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preparing a luminescent glass substrate

forming a metal layer positioned on a surface of the /_ S02
luminescent glass substrate

performing an annealing treatment in vacuum for the S03
luminescent glass substrate and the metal layer to /—
provide the metal layer with a metal microstructure,
cooling, and then forming the luminescent glass element

FIG. 2
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obtaining a luminescent glass element according to the /_ S11
producing method described above

emitting cathode rays to the metal layer, forming surface /- S12
plasmons between the metal layer and the luminescent
glass substrate under excitation action of the cathode

rays, and inducing luminescence from the luminescent

FIG. 3
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LUMINESCENT GLASS ELEMENT,
PRODUCING METHOD THEREOF AND
LUMINESCING METHOD THEREOF

TECHNICAL FIELD

[0001] The present invention relates to luminescent mate-
rials, and particularly to a luminescent glass element with a
glass substrate as the luminescent material, a producing
method thereof and a luminescing method thereof.

BACKGROUND

[0002] Traditional materials for luminescent substrates
include fluorescent powder, nanocrystals, glasses, etc. In
comparison to the fluorescent powder and nanocrystals, the
glasses are transparent and hard, and have good chemical
stability and good optical properties, and can be readily
machined into a variety of products with different dimensions
and shapes, for example, monitors or lighting sources with
various dimensions and shapes.

[0003] Forexample, in vacuum microelectronics field, field
emission displays typically utilize the luminescent glasses as
luminescent units thereof, and are widely applied in light and
display fields and attract extensive attentions from research
organizations at home and abroad. The operating principle of
the field emission displays is described as follows: a positive
voltage is applied by an anode facing toward field emission
cathode arrays (hereinafter referred to as FEAs) to form an
accelerating field in vacuum condition, electrons emitted
from cathodes are accelerated to impact luminescent materi-
als on the anode and excited the luminescent materials to
illuminate. The field emission displays have broad operating
temperatures (-40° C.-80° C.), short response time (<1 ms),
compact structure, low power consumption, and satisfy a
demand for green environmental protection. The materials
such as phosphor powder, luminescent glasses and lumines-
cent films can be used as the luminescent materials in the field
emission displays. However, these materials have a natural
shortage of low luminescence efficiency, which significantly
constrains application of the field emission displays, particu-
larly in lighting field.

SUMMARY

[0004] Therefore, in accordance with an aspect of the
present invention, a luminescent glass element is provided,
which has good light transmittance, high uniformity, high
luminescence efficiency, good stability and compact struc-
ture. A producing method of the luminescent glass element is
also provided, which can reduce cost and simplify the pro-
cess.

[0005] Further, in accordance with another aspect of the
present invention, a luminescing method of the luminescent
glass element is provided, which can be readily operated, and
has a high reliability and an improved luminescence effi-
ciency for the luminescent material.

[0006] A luminescent glass element comprises a lumines-
cent glass substrate, which a metal layer is positioned on a
surface of. The metal layer is provided with a metal micro-
structure. The luminescent glass substrate has composite
oxides represented as the following formula:

aM,0.5Y,0;.¢810,.dTm, 03
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[0007] Wherein M represents alkali metal element, a, b, ¢
and d are, by mol part, 25-60, 1-30, 20-70 and 0.001-10
respectively.

[0008] A producing method of a luminescent glass element
comprises the following steps:

[0009] Preparing a luminescent glass substrate, the lumi-
nescent glass substrate has composite oxides represented as
the following formula: aM,0.bY,0;.cSi0,.dTm,0;,
wherein M represents alkali metal element, a, b, ¢ and d are,
by mol part, 25-60, 1-30, 20-70 and 0.001-10 respectively;
[0010] Forming a metal layer positioned on a surface of the
luminescent glass substrate; and

[0011] Performing an annealing treatment in vacuum for
the luminescent glass substrate and the metal layer to provide
the metal layer with a metal microstructure, cooling, and then
forming the luminescent glass element.

