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DESCRIPTION
OXYNITRIDE PHOSPHOR AND LIGHT-EMITTING DEVICE

Technical Field
The present invention relates to an oxynitride phosphor and a

light-emitting device using the phosphor.

Background Art
Recently, requests for a phosphor and a light-emitting device using

the phosphor have been diversified, and in particular, the development of a
novel red phosphor and a light-emitting device emitting light of a warm color,
using the red phosphor, has been expected.

" Furthermore, in the field of developing a light-emitting diode light
source emitting white light using a phosphor (white LED), the input power is
increasing year after year in order to increase output. Therefore, there a1s6
is a light source in which a light-emitting element that is an excitation source
of a phosphor generates heat at about 100°C to 180°C. Most of such white
LED light sources need to excite a phosphor at the same temperature as that
of thé Light-emitting elément due to the configuration, so that there is a
demand for a phosphor exhibiting high emission performance even at a
temperature equal to or higher than 100°C.

Conventionally, as a nitride phosphor and an oxynitride phosphor,
those shown in the following (1) to (4) are known. These phosphors are
excited with ultraviolet to blue light, and emit red light having an emission
peak in a wavelength range of 610 nm to less than 660 nm. Therefore, it is
known that these phosphors preferably are used for a light-emitting device
such as a white LED light source, for example.

(1) M2SisNg:Euz*+ (M represents at least one element selected from Ca,

Sr, Ba, and Zn (see the following Document 1)
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(2) SrzSi4AlION7:Eu?* (see the following Document 2)

(3) CaSigAlIONy:Eu?* (see the following Document 2)

(4) CaAlSiNs:Eu?* (see the following Document 6)

As the above-mentioned M2SisNs:Eu2* nitride phosphor, a nitride
phosphor is known, which contains a trace amount of aluminum of the order
of several 10 to 1000 ppm and a trace amount of oxygen of several % or less
as an impurity for the purpose of enhancing an emission intensity and
afterglow characteristics (see the following Document 3).

Furthermore, as a M2SisNs:Ce3* nitride phosphor containing Ce3* as a
required luminescent center ion, a MxSigAluO,N(@m)x + @y +u - @37 Ced*
oxynitride phosphor similarly is known, in which the composition of the
nitride phosphor is fine-adjusted for the purpose of enhancing an emission
intensity (see the following Document 4). M represents at least one element
selected from Mg, Ca, Sr, Ba, and Zn, and x, y, u, z respectively represent
numerical values satisfying Expressions3 1.56<x<25,45<y<55,0<u<
0.5, 0 <z < 1, or Expressions: 075 <x<15,65<y<750<u<050<z<1.

Furthermore, for the purpose of obtaining green to yellow emission as
a result of excitation with light in an ultraviolet to visible light region, the
composition of an oxynitride phosphor containing Eu2* as a luminescent
cent"er ion, and contaihing an alkaline-earth metal element, silicon,
aluminum, oxygen, and nitrogen as main constituent elements has been
studied. Consequently, a MxSivAluOzN(@s)x + @ws)v +U - @m)z) Eu2* oxynitride
phosphor has been proposed (see the following Reference 5), where M
represents at least one element selected from Mg, Ca, Sr, Ba, and Zn; X, Y, U,
Z respectively represent numerical values satisfying Expressions: 0.5 <X <
1.5,1.5<Y<25,0<U<05,15<Z<25.

Regarding the above-mentioned conventionally known nitride
M:SisNs, the following is known: the crystal structure varies depending upon
the kind of M; and for example, in the case where the main component of M is

Ca, the nitride M2SisNs has a monoclinic crystal structure, while in the case
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where the main component of M is Sr or Ba, the nitride M2SisNghas an
orthorhombic crystal structure (see the following Documents 7 and 8). It
also is known that owing to the satisfactory temperature characteristics, the
nitride M2SisNsis hardly subjected to temperature extinction, and holds an
emission intensity at a similar level to that at room temperature, even when
the temperature of the phosphor increases to about 100°C. On the other
hand, regarding the conventionally known oxynitride phosphor (e.g.,
SrzSisAION7"Eu?*), the crystal structure and temperature characteristics are
not known.

Conventionally, as a phosphor for a white LED light source, a
phosphor composition containing a luminescent center ion in a crystal lattice
and being represented by a general formula® M2Sis—Al,O,Ns—, has been
studied (see the following Document 9). In this formula, M is at least one
element selected from Mg, Ca, Sr, Ba, and Zn, and p is a numerical value
satisfying 0 <p <5. .

Document 9 describes that it is apparent that a compound in a single
crystal phase satisfying p = 2, i.e., a compound represented by a chemical
formula: M2SisAl202Ns actually exists and can be produced. However,
regarding a compound in which p is a numerical value other than 2, above all,
a coﬁlpound ina singlé crystal phase in which p is a numerical value
satisfying 0 <p < 1, i.e., a compound represented by a chemical formula:
M2Sis-pAl,OpNs—, (M is at least one element selected from Mg, Ca, St, Ba, and
Zn, and p is a numerical value satisfying 0 <p < 1), Document 9 does not
describe clearly the actual existence of a compound in a single crystal phase,
and does not describe that it is apparent that such a compound can be
produced.

According to the experiment of the inventors, in a composition
represented by the above general formula: M2Sis—,Al,OpNs—, at least in a
numerical value range where p satisfies 2 <p <5, the existence of a

compound in a single crystal phase, i.e., a compound represented by a
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chemical formula: M2Sis—pAl,OpNs-p is not recognized.

(Document 1) JP 2003-515665 A

(Document 2) JP 2003-206481 A

(Document 3) JP 2003-321675 A

(Document 4) JP 2004-244560 A

(Document 5) JP 2004-277547 A

(Document 6) “Extended Abstracts (65th Meeting, 2004) Japan
Society of Applied Physics” (No. 3, p. 1283) by N. Hirosaki et al.

(Document 7) “Zeitschrift fiir anorganische und allgemeine Chemie

(Z. Anorg. Allg. Chem.)”, 1995, Vol. 621, p. 1037, by T. Schlieper and W.

Schnick

(Document 8) “Zeitschrift fiir anorganische und allgemeine Chemie
(Z. Anorg. Allg. Chem.)”, 1995, Vol. 621, p. 1380, by T. Schlieper et al.

(Document 9) WO02004/055910 Al

Although the above-mentioned MsSisNs:Eu?* in (1) and the
above-mentioned CaAlSiN3s:Eu2* nitride phosphor in (4) have satisfactory
temperature characteristics, an impurity such as oxygen is likely to be mixed
in the course of production, which makes it difficult to obtain a nitride having
satisfactory crystal quality. Therefore, these phosphors have a problem that
itis ;t'elaﬁvely difﬁculf to produce a phosphor having high emission efficiency.
These nitride phosphors also have a problem that it is necessary to use an
ingredient (e.g., a nitride of alkaline earth metal, etc.) that is difficult to
obtain due to its expense and difficult to handle in the atmosphere, and to use
a complicated production process. Thus, these nitride phosphors are not
suitable for industrial production.

On the other hand, the oxynitride phosphor such as SreSisAION7:Eu2+
in (2) requires a relatively high synthesis temperature so as to obtain high
performance in the course of production; however, even when an impurity
such as oxygen is mixed, the influence thereof is small since the phosphor

contains oxygen as a component. Thus, this phosphor is an ingredient
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suitable for industrial production. For example, the above-mentioned
oxynitride phosphor can be produced relatively easily so as to have high
emission efficiency in a single crystal phase by a production method suitable
for industrial production, such as a so-called carbotherml
reduction-nitridation using carbon as a reducing agent and a general ceramic
material (e.g., strontium carbonate, silicon nitride, aluminum nitride, etc)) as

a phosphor ingredient. However, this phosphor has a problem of poor

. tempeiature characteristics, and when the phosphor temperature increases

to 100°C, for example, the emission efficiency decreases to about 80% of that
at room temperature. ‘

It is desired to develop a novel phosphor (in particular, a red
phosphor) that satisfies high emission efficiency and satisfactory temperature
characteristics and is suitable for industrial production, and a light-emitting

device emitting light in a warm color using the phosphor.

Disclosure of Invention

An oxynitride phosphor of the present invention includes a
luminescent center ion in a crystal lattice of an oxynitride, wherein the
oxynitride is a compound represented by a chemical formula:
MZSiﬁ—pA].pOpNS—p, Whére M is at least one element selected from the group
consisting of Mg, Ca, Sr, Ba, and Zn, and p is a numerical value satisfying an
expression: 0 <p < 1.

Furthermore, a light-emitting device of the present invention includes
the above-mentioned oxynitride phosphor and an excitation source exciting

the above-mentioned oxynitride phosphor.

Brief Description of Drawings

FIG. 1is a cross-sectional view of a semiconductor light-emitting
device in an embodiment of the present invention.

FIG. 2 is a cross-sectional view of the semiconductor light-emitting
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-device in the embodiment of the present invention.

FIG. 3 is a cross-sectional view of the semiconductor light-emitting
device in the embodiment of the present invention.

FIG. 4 is a schematic view showing a configuration of an
illumination * display device in the embodiment of the present invention.

FIG. 5 is a schematic view showing a configuration of the
illumination * display device in the embodiment of the present invention.

FIG. 6 is a perspective view showing an illumination module in the’
embodiment of the present invention.

FIG. 7 is a perspective view showing an illumination module in the
embodiment of the present invention.

FIG. 8 is a perspective view of an illumination device in the
embodiment of the present invention.

FIG. 9Ais a side view of the illumination device in the embodiment of
the present invention. .

FIG. 9B is a bottom view of the illumination device in the
embodiment of the present invention.

FIG. 10 is a perspective view of an image display device in the
embodiment of the present invention.

' FIG. 11isa pérspective view of a numeral display device in the

embodiment of the present invention.

FIG. 12 is a partial cut-away view of an end portion of a fluorescent
lamp in the embodiment of the present invention.

FIG. 13 is a cross-sectional view of a double insulating configuration
thin film EL panel in the embodiment of the present invention.

FIG. 14 shows an excitation spectrum and an emission spectrum of
an oxynitride phosphor of Example 1 in the present invention.

FIG. 15 shows an excitation spectrum and an emission spectrum of a
nitride phosphor of Comparative Example 2.

FIG. 16 shows an excitation spectrum and an emission spectrum of
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an oxynitride phosphor of Comparative Example 1.

FIG. 17 is a view showing a summarized X'raf diffraction pattern of
phosphors of Examples 1-3, and Comparative Examples 1, 2 in the present
invention.

FIG. 18 shows a relationship between a d-value and x of the
phosphors of Examples 1-3, and Comparative Examples 1, 2 in the present
invention.

FIG. 19 shows a relationship between a relative emission intensity .
and a phosphor temperature of the phosphors of Examples 1-3, and
Comparative Examples 1, 2 in the present invention.

F1G. 20 shows a relationship between a relative emission intensity
and a phosphor temperature of the phosphors of Examples 4—7 in the present
invention.

FIG. 21 shows a relationship between a relative emission intensity
and a phosphor temperature of the phosp.hors of Example 4 and Examples

8-10 in the present invention.

Description of the Invention

The present invention provides a novel oxynitride phosphor having
satlsfactory emission characteﬂstlcs and high emission performance. In
particular, the present invention provides a novel oxynitride phosphor that
satisfies both high emission efficiency and satisfactory temperature
characteristics, and that emits red light most suitable for industrial
production.

