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Abstract. This study reports enhancement in emission efficiency of Eu3? and Sm3? co-doped KMgPO4 phosphor. The
sample was synthesized by a conventional solid-state reaction for the variable concentration of europium. The structural
analysis of the sintered phosphor was done by using powder X-ray diffraction, also the photoluminescence behaviour,
energy transformation of Sm3? to Eu3? and decay properties were studied throughout. It was found that the main intense
peak of Sm3?-doped sample reduced when increasing Eu3? concentration and this shows the energy transfer between
Eu3? and Sm3? ions, also the decay time of particle get reduced with increasing Eu3? concentration. So by adjusting the
energy transfer between Eu3? and Sm3? ions using an optimum concentration of europium ion can improve the emission
efficiency and enlarge the excitation spectra and therefore, enhanced the emission efficiency under 402 nm n-UV
excitation. This study shows the new methodology for developing the red-emitting phosphor with enhanced emission
efficiency. The calculated CIE coordinated for co-doped phosphor was estimated to x = 0.610 and y = 0.381.
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Introduction

In w-LED, efficiency is degraded when temperature
increases due to thermal effect of p–n junction, which
accommodate temperature layer on the phosphor substrate
consequently reducing the life of LEDs. So it is essential to
develop new phosphor materials, which give enhanced
emission efficiency without reaching the concentration
quenching and thus significantly increase the lifespan of
phosphor material.
In recent years, w-LED is commercially developed
using the RGB phosphor under the n-UV and another
method to generate white light by using the blue-chip
on the RGB phosphor or single yellow (YAG: Ce3?)
phosphor, which gives promising results as usual [1,2].
However, these methods are having some drawbacks
like poor colour rendering index, low chemical and
thermal stability [3–6]. To overcome these demerits, a
fusion of RGB and n-UV phosphor with improved
rendering index value (Ra) was investigated to obtain
w-LED [7].
Rare-earth ion Sm3? act as activator and sanitizer
material for the KMgPO4 host lattice, which is excited
by n-UV radiation efficiently. Phosphate materials are
known for their tetrahedral host structure with charge
stabilization, which makes it preferable luminescent
material [8].

Therefore, Sm3?-doped KMgPO4 phosphor could be
suitable material with Eu3? acting as activator ion for
w-LEDs. Also Eu3? ion has the nearly same energy
level to the Sm3? ion, so it covers broad emission
spectra and behaves like activator in the same host
material [9,10]. However, it is known that when ions
like Eu3? occupy low coordinated distorted environments, the luminescence intensity significantly
increased due to electric dipole transition probability
[11]. These activators are studied to generate intense
red light, because Sm3? ion excited to 4F7/2 level and
relaxed to its 4G5/2 level and Eu3? ion has a transition
from 5D0 to 7FJ (where J = 0 to 4). At present, mostly
single doped red-emitting phosphors are used to generate red light, which have some drawbacks as mentioned above. Even though lanthanide phosphates
(LnPO4) have many advantages, like extremely
high thermal stability, very high solubility for lanthanide ions, etc., it is always desirable to have a
non-lanthanide-based phosphate host with all the
properties of LnPO4. This is because obtaining large
quantities of lanthanides in a highly pure form is
much costlier compared to main group elements like
Sb and Bi [12]. Rare-earth co-doped phosphate can be
a preferable material for white light in terms
of extended emission efficiency and the improved
lifetime.
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2.

Experimental

as wetting solution by taking the different mol% of Eu3?
ions. The homogeneous samples were fired at 250°C for
2.5 h, 500°C for 4 h, 700°C for 3 h and 1050°C for 2.5 h in
the furnace and finally, the obtained samples were grounded
in powder form for characterization of the phosphor.

2.1

Materials and synthesis

Samples of KMgPO4: 0.75Sm3? and KMgPO4: xSm3?,
yEu3? (x = 0.75 and y = 0.5, 0.75, 1.00, 1.25, 1.50 mol%)
co-doped phosphor were prepared by using a conventional
solid-state synthesis method. The starting chemicals were
highly pure potassium nitrate (K2NO3), ammonium dihydrogen phosphate (NH4H2PO4), magnesium nitrate
(MgNO36H2O), samarium oxide (Sm2O3 ? HNO3) and
europium oxide (Eu2O3). These raw materials in stoichiometric amounts were mixed in an agate mortar with acetone

2.2

Characterization

The X-ray diffraction (XRD) pattern of the obtained sample
was measured using the Bruker D8 diffractometer with CuKa (40 kV, k = 1.54305 Å, 40 ma) and the range of 2h is
10°–90°. Before the XRD data measurement, the sample
was reheated to 100°C with an intermittent temperature rate
of 4°C min-1. Photoluminescence (PL) excitation (PLE)
and emission spectrum of prepared samples were determined using a spectrofluorometer (RF-5301pc) equipped
with a xenon light source. The decay curve of the phosphor
was measured by using the Edinburgh instrument, FLS920.

