
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

47
1 

75
7

B
1

TEPZZ 47_757B_T
(11) EP 2 471 757 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
19.03.2014 Bulletin 2014/12

(21) Application number: 09848607.9

(22) Date of filing: 26.08.2009

(51) Int Cl.:
C03C 17/06 (2006.01) C03C 4/12 (2006.01)

H01J 63/00 (2006.01) C03C 17/09 (2006.01)

C03C 3/062 (2006.01) C09K 11/59 (2006.01)

H01J 29/28 (2006.01) H01J 63/04 (2006.01)

C03C 3/078 (2006.01) H01J 63/06 (2006.01)

(86) International application number: 
PCT/CN2009/073514

(87) International publication number: 
WO 2011/022875 (03.03.2011 Gazette 2011/09)

(54) LUMINESCENT ELEMENT, PRODUCING METHOD THEREOF AND LUMINESCENCE METHOD 
USING THE SAME

LUMINESZENZELEMENT, HERSTELLUNGSVERFAHREN DAFÜR UND DIESES 
VERWENDENDES LUMINESZENZVERFAHREN

ELÉMENT LUMINESCENT, SON PROCÉDÉ DE PRODUCTION ET PROCÉDÉ DE LUMINESCENCE 
L’UTILISANT

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MK MT NL NO PL 
PT RO SE SI SK SM TR

(43) Date of publication of application: 
04.07.2012 Bulletin 2012/27

(73) Proprietor: Ocean’s King Lighting 
Science&Technology Co., Ltd.
Guangdong 518052 (CN)

(72) Inventors:  
• ZHOU, Mingjie

Shenzhen
Guangdong 518054 (CN)

• MA, Wenbo
Shenzhen
Guangdong 518054 (CN)

• LIU, Yugang
Shenzhen
Guangdong 518054 (CN)

• LI, Qingtao
Shenzhen
Guangdong 518054 (CN)

(74) Representative: Michalski Hüttermann & Partner 
Patentanwälte
Speditionstraße 21
40221 Düsseldorf (DE)

(56) References cited:  
EP-A1- 2 386 526 EP-A1- 2 398 038
CN-A- 1 664 056 CN-A- 1 765 794
CN-A- 1 805 105 GB-A- 1 166 607
US-A- 5 843 855  

• TAKESHI OHGAKI ET AL: "Luminescence 
Property and Phase-Separation Texture of 
Phase-Separated Glasses and Glass-Ceramics in 
Mn-Doped ZnO-SiO2 System", JOURNAL OF THE 
CERAMIC SOCIETY OF JAPAN, vol. 115, no. 1339, 
1 January 2007 (2007-01-01), pages 201-204, 
XP055064598, ISSN: 0914-5400, DOI: 
10.2109/jcersj.115.201



EP 2 471 757 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE INVENTION

[0001] The present disclosure relates to luminescent
materials, and more particularly relates to a luminescent
element including a glass substrate made of luminescent
material, preparation method thereof and luminescence
method.

BACKGROUND OF THE INVENTION

[0002] The conventional materials used as lumines-
cent substrate include phosphor, nanocrystal, glass, etc.
Comparing to the crystal and phosphor, the glass is trans-
parent, rigid, and has excellent chemical stability and su-
perior luminescent performance. In addition, the glass
can be easily machined into products with various
shapes, such as display devices or luminescent light
sources with various shapes and sizes.
[0003] For example, in vacuum microelectronics, field
emission devices usually use luminescent glass as illu-
minant, which has shown a wide prospect in illumination
and display techniques and draws a lot attention to do-
mestic and foreign research institutes. The working prin-
ciple of the field emission device is that, in vacuum, the
anode applies a positive voltage to the field emissive ar-
rays (FEAs) to form an accelerating electric field, electron
emitted from the cathode accelerately bombards the lu-
minescent material on the anode plate to irradiate. The
field emission device has a wide operating temperature
range (-40°C∼80°C), short corresponding time (<1ms),
simple structure, low energy consumption, and meets
the environmental protection requirements. Further-
more, materials such as the phosphor, luminescent
glass, luminescent film, etc can be served as luminescent
material in field emission device, however, they all suffer
from serious problems of low luminous efficiency, thus
significantly limit the application of the field emission de-
vice, especially in the application of illumination.

SUMMARY OF THE INVENTION

[0004] In one aspect of the present disclosure, a lumi-
nescent element with a high luminescent homogeneity,
high luminous efficiency, good stability, simple structure
and a preparation method with a simple processes and
low cost are desired. In another aspect of the present
disclosure, a luminescence method of the luminescent
element with simple operation, good reliability, and im-
proving luminous efficiency is also desired.
[0005] A luminescent element includes: a luminescent
glass; and a metal layer with a metal microstructure
formed on a surface of the luminescent glass; wherein
the luminescent glass has a chemical composition:
aR2O·bZnO·cSiO2·nMnO2, wherein R represents the al-
kali metal element, a, b, c, and n are, by mole parts,
9.5~40, 8~40, 35~70, and 0.01∼1, respectively.