Furthermore, the present invention provides a light-emitting device
using a phosphor composed of a novel ingredient as a light-emitting source,
and in particular, a light-emitting device that has high emission efficiency
even when operated at a high temperature and has a high intensity of a red
light-emitting component with high brightness. |

Hereinafter, the present invention will be described by way of
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embodiments.

In order to investigate the substitution effect and addition effect of Al
with respect to a constituent element Si of a phosphor containing a
Iuminescent center ion in a crystal lattice of a compound represented by a
chemical formula: M2SisNs, and the substitution effect and addition effect of
O with respect to a constituent element N of the phosphor, phosphors (M,
Ew)aSinALOaN(@ig)a + @/a)b + o~ (2/9a) activated with some Eu2* were investigated
for emission characteristics. Herein, M is at least one element selected from
the group consisting of Mg, Ca, Sr, Ba, and Zn, and a, b, c and d are
numerical values respectively satisfying Expressions: 1.5<a<2.5,4<b<6,0
<c<2,0<d<2.

Consequently, it was found that red light having a high emission
intensity is obtained in a particular composition range of the
above-mentioned phosphor where the number of Al elements is equal to that
of O elements. In the above-mentionedvp articular composition range, a, b, ¢
and d are numerical values respectively satisfying Expressions: 1.8 <a<2.2,
4<b<5,0<¢c<1,0<d<1.

The crystal constituent ingredient of a phosphor (hereinafter, referred
to as a group A) in which the above-mentioned red light having a high
emiésion intensity Waé compared with that of a phosphor (hereinafter,
referred to as a group B) whose composition is not in the above-mentioned
particular composition range, using an X-ray diffraction method. As a result,
the group A exhibited an X-ray diffraction pattern similar to that of the
above-mentioned nitride M2SisNs and was composed of a substantially single
compound. On the other hand, the group B exhibited an X-ray diffraction
pattern different from that of the nitride M2SisNs, and was composed of a
mixture of a plurality of compounds, such as a mixture of the
above-mentioned nitride and another compound (for example, aluminum
nitride, etc.).

Furthermore, as a result of making a detailed investigation of a
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phosphor in the above-mentioned group A, the phosphor found to be a solid
solution (compound having a single crystal phase) of the above-mentioned
nitride M2SisNs and a conventionally known oxynitride M2SisAIONy.

It also was found that the phosphor in the group A emitted red light
similar to that of a conventional MsSisNs:Eu2* and MsSi4AlION7:Eu2+
oxynitride phosphor, and had emission characteristics and emission
performance comparable to those of these phosphors. More specifically, the
phosphor in the group Ais a red phosphor capable of being excited with light
mn a wavelength range in a wide range of 220 nm to 600 nm, emitting red
light having an emission peak in a wavelength range of 620 nm to 640 nm,
and converting blue excitation light with a wavelength of 470 nm into red
light at a high absolute internal quantum efficiency of 60% or higher.

Similarly, phosphors (M, Ce)aSibAlOaN (@ + @b + o - (30 activated
with some Ce3* were investigated for emission characteristics. Herein, M is
at least one element selected from the group consisting of Mg, Ca, Sr, Ba, and
Zn, and a, b, ¢ and d are numerical values respectively satisfying
Expressions: 1.5<a<25,4<b<6,0<c<2,0<d<2.

Consequently, the following was found: there are a phosphor (group
A) exhibiting an X-ray diffraction pattern similar to that of the
abox;'e-mentioned nitride M3SisNs having high an emission intensity and a
phosphor (group B) exhibiting an X-ray diffraction pattern different from that
of the above-mentioned nitride M2SisNs, and the phosphor in the
above-mentioned group A emits green light similar to that of a conventional
M2SisNs:Ce3* nitride phosphor, or the like, and has emission characteristics
and emission performance comparable to those of these phosphors.

Thus, the phosphor in the above-mentioned group Ais a compound
having a single crystal phase, which is a solid solution of the
above-mentioned M2SisNs and the above-mentioned M2SisAION7. Therefore,
the phosphor in the group A is considered to exhibit emission characteristics

more satisfactory than that of the phosphor in the group B, and have
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emission characteristics comparable to and emission performance higher.
than the above-mentioned conventional nitride phosphor and the oxynitride
phosphor.

Furthermore, as a result of making a detailed investigation of a
numerical range of the above-mentioned x in a solid solution
(1-x)(M1-nEun)2SisNs * x(M1-nEun)2SisAION7 (where the M is at least one
element selected from Mg, Ca, Sr, Ba, and Zn, and the above-mentioned x is a
numerical value satisfying an expression: 0 < x < 1) of (Mi-nEuy)2SisNs with a
luminescent center ion being Eu?* and (M;-,Fun)2Si«AION7, and the
temperature characteristics of a phosphor, the following was found: in a
particular numerical range (0.2 < x < 0.8), satisfactory temperature
characteristics comparable to those of conventionally known M2SisNg Eu?2
nitride phosphor and CaAlSiNs:Eu2+* nitride phosphor are seen.

The crystal structure and temperature characteristics regarding the
above-mentioned M2SisAION7:Eu2* oxynitride phosphor were clarified for the
first time, and such a fact has not been known.

The present invention was achieved based on the above finding.

Hereinafter, embodiments of the present invention will be described.

(Embodiment 1)

First, an embodiment of an oxynitride phosphor of the present
invention will be described.

An example of the oxynitride phosphor of the present invention is an
oxynitride phosphor containing a luminescent center ion in a crystal lattice of
an oxynitride, and the above-mentioned oxynitride is a compound
represented by a chemical formula: MsSis-, Al,OpNs—, where M is at least one
element selected from the group consisting of Mg, Ca, St, Ba, and Zn, and p is
a numerical value satisfying 0 <p < 1.

The oxynitride phosphor is a compound that is a phosphor containing

a luminescent center ion in a crystal lattice of a compound represented by a
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H

chemical formula: M2Sis—AlLOpNs-p to be a phosphor host, and that has a
single crystal phase composed of a single compound. Owing to such a
configuration, a phosphor having satisfactory emission characteristics and
high emission performance can be obtained.

If the above-mentioned p is a numerical value satisfying 0.7<p <1, a

phosphor having a composition different from that of a conventional phosphor

is obtained. Furthermore, if the above-mentioned p is a numerical value
satisfying 0.7 <p < 0.9, more preferably 0.7 <p < 0.8, the above-mentioned
oxynitride phosphor becomes a phosphor having a composition apparently
different from that of a conventional phosphor.

It is preferable that the above-mentioned oxynitride phosphor does
not contain an impurity. However, for example, the above-mentioned
oxynitride phosphor may contain at least one metal impurity element in an
amount corresponding to less than 10 atomic% of an element such as M, Al,
Si, or the like in the above chemical formula. More specifically, for the
purpose of slightly improving the emission performance of an oxynitride
phosphor, a trace amount or a small amount of impurity element can be
added, and the oxynitride phosphor can have a composition slightly shifted
from a stoichiometric chemical composition in a range of a composition
appr;lrently different from that of a known phosphor composition. For
example, for the purpose of slightly improving emission performance, a part
of Si contained in the oxynitiide phosphor can be replaced by at least one
element capable of assuming tetravalence such as Ge and Ti, or a part of Al
can be replaced by at least one element capable of assuming trivalence such
as B, Ga, In, Sc, Y, Fe, Cr, T4, Zr, Hf, V, Nb, and Ta. Herein, the
above-mentioned part refers to, for example, that the number of atoms with
respect to Si and Al is less than 30 atomic%.

The luminescent center ion can be selected appropriately from
rare-earth ions (e.g., Eu2t, Ce3*, Pré+, Eus*, Dy3*, Nd3+, Th3+, Yb2, etc.) and

transition metal ions (e.g., Mn2*, etc.). If the above-mentioned luminescent
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center ion is Ce3+ or Th3*, a phosphor emitting green light is obtained, and if
the above-mentioned luminescent center ion is Eu3*, a phosphor emitting red
light having an emission spectrum shape in a bright line shape is obtained.

The adding amount of the above-mentioned luminescent center ion is
0.1 atomic% to 30 atomic%, preferably 0.5 atomic% to 10 atomic%, and more
preferably 1 atomic% to 5 atomic% with respect to the above-mentioned M. -
If the adding amount is in this range, an oxynitride phosphor satisfying both
satisfactory emission color and high brightness is obtained. The
luminescent center ion is added so as to replace a part of a lattice position of .
an element M. Furthermore, for example, in the case of adding a trivalent
ion such as Ce?" as a lJuminescent center ion, it is preferable to add an alkali
metal ion (e.g., Li, Na, K, etc.) having substantially the same atomic number
as that of the luminescent center ion, for the purpose of compensating for a
charge, and thus, a luminescent center ion in a high concentration of 1
atomic% or more can be activated. ’

In the oxynitride phosphor of the present embodiment, the
above-mentioned luminescent center ion preferably is at least one selected:
from Eu?* and Ce?*, since an oxynitride phosphor emitting light at high
emission efficiency is obtained under the condition of excitation with
neal:-ultraviolet ~ violét —blue light. Furthermore, by adding Eu2*, the
phosphor is excited with near-ultraviolet — violet — blue light to become a
phosphor emitting red light.” By adding Ce3*, the phosphor is excited with
near-ultraviolet ~ violet — blue light to become a phosphor emitting green
light.

Furthermore, in the oxynitride phosphor of the present embodiment,
the above-mentioned luminescent center ion can be contained in combination
of two or more ions selected from Eu?*, Ce3*, Dy3+, and Nd3*. At this time,
the oxynitride phosphor becomes a phosphor obtained by coactivating a
plurality of luminescent centerions. For example, a phosphor coactivated

with Ce3* and Eu?*, a phosphor coactivated with Eu2* and Dy3*, a phosphor
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coactivated with Eu2* and Nd*, and the like are obtained. By obtaining
such a phosphor, using a phenomenon in which energy transition from one
luminescent center ion to another luminescent center ion occurs, a phosphor
in which the shapes of an excitation spectrum and an emission spectrum are
controlled can be obtained, and a long afterglow phosphor can be obtained
using an excitation phenomenon owing to heat.

It is more preferable that the oxynitride phosphor of the present
embodiment is a compound represented by a chemical formula:

( I_X)<Ml—nEUn)2Si5N8 *x(M1-nFun)2SisAION7, where x is a numerical value
satisfying 0.2 <x < 0.8, and n is a numerical value satisfying 0.001 <n < 0.3.
In other words, this phosphor is a solid solution of an nitride phosphor
represented by a chemical formula: (M;-nEu,)2SisNs and an oxynitride
phosphor represented by a chemical formula: (M;—,Eu,)2SisAION.

Furthermore, it is more preferable that the above-mentioned x is a
numerical value satisfying 0.5 <x<0.8, in particular, 0.7 < x < 0.8 for the
following reason. The resultant phosphor contains an oxygen component in
a relatively larger amount compared with the conventionally known
(Mi1-2Eun)2SisNs, so that the phosphor can be produced relatively easily, and a
phosphor having satisfactory emission performance is obtained since it
contf;lins a relatively smaller amount of an aluminum component, compared
with the conventionally known (Mi-»Eun)2SisAION7. - It is more preferable
that the above-mentioned n is a numerical value satisfying 0.005 <n < 0.1,in
particular, 0.01 <n < 0.05, because a phosphor having a high absolute
internal quantum efficiency (e.g., a phosphor capable of converting blue
excitation light to red light at a high conversion efficiency).

