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Abstract

The nitrided BaY2SisO24: EL?* phosphors were prepared by the conventional high temperatureststtideaction. Sils doping
obviously improves the luminescent intensity compared with urmbphesphorsThe EW?* emitting lights in different B& crystal
lattices andits temperature dependent luminescence properties from 293 to 463#saussed. Under the 410nm excitation, the
nitrided BaY2Sis024: EW?* has more thermal stability than other same crystal structure ¢ BasO24:EL?* (M=Sc, Lu, Y). The
nitriding schemes can significantly improve the luminescence propeftibe phosphors, and nitrided 8aSisO24: EL?* can be an

excellent candidate as a green phosphor for W-LEDs.

Keywords: BaY 2SisO24; Nitride; Phosphors

1. Introduction

The luminescence properties of phosphors directly affect
the luminous efficiency, color rendering ind¢&<RI), and
color temperature (CT) of W-LEDThe color of phosphor can
be adjusted to meet the needs of different lighting fields due to
the fixed-range emission band of LED chip [1, & present,
partially converting YAG: C¥ yellow phosphor is a common
way to creat a W-LE[3]. But YAG: Ce* phosphors have
defects of low color rendering index and high color
temperature, which attributes to the lack of red component in
the emission spectrum [4]. Therefore, many researchers have
made many attempts to improve the luminescence of YAG
phosphors by changing the synthesis method [5]. Setlur et al.
[6] studied the Iluminescent properties ofsNaidoped
REsAls.x012: Ce* (RE=LU* or Y3*) phosphors, effectively
improved the decay life and thermal stability and realized
red-shift of spectrum. Similarly, Sopicka-Lizer et al. [7] used
a substitutig technique to replace the Al-O bond with aNSi-
bond for forming .94Ce.06Als-xSixO12-Nx solid solution
which shovedthat the emission spectrum had a significant red
shift. Therefore SisN4 doping oxide-matrix phosphors have
become an important and effective method to improve
phosphog’ luminescence.

Moreover, nitride phosphors and oxynitride phosphors
have received widespread attention because of their high
luminous efficiency and thermal stability [8]. However, the
nitride compounds are ofteo be sinteed at above 170C.

On the other side, rare-earth doped silicate phosphors have
been favored due to their wide optical spectrum range, good
stability, and low cost and suitable synthesis temper§@ure

10, 11]. However, most silicate phosphors have still some
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shortcomings compared with YAG: €ephosphors in the
aspect of luminous efficiencies and thermal stability. In order
to further improve the luminescent properties of silicate
phosphors, more and more researchers are beginning to use
nitriding technology in the study of silicate phosphors.
Furthermore, the novel silicate 8&:SisO24 (M=Sc, Y, Lu)
phosphor has been reported in recent years. T Nakano et al.
has prepared BSeSisO24EW* phosphor, in which
luminescent properties was analyzed, and the effecs&Ni

on the luminescence properties are discussed [12]. Hyun Cho
et al.[13] prepared Bg 2SisO24: ELP* phosphor and analyzed
the luminescence properties, shown superior luminescence
properties relative to B8cSisO2s EW'. Liu et al.
systematically studied the Iluminescence properties of
BaoM2SisO24: N (N= earth element, M= Sc, Y, Lu), and
proved the application prospect of phosphor in white LEDs
[14, 15]. But some unclear luminescent mechanism and
shortcoming still exist in the aspect of luminous efficiencies
and thermal stability compared to commercial YAG:3Ce
Thus, for the improvement on luminescent performance, we
doped SiN4 to actualizing the nitriding process.

In this paper, we reported ti8sN4 doped BaY 2SisOza4:
0.6E¥* phosphors. The effect of nitriding orEw*
luminescent behaviors of the phosphor was studied. The
luminescence properties and thermal characteristics were
investigated to different activating center in crystal structures
The overall luminescent performances of nitrided phosphors
are better than that of the pristine, which has more possibility
to acting as a potential phosphor for W-LED.

2. Experimental section
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The samples 0BagY 1.945i6024-3vNx: 0.6EF* (x=0-0.4)
were synthesized via conventional solid-state reaction. The
raw materials are BaCGO(SP), SiQ (99.99%), EwOs
(99.99%), ¥Os (99.99%), and SNa (99.99%). Every raw
material was weigbd out according the stoichiometric and
thoroughly mixed in the agate mortar by enough grinding.
Afterward, the obtained powder was fired at 140Gn
5%H/95%N. atmosphere for 4h. Finally, the as-synthesized
samples were slowly cooled to room temperature and some
white powder was obtained after grinding.

X-ray diffraction (XRD) method (Rigaku, Ultima IV,
Japan) with Cu-Ka radiation operated at 40kV and 30mA
(k=0.154178nm) were used to confirm the crystal structures
of the as-prepared samples. The scanning rate for phase
identification was at 8°mihk with a 20 range from 10° to 80°.
Spectro-fluorometer system (Fluorlog-3, HORIBA JOBIN
YVON, France) equipped with a 450 W Xe-lamp was used to
measure the photoluminescence (PL) and photoluminescence
excitation (PLE) spectra. The Phosphor-excitation-spectrum
and thermal-quenching-analysis system (EX-1000) was used
to measure the thermal stabilif-.