[0012] Further, a luminescing method of a luminescent
glass element comprises the following steps:

[0013] Obtaining a luminescent glass element according to
the producing method described above; and

[0014] Emitting cathode rays to the metal layer, forming
surface plasmons between the metal layer and the lumines-
cent glass substrate under excitation of the cathode rays, and
inducing luminescence from the luminescent glass substrate.
[0015] The present invention uses a metal layer positioned
on the luminescent glass substrate, which has a metal micro-
structure and can induce formation of surface plasmons at the
interface between the luminescent glass substrate and the
metal layer under excitation of the cathode rays. By means of
surface plasmon effect, internal quantum efficiency of the
luminescent glass substrate is significantly increased,
namely, spontaneous radiation of the luminescent glass sub-
strate is enhanced. Accordingly, the luminescence efficiency
of the luminescent glass substrate is significantly improved.
By this way, the present invention provides a solution for the
problem of low luminescence efficiency of the traditional
luminescent materials. Therefore, according to the luminesc-
ing method of the luminescent glass element, when emitting
cathode rays to the metal layer, surface plasmons can be
formed between the metal layer and the luminescent glass
substrate under the excitation of the cathode rays to enhance
luminescence efficiency of the luminescent glass substrate
and improve luminescent reliability thereof. Further, accord-
ing to the producing method of the luminescent element, the
desired luminescent glass element can be obtained by form-
ing a metal layer on the luminescent glass substrate and then
annealing it, accordingly simplifying the producing method,
reducing cost, and possessing wide and promising practical
applications.

DRAWINGS

[0016] The present invention will be explained below in
detail with reference to the following embodiments and the
accompanying drawings, in which:

[0017] FIG. 1 is a schematic view of a structure of a lumi-
nescent glass element in accordance with an embodiment of
the present invention;

[0018] FIG. 2 is a flow chart of a producing method of the
luminescent glass element in accordance with the embodi-
ment of the present invention;

[0019] FIG. 3 is a flow chart of a luminescing method of the
luminescent glass element in accordance with the embodi-
ment of the present invention;
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[0020] FIG. 4 shows luminescence spectrums of a lumines-
cent glass element of Example 1 and a luminescent glass
without a metal layer as a comparison, wherein the lumines-
cence spectrum excited by cathode rays is measured at an
exciting acceleration voltage of electron beam of 7 KV.

DETAILED DESCRIPTION

[0021] Objects, advantages and technical solutions of the
present invention will be explained below in detail with ref-
erence to the following embodiments and the accompanying
drawings. But it will be understood that the following descrip-
tion of the embodiment(s) is merely to explain the present
invention and is no way intended to limit the present inven-
tion.

[0022] A luminescent glass element 10 in accordance with
an embodiment of the present invention is shown in FIG. 1,
which includes a luminescent glass substrate 13 and a metal
layer 14 positioned on a surface of the luminescent glass
substrate 13. The metal layer 14 is provided with a metal
microstructure. The metal microstructure is sometimes
referred to as micro-nano structure. Further, the metal micro-
structure is aperiodic, namely, composed of metal crystals in
arandom array.

[0023] The luminescent glass substrate 13 has composite
oxides represented as the following formula: aM,0.bY,0;.
¢Si0,.dTm,0;, wherein M represents alkali metal element,
a, b, c and d are, by mol part, 25-60, 1-30, 20-70 and 0.001-10
respectively. The luminescent glass substrate 13 contains thu-
lium oxide, which make the luminescent glass emit light and
have good performance in the substrate with such composi-
tions. The luminescent glass substrate 13 also has good light
transmittance.

[0024] Wherein, the metal layer 14 can be made of metals
with good chemical stability, for example, some metals which
are difficult to be oxidized or corroded, or common metals.
The metal is preferably at least one of gold, silver, aluminum,
copper, titanium, iron, nickel, cobalt, chromium, platinum,
palladium, magnesium, zinc, more preferably at least one of
gold, silver, aluminum. The metal type in the metal layer may
be a single metal thereof or a composite metal thereof. The
composite metal may be an alloy of two or more above met-
als. For example, the metal layer 14 may be an alloy layer
composed of silver and aluminum, or an alloy layer com-
posed of gold and aluminum, wherein weight percents of
silver or gold are preferably more than 70%. The metal layer
14 has a preferred thickness of 0.5 nm to 200 nm, more
preferably 1 nm to 100 nm.