[0006] A preparation method of a luminescent element
includes: preparing a luminescent glass comprising a
chemical composition: aR2O·bZnO·cSiO2·nMnO2,
wherein R represents the alkali metal element, a, b, c,
and n are, by mole parts, 9.5~40, 8~40, 35~70, and
0.01~1, respectively; forming a metal layer on the lumi-
nescent glass, and annealing the luminescent glass and
the metal layer in vacuum to form a metal microstructure
of the metal layer, and then cooling the luminescent glass
and the metal layer to form the luminescent element.
[0007] A luminescence method of a luminescent ele-
ment includes: obtaining the luminescent element ac-
cording to the preparation method described above; and
emitting cathode-ray to the metal layer, forming a surface
plasmon between the metal layer and the luminescent
glass by the radiation of the cathode-ray and then irradi-
ating the luminescent glass.
[0008] In the luminescent element described above,
the metal layer with a metal microstructure is formed on
a surface of the luminescent glass, and irradiated by the
cathode-ray, a surface plasmon can be formed between
the metal layer and the luminescent glass. Due to the
surface plasmon effect, the internal quantum efficiency
of the luminescent glass is highly increased, and the
spontaneous emission of the luminescent glass is highly
increased, so that the luminous efficiency of the lumines-
cent glass is improved and the problem of low efficiency
of the luminescent materials is overcomed. Accordingly,
in the luminescence method of the luminescent element,
once emitting cathode-ray to the metal layer, the surface
plasmon will be formed between the metal layer and the
luminescent glass, thus improving the luminous efficien-
cy and reliability. The luminescent element has a simple
two-layer structure for including the luminescent glass
and the metal layer. In addition, there is a uniform inter-
face formed between the luminescent glass and the met-
al layer, so that an excellent luminescent homogeneity
and stability is achieved. In the luminescence method of
the luminescent element, once emitting cathode-ray to
the metal layer, the surface plasmon will be formed be-
tween the metal layer and the luminescent glass, thus
improving the luminous efficiency and reliability of the
luminescent glass. In the embodiment of the preparation
method of the luminescent element, the luminescent el-
ement can be obtained by forming a metal layer on the
luminescent glass and annealing the luminescent glass
and the metal layer, thus the preparation method is sim-
ple and has a low cost. The luminescent element can be
widely applied to luminescent devices with ultra-high
brightness and high-speed motion, such as field emission
display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The components in the drawings are not nec-
essarily drawn to scale, the emphasis instead being
placed upon clearly illustrating the principles of the
present disclosure.
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FIG 1 is a schematic, side view of a luminescent
element according to an embodiment of the present
disclosure;
FIG 2 is a flowchart of an embodiment of a prepara-
tion method of a luminescent element;
FIG 3 is a flowchart of an embodiment of a lumines-
cence method of a luminescent element;
FIG 4 is an emission spectrum of the luminescent
element of Example 1 comparing with the lumines-
cent glass without the metal layer, the emission
spectrum being tested by Shimadzu RF-5301PC
spectrometer excited by cathode-ray of 5KV accel-
erating voltage.

DETAILED DESCRIPTION

[0010] The disclosure is illustrated by way of example
and not by way of limitation in the figures of the accom-
panying drawings in which like references indicate similar
elements. It should be noted that references to "an" or
"one" embodiment in this disclosure are not necessarily
to the same embodiment, and such references mean at
least one.
[0011] Referring to FIG 1, an embodiment of a lumi-
nescent element includes a luminescent glass 13 and a
metal layer 14 formed on a surface of the luminescent
glass 13. The metal layer 14 has a metal microstructure,
which may be called as micro-nano structure. In addition,
the metal microstructure is aperiodic, i.e. composed of
metal crystal in irregular arrangement.
[0012] The luminescent glass 13 is a silicate glass
doped with manganese ions. The luminescent glass has
a chemical composition: aR2O•bZnO•cSiO2•nMnO2,
wherein R represents the alkali metal element, a, b, c,
and n are, by mole parts, 9.5~40, 8~40, 35∼70, and
0.01∼1, respectively. The alkali metal element is at least
one element selected from the group consisting ofNa, K,
and Li.
[0013] The metal layer 14 may be made of metals with
excellent chemical stability, such as antioxidant and cor-
rosion-resistant metals, or common metals. The metal
layer 14 is preferably made of at least one metal selected
from the group consisting of Au, Ag, Al, Cu, Ti, Fe, Ni,
Co, Cr, Pt, Pd, Mg, and Zn, or more preferably made of
at least one metal selected from the group consisting of
Au, Ag, and Al. The metal layer 14 may be made of one
metal or a composite metal. The composite metal may
be an alloy of two or more than two metals described
above. For example, the metal layer 14 may be an Ag/Al
alloy layer or an Au/Al alloy layer, where the weight per-
cent of Ag or Au is preferably more than 70%. The metal
layer 14 has a thickness in a range of 0.5∼200 nm, pref-
erably 1∼100 nm.
[0014] As a luminescent element, the luminescent el-
ement 10 can be widely applied to luminescent devices
with ultra-high brightness and high-speed motion, such
as field emission display, field emission light source, and
large advertising display, etc. Take field emission display