An oxynitride phosphor close to a nitride phosphor having a small
ratio of an oxygen component has satisfactory temperature characteristics.
However, in producing such a phosphor, in the same way as in the case of
producing a pure nitride phosphor, the influence of an ingredient for a

phosphor, the impurity oxygen component contained in a trace amount in a
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sintering atmosphere, and water vapor cannot be ignored, so that it is
difficult to produce an oxynitride phosphor of high quality with good
reproducibility. Furthermore, in producing an oxynitride phosphor close to a
nitride phosphor containing metal (e.g., Mg, Ca, Sr, etc.) with a relatively
small ion radius, silicon, and aluminum, a STALON-based phosphor is likely
to be generated as a sub-product, so that there is a problem that the emission
color of a phosphor is likely to be yellowish due to the mixing of the phosphor
of the sub-product.

On the other hand, an oxynitride phosphor having a large ratio of an
aluminum component has a problem that the temperature extinction is large
and the emission efficiency decreases largely along with an increase in a
phosphor temperature. Furthermore, in production of such a phosphor, the
reaction among phosphor ingredients is relatively unlikely to proceed, so that
it is necessary to effect a reaction at a relatively high temperature so as to

obtain a phosphor having high performahce. Therefore, it is considered not

- to be easy to produce an oxynitride phosphor of high quality containing a

large ratio of an aluminum component. However, such an oxynitride
phosphor necessarily has a large ratio of an oxygen component, and the
change in characteristics due to an impurity oxygen mixed in a phosphor in
the (;ourse,of productibn is small. This superiority is high, so that an
oxynitride phosphor containing a large ratio of an aluminum component is
considered to be suitable for industrial production.

For the above reason, it is not preferable that the composition of the
above-mentioned oxynitride phosphor is too close to that of the
above-mentioned (M;—»Eu,)2SisNs, and is too close to that of the
above-mentioned (M1 Eun)2SisAION7.

In the oxynitride phosphor of the present embodiment, it is more
preferable that a main component of M in the above-mentioned chemical
formula is S, because the wavelength of excitation light can be converted at

higher quantum conversion efficiency to emit light. The main component of
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the above-mentioned M being Sr means that a majority of the element M,
preferably 80 atomic% or more of the element M is St.

In the present embodiment, an oxynitride phosphor preferably has a
composition in which all the above-mentioned M is set to be at least one
element selected from Mg, Ca, Sr, Ba, and Zn, in terms of the management
and production of an ingredient. The oxynitride phosphor most preferably
has a composition in which all the above-mentioned M is set to be Sr.

Furthermore, in the present embodiment, the oxynitride phosphor
preferably has a composition in which the above-mentioned M contains Sr as
a main component and further contains at least one element selected from Ba
and Ca, in terms of temperature characteristics.. That is, it is preferable
that the replacement amount of Ba and Ca with respect to the
above-mentioned M is less than 50 atomic%. With such a composition, an
oxymitride phosphor emitting light with a high emission intensity and small
temperature extinction is obtained. In ﬁarticular, if a majority of the
above-mentioned M is occupied by Sz, and the replacement amount of Ba with
respect to the above-mentioned M is less than 50 atomic%, an oxynitride
phosphor having satisfactory spectral luminous efficacy, emitting red light
having a relatively high intensity, and having small temperature extinction is
obtaJ:ned. |

- Herein, the temperature characteristics of the oxynitride phosphor of
the present embodiment will be described in detail.

The x preferable in terms of temperature characteristics is a
numerical value in a range of 0 <x <0.75, and the p is a numerical valuein a
range of 0 <p <0.75. In this numerical value range, at least, temperature
characteristics that are more satisfactory than those with a composition of x =
1orp =1 are obtained. Furthermore, the x preferably is a numerical value
in a range of 0.1 <x <0.75, and the p is a numerical value in a range of 0.1 <
p <0.75. In this numerical value range, satisfactory temperature

characteristics equal to or more than the composition of x =0 orp =0 are
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obtained. Furthermore, the above-mentioned x preferably is a numeﬁcal
value satisfying 0.1 < x < 0.6, in particular 0.2 <x<0.6. The
above-mentioned p is a numerical value satisfying 0.1 <p < 0.6, in particular,
0.2 <p <0.6. In this numerical value range, temperatui'e characteristics
more satisfactory than those of the composition of x =0 or p =0 are obtained.

When both aspects of production and temperature characteristics are
considered, the above-mentioned x is considered to be preferably a numerical
value in a range satisfying 0.5 < x < 0.6.

The oxynitride phosphor of the present embodiment is not
particularly imited by its property and the like. For example, the oxynitride
phosphor may be, for example, a single crystalline bulk, a ceramic molding, a
thin film having a thickness of several nm to several pm, a thick film having
a thickness of several 10 um to several 100 pm, powder, or the like. For the
purpose of application to a light-emitting device, the oxynitride phosphor
preferably is powder, and moxre preferably is powder with a center grain size
(D50) of 0.1 um to 30 um (preferably 0.5 um to 20 pm). ~Furtherm0ie, the
shape of a particle itself of the above-mentioned oxynitride phosphor is not
particularly limited, and for example, the oxynitride phosphor may have a
spherical shape, a plate shape, a bar shape, or the like. The oxynitride
phosbhor also may be aispersed in glass (e.g., crystallized glass).

An oxynitride phosphor activated with Eu2* that is an example of the
oxynitride phosphor of the present embodiment is excited with ultraviolet —
near-ultraviolet — violet — blue — green — yellow —~ orange light of 250 nm to
600 nm, preferably near-ultraviolet — violet — blue — green light of 360 nm to
560 nm, and emits light of 610 nm to 650 nm, in particular, 620 nm to 635 nm.
The above-mentioned oxynitride phosphor can emit red light with a spectral
luminous efficacy more satisfactory than that of, for example, a
CaAlSiN3s:Eu?* red phosphor.

Furthermore, in the oxynitride phosphor activated with Eu?* that is

an example of the oxynitride phosphor of the present embodiment, the shapes
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of its excitation spectrum and emission spectrum become comparable to those
of the above-mentioned M2SisNg:Eu+ nitride phosphor and Sr2SisAION7:Eu2*
oxynitride phosphor. Furthermore, the emission intensity, emission
characteristics, emission performance, and the like also become comparable
to those of these phosphors.

The oxynitride phosphor activated with Eu2* that is an example of the
oxynitride phosphor of the present embodiment can be produced, for example,
by the following method. ;

First, as ingredients for forming a phosphor host, a nitride (MsN3),
silicon nitride (SisNy4), aluminum nitride (AIN), and aluminum oxide (Al2QOg)
are prepared. Mis at least one element selected from the group consisting of
Mg, Ca, Sr, Ba, and Zn. Furthermore, as an ingredient for adding Eu?+, a
compound containing a europium element is prepared. Examples of the
ingredient for adding Eu?+ include an oxide, a nitride, and a halide of
europium. Specific examples thereof include europium oxide, europium
nitride, europium chloride, and europium fluoride.

Next, these phosphor ingredients are weighed and mixed so that each
atom constitutes a compound represented by a chemical formula: (1 —
x)(M1-nEu,)2Si5Ns * x(M1-Eun)2S8isAION7 with a desired atomic ratio, thereby
obtaiim'ng a mixed ingfedient. Herein, x is a numerical value satisfying 0.2 <
x <0.8, and the above-mentioned n is a numerical value satisfying 0.001 <n <
0.3. Then, the above-mentioned mixed ingredient is sintered in any of a
vacuum atmosphere, a neutral atmosphere (e.g., inactive gas, nitrogen gas,
etc.), a reducing atmosphere (e.g., CO, nitrogen-hydrogen mixed gas,
ammonia gas, etc.).

Although it is more preferable that the above-mentioned reaction
atmosphere is an atmospheric atmosphere for the reason that a simple
facility can be used, any of a high-pressure atmosphere, a pressurized
atmosphere, a pressure-reducing atmosphere, and a vacuum atmosphere may

be used. However, for the purpose of enhancing the performance of the
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oxynitride phosphor, a more preferable reaction atmosphere is a
high-pressure atmosphere (e.g., an atmosphere mainly containing nitrogen
gas of 0.5 MPa to 2 MPa. In such a high-pressure atmosphere, the
decomposition of the oxynitride phosphor occurring during sintering at a high
temperature can be prevented or suppressed, and the shift of a composition is
suppressed, whereby a phosphor having high brightness performance can be
produced. Furthermore, for the purpose of generating Eu?*in a large -
amount, a reducing atmosphere (e.g., an nitrogen-hydrogen mixed gas
atmosphere) is more preferable.

The above-mentioned sintering temperature is, for éxample, 1300°C
to 2000°C, and for the purposé of enhancing the performance of the oxynitride
phosphor, the sintering temperature is preferably 1400°C to 1900°C, more
preferably 1500°C to 1800°C. On the other hand, for the purpose of
mass-production, the sintering temperature is preferably 1400°C to 1800°C,
more preferably 1400°C to 1600°C. The sintering time is, for example, 30
minutes to 100 hours, and considering productivity, the preferable sintering
time is 2 to 8 hours. Sintering may be performed in divided portions in
different atmospheres or in the same atmosphere. A sintered substance
obtained by such sintering becomes an oxynitride phosphor.

“ Furthermore, fhe oxynitride phosphor activated with Eu2* that is an
example of the oxynitride phosphor of the present embodiment also can be
produced by carbothermal reduction-nitridation using carbon as a reducing
agent. '

According to the carbothermal reduction-nitridation, as ingredients
for forming a phosphor host, an alkaline earth metal salt (e.g., MCOs, etc.),
silicon nitride (SisNy), aluminum nitride (AIN), and carbon (Cj as a reducing
agent are prepared. Hevein, M is at least one element selected from the
group consisting of Mg, Ca, Sy, Ba, and Zn. Furthermore, as an ingredient
for adding Eu?+, a europium compound such as europium oxide is prepared.

Next, these phosphor ingredients are weighed and mixed so that
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carbon functions as a reducing agent, the alkaline earth metal compound (e.g.,
an alkaline earth metal oxide obtained when the above-mentioned MCOs
releases carbon dioxide, etc.) is nitrided in a nitriding gas atmosphere while
being reduced and reacts with another ingredient to generate a compound
represented by a chemical formula:

(1-0)(M1-nEun)2SisNg * x(M1-nEun)2SisAION with a desired atomic ratio,
whereby a mixed ingredient is obtained. Then, the mixed ingredient is
sintered in an atmosphere of nitriding gas (e.g., nitrogen gas,
nitrogen-hydrogen mixed gas, ammonia gas, etc.) to be synthesized.

If the carbothermal reduction-mitridation is used, an oxynitride
phosphor having a single crystal phase and high efficiency can be produced
easily using a general ceramic material that is easy to obtain, inexpensive,
and easy to handle in an atmosphere, without using a nitride (MsN2) of
alkaline earth metal that is difficult to obtain, expensive, and difficult to
handle in an atmosphere. Therefore, the oxynitride phosphor according to
the present invention can be provided in a large amount at a low cost.

