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Abstract. The synthesis and characterization of Dy-doped Lu1 Gd2 Ga2 Al3 O12 are reported in this article. Solid-state
reaction method is used to synthesize the material. X-ray diffraction and scanning electron microscopy characterization
techniques are used to study the phase and structure of the synthesized material. Luminescence, which is the main property
of the phosphor material, is characterized by UV- and X-ray-induced luminescence spectroscopy. Lu1 Gd2 Ga2 Al3 O12 :Dy3+
phosphor shows its highest emission spectra in blue and yellow regions. A combination of yellow and blue gives us white light,
displayed by chromaticity diagram for this phosphor. Hence, this phosphor may be used in white-light-emitting diodes. The
absorption spectra of our material match well with spectral curve of LEDs. Therefore, it may be used in LEDs applications.
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1. Introduction
Lutetium aluminium garnet (LuAG) phosphors have been
the centre of attraction for many researchers due to their
diverse nature such as high intensity, octahedral and tetrahedral structures, transparency to a wide range of radiations
and high optical quality, good thermal and chemical stability,
low synthesis temperature, radiation hardness, non-linearity
and their ability to become a good host material [1,2]. LuAG
phosphors doped with rare earth have been reported for
their applications as luminescence materials [3]. LuAG phosphors are also under intense study by many researchers as
a new class of phosphor material for light-emitting diodes
(LEDs), especially [4,5]. Increasing demand of LEDs has
become possible due to the use of phosphors in LED
devices.
It is well known that yttrium aluminium garnet (YAG) is the
most commercially used phosphor due to its brilliant properties [6]. LuAG has very similar properties like those of the
YAG. The structure of LuAG closely resembles that of YAG.
The absorption spectra for excitation and emission spectra
of LuAG are also very similar to those of YAG [7]. LuAG
can also be excited by blue emission from LEDs, which
makes it suitable to be utilized in the applications of blue
LEDs. However, YAG has several limitations, such as the
drop in its luminous efficacy at high temperature and low
lifetime, while LuAG is a high-density material, has long
lifetime and is reliable [8]. LED chips operate at high temperatures and they need phosphors of high thermal stability;
since LuAGs having high thermal and chemical stability and
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are harder than YAG, YAG may be replaced by LuAGs.
Moreover, LuAG materials have an efficient high response
to scintillators. LuAGs have broad emission and absorption
spectra. In this study Lu1 Gd2 Ga2 Al3 O12 has been investigated
as phosphor host materials for doping with Dy, for the first
time.

2. Experimental
The main purpose of phosphors synthesis is to find its emission spectrum in the visible region. The phosphor goes
through various stages before accomplishing its final goal,
whereas the final goal is its emission spectrum in visible
region with high efficacy. The first stage is the synthesis of the
sample, for which different techniques are used. Solid-state
reaction method is straightforward and a suitable process for
the production of phosphors [9,10] and is used in our work
for synthesis.
The four reactants: lutetium oxide (Lu2 O3 , 99.998%),
gallium oxide (Ga2 O3 , 99.99%), gadolinium oxide (Gd2 O3
99.99%) and aluminium oxide (Al3 O12 ), are weighed and
taken at applicable ratios according to the chemical reaction so
as to induce the specified amount of host material Lu1 Gd2 Ga2
Al3 O12 . The synthesized host material Lu1 Gd2 Ga2 Al3 O12 is
doped with different concentrations of activator, dysprosium
oxide (Dy2 O3 , 99.99%). Duration of ball milling, temperature and its duration, heating and cooling rates are optimized
for sintering the synthesized material. Masses of powders
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are measured and then ball milled for 7 h. The well-mixed
powders are sintered in an electric furnace at 700◦ C for 20 h
followed by slow cooling at 100◦ C h−1 in air. Finally, Dy3+ doped Lu1 Gd2 Ga2 Al3 O12 phosphors are obtained.

3. Characterizations
To find the grain size, shape and overall morphology of the
sintered phosphor, scanning electron microscopy (SEM) is
used, while to characterize the material crystallinity, X-ray
diffraction (XRD) is used. The scan range for XRD is adjusted
to 10–60◦ (2θ ) with a scan speed of 0.015◦ s−1 and a step
size of 0.03◦ . To find luminescence properties of the synthesized material, UV- and X-ray-induced spectroscopy is used.
In order to know about the white light emission of this phosphor, the chromaticity diagram is obtained.