[0025] The alkali metal element M is preferably at least one
of Na, K, Li.
[0026] The luminescent glass element 10 is used as a lumi-

nescent element and can be widely applied in luminescent
devices with ultrahigh brightness or high-speed operation, for
example, field emission displays, field emission light sources,
large-size billboards or the like products. Taking a field emis-
sion display as an example, a positive voltage is applied by an
anode facing toward field emission cathode arrays to form an
accelerating field, electrons are emitted from a cathode,
namely, cathode rays 16 are emitted onto the metal layer 14,
and then surface plasmons are formed between the metal
layer with the microstructure and the luminescent glass sub-
strate. By means of surface plasmon eftect, the internal quan-
tum efficiency of the luminescent glass substrate 13 is signifi-
cantly increased, namely, spontaneous radiation of the
luminescent glass substrate is enhanced. Accordingly, lumi-
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nescence efficiency of the luminescent glass substrate is sig-
nificantly improved. By this way, the present invention pro-
vides a solution for the problem of low luminescence
efficiency of the traditional luminescent materials. Further-
more, since the metal layer is formed on a surface of the
luminescent glass substrate 13, a homogeneous interface is
formed between the entire metal layer and the luminescent
glass substrate 13, thereby improving uniformity of lumines-
cence.

[0027] Referring to FIGS. 1 and 2, illustrating a flow chart
of a producing method of the luminescent glass element in
accordance with the embodiment of the present invention,
which includes the following steps:

[0028] SO1: preparing a luminescent glass substrate,
wherein the luminescent glass substrate 13 has the composi-
tions and mol parts described above, namely, includes com-
posite oxides represented as the following formula:

[0029] aM,O0.bY,0;.cSi0,.dTm,0;, wherein M repre-
sents alkali metal element, a, b, ¢ and d are, by mol part,
25-60, 1-30, 20-70 and 0.001-10 respectively;

[0030] S02: forming a metal layer positioned on a surface
of'the luminescent glass substrate; and

[0031] S03: performing an annealing treatment in vacuum
for the luminescent glass substrate and the metal layer to
provide the metal layer with a metal microstructure, cooling,
and then forming the luminescent glass element.

[0032] Wherein, preparation of the luminescent glass sub-
strate 13 is described in detail as follows: taking analytically
pure alkali metal salt, silicon dioxide and 99.99% YO,
Tm,O; as main raw materials, weighting the raw materials
according to mol part ratios of respective compositions in the
chemical formula of aM,0.bY,0;.cSi0,.dTm,0; of the
luminescent glass substrate, mixing and melting the raw
materials at 1200 centigrade degrees to 1500 centigrade
degrees for one to five hours, cooling to room temperature,
annealing at 600 centigrade degrees to 1100 centigrade
degrees for one to twenty hours in a reductive atmosphere,
and then obtaining the luminescent glass substrate. Further,
the glass substrate may be cut and polished to have a certain
size, thereby obtaining the desired luminescent glass sub-
strate.

[0033] As structures described above, the metal layer 14
may be made of metals with good chemical stability, for
example, some metals which are difficult to be oxidized or
corroded, or common metals. The metal is preferably at least
one of gold, silver, aluminum, copper, titanium, iron, nickel,
cobalt, chromium, platinum, palladium, magnesium, zinc,
more preferably at least one of gold, silver, aluminum. The
metal type in the metal layer may be a single metal thereof or
a composite metal thereof. The metal layer 14 has a preferred
thickness of 0.5 nm to 200 nm, more preferably 1 nm to 100
nm. The alkali metal element M is preferably at least one of
Na, K, Li.

