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Abstract
Ba1-xMxGa2S4:Eu2+ (M = Ca, Sr) phosphor was prepared 
for white light emitting diodes application. 
Photoluminescence (PL) emission and excitation bands 
were red-shifted with increase of Ca and Sr content due 
to the crystal field effect. Moreover, the PL intensity 
under 450 nm was increased by substitution of Ca and Sr. 

1. Introduction

Recently, many interests have been focused on 
white light emitting diodes (LEDs) for backlight units 
of liquid crystal display (LCD) and solid state lighting, 
because of their advantages such as high energy 
efficiency, long lifetime, good reliability, and 
mercury-free. The performances of white LEDs such 
as efficiency, brightness, color rendering index (CRI), 
color temperature, color coordinates are strongly 
affected by phosphors used. Therefore, many 
researchers have tried to find phosphors with excellent 
luminescence properties.  

BaGa2S4:Eu2+ phosphor is one of the rare earth 
elements doped alkaline earth thiogallate phosphors 
with cubic crystal structure [1]. The phosphor has 
broad absorption bands ranging from 300 to 470 nm 
and the main emission wavelength at around 500 nm, 
thus the bluish-green emitting phosphor is promising 
for white LEDs applications. In our previous study, 
we prepared and observed the effects of the Eu2+ ion 
concentration and the Ce3+ ion co-doping on the 
photoluminescence (PL) properties of the phosphor 
for white LEDs applications [2].  

In this study, we focused on the effects of Sr2+ ion 
and Ca2+ ion substitution on the properties of the 
BaGa2S4:Eu2+ phosphor for white LEDs application. 
The crystallographic and the PL properties including 
the PL intensity under various excitation wavelengths, 
the shift of the excitation/emission bands, and the CIE 

color coordinates were investigated in detail. 

2. Experimental  

BaS (Kojundo, 99.9 %), SrS (Kojundo, 99.9 %), 
CaS (Kojundo, 99.9 %), Ga2S3 (Kojundo, 99.9 %), 
Eu2O3 (Aldrich, 99.99 %), and stoichiometric amounts 
of S (Aldrich, 99 %) were used as raw materials to 
prepare the Eu2+ ion doped (Ba, M)Ga2S4 (M is Sr or 
Ca) phosphor samples. We prepared the phosphor 
samples by using a double crucible configuration 
without using any atmospheric gases [3]. After mixing 
of raw materials in an agate mortar, the mixture was 
placed in a small sized crucible. Then, the crucible 
was placed in a larger crucible with an activated 
carbon powder in between [3]. The mixture was fired 
at 850 C, and the phosphor samples were obtained. 
Crystalline phases of the phosphor samples were 
analyzed by a Rigaku D/max – RC X-ray 
diffractometer with Cu K  (  = 1.542 Å) radiation 
operating at 40 kV and 45 mA. The scan rate was 
1°/min and the measurement range was ranging from 
20  to 60°. The PL emission and excitation spectra of 
the prepared samples were obtained by using a Perkin-
Elmer LS-50 spectrometer with a xenon flash lamp. 

3. Results and discussion 

Figure 1 (a) shows the XRD patterns of the Ba0.95-

ySryEu0.05Ga2S4 samples with various Sr2+ ion content. 
The XRD pattern of Ba0.95Eu0.05Ga2S4 sample was 
well matched with a cubic structured BaGa2S4 phase 
(JCPDS # 76-105 the space group Th6–Pa3). 
However, as the Sr2+ ion content increased, positions 
of peaks in the XRD patterns shifted to larger 2 . The 
shift of the peak positions to larger 2  means 
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Fig. 1.  XRD patterns of (a) Ba1-ySryGa2S4:Eu2+

and (b) Ba1-zCazGa2S4:Eu2+ samples.

decrease of the lattice parameter and shrinkage of the 
unitcell. Because SrGa2S4 has orthorhombic structure, 
when y was higher than 0.3, SrGa2S4 phase was 
observed as an impurity phase. In the case of Ca2+,
similar results were obtained. Figure 1 (b) shows the 
XRD patterns of the Ba0.95-zCazEu0.05Ga2S4 phosphor 
samples with various Ca2+ ion content. Because ionic 
radius of Ca2+ is smaller than that of Sr2+, larger shift  

Fig. 2.  Lattice parameters of Ba1-ySryGa2S4:Eu2+

and Ba1-zCazGa2S4:Eu2+ samples. 

Fig. 3.  Normalized PLE spectra of (a) Ba1-

ySryGa2S4:Eu2+ and (b) Ba1-zCazGa2S4:Eu2+ samples.

of peaks in the XRD patterns was observed. When z 
was higher than 0.2,  BaGa4S7 was observed as an 
impurity phase. Formation temperature of 
orthorhombic structured CaGa2S4 phase is higher than 
that of the BaGa2S4 phase. In addition, a difference 
between ionic radii of Ca2+ and Ba2+ is relatively large.
Therefore, instead of CaGa2S4 phase, BaGa4S7 phase, 
which has smaller Ba2+/Ga3+ ratio than BaGa2S4, was 
observed as an impurity phase. Figure 2 shows the 
lattice parameters of the samples depending upon the 
Sr2+ and Ca2+ ion content. The lattice parameters were 
linearly decreased with increase of the Sr2+ and Ca2+

ion content. When the smaller Ca2+ ion was 
substituted, the sharper decrease was observed. The 
linear decrease of the lattice parameter means that Sr2+

and Ca2+ ions were well substituted for Ba2+ ion. 
Figure 3 (a) shows the PLE spectra of phosphor 

samples with various Sr2+ ion content. The PLE 
spectrum of the BaGa2S4:Eu2+ phosphor consisted of 
four bands [2]. The band peaking at around 260 nm 
corresponds to the host lattice absorption. The other 
bands are assigned to the f-d transitions of Eu2+ ions. 
The excitation bands due to the f-d transitions of Eu2+

ions were gradually red-shifted with increase of the 
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Fig. 4.  Normalized PL spectra of (a) Ba1-

ySryGa2S4:Eu2+ and (b) Ba1-zCazGa2S4:Eu2+ samples.