The oxynitride phosphor of the present embodiment is not limited to
those produced by the above production method. For example, the
oxynitride phosphor also can be produced not only by the above-mentioned
so]i&-phase reaction but also by a solid-phase reaction other than the above,
and also can be produced by a procedure using a vapor-phase reaction, a

liquid-phase reaction, or the like.

(Embodiment 2)

‘Next, an embodiment of a light-emitting device of the present
invention will be described.

An exemplary light-emitting device of the present invention is not
particularly limited in its configuration and the like, as long as it is a
light-emitting device including the above-mentioned oxynitride phosphor of

Embodiment 1 and an excitation source exciting the above-mentioned
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oxynitride phosphor, and including the above-mentioned oxynitride phosphor
as a light-emitting source. The above-mentioned oxynitride phosphor is
excited by the excitation source to emit light. As the excitation source, for
example, at least one electromagnetic wave selected from an ultraviolet ray, a
near-ultraviolet ray, a visible ray (violet; blue, green light beam, etc.), a near
infrared ray, an infrared ray, and the like, or a particle beam such as an
electron beam can be used. Furthermore, an excitation source also can be
used, which excites the above-mentioned oxynitride phosphor by applying an
electric field thereto, injecting an electron thereto, or the like.

The light-emitting device of the present embodiment is a device
known as, for example, the following names (1) to (6):

~ (1) fluorescent lamp, (2) plasfna display panel (PDP), (3) inorganic
electroluminescence (EL) panel, (4) field emission display (5) cathode-ray
tube, (6) white LED light source.

More specific examples of the h‘ght-emitting device of the present
embodiment include a white LED, various kinds of display devices configured
using a white LED (e.g., an LED lamp for automobiles such as a stop lamp, a
direction indicator, and a headlight, a LED information display terminal, an
LED traffic signal light, etc.), various kinds of illumination devices configured
usin—g a white LED (e.g., an LED indoor/outdoor illumination light, an
mterior LED light;, an LED emergency light, an LED light source, an LED
decoration light, etc.), various kinds of display devices without using a white
LED (e.g., a cathode-ray tube, an EL panel, a PDP, etc.), and various kinds of
illumination devices without using a white LED (e.g., a fluorescent light).

Furthermore, in another aspect, the light-emitting device of the
present embodiment is, for example, a white light-emitting element obtained
by combining an injection-type EL element (e.g., a light-emitting diode (LED),
a laser diode (LD), an organic EL element, etc.) emitting near-ultraviolet light,
violet light, or blue light with at least the oxynitride phosphor of Embodiment

1, various kinds of light sources, an illumination device, a display device, or
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the like. A display device, an illumination device, a light source, a light
source system (e.g., an endoscope system for medical use, etc.) or the like
configured using at least one of the above-méntioned white light-emitting
element also is included in the above-mentioned light-emitting device.

The light-emitting device of the present embodiment is a
light-emitting device in which the above-mentioned oxynitride phosphor of
Embodiment 1 is included in a light-emitting source, and is a light-emitting
device using a light-emitting source emitting red light having an emission
peak in a wavelength range of preferably 610 nm to 650 nm, and emitting red
light having an emission peak in a wavelength range of more preferably 620
nm to 635 nm.

Furthermore, the light-emitting device of the present embodiment is
preferably a light-emitting device including an excitation source emitting
light near-ultraviolet — violet — blue — green color having an emission peak in
a wavelength range of 360 nm to less than 560 nm, and more preferably a
light-emitting device emitting light in a warm color. .More specifically, the
light-emitting device of the present embodiment is a light-emitting device
including an excitation source having an emission peak in a wavelength
range of any of 360 nm to less than 420 nm, 420 nm to less than 500 nm, and
500 nm to less than 560 nm, and a phosphor that is excited with light emitted
by the excitation source and emits visible light having a wavelength longer
than that of the light emitted by the excitation source, wherein the phosphor
contains at least the above-mentioned oxynitride phosphor, and more
preferably emits light in a warm color having an emission peak in a
wavelength range of 600 nm to less than 660 nm.

The above-mentioned excitation source preferably is a light-emitting
element emitting the above-mentioned light. as excitation light of the
oxynitride phosphor. Thus, the miniaturization and reduction in thickness
of the light-emitting device can be performed, and a small or thin
light-emitting device can be provided.
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It is preferable that the light-emitting device of the present
embodiment uses an injection-type EL element as the above-mentioned
excitation source. This is because a small or thin Light-emitting device
emitting light with high output can be provided. The injection-type EL
element refers to a photoelectric transducer configured so as to convert
electric energy into light energy and obtain emission by injecting an electron
to a fluorescent material. The specific example thereof has been described
above.

The light-emitting device of the present embodiment uses a novel
oxynitride phosphor, so that it includes a phosphor composed of a novel
material as a light-emitting source. In particular, if an oxynitride phosphor
emitting red light is used as a light-emitting source, a light-emitting device is
obtained in which the intensity of a red light-emitting component is high, and
the numerical value of a special rendition evaluation index R9 is large.

Furthermore, a light-emitting device also can be configured using an
oxynitride phosphor having satisfactory temperature characteristics, so that
a light-emitting device with a high luminous flux and high brightness is
obtained. More specifically, a light-emitting device with a high luminous
flux or brightness is obtained, since the temperature extinction is small even
Wheh a phosphor is ekposed to a temperature condition of 80°C to 200°C, in
particulax, 100°C to 180°C. Furthermore, a light-emitting device also can be
configured using an oxynitride phosphor produced by a production method at
a low production cost, so that an inexpensive light-emitting device also can be
provided. Above all, it is preferable to configure a light-emitting device
which uses a light-emitting element such as an jection-type EL element as
an excitation source, and in which the light-emitting element is in contact
with a phosphor layer containing an oxynitride phosphor having satisfactory
temperature characteristics, because the phosphor layer can be irradiated
with light emitted from the light-emitting element efficiently, whereby the

emission performance is enhanced.
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Hereinafter, an embodiment of the present invention will be described
with reference to the drawings. In the following embodiment, like
components are denoted with like reference numerals, and the repetition of
the description may be omitted.

There is no particular limit on a light-emitting device of the present
embodiment, as long as it includes the above-mentioned oxynitride phosphor
of Embodiment 1 and an excitation source exciting the above-mentioned
oxynitride phosphor, and uses the above-mentioned oxynitride phosphor as a
light-emitting source. Furthermore, in a preferable embodiment, a phosphor
and a light-emitting element containing the above-mentioned oxynitride
phosphor is used as a light-emitting source, and the phosphor covers the
light-emitting element.

- FIGS. 1, 2, and 3 are cross-sectional views of a semiconductor
light-emitting device that is a representative embodiment of a light-emitting
device obtained by combining a phosphdr containing the oxynitride phosphor
of Embodiment 1 with a light-emitting element.

FIG. 1 shows a semiconductor light-emitting device having a
configuration in which at least one light-emitting element 1 is mounted on a
sublpount element 4, and the light-emitting element 1 is sealed in a package
of a base material (e.g., transparent vesin, low-melting glass) that also
functions as a phosphor layer 3 including a phosphor 2 containing at least the
oxynitride phosphor of Embodiment 1. FIG. 2 shows a semiconductor
light-emitting device having a configuration in which at least one
light-emitting element 1 is mounted on a cup 6 provided at a mount lead of a
lead frame 5, the phosphox layer 3 formed of a base material including the
phosphor 2 containing at least the oxynitride phosphor of Embodiment 1 is
provided in the cup 6, and the entire body is sealed with a sealant 7 made of
resin or the like. FIG. 3 shows a semiconductor light-emitting device of a
chip type having a configuration in which at least one light-emitting element

1is placed in a housing 8, and the phosphor layer 3 formed of a base material
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including the phosphor 2 containing at least the oxynitride phosphor of
embodiment 1 is provided in the housing 8.

In FIGS. 1 to 3, the light-emitting element 1 is a photoelectric
transducer that converts electric energy into light. Specific examples of the
light-emitting element 1 include a light-emitting diode (LED), a laser diode
(LD), a surface-emitting LD, an inorganic electroluminescence (EL) element,
an organic EL element, and the like. In particular, the LED or the
surface-emitting LD is preferable in terms of the high output of the
semiconductor light-emitting device. Although the wavelength of light
emitted by the light-emitting element 1 is not particularly limited, it is
preferable that the wavelength has an emission peak in a wavelength range
(e.g., 250 to less than 560 nm) capable of exciting the oxynitride phosphor.
Furthermore, in order to produce a semiconductor light-emitting device with
high emission performance, in which the oxynitride phosphor is excited at a
high efficiency and which emits white hght, it is preferable to use the
light-emitting element 1 having an emission peak in a wavelength range of
340 nm to 500 nm, preferably 350 nm to 420 nm, or 420 nm to. 500 nm, more
preferably 360 nm to 410 nm, or 440 nm to 480 nm (.e., in a near-ultraviolet
— violet — blue wavelength range).

— Furthermore, 1n FIGS. 1 to 3, the phosphor layer 3 includes the
phosphor 2 containing at least the oxynitride phosphor of Embodiment 1.
The phosphor layer 3 is configured, for example, by dispersing at least the
phosphor 2 in a transparent base material such as transparent resin (epoxy
resin, silicon resin, etc.), low-melting glass, or the like. The content of the
phosphor 2 in the transparent base material is preferably 5 to 80% by weight,
more preferably 10 to 60% by weight, for example, in the case of the
above-mentioned transparent resin. The oxynitride phosphor present in the
phosphor layer 3 emits light by absorbing a part or an entirety of light
emitted by the light-emitting element 1, so that the output light of the

semiconductor light-emitting device contains at least a light-emitting
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component emitted by the oxynitride phosphor.

Accordingly, if the light-emitting element 1 and the phosphor 2 are set
to have, for example, the following combination, white light is obtained owing
to the color mixture of light emitted by the light-emitting element 1 and light
emitted by the phosphor layer 3, and hence, a semiconductor light-emitting
device emitting white light, which is highly demanded, can be obtained.

(1) Acombination of the light-emitting element 1 emitting any light
of near-ultraviolet light (wavelength: 300 nm to less than 380 nm, preferably
350 nm to less than 880 nm in terms of the output) and violet light
(wavelength: 380 nm to less than 420 nm, preferably 395 nm to less than 415
nm in terms of the output), and the phosphor 2 composed of a blue phosphor,
a green phosphor, and the oxynitride phosphor of Embodiment 1.

(2) Acombination of the Light-emitting element 1 emitting any light
of the above-mentioned near-ultraviolet light and the above-mentioned violet
light, and the phosphor 2 composed of a blue phosphor, a green phosphor, a
yellow phosphor, and the above-mentioned oxynitride phosphor.

(3) A combination of the light-emitting element 2 emitting any light
of the above-mentioned near-ultraviolet light and the above-mentioned violet
light, and the phosphor 2 composed of a blue phosphor, a yellow phosphor,
and ihe above-mentioﬁed oxynitride phosphor. ‘

(4) A combination of the light-emitting element 1 emitting blue light
(wavelength: 420 nm to less than 490 nm, preferably 450 nm to less than 480
nm in terms of the output), and the phosphor 2 composed of a green phosphor,
a yellow phosphor, and the above-mentioned oxynitride phosphor.