[0034] In step S02, the metal layer is formed by sputtering
or evaporation depositing metal on the surface of the lumi-
nescent glass substrate. Step S03 is described in detail as
follows: after forming the metal layer on the surface of the
luminescent glass substrate, annealing the metal layer at 50
centigrade degrees to 650 centigrade degrees for five minutes
to five hours, and then naturally cooling to room temperature.
Wherein, the annealing temperature is preferably 100 centi-
grade degrees to 500 centigrade degrees, and annealing
period is preferably fifteen minutes to three hours.
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[0035] Referring to FIGS. 1 and 3, illustrating a flow chart
of a luminescing method of the luminescent glass element in
accordance with the embodiment of the present invention,
which includes the following steps:

[0036] S11: obtaining a luminescent glass element 10
according to the producing method described above; and
[0037] S12: emitting cathode rays 16 to the metal layer 14,
forming surface plasmons between the metal layer and the
luminescent glass substrate 13 under excitation of the cathode
rays 16, and inducing luminescence from the luminescent
glass substrate 13.

[0038] The luminescent glass element 10 has features such
as structure and compositions as described above. In practical
application, for example a field emission display or a lighting
source, under a vacuum condition, a positive voltage is
applied by an anode facing toward field emission cathode
arrays to form an accelerating field, the cathode rays 16 are
emitted from a cathode, under excitation of the cathode rays
16, electron beams firstly penetrate through the metal layer 14
and then excite the luminescent glass substrate 13 to emit
light. During this process, surface plasmon effect is generated
at the interface between the metal layer 14 and the lumines-
cent glass substrate 13. By means of the effect, the internal
quantum efficiency of the luminescent glass substrate is sig-
nificantly increased, namely, spontaneous radiation of the
luminescent glass substrate is increased, accordingly signifi-
cantly improving luminescence efficiency of the luminescent
glass substrate.

[0039] Surface plasmon (hereinafter referred to as SP) is a
kind of wave propagating along an interface between metal
and dielectric, its amplitude exponentially attenuates along a
distance facing away from the interface. When varying sur-
face structure of the metal, properties, dispersion relation,
excitation mode and coupling effect of surface plasmon
polaritons (hereinafter referred to as SPPs) significantly vary.
SPPs can induce electromagnetic field which can constrain
propagation of light wave in a structure with a subwavelength
dimension and can generate and control electromagnetic
radiation from optical frequency to microwavelength band,
accordingly achieving active manipulation to optical propa-
gation. Therefore, the present embodiment utilizes excitation
property of SPPs to increase the intensity of luminescent
glass substrate in an optics state and improve spontaneous
radiation velocity of the luminescent glass substrate. Further,
by means of the coupling effect of surface plasmons, when the
luminescent glass substrate emits lights, coupling resonance
effect is generated accordingly, thereby significantly increas-
ing internal quantum efficiency of the luminescent glass sub-
strate and improving luminescent efficiency of the lumines-
cent glass substrate.

[0040] Various compositions of the luminescent glass ele-
ment and the producing method thereof, as well as properties
thereof are described below by a number of exemplary
examples.

Example 1

[0041] A luminescent glass, 30Na,0.9.8Y,0;.60Si0,.0.
2Tm,0; (the numbers before the oxides represent mol parts
of'the respective oxides, the same is below), is selected, which
is formed as a substrate according to the above-described
producing method and has a size of 1x1 cm?, and a surface of
which is polished. Then, a silver metal layer with a thickness
of'2 nm is deposited on the surface of the glass by a magnetron
sputtering device. The glass with the silver metal layer is
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placed into a vacuum environment with a vacuum degree of
lower than 1x10~3 Pa to perform an annealing treatment at
300 centigrade degrees for half an hour, and then is cooled to
room temperature, accordingly obtaining the luminescent
glass element of this Example.

[0042] Cathode rays generated by an electron gun bombard
the luminescent glass element of Example 1 and then a lumi-
nescence spectrum, as shown in FIG. 4, is generated. A curve
11 in the figure represents a luminescence spectrum from a
glass without a silver layer, and a curve 12 in the figure
represents a luminescence spectrum from the luminescent
glass element of this Example. As seen from the FIG. 4, since
a surface plasmon effect is generated between the metal layer
and the glass, in comparison to a luminescent glass without
any metal layer, the luminescent glass element of this
Example 1 has a 1.65 times luminescent intensity of that of
the luminescent glass without any metal layer, namely
improving luminescent characteristics;. Luminescence spec-
trums of the following Examples are essentially similar to that
of Example 1, and luminescent glass elements thereof have
essentially similar luminescent intensity effect to Example 1,
so we will not go into the detail of the following Examples.