3.

Results and discussion

The XRD pattern of phosphor samples KMgPO4:
0.75Sm3?, 1.0Eu3?, KMgPO4: 0.75Sm3? and JCPDS card
(no. 050-0926) are depicted in figure 1. XRD images of the
sample show the characterization FWHMs, which are similar to the JCPDS card (no. 050-0926) and this validates that
Sm3?- and Eu3?-doped phosphor does not consist phase
deformation of the host material.

3.1

Figure 1. XRD images of KMgPO4: 0.75Sm3?, 1.0Eu3?,
KMgPO4: 0.75Sm3? and the JCPDS card (no. 050-0926).

Figure 2.

Luminescence properties

The photoluminescence excitation spectra of KMgPO4:
0.75Sm3? phosphor observed at 602 nm is shown in figure 2a. The intense peak of the excitation spectra at 402 nm
attributes to 6H5/2 ? 4F7/2 transition [13–15]. This phosphor

(a) PLE spectrum at 602 nm and (b) emission spectrum at 402 nm of Sm3?-doped KMgPO4 phosphor.
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Figure 3. Photoluminescence intensity vs. the Sm3? concentration in KMgPO4 phosphor.

exhibits emission peaks at 565, 602 and 652 nm, which
attributes to the 4G5/2 ? 6H5/2, 4G5/2 ? 6H7/2 and 4G5/2 ?
6
H9/2 transitions [16,17]. The most emission intense peak
was found at 602 nm, which is in view of electrical dipole
moment, and remaining two weak peaks monitored at 565
and 652 nm are in view of the purely magnetic and
combined moment of electrical and magnetic, respectively
[18].
From figure 2a, it was examined that characteristics peak
intensity increases with increasing doping of samarium ion
in KMgPO4: xSm3? phosphor and achieved a maximum up
to 0.75 mol% and after that, it was digressed due to
quenching effect (figure 3) [19]. So, the suitable concentration of the Sm3? ion was found to be 0.75 mol%.
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The PLE and emission spectra of the KMgPO4:
0.75Sm3?, xEu3? phosphor are depicted in figure 4a and b.
By observing the spectra, the emission efficiency increases
gradually with increase in the doping of Eu3? ion up to
1 mol% and then decreases immediately due to non-radiative transition between Eu3? and Sm3? ions.
Figure 4a shows PLE spectra of KMgPO4: 0.75Sm3?,
1.0Eu3? phosphor expanded from 300 to 500 nm under kem
of 617 nm. Peaks contributing to Sm3? ions are 6H5/2 ?
4
H9/2, 6H5/2- ? 4F7/2, 6H5/2 ? 4G9/2 and broad peak 6H5/2
? 4I11/2 ? 4I13/2 ? 4M15/2 at 346, 404, 440 and 456–496
nm, respectively. The other peak due to the Eu3? ions are
7
F0 ? 5H6, 7F0 ? 5D4, 7F0 ? 5L7, 7F0 ? 5L6, 7F0 ? 5D3
and 7F0 ? 5D2 originated at 325, 310, 329, 395, 414 and
420 nm, respectively [20,21].
Figure 4b shows the PL spectrum of KMgPO4:
0.75Sm3?, xEu3? under excitation of 402 nm, where x =
0.50, 0.75, 1.0, 1.25 and 1.50. The most intense peak
observed at 602 nm caused by the transition of 4G5/2 level to
6
H5/2 level of Sm3? ion. However, other peaks are comparatively weak, so it is possible to enhance the PL spectrum. Peaks attributed to samarium ions are 4G5/2 ? 6H5/2,
4
G5/2 ? 6H7/2 and 4G5/2 ? 6H9/2. Other peaks attributed to
Eu3? ions are 5D0 ? 7F0, 5D0 ? 7F1, 5D0 ? 7F2, 5D0 ? 7F3
and 5D0 ? 7F4. The above result shows the enhancement in
emission efficiency by covering large spectra due to Eu3?
ions.

