flat display in
accordance with the fourth exemplary embodiment. Fig.
8 is a section view along the line 8 - 8 in Fig. 2, showing
the essential part of still another structure of a PDP as a
flat display in accordance with the fourth exemplary em-
bodiment. For convenience sake, scan electrodes 5, sus-
tain electrodes 6 and shielding layer 9 are omitted from
the drawings above. The distinctive feature of the PDP
shown in Fig. 7 is that dielectric layer 7 as an intermediate
layer is formed on peripheral section 15 on glass sub-
strate 4 so as to exceed 50 % of peripheral section 15
on which sealing member 16 is applied; and at the same
time, protection layer 98 as an intermediate layer is
formed on peripheral section 15 on glass substrate 4 so
as to extend inside peripheral section 15 on which sealing
member 16 is applied.
[0040] The distinctive feature of still another PDP is
that, as is in Fig. 8 that shows a section taken along the
line 8 - 8 in Fig. 2, dielectric layer 7 and insulating layer
11 as an intermediate layer are formed on peripheral sec-
tion 15 on glass substrates 4, 90 so as to exceed 50 %
of peripheral section 15 on which sealing member 16 is
applied; and at the same time, protection layer 98 as an
intermediate layer is formed on peripheral section 15 on
glass substrate 4 so as to extend inside peripheral section
15 on which sealing member 16 is applied. The inventor
has a conclusion that dielectric layer 7, insulating layer
11 and sealing member 16 disposed between glass sub-
strates 4 and 90 of the PDP structured above maintain
a bonding strength at a satisfactory level. As a result of
the drop impact test on the PDP structured above, the
structure achieved a satisfactory bonding strength in an
actual transportation test as the practical use.

(FIFTH EXEMPLARY EMBODIMENT)

[0041] Here in the embodiment, a display device em-
ploying an electron-emitting element will be described as
a flat display of the fifth exemplary embodiment. Fig. 9
is a perspective view showing an appearance of a display
device employing an electron-emitting element. Fig. 10
is a section view, taken along the line 10 - 10 in Fig. 9,
showing the essential part of the structure of the display
device employing an electron-emitting element.
[0042] In the display device employing the electron-
emitting element, as is shown in Figs. 9 and 10, front
substrate 21 and back substrate 22, both of which are
made of glass, are oppositely disposed via vacuum
space 23 therebetween. Front substrate 21 has glass
substrate 24; anode electrode 25 laid over glass sub-
strate 24; and phosphor layer 26 laid over anode elec-
trode 25. Anode electrode 25 is made of a transparent

conductive film, such as an ITO-film and an SnO2-film.
On the other hand, back substrate 22 has glass substrate
27 and cathode electrode 28 on glass substrate 27. Cath-
ode electrode 28 is made of a metallic thin film. On cath-
ode electrode 28, electron-emitting element array 29 is
formed. Fig. 10 shows an example where the structure
employs a spint-type cold cathode. Front substrate 21
and back substrate 22 are oppositely located and bonded
with each other at sealing section 31 on peripheral sec-
tion 30 of the structure. Sealing section 31 has frame 32
that is made of glass material having a characteristics
the same as the glass substrate. Frame 32 keeps a dis-
tance of a few millimeters between front substrate 21 and
back substrate 22. Further, sealing member 33 contain-
ing Bi is formed between frame 32 and each of glass
substrates 24 and 27.
[0043] In a display device employing an electron-emit-
ting element, intermediate layer 34 is formed at least be-
tween sealing member 33 and glass substrates 24, 27.
Intermediate layer 34 is made of low-melting glass. In-
termediate layer 34 has an Si-content lower than glass
substrates 24, 27 and a thickness of 0.1 Pm or greater.
[0044] For comparison purposes, the inventor pre-
pared display devices employing an electron-emitting el-
ement shown in Fig. 9 with no intermediate layer 34, and
carried out the drop impact test, as with in the first exem-
plary embodiment. The result showed that some samples
had a crack between sealing member 33 and glass sub-
strate 24 or glass substrate 27 and by which leak oc-
curred. In contrast, the display devices employing an
electron-emitting element of the fifth embodiment had no
leak.
[0045] Forming intermediate layer 34 between frame
32 and sealing member 33 enhances bonding strength
of sealing section 31.
[0046] The cold cathode method and the structure of
a display device above are described by way of example
and without limitation the present invention is also appli-
cable to a display device having a grid electrode.
[0047] As described above, the flat display of the
present invention has a sealing section with reinforced
bonding strength, providing the structure with high relia-
bility.

INDUSTRIAL APPLICABILITY

[0048] The present invention enhances reliability of a
flat display.

Claims

1. A flat display comprising:

a pair of silicon-contained glass substrates op-
positely disposed at intervals therebetween; and
a bismuth-contained sealing member disposed
on a periphery of the pair of glass substrates,
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wherein, an intermediate layer whose silicon-content
is lower than that of the glass substrate is disposed
at an interface between the glass substrates and the
sealing member.

2. A flat display comprising:

a front substrate further including:

a glass substrate on which display elec-
trodes are formed;
a dielectric layer disposed on the glass sub-
strate so as to cover the display electrodes;
and
a protection layer disposed on the dielectric
layer; and

a back substrate disposed opposite to the front
substrate, the back substrate further including:

a glass substrate to be paired with the glass
substrate of the front substrate;
an data electrode disposed on the glass
substrate; and
an insulating layer that covers the data elec-
trodes; and

a bismuth-contained sealing member for sealing
a periphery of the front substrate and the back
substrate,

wherein, an intermediate layer whose silicon-content
is lower than that of the glass substrates is disposed
at an interface between the glass substrates and the
sealing member.

3. The flat display of claim 1 or claim 2, wherein the
intermediate layer has a thickness of at least 0.1 Pm.

4. The flat display of claim 1 or claim 2, wherein the
intermediate layer is formed on an entire surface of
the glass substrates.

5. The flat display of claim 1 or claim 2, wherein the
intermediate layer is formed on the glass substrates
so as to occupy at least 50 % of an area where the
sealing member is applied.

6. The flat display of claim 1 or claim 2, wherein the
intermediate layer is made of a glass with a low melt-
ing point or a crystalline oxide film.

7. The flat display of claim 1 or claim 2, wherein the
intermediate layer is made of a glass with a low melt-
ing point and has a silicon-content not greater than
half of that of the glass substrates.

8. The flat display of claim 1 or claim 2, wherein the

sealing member contains bismuth as a main com-
ponent.

9. The flat display of claim 1 or claim 2, wherein the
intermediate layer is formed on at least one of two
interfaces between the sealing member and the pair
of glass substrates.

10. The flat display of claim 2, wherein the intermediate
layer is the dielectric layer or the protection layer of
the front substrate.

11. The flat display of claim 2, wherein the intermediate
layer is the insulating layer of the back substrate.
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