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A novel Eu?* activated Sr-SiAION oxynitride phosphor, with the chemical composition of
Sr14Sies_sAle+sOsNigs_s:Eu?* (s ~ 7), was synthesized by firing the powder mixture of SrO, SrSiy, a-SizNy,
AIN and Eu;05 at 1900°C for 6 h under 1 MPa nitrogen atmosphere. The structure has a typical feature
of SiAION consisting of the host framework which is constructed by a three-dimensional MX, tetrahe-
dral (M: Si or Al; X: O or N) network, and Sr or Eu?* ions as the guest ions. It has been shown that the
Sr-SiAION:Eu?* phosphor has the excitation band covering the range of the ultraviolet light region to

I;EXI‘ZV)‘I)\IMS: 500 nm, and exhibits an intense blue-green color with the emission band centered at about 508 nm. The
Nitride temperature dependent emission intensity of the Sr-SiAION:Eu?* phosphor is better than that of a typical
Phosphor blue-green Ba,SiO4:Eu?* phosphor. It is demonstrated that Sr-SiAION:Eu?* phosphor is very promising
Structure for use in white -LEDs.

Luminescence

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

White light-emitting diodes (white-LEDs) are considered as
next generation solid state lighting systems because of their excel-
lent properties such as low power consumption, high efficiency,
long lifetime, and free of toxic mercury. The availability of white-
LEDs should open up a great number of new exciting application
fields: white light sources to replace traditional incandescent and
fluorescent lamps, backlights for portable electronics, automobile
headlights, medical, and architecture lighting, etc. [1-4].

Rare-earth-doped oxynitride or nitride luminescent materials
have become the most important wavelength-conversion phos-
phors for use in white-LEDs embedded on (In, Ga)N chips due to
their strong absorption and high conversion efficiency in the near-
UV and blue spectral range. Typical examples are red-emitting
M,SisNg:Eu2* (M=Ca, Sr, and Ba) [5,6], CaAlSiN3:Eu?* [7,8],
SrxCaj_xAlSiN3:Eu?* [9], orange-red SrSiAlyN7:EuZ* [10], yellow-
emitting Ca-o-SiAION:Eu?* [11-14], BayAlSisNg:Eu2* [15] and
Ce-melilite[16], green-emitting 3-SiAlION:Eu2* [17], and blue emit-
ting BaSi;N1g:Eu2* [18], BaSigNg0:Eu2* [19],and a-SisN4:EuZ* [20].
Among these (oxy)nitride luminescence materials, B-SiAION:Eu?*
phosphor has a strong absorption in the range of UV to blue
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region and exhibits a green emission with the peak wavelength
at 535nm [17]. Additionally, blue-green emitting phosphors with
shorter peak wavelength than that of B-SiAION:Eu?* phosphor are
required to realize high color rendering index in the case of light-
ing and wide color gamut in the case of display. Ba,SiO4:Eu2* is
well known as a blue-green phosphor with the peak wavelength
of 505nm [21]. However, the emission intensity of Ba;SiO4:Eu2*
phosphor decreases significantly at high temperature because of
thermal quenching [22].

Recently, novel green or blue-green emitting Eu2* activated Sr-
SiAION phosphors have been developed. Fukuda et al. reported
Sr3Si13Al30,N51 :Eu2* phosphor with the emission peak wave-
length ranging from 515 to 525 nm [23]. Subsequently, Ishizawa
et al. presented the crystal structure of Sr3Siq5_xAl14+xOxN3_y:Eu2*
(x~2), which is similar to Sr3Sij3Al30,Nyq:Eu?t [24]. Fur-
ther, the Sr5Sipi_xAls«xO24xN35_x:Eu2* (x~0) phosphor with
the emission spectrum peaking at about 510nm was synthe-
sized [25]. Additionally, we reported the crystal structure of
Eu3Sii5_xAl1+xOxNa3_x (x~5/3) [26], which is basically isotypic
to Sr3Sijs_xAli+xOxNas_yx:Eu?* (x~2) [24]. From the viewpoint
of higher-dimensional crystallography [27,28] which was origi-
nally developed for the analysis of incommensurate structures
[29-31], both of A3Sij5_xAl14xOxNas_, (A: Sr2* or Eu?*) and
Sr5Sing_xAls:x024xN35_x:Eu?* (x~0) are considered as commen-
surate phases belonging to a series of compositely modulated
structures, that is so-called composite crystals. A unified structure


dx.doi.org/10.1016/j.jallcom.2010.09.021
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:SHIOI.Kousuke@nims.go.jp
dx.doi.org/10.1016/j.jallcom.2010.09.021