(5) A combination of the light-emitting element 1 emitting the
above-mentioned blue light, and the phosphor 2 composed of a yellow
phosphor and the above-mentioned oxynitride phosphor.

, (6) A combination of the light-emitting element 1 emitting the
above-mentioned blue light, and the phosphor 2 composed of a green
phosphor and the above-mentioned oxynitride phosphor.
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(7) A combination of the light-emitting element 1 emitting blue-green
light (wavelength: 490 nm to less than 510 nm) and the above-mentioned
oxynitride phosphor.

As the above-mentioned blue phosphor, green phosphor, and yellow
phosphor, for example, an aluminate phosphor activated with Euz*, a
halophosphate phosphor activated with Eu2*, a phosphate phosphor activated .
with Eu?*, a silicate phosphor activated with Eu2*, a garnet phosphor
activated with Ce3* (in particular, YAG (yttrium-aluminum-garnet): Ce
phosphor), a silicate phosphor activated with Th8*, a thiogallate phosphor
activated with Eu2*, a nitride phosphor activated with Eu?* (in particular, a
STALON phosphor), or the like may be used. More specifically, for example,
a (Ba, Sr)MgAl;10017:Eu2* blue phosphor, a (Sr, Ca, Ba, Mg)10(POsC12:Euz*
blue phosphor, a (Ba, Sr)2SiO+Eu?+ green phosphor, a BaMgAlioO17Eu?*, a
Mn2+ green phosphor, a Ys(Al, Ga)sO12:Ce* green phosphor, a YsAls012:Ces+
green phosphor, a BaY2SiAl4O12:Ced+ g’reén phosphor, a CasScaSisO12:Ced*
green phosphor, a SrGazSsEu2t green phosphor, a (Y, Gd)sAls015:Ce3* yellow
phosphoy, a (S, Ba)2SiO4Eu?* yellow phosphor, a CaGazSsEu2t yellow
phosphor, a 0.75 Ca0 +2.25 AIN - 3.25 SisN4:Eu2t yellow phosphor, or the like
can be used.

Furthermore, fhe above-mentioned oxynitride phosphor also can be
excited with green light (wavelength: 510 nm to less than 560 nm) or yellow
light (wavelength: 560 nm to less than 590 nm). Therefore, a semiconductor
light-emitting device also can be produced, which has a configuration in
which the light-emitting element 1 emitting any of the above-mentioned
green light and yellow light is combined with the phosphor 2 containing the
oxynitride phosphor. Furthermore, if the above-mentioned oxynitride
phosphor has an emission peak in a wavelength range of 615 nm to 635 nm, a
semiconductor light-emitting device such as a white LED emitting light
having a satisfactory color rendering property can be provided. According to

simulation, for example, by combining the above-mentioned oxynitride
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phosphor with the light-emitting element 1 emitting any of near-violet light
and violet light, a light-emitting device can be provided, which emits white
light whose color rendering property evaluation numbers R1 to R8 and
special color rendering property evaluation numbers R9 to R15, as well as an
average color rendering property evaluation number Ra exceed 80.
Furthermore, by optimizing the combination of materials, a light-emitting
device also can be provided, which emits white light whose average color
rendering property evaluation number, color rendering property evaluation
number, and special color rendering property evaluation number exceed 90.

The phosphor layer 3 may be composed of a plurality of layers or a
multi-layered configuration, and a part of the plurality of layers or the
multi-layered configuration may be a phosphor layer including the phosphor
2 containing at least the oxynitride phosphor of Embodiment 1. Such a
configuration is preferable, because color blur and output blur of emitted light
of the semiconductor light-emitting device of the present embodiment can be
suppressed.

If the oxynitride phosphor activated with Eu2+ described in
Embodiment 1, which is chemically stable and emits light containing a red
light“'emitting component in a large amount and having a high emission
intensity by being exdted with near-ultraviolet — violet — blue light, is used,
the semiconductor light-emitting device of the present embodiment has a
high emission intensity of a red light-emitting component and excellent
reliability. .

Furthermore, the semiconductor light-emitting device of the present
embodiment also can be configured using an oxynitride phosphor having
satisfactory temperature characteristics, so that the semiconductor
light-emitting device has a high luminous flux or high brightness. More
épeciﬁcally, even when the phosphor is exposed to the temperature condition
of 80°C to 200°C (in particular, 100°C to 180°C), temperature extinction is

small, so that the semiconductor light-emitting device has a high luminous
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flux or brightness. Furthermore, the semiconductor light-emitting device of
the present embodiment also can be configured using the oxynitride phosphor
produced by a production method that éosts less, so that an inexpensive
semiconductor light-emitting device can be provided. Above all, it is
preferable to configure a semiconductor light-emitting device in which a
light-emitting element such as an injection-type EL element is used as an
excitation source of a phosphor, and the light-emitting element is in contact
with a phosphor layer containing an oxynitride phosphor with satisfactory
temperature characteristics, because light emitted by the light-emitting
element can be irradiated to a phosphor layer with good efficiency, which
enhances emission performance.

FIGS. 4 and 5 respectively show a schematic view of a configuration
of an illumination * display device that is an example of the light-emitting
device of the present invention.

FIG. 4 shows an illumination * display device configured using at least
one semiconductor light-emitting device 9 in which a phosphor containing the
oxynitride phosphor of Embodiment 1 is combined with the light-emitting
element. FIG. 5 shows an illumination  display device including a
combination of the light-emitting element 1 and the phosphor layer 3
incl{lding the phosphdr 2 containing the oxynitride phosphor of Embodiment
1. Asthe semiconductor light-emitting device 9, the light-emitting element
1, and the phosphor layer 3, the ones similar to those shown in FIGS. 1 to 3
can be used. Furthermore, the functions and effects of the
illumination * display device with such a configuration also are similar to
those of the semiconductor light-emitting device shown in FIGS. 1to 3. In
FIGS. 4 and 5, reference numeral 10 denotes output light.

FIGS. 6 to 11 show specific examples of various kinds of
light-emitting devices in which the illumination * display device of the present
embodiment schematically shown in FIGS. 4 and 5 are incorporated as a
light-emitting portion 11.
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FIG. 6 shows a perspective view of an illumination module 12 having
an integrated light-emitting portion 11. FIG. 7 shows a perspective view of
the illumination module 12 having a plurality of light-emitting portions 11.
FIG. 8 is a perspective view of a table lamp type illumination device having
the light-emitting portions 11 and being capable of controlling ON—OFF and
light amount with a switch 13. FIG. 9Ais a side view of an illumination
device provided with a screw cap 14, a reflective plate 15, and an illumination
module 12 having a plurality of light-emitting portions 11, and FIG. 9B is a
bottom view of the illumination device shown in FIG.9A. FIG. 10is a
perspective view showing a plate type image display device provided with the
light-emitting portions 11. FIG. 11isa perspective view showing a
segmented number display device provided with the light-emitting portions.
11.

If the illumination * display device in the present embodiment is
configured using the oxynitride phosphof activated with Eu2* described in
Embodiment 1, which is chemically stable and emits light containing a large
amount of red light-emitting component and having a high emission intensity,
and a light-emitting device having a high emission intensity of a red
light-emitting component and being excellent in reliability, the
i]lunlination * display device of the present embodiment has a higher emission
intensity of a red light-emitting component and is more excellent in reliability,
compared with the conventional illumination - display device.

Furthermore, the illumination * display device of the present
embodiment can be configured so as to include a light-emitting device using
an oxynitride phosphor with satisfactory température characteristics, so that
the device has a high luminous flux or high brightness. More specifically, -
even when the phosphor is exposed to the temperature condition of 80°C to
200°C (in particular, 100°C to 180°C), the temperature extinction is small, so
that the light-emitting device has a high luminous flux or high brightness.

Furthermore, the light-emitting device also can be configured using an
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oxynitride phosphor produced by a production method that costs less, and an
inexpensive illumination * display device can be provided. Above all, it is
preferable to configure a semiconductor light-emitting device in which a
light-emitting element such as an injection-type EL element is used as an
excitation source, and the light-emitting element is in contact with a

phosphor layer containing an oxynitride phosphor with satisfactory

~ temperature characteristics, because light emitted by the light-emitting

element can be irradiated to a phosphor layer with good efficiency, which
enhances emission performance.

FIG. 12 is a partially cut-away view of an end portion of a fluorescent
lamp using the oxynitride phosphor of Embodiment 1 as an exemplary
light-emitting device of the present invention.

In FIG. 12, a glass tube 16 is sealed at both end portions with stems
17, and noble gas such as neon, argon, or krypton and mercury are sealed in
the glass tube 16. The inner surface of the glass tube 16 is coated with a
phosphor 18 containing at least the above-mentioned oxynitride phosphor. A
filament electrode 20 is-attached to the stem 17 with two leads 19. A cap 22
provided with an electrode terminal 21 is attached to the respective end
portions of the glass tube 16, whereby the electrode terminal 21 is connected
to tﬁe leads 19. |

The shape, size, and wattage of the fluorescent lamp of the present
embodiment, and the color and color rendering property of light emitted by
the fluorescent lamp, and the like are not particularly limited. The shape of
the fluorescent lamp of the present embodiment is not limited to a straight
tube as shown in FIG. 12. Examples of the shape of the fluorescent lamp
include a round shape, a double annular shape, a twin shape, a compact
shape, a U-shape, and a bulb shape, and a narrow tube for a liquid crystal
backlight and the like also mair be used. Examples of the size include 4-type
to 110-type. The wattage may be selected appropriately in accordance with

the application from a range of several watts to hundreds of watts.
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Examples of light color include daylight color, neutral white color, white color,
and warm white color.

If the oxynitride phosphor activated with Eu?* described in
Embodiment 1, which is chemically stable, contains a large amount of red
light-emitting component, and has a high emission intensity, is used, the
fluorescent lamp in the present embodiment has a higher emission intensity
of a red light-emitting component and has less change with time such as
degradation, compared with the conventional fluorescent lamp.

Furthermore, the fluorescent lamp also can be configured using an
oxynitride phosphor having satisfactory temperature characteristics, so that
the fluorescent lamp has a high luminous flux and a higher brightness.

More specifically, even when the phosphor is exposed to the temperature
condition of 80°C to 200°C (in particular, 100°C to 180°C), the temperature
extinction is small, so that the fluorescent lamp has a high luminous flux or a
high brightness. Furthermore, the fluorescent lamp also can be configured
using the oxynitride phosphor produced by the production method that costs
less, so that an inexpensive light-emitting device can be provided.

