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Abstract: RE¥'(RE* = Ce**, Dy*', Eu** and Tb®") doped La,0,S
phosphors was synthesized by solid state flux fusion method and
their down conversion spectral properties were studied as a
function different RE* concentrations and reported in this paper.
The solid state flux fusion results in well crystallized hexagonal
shaped phosphor particles. The samples were characterized by
XRD, SEM, FT-IR photoluminescence (PL) and CIE colour
co-ordinates techniques. The lanthanum oxysulphide (La,0,S)
phosphor doped with Ce®* shows broad band emission with peak
at 390 nm and 415 nm when excited at 340 nm excitation.
La,0,S:Dy** shows efficient blue and yellow band emissions at
480 nm and 572 nm. La,0,S: Eu** phosphor shows an orange and
red emission at 590 nm and 615 nm. Whereas La,0,S:Th**
phosphor shows weak blue emission at 488 nm and strong green
545 nm. The excitation spectra used for the La,0,S:RE*" (where
RE* = Ce*, Dy*, Eu®* and Tb*) phosphorsisin the near UV
region extending from 350 to 400 nm, which is characteristics of
near UV excited LED. The effect of the RE*" (RE*'= Ce**, Dy*,
Eu® and Th*") concentration on the luminescence properties of
La,0,S:RE* phosphors were also studied. The investigated
prepared La,0,S phosphors may be suitablefor a near UV excited
W-LED. Keywords: Oxysulphide, SEM, FT-IR, PL, SSL, CIE.

. INTRODUCTION

Global demand for phosphor materials as efficient sources
of energy is growing day by day and therefore the
development of luminescent materials is the subject of
extensive research in the recent years. Particular interest has
been focused on inorganic luminescent materials, which have
practical applications in amost al devices involving the
artificial production of light [1]. In the last decade, there has
been a dramatic increase in the number of research on
solid-state lighting (SSL) and phosphor materials to generate
white light using light emitting diodes (LEDS) as a new light
source for general lighting and displays[2].
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SSL technology has several advantages over conventional
fluorescent lamps such as reduced power consumption,
compactness, efficient light output, and longer lifetime.

The conventional white light illumination are mostly
composed of blue-emitting InGaN chip and yellow phosphor,
typicaly Y3Als01,:Ce®* (YAG) [3, 4], which exhibits high
luminescence efficiency and chemical stability. The
combination of blue chip and YAG, however, show a lower
colour rendering index (Ra) of ~80 due to the lack of red
colour contribution. In the second approach, combination of
blue LED with two other phosphors emitting red and green
light are used. In third approach, three different phosphors
which emit red, green and blue light are developed to cover
nUV LEDs. The advantage of these LEDsisthat they provide
large colour area in the CIE diagram and thus enabling the
light source more like sunlight. There are only a limited
number of phosphor materials that are suitable for this this
type of W-LEDs mentioned in third approach.

L anthanide oxysulphides are known aswide gap (4.6 — 4.8
€V) semiconductors and widely used as efficient phosphorent
meterial host for variety of applications in lighting and
display.La,0,S:RE* (Where RE*" = Ce**, Dy**, EU* and
Tb*) is excellent material of current interest owing to their
interesting opto-electronic properties. The aim of thiswork is
to investigate and examine the luminescence properties of a
La,0,S:RE* (Where RE* = Ce*, Dy*, Eu*" and Tb*)
phosphor material with improved photo luminescent
properties for lighting applications that can be excited in the
near ultraviolet region. The improvement of luminescence
intensity through energy transfer from co-doped Ce* to Dy**,
Eu® and Th* in La,0,S host is also discussed in this work.