Example 2

[0043] A Iuminescent glass, 25Na,0.15Y,0;.458i0,.
5Tm,0;, is selected, which is formed as a substrate according
to the above-described producing method and has a size of
1x1 cm?, and a surface of which is polished. Then, a gold
metal layer with a thickness of 0.5 nm is deposited on the
surface of the glass by a magnetron sputtering device. The
glass with the gold metal layer is placed into a vacuum envi-
ronment with a vacuum degree of lower than 1x10~> Pa to
perform an annealing treatment at 200 centigrade degrees for
an hour, and then is cooled to room temperature, accordingly
obtaining the luminescent glass element of this Example.

Example 3

[0044] A luminescent glass, 27Na,0.1Y,0;.70Si0,.0.
001Tm,0,, is selected, which is formed as a substrate accord-
ing to the above-described producing method and has a size of
1x1 cm?, and a surface of which is polished. Then, an alumi-
num metal layer with a thickness of 200 nm is deposited on
the surface of the glass by a magnetron sputtering device. The
glass with the aluminum metal layer is placed into a vacuum
environment with a vacuum degree of lower than 1x10~> Pato
perform an annealing treatment at 500 centigrade degrees for
five hours, and then is cooled to room temperature, accord-
ingly obtaining the luminescent glass element of this
Example.

Example 4

[0045] A luminescent glass, 32Na,0.5Y,0;.655i0,.0.
1Tm,0s, is selected, which is formed as a substrate according
to the above-described producing method and has a size of
1x1 cm?, and a surface of which is polished. Then, a magne-
sium metal layer with a thickness of 100 nm is deposited on
the surface of the glass by a beam evaporation device. The
glass with the magnesium metal layer is placed into a vacuum
environment with a vacuum degree of lower than 1x107> Pato
perform an annealing treatment at 650 centigrade degrees for
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five minutes, and then is cooled to room temperature, accord-
ingly obtaining the luminescent glass element of this
Example.

Example 5

[0046] A Iuminescent glass, 35Na,0.10Y,0;.508i0,.
2Tm,0;, is selected, which is formed as a substrate according
to the above-described producing method and has a size of
1x1 cm? and a surface of which is polished. Then, a palla-
dium metal layer with a thickness of 1 nm is deposited on the
surface of the glass by a beam evaporation device. The glass
with the palladium metal layer is placed into a vacuum envi-
ronment with a vacuum degree of lower than 1x10~> Pa to
perform an annealing treatment at 100 centigrade degrees for
three hours, and then is cooled to room temperature, accord-
ingly obtaining the luminescent glass element of this
Example.

Example 6

[0047] A luminescent glass, 38Na,0.12Y,0;.43Si0,.0.
5Tm,0;, is selected, which is formed as a substrate according
to the above-described producing method and has a size of
1x1 em?, and a surface of which is polished. Then, a platinum
metal layer with a thickness of 5 nm is deposited on the
surface of the glass by a beam evaporation device. The glass
with the platinum metal layer is placed into a vacuum envi-
ronment with a vacuum degree of lower than 1x107> Pa to
perform an annealing treatment at 450 centigrade degrees for
fifteen minutes, and then is cooled to room temperature,
accordingly obtaining the luminescent glass element of this
Example.

Example 7

[0048] A luminescent glass, 28Na,0.10Y,0;.68Si0,.
2Tm,0,, is selected, which is formed as a substrate according
to the above-described producing method and has a size of
1x1 cm?, and a surface of which is polished. Then, an iron
metal layer with a thickness of 20 nm is deposited on the
surface of the glass by a beam evaporation device. The glass
with the iron metal layer is placed into a vacuum environment
with a vacuum degree of lower than 1x10~> Pa to perform an
annealing treatment at 50 centigrade degrees for five hours,
and then is cooled to room temperature, accordingly obtain-
ing the luminescent glass element of this Example.