K. Shioi et al. / Journal of Alloys and Compounds 509 (2011) 332-337 333

5]

s ][] [
18 21 19 14
Fig. 1. Scheme of the Farey tree within the interval of [8/5, 5/3]. A phase [n/m] is

defined from the two generators indicated by solid lines, [n1/m] and [ny/m;], as
[n/m]=[(n1 +n2)/(m; +my)].

model in (3+1)-dimensional superspace was proposed [26], from
which the two structures are derived despite different crystal sys-
tems and space groups. The composite crystal model consists of
two substructures with different periodicities along the a-axis. The
chemical compositionis AM,X (M: Sior Al, X: O or N) for the 1st sub-
structure and M, X4 for the 2nd substructure. For a phase in which
the ratio of dimensions for the a-axis in the two substructures is
ai/a; =n/m,the chemical composition of awhole crystal is generally
given by (AM>X)m(M2X4)n. A phase of aq [a; =n/mis represented by
[n/m], hereafter. As Si15,xAl1+xOxN23,X and Sl‘5Si21,XA15+X02+XN35,X
are represented by [5/3] and [8/5], respectively. Consequently,
other [n/m] phases, which have been systematically given by the
so-called Farey tree (Fig. 1), are expected to form [26]. In this
study, a new Sr-SiAION:EuZ* phosphor was identified as one of
the predicted phases in the composite crystal series other than
[5/3] and [8/5], and then the photoluminescence spectrum of the
newly obtained Sr-SiAlION:Eu2* phosphor was reported and com-
pared with that of [5/3]. Finally, the thermal stability of this new
phosphor was investigated.

2. Experimental

A new Sr-SiAION:Eu?* phosphor other than [5/3] and [8/5] was prepared from
the mixture of a-SizN4 (SN-E10, Ube Industries Ltd., Japan), SrO (Kojyundo Chemical
Laboratotry Co. Ltd., Japan), SrSi; (Kojyundo Chemical Laboratory Co. Ltd., Japan),
AIN (Type F, Tokuyama Co. Ltd., Japan), and Eu;03 (Shin-Etsu Chemical Co. Ltd.,
Japan). The starting composition of Sry372Euo28Sig02Al1232042Ngg4 Was prepared
from a-Si3N4: 33.84 mol %, SrO: 9.80 mol %, SrSi;: 24.50 mol %, AIN: 31.51 mol %, and
Eu,03: 0.35mol % (composition #1). SrSi, was used as the Sr?* source to prepare
compositions with small oxygen content, because it is very stable against oxygen

compared with metal Sr or metal nitride Sr3N; [32]. Europium was added as the
activator with the concentration of 2 at.% with respect to Sr atom. The Eu3* ion in the
starting powder Eu,03; was reduced to Eu?* under the nitrogen atmosphere during
firing, which was confirmed by the absorption and emission spectra given later. The
powder mixture was ground in the Si3N4 mortar and pestle. The mixed powder was
filled in a hBN crucible and then fired in a graphite resistance furnace at 1900 °C for
6 h under 1 MPa nitrogen atmosphere. For comparison, Sr-SiAION:Eu?* [5/3] sample
was also prepared using the same firing conditions. The starting composition of
Sr,.94EU0,06Si12.75A13015N21 was prepared from a-SizNy4: 35.25 mol %, SrO: 15.62 mol
%, SrSiz: 16.27 mol %, AIN: 32.54 mol %, and Eu,05: 0.33 mol % (composition #2).
Chemical compositions of synthesized Sr-SiAION:Eu?* samples were determined
by the inductively coupled plasma-optical emission spectrometer (ICP-OES: IRIS
Advantage, Nippon Jarrell-Ash, Yokohama, Japan) analysis for Sr, Eu, Si and Al, and
inert gas fusion method (LECO: TC-436 St. Joseph, MI, USA) for O and N.