as an example, the anode applies a positive voltage to
the field emission cathode to form an accelerating electric
field, the cathode emits electron, i.e. cathode-ray 16 to
the metal layer 14, so that a surface plasmon is formed
between the metal layer 14 and the luminescent glass
13. Due to the surface plasmon effect, the internal quan-
tum efficiency of the luminescent glass 13 is highly in-
creased, and the spontaneous emission of the lumines-
cent glass is highly increased, so that the luminous effi-
ciency of the luminescent glass is improved and the prob-
lem of low efficiency of the luminescent materials is over-
comed. In addition, since a metal layer is formed on the
surface of the luminescent glass 13, a uniform interface
is formed between the whole metal layer and the lumi-
nescent glass 13, thus improving the luminescent homo-
geneity.
[0015] Referring to FIG 1 and FIG 2, a flow chart of an
embodiment of a preparation method of a luminescent
element includes following steps:
[0016] Step S01, the luminescent glass 13 is prepared
with a chemical composition: aR2O·bZnO·cSiO2·nMnO2,
wherein R represents the alkali metal element, a, b, c,
and n are, by mole parts, 9.5∼40, 8~40, 35~ 70 and
0.01~1, respectively.
[0017] Step S02, the metal layer 14 is formed on a
surface of the luminescent glass 13.
[0018] Step S03, the luminescent glass 13 and the
metal layer 14 are annealed in vacuum to form the metal
microstructure of the metal layer 14, and then the lumi-
nescent glass 13 and the metal layer 14 are cooled to
form the luminescent element 10.
[0019] In step S01, the preparation of the luminescent
glass includes: weighing metal oxides of the composition
according to the mole parts in the chemical composition
of the luminescent glass; melting the metal oxides at a
temperature in a range of 1200∼1600°C; cooling the met-
al oxides to ambient temperature, annealing in reducing
atmosphere at the temperature in a range of 400∼750°C
for 3∼12 hours; and obtaining the luminescent glass. In
detail, raw materials, such as alkali metal salt, SiO2, ZnO,
and MnO2 in analytical grade are weighed according to
the mole parts in the chemical composition
aR2O·bZnO·CSiO2·nMnO2 of the luminescent glass. The
raw materials are melt at a temperature in a range of
1200∼1600°C for 1∼5 hours and cooled to ambient tem-
perature. The raw materials are placed in reducing at-
mosphere at the temperature in a range of 400∼750°C
to be annealed for 3∼12 hours to obtain the luminescent
glass. Furthermore, the luminescent glass can be cut,
and polished to a certain size to meet the application
demands.
[0020] As previously described, the metal layer 14 is
formed by depositing metal source with excellent chem-
ical stability, such as antioxidant and corrosion-resistant
metals, or common metals. The metal layer 14 is prefer-
ably made of at least one metal selected from the group
consisting of Au, Ag, Al, Cu, Ti, Fe, Ni, Co, Cr, Pt, Pd,
Mg, and Zn, or more preferably made of at least one
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metal selected from the group consisting of Au, Ag, and
Al. In step S02, the metal layer 14 is formed on the surface
of the luminescent glass 13 via PVD or CVD, for example,
via sputtering or evaporation, with at least one metal de-
scribed above. The metal layer 14 has a thickness in a
range of 0.5∼200 nm, preferably 1∼100 nm.
[0021] In step S03, after the formation of the metal layer
14 on the luminescent glass 13, the metal layer 14 and
the luminescent glass 13 are annealed at a temperature
in a range of 50∼650°C for a period of time of 5 minutes
to 5 hours and cooled to ambient temperature. The pre-
ferred anneal temperature is in a range of 100∼600°C,
and the preferred anneal time is in a range of 15 minutes
to 3 hours.
[0022] Referring to FIG 1 and FIG 3, a flow chart of a
luminescence method of the luminescent element in-
cludes following steps:
[0023] Step S11, the luminescent element 10 is ob-
tained according to the previously described preparation
method.
[0024] Step S12, cathode-ray 16 is emitted to the metal
layer 14. A surface plasmon is formed between the metal
layer 14 and the luminescent glass 13 by the radiation
of the cathode-ray 16 and thus irradiating the luminescent
glass 13.
[0025] The luminescent element 10 has features of
structure and composition as previously described. In ap-
plication, the step S12 can be implemented by field emis-
sion display or illumination light source. In vacuum, the
anode applies a positive voltage to the field emission
cathode to form an accelerating electric field, so that the
cathode emits cathode-ray 16. Excited by the cathode-
ray 16, electron beam will penetrate the metal layer 14
and irradiate the luminescent glass 13. During such proc-
ess, a surface plasmon is formed between the metal layer
14 and the luminescent glass 13. Due to the surface plas-
mon effect, the internal quantum efficiency of the lumi-
nescent glass 13 is highly increased, and the spontane-
ous emission of the luminescent glass is highly in-
creased, so that the luminous efficiency of the lumines-
cent glass is improved.
[0026] Surface plasmon (SP) is a wave spreading
along the interface between the metal and medium,
whose amplitude exponentially decay with the increase
of the distance away from the interface. When changing
a surface structure of the metal, the feature, dispersion
relationship, excitation mode, coupling effect of the sur-
face plasmon polaritons (SPPs) will be significantly
changed. The electromagnetic field caused by the SPPs
can not only constrain the spread of the light wave in sub-
wavelength size structure, but also can produce and ma-
nipulate the electromagnetic radiation from light frequen-
cy to microwave band, thus active manipulation of the
light spread is implemented. Accordingly, the present
embodiment uses the excitation of the SPPs to increase
the optical density of the luminescent glass and to en-
hance spontaneous emission velocity of the luminescent
glass. In addition, the coupling effect of the surface plas-