Example 8

[0049] A luminescent glass, 35Li,0.18Y,0;.55Si0,.
6Tm,0;, is selected, which is formed as a substrate according
to the above-described producing method and has a size of
1x1 cm?, and a surface of which is polished. Then, a titanium
metal layer with a thickness of 10 nm is deposited on the
surface of the glass by a beam evaporation device. The glass
with the titanium metal layer is placed into a vacuum envi-
ronment with a vacuum degree of lower than 1x10~> Pa to
perform an annealing treatment at 150 centigrade degrees for
two hours, and then is cooled to room temperature, accord-
ingly obtaining the luminescent glass element of this
Example.

Example 9

[0050] A luminescent glass, 40Li,0.22Y,0;.40Si0,.
8Tm,0;, is selected, which is formed as a substrate according

Dec. 29,2011

to the above-described producing method and has a size of
1x1 cm?, and a surface of which is polished. Then, a copper
metal layer with a thickness of 50 nm is deposited on the
surface of the glass by a beam evaporation device. The glass
with the copper metal layer is placed into a vacuum environ-
ment with a vacuum degree of lower than 1x10~> Pa to per-
form an annealing treatment at 200 centigrade degrees for 2.5
hours, and then is cooled to room temperature, accordingly
obtaining the luminescent glass element of this Example.

Example 10

[0051] A luminescent glass, 50Li,0.25Y,0;.30Si0,.9.
5Tm,0,, is selected, which is formed as a substrate according
to the above-described producing method and has a size of
1x1 cm?, and a surface of which is polished. Then, a zinc
metal layer with a thickness of 150 nm is deposited on the
surface of the glass by a beam evaporation device. The glass
with the zinc metal layer is placed into a vacuum environment
with a vacuum degree of lower than 1x10~> Pa to perform an
annealing treatment at 350 centigrade degrees for half an
hour, and then is cooled to room temperature, accordingly
obtaining the luminescent glass element of this Example.

Example 11

[0052] A luminescent glass, 60Li,0.30Y,0;.40Si0,.
10Tm,0;, is selected, which is formed as a substrate accord-
ing to the above-described producing method and has a size of
1x1 cm?, and a surface of which is polished. Then, a chro-
mium metal layer with a thickness of 120 nm is deposited on
the surface of the glass by a beam evaporation device. The
glass with the chromium metal layer is placed into a vacuum
environment with a vacuum degree of lower than 1x10~> Pato
perform an annealing treatment at 250 centigrade degrees for
two hours, and then is cooled to room temperature, accord-
ingly obtaining the luminescent glass element of this
Example.

Example 12

[0053] A luminescent glass, 33K,0.7Y,0;.585i0,.0.
7Tm,0,, is selected, which is formed as a substrate according
to the above-described producing method and has a size of
1x1 em?, and a surface of which is polished. Then, a nickel
metal layer with a thickness of 40 nm is deposited on the
surface of the glass by a beam evaporation device. The glass
with the nickel metal layer is placed into a vacuum environ-
ment with a vacuum degree of lower than 1x10~> Pa to per-
form an annealing treatment at 80 centigrade degrees for four
hours, and then is cooled to room temperature, accordingly
obtaining the luminescent glass element of this Example.

Example 13

[0054] A luminescent glass, 26K,0.4Y,0;.695i0,.0.
9Tm,0;, is selected, which is formed as a substrate according
to the above-described producing method and has a size of
1x1 em?, and a surface of which is polished. Then, a cobalt
metal layer with a thickness of 180 nm is deposited on the
surface of the glass by a beam evaporation device. The glass
with the cobalt metal layer is placed into a vacuum environ-
ment with a vacuum degree of lower than 1x10~> Pa to per-
form an annealing treatment at 400 centigrade degrees for an
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hour, and then is cooled to room temperature, accordingly
obtaining the luminescent glass element of this Example.

Example 14

[0055] A luminescent glass, 45K,0.8Y,0;.48Si0,.1.
5Tm,0,, is selected, which is formed as a substrate according
to the above-described producing method and has a size of
1x1 ecm?, and a surface of which is polished. Then, a silver and
aluminum metal layer with a thickness of 80 nm is deposited
on the surface of the glass by a beam evaporation device.
Wherein, contents of silver and aluminum in the metal layer
are 80% by weight and 20% by weight respectively. The glass
with the silver layer is placed into a vacuum environment with
a vacuum degree of lower than 1x10~> Pa to perform an
annealing treatment at 380 centigrade degrees for 2.5 hours,
and then is cooled to room temperature, accordingly obtain-
ing the luminescent glass element of this Example.