The formation of the [5/3] phase was confirmed by the profile fitting of X-ray
diffractions for 10° <20 < 120° with CuKa (Ultima III, Rigaku, Tokyo, Japan) at 0.01°
intervals with a count time of 4 s per step. Using the structure data from a single crys-
tal of Sr3Sijs_xAl14+xOxNaz_x (X~ 2) [24], reliability factors R, =0.0933, Ry, =0.123,
Rai(F)=0.0365, and wR,;(F) = 0.0412 were obtained. Refined cell parameters were
a=14.7250(5)A, b=9.0372(2)A, c=7.4642(2)A, and B=90.233(3). As shown in
Table 1, the chemical analyze result confirmed the formation of [5/3] with the chem-
ical composition of Sr;.94Eug 06Si13Al302N31. The deviation of chemical compositions
from the starting composition and the obtained Sr-SiAION:Eu?* [5/3] can be ascribed
to the volatilization of some components of the starting composition at the high fir-
ing temperature of 1900 °C. The high-resolution diffraction data for the product with
the starting composition of Sri3.72Eug28Sigo2Al12.32042Ngg9 4 Were collected using a
synchrotron radiation facility. The powder specimen was put into a quartz cap-
illary tube with an inner diameter of 0.2 mm. The measurement was carried out
with a wavelength of 0.65297 A over a 26 range up to 40° using a high-resolution
diffractometer with Debye-Scherrer geometry installed at the BL15XU beamline in
SPring-8[33]. The phase identification was carried out by the profile fitting of diffrac-
tion data. Candidates of the phase were taken from the so-called Farey tree (Fig. 1),
where possible commensurate phases (AM;X),(M2X4), in a range 8/5 <n/m<5/3
are systematically given. As a dimension of the a-axis of the [n/m] phase is roughly
given by na, =2.94nA [26], the estimated value of a for [13/8], [18/11], [21/13],
and [23/14] are 38.2, 52.9, 61.7, and 67.6 A, respectively. The number of nonequiv-
alent atoms in these phases is about 100 or more. The analysis for such long-period
structures is difficult in a conventional manner. The (3+1)d superspace formalism
[29-31] is used in our case, as the (3+1)d description has some advantages as fol-
lows. First, the number of possible peaks can be reduced considering the hierarchy
of the main and satellite peaks in the earlier stage of the refinement. That is, satel-
lite reflections of the higher order are eliminated from the list of possible peaks,
and only main peaks and satellite peaks of the lower order (up to the 3rd order, for
example) are considered for the indexing of observed peaks. As the present case is
a composite crystal consisting of the two substructure, the indexing based on the
(3+1)d description was performed imposing the condition that at least one of |hq|
and |hy| is less than 4, for example. Second, a unified model in (3+1)d superspace,
which was presented in our previous study [26], can be used as an initial model for
any [n/m] phases. The « (=a; /a;) component of the modulation wavevector should
be set to the corresponding value of n/m, while fractional coordinates of atoms are
unchanged. Third, the structure can be also treated as an incommensurate phase.
Using the incommensurate option, the component of the modulation wavevector
o =ay [az, which is the ratio of the cell dimensions for the two substructures, can be
optimized in the refinement. This method is more efficient than comparing results
from various commensurate phases to find which gives the best fitting. Programs
used were JANA2006 [34] for calculations, and VESTA [35] for graphics.

The photoluminescence spectra of the powder samples were measured by the
fluorescent spectrophotometer (Model F-4500, Hitachi Ltd., Japan) at room tem-
perature with a 150 W Ushio xenon short arc lamp. The emission spectrum was
corrected for the spectral response of a monochromator and Hamamatsu R928P
photomultiplier tube by a light diffuser and tungsten lamp (Noma, 10V, 4A). The
excitation spectrum was also corrected for the spectral distribution of the xenon
lamp intensity by measuring rhodamine-B as reference. Temperature-dependent

Table 1
Chemical compositions of the obtained Sr-SiAION:Eu?*: (a) [23/14] and (b) [5/3].
Composition
Sr Eu Si Al 0] N Total
(a)
Weight % 24.9(1) 0.90(1) 35.4(1) 7.15(1) 2.37(4) 27.3(1) 98.02
Atomic % 7.26 0.15 32.21 6.77 3.79 49.81
Atomic ratio? 13.71 0.29 60.83 12.79 7.15 94.06
(b)
Weight % 24.9(1) 0.94(1) 34.8(1) 8.16(1) 3.19(4) 27.1(1) 99.09
Atomic % 7.17 0.16 31.24 7.63 5.03 48.78
Atomic ratio? 2.94 0.06 12.80 3.12 2.06 19.99

