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Abstract

Powder samples of Ca,GeOs doped with 0.2, 0.5, 1, 2 and 3 at% Dy*" were prepared using
conventional solid state synthesis technique. XRD analyses show obtaining of the pure phase at all
dopant concentrations. Emission and excitation spectra contain the characteristic peaks of Dy** ion.
The Dy** excitation spectrum in the range from 300 to 500 nm show characteristic transitions of Dy>*,
attributed to the f—f transitions. The strongest peak is located at 348 nm corresponding to the ®*His
—%P4, transition. In the luminescent spectra the two emission peaks of Dy** appears at 483 nm (*Fsp
—®Hy5, transition) corresponding to blue color and at 575 nm (*Fs;,—°Hz» transition) corresponding
to yellow one. CIE coordinates of the samples show different emission colors in the yellow region
depending on the active ion concentration. The obtained results confirm that as prepared dysprosium
doped materials could be used as yellow phosphors.
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1. INTRODUCTION

Luminescent materials based on germanate compounds are used as fluorescent lamps, modern flat
screens and displays due to their low energy consumption, long lifetime, high stability, good
brightness, robustness, fast switching, small size and high efficiency. According to Wang et al.,
luminescent materials would reduce the universal electricity consumption up to 50% [1]. Ca.GeOQs is
with orthorhombic structure, space group Pbmn and crystal lattice parameters a=5.24 A, b=11.40 A,
¢=6.79 A [2, 3]. This compound is well known as a host for Cr*" activated laser materials [4-6]. Only
few articles are published on doping of Ca,GeO, with rare earth ions. All investigations on Th*" doped
Ca,GeOy [7] and Eu** doped Ca,GeO, [8-10] are under excitation length in the range 240-260 nm,
where peaked the Re-O charge transfer. In modern technologies InGaN chip is common used as an
excited light source emitting in the range 340-430 nm. Therefore it is necessary to find out proper rare
earth ion which can be excited in this range and to emit in the visible range with high efficiency. The
only article on Dy** doped Ca,GeO, describes in details the afterglow luminescence of this material
[11]. Dysprosium ion possesses two dominant emission bands in the blue (460-500 nm) and the yellow
(560-600 nm) regions. The first is assigned to the *Fo2—°His, magnetic dipole transition which is
slightly dependent on the local symmetry. The latter one is assigned to the hypersensitive electric
dipole transition “Fo,—°His, which intensity is strongly influenced by the Dy** environment [12, 13].
For this reason Dy*" ion could be used as a single dopant in white light emitting materials. Color could
be tuned by adjusting the yellow to blue ratio in the emission spectrum [14].

The main aim of this work is to find out the optimal concentration of Dy*" ion in Ca,GeOs matrix
when the emission is strongest upon excitation in the range 340-430 nm and to use these results for
further investigations on materials containing the mentioned compound.
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2. MATERIALS AND METHODS
2.1. Materials

CaCoOs; (p.a.Valerus), GeO (99.99%, Alfa Aesar) and Dy,03 (99.99%, Alfa Aesar) were used as raw
materials.

2.2. Methods

Solid state synthesis were carried out in a resistive furnace with Kantal heating wire permitted
maximum working temperature of 1200°C and in a chamber furnace with MoSi, heating elements
permitted maximum working temperature of 1550°C. Samples were synthesized in platinum crucibles.
First the mixture was heated at 700°C for decomposition of the calcium carbonate and then the powder
was heated at 1300°C during 3 hours with two intermediate grinding in agate mortar.

2.2.1. Characterization

Structural characterization was carried out by powder X-ray diffraction using a Bruker D8 Advance
powder diffractometer with Cu K, radiation and SolX detector. X-ray diffractograms were recorded at
room temperature. Data were collected in the 20 range from 10 to 80> with a step 0.04° and 1s step *
counting time. X-ray diffractograms were identified using the Diffractplus EVA program [15]. The
emission and excitation spectra where measured on Horiba Fluorolog 3-22 TCS spectrophotometer
equipped with a 450 W Xenon Lamp as the excitation source. All spectra were measured at room
temperature.

3. RESULTS AND DISCUSSION

The structure of Ca,GeO, is an olivine structure where Ca*" ions occupy two different octahedral
crystallographic positions. The Cal cation is surrounded by six anions with an average Ca-O distance
of 2.3630 A and located at the center of inversion. The coordination of the Ca2 cation is also
octahedral with an average Ca-O distance of 2.3954 A. Coordination polyhedra are slightly distorted..
The Ge atom is enclosed in a tetrahedron and the average Ge—O distance is 1.7636 A. Ge and Ca2
cations lie in mirror planes[2, 16]. The ionic radius of dysprosium (0.912 A) is closed to that of
calcium (0.99 A), so it is expected that the dysprosium ion would prefer to substitute the calcium ion
[17].

XRD patterns of the Ca,GeQO,, pure and doped with 0.2, 0.5, 1, 2 and 3 at% Dy>* are presented on
Figure 1. The results confirm that all obtained samples are pure phase compared with PDF File 26
0304. The crystal lattice parameters are almost unchanged with increasing of the dopant concentration.