II. EXPERIMENTAL METHOD

A high temperature solid state flux fusion method was used
for synthesising La,0,S:RE*" (Where RE** = Ce**, Dy*, Eu**
and Tb*") phosphor. The starting materials are Lanthanum
oxide (La0Os), Sulphur powder (S) and flux Sodium
carbonate (Na,COs), Tri potassium Phosphate (KsPO,).
Different flux materials such as Sodium carbonate(Na,COs)
and Tripotassium Phosphate (K3PO,) are used to increase the
powder reactivity reaction rate, matrix formation and
activator incorporation.
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These flux materials, which have melting point below the
temperature of phosphor formation and dissolving partially
one or both of the reactants, take no part in the solid-state
reaction and undergo no reaction with the product [5,6]. Both
S and Na,COs; were 30 to 50 weight % and K3PO, was 20
weight % of the total weight.

The dopants were Ammonium Hexanitratocerate
(NH,),Ce(NOs)e) for Ce, Dysprosium oxide (Dy,03) for Dy,
Europium oxide (Eu,0s,) for Eu and Terbium Oxide (Th,O3)
for Th. The starting materials with dopants in stoichiometric
ratio were thoroughly mixed using agate mortar and preheated
at 100°C then fired at 1150 °C for 90 min in amuffle furnace.
When the furnace was cooled down to room temperature the
samples were taken out and washed with distilled water 6
times and finally with a mild hydrochloric acid. The washed
powder was subsequently dried and crushed to fine powder
using agate mortar.

The formation of La,O,S phosphor particle follows the
chemical formula:

La,03; +RE,O3 +Flux (S+N82C03 +K3PO4) —La,0,S: RE +
flux residues (Na,S, +Na,SO,) + gaseous products (HS+SO,
+CO, +0)

The phase purity and structure of the final products of the
oxysulphide phosphors La,0,S was examined by x-ray
powder diffraction using Cu Ka radiation on a BRUKER —
analytical x-ray diffractometer. Phosphor morphology was
observed by a Geol-6380A scanning electron microscope
(SEM). Infrared spectra of the pure La,O,S was recorded
using a Bruker Fourier transform infrared spectrometer. For
the measurement of spectroscopic properties, the excitation
and emission spectra for al samples were recorded on
Shimadzu make RF-5301PC spectrophotofluorometer using
solid sample holder. Emission and excitation spectra were
recorded using a spectral dit width of 1.5 nm at room
temperature. The co ordinations in the xy-chromaticity
diagram are directly calculated from the fluorescent spectra
(CIE 1931). All measurements were made at room
temperature.

I11. RESULTSAND DISCUSSION

A. X-ray Diffraction (XRD)

The comprehensive anaysis of phase verification,
structural parameters and crystaline structure of La,0,S
phosphor was carried out by powder X-ray diffraction using
diffractometer with CuK o, radiation (1.505 A°) at operating
voltage 40 KV, 30 mA and in the range 26 of 10 — 90 degree,
prepared by solid state diffusion method at room temperature
. The XRD pattern of the synthesised phosphor material
L&0,S is as shown in figure 1. It is found that acquired
diffraction peaks of the phosphor prepared at 1150°c are in
well agreement with the standard ICDD file No 71-2098. The
sample was visually ensured and found to be physically stable
(non-hygroscopic) and purely milky white in appearance. The
obtained pattern reveal s that La,O,S powder was formed with
no contaminated phases, and implies the complete formation
of the homogeneous phosphor material. Reasonably all the
diffraction peaks can be indexed to the high crystallinity and
high purity of L&0O,S. The XRD pattern did not indicate the
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existence of the constituents and other likely phaseswhich are
direct authentication of the formation of the phosphor.
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Figure 1: XRD pattern of La,O,S pureand La,0,S:RE**
(Where RE*= Ce*, Dy*, Eu®, and Tb*").

