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Abstract 
Three different fluoride compounds were used for 

preparation of BaAl2S4:Eu thin-films. The emission 
intensity of these devices were higher than that of the 
thin-films deposited without fluoride materials, and 
the appropriate annealing temperature decreased with 
fluoride dopants. It is related to the fluoride 
compounds accelerate the crystallization of BaAl2S4 at 
low temperature. 

 
 

1. Introduction 
 

Europium-doped barium thioaluminate phosphor 
shows excellent brightness, high efficiency and the 
good color for blue emitter. This material has been 
developed as a high-luminance and blue-emitting 
phosphor for thin-film electroluminescent devices in 
our work [1]. Currently, this phosphor has been used 
to compose the color inorganic EL display based on 
color by blue (CBB) technique [2-4]. An inorganic EL 
display, has optimized CBB design, combined with 
TDEL structure has many advantages compared with 
the other flat panel displays such as liquid crystal 
displays (LCDs) and plasma display panels (PDPs).  

In order to obtain higher luminance from 
BaAl2S4:Eu thin-films, three kinds of fluoride 
compounds (EuF3, BaF2 and AlF3) were used for 
preparation of BaAl2S4:Eu thin-films. The effects of 
fluoride compounds for BaAl2S4:Eu thin-films were 
investigated.  
 
 

2. Experimental 
 

BaAl2S4:Eu thin-films were prepared using BaS:Eu 
pellet and Al2S3 chunk. The BaS:Eu pellet were 
prepared with BaS, Eu compound and fluoride 
compound. EuS and EuF3 were used as the Eu source, 
and the Eu concentration was fixed at 5 at%. BaF2, 
AlF3 as well as EuF3 were used as the fluoride 
compound. The post annealing temperature of the 
thin-films varied from 650 ˚C to 800 ˚C. 

 
 

3. Results and discussion 
 
3.1 EuF3 was used for preparation of BaAl2S4:Eu 
thin-films 
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EuF3 was used not only as a fluoride compound but 
also as an activator of the luminescent center. The PL 
intensity of BaAl2S4:Eu thin-films deposited with 
EuF3 showed maximum intensity when the film was 
annealed at 680 ˚C. On the other hand, the optimum 
temperature of annealing was 800 ˚C in a case that 
EuS was used as a Eu source. Figure 1 shows the 
photoluminescence (PL) spectra of BaAl2S4:Eu 
thin-films prepared with EuF3 and EuS. The annealing 
temperature of each sample is 680 ˚C and 800 ˚C, 
respectively. The emission peak wavelength of 
BaAl2S4:Eu thin-film deposited with EuF3 slightly 
shifts to shorter wavelength region. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Photoluminescence spectra of BaAl2S4:Eu 

thin-films prepared using (a) EuF3, (b) EuS. 

 
 

3.2 BaF2 and AlF3 were used for preparation of 
BaAl2S4:Eu thin-films 

 
BaF2 doped into the evaporation source with the 

concentration range between 0 mol% and 10 mol%, 
and the concentration of AlF3 as a dopant varied from 
0 mol% to 20 mol%. BaF2 and AlF3 doped samples 

were used EuS as a Eu source. When AlF3 was used as 
a fluoride compound, the highest PL intensity obtained 
at a concentration of 10 mol%. The highest PL 
intensity from BaAl2S4:Eu thin-films prepared with 
BaF2 was obtained at 5 mol%. Figure 2 shows the 
relationship between the PL intensity for three kinds 
of BaAl2S4:Eu thin-films and the annealing 
temperature. For fluoride compounds doped samples, 
the concentration of BaF2 and AlF3 was 5 mol% and 
10 mol%, respectively. The PL intensity increased 
together with annealing temperature when BaAl2S4:Eu 
thin-films prepared without fluoride compounds, the 
highest PL intensity was obtained at 800 ˚C. On the 
other hand, the appropriate annealing temperature 
decreased to 760 ˚C with using the fluoride 
compounds on the preparation process. It is also 
confirmed that the emission intensity increased with 
using fluoride compounds. 

 
 

 
 

 
 
 
 

 
 
 
 
Fig. 2. Relative photoluminescence intensity of 

BaAl2S4:Eu thin-films prepared using different fluoride 

compounds as a function of the annealing temperature. 

The concentration of BaF2 and AlF3 were 5 mol% and 10 

mol%, respectively. The characteristic of the thin-film 

prepared without fluoride materials is also shown. 
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Fig. 3. XRD patterns of BaAl2S4:Eu thin-films 

prepared with (a) using BaF2, (b) using AlF3, and (c) 

without fluoride compounds. 

 
 
Figure 3 shows XRD patterns of BaAl2S4:Eu 

thin-films prepared with using fluoride compounds. 
The spectrum for undoped (without fluoride 
compounds) is also shown. The concentration of 
fluoride compounds is 5 mol% and 10 mol% in a case 
of BaF2 and AlF3, respectively. The annealing 
temperature of three samples is 760 ˚C. The cubic 
BaAl2S4 and orthorhombic phase of BaAl2S4 were 
observed from BaAl2S4:Eu thin-films prepared using 
BaF2 and AlF3, as shown Fig. 3 (a), (b). When 
BaAl2S4:Eu thin-films prepared without fluoride 
compounds, diffraction lines from the cubic BaAl2S4 
and orthorhombic BaAl2S4 dominate in the spectrum, 
and weak diffraction lines agreeable with BaAl4S7 
appeared, as shown in Fig. 3 (c). It is reported the 
BaAl4S7 phase was selectively formed at low 

temperature [5]. With increasing the annealing 
temperature to 800 ˚C, the BaAl4S7 crystals 
disappeared. It seems that BaF2 and AlF3 enhanced the 
crystal growth of BaAl2S4 at lower temperature. 

 

 

4. Summary 
 

Three kinds of fluoride compounds were used for 
preparation of BaAl2S4:Eu thin-films. The blue 
emission intensity increased with fluoride compounds 
were used. The appropriate annealing temperature of 
BaAl2S4:Eu thin film phosphors was decreased with 
doping the fluoride compounds in the evaporation 
source. It is expected fluoride compounds act to avoid 
the problem of high temperature post-annealing which 
is necessary to obtain high luminance and fully 
crystallization for BaAl2S4:Eu blue emitting thin film 
phosphors. 
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