mon can be used, when the luminescent glass irradiates,
sympathetic vibration phenomena occurs, thus the inter-
nal quantum efficiency of the luminescent glass is highly
increased, so that the luminous efficiency of the lumines-
cent glass is improved.
[0027] A plurality of examples are described to illus-
trate the different compositions and preparation methods
of the luminescent element, and their performances.

Example 1

[0028] A 131 cm2, polished, green luminescent glass
prepared accordingly with the composition of
9.5Li2O·35ZnO·55SiO2·0.35MnO2 is selected. A silver
layer with a thickness of 2 nm is deposited on the surface
of the luminescent glass via a magnetron sputtering
equipment. The luminescent glass and the silver layer
are annealed at a temperature of 300°C for half an hour
in vacuum with the vacuum degree <1310-3 Pa and
cooled to ambient temperature, thus a luminescent ele-
ment is obtained.
[0029] The prepared luminescent element is bombard-
ed by cathode-ray from an electron gun, and the electron
beam penetrates the metal layer and irradiates the lumi-
nescent glass, thus an emission spectrum shown in FIG
4 is obtained. In FIG 4, curve 11 represents an emission
spectrum of a luminescent glass without the metal layer;
curve 12 represents an emission spectrum of the lumi-
nescent element with the metal layer of Example 1. As
shown in FIG 4, since a surface plasmon is formed be-
tween the metal layer and the luminescent glass, com-
paring to the luminescent glass without the metal layer,
the luminescent element with the metal layer of Example
1 has a luminescence integral intensity 2.1 times as that
of the luminescent glass without the metal layer in a
wavelength of 300~700 nm, accordingly, the luminescent
performance is greatly improved.
[0030] Other Examples have the similar emission
spectrums and luminescent performance as Example 1,
which will not be described later.

Example 2

[0031] A 131 cm2, polished, green luminescent glass
prepared accordingly with the composition of
20Li2O·24ZnO·56 SiO2·0.24MnO2 is selected. A gold
layer with a thickness of 0.5nm is deposited on the sur-
face of the luminescent glass via a magnetron sputtering
equipment. The luminescent glass and the gold layer are
annealed at a temperature of 200°C for 5 hours in vacuum
with the vacuum degree <1310-3 Pa and cooled to am-
bient temperature, thus a luminescent element is ob-
tained.

Example 3

[0032] A 131 cm2, polished, green luminescent glass
prepared accordingly with the composition of
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10Na2O·40ZnO·50SiO2·0.01MnO2 is selected. An alu-
minum layer with a thickness of 200nm is deposited on
the surface of the luminescent glass via a magnetron
sputtering equipment. The luminescent glass and the alu-
minum layer are annealed at a temperature of 500°C for
5 hours in vacuum with the vacuum degree <1310-3 Pa
and cooled to ambient temperature, thus a luminescent
element is obtained.