3.2

Decay curve

Decay measurement also observed with various concentrations of Eu3? ions in KMgPO4: 0.75Sm3?, xEu3? phosphor
material. Sm3? ions concentration was fixed at 0.75 mol%
and when concentration increased beyond this level, the

Figure 4. (a) PLE spectrum of KMgPO4: 0.75Sm3?, 1.0Eu3? and (b) PL spectra of KMgPO4: 0.75Sm3?, xEu3? (x = 0.50, 0.75, 1.0,
1.25, 1.50 mol%).
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Figure 7. CIE diagram of KMgPO4: 0.75Sm3?, 1.0Eu3?
phosphor.
Figure 5. Decay curve of KMgPO4: xSm3?, yEu3? (x = 0.75 mol%
and y = 0.50, 0.75, 1.00, 1.25 and 1.50 mol%) phosphors under
excitations and emission of kex = 402 nm and kem = 602 nm.

Figure 6. Energy level diagram of KMgPO4: Sm3?, Eu3?
phosphor.

decay time slightly decrease because of energy deportation
between samarium ions in the form of non-radiative
transition.
The decay curve (figure 5) shows the decay time of
KMgPO4: xSm3?, yEu3? (x = 0.75 mol% and y = 0.5, 0.75,
1.00, 1.25, 1.50 mol%) under excitations and emission of
kex = 402 nm and kem = 602 nm, respectively. According to
Blasse and Grabmaier [22], the decay behaviour can be
determined by using the following expression
I ¼ I0 eðt=sÞ ;
where I denotes the intensity at time 0 s, I0 the intensity at
time t and s denotes the lifetime. The calculated lifetime of
Sm3? ions under 602 nm emission was found to be 1.23,
1.01, 0.76, 0.36 and 0.10 ms, which decreases with the Eu3?
concentration.
The energy transfer mechanism between Eu3? and Sm3?
ions, energy level diagram were further studied, as shown in

the figure 6. Sm3? ions excited by 402 nm go to 4F7/2 level
and then come to 4G5/2 in the form of non-radiative transition. The energy of 4G5/2 level relax to the 6H7/2 and 6G5/2
level and gives emission peaks at 565 and 652 nm. Simultaneously, the energy of 4G5/2 level is transferred to the 5D0
level by means of the resonance. So the characteristics
peaks obtained in emission spectra due to the transition of
5
D0 ? 7F0, 5D0 ? 7F1, 5D0 ? 7F2, 5D0 ? 7F3 and 5D0?7F4
levels in Eu3? ions, therefore, enhanced the emission peak
intensity in the host material. The energy level of the Sm3?
ions is 647 cm-1 more than the Eu3?, so the energy
transfers from Eu3? ion to Sm3? ions rarely happened
and this make Sm3? ion as a suitable sensitizer for the Eu3?
ion.

3.3

CIE diagram

CIE diagram is important to decide the shading immaculateness of the acquired phosphor using the PLE spectra
[23]. The CIE coordinates of the KMgPO4 doped with
Sm3? ion is located at (x = 0.572, y = 0.425) under the
402 nm excitation and coordination of KMgPO4: Sm3?,
Eu3? co-doped phosphor located at (x = 0.610, y = 0.381)
(figure 7). Shifting of coordination shows the colour phase
transition from reddish-orange to pure red colour. During
colour transition towards the red region when increasing the
Eu3? doping concentration, intensity of emission peaks did
not affect. These results are matching with coordination for
the red colour given by the NTSC system and hence it is
suitable for the w-LED application.

4.

Conclusion

This study shows that red-emitting phosphor KMgPO4:
Sm3?, Eu3? under n-UV radiation phosphor was effectively
prepared by the conventional solid-state synthesis method.
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The emission efficiency of phosphor increased by increasing the doping of europium without reaching the concentration quenching limit. The decay curve and PL spectra
show the broad spectra area covered by the europium and
samarium co-doped phosphor, because of the energy
deportation between the Sm3? and Eu3? and hence extend
the excitation spectra from 402 to 460 nm. The energy
transfer mechanism from sensitizer Sm3? to activator Eu3?
ion depends on Dexter’s and Reisfeld’s approximation,
which states that electric multipolar quadrupole–quadrupole
(q–q) interaction among the activator ions. The determined
Commission internationale de l’Eclairage coordinates were
estimated to x = 0.610, y = 0.381 in the pure red region. The
above result confirms that the Sm3?-doped KMgPO4
phosphor used in w-LEDs can be replaced by Sm3?, Eu3?
co-doped KMgPO4 phosphor with enhanced emission
efficiency without reaching the concentration quenching
effect.
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