4. Results and discussion
4.1 XRD analysis
Figure 1 shows the comparison of XRD peaks of rare-earthdoped-phosphors of Lu1 Gd2 Ga2 Al3 O12 :Dy3+ with reference
peaks of Al5 Gd3 O12 (PDF No. 98-002-3849) from the Joint
Committee on Powder Diffraction Standards (JCPDS). The
peaks of the synthesized material match the peaks of the reference material Al5 Gd3 O12 well. It proves that the required
garnet phase is achieved for the synthesized phosphor. This
comparison also shows that none of the extra peaks of the
constituents are present in the synthesized phosphors. Hence,
there is no contribution of the reactants in the synthesized
materials that we used during preparation process and we
get single-phase materials. Furthermore, in order to find lattice constants of the synthesized phosphors, we may use
Bragg’s law, which may clarify the structure of the synthesized phosphor [11]. (Gd1−x Yx )2.895 Al5 O12 with x = 0.3,

Figure 2. SEM micrographs of Sample 1: Lu1 Gd2 Ga2 Al3 O12 :
Dy3+ (2 mol%) and Sample 2: Lu1 Gd2 Ga2 Al3 O12 :Dy3+ (3 mol%).

0.7, 0.8 and 0.9 has a cubic structure with lattice parameter
‘a’ that decreases with increasing content of Y3+ ions, i.e.
lattice parameter a (Å) is 12.0925, 12.0495, 12.0328 and
12.0191 with unit cell volume of 1768.29, 1749.47, 1742.21
and 1736.28 Å3 , respectively. This result is very similar to our
result for Lu1 Gd2 Ga2 Al3 O12 , which is 12.009 Å with unit cell
volume of 1731.8909 Å3 .
4.2 SEM structural analysis
SEM micrographs of the synthesized materials with different
concentrations of the dopants are shown in figure 2. These
micrographs exhibit different natures of particles in terms of
the shape and morphology of the particles. The crystalline
nature and the micrometre grain size of the phosphor are
fundamental structural properties to get high luminescence
[12]. The synthesized phosphors have grain size within the
micrometre range and consequently will have good luminescence. Micrometre grain size phosphors are usually used
in medical field, particularly in X-ray imaging. It is well
known that the luminescence properties of LuAG phosphors
are incredibly affected by factors such as size and crystallinity
of the crystallites [13,14].
Lu1 Gd2 Ga2 Al3 O12 :Dy3+ (2 mol%) and Lu1 Gd2 Ga2 Al3 O12 :
Dy3+ (3 mol%) SEM images are shown in figure 4a and b,
respectively. The phosphor doped by 2 mol% Dy3+ shows
small and irregular grains and has more chances of reflection
of light when exposed to light, which may reduce its luminescence efficiency. On the other hand, Lu1 Gd2 Ga2 Al3 O12 :Dy3+
(3 mol%) grains are large in size. Large grains have lesser
structural imperfection, which reduces its surface defects and
reflection, and increases its luminescence efficiency [15].
4.3 UV luminescence of Lu1 Gd2 Ga2 Al3 O12 :Dy 3+

Figure 1. XRD peaks of Lu1 Gd2 Ga2 Al3 O12 :Dy3+ phosphor and
reference peaks of Al5 Gd3 O12 .

Figure 3 shows the energy level diagram indicating the transitions of Dy3+ ion in Lu1 Gd2 Ga2 Al3 O12 phosphor. It shows
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Figure 4. Excitation and emission spectra of Lu1 Gd2 Ga2 Al3 O12 :
Dy3+ phosphor by UV light.
Figure 3. Energy level diagram for Dy3+ .