Example 4

[0033] A 131 cm2, polished, green luminescent glass
prepared accordingly with the composition of
12K2O·30ZnO·58SiO2·0.5MnO2 is selected. A magnesi-
um layer with a thickness of 100nm is deposited on the
surface of the luminescent glass via an electron beam
evaporation equipment. The luminescent glass and the
magnesium layer are annealed at a temperature of 650°C
for 5 minutes in vacuum with the vacuum degree <1310-3

Pa and cooled to ambient temperature, thus a lumines-
cent element is obtained.

Example 5

[0034] A 131 cm2, polished, green luminescent glass
prepared accordingly with the composition of
22Li2O·8ZnO·70SiO2·0.05MnO2 is selected. A palladium
layer with a thickness of 1 nm is deposited on the surface
of the luminescent glass via an electron beam evapora-
tion equipment. The luminescent glass and the palladium
layer are annealed at a temperature of 100°C for 3 hours
in vacuum with the vacuum degree <1310-3 Pa and
cooled to ambient temperature, thus a luminescent ele-
ment is obtained.

Example 6

[0035] A 131 cm2, polished, green luminescent glass
prepared accordingly with the composition of
40Li2O·17ZnO·42SiO2·1MnO2 is selected. A platinum
layer with a thickness of 5nm is deposited on the surface
of the luminescent glass via an electron beam evapora-
tion equipment. The luminescent glass and the platinum
layer are annealed at a temperature of 450°C for 15 min-
utes in vacuum with the vacuum degree <1310-3 Pa and
cooled to ambient temperature, thus a luminescent ele-
ment is obtained.

Example 7

[0036] A 131 cm2, polished, green luminescent glass
prepared accordingly with the composition of
26K2O·24ZnO·50SiO2·0.33MnO2 is selected. An iron
layer with a thickness of 20nm is deposited on the surface
of the luminescent glass via an electron beam evapora-
tion equipment. The luminescent glass and the iron layer
are annealed at a temperature of 50°C for 5 hours in
vacuum with the vacuum degree <1310-3 Pa and cooled

to ambient temperature, thus a luminescent element is
obtained.

Example 8

[0037] A 131 cm2, polished, green luminescent glass
prepared accordingly with the composition of
30Li2O·35ZnO·35SiO2·0.4MnO2 is selected. A titanium
layer with a thickness of 10nm is deposited on the surface
of the luminescent glass via an electron beam evapora-
tion equipment. The luminescent glass and the titanium
layer are annealed at a temperature of 150°C for 2 hours
in vacuum with the vacuum degree <1310-3 Pa and
cooled to ambient temperature, thus a luminescent ele-
ment is obtained.

Example 9

[0038] A 131 cm2, polished, green luminescent glass
prepared accordingly with the composition of
10Li2O·3OZnO·60SiO2·0.3MnO2 is selected. A copper
layer with a thickness of 50nm is deposited on the surface
of the luminescent glass via an electron beam evapora-
tion equipment. The luminescent glass and the copper
layer are annealed at a temperature of 200°C for 2.5
hours in vacuum with the vacuum degree <1310-3 Pa
and cooled to ambient temperature, thus a luminescent
element is obtained.

Example 10

[0039] A 131 cm2, polished, green luminescent glass
prepared accordingly with the composition of
9.5Li2O·35ZnO·55SiO2·0.35MnO2 is selected. A zinc
layer with a thickness of 150nm is deposited on the sur-
face of the luminescent glass via an electron beam evap-
oration equipment. The luminescent glass and the zinc
layer are annealed at a temperature of 350°C for 0.5 hour
in vacuum with the vacuum degree <1310-3 Pa and
cooled to ambient temperature, thus a luminescent ele-
ment is obtained.

Example 11

[0040] A 131 cm2, polished, green luminescent glass
prepared accordingly with the composition of
9.5Li2O·35ZnO·55SiO2·0.35MnO2 is selected. A chromi-
um layer with a thickness of 120nm is deposited on the
surface of the luminescent glass via an electron beam
evaporation equipment. The luminescent glass and the
chromium layer are annealed at a temperature of 250°C
for 2 hours in vacuum with the vacuum degree <1310-3

Pa and cooled to ambient temperature, thus a lumines-
cent element is obtained.

Example 12

[0041] A 131 cm2, polished, green luminescent glass
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prepared accordingly with the composition of
9.5Li2O·35ZnO·55SiO2·0.35MnO2 is selected. A nickel
layer with a thickness of 40nm is deposited on the surface
of the luminescent glass via an electron beam evapora-
tion equipment. The luminescent glass and the nickel
layer are annealed at a temperature of 80°C for 4 hours
in vacuum with the vacuum degree <1310-3 Pa and
cooled to ambient temperature, thus a luminescent ele-
ment is obtained.