Example 15

[0056] A Iluminescent glass, 36K,0.16Y,0;.528i0,.
4Tm,0;, is selected, which is formed as a substrate according
to the above-described producing method and has a size of
1x1 cm?, and a surface of which is polished. Then, a silver and
aluminum metal layer with a thickness of 15 nm is deposited
on the surface of the glass by a beam evaporation device.
Wherein, contents of silver and aluminum in the metal layer
are 90% by weight and 10% by weight respectively. The glass
with the silver and aluminum metal layer is placed into a
vacuum environment with a vacuum degree of lower than
1x1073 Pa to perform an annealing treatment at 180 centi-
grade degrees for 3.5 hours, and then is cooled to room
temperature, accordingly obtaining the luminescent glass ele-
ment of this Example.

Example 16

[0057] A luminescent glass, 55K,0.3Y,0;.62Si0,.
7Tm,0,, is selected, which is formed as a substrate according
to the above-described producing method and has a size of
1x1 cm?, and a surface of which is polished. Then, a gold and
aluminum metal layer with a thickness 0f 35 nm is deposited
on the surface of the glass by a beam evaporation device.
Wherein, contents of gold and aluminum in the metal layer
are 80% by weight and 20% by weight respectively. The glass
with the gold and aluminum metal layer is placed into a
vacuum environment with a vacuum degree of lower than
1x1073 Pa to perform an annealing treatment at 70 centigrade
degrees for 1.5 hours, and then is cooled to room temperature,
accordingly obtaining the luminescent glass element of this
Example.

Example 17

[0058] A luminescent glass, 58K,0.6Y,0;.35Si0,.
9Tm,0;, is selected, which is formed as a substrate according
to the above-described producing method and has a size of
1x1 cm?, and a surface of which is polished. Then, a gold and
aluminum metal layer with a thickness of 60 nm is deposited
on the surface of the glass by a beam evaporation device.
Wherein, contents of gold and aluminum in the metal layer
are 90% by weight and 10% by weight respectively. The glass
with the gold and aluminum metal layer is placed into a
vacuum environment with a vacuum degree of lower than
1x1072 Pa to perform an annealing treatment at 600 centi-
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grade degrees for 4.5 hours, and then is cooled to room
temperature, accordingly obtaining the luminescent glass ele-
ment of this Example.

[0059] In the above-described embodiments, the metal
layer 14 with a microstructure is positioned on the lumines-
cent glass substrate 13, and the metal layer 14 can induce a
formation of the surface plasmons at the interface of the metal
layer 14 and the luminescent glass substrate 13 under excita-
tion of the cathode rays 16. By means of the surface plasmon
effect, the internal quantum efficiency of the luminescent
glass substrate is significantly increased, namely, spontane-
ous radiation of the luminescent glass substrate is increased,
accordingly significantly increasing luminescence efficiency
of the luminescent glass substrate. Therefore, in the lumi-
nescing method of the luminescent glass element, by emitting
cathode rays 16 to the metal layer 14, surface plasmons are
formed between the metal layer 14 and the luminescent glass
substrate 13 to increase luminescence efficiency of the lumi-
nescent glass substrate 13 and improve luminescent reliabil-
ity thereof.

[0060] In the producing method of the luminescent glass
element of the embodiment of the present invention, the lumi-
nescent glass element 10 can be obtained by forming a metal
layer 14 on the luminescent glass substrate 13 and then
annealing it, accordingly simplifying the producing method,
reducing cost, and possessing wide and promising practical
applications. Particularly, it can be widely applied in lumi-
nescent devices with a ultrahigh brightness or a high-speed
operation, for example, field emission displays.

[0061] The above-mentioned is only the preferred embodi-
ments of the present invention, but places no limit to the
invention. Therefore, any modification, equivalent replace-
ment and improvement etc on the basis of the spirit and
principle of invention shall be within the protective scope of
the present invention.