3. Results and Discussions
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Fig. 1. (a) XRD patterns inBaoY 2SisO24-1.5Nx:
phosphors (x=0, 0.1, 0.2, 0.3 and 0.4); (fbhe lattice
parameters as a function of x.
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Fig. 2. Structure sketch of B¥2SisO24 host lattice and
coordinate environments of Bal, Ba2, Ba3 and Y with oxygen
atoms.

Fig. 1(a) shows all XRD profiles of Bé2SieO24-1.5Nx:
Ew?* (x=0, 0.1, 0.2, 0.3 and 0.4) phosphors were indexed by
BasSeSisO24 (PDF#82-1119 apart from a little amount of
BaSiOs phase. The XRD pattern is shifted small angle
compared to PDF when x=0, because the ionic radius*of Y
ions (R=0.9A) is greater than that of 8dons (R=0.745A).
The results indicate that thEw* and N- can completely
accommodate in thBagY2SisO24 crystal lattices. The lattice
paameters were calculated using the XRD data in Hig), 1
which was used to figure out the mechanism for the
replacement of a smaller’Qby a larger K. It shows that the
lattices initially increase with the increase of x, and then begin

to shrink when x>0.2. The expansion of lattice is mainly
dominated by substitution of bigger ionic radius of Mns
for smaller ionic radius of ®ions, and the shrinkage of cell
volumes is mainly attributed to oxygen vacancies which will
reduce the distance between the activdti6h

Fig. 2 exhibits the layered structure BéoY 2SisO24 along
with b axis. There are three independent sites, which hamed
Ba(1), Ba(2), and Ba(3coordinated with 12, 9, and 10
oxygen atoms. Y has only one site coordinated with 6 oxygen
atoms. According to previous studies [118], the average
bond length of Ba2-O and Ba3is very closeand their bond
lengths are shorter than that of Bal-Because of the
requirement of charge balance and ionic radius, herein, we
consider there are two types of luminescent centers wh&n Eu
ions are doped into the host lattice and occupy-Bites.
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Fig. 3. (a) PL spectra of thBaoY 2SisO24-1.5Nx: EW?* (x=0,
0.1,0.2,0.3 and 0.4)

Fig. 3(a) shows the PL spectra of oBaSieO24-1.5Nx:
EW* (x=0~0.4) phosphor under 420nm excitation, which
shows a single strong broadband emission centered at 506nm
in the 450-600nm b, which can be attributed to the
transitions from the 5d excited state to 4f ground statEsf*
ions. With the increase of®\ the green emission intensity of
BaoY 2SisO24-15Nx. EWP* phosphor increases until x=0.3. A
further increase in the Ncontent in the phosphors led to a
clearly concentration quenching of the intensity Bf*
emission (peaked at 506nm). This phenomenon is ascribed to
the energy transfer between the activators. The emission
intensity of the phosphor is enhanced because of the N
replacement ® in the host, which reducing the distance
between the activators is beneficial to the energy transfer
between the activators. With®\tconcentration increasing, the
distance of activators is gradually decreased. When the
distance is lower than the critical value, the energy dissipates
during the vibration of lattice matrixes, which causes the
occurrence of concentration quenching.

Fig. 4(a) shows the PLE spectra ofeBsSisO24-1.5Nx:
EW?* (x=0-0.4).The excitation curves consist of two shoulder
peaks, located at 377nm and 420nm, respectively, which is

due to the 4f-4f55d! transition of E&" ion. These phenomena
indicate that more than one luminescence center exists in host.
To clarify the luminescence center&ig. 4(b) shows the PLE

spectra and theéPL spectra under 377 nm and 420 nm
excitation respectively. It can be seen that tAe spectra
edge overlaps substantially, but the emission band is not
symmetrical According to the crystal structure of
BaoY2SisO24, the average bond of the 9-fold Ba(2) site



(2.925(4) A) is similar to that of the 10-fold Ba(3) site
(2.934(1) A), leading to a similar crystal-field strength
between Ba(2) and Ba(3). while the average bond of the
12-fold Ba(1) site (3.085(3) A) is longer than that of Ba(2)
and Ba(3).
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Fig. 4. (a) PLE spectra and (b) PLE and PL spectra of
BaoY2SisO235No.3 EW?*; (c) Schematic energy diagram of
excitation and emission of Buin different crystallographic
sites; (d) the PL spectra of Ba(1) sites and Ba(2, 3); $F€s
means Fitting curve)

So, the emission band can be deconvoluted only as two bands
peaking at ~490 and ~520 nm ifgF4(b). The bond lengths
sort isBa(1)—-O >Ba(3)-0 > Ba(2)—0, indicating crystal-field
strengthof Ba(1) is weaker than thaf Ba(2) and Ba(3). So,
Therefore, the cyan lights peaking at 490 nm with higher
energy emission band should arise frond*& the Ba(1) site
andEw* at the Ba(2) and Ba(3) sites give rise to green lights
peaking at525nm. It is noted that the PL band G&-Ba(1)
centers overlaps with the PLE band in Fig. 4(b), which infers
that it is possible for ET (Energy Transfer) taking place from
Eu-Ba(1)-centers t&u-Ba (2, 3)-centers.