3 Modified to obtain suitable values for [23/14] or [5/3].
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Fig. 2. X-ray powder diffraction patterns of products with the starting composition:
(a) composition #2, (b) composition #1, and (c) simulated X-ray powder diffraction
pattern of SrsSiz; AlsO2N3s5 (ICSD #420168).

luminescence properties were recorded on an intensified multichannel spectropho-
tometer (MCPD-7000, Otsuka Electrics, Japan) with a200 W Xe-lamp as an excitation
source. The powder samples were heated from room temperature to 300°C with a
heating rate of 100 °C/min, and kept for 5 min for each temperature point.

3. Results and discussion
3.1. Structural characterization

The diffraction pattern of the product from composition #1 is
basically similar to that of the [5/3] phase. However, the posi-
tions of some peaks significantly deviated from those of [5/3] or
[8/5] phases (Fig. 2). Therefore, it is assumed that the obtained
phase is one of the members in the composite crystal series
(AM3X)m(M3X4)n, but neither [5/3] nor [8/5]. The phase identifi-
cation was carried out using the high-resolution diffraction data
and the Farey tree as follows. A unified (3+1)d model given in the
previous study [26] was used as an initial structure. A superspace
group P21(a0y)0 was used considering the deviation of 8 from
90°. The cell parameters including the component « (=aq/ay) for
the modulation wavevector were refined along with background
and peak profile parameters. The refined a;/a; (=n/m) ratio as an
incommensurate structure was 1.641, which is close to a rational
value 23/14 in the Farey tree (Fig. 1). Reliability factors from the
refinement as a [23/14] commensurate structure were Rp =0.0203,
Rwp =0.0386, Ry))(F)=0.0633, and wRy;(F) = 0.0560. Thus, it is con-
cluded that the product is the [23/14] phase. The cell parameters
are a; =4.8421(2)A, b=9.0416(2)A, c=7.4686(1)A, a,=2.9474(1)
(=a; x 14/23)A, and $=90.121(4)°, which is converted to a super-
structure in 3d space with a monoclinic cell of a=67.789(3)A,
b=9.0416(2)A, c=7.4686(1)A, and f=90.121(4)° of a space group
P2, (Fig. 3).

After the refinement of cell parameters, structural parameters
such as fractional coordinates were successively refined in the usual
process of the profile fitting. In (3+1)d description, deviation of the
initial structure model from the real one is corrected by Fourier
coefficients. In the present case, however, it was impossible to
refine these structure parameters. That is, the refined structures
have unrealistic interatomic distances, or the Fourier coefficients
cannot be successfully diverged in many cases. Nonetheless, the
structure model used for the refinement of cell parameters seems
fairly close to the real structure, judging from the reliability fac-
tors mentioned above. Additionally, the chemical analyze result
reveals that the product is the [23/14] phase. As shown in Table 1,
the atomic ratio is close to Sri4Sigg_sAlg+sOsN1gs_s:EuZ* (s~7),
indicative of the formation of [23/14] phase. The difference of
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Fig. 3. Observed and calculated X-ray powder diffraction patterns for Si-SiAION
[23/14]. Solid line is the calculated pattern from the refined crystal structure. Resid-
ual errors are drawn at the bottom of the figure. Vertical short lines are allowed peak
positions satisfying Bragg condition.

chemical compositions between the starting composition and the
obtained Sr-SiAION:Eu2* [23/14] is attributed to the volatilization
of some components of the starting composition at the high fir-
ing temperature of 1900°C, as mentioned above. The structural
parameters converted to the superstructure in 3d space are pro-
vided as Supplementary data. A projection along the a-axis of the
structure model for [23/14] is given in Fig. 4. As is common to
all phases in this composite crystal series, two framework units
are seen in the structure, which are projected along the c-axis in
Fig. 5.