Sr2+ ion content. As shown in Fig. 3 (b), the PLE 
bands were also red-shifted with increase of the Ca2+

ion content. When the smaller Ca2+ ion was 
substituted, the larger shift was observed. Therefore, it 
was believed that the red shift of the excitation bands 
is related to the ionic radius. Substitution for Ba2+ ion 
by other ions with different ionic radii (Ca2+ or Sr2+)
may change the symmetry at micro-level and also the 
crystal field experimented by the activator [4]. Crystal 
filed splitting of 5d band in the Eu2+ ion strongly 
depends on the interatomic distance, and the splitting 
is inversely proportional to the interatomic distance. 
As it was mentioned, the lattice parameter was 
decreased and the volume of the unitcell of the 
samples was shrunken by substitution of Sr2+ and Ca2+

ions for Ba2+ ion. Therefore, distance between Eu2+

ion and neighboring S2- ions decreased, and 
subsequently the crystal field was increased. The 
increase of the crystal field resulted in red-shifts of 
both the PLE bands and the emission bands. Figure 4 
shows the normalized PL spectra of the phosphor 
samples with various Sr2+ and Ca2+ ion content. The 
main emission wavelength was increased from 501 
nm to 519 nm with increase of the y in Ba1-

ySryGa2S4:Eu2+ from 0 to 0.3. In addition, the main 

emission wavelength was increased from 501 nm to 
523 nm with increase of the z in Ba1-zCazGa2S4:Eu2+

from 0 to 0.3. The red-shifts of the emission bands 
were also due to the increase of the crystal field 
splitting. Of course, the contribution of the re-
absorption of the high-energy emitted photons due to 
the overlapping of the emission and excitation spectra 
cannot be ruled out [2]. 
Figure 5 shows the CIE color coordinates of the Ba1-

ySryGa2S4:Eu2+ and Ba1-zCazGa2S4:Eu2+ samples. The 
CIE color coordinates of the samples were gradually 
shifted from bluish-green region (x = 0.143, y = 0.506) 
to green region (x = 0.183, y = 0.596) with increase of 
the Sr2+ ion content. When the Ca2+ ion was 
substituted, the larger shift from (x = 0.143, y = 0.506) 

Fig. 5.  Relative PL intensity of (a) Ba1-

ySryGa2S4:Eu2+ and (b) Ba1-zCazGa2S4:Eu2+ samples.
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Fig. 6.  Relative PL intensity of (a) Ba1-

ySryGa2S4:Eu2+ and (b) Ba1-zCazGa2S4:Eu2+ samples.

to (x = 0.233, y = 0.633) was observed.  
Figure 6 (a) shows the relative PL intensity of the 

phosphor samples depending upon the Sr2+ ion content 
under various excitation sources. When the samples 
were excited by 254 nm, there was not significant 
change of the PL intensity depending upon the Sr2+

ion content. It was believed that the host lattice 
absorption band was not significantly affected by the 
substitution of the Sr2+ ion. However, when the 
samples were excited by 450 nm the PL intensity was 
gradually increased with increase of the Sr2+ ion 
content. When the y in Ba1-ySryGa2S4:Eu2+ was 0.2, the 
PL intensity was higher by about 30 % than that of 
Ba0.95Eu0.05Ga2S4 sample, which could be of great 
advantage for white LEDs applications based on blue 
LEDs. When the y was higher than 0.2, the PL 
intensity was decreased due to the formation of the 
SrGa2S4 impurity phase. When the samples were 
excited by 360 nm, the PL intensity was decreased 

with increase of the Sr2+ ion content. It was because 
that the excitation bands due to the f-d transition of 
Eu2+ ion were red-shifted with increase of the Sr2+ ion 
content. As shown in Fig. 6 (b), in the case of Ca2+ ion 
substitution, similar results were observed. When the z 
in Ba1-zCazGa2S4:Eu2+ was 0.2, the PL intensity was 
higher by about 50 % than that of Ba0.95Eu0.05Ga2S4
sample.  

4. Summary

Our original results were related to the shifts of 
the emission and excitation bands by the substitutions 
of the Sr2+ and Ca2+ ions. The shifts were originated 
from the shorter interatomic distance between the Eu2+

ion and the S2- ion by the substitutions. The lattice 
parameters obtained from the XRD patterns of the 
phosphor samples were linearly decreased with 
increase of the Sr2+ and Ca2+ ion content. Crystal filed 
splitting of 5d band in the Eu2+ ion is strongly 
depended on the interatomic distance, and the splitting 
is inversely proportional to the interatomic distance. 
Increase of the crystal field splitting by the 
substitutions resulted in the red-shift of the emission 
and excitation bands. The emission band due to the 4f-
5d transition of the Eu2+ ion was shifted from 501 nm 
to 519 nm with increase of the y in Ba1-ySryGa2S4:Eu2+

from 0 to 0.3, and the band was shifted from 501 nm 
to 523 nm with increase of the z in Ba1-zCazGa2S4:Eu2+

was 0.3. In addition, the PL intensities of the phosphor 
samples under 450 nm excitation were increased by 
substitution of the Ca2+ and Sr2+ ions, which could be 
of great advantage for white LEDs applications based 
on blue LEDs. 
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