B. Surface Morphology

Surface morphology of the phosphor was examined by
using scanning electron microscopy (SEM, JED-2300)
equipped with an energy dispersive spectrometry attached to
the JEOL 6380A. SEM images provide the direct information
about the size and typical shapes of the prepared samples.
SEM micrographs of La,O,Sand Y ,0,S phosphors are shown
in figure 2. The obtained micrographs show that the particles
agglomerate and the average grain size diameter is in the
range of 300-800 nm submicron range. It is clearly seen that
the sample consists of microspheres with a dight agglomerate
phenomenon and is irregularly spherical shaped morphology
with amean diameter of about 300-800 nm. The particle sizes
strongly depend on the synthesis methods and synthesis
conditions. The particle size and surface morphology which
aways affect the luminescent properties could be well
controlled to improve the luminescent performance.

b S0
Figure 2: Scanning electron microscope (SEM) image of
synthesized L a,0,S..
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C. Crystal Structure

Crystal structure of La,O,S is shown in figure 3. The
symmetry is trigonal and the space group is P3"ml. Thereis
one formula unit per unit cell. The structure is very closely
related to the A-type rare-earth oxide structure, the difference
being that one of the three oxygen sites is occupied by a
sulphur atom. Each metal atom seems to be bonded to four
oxygen atoms and three sulphur atoms, to form a seven
coordinated geometry with the oxygen and the meta in the
same plane.

Figure 3: Crystal structure of La,O,S. La (Pink), O (red)
and S (yellow). (For interpretation of thereferencesto
color in thisfigurelegend, thereader isreferred to the

web version of thisarticle.)

D. FT-IR Analysis

Infrared spectroscopy exploits the fact that molecules have
specific frequencies at which they rotate or vibrate
corresponding to discrete energy levels. FT-IR spectra shown
in figure 4 were recorded in the range of 500 to 4000 cm* to
show the functiona groups for pure La,0,S sample. The
weak absorption band after 3500 cm™ indicates the absorption
of water from atmosphere. It is attributed to the stretching
vibration of the O-H bond and the bending vibration of
H-O-H from water molecules on the external surface of the
samples during handling to record the spectra. It is a basic
character of lanthanides to absorb water and carbon dioxide
when they are exposed to atmosphere. For this reason storing
of these compounds away from atmospheric condition is
necessary [ 7-10]. The absorption band of cubic phase La,0,S
appearsat 544, 524 and 517 cm . A strong peak at 617 cm™ is
related to La-S stretching mode. The weak peak at 880 cm™
can be assigned to S-O stretching group. The weak
absorbance at 1454 and 1101 cm* LaO are symmetric
stretching mode.
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Figure4: FT-IR spectrum of synthesized L a,0,S
phosphor.
E. PL emission of RE* in La,0,S (Where RE*= Ce* |
Dy*, Eu®, and Tb*)

i) PL emission of Ce*" in La,0,S

Figure 5 shows the excitation spectra in the 300-380 nm
range and the emission spectra in the 350-500 nm range for
samples Lag1.¢O.S: Ce, (Where X =X =0.5,1, 2,5, and 10
mole %) at room temperature. The excitation spectrum is
obtained by monitoring the emission at 415 nm. The broad
band is observed at around 340 nm at room temperature. The
excitation band at 340 nm is assigned to the lowest 4f-5d
transition for Ce* in the host lattice. A single 4f-5d
excitation bands shows that the crystal field might not have
split the excited state (°D;) into more than one component
indicating that Ce* ions occupy one lattice site [ 11].
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Figure 5: Excitation and emission spectra of synthesized
L a,0,S:Ce* phosphor.

The PL emission spectra of Ce* ionsin La,0,S phosphors
with different concentrations under the excitation of 340 nm
wavelengths of light isas shownin figure 5. It showsadouble
humped characteristics with a sharp strong peak at 390 nm
and a broad strong peak at 415 nm which are assigned to the
5d-4f transition of Ce* ions. It isclear that the emission bands
correspond to the 5d-4f transition of Ce** ions. The
characteristic emission of Ce* in the near UV region
originates from parity alowed electric dipole transition
between excited 5d and ground 4f states.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation



Synthesis and L uminescence Properties of La,0,S:RE* (RE* = Ce*, Dy**, Eu*" and Tb*") Submicron Size
Phosphorsfor Lamp Industry