FIG. 13 is a cross-sectional view of a double insulating configuration
thin ﬁlm EL panel, which is an exemplary light-emitting device using the
oxynitride phosphor of Embodiment 1. |

In FIG. 13, a back substrate 23 holds a thin film EL panel, and is
formed of metal, glass, ceramiic, or the like. Alower electrode 24 applies an
AC voltage of about 100 to 300 V to a laminated configuration of a thick film
dielectric 25/thin film phosphor 26/thin film dielectric 27 , and is a metal
electrode or an In-Sn—0 transparent electrode formed by a procedure such as
a printing technique. The thick film dielectric 25 functions as a .
film-formation substrate of the thin film phosphor 26, and also limits the
amount of charge flowing through the thin film phosphor 26 during the
application of the AC voltage. For example, the thick film dielectric 25 is

made of a ceramic material such as BaTiOs with a thickness of 10 um to
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several cm. Furthermore, the thin film phosphor 26 is made of an EL
material that emits fluorescence with high brightness when charge flows
through the phosphor layer. The thin film phosphor 26 is, for example, a
thioaluminate phosphor (e.g., a BaAlsSsEu2+ blue phosphoz, a (Ba,
Mg)Al2SsEu2* blue phosphor, etc.), a thiogallate phosphor (e.g., a
CaGazS4:Ce® blue phosphor, etc.), or the like formed into a film by a thin film
technique such as an electron beam vapor evaporation or sputtering. The
thin film dielectric 27 limits the amount of charge flowing through the thin
film phosphor 26, and prevents the thin film phosphor 26 from reacting with
water vapor in the atmosphere to be degraded. The thin film dielectric 27 is,
for example, a translucent dielectric such as silicon oxide or aluminum oxide,
formed into a film by a thin film technique such as chemical vapor deposition
or sputtering. An upper electrode 28 is paired with the lower electrode 24,
and applies an AC voltage to the thick film dielectric 25, the thin film
phosphor 26, and the thin film dielectric 27. The upper electrode 28 is, for
example, a transparent electrode made of In—-Sn—O or the like formed on the
upper surface of the thin film dielectric 27 by a thin film technique such as
vacuum deposition or sputtering. Alight wavelength converting layer 29
converts light (e.g., blue light, etc.) emitted by the thin film phosphor 26 and
passing through the thin film dielectric 27 and the upper electrode 28 into, for
example, green light, yellow light, or red light. The light Wavelerig'th
converting layer 29 also can be provided in a plurality of kinds. A surface
glass 30 protects the double insulating configuration thin film EL panel thus
configured.

When an AC voltage of about 100 to 300 V is applied between the
lower electrode 24 and the upper electrode 28 of the thin film EL panel, a
voltage of about 100 to 300 V is applied to the thick film dielectric 25, the thin
film phosphor 26, and the thin film dielectric 27, and charge flows through
the thin film phosphor 26, whereby the thin film phosphor 26 emits light.
This emitted light passes through the thin film dielectric 27 and the upper
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electrode 28 having translucency to have its wavelength converted by the
light wavelength converting layer 29, thereby emitting light. The light with
its wavelength converted passes through the surface glass 30 and is output
from the panel.

In the double insulating configuration thin film EL panel of the
present embodiment, at least one light wavelength converting layer 29 is
configured using the oxynitride phosphor of Embodiment 1. Furthermore, it
is preferable that the thin film phosphor 26 is a thin film blue phosphor
emitting blue light, and the light wavelength converting layer 29 is composed
of a light wavelength converting layer 31 for converting light into green light,
made of a green light-emitting material (e.g., a SrGazSs:Eu2* green phosphor,
etc.), and a light wavelength converting layer 32 for converting light into red
light, made of the oxynitride phosphors of Embodiment 1 emitting red light,
and a part of blue light emitted by the above-mentioned thin film blue
phosphor is output from the panel as it is. Ttismore preferable that the
configuration of an electrode is set to be a lattice shape that can be driven in
a matrix. When the light-emitting device is designed so as to emit blue light
33 emitted by the thin film phosphor 26, green light 34 with its wavelength
conYerted by the light wavelength converting layer 31, and red light 35 with

- its wavelength converted by the light wavelength converting layer 32, a thin

film EL panel emitting light of three primary colors (blue, green, and red) can
be provided. Furthermore, if the lighting of respective pixels in a matrix
emitting light of blue, green, and red is allowed to be controlled independently,
a display device capable of performing a full-color display can be provided.

‘In the double insulating configuration thin film EL panel of the
present embodiment, if a part of the light wavelength converting layer 29 is
configured using the oxynitride phosphor activated with Eu2* described in
Embodiment 1 that is stable chemically and emits light containing a large
amount of red light-emitting component and having a high emission intensity,

a double insulating configuration thin film EL panel having red pixels
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emitting satisfactory red light and being highly reliable can be provided.

Furthermore, a double insulating configuration thin film EL panel
also can be cbnﬁgured using an oxynitride phosphor having satisfactory
temperature characteristics, so that an EL panel with a high brightness is
obtained. More specifically, even when the phosphor is exposed to the
temperature condition of 80°C to 200°C (in particular, 100°C to 180°C), the
temperature extinction is small, so that a double insulating configuration
thin film EL panel with a high brightness is obtained. Furthermore, a
double insulating configuration thin film EL panel also can be configured
using an oxynitride phosphor produced by a production method that cost less,
so that an inexpensive EL panel can be provided. Above all, it is preferable
to configure a double insulating configuration thin film EL panel in which the
above-mentioned thin film phosphor 26 is in contact with the phosphor layer
containing an oxynitride phosphor having satisfactory temperature
characteristics, because light emitted by. the thin film phosphor 26 can be
irradiated to a phosphor layer with good efficiency, which enhances emission
performance.

Hereinafter, the present invention will be described specifically by
way of examples. The present invention is not to be limited by the following

examples.

(Example 1)

As an oxynitride phosphor of Example 1 of the present invention, an
oxynitride phosphor substantially having a composition of
0.25(Sr0.98E110,02)2515Ns * 0.75(Sx0.08E110.02)2814A10N7 was produced using a
nitride direction reaction method as follows.

In the present example, the following compounds (1) to (5) were used
as phosphor ingredients.

(1) Strontium nitride powder (SrsNa: purity 99.5%): 10.00 g

(2) Europium oxide powder (BuzOs: purity 99.9%): 0.37 g
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(3) Silicon nitride powder (SisNy: purity 99%): 10.46 g

(49) Aluminum nitride powder (AIN: purity 99.9%): 0.54 g

(5) Aluminum oxide powder (Al:Os: purity 99.99%): 1.34 g

These phosphor ingredients were weighed in a nitrogen atmosphere
using a glove box, énd then manually mixed thoroughly with a mortar and a
pestle. After this, the mixed powder was placed in an alumina crucible.

The alumina crucible was placed at a predetermined position in an
atmospheric furnace, and heated in nitrogen—hydrogen mixed gas (97%
nitrogen and 3% hydrogen) at 1600°C for 2 hours. As the aftertreatments
such as pulverizing, classification, and washing, a general method was used,
although the descriptions thereof are omitted herein for simplicity

Hereinafter, the characteristics of the fired product obtained by the
above-mentioned production method will be described.

The body color of the oxynitride phosphor of Example 1 Wés vibrant
orange. FIQG. 14 shows an excitation spéctrum 36 of the fired product
obtained by the above production method, and an emission spectrum 37 when
excited with light having a wavelength of 254 nm. FIG. 14 shows that the
above-mentioned fired product is a red phosphor having an emission peak in
the vicinity of a wavelength of 626 nm, which is excited with light in a
Wavélength i‘ange of 220 nm to 600 nm (.e., ultraviolet — near-ultraviolet —
violet — blue ~ green — yellow — orange light). The chromaticity (x, y) of
emitted light in a CIE chromaticity coordinate was x = 0.609 and y = 0.386.

Constituent elements of the above-mentioned fired product were
evaluated by semiquantitative analysis using an X-ray microanalyzer (XMA),
a fluorescent X-ray analysis apparatus, a spectrochemical analysis apparatus,
or the like. Consequently, the fired product was found to be a compound
mainly containing Sy, Si, Al, O, and N.

Then, the constituent metal elements of the above fired product were |
evaluated by quantitative analysis using an ICP emission spectrochemical

analysis method. Consequently, the ratio of the above constituent metal
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elements Sr : Eu : Si : Al was about 1.96 : 0.04 : 4.25 : 0.75, which was
substantially the same as a charged composition.

Furthermore, the crystal structure of the above fired product was
evaluated using the X-ray diffraction method. Consequently, an X-ray
diffraction pattern similar to those of the conventional SreSisNgEu2* nitride
phosphor and Sr2SisAION7:Eu2t was exhibited.

It was found from the above that the oxynitride phosphor of the
present example was a phosphor having a single crystal phase represented by
0.25(Sr0.98F0.02)2Si5Ns * 0.75(Sro.98Fu10,02)2Si4AION7.  More specifically, it was
found that the oxynitride phosphor represented by (Sr,
Eu)2Sis05Al0.750075N7.25 was produced by the above production method.

(Examples 2, 3 and Comparative Examples 2, 3)

Hereinafter, as oxynitride phosphors of Examples 2 and 3 of the
present invention, oxynitride phosphors, 'substantially having a composition
of (1—x)(Sro.98E10,02)2515Ns * x(St0.95F0.02)2514A10N7, where x is 0.5 (Example
2) and.0.25 (Example 3), were produced as follows. Furthermore, as
phosphors of Comparative Examples 1 and 2, phosphors, substantially having
a composition of (1—x)(Sr0.98Eu0.02)2815Ns * x(Sro.98H110.02)2S8i4AlION7, where x is
1 and 0, were produced as follows. More specifically, the phosphor of
Comparative Example (x = 1) was a conventional Sr2Si4AION7:Eu2+
oxynitride phosphor, and the phosphor of Comparative Example (x = 0) was a
conventional SraSisNs-Eu?* nitride phosphor.

The oxynitride phosphors of the present examples and comparative
examples were produced by the same method and under the same condition
as those of the oxynitride phosphor (x = 0.75) of Example 1, except that the
above phosphor ingredients (1) to (5) were used in weight ratios shown in

Table 1.
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Table 1
SraNa(g) Eu20s(g) SisNa(g) AIN(g) Al:Os(g)
Comparative
Example 2 10. 00 0.37 1230 0 0
x=0)
Example 3 .
(x = 0.25) 10. 00 0.37 11.69 0.18 0.45
Example 2
(= 0.5) 10. 00 0.37 11.07 0.36 0.90
Example 1 ‘
(x = 0.75) 10. 00 0.37 10.46 0.54 1.34
Comparative
Example 1 10. 00 0.37 9.84 0.72 179
x=1)

Hereinafter, the characteristics of the phosphors of Examples 1-3 and
Comparative Examples 1, 2 obtained by the above-mentioned production
method will be described.

 The body colors of the phosphors‘of Examples 1-3 and Comparative
Examples 1, 2 were orange. Furthermore, the excitation spectrum and
emission spectrum of the phosphors of Examples 1- 3 (see FIG. 14 regarding
the spectrum of Example 1) were similar to those of Comparative Examples 1
and 2. For reference; FIGS. 15 and 16 show excitation spectra and emission
spectra of the phosphors of Comparative Examples 1 and 2.