3.2. Dependence of photoluminescence properties of
Sr-SiAION:Eu?* on the host lattice

Fig. 6 shows the excitation and emission spectra of (a) Sr-
SiAION:Eu?* [23/14] and (b) Sr-SiAION:Eu2* [5/3] phosphors. The
excitation spectrum of Sr-SiAION:Eu?* [23/14] phosphor covers the
spectral region ranging from the UV to the visible light part. A
broad excitation band is observed with a maximum atabout 370 nm
corresponding to the 4f7 — 4f85d transition of Eu2*. The emission
spectrum shows a single intense broad emission band ranging from
400 nm to 700 nm, which is attributable to the allowed 4f%5d — 4f7
transition of Eu*. The emission intensity of Sr-SiAION:Eu2* [23/14]
phosphor is 92% of that of Sr-SiAION:Eu?* [5/3]. The character-
istic Eu3* luminescence which exhibits sharp and line spectrum
between 560 nm and 630 nm was not observed. This suggests that

MX;, tetrahedron

1st framework
unit

2nd framework
unit

Fig. 4. A projection along the a-axis of the structure model for [23/14].
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Fig. 5. Projection along c-axis of (a) the first framework unit and Sr/Eu?* ions, and
(b) the second framework unit in [23/14].
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Fig. 6. Excitation and emission spectra of the samples: (a) [23/14], and (b) [5/3].
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Fig. 7. Temperature dependence of PL intensity of [23/14] and Ba,SiO4:Eu?*.

the europium ion in Sr-SiAlON phosphor is mainly in the diva-
lent state. The overlap of the excitation and emission spectra is
relatively small for the present Sr-SiAION:Eu2* [23/14] phosphor,
suggesting that the re-absorption and/or energy transfer between
the Eu2* ions could be also small. The emission peak wavelength
of Sr-SiAION:Eu?* [23/14] phosphor is about 508 nm, which is
shorter than that of typical green emitting 3-SiAION:Eu?* phos-
phor (535 nm). As a result, the use of the Sr-SiAION:Eu?* [23/14]
phosphor can improve the color rendering index of white LEDs
for general lighting when combined with a blue-LED and a B-
SiAION:Eu?* phosphor as well as a red phosphor.

Meanwhile, the emission peak wavelength of Sr-SiAION:Eu2*
[23/14] (508 nm) is slightly longer than that of Sr-SiAION:Eu2*
[5/3] (504nm). It is believed that the long wavelength emis-
sion of (oxy)nitride phosphors is attributed to covalent chemical
bonding and a large crystal-field splitting effect on the Eu2*
5d energy levels due to the presence of coordinating nitrogen
[36]. Li et al. reported that SrYSi4N7:Eu?* has longer emission
wavelength than that of BaYSi4N7:Eu2*, and ascribed this to
shorter metal-ligand distances in SrYSizN7:Eu2* [37]. Similarly,
the unit cell dimensions are a=67.789(3)A, b=9.0416(2)A and
c=7.4686(1)A for Sr-SiAION:Eu?* [24/13], and a=14.7250(5)A,
b=9.0372(2)A, and c=7.4642(2) A for Sr-SiAION:Eu2* [5/3]. More-
over, the basic period of the first substructure along the a-axis
of Sr-SiAION:Eu?* [23/14] is smaller than that of Sr-SiAION:Eu2*
[5/3]: a/m=4.842 A and 4.908 A for Sr-SiAION:Eu?* [23/14] and Sr-
SiAION:Eu?* [5/3], respectively. Meanwhile, the basic period of the
2nd substructure along the a-axis are a/n=2.947 A [23/14] and
2.945 A[5/3]. The difference of the first substructure can be ascribed
to the flexibility of the first substructure. Since the basic period
of the first substructure a/m represents the size of AM,X along
the a-axis, the metal-ligand distances depend on a/m. It suggests
that the longer emission wavelength can be ascribed to the larger
crystal-field splitting resulting from the difference of a/m between
Sr-SiAION:Eu?* [23/14] and Sr-SiAION:Eu?* [5/3]. Additionally, it
seems that the emission wavelength can be controlled by varying
ajm.