the levels of the valence and conduction band of the Dy3+
dopant. Valence and conduction bands of the dopant Dy3+
are sandwiched between host Lu1 Gd2 Ga2 Al3 O12 valence and
conduction bands. The most probable excitation band is
6
H15/2 − 4 M15/2 + 6 P7/2 , while other excitations are also possible near this range.
It also shows emission bands of the synthesized material
doped with Dy3+ . The emission transitions are 4 F9/2 −4 H7/2 +
6
F9/2 , 4 F9/2 −6 H9/2 +6 F11/2 , 4 F9/2 −6 H11/2 (red), 4 F9/2 −6 H13/2
(yellow) and 4 F9/2 −6 H15/2 (blue). 4 F9/2 −6 H13/2 and
4
F9/2 −6 H15/2 are more dominant peaks; therefore, it is more
important in blue and yellow colour applications.
Excitation and emission spectra of Lu1 Gd2 Ga2 Al3 O12 :
Dy3+ are also observed and shown in figure 4. All excitations are from the ground state. Three excitation peaks are
at 275, 313 and 350 nm shown in figure 4. Besides these,
other small excitation peaks are also observed between 360
and 400 nm.
Figure 4 also shows two major emission peaks, 483 nm
from transition 4 F9/2 −6 H15/2 and 580 nm from transition
4
F9/2 −6 H13/2 . Other small emission peaks are observed in
680–790 nm range; 483 nm is dominant; therefore, this phosphor is used as a blue phosphor. Since emission peak of yellow
colour is also high, a combination of blue and yellow gives
rise to white light. Hence, this phosphor may be used in whitelight-emitting diode (WLED) applications.
Emission spectra of Lu1 Gd2 Ga2 Al3 O12 :Dy3+ are also
observed through X-ray-induced spectroscopy with different
concentrations of Dy3+ , shown in figure 5. The optimized
concentration of Dy3+ (3 mol%) is also confirmed by X-rayinduced emission spectra. This figure shows major emission
peaks near 483 and 580 nm. The similarity of X-ray-induced
spectroscopy with UV-induced spectroscopy clarifies results
of UV-induced spectroscopy. It also shows that this phosphor may also be used in X-ray and other medical imaging
applications.
Figure 6 shows different concentrations of Dy3+ (mol%)
and intensity at different concentrations. Its intensity is shown

Figure 5. X-ray-induced emission spectra of Lu1 Gd2 Ga2 Al3 O12 :
Dy3+ phosphor.

at different concentrations 0.5, 1, 2, 3, 4, 6, 7 and 8 mol%. The
highest intensity is shown for 3 mol% of Dy3+ in the host.
This concentration is more appropriate for future synthesis.
4.4 Decay time analysis
The decay time is measured for Lu1 Gd2 Ga2 Al3 O12 phosphors with various concentrations of Dy3+ , shown in figure 7.
The decay measurement is carried out at emission wavelength (483 nm) and absorption wavelength (313 nm). The
decay components ofthe decay curve for emission of Dy3+
in Lu1 Gd2 Ga2 Al3 O12 are measured. The fit to the singleexponential decay curves gives shorter decay times. A
shortened lifetime was reported for bigger particle size by
Wang et al [16]. Higher Dy3+ concentrations give rise to
resonant energy transfer among the dopants and gives more
chances to non-radiative transitions, decreasing luminescence
efficiency. Hence, shorter decay time of Dy3+ emission is
the result. As Dy3+ concentration increases, the distances
among nearest Dy3+ ions decrease, and hence due to crossrelaxation more frequent energy transfer among Dy3+ ions
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Figure 8. Chromaticity diagram of Lu1 Gd2 Ga2 Al3 O12 :Dy3+
phosphors.

Figure 6. Optimization of Dy3+ concentrations in Lu1 Gd2 Ga2
Al3 O12 host.

of Dy3+ concentration, the yellow emission increases with
the decrease of blue, until the blue emission vanishes at
5 mol% of Dy3+ . If our chosen material is synthesized with
concentration of 5 mol% of Dy3+ or more, then it is used as an
excellent yellow phosphor, which may suit other applications
required. This result matches the result given in figure 8 and
some published work [18]. The coordinates of Dy3+ are very
near to those of white light, and it may find applications in
WLEDs.
5. Conclusions

Figure 7. Decay time graph of Lu1 Gd2 Ga2 Al3 O12 :Dy3+ .

occurs. Decay time measured for Lu1 Gd2 Ga2 Al3 O12 :Dy3+
(3 mol%) is between 0.80 and 1.5 ms. The decay time for
3 mol% is less than that for 2 mol%; hence, the decay time
decreases with decreasing concentration [17].

This phosphor shows two major emission peaks (blue and yellow) and their combination gives rise to white light. Hence,
this phosphor could have applications in WLEDs. The synthesized phosphors have grain size within the micrometre
range; consequently, they have good luminescence and are
well-suited for the medical field, particularly in X-ray imaging. The decay time of this phosphor is in milliseconds range,
which is in close agreement with those of the phosphors
used for LEDs and medical imaging applications. Chromaticity diagram of Lu1 Gd2 Ga2 Al3 O12 :Dy3+ displays a white
colour emission with coordinates (0.31, 0.32), (0.32, 0.32) and
(0.34, 0.34).
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