The 5d orbitals have their energy levels split by crystal
effects into at least two sublevels of 5d. Due to spin orbit
coupling the lowest sublevels of 5d can be further split into
new components, as it is also the case for the ground state
level 4f, which splits into the %y, and %, sublevels. Thus
excited state derived from the 5d state is sensitive to the
crystal field and is coupled to the lattice vibrations which
resultsin broad band emission rather than line emission. The
energy structure of Ce* is such that localised multiphoton
non-radiative relaxation and transfer cross relaxation
quenching to other like ions are highly improbable and
therefore the 5d luminescence of Ce* is strong and efficient.
The crystal fields play an important role in 5d—4f transitions
because 5d levels are outside the Ce atomic nucleus. M.
Raukas et al.[12-13] suggested that luminescence efficiency
was determined by small but crucial differences on the
location of the lowest 5d level relative to the conduction band.

It may be induced by the difference in radius between La**
(R = 103 pm) and Ce*" (R = 100 pm), which will cause the
distortion of lattice, the changes of the crystal field and the
band gap. All these may cause the Ce** emission efficiency in
La,0,Sto change. It is aso noticed that the peak positions of
the emission bands for all Ce* doped La0,S have not
changed.
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Figure 6: Gaussian fitted curvefor synthesised
La,0,S:Ce* phosphor.

The PL spectrum when further resolved by assuming a
Gaussian profile for two emission peaks at 390 and 415 nm,
attributed to the transitions of 5d to *fs, and *f,-, respectively,
gives the peak at 381 nm and 410 nm as shown in figure 6 .
The energy difference between 381 and 410 nm was
calculated to be ~1856 cm™, which is close to theoretical
value of ~2000 cm™. The stoke’s shift AS (Aem=390 nm -
Aex=340 nm) and (Aem=415 nm - Aex=340 nm) is found to be
3771 cm™ and 5257 cm™ , respectively. The stoke’s shift is
dueto the strong electron lattice coupling in host. On the basis
of configuration coordinate diagram, the excitation band is
expanded and therefore the equilibrium of the ground state
might have displaced [14].

Various models have been proposed to explain the
presence or absence of luminescence. Among them,
one-dimensional configuration curve has been most widely
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used. To illustrate how radiative processes of ce* in La,0,S
phosphor works, a partial €electronic energy levels and
energetic structure along with configuration co-ordinate
diagram are shown in figure 7.
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Figure 7: Schematicillustration of partial energy levels
and configurational coordinate diagram of Ce*".

In partial electronic structure, the 4f ground state of Ce*
ionissplitinto 2F-;, and ?Fs, levels due to spin orbit coupling.
Itslowest excited state isthe 5d band that is easily affected by
the crystal field. The crystal field splitting of 5d usually forms
2 to 5 configurations. Ce* fluorescence is related to an
electric dipole 4f—5d transition [15]. The transition is parity
and spin allowed. When Ce* is placed in a crystal, the
emission occursfrom ultraviolet to visible band depending on
the particular compound or host symmetry. It is because the
5d state of Ce* is strongly affected by three interrelated
effects: crystal field splitting (crystal field effect), covalence
(nephelauxectic effect) and Stokes shift.[16] Therefore, the
luminescence centre is a good candidate as activators in
phosphors with the designed excitation and emission
wavelengths because luminescence positions can be flexibly
adjusted.

In configuration co-ordinate diagram, the potential energy
of the luminescent centre in the crystal lattice is plotted as
functions of the configuration coordinate Q. The quantity Q
represents the distance between rare earth ion and its
surrounding ions. Optical transitions are represented
vertically on the configuration co-ordinate diagrams, because
they occur rapidly compared with nuclear motions, Aswe can
see, ground and excited states take form of parabola potential
wells. The two lowest parabolas represent the ground
electronic configuration *f; by spin-orbit interaction into *Fs,
(the ground state) and 2F, (the first excited state). The lowest
states of excited electronic configuration °d; are represented
by two higher parabolas. Electron-lattice interaction in the
excited electronic manifold causes the shift of the respective
parabolas in the configurational space. In this diagram, the
potential energy of the luminescent centre Ce** is plotted on
the vertical axis and the value of single parameter describing
the effective displacement of the ion surrounding the
activator, Q, is plotted on the horizontal axis. Promotion of
the inner 4f electron to the outer 5d states perturbs the
surrounding ions, the lattice relaxes, and the potential energy
curve changes as shown below in figure 7.
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The good adaptability of the position of the 4f-5d
absorptions and the corresponding emissions make Ce* an
important ingredient in light emitting materials. The
respective excitation and emission pathways are indicated in
figure by arrows[17, 18].