The excitation spectra of Dy** doped Ca,GeO, monitored at 575 nm in the wavelength range 300-500
nm are presented on Figure 2. They consist of sharp peaks absorbed from the 4f levels of Dy** ion and
correspond to the transitions ®Hisp—°Pan (323 nm), ®Hisp—tlen (336 nm), *Hisp—®P7z (348 nm),
6H15/2—>6P5/2 (363 nm), 6H15/2 —>6F7/2 (385 nm), 6H15/2—>4611/2 (423 nm), 6H15/2—>4|15/2 (452 nm) and
Hisp—*Fa2 (472 nm). The observed peaks are already described in the literature [13, 18]. The
strongest peak is centered at 348 nm. As can be seen, the intensity of the peaks in the spectra increases
up to 1 at% Dy*".

The emission spectra of Dy** doped samples monitored at 348 nm in the wavelength range 400-650
nm are presented on Figure 3. They display two separate peaks in the blue region (483 nm) and in the
yellow region (575 nm) corresponding to *Fep—°His, and *Fo—C®Hiap transitions respectively. The
blue emission belongs to a magnetic-dipole transition and the yellow one belongs to a hypersensitive
electric-dipole transition. The intensity of the latter one is strongly influenced by the chemical
environment of the active ion. The blue peak is stronger when the dopant is located in a high
symmetry site with inversion center and when the yellow peak dominates the doping ion is located at
low symmetry site [14, 18]. In Ca,GeO4 compound the Dy*" ion is at low symmetry local site without
inversion symmetry center and the yellow emissions in the luminescent spectra are stronger. The
highest emission is observed at 0.5 and 1at% Dy** dopant concentrations.
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Fig. 1. XRD patterns of the pure and Dy** doped Ca,GeO, samples, compared with Ca,GeO4 PDF file
26 0304.
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Fig. 2. Excitation spectra of Dy** doped Ca,GeO, monitored at 575 nm.
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Fig. 3. Emission spectra of Dy** doped Ca,GeO4 monitored at 348 nm
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Fig. 4. Luminescent intensity dependence of the 4Fg,— 6H1s5, and 4Fg,— 6Ha3p2 transitions on the
concentration of the Dy*" ion.
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Figure 4 presents the luminescent intensity dependence of the two transitions mentioned above on the
concentration of the active ion. As can be seen, the luminescence is highest at 0.5 and 1at% Dy*" in the
host. In higher concentrations the luminescence decreases because of the concentration quenching
effect.

According to Blasse [13], critical average short distance between two active ions could be calculated
using the equation:

R=2[3V/4nX:N]J*3,

where V is the volume of the unit cell of Ca,GeO, (405.61 A®), Xc is a critical concentration of Dy**,
N is the number of the center cations in Ca,GeO, unit cell (8). In the case of Ca,GeO4 doped by 0.5
at% Dy**, which is the critical concentration, Rc is 5.79 A. The intensity ratios of yellow-to-blue
('Y/B) emissions of samples with different Dy** concentrations varies between 2.24 and 2.34, therefore
the luminescence color is in the yellow region. It could be changed to some extend by varying the
dopant concentration.The intensity ratios (Y/B) and the chromaticity coordinates of all investigated
samples are presented in Table 1 and on Figures 5 and 6.

CIE YB X y

0.2 at%Dy**:Ca,GeOs 2.62 0.43 0.42

0.5 at%Dy**:Ca,GeOs 2.24 0.42 0.40

1 at%Dy**:Ca,GeOs  2.39 0.43 0.41

2 at%Dy**:Ca,GeO,  3.16 0.44 0.43

3 at% Dy**:Ca,GeO, 3.34 0.44 0.43

Table 1. Intensity ratios (Y/B) and chromaticity coordinates of Dy** doped Ca,GeO, samples.
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Fig. 5. Concentration dependence of the intensity ratios (Y/B) of Dy*" doped Ca,GeO, samples
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Fig. 6. CIE coordinates of Dy** doped Ca,GeO,4 samples.

4. CONCLUSIONS

Powder samples of Ca,GeO, doped with 0.2, 0.5, 1, 2 and 3 at% Dy** were prepared using
conventional solid state synthesis technique. XRD analyses show obtaining of the pure phase at all
dopant concentrations after heating at 1300 °C during 3 hours. The Dy*" excitation spectrum in the
range from 300 to 500 nm show characteristic transitions of Dy>*, with strongest peak located at 348
nm (*His, —%P7p2 transition). In the luminescent spectra in the range from 400 to 650 nm the two
emission peaks of Dy** appears at 483 nm (*Fsp—°®Hisp transition) and 575 nm (*Fsp—°®Hiap
transition) corresponding to blue and yellow colors. The highest emission is observed at 0.5 and 1at%
Dy*" dopant concentrations. The intensity ratios of yellow-to-blue (Y/B) emissions of samples with
different Dy** concentrations vary between 2.24 and 2.34. Thus the color could be changed to some
extend by changing the active ion concentration. CIE coordinates of the samples show different
emission colors in the yellow region. The obtained results confirm that the described dysprosium
doped materials could be used as yellow phosphors.
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