Example 13

[0042] A 131 cm2, polished, green luminescent glass
prepared accordingly with the composition of
9.5Li2O·35ZnO·55SiO2·0.35MnO2 is selected. A cobalt
layer with a thickness of 180nm is deposited on the sur-
face of the luminescent glass via an electron beam evap-
oration equipment. The luminescent glass and the cobalt
layer are annealed at a temperature of 400°C for 1 hour
in vacuum with the vacuum degree <1310-3 Pa and
cooled to ambient temperature, thus a luminescent ele-
ment is obtained.

Example 14

[0043] A 131 cm2, polished, green luminescent glass
prepared accordingly with the composition of
15Lo2O·10ZnO·65SiO2·0.2MnO2 is selected. A gold/alu-
minum layer with a thickness of 0.5nm is deposited on
the surface of the luminescent glass via an electron beam
evaporation equipment. In the gold/aluminum layer, the
gold is about 80 weight %, and the aluminum is about 20
weight %. The luminescent glass and the gold/aluminum
layer are annealed at a temperature of 200°C for 1 hour
in vacuum with the vacuum degree <1310-3 Pa and
cooled to ambient temperature, thus a luminescent ele-
ment is obtained.

Example 15

[0044] A 131 cm2, polished, green luminescent glass
prepared accordingly with the composition of
25Li2O·18ZnO·55SiO2·0.6MnO2 is selected. A silver/alu-
minum layer with a thickness of 15nm is deposited on
the surface of the luminescent glass via a magnetron
sputtering equipment. In the silver/aluminum layer, the
silver is about 90 weight %, and the aluminum is about
10 weight %. The luminescent glass and the silver/alu-
minum layer are annealed at a temperature of 200°C for
1 hour in vacuum with the vacuum degree <1310-3 Pa
and cooled to ambient temperature, thus a luminescent
element is obtained.

Example 16

[0045] A 131 cm2, polished, green luminescent glass
prepared accordingly with the composition of
35Li2O·15ZnO·45SiO2·0.8MnO2 is selected. A silver/alu-

minum layer with a thickness of 10nm is deposited on
the surface of the luminescent glass via an electron beam
evaporation equipment. In the silver/aluminum layer, the
silver is about 80 weight %, and the aluminum is about
20 weight %. The luminescent glass and the silver/alu-
minum layer are annealed at a temperature of 150°C for
2 hours in vacuum with the vacuum degree <1310-3 Pa
and cooled to ambient temperature, thus a luminescent
element is obtained.

Example 17

[0046] A 131 cm2, polished, green luminescent glass
prepared accordingly with the composition of
12Li2O·20ZnO·52SiO2·0.7MnO2 is selected. A gold/alu-
minum layer with a thickness of 0.5nm is deposited on
the surface of the luminescent glass via a magnetron
sputtering equipment. In the gold/aluminum layer, the
gold is about 90 weight %, and the aluminum is about 10
weight %. The luminescent glass and the gold/aluminum
layer are annealed at a temperature of 120°C for 2 hours
in vacuum with the vacuum degree <1310-3 Pa and
cooled to ambient temperature, thus a luminescent ele-
ment is obtained.
[0047] In Examples described above, the metal layer
14 with a metal microstructure is formed on a surface of
the luminescent glass 13, and irradiated by the cathode-
ray, a surface plasmon can be formed between the metal
layer 14 and the luminescent glass 13. Due to the surface
plasmon effect, the internal quantum efficiency of the lu-
minescent glass 13 is highly increased, and the sponta-
neous emission of the luminescent glass is highly in-
creased, so that the luminous efficiency of the lumines-
cent glass is improved and the problem of low efficiency
of the luminescent materials is overcomed. In the lumi-
nescence method of the luminescent element, once emit-
ting cathode-ray to the metal layer 14, the surface plas-
mon will be formed between the metal layer 14 and the
luminescent glass 13, thus improving the luminous effi-
ciency and reliability. The luminescent element 10 has a
simple two-layer structure for including the luminescent
glass 13 and the metal layer 14. In addition, there is a
uniform interface formed between the luminescent glass
13 and the metal layer 14, so that an excellent lumines-
cent homogeneity and stability is achieved. In the lumi-
nescence method of the luminescent element, once emit-
ting cathode-ray to the metal layer 14, the surface plas-
mon will be formed between the metal layer 14 and the
luminescent glass 13, thus improving the luminous effi-
ciency and reliability of the luminescent glass 13.
[0048] In the embodiment of the preparation method
of the luminescent element, the luminescent element can
be obtained by forming a metal layer on the luminescent
glass and annealing the luminescent glass and the metal
layer, thus the preparation method is simple and has a
low cost. The luminescent element can be widely applied
to luminescent devices with ultra-high brightness and
high-speed motion, such as field emission display.
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[0049] Although the invention has been described in
language specific to structural features and/or method-
ological acts, it is to be understood that the invention
defined in the appended claims is not necessarily limited
to the specific features or acts described. Rather, the
specific features and acts are disclosed as sample forms
of implementing the claimed invention.