1. A luminescent glass element, comprising:

a luminescent glass substrate; and

a metal layer positioned on a surface of the luminescent
glass substrate; the metal layer being provided with a
metal microstructure, the luminescent glass substrate
having composite oxides represented as the following
formula:

aM,0.5Y,03.¢810,.dTm,03,

wherein M represents alkali metal element, a, b, cand d are,
by mol part, 25-60, 1-30, 20-70 and 0.001-10 respec-
tively.

2. The luminescent glass element of claim 1, wherein the
alkali metal element is at least one of Na, K, Li.

3. The luminescent glass element of claim 1, wherein metal
of the metal layer is at least one of gold, silver, aluminum,
copper, titanium, iron, nickel, cobalt, chromium, platinum,
palladium, magnesium, zinc.

4. The luminescent glass element of claim 3, wherein the
metal of the metal layer is at least one of gold, silver, alumi-
num.

5. The luminescent glass element of claim 1, wherein the
metal layer has a thickness of 0.5 nm to 200 nm.

6. A producing method of a luminescent glass element,
comprising the following steps:

preparing a luminescent glass substrate, the luminescent

glass substrate having composite oxides represented as
the following formula: aM,0.bY,0;.cSi0,.dTm,0;,
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wherein M represents alkali metal element, a, b, cand d
are, by mol part, 25-60, 1-30, 20-70 and 0.001-10
respectively;

forming a metal layer on a surface of the luminescent glass
substrate; and

performing an annealing treatment in vacuum for the lumi-
nescent glass substrate and the metal layer to provide the
metal layer with a metal microstructure, cooling, and
then forming the luminescent glass element.

7. The producing method of claim 6, wherein the prepara-
tion of the luminescent glass substrate comprises the follow-
ing steps: taking alkali metal salt, silicon dioxide, Y,O; and
Tm,0O, as raw materials according to respective mol parts
thereof, mixing and melting the raw materials at 1200 centi-
grade degrees to 1500 centigrade degrees, cooling, annealing
at 600 centigrade degrees to 1100 centigrade degrees in a
reductive atmosphere, and then obtaining the luminescent
glass substrate.

8. The producing method of a luminescent glass element of
claim 6, wherein the metal layer is formed by sputtering or
evaporation depositing metal on the surface of the lumines-
cent glass substrate.

9. The producing method of a luminescent glass element of
claim 6, wherein the annealing treatment in vacuum is per-
formed at 50 centigrade degrees to 650 centigrade degrees for
five minutes to five hours.

10. The producing method of a luminescent glass element
of claim 6, wherein metal of the metal layer is at least one of
gold, silver, aluminum, copper, titanium, iron, nickel, cobalt,
chromium, platinum, palladium, magnesium, zinc.
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11. The producing method of a luminescent glass element
of claim 6, wherein metal of the metal layer is at least one of
gold, silver, aluminum.

12. The producing method of a luminescent glass element
of'claim 6, wherein the metal layer has a thickness of 0.5 nm
to 200 nm.

13. A luminescing method of a luminescent glass element,
comprises the following steps:

obtaining a luminescent glass element according to the

producing method according to claim 6; and

emitting cathode rays to the metal layer, forming surface

plasmons between the metal layer and the luminescent
glass substrate under excitation of the cathode rays, and
inducing luminescence from the luminescent glass sub-
strate.

14. The luminescing method of claim 13, wherein metal of
the metal layer is at least one of gold, silver, aluminum,
copper, titanium, iron, nickel, cobalt, chromium, platinum,
palladium, magnesium, zinc.

15. The luminescing method of claim 13, wherein metal of
the metal layer is at least one of gold, silver, aluminum.

16. The luminescing method of claim 13, wherein the metal
layer has a thickness of 0.5 nm to 200 nm.

17. The luminescing method of claim 13, wherein the metal
layer is formed by sputtering or evaporation depositing metal
on the surface of the luminescent glass substrate.

18. The luminescing method of claim 13, wherein the
annealing treatment in vacuum is performed at 50 centigrade
degrees to 650 centigrade degrees for five minutes to five
hours.