ii) PL emission of Dy*" in La,0,S

The photoluminescence excitation and emission spectra of
the Lay.0,S: Dy, (Where X = 0.2, 0.5, 1, 1.5, 2 mole %)
optoelectronics phosphor at room temperature is shown in
figure 8. The excitation spectrum in the range 350 - 400 nm
consists of the f-f transition of the Dy*" ion. The excitation
peaks observed at 351 nm, 367 nm and 388 nm are due to
transitions from ground level, °H15/2 to higher energy levels
*G11/2, *115/2, and *F9/2 of Dy** ion, respectively. Amongst
these three near UV excitation peaks, though the emission
intensity islarger for Aex=351 nm and Aex=367 nm as shown
in figure 8, we chose 388 nm as excitation wavelength
because it is more suitable for solid state lighting [ 19, 20].
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Figure 8: Emission spectra of synthesized L a,0,S:Dy*
phosphor at 1.5 mole% for various excitation
wavelengths.

La,0,S:Dy*" phosphor exhibits characteristics emission
bands centred at 480 nm and yellow band at 572 nm
originating from Dy*" ion under the excitation of 388 nm.
Dy** emission at around 480 nm (*F9/2 —°H15/2) is due to
magnetic dipole moment and 576 nm (4F9/2 — 6H13/2) is
due to electric dipole moment. Theionic radius of Dy** (91.2
pm) is much smaller than that La>* (103 pm). Therefore, most
of the Dy*" ions may have entered the lattice with few of them
located on the surface of the La,0,S:Dy*" host crystal due to
the porosity of the structure. From the PL spectra it is clear
that, energy transfer is possible from the host to the Dy**
activator ions in La,O,S: Dy3+host lattice. The inset of figure
9, shows the dependence of the luminescence intensity with
the Dy** concentration. The emission spectrum shape does
not vary with the Dy** concentration but the luminescence
intensity changes more significantly. It is found that the
emission intensity of Dy*" increases with an increase of
dopant ion concentration. It reaches to a maximum value at 1
mole %, and then decreases with an increase of dopant at 2
mole % due to self-quench processes. Such near UV

Retrieval Number: D1657029420/20200BEIESP
DOI: 10.35940/ijitee.D1657.019420
Journal Website: www.ijitee.org

I nter national Journal of Innovative Technology and Exploring Engineering (1JITEE)
ISSN: 2278-3075 (Online), Volume-9 | ssue-4, February 2020

excitation in phosphors host may be helpful for white-LEDs
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Figure 9: Excitation and emission spectra of synthesised
L a,0,S: Dy*" phosphor.

The emission intensity of yellow to blue (Y/B) ratio is
depicted in inset of figure 9. By carefully observing the
emission spectra it is found that the emission intensity of
yellow to blue (Y/B) ratio islessthan 1. This shows that Dy**
ions occupy the site with inversion symmetry predominantly
[25].