Table 2 shows a wavelength and chromaticity of an emission peak
when the phosphors of Examples 1-3, and Comparative Examples 1 and 2
obtained by the above-mentioned production method were excited with
ultraviolet light having a wavelength of 254 nm, and a wavelength of an
emission peak when these phosphors were excited with blue light having a
wavelength of 470 nm. Measurement was conducted at a phosphor

temperature of 25°C (room temperature).
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Table 2
Under excitation of 254 nm Undex;g:(c)citation of
< nm
emzz:;ﬂ?eg;]}; (cfm) Chromaticity (s, y) em\i\s]:;;%?egail E)rfm)
0 624 (0.6125, 0.3824) 621
0.25 623 (0.6150, 0.3808) 622
0.50 623 (0.6116, 0.3829) 629
0.75 626 (0.6088, 0.3855) 629
1.00 630 (0.6065, 0.3869) 632

It is understood from Table 2 that these phosphors are red phosphors
having an emission peak in the vicinity of a wavelength of 625 nm
irrespective of the above numerical value of x, When excited with ultraviolet
light having a wavelength of 254 nm. It also is understood that, when
excited with blue light having a wavelength of 470 nm, as the above
numerical value of x increases, these phosphors become red phosphors whose
wavelength of an emission peak shifts in a long wavelength direction and
which emit dark red light. More specifically, these phosphors can be
adjﬁsted finely for the spectral luminous efficacy of red light by controlling
the numerical value of x. As is understood from Table 2, this is because the
emission color can be controlled when excited with blue light by controlling
the numerical value of x. .

FIG. 17 shows X-ray diffraction patterns of the phosphors of
Examples 1-3, and Comparative Examples 1 and 2, and an X-ray diffraction
pattern of a SraSisNg compound obtained by simulation from a crystal
structure using a Rietveld analysis program.

In FIG. 17, (@), (b), (©), (@), (¢), and () represent X-ray diffraction
patterns of Comparative Example 1, Examples 1-3, Comparative Example 2,

and the X-ray diffraction pattern of the Sr2SisNs compound obtained by the
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above simulation.

It is understood from FIG. 17 that the X-ray diffraction patterns of
the phosphors in which the above-mentioned x varies have similar basic
shapes. It also is understood that, as the numerical value of x is larger, a
majority of the respective diffraction peaks shifts on a low angle side.
Furthermore, the crystal structure of the conventional Sr2SisAlION7 -
compound has not been known well; however, it was clarified that the
conventional Sr2SisAION7 compound has at least the same orthorhombic
crystal structure as that of the known nitrides Sr2SisNg and BasSisNs.

The X-ray diffraction pattern of the above Sr2SisNs compound is
obtained by calculation using crystal parameters described in Document 8
and atomic coordinates. For reference, Table 3 shows a d-value of each hkl
plane of the SraSisNs compound obtained by calculation using the crystal
parameters described in Document 8 and atomic coordinates, a relative X-ray
diffracted intensity in the case of eValuaﬁng X-ray diffraction using a Cu—Ko

ray, and a diffraction angle (26).



WO 2006/073141

PCT/JP2005/024281

40
Table 3
Relative Relative
26(°) d value intensity | h | k | 1 | 20() |dvalue(R)| intensity | h | k¥ | 1
(a.u.) . (a.u)

12.966 6.822 26 0 1 0 47.125 1.927 1 0 2 4
16.075 5.509 0 1 1} 47.178 1.925 4 1 3 2
18.194 4.872 1]0 1 ] 48.789 1.865 0 3 0 1
18.986° 4.671 18 0 0 2 49.600 1.836 7 0 3 3
20.264 4.379 18 1 1 0 49.689 1.833 5 3 1 0
22.406 3.965 5 1 1 1 49,908 1.826 1 1 2 4
23.059 3.854 1 0 1 2 | 50.445 1.808 1 2 0 4
26.103 3.411 5 0 2 0 50.617 1.802 4 0 1 5
27.821 3.204 61 0 2 1 50.703 1.799 3 3 1 1
27.907 3.194 44 1 1 2 50,948 1.791 19 2 2 3
30.502 2.928 73 112 | 01 51.323 1.779 12 2 3 0
31.805 2.855 41 210 0] 51420 1.776 7 1 0 )
31.559 2.833 79 0 1 3 52.286 1.748 11 1 3 3
32.004 | 2794 2 1] 2] 1] 52814 1747 6 28| 1
32.477 2.755 1 0| 2] 21 523815 1.747 6 2 1 4
32.733 2.734 31 110 3 | 53.266 1.718 10 1 1 5)
34.012 2.634 22 2 1 0 | 53.663 1.707 12 3 1 2
35.343 2.538 100 1 1 3 | 53.699 1.706 6 0 4 0
35.381 2.535 100 2 1 1 54.660 1.678 1 0 4 1
36.176 2.481 78 1] 2 2| 55213 1.662 12 2 3 2
36.868 2.436 52 210} 2] 55219 1.662 12 3 2 0
38.619 2.336 6 0| 01| 4| 56.082 1.639 8 0 2 5
39.140 2.300 17 - 0 2 3 56.162 1.636 2 3 2 1
39.239 2.294 13 2 1 2 56.245 1.634 4 1 4 0
39.600 2.274 3 0 3 0 56.433 1.629 4 0 3 4
40.807 2.209 4 01 3 1 56.631 1.624 7 3 0 3
40.808 2.209 4 0 1 4 57.178 1.610 2 1 4 1
41.199 2.189 2 2 2 0 57.477 1.602 3 0 4 2
42.336 2.133 7 1 2 3 57.668 1.597 4 2 2 4
42.369 2,132 9 2| 2 1 58.363 1.580 13 3 1 3
42,767 | 2.113 2 1 3-1 0 | 58560 1.575 7 1 2 5
43.902 2.061 ) 1 3 1 58.901 1.667 13 1 3 4
43.904 2.061 5 1 1 4 1 58.933 1.566 17 3 2 2
44.265 2.045 17 01 3 2 | 59.310 1.657 7 0 0 6
45.048 2.011 10 21 1) 3] 59.832 1.544 7 2 3 3
45.731 1.982 3 21 2| 2| 59.918 1.542 4 1 4 2
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FIG. 18 shows the dependence of a d-value of each crystal plane with
respect to the above-mentioned x, the d-value being calculated from 20 under
the condition of picking up a main diffraction peak 38 (mixed diffraction peak
where (hkl) is (113) and (211)) in which 26 is positioned in the vicinity of 35°

'to 36° and a diffraction peak 39 (diffraction peak where (hkl) is (202)) having

a large change amount of 26 involved in the above-mentioned x in which 26 is
positioned in the vicinity of 36.5° to 37.5°, as representative diffraction peaks.

It is understood from FIG. 18 that the above-mentioned d-value
increases with an increase in x.

The results shown in FIGS. 17 and 18 show that the oxynitride
phosphors of Examples 1 to 3 can form a solid solution having a single crystal
phase, i.e., can produce an oxynitride phosphor represented by a chemical
formula: (1-x)(Sro.98E0,02)2Si5Ns * x(Sro.0sE110.02)2Si4A10ON7 containing Eu2* in
a luminescent center ion.

FI1G. 19 shows a changein a relative emission intensity (ﬁltensity of
an emission peak) depending upon a phosphor temperature with respect to
the phosphors of Examples 1 to 3 and Comparative Examples 1 and 2.
Furthermore, Table 4 summarizes a relative emission intensity at a phosphor
temperature of 100°C, 150°C, and 200°C with respect to each phosphor.
Here;in, the relative erhission intensity refers to an emission intensity of each
phosphor temperature with the emission intensity of a phosphor excited with
light having a wavelength of 470 nm at room temperature (25°C) being 100%. 4

In FIG. 19, the relative emission intensities 40, 41, 42, 43, and 44
respectively are those of the phosphors of Comparative Example 2 (x = 0),

Example 3 (x = 0.25), Example 2 (x = 0.5), Example 1 (x = 0.75), and

Comparative Example 1 (x = 1).
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Table 4
Relative emission intensity (%)
. 100°C 150°C 200°C
0 96.1 . 80.9 62.8
0.25 97.1 ' 95.3 69.1
0.50 100.4 86.3 73.7
0.75 83.5 74.1 58.9
1.00 79.9 - 72.4 51.9

It is understood from FIG. 19 and Table 4 that, in the case where the
numerical value of x is in a range of 0 <x <0.75 (0 <x <0.75, when
Comparative Ekample 2 that is a conventionally known phosphoi is excluded)
at a phosphor temperature of 100°C, temperature characteristics more
satisfactory than those of the phosphor of Comparative Example 1 are
obtained. Furthermore, in the case of considering the use at a phosphor
temperature of 100°C; the emission intensity of 80% or more at room
temperature is maintained when 0 <x<0.8 (0 <x<0.8 Whén Comparative
Example 2 that is a conventionally known phosphor is excluded). Thus, the
above-mentioned range is understood to be preferable.

As a composition of a phosphor that is clearly different from that of
the phosphor of Comparative Example 2, preferable x is considered to be a
numerical value in a range of 0.1 <x < 0.8, in particular, 0.2 <x <0.8. |
Furthermore, it is considered from FIG. 19 and Table 4 that more preferable
X isin a range 0of 0.1 <x <0.6, in particular, 0.2 <x <0.6. In this numerical
value range, temperature characteristicls more satisfactory than those of the
phosphor of Comparative Example 2 having satisfactory temperature

characteristics are obtained.
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(Examples 4-10)

As the oxynitride phosphors of Examples 4 to 10 of the present
invention, an oxynitride phosphor substantially having a composition of
0.5(M’0.98Fu0,02)2SisNs * 0.5(1\4[’0.98Euo.oé)2Si4A10N7 was produced using
carbothermal reduction-nitridation different from that of Examples 1 to 3 as
follows. The above-mentioned M’ is at least one alkaline earth metal
element selected from Sr, Ba, and Ca, and its composition ratio is shown in
Table 5.

In the oxynitride phosphor of the present example, the following
phosphor ingredients (1) to (6), and a reducing agent (7) were used in a
weight ratio shown in Table 5.

| (1) Calcium carbonate powder (CaCOs: puﬁty 99.99%)

(2) Strontium carbonate powder (SrCOs: purity 99.9%)

(3) Barium carhonate powder (BaCOs: purity 99.95%)

(4) Europium oxide powder (Fuz0s: purity 99.9%)

(5) Silicon nitride powder (SisNy: purity 99.9%)

(6) Aluminum nitride powder (AIN: purity 99.9%)

(7) Carbon powder (C: purity 99.99%)

Table 5

CaCOs | SrCOs | BaCOs | EuwOs | SiNe | AN | ©

® @ @ @ @ @ @
Hramp o 4 0 14.468 0 0352 | 10522 | 1.025 | 0.991

1y

o ample b 0 11515 |  8.947 032 | 10522 | 1.025 | 0.091
or e 0 8.562 7.804 0352 | 10522 | 1.025 | 0.991
q\?jgﬁf:};azﬁ) 0 5.610 11.841 0.352 10522 | 1.025 | 0.991
e 8 2.002 11515 o | o852 | 10522 | 1025 | 0.991
g9 4.004 8.562 0 0352 | 10522 | 1.025 | 0.991
oppe 10, 6.005 5.610 0 0852 | 10522 | 1.025 | 0.991
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These phosphor ingredients and the reducing agent were weighed in
an atmosphere, and then mixed thoroughly with an automatic mortar. After
this, the mixed powder was placed in a carbon crucible. The carbon crucible
was placed at a predetermined position in an atmospheric furnace, and
heated in nitrogen—hydrogen mixed gas (97% nitrogen and 3% hydrogen) at
1600°C for 2 hours. As the aftertreatments such as pﬁlverizing,
classification, and washing, a general method was used, although they are
oﬁitted herein for simplicity

Hereinafter, the characteristics of the phosphors of Examples 4 to 10
obtained by the above-mentioned production method will be described.