Claims

1. A luminescent element, comprising:

a luminescent glass; and
a metal layer with a metal microstructure formed
on a surface of the luminescent glass;
wherein the luminescent glass has a chemical
composition: aR2O·bZnO·cSiO2·nMnO2,
wherein R represents the alkali metal element,
a, b, c, and n are, by mole parts, 9.5~40, 8~40,
35~70, and 0.01∼1, respectively.

2. The luminescent element according to claim 1,
wherein the metal layer is made of at least one metal
selected from the group consisting of Au, Ag, Al, Cu,
Ti, Fe, Ni, Co, Cr, Pt, Pd, Mg, and Zn.

3. The luminescent element according to claim 1,
wherein the microstructure of the metal layer is an
aperiodic microstructure.

4. The luminescent element according to claim 1,
wherein the alkali metal element is at least one ele-
ment selected from the group consisting ofNa, K,
and Li.

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

6. A preparation method of a luminescent element,
comprising:

preparing a luminescent glass comprising a
chemical composition:

aR2O·bZnO·cSiO2·nMnO2, wherein R rep-
resents the alkali metal element, a, b, c, and
n are, by mole parts, 9.5∼40, 8~40, 35∼70,
and 0.01∼1, respectively;

forming a metal layer on a surface of the lumi-
nescent glass, and
annealing the luminescent glass and the metal
layer in vacuum to form a metal microstructure
of the metal layer, and then cooling the lumines-
cent glass and the metal layer to form the lumi-
nescent element.

7. The preparation method according to claim 6, where-
in the metal layer is formed on the luminescent glass
by sputtering or evaporation.

8. The preparation method according to claim 6, where-
in the preparation of the luminescent glass compris-
es: weighing metal oxides of the composition accord-
ing to the mole parts in the chemical composition of
the luminescent glass; melting the metal oxides at a
temperature in a range of 1200∼1600°C; cooling the
metal oxides to ambient temperature, annealing in
reducing atmosphere at the temperature in a range
of 400∼750°C for a period of time of 3~12 hours; and
obtaining the luminescent glass.

9. The preparation method according to claim 7, where-
in the anneal is proceed at a temperature in a range
of 50∼650°C for 5 minutes to 5 hours.

10. A luminescence method of a luminescent element,
comprising:

obtaining the luminescent element according to
the preparation method of any of claims 6 to 9;
and
emitting cathode-ray to the metal layer, forming
a surface plasmon between the metal layer and
the luminescent glass by the radiation of the
cathode-ray and then irradiating the lumines-
cent glass.

Patentansprüche

1. Ein lumineszierendes Element, umfassend:

ein lumineszierendes Glas; und
eine Metallschicht mit einer Metall-Mikrostruktur
geformt auf der Oberfläche des lumineszieren-
den Glases;
wobei das lumineszierende Glas eine chemi-
sche Zusammensetzung a
R2O·bZnO·cSiO2·nMnO2 aufweist, wobei R ein
Alkalimetall-Element repräsentiert, a, b, c, und
n sind entsprechend, in Mol-Anteilen, 9,5∼40,
8∼40, 35∼70, und 0,01∼1.

2. Das lumineszierende Element nach Anspruch 1, wo-
bei die Metallschicht aus wenigstens einem Metall
ausgesucht aus der Gruppe bestehend aus Au, Ag,
Al, Cu, Ti, Fe, Ni, Co, Cr, Pt, Pd, Mg und Zn herge-
stellt ist.

3. Das lumineszierende Element nach Anspruch 1, wo-
bei die Mikrostruktur der Metallschicht eine aperiodi-
sche Mikrostruktur ist.

4. Das lumineszierende Element nach Anspruch 1, wo-
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bei das Alkalimetall Element wenigstens eines aus-
gesucht aus der Gruppe bestehend aus Na, K, und
Li ist.

5. Das lumineszierende Element nach Anspruch 1, wo-
bei die Metallschicht eine Dicke in einem Bereich
von 0,5∼200 nm aufweist.

6. Verfahren zur Herstellung eines lumineszierenden
Elementes, umfassend:

Herstellen eines lumineszierenden Glases auf-
weisend eine chemische Zusammensetzung
aR2O·bZnO·cSiO2·nMnO2, wobei R ein Alkali-
metall-Element repräsentiert, a, b, c, und n sind
entsprechend, in Mol-Anteilen, 9,5∼40, 8∼40,
35∼70, und 0,01∼1;
Herstellen einer Metallschicht auf der Oberflä-
che des lumineszierenden Glases, und Tem-
pern des lumineszierenden Glases und der Me-
tallschicht im Vakuum um eine Metall-Mikro-
struktur der Metallschicht zu erhalten, und an-
schließendem Abkühlen des lumineszierenden
Glases und der Metallschicht um das lumines-
zierende Element zu erhalten.

