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(d) Lifetime attenuation curves of Sr;Gas0:0.04Eu>" at 450 nm

excitation and 618 nm emission measured at 300 K and 78 K, respectively
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Fig. 3 Excitation and emission spectra of Sr;Gas09:XEu*" (x=0.01,0.02,0.04,0.06) and lifetime decay curves at room and low

temperatures
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Table 2 Fitting parameters of photoluminescence attenuation curves of Sr;Ga 0,:0.04Eu>" samples at 78 K and Ty

Temperature A 7 A, 23 A; 73 Tay )(2
78 K 3365.49 759.22 78.41 2 759.75 915.400 0.98
Tr 50 029.85 243.73 4 607.55 2 142.61 451.280 17 875.060 5 585.848 1.50
Tr is room temperature. A, A; and A; is fit index. 7, 7, and 7, is decay life. 7,y is average decay life. Xz is goodness of fit.
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(d) Integrated intensities of SrgGa409:0.04Eu2+
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irradiation at 450 nm
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Fig. 4 Thermal stability variation and pyrolytic spectra Sr;Gas0y:0.04Eu”" and Sr;Gas04:0.04Eu>*,0.05Zn*"
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Table 3 Fitting parameters of photoluminescence attenuation curves of Sr;Ga;0,:0.04Eu’",0.05Zn**sample at 300 K
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(a) Emission spectrum of the W-LED device fabricated by coating
Sr;Ga409:Eu2+, 0.05Zn>" red phosphor and commercial

LuAG:Ce*" green phosphor on 450 nm blue chip

0.9 —
520

0.8

0.7

|

[
LN
0.6

500
0.5

N 4000

0.4

3000 2 500

0.3

0.2

00 01 02 03 04 05 06 07 08

(b) CIE chromaticity coordinate of the WLED, the inset shows
the photograph of the WLED when its operation
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Fig. 6 Emission spectrum and CIE chromaticity coordinate of
white light devices fabricated by co-encapsulation of
Sr3Ga409:Eu2+,0.OSZn2+ red powder and commercial
LuAG:Ce*" green phosphor
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Site Occupation Engineering Regulation of Eu’* in Oxide-Based Red Phosphor Sr;Gas0o:Eu’*
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Applied Techniques, School of Physics and Optoelectronics, South China University of Technology, Guangzhou 510641, China)

Extended Abstract

Introduction White light emitting diode (LED) is widely used as a high-quality lighting source, and its performance depends
critically on the selected light-emitting materials. Early white LEDs were mainly composed of a combination of blue light chips and
yellow light emitting phosphors, but suffered from low color rendering index, high color temperature, and blue light hazards. To solve
these problems, researchers have turned to improving the color rendering performance of white LEDs by using red phosphors that can
be excited by blue light.

Professor Zhiguo Xia's group at the State Key Laboratory of Luminescent Materials and Devices, South China University of
Technology, has proposed a new material design principle for Eu**-activated oxide phosphors that are difficult to obtain red light
emission: Eu*" occupying a low coordination number of polyhedra can cause a large crystal field cleavage, which can in turn realize
red light or even near-infrared emission. A novel Sr;GasO9 phosphor matrix with multiple low-coordination cation lattice sites was
designed and synthesized, and broadband red light emission under 450 nm blue light excitation was successfully achieved by doping
Eu?*, with the emission peak located at 618 nm.

Methods  Sr;Ga,Og:Eu®* and Sr;GasOe:Eu**, 0.05Zn>* phosphors were prepared by high-temperature solid-phase method.
According to the proportional content of the different raw materials in the chemical formula, SrCO; (A.R.: 99.5% analytically pure),
Ga,0;3 (A.R.), H;BO; (A.R.) and Eu,03 (99.99%) were weighed and ground in an agate mortar for half an hour. The mixture was
transferred to an alumina crucible and fired at 900 ‘C in an air atmosphere for 6 h, then cooled naturally to room temperature. The
mixture was ground again to powder form and refilled into the crucible, which was placed in a tube furnace with a continuous flow of
reducing gas ([V(Ny):V(H,)] = 80%:20%). The samples were burned at 1 200 ‘C for 10 h, cooled to room temperature naturally, and
then ground carefully to obtain the desired phosphor samples.

A white light illumination device was fabricated using a blue LED chip stacked with green and red phosphors. The green light
was partly provided by Lu;zAlsO;,:Ce®” (LuAG:Ce*") commercial green phosphor, while the red light was contributed by the
experimentally prepared Sr;GasOq:Eu**,0.05Zn>" phosphor.

Results and discussion The Sr;Ga Oy cell structure belongs to the P-1 space group of the triclinic crystal system.The results of
XRD characterization tests indicate that the prepared samples are in pure phase. A heterovalent substitution strategy was used to
introduce Zn*" into Sr;GasOy, and the XRD results showed that this co-doping did not change the structure of the matrix material.
Further analysis revealed that Zn”" ions replaced Ga®" sites, while Eu*" may occupy two 6-coordinated Sr*" lattice sites.

Under the excitation of 450 nm, the Sr;Ga,Oq:xEu®" phosphor emits red light at 618 nm, and the emission intensity reaches the
maximum at X = 0.04. The low-temperature emission spectra at 78 K can be decomposed into two Gaussian peaks, which indicates
that the Eu®" occupy two different luminescent centers and emit the red light, respectively. The fluorescence lifetime decay curves of
the Sr;Ga 0,:0.04Eu”" sample at low temperature (78 K) can be well fitted by the double-exponential function, which again
demonstrates that the Eu®" ions occupy two different lattice sites.
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After Zn doping, the luminescence intensity of Sr;GasOq:Eu**,0.05Zn>" phosphor was enhanced and the thermal stability was
also improved significantly. The enhancement of thermal stability is from the presence of defects in the crystal, which compensates
for the heat loss. The average decay lifetime of the co-doped Zn?" is significantly higher than that of the sample without Zn**, and a
clear bulge of new pyroelectric peaks at 210 ‘C and 325 °C is clearly seen. Thus the addition of Zn®* can increase the concentration
of traps and contribute to the formation of deeper defect energy levels.

For Sr;Ga,0,:0.04Eu?", the thermal stability is poor due to its shallow trap depth, which causes the electrons to escape from the
shallow traps immediately at room temperature. Whereas, Sr;GasOq:Eu**,0.05Zn?" has deeper trap 2 and trap 3 in it, and thus
maintains a good thermal stability even at high ambient temperatures.

The white LED device was fabricated to cover the entire visible region of the emission spectrum with a color rendering index of
Ra = 87, a color temperature of CCT = 3 500 K, and CIE color coordinates of (0.410, 0.380).

Conclusions Novel Sr;GasOq:Eu® red phosphors that can be excited by blue light were designed and prepared, and their crystal
structures and spectral properties were investigated. It is found that the Sr;Ga;Oo:Eu®" red light emission comes from two
low-coordination polyhedra Sr104 and Sr30, occupied by Eu® with 5d-4f leaps. Zn**/Ga®" heterovalent substitution occurs by the
introduction of Zn*" into Sr;GasOs, which is proved to introduce a defective energy level through the fluorescence decay lifetime and
thermoluminescence to improve the thermal stability of the phosphor. A white LED device prepared using a commercial blue LED
chip, Sr;Gay09:Eu*,0.05Zn*" red phosphor, and a commercial green phosphor, LuAG:Ce*", has a high color-rendering index, Ra =
87, and a low correlated color temperature, CCT = 3 500 K, which suggests that it is suitable for warm-white-light lighting.

Keywords rare earth luminescence materials; red phosphor; crystal field splitting; defect energy level; white light illumination