Fig. 4(c) shows the excitation and emission of‘Eaf
BaoY 2SisO24-1.5Nx: EL?* in the different crystallography sites,
and depicts the energy transfer frofu-Ba(l)-centers to
Eu-Ba (2, 3)-centers. As shown Fig. 4(d), when x=0.3, the
emission intensities of Btiin Ba(2, 3) sites is about 57% as
high as that of x=0, and that of in Ba(l) sites basically
unchanged. As a result, the nitrification does not affect the
energy transfer frorku-Ba(1)-centers t&Eu-Ba(2, 3)-centers,
and only has a great effect on the intensity of Ba(2, 3)-centers.
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Fig. 5. Temperature dependence of PL spectra (a) and relative
external QEs (b) for BavY 1.94Si6023.58No.3 EU?* from 20 to
180°C.

To understand the underlying relationship between
luminescence and temperatures, the PL wavelengths of the
0.03 content of & doped BaY 2SisO24-1.5Nx. ELP* sample in
temperatures 020~180°C have been measured as shown in
Fig. 5(a). The emission intensities decrease with increasing
temperature until thermal quenching. It should be noted that,
as shown in Fig5, there are obvious downward trend. When
the temperature rises to T80 there was a serious thermal
quenching. However, the thermal stability of the sample after
nitriding was significantly higher than that of the
BaoM2SisO24: ELP* (M=Sc, Y) phosphor [1216]. It is
indicated that the addition of3Ncan improve the thermal
stability of BaY2SisO24: EW?* phosphors, which is mainly
attributed to the stronger covalent rigidity of Si-N bonds than
that of Si-O bonds. Fig. 5(b) illustrates the
temperature-dependent QE for the optimal
BaoY 1.94Si60235MNo0.3  0.0EEX* sampls (The QE values
normalized) It drops continuously with temperature
increasing due to the thermal quenching effect. About 65% of
the initial external QE still can be retained at A20That
indicates good thermal stability compared with other many
silicate phosphors.

As shown in Fig. 6, with the temperature increasing from
293K to 453K, The emission intensity of the Ba(1)-center and
the Ba(2,3)-center are correspondingly weakened. Especially
for the Ba(2,3)-center, at 433K, its emission basically
disappeared, and the emission of phosphors became mainly
emission band of Ba(l)-centdn Fig. 6 (g), the blue line
indicates the change of the emission peak position of the
phosphor under the 420nm excitation. It can be seen that th
peak position gradually shifts to the short-wave direction as
the temperature rises, which is attributed to teen
luminescence intensity of the Ba(2, 3)-center weakens faster
with respect to the Ba(l)-center. The total intensity,
Ba(1)-center intensity (~490nm-em) and Ba(2, 3)-center
intensity (~525nm-em) with temperature-dependent were
shown in Fig. 6(g). It can be seen that the all ligimdsabccur
thermal quenching between 293K and 453K, and the green
bands peaking at 525 disappears. This phenomenon elucidates
that the thermal stability of Btiin Ba(1) sites is better stable
than that in Ba(2, 3) sites.
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Fig. 6. (a)~(f): The PL spectra about the Gaussian-peaks in
different temperature under 420nm exciting(In (a)~(f), the y
axis scale is the same); (g) Temperature-dependent
luminescence intensities of the three different emission bands
(490, 36, and 525 nm) of under 410 nm excitation and
Temperature-dependent blue shift.

4, Conclusions

BaoY 2SisO24-3vNx: 0.6E1#* phosphors were prepared by
high temperature solid-state reaction® I penetrated into
BaoY2SisO24 crystal lattice in replacement of?Csites, and
Ew* ions occupy the lattice sites &2?* ions. Researches
show that Nitriding does not change the original crystal
structure. To Eu-Ba(1)-center corresponds to short-wave cyan
emission peakingat ~490hm and Eu-Ba(2, 3enter
corresponds to long-wave green emission peaking atnag25
there is an effective energy transfer from Eu-Ba(1)-center to
Eu-Ba(2, 3)-center. With the increase of the Nitriding
concentration, the emission intensities of‘Ein Ba(2, 3) sites
are about 57% as high as that of x=0, and that of in Bitg9
basically unchanged. As a result, the nitriding does not affect
the energy transfer fromEu-Ba(l)-centers toEu-Ba(2,
3)-centers, and only has a great effect on the intensity of Ba(2,
3)-centers. The thermal stability after nitriding was
significantly higher than that of the B@:SicO2s: Ele+
(M=Sc, Y) phosphors In  summary, nitried
BaoY1.04Si6024-3vNx:  0.6EW?* phosphors exhibits more
excellent luminescent effects and thermal stability than many
other same crystal structure @asSeSisO2: EW* and
BaoY2SisO24: EW?* phosphors, which demonstrate that
nitriding can significantly increase the luminescence
properties of the silicate phosphor, antia a great potential
application for white LED as blue-green light-emitting
component.
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