7. Die Herstellmethode nach Anspruch 6, wobei die
Metallschicht auf dem lumineszierenden Glas durch
Sputtern oder Verdampfen erhalten wird.

8. Die Herstellmethode nach Anspruch 6, wobei die
Herstellung des lumineszierenden Glases umfasst:
Einwiegen der Metalloxide der Zusammensetzung
entsprechend ihrer Mol-Anteile in der chemischen
Zusammensetzung des lumineszierenden Glases;
Schmelzen der Metalloxide bei einer Temperatur in
einem Bereich von 1200 ∼ 1600°C; Abkühlen der
Metalloxide auf Umgebungstemperatur, Tempern in
einer reduzierenden Atmosphäre bei einer Tempe-
ratur in einem Bereich von 400∼750°C für eine Zeit-
dauer von 3∼12 h; unter Erhalt des lumineszierenden
Glases.

9. Die Herstellmethode nach Anspruch 7, wobei das
Tempern bei einer Temperatur in einem Bereich von
50∼650°C für 5 Minuten bis zu 5 Stunden fortgeführt
wird.

10. Eine Lumineszenz-Methode für ein lumineszieren-
des Element, umfassend:

Erhalten des lumineszierenden Elementes nach
der Herstellmethode nach einem der Ansprüche
6 bis 9; und
Bestrahlen der Metallschicht mit Kathoden-
strahlung, Formen eines Oberflächen-Plas-
mons zwischen der Metallschicht und dem lu-
mineszierenden Glases durch die Strahlung des

Kathoden-Strahls und anschließender Bestrah-
lung des lumineszierenden Glases.

Revendications

1. Elément luminescent, comprenant :

un verre luminescent ; et
une couche métallique avec une microstructure
métallique formée sur une surface du verre
luminescent ;
dans lequel le verre luminescent a une compo-
sition chimique : aR2O·bZnO·CSiO2·nMnO2,
dans laquelle R représente l’élément métal al-
calin, a, b, c, et n sont, en parties molaires,
9,5~40, 8~40, 35~70, et 0,01∼1, respective-
ment.

2. Elément luminescent selon la revendication 1, dans
lequel la couche métallique est faite d’au moins un
métal choisi dans le groupe consistant en Au, Ag,
Al, Cu, Ti, Fe, Ni, Co, Cr, Pt, Pd, Mg, et Zn.

3. Elément luminescent selon la revendication 1, dans
lequel la microstructure de la couche métallique est
une microstructure apériodique.

4. Elément luminescent selon la revendication 1, dans
lequel l’élément métal alcalin est au moins un élé-
ment choisi dans le groupe consistant en Na, K, et Li.

5. Elément luminescent selon la revendication 1, dans
lequel la couche métallique a une épaisseur dans
une plage de 0,5~200 nm.

6. Méthode de préparation d’un élément luminescent,
comprenant de :

préparer un verre luminescent comprenant une
composition chimique :

aR2O·bZnO·cSiO2·nMnO2, dans laquelle R
représente l’élément métal alcalin, a, b, c,
et n sont, en parties molaires, 9,5~40, 8~40,
35∼70, et 0,01∼1, respectivement ;

former une couche métallique sur une surface
du verre luminescent, et
recuire le verre luminescent et la couche métal-
lique sous vide pour former une microstructure
métallique de la couche métallique, et ensuite
refroidir le verre luminescent et la couche mé-
tallique pour former l’élément luminescent.

7. Méthode de préparation selon la revendication 6,
dans laquelle la couche métallique est formée sur le
verre luminescent par pulvérisation cathodique ou
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évaporation.

8. Méthode de préparation selon la revendication 6,
dans laquelle la préparation du verre luminescent
comprend de : peser des oxydes métalliques de la
composition selon les parties molaires dans la com-
position chimique du verre luminescent ; fondre les
oxydes métalliques à une température dans une pla-
ge de 1200~1600°C ; refroidir les oxydes métalli-
ques jusqu’à la température ambiante ; recuire dans
une atmosphère réductrice à une température dans
une plage de 400∼750°C pour une durée de 3~12
heures ; et obtenir le verre luminescent.

9. Méthode de préparation selon la revendication 7,
dans laquelle le recuit est réalisé à une température
dans une plage de 50∼650°C pour 5 minutes à 5
heures.

10. Méthode de luminescence d’un élément lumines-
cent, comprenant de :

obtenir l’élément luminescent selon la méthode
de préparation de l’une quelconque des reven-
dications 6 à 9 ; et
émettre un rayon cathodique vers la couche mé-
tallique, former un plasmon de surface entre la
couche métallique et le verre luminescent par la
radiation du rayon cathodique et ensuite irradier
le verre luminescent.
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