The partial energy levels and energetic structure and
radiative processes in Dy*" are presented in a configurational
coordinate diagram in figure 10. In the figure the ®H and °F
states of the ground multiplet and the “F, %I, and “G states of
the *, eectronic configuration, are presented. Under
excitation through %, transitionsin the Dy** ion at 388 nm the
system can relax nonradiatively to the “Fg, state and then
yield Dy*" emission. The respective emission pathways are
indicated in figure by arrows.
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Figure 10: Schematicillustration of partial energy levels
and configurational coordinate diagram of Dy>*.
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i) PL emission of Eu® in La,0,S

The PL excitation spectra of Lag1.4O.S: Euy (Where X =
0.2, 0.5, 1, 1.5, 2 mole %) optoel ectronics phosphor at room
temperature is shown in figure 11. The excitation spectrum at
396 nm is characteristic of W-LED excitation in the near UV
range. The sharp excitation peaks between 350 and 400 nm
are due to the typical f-f transition of Eu**. The strongest line
absorption in the excitation spectrum is located at 396 nm,
which is resulting from the ‘Fo—°L transition [26, 27].

The La,0,S:Eu® phosphor has one sharp orange emission
bands a 590 nm and wesk bands a 615 nm due to
characteristics emission of Eu" ion, as shown in figure 11,
observed due to the ®Do— ‘Fi=o1234 transitions of Eu** ions.
The emission band a 590 nm is more prominent and
corresponds to the magnetic dipole transition (*Dy—'Fy) of
Eu** ion whereas the emission band a 615 nm is less
prominent and is due to electric dipole transition (*Dg—'F»)
of Eu*" ion. These two emission peaks are obtained due to
crystal field splitting of °D, level to ’F, ground state levels.
Theluminescence spectraof Eu®** ionisdlightly influenced by
surrounding ligands of the host material because the transition
of Eu® involve only a redistribution of electrons within the
inner 4f subshells. The relative intensities of the 590 nm
(*Do—'F1) and 615 nm (°Dy—'F,) emissions are very
sensitive to the site that Eu®" ions occupied. As for
La,0,S:Eu® particles, the Eu** ions may have occupied the
Laionin host lattice and are at asite with inversion symmetry
in the La0O,S matrix and thus dominating the emission
centred at 593 nm corresponding to the 5SD0—7F1 magnetic
dipole transition. Thus, L&0,S: Eu®** phosphor may be
promising candidates for the development of white-LEDS[28
-33].
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Figure 6: Excitation and emission spectra of La,0,S:Eu**
phosphor.

The partial energy levels and energetic structure and
radiative processes in Eu®* are presented in a configurational
coordinate diagramin figure 12. Inthe figure the ’F, states for
J 01,234,556 of the ground multiplet and the excited
electronic states °Do, °D;, °D, °D; and °Lg states of the “fg
electronic configuration, are presented. Under excitation
through *f transitionsin the Eu** ion at 396 nm the system can
relax nonradiatively to the °D, state and then yield Eu®
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emission. The respective emission pathways are indicated in
figure by arrows.
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Figure 12: Schematic illustration of partial energy levels
and configurational coordinate diagram of Eu®".

iv) PL emission of Tb* in La,0,S

Figure 13 shows the excitation spectra in the 340-400 nm
range and the emission spectra in the 450-650 nm range for
samples Lag1.¢O0,S: Thy (Where X = 0.2, 0.5, 1, 1.5, 2 mole
%) at room temperature.
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Figure 13: Excitation and emission spectra of
L a,0,S: Tb* phosphor.

The overall excitation spectrum of Th** can be divided into
two parts. One, in the wavelength range 220 nm-310 nm
comprising of “fs —*,°d; transitions and other part of the
excitation spectrum, in the range 310 nm-500 nm which
stands for *fg—“fg transitions of the Tb* ions [34]. There are
several excitation peaks in the 340 to 390 nm region
corresponding to transitions between ‘Fs and the various
excited states belonging to the *f5 electronic configuration of
Tb* ions [35]. The excitation peaks at 352 nm (‘F6—°L9),
371 nm ("F6—°G5) and 380 nm ("F6—°G6) due to forbidden
4f-4f transition of Tbh® ion. Though there were significant
absorptionin the near-UV region and the excitation at 352 nm
has highest intensity, we have chosen Aex=380 nm as it is
more suitable near UV excitation for white LED and therefore
La0,S: Tb had potentia to be used as near