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Abstract

Eu doped zinc thiogallate, ZnGa,S,:Eu**, powders were prepared by solid state reaction process at H, atmosphere by introducing extra S vapor to
compensate for the evaporation loss of S. A single phase ZnGa,S,:Eu?* could be obtained by firing above 850 °C for 3h at 5% H, atmosphere.
It exhibited a green emission band at 540 nm with an excitation wavelength of 465 nm that could be emitted from commercial blue LEDs. The
maximum emission intensity could be achieved from 4 mol% Eu** doped ZnGa,S, phosphors.
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1. Introduction

AB,X4 (A'=Sr, Ca, Zn, Cd; B =Ga; XVI=8, Se, Te)
thiogallate compounds have been focused due to infrared (IR)
transmission as well as their excellent photoconductive and non-
linear optical properties. Most of AB>X4 thiogallate have a
defect chalcopyrite structure by replacing a half of A site cations
with vacancies as shown in Fig. 1.1

Among thiogallate compounds, recently, SrGa2$4:Eu2+ and
CaGayS4:Eu?* have been focused as green phosphors for white
light emitting diodes (LEDs), because their photoluminescence
(PL) spectra exhibited a very strong green emission around
520-540nm with the excitation wavelength of 450-470 nm
that could be emitted from commercial blue LEDs.>* Besides
SrGasS4 and CaGaySy4, ZnGay Sy is well known as a good IR-
transmitting material in the range of 2.5-12 wm. It has the
142m tetragonal structure.>*> The tetragonal unit cell has lattice
parameter a; and ¢ of 0.5297 and 1.0363 nm, respectively.

Even though ZnGa;S4 has almost same crystal structure with
that of SrGa,S4 and CaGay Sy, its luminescent properties as a
phosphor have been rarely reported yet.

In this work, we synthesized Eu doped ZnGaS4 thiogal-
late by solid-state reaction, and investigated the effects of firing
conditions and Eu** doping on the synthesis and luminescent
properties.
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2. Experiment

Eu doped Znj_ Eu,GayS4:Eu?t phosphor was synthesized
by solid state reaction with ZnS (Aldrich, 99.99%), Ga,S3
(Aldrich, 99.99%), and EuS (Kojundo, 99.9%). Instead of toxic
H>S gas, 5 and 1% H; gas was employed for the reduction atmo-
sphere by the flow rate of 100 sccm, and extra S powders were
put in the reaction crucibles together with reactants or separately
in the furnace tube to compensate for the evaporation loss of S.
Firing temperatures were ranged from 800 to 1150 °C, and Eu**
doping concentrations varied from 1 to 5 mol%. The crystalline
phases of ZnGa,S4:Eu?* phosphors were analyzed by X-ray
diffractometer (XRD, SIEMENS D5005). Photoluminescence
was measured by PL system (PSI Darsa-5000) with a Xe lamp
and a monochrometer. Energy dispersive spectroscopy (EDS,
JEOL JSM-6500F) and scanning electron microscope (SEM,
JEOL JSM-6500F) were used to determine the atomic ratio and
the particle shape.

3. Results and discussions

Fig. 2 shows XRD patterns of the mixture of ZnS and Ga;S;3
(1:1) fired at 1100 °C under 5 and 1% H; atmosphere, respec-
tively. A single phase ZnGa;S4 could be synthesized at 5% Hj,
while ZnGa; 04 oxide phase was obtained at 1% H; due to the
oxidation rather than the sulfuration. So our experiments were
carried out at 5% Hj atmosphere.

XRD patterns of 4mol% Eu doped ZnGa;S4 phosphors
heated at 800—1150 °C all exhibited strong characteristic peaks
of ZnGayS4. According to the phase map of ZnS-Ga,S3
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Fig. 1. A crystal structure of AB,Xy thiogallate compounds 2.