3.3. Thermal stability of Sr-SiAION:Eu?*

Fig. 7 shows the thermal stability of Sr-SiAION:Eu2* [23/14]. It
is observed that the thermal stability of Sr-SiAION:EuZ* [23/14]
is higher than that of typical blue-green emitting Ba,SiO4:Eu®*
[21,22]. The residual emission intensity of Sr-SiAION:Eu?* [23/14]
at 100°C and 150°C s still as high as 86% and 70%, respectively, of
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Fig. 8. Temperature dependence of emission spectra of [23/14].

the initial intensity at room temperature, whereas it is only 69%
for Ba,Si04:Eu?* (at 100°C). As a result, Sr-SiAION:Eu2* [23/14]
promises the improvement of the stability of color point of high-
power white-LEDs when it is combined with other phosphors,
such as green-, yellow-, and red-emitting phosphors. The results
are almost comparable to the previous study [23]. According to
Fukuda et al., the thermal stability of Sr3Si;3Al130,Ny; :Eu?* is higher
than that of Ba,SiO4:Eu?*, and the difference of the thermal sta-
bility is mainly ascribed to the magnitude of electron-phonon
interaction as a result of the difference of the host crystal struc-
ture, especially the connection of MX, tetrahedron, between
Sr3Si13Al30,N51 :Eu* and Ba,Si04:Eu?*. As mentioned above, the
crystal structure of Sr-SiAlON:Eu?* [23/14] is similar to that of
Sr3Sig3Al30,N,1:Eu?*, which is largely different from the crystal
structure of Ba,Si04:Eu?*. The crystal structure of Sr-SiAION:Eu2*
[23/14] and Sr3Si13Al30,N5 :Eu2* are constructed by the connec-
tion of MX4 tetrahedra. In contrast, Ba,SiO4:Eu?* has no connection
between MX, with isolated tetrahedra [38]. In this case, the host
crystal structure of Sr-SiAION:Eu2* [23/14] can be maintained by
the rigid framework with the connection of MX, tetrahedra at
high temperature. It is believed that the rigid host lattice decreases
the probability of the non-radiative transition, suggesting that the
Stokes shift loss of Sr-SiAION:EuZ* [23/14] is smaller than that
of Ba,Si04:Eu?* at high temperature. As a result, Sr-SiAION:Eu2*
[23/14] shows higher thermal stability than Ba,SiO4:Eu?*. In
addition, only very limited blue-shift of the emission band of Sr-
SiAION:Eu?* [23/14] with increasing temperature was observed
due to a high rigid host lattice. Furthermore, the blue-shift of the
emission bands at high temperature is probably related to the ther-
mal expansion or structural relaxation of the host lattice impacted
on the 5d excitation levels of Eu2* (see Fig. 8). These experimental
results show that the Sr-SiAION:Eu2* [23/14] phosphor is a promis-
ing blue-green phosphor for creating white-light when combined
with high-power blue-LED chips.

4. Conclusions

A novel Eu?* activated Sr-SiAION oxynitride phosphor, with the
chemical formula of Srq4Sigg_sAlg+sOsN1gs_s:Eu* (s~7) was syn-
thesized by firing the powder mixture of SrO, SrSiy, a-Si3Ng4, AIN
and Eu,03 at 1900°C for 6h under 1 MPa nitrogen atmosphere.
The structure was constructed by the connection of MX4 tetrahe-
dra (M: Si or Al; X: O or N), and Sr and Eu?* ions as the guest ions. As
the structure was considered to be two substructures comprising
AM,X for the first substructure and M, X4 for the second substruc-
ture, it is demonstrated that the structure is strongly associated
with EusSiqs_xAlj+xOxNa3_x (X~ 5/3) 0r Sr3Siq5_xAl14xOxNa3_y:Euz*
(x~2) and Sr5Siz1_xAls+x024+xN35_x:Eu®* (x~0). The chemical for-

mula of synthesized Sr-SiAION:Eu2* for a whole crystal has been
given by (AMyX)m(M2aXy)n ([n/m]=[23/14]), which is one of the
phases between [8/5] and [5/3]. The Sr-SiAION:Eu?* [23/14] shows
the excitation wavelength ranging from the ultraviolet region
to 500nm, and exhibits an intense blue-green light due to the
4f85d — 4f7 transition of Eu?*. Given a rigid lattice, the thermal
stability of blue-green emitting Sr-SiAION:Eu2* [23/14] is relatively
high and its residual emission intensity of Sr-SiAION:Eu2* [23/14]
at 150°Cis 70% of the initial intensity at room temperature. It shows
that the Sr-SiAION:Eu?* [23/14]is a promising blue-green phosphor
for creating white-light when combined with high-power blue-LED
chips.
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