The body colors of the oxynitride phosphors were orange. According
to crystal structure evaluation by an X-ray diffraction method, each of the
oxynitride phosphors was a single crystal phase or close thereto, and
exhibited an X-ray diffraction pattern similar to that of the above-mentioned
0.5Sr2SisNs * 0.5Sr2SisAlON7:Eu?* oxynitride phosphor,

Each of the above-mentioned oxynitride phosphors was a red
phosphor having an emission peak in the vicinity of a wavelength of 614 to
640 nm, capable of being excited with light in a wide wavelength range of 220
to 600 nm. Furthermore, with the wavelength of 621 nm of an emission
peak' of the phosphor (Example 4) in which all the M’ is Sr being the base, as
a Ba replacement amount is larger, an emission peak shifts to a short
wavelength side, and as a Ca replacement amount is larger, an emission peak
shifted to a long wavelength side. In the case where the ratio of Sr in M’
became a half or less, an emission intensity decreased, and a different phase
was recognized to be mixed.

The above-mentioned oxynitride phosphor was a compound
containing alkaline earth metal M’, Si, Al, O, and N as main constituent
elements, and the ratio of the constituent elements of the phosphor (Alkaline
earth metal M""Eu:Si‘Al) was 1.96:0.04:4.5:0.5. Thus, the composition was

substantially the same as the charged composition.
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It is understood from these results that, according to the production
methods of Examples 4 to 10, a phosphor having a single crystal phase
represented by 0.5 (M.9sEu0.02)2Si5Ns * 0.5(M esFu0.02)28i4A10N7, i.e., an
oxynitride phosphor represented by a chemical formula:
(M0.98E10,02)28i45Al0 500 5N75 was produced, especially in the case where the
ratio of Sr in M’ occupied a majority:.

Phosphors where the above-mentioned M’ is Sro.sBaos, Ba, Sro2Caos
and Ca also were investigated; however, emission was hardly recognized in
these phosphors.

FIGS. 20 and 21 show a change in a relative emission intensity
(intensity of an emission peak) depending upon a phosphor temperature with
respect to Examples 4 to 10. Table 6 summarizes a relative emission
intensity at a phosphor temperature of 100°C, 150°C, and 200°C with respect
to each phosphor. Herein, the relative emission intensity refers to an
emission intensity at each phosphor temﬁerature with the emission intensity
at room temperature (25°C) of a phosphor excited with light having a
wavelength of 470 nm being 100%.

In FIG. 20, the relative emission intensities 45, 46, 47, and 48
respectively are those qf phosphors of Examples 4, 5, 6, and 7. Furthermore,
in FiG. 21, the relativé emission intensities 45, 49, 50, and 51 are those of the
phosphors of Examples 4, 8, 9, and 10.
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Table 6
Relative emission intensity (%)

100°C 150°C 200°C
E}({ﬁi%s ! 81.5 67.8 52.5
@?ﬁgﬁﬁseaiz) 88.0 78.1 62.7
YA 89.0 810 61.0
YA 919 840 56.8
(@fgﬁglceaiz) 865 80.0 59.8
@?ﬁgﬁﬂlceaio 910 83.5 64.0
mﬁfsrﬁfié;fa 8.0 640 50.0

The following is understood from FIGS. 20, 21, aﬁd Table 6.
Regarding the phosphors (Examples 5, 6, and 7) in which the replacement
amount of Ba with respect to Sr, as a Ba replacement amount was larger, the
temperature extinction in a phosphor temperature range of 100°C to 200°C
was improved, compared with the phosphor (Example 4) containing no Ba.
Furthermore, regarding the phosphors (Examples 8 and 9) in which the
replacement amount of Ca with respect to Sr was 40 atomic% or less, as a Ca
replacement amount was larger, the temperature extinction in a phosphor
temperature range of 100°C to 200°C was improved, compared with the
phosphor (Example 4) containing no Ca.

In the case where Sx?* ions were replaced by Ca2*ions having a
rédius smaller than that of the Sr2* ions, it was recognized that the
temperature extinction of the phosphor activated with Eu2+ was improved.

It is understood from Examples 4 to 10 that, in the case where the
above-mentioned M’ is composed of at least one element selected from Sr, Ca,
and Ba, M’ contains Sr mainly, and in the case where M’ contains at least one
selected from Ca and Ba (preferably Ba) in an amount where the replacement

amount with respect to Sr is less than 50 atomic%, preferably 40 atomic% or
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less, the temperature extinction was recognized to be improved.

The temperature characteristics of Example 4 containing no Ca and
Ba were slightly worse than those of Example 2 (oxyhitride phosphor
synthesized by a nitride direct reaction method). This is considered to be
ascribed to the fact that the quality of an oxynitride phosphor varied
depending upon the difference in a production method of a phosphor. Itis
considered that the quality and temperature characteristics of a phosphor can
be improved by optimizing future production conditions even by the
carbothermal reduction-nitridation.

Furthermore, in Examples 4 to 10, the phosphors in which the
above-mentioned M’ is composed of Ca, Sr, and Ba have been described.
However, the above-mentioned M’ can be composed of Mg, Ca, Sr, Ba, and Zn,
and these elements are similar to each other in chemical properties, so that
the similar phosphors having similar effects are obtained.

Furthermore, in Examples'4 to 10, an oxynitride phosphor using Eu2+
as a luminescent center ion has been described. However, the luminescent
center ion can be selected from a wide range such as rare-earth ions and
transition metal ions, as described above. Although not described in detail,
for example, an oxynitride phosphor using Ce3* as a luminescent center ion
beco—mes a green phosphor with a high efficiency.

Furthermore, although not described in detail, in an oxynitride
phosphor represented by the above-mentioned chemical formula: (M,
Eu)aSibAleOaN (@/5)a+@abte-@imd), M is at least one element selected from Mg, Ca,
Sr, Ba, and Zn, and a, b, ¢, and d are numerical values respectively satisfy
expressions: 1.5 <a<2.5,4<b<6,0<c<2,0<d<2, with a phosphor
having a composition range where a, b, ¢, and d are numerical values
satisfying 1.5 <a<1.9,5<b <6,1<c<2,1<dx<2,other than a composition
range where the phosphor becomes a solid solution, or having a composition
of an apparently large difference between ¢ and d, it was difficult to obtain a

phosphor exhibiting high emission performance comparable to those of the
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above-mentioned conventional MsSisNg:Eu2* nitride phosphor and
Sr2SisAION7-Eu?* oxynitride phosphor, i.e., an oxynitride phosphor satisfying
both red light radiation having an emission peak in the vicinity of 620 to 640
nm and having satisfactory color purity and spectral luminous efficacy, and
high photoluminescence performance (excitation light conversion efficiency).

According to the present invention, it was verified that there exists a
compound of single crystal represented by the above-mentioned chemical
formula: M2Sis—Al,O,Ns—, and the compound functions as a phosphor host.
Thus, needless to say, various oxynitride phosphors can be provided by
appropriately selecting and adding a luminescent center ion to a crystal
lattice of the compound. According to the present invention, a phosphor
containing a compound represented by M2Sis—, Al,OpNs—, as a phosphor host
can be provided widely.

The present invention can be carried out in the other embodiments
without departing from its spirit. The embodiments disclosed in the present
application are shown merely for illustrative purpose, and the present
invention is not limited thereto. The scope of the present invention is
interpreted by giving high priority to the recitation of the attached claims
rather than the above description in the specification, and all the changes
Within the scope equi\/;alent to that of the claims are included in the scope of

the claims.

Industrial Applicability

As described above, according to the present invention, a novel

oxynitride phosphor can be provided, which is produced easily, has
satisfactory emission characteristics and high emission performance, and is
chemically stable. In particulax, an oxynitride phosphor emitting red light
and having satisfactory temperature characteristics can be provided.
Furthermore, a highly reliable light-emitting device using a phosphor

composed of a novel material containing the oxynitride phosphor as a
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light-emitting source, in particular, a light-emitting device having a high

.intensity of a red light-emitting component can be provided.
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CLAIMS

1. An oxynitride phosphor comprising a luminescent center ion in a crystal
lattice of an oxynitride,

wherein the oxynitride is a compound represented by a chemical
formula: MaSis-Al,OpNs-p, where M is at least one element selected from the
group consisting of Mg, Ca, Sr, Ba, and Zn, and p is a numerical value

satisfying an expression: 0 <p < 1.

2. The oxynitride phosphor according to claim 1, wherein the luminescent

center ion is at least one ion selected from Eu2* and Ce3+.

3. The oxynitride phosphor according to claim 1, wherein the luminescent
center ion is Eu?*, the oxynitride phosphor is represented by a chemical
formula: (1-x)(M1-Eun)sSisNg + x(Mi1 - Eun)2SisAION7, where x is a numerical
value satisfying an expressionZ.O.Z <x<0.8,andnisa numérical value

satisfying an expression 0.001 <n <0.3.

4. The oxynitride phosphor according to claim 3, wherein the x is a numerical

value satisfying an expression: 0.5 <x <0.8.

5. The oxynitride phosphor according to claim 3, wherein the x is a numerical

value satisfying an expression: 0.2 <x < 0.6.

6. The oxynitride phosphor according to claim 1, wherein a main component

of the M is Sr.

7. The oxynitride phosphor according to claim 6, further comprising at least

one element selected from Ba and Ca.
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8. The oxynitride phosphor according to claim 1, produced by carbothermal

reduction-nitridation method using carbon as a reducing agent.

9. Alight-emitting device comprising an oxynitride phosphor and an

excitation source exciting the oxynitride p’hoéphor,

wherein the oxynitride phosphor contains a luminescent center ion in
a crystal lattice of an oxynitride,

the oxynitride is a compound represented by a chemical formula:
M2Sis—Al,0pNs—p, where M is at least one element selected from the group
consisting of Mg, Ca, Sr, Ba, and Zn, and p is a numerical value satisfying an

expression: 0 <p < 1.

10. The light-emitting device according to claim 9, wherein the excitation
source is a light-emitting element emitting light having an emission peak in a

wavelength range of 360 nm to less than 560 nm.

11. The light-emitting device according to claim 10, wherein the
light-emitting element is in contact with a phosphor layer containing the

oxynitride phosphor.
12. The light-emitting device according to claim 9, emitting white light.

13. The light-emitting device according to claim 9, wherein the luminescent

center ion is at least one ion selected from Eu2t and Ce3+.

14. The light-emitting device according to (;laim 9, wherein the luminescent

center ion is Eu?*, and the oxynitride phosphor is represented by a chemical

formula: (1) (M1-,FEun)2SisNs * x(M1-nFun)2SisAION7, where x is a numerical
value satisfying an-expression: 0.2 <x < 0.8 and n is a numerical value

satisfying an expression: 0.001 <n <0.3.
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15. The light-emitting device according to claim 14, wherein the x is a

numerical value satisfying an expression: 0.5 <x < 0.8.

16. The light-emitting device according to claim 14, wherein the x is a

numerical value satisfying an expression: 0.2 <x < 0.6.

17. The Light-emitting device according to claim 9, wherein a main

component of the M is Sr.

18. The light-emitting device according to claim 17, wherein the M further

contains at least one element selected from Ba and Ca.

19. The light-emitting device according to claim 9, wherein the oxynitride
phosphor is produced by carbothermal réduction-nitridation using carbon as

a reducing agent.
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