system,5 there are three different solid-solution phases, namely,
sphalerite (S), wurtzite (W), and the tetragonal thiogallate (T)
and also three two-phases fields (S+W, S+ T, W +T). ZnGa,S4
is the equilibrium compound at 50 mol% Ga,S3 above 650 °C.
So a single phase of ZnGaS4 had to be formed above 800 °C
in our experiment, but weak peaks of Ga;S3 were observed at
800 °C. In our work, adding 4 mol% EusS instead of ZnS caused
the small compositional deviation from the equilibrium compo-
sition of ZnS—Ga;S3 (1:1) system, leading to the decrease of the
solubility of Ga,S3 in ZnS, and so the two-phases of ZnGayS4
and GayS3 (T + W) appeared at 800 °C. Above 850 °C, a single
phase of 7ZnGayS4:Eu?t could be achieved.
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Fig. 2. XRD patterns of the mixture of ZnS and Ga,S3 (1:1) fired at 1100°C
under (a) 5% and (b) 1% H, atmosphere.
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Fig.3. FWHM of (1 12) peak of ZnGa, S4:Bu* (4 mol%) powders as a function
of firing temperature.

Full width of half maximum (FWHM) values of (112)
main peak of ZnGayS4 strongly depended on the firing tem-
peratures as shown in Fig. 3. As firing temperature increased,
FWHM gradually decreased up to 1100 °C, and then increased
at 1150°C. Since the powders initiated to dissolve partly at
1150°C, the crystallinity was deteriorated, resulting in the
increase of FWHM.

Excitation and emission spectra of ZnGayS4:Eu?t (4 mol%)
powders is shown in Fig. 4. Excitation spectrum for 540 nm
emission exhibited a broad band peaking at 465 nm. At present,
there are no reports concerning the emission band structure of
7ZnGayS4:Eu?t and the transition mechanism of Eu?* in it. But
we can refer to other AB,S4 thiogallate compounds such as
SrGa,S4:Eu?t and CaGayS4:Eu?t, because they have just same
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Fig. 4. Excitation and emission spectra of ZnGay S4:Bu* (4 mol%) powders for
the emission of 540 nm.
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crystal structure with one another. Even though their excita-
tion spectra and emission positions strongly depend on the Eu>*
environment by choosing ‘A’, it is known that they all show the
broad excitation due to the transition of 4f°5d! ("F) to 4f7 (3S7,2)
ground state of Eu®* ions.®® Accordingly, the broad excitation
spectrum peaking at 465 nm of ZnGayS4:Eu”* could be thought
to originate from 4f°5d" to 4f7 transition. With regard to emis-
sion spectra of 7ZnGayS4:Eu?* (4 mol%) at various excitation
wavelengths, they all exhibited green emissions at the same
positions of 540nm. The highest PL emission intensity was
observed at 465 nm excitation that corresponded to a peak of the
excitation spectrum. For AGa, S, thiogallate compounds such as
BaGarS4:Eu®* (Agm =497 nm), SrGarS4:Eu®* (Agm =535 nm),
and CaGayS4:Eu?t (Agm =560 nm), the red-shit and the emis-
sion wavelengths generally increase with decreasing the size of
‘A’ cation (Ba2* =1.36 A, Sr2* =1.26 A, Ca?* =1.12 A).° How-
ever, in spite of smaller atomic size of Zn2* (0.75 A), this did
not apply to ZnGarS4:Eu®* (Agpm = 540 nm). In this experiment,
the emission wavelength of ZnGayS4:Eu*t was almost same
with SrGayS4:Eu?*. It could be explained by the crystal field
splitting energy (AS), which was related to the atomic size
of ‘A’ atoms and inversely to the distance between a metal
and ligands. Even though Zn?* size was smaller than Sr’*,
the lattice parameter of ZnGaySs was also small comparing
with SrGa;S4, leading to the almost same AS, and so emis-
sion bands of these two phosphors were located at the similar
wavelength.

To investigate the effects of Eu doping concentration on the
crystal structure and PL properties, we measured FWHM of
(112) peak of ZnGarS4:Eu** and PL intensity as shown in
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Fig. 5. FWHM of (1 12) peak of ZnGa,S4:Eu?* fired at 1100°C with various
Eu concentration.
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Fig. 6. PL intensity of ZnGayS4:Eu”* fired at 1100 °C with various Eu concen-
tration.

Figs. 5 and 6. With increasing the Eu doping concentration,
FWHM values decreased up to 4 mol%, and increased again at
5mol% in Fig. 5. This indicated that doping Eu improved the
crystallinity of ZnGaS4:Eu. The reason was not clear, but it
could be speculated that doped Eu atoms were mainly substi-
tuted for Zn atoms and partly occupied the intrinsic Zn vacancy
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Fig. 7. PL intensity of ZnGayS4:Eu?* as a function of firing temperature.
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sites of a defect chalcopyrite structure in Fig. 1. The increase of
FWHM at 5 mol% indicated that Eu concentration in ZnGayS4
more than the optimum value (4 mol%) caused the lattice distor-
tion and irregular distributions of Eu. As a result, the activator
ions, Eu?*, were paired and/or coagulated due to the high dop-
ing concentration, leading to concentration quenching in PL. As
shown in Fig. 6, PL intensity peaked at 4 mol% Eu concentra-
tion and decreased at 5 mol%. This was inversely in accordance
with the result of Fig. 5. The PL drop at 5 mol% was attributed
to the concentration quenching effects as well as the deteriora-
tion of the crystallinity as show in Fig. 5. Finally, the Eu doping
contributed to the increase of the luminescent activators and
the crystallinity simultaneously resulting in PL. enhancement.
Fig. 7 shows PL intensity peaking at 1100 °C as a function of
firing temperature, which was closely correlated with the results
of Fig. 3. With increasing firing temperature up to 1100 °C, the
crystallinity improved, leading to the higher PL intensity. At
1150 °C, the increase of FWHM led to the drop of PL inten-
sity.

4. Conclusion

Eu doped zinc thiogallate, ZnGa,S4:Eu”* powders were pre-
pared by solid state reaction process at 5% H, atmosphere
by introducing extra S vapor. A single phase ZnGapS4:Eu?*
(4 mol%) could be obtained by firing above 850 °C for 3h at 5%
H; atmosphere. It exhibited a green emission band at 540 nm
with an excitation wavelength of 465 nm. The firing tempera-
ture contributed to the formation of a single phase and to the
increase of the crystallinity of ZnGayS4:Eu®* leading to high
PL intensity. The Eu doping caused the increase of the lumines-

cent properties and the crystallinity simultaneously, resulting in
PL enhancement.

Acknowledgement

This work was supported by grant no. R01-2005-000-10530-
0 from the Basic Research Program of the Korea Science &
Engineering Foundation.

References

1. Lottici, P. P. and Razzetti, C., On the lattice dynamics of some defective
gallium ternary compounds. J. Phys. C: Solid State Phys., 1983, 16, 3449—
3456.

2. Carpenter, G. B., Wu, P., Gao, Y.-M. and Wold, A., Redetermination of crystal
structure of zinc thiogallate. Mater. Res. Bull., 1989, 24, 1077-1082.

3. Sastry, I. S. R., Bacalski, C. F. and McKittrick, J., Preparation of green-
emitting Srj_,Eu,Ga,S4 phosphors by a solid-state rapid metathesis reaction.
J. Electrochem. Soc., 1999, 146, 4316—4319.

4. Zhang, J., Takahashi, M., Tokuda, Y. and Yoko, T., Preparation of Eu-doped
CaGayS4—CaS composite bicolor phosphor for white light emitting diode. J.
Ceram. Soc. Jpn., 2004, 112(9), 511-513.

5. Zhang, J., Chen, W. W., Ardell, A.J. and Dunn, B., Solid-state phase equilibria
in the ZnS—Ga;, S3 system. J. Am. Ceram. Soc., 1990, 73(6), 1544—1547.

6. Peters, T. E. and Baglio, J. A., Luminescence and structural properties of thio-
gallate phosphors Ce>* and Eu?*-activated phosphors. Part I. J. Electrochem.
Soc., 1972, 119, 230-236.

7. Benalloul, P., Barthou, C., Fouassier, C., Georgobiani, A. N., Lepnev, L. S.,
Emirov, Y. N., Gruzintsev, A. N., Tagiev, B. G., Tagiev, O. B. and Gabbarov,
R. B., Luminescence of Eu?* in calcium thiogallate. J. Electrochem. Soc.,
2003, 150, G62-G65.

8. Chartier, C., Barthou, C., Benalloul, P. and Frigerio, J. M., Photoluminescence
of Eu?* in SrGaySy. J. Lumin., 2005, 111, 147-158.

9. Dorenbos, P., Energy of the 4f” — 4f05d transition of Eu®* in inorganic
compounds. J. Lumin., 2003, 104, 239-260.



	Synthesis and luminescent characterization of zinc thiogallate
	Introduction
	Experiment
	Results and discussions
	Conclusion
	Acknowledgement
	References


