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Low temperature photoluminescence emission of
Zn,SiO,:Eu** phosphor powder
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Phosphor materials are of special interest due to their important applications ranging from solid state lightning and displays
to biomedicine. Understanding the spectroscopic properties of these materials is important for optimizing their emission for
technological applications. Zinc silicate (Zn,SiO4) has been identified as a very suitable host matrix for many rare-earth and
transition metal dopant ions with excellent luminescent properties in the blue, green and red spectral zones. Here, we
present high resolution measurements of low-temperature photoluminescence of trivalent europium doped zinc silicate
. . . . . 5 7 H
particles prepared by combination of sol-gel and combustion synthesis route. We observed and analyzed Do —'F; spin
forbidden f-f electronic transitions at low temperatures, as well as emission kinetics from °Dy level and lifetime-temperature

dependence.
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1. Introduction

Phosphors are composed of an inert host lattice and an
optically excited activator, typically a 3d or 4f electron
metal. For application in the emerging full color, flat panel
display industry, thermally stable, high luminous
efficiency, radiation resistant, fine particle size powders
are required. The demands of these newer technologies
have produced a search for new materials and synthesis
techniques to improve the performance of phosphors [1].
When used as luminescent activators in phosphor
materials rare-earths posses excellent luminescent
characteristics, with high color purity and high emission
efficiency, which is a consequence of their specific
electronic configuration. That is why rare-earths doped
zinc-silicate phosphors are being used in optical display
and lighting applications [2, 3]. Also, they are good
candidates for field emission displays (FEDs).

In this paper we present high resolution measurements
of low-temperature photoluminescence of trivalent
europium ions in zinc-silicate matrix. Europium-doped
Zn,Si0, was synthesized using a novel procedure of sol-
gel technique combined with combustion processing
initiated in a microwave oven. This process enables fast
and energetically efficient production of Zn,SiO,:Eu®*
phosphor particles. We observed and analyzed °D, —'F;
spin forbidden f-f electronic transitions of Eu®" ion.
Emission kinetics from °Dy level and lifetime-temperature
dependence is also presented.

2. Experimental

Zn,Si0, powder doped with 1 at% europium ions was
prepared using polymer-assisted salted sol-gel method,

described in detail elsewhere [4], where the precursor for
Eu®* ions was europium nitrate (Alfa Aesar, p.a.).
Polyethylene glycol with average molecular weight 4000
(PEG 4000, Alfa Aesar) was used not only as chelating
agent and a resin vehicle, but also as fuel to provide the
combustion reaction. PEG was added in the formed sols
before gelling, in 1:1 mass ratio to the expected mass of
the final product. After gelling and drying at 100°C for 5
days, obtained dry gel was combusted in a microwave
oven (800 W for 5 min), and then thermally treated in a
furnace at 1180°C for 1h.

Sample was characterized by X-ray diffraction
technique for phase identification and peak broadening
analysis. XRD measurements were obtained by Philips
PW 1050 instrument, using Ni filtered Cu K, , radiation.
Diffraction data was recorded in a 20 range from 10° to
80° counting for 10 s in 0.02° steps.

Low-temperature photoluminescence emission spectra
and lifetime measurements were performed on high
resolution spectrofluorometer system which comprises of
optical parametric oscillator excitation source (EKSPLA
NT 342, emission range 210-2300 nm), Cryostat (Advance
Research Systems), spectrograph FHR 1000 (Horiba
Jobin-Yvon, 1800 groove/mm grating) and ICCD detector
(Horiba Jobin-Yvon).

3. Results and discussion

Under ordinary conditions Zn,SiO, crystallizes in
phenacite structural type and belongs to the rombohedral

space group R3 (No. 148), with both Zn>* and Si**
tetrahedrally coordinated to four oxygen ions. This is
important for understanding the luminescence of
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Zn,Si0,:Eu" because it is safe to assume that europium
ions substitute zinc in this structure. The Zn,SiO, structure
is schematically presented in Fig. 1.
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Fig. 1. Structure of zinc-silicate.

Using traditional synthesis procedures, even under
high temperatures and long thermal treatments, Zn,SiO,
phase is accompanied by residual zinc-oxide and quartz
phases [5, 6]. X-ray diffraction pattern of the obtained
sample is shown in Fig. 2. Phase purity was confirmed
according to the JCPDS No. 37-1485 diffraction data of
Zn,Si0O,4. This shows that the synthesis method we used
enables fast and energetically efficient production of pure
zinc-silicate powder. The average crystallite size of the
powder, from Scherer’s equation for the strongest peak
(1 1 3) of reflection, is calculated to be around 300 nm.

High-resolution photoluminescence emission spectra
of the sample (Ae =464.3 nm), acquired at different
temperatures, are presented in Fig. 3. Each spectrum
shows five red emission bands, centered at around 578,
590, 613-625, 653 and 702 nm, associated to "Dy — 'F,
(J=0, 1,2, 3, 4) spin forbidden f-f electronic transitions of
Eu** ion [7-10]. For °Dy — 'F, transition we observed just
one peak, which is expected knowing that coordination
difference  between  two  non-equivalent  Zn?
crystallographic sites (where Eu®* ion can be found) is
practically negligible [4]. °Dy — "F; transition is the parity
allowed magnetic dipole transition (AJ=1) and its
intensity does not vary with the host. As opposed to this,
Dy — 'F, electric dipole transition (AJ=2) is very
sensitive to the local environment around Eu®*. Being in
this case the most dominant one, it indicates that Eu** ion
occupies a site without a center of symmetry [11]. Lower
energy transitions, °Dy — 'F; and °D, — 'F,, are also
clearly visible. Decreasing the temperature (elimination of
phonon vibrations) leads to the significant increase of the
emission intensity.
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Fig. 2. X-ray diffraction pattern of the Zn,SiO,:Eu®"
phosphor.
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Fig. 3. Low-temperature photoluminescence emission
spectra of the sample.

Emission kinetics from °Dj level was investigated by
measuring luminescence emission decay of °Dy— F,
transition. It is presented in In(l)-t format, Fig. 4, and

fitted with linear function, showing that only one de-
excitation process is present. This indicates that there is
only one emission source inside the sample — isolated Eu**
ions, homogenously distributed within the zinc-silicate
matrix [8,12]. Lifetime of this transition (measured at 10
K) is calculated from the slope, 1.43 ms. We also
examined lifetime-temperature dependence for the
Dy — 'F, transition. The result is shown in Fig. 5. One
can say that emission lifetime does not depend on
temperature decrease.
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Fig. 4. Luminecsence emission decay of °Dy — 'F,
transition.
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Fig. 5. Lifetime versus temperature for the °Dy — 'F,
transition of Eu®* ion.

4. Conclusion

Pure phase and well crystallized Zn,SiOz Eu®
phosphor particles, with crystallite size of 300 nm, were
succesfully obtained using novel synthesis procedure
based on the combination of sol-gel and combustion
method. Sample exhibits intense red emission
characteristic for the Eu** ion in tetrahedral environment.
Emission intensity rapidly increases with the decrease of
temperature. Lifetime of the Dy, — 'F, emission transition

is around 1.5 ms and does not change with the temperature
decrease.
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