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Abstract. Bluish-green BaSi,O,N:Eu®* phosphors were synthesized by a method using Ba,SiO4as a
precursor. The luminescence properties and formation process of BaSi,O,N:Eu?* phosphors formed
by the method at varied Eu®* concentrations and varied temperatures were investigated by X-ray
diffraction (XRD), fluorescence spectrometer photometer (PL) and scanning electron microscope
(SEM) respectively. Compared with a conventional solid-state reaction method, this method provided
increased crystallinity and luminescence efficiency. A single phase of BaSi,O,N,:Eu®" was formed in
the precursor method. Under 330 nm excitation, the BaSi,O,N»:Eu** phosphors showed a broad
emission band with a peak of 498 nm for varied Eu®* concentrations and showed the maximum
emission peak intensity when Eu®* doping amount was 4%. These excellent luminescence properties
suggested that BaSi»0,N,:Eu®" is an excellent phosphor for white LEDs.

Introduction

Nowadays, white light-emitting diodes (LEDs) are expected to be next generation white light source
due to their promising advantages such as lower energy consumption, long lifetime, high reliability,
environmental protection and so on!?. The white LEDs composed of blue GalnN LED and yellow
phosphor (such as YAG:Ce*") shows a poor color rendering index due to the lack of red light
component. In order to achieve this disadvantage, available white LEDs are mostly using tri-colored
phosphor (red, green and blue) excited by a near ultraviolet chip currently®®!. This phosphor shows
high luminescence efficiency and high chemical stability and low color rendering index. However,
diverse requirements are made on phosphors, higher efficiency and higher color rendering index.

In recent years, some oxynitride phosphors were reported to be promising luminescence
phosphors for white LED applications because of their outstanding chemical, thermal, mechanical
stability and good luminescence properties. Such as MSi,O,N, (M=Ca,Sr,Ba)®®, SiAION®!,
M,SisNg (M=Ca,Sr,Ba)***?. However, synthesis of these phosphors, requires high-temperature,
high-pressure and reducing environment. Among these oxynitride phosphors, MSi,O.N,:Eu®* (M =
Ca,Sr,Ba) phosphors have recently attracted much attention as promising phosphors for white LED
lighting due to their relatively lower sythesized tempretures, outstanding luminescence properties,
high thermal and chemical stability!****!. These phosphors are layer structure made by the Si(O,N).
oxygen nitrogen tetrahedron or SiNg4 pure nitrogen tetrahedron. Particularly, the Ba base material
(BaSiZOZNZ:Eu2+) has the most excellent luminous efficiency and excitation intensity. In recent years,
Eu®*-doped BaSi,O,N, phosphor was reported by many workers. This material is expected to be a
very promising green-yellow emitting phosphor for application to white LEDs because of high
quantum efficiency and low thermal quenching of luminescence. However, BaSi,O.N,:Eu®* turned
out that it was difficult to obtain a pure-phase.

In this work, BaSi>O,N:Eu?* phosphor was prepared by a method using Ba,SiO, as a precursor,
and luminescence properties of this phosphor was investigated. The formation process of
BaSi,0,N»:Eu?* was also investigated through observation of phase types and luminescence
properties of samples formed by the method at varied Eu®* concentrations and varied temperatures. A
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single phase of BaSi,O,N,:Eu®* was formed in the precursor method. Under 330 nm excitation, the
BaSi,0,N,:Eu®* phosphors showed a broad emission band with a peak of 498 nm for varied Eu**
concentrations and showed the maximum emission peak intensity when Eu?* doping amount was 4%.

Experimental

BaSi,0,N.:Eu®* samples were synthesized using solid-state reaction method and precursor method.
For the solid-state reaction method, a stoichiometric mixture of BaCO3(99.9%), SiO; (99.9%), SizN4
(99.9%) and Eu,03; (99.9%) was fired at 1400°C°Cfor 5 h under a reducing atmosphere of
H2(5%)-N2(95%) in a tube furnace. For the precursor method,, a mixture of BaCOj3; (99.9%),
Si0,(99.9%) was fired under a reducing gas flow at 1200°C°C for 5 h to produce Ba,SiO4 samples.
Then, a mixture of SizN4, Eu,03 and the Ba,SiO4 sample was fired again at 1400°C°C for 5 h in the
same reducing atmosphere to synthesize BaSi,O,N,:Eu®* phosphor. Eu?* concentration with respect
to BaSi,0,N,:Eu®* was varied from 0 to 8%.

The obtained samples were characterized by XRD (Bruker D2 PHASER, Germany) with Cu Ka
radiation (A= 0.15406 nm) operating at 30 KV and 10 mA. The data were collected by a step width of
0.02°and a scan range of 102~ 80° Photo-luminescence spectra were measured using a fluorescence
spectrometer (HORIBA Jobin Yvon Fluorolog) at room temperature.

Results and discussion

Fig. 1 shows the XRD patterns of BaSi,O,N»:Eu** phosphors prepared by different methods. Both
samples were fired at 1400°C °C and doped with 4% Eu?*. This result shows that the sample prepared
by solid-state reaction method (a) includes an impurity phase (*Ba,SiO,). All of the observed peaks of
the sample prepared by precursor method (b) matched well with those of calculated XRD pattern of
BaSi,O,N; (c), indicating that a single phase of BaSi,O,N, was obtained by the sample prepared by
precursor method (b).
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Fig. 1. XRD pattern of BaSi,O.N,:Eu?* (4mol%) by different preparation methods
(a) solid-state reaction method (b) precursor method (c) Calculated XRD pattern of BaSi,O,N,
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Fig.2.The crystal structure of BaSi,O,N, (a) and BayxSi,0-N2:xEu?* (b)
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The crystal structure of BaSi,O,N; is depicted in Fig. 2 (a). In the structure of BaSi,O,;N; , the
Eu?* ions are expected to substitute the Ba®" ion sites in the BayxSi,0.N2:xEu®* crystal structure. The
crystal structure of Bay.,Si,0-N2:xEu?" is schematically depicted in Fig. 2 (b).

The PL conversion performance of as-prepared BaSi,O,N,:Eu®* phosphors was investigated
under excitation of 330 nm, as shown in Fig.3. The sample prepared by the precursor method shows
higher luminescence intensity than the sample prepared by the conventional method, though they
show the same peak wavelength at 498 nm. These results suggest that the intermediate phase degrades
crystallinity and decreases luminescence efficiency. This improvement in the luminescence efficiency
can also be realized by phase purification as shown in Fig. 1.
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Fig. 3.The emission intensity comparison of BaSi,O,N,:Eu*
(1) solid-state reaction method (2) precursor method

Fig.4 shows the XRD patterns of samples with various doping concentration ranged from 0% to
8%. In the Fig. 4, the peaks of these diffractograms matched fairly well with the calculated patterns of
BaSi,O;N, and an obviously increase of the main peak intensity of these impurity phases when
doping concentration is 4%, indicating that the content of these impurity phases increased. There is
negligible influence of the substitution of Eu®* ions on the crystalline structure of the host lattice of
BaSi,O,N,. Besides, the XRD diffraction peak moved towards to long wavelength with increasing x
value. The Eu®* will replace the position of Ba®* in the doping process and the lattice of BaSi,O,N,
will shrink when the Ba®" is replaced by Eu?* because of the radium of Eu®" (1.12A) is less than Ba®*
(1.35,&). The decrease of the spacing reflected in XRD spectrum is the diffraction peak moves to the
big angle. This is not only shows the Eu?* adds in the BaSi,O,Ns lattice successfully, also proved that
Eu®* replace the position of Ba** in the BaSi,O,N, crystal lattice.
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Fig. 4. XRD pattern of Ba; xEuxSi;O,N2(0<x<:0.08)phosphor samples prepared
by precursor method
Fig.5 shows emission spectra of samples with various doping concentration ranged from 0% to
8%. The BaSi,0,N»:Eu** phosphors show an emission band peaked at 498 nm for varied Eu®*
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concentration, which is attributed to the 4f°5d*-4f transition of the doped Eu®* ions. The emission
intensity increased with x value and shows the maximum at x=0.04. This is because that the phosphor
absorbs more photon with the increasing of luminescence center concentration. The emission
intensity declines gradually when the concentration of Eu®* beyond x=0.04 attributed to the
concentration quenching effect. The fact that the emission bands shift to the longer wavelength region
with increasing Eu®* concentration is ascribed to the possible reason that the higher Eu®*
concentration lowers the emission energy!®!. Concentration quenching of luminescence becomes
effective when Eu®* contents surpassing 4% because the distance between Eu®* ions becomes smaller,
which leads to energy transfer between Eu®* centers. The energy of Eu®* converted to thermal
vibration in a radiation way after absorbed by surrounding Eu** ions. Thus, The energy transfer
between Eu®* and self absorption in the high concentration sample caused the concentration
guenching, made the emission intensity decreased.

The emission peak also has obvious red shift in the emission spectrum, which is due to the lattice
contraction caused by the doping of Eu?*. In the higher concentration of Eu?*, more Eu* ions would
substitute Ba** sites and the crystal lattice shrunk. The lattice shrunk will shorten the distance between
Eu®*and ligand O and N atoms, enhanced the electronic cloud expansion effect of center glow ions

(Eu"), then the 5d level will division, reduce the energy gap between 5 and 4 level, made the emission
red shift.
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Fig. 5. The emission spectra of Ba; xEuxSioO,N2(0<<x=<0.08) phosphor samples prepared
by precursor method

The influence of firing temperature on the luminescence properties of BaSi,O,N2:Eu®* (4%) is
shown in Fig. 6. The positions of the emission peak are slightly influenced by temperature. The
emission intensity increased gradually with increasing of temperature and reached the maximum
when fired at 1400°C°C. The emission intensity declines gradually when the concentration of Eu?*
beyond x=0.04 attributed to the thermal quenching. With increasing firing temperature, the reaction
process is promoted, whicn makes Eu®* fully occupy the Ba®* ion sites in the BaSi,O,N, crystal
structure, forming a phase closer to Bag.gsSi,0,N,:0.04Eu?". In the higher temperature, more Eu®*
ions would substitute Ba>* sites and the crystal lattice shrunk, which leads to emission intensity
decrease.
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Fig. 6. The emission spectra of BaSi,0,N,:Eu®* (4%) fired at different temperature
prepared by precursor method
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Fig. 7 shows the SEM images of BaSi,O,N,:Eu** powders prepared by different methods. It is
observed that some of the powders are agglomerated into irregular morphologies in Fig. 7(a). On the
contrary, the phosphor powers prepared by precursor method(b) have regular morphology and
uniform size. The average size of the powders is in the range of 2-8um, in line with the requirements
of phosphors for white LED. The result indicating that the precursor method can improve the
crystallinity of BaSi,O,N,.

(a) (b)
Fig. 7. The SEM image of Bag.gsEU.0451202N2 phosphors fired at 1400°C °C by different methods
(@) solid-state reaction method (b) precursor method

Summary

The bluish-green BaSi,O,N,:Eu?* phosphor was successfully synthesized by a method using Ba,SiO,
as a precursor. The crystal structures and luminescence characteristics were investigated. Almost
single-phase BaSi,O,N,:Eu** was obtained by the precursor method. Under 330 nm excitation, the
emission spectra shows the most high intensity at 498 nm and the intensity is higher than that of the
phosphor prepared by conventional solid-state reaction method. Indicates that precursor method
provides increased crystallinity and luminescence efficiency compared with the conventional
solid-state reaction method. These excellent luminescence properties suggested that BaSi,O,N,:Eu®*
is an excellent phosphor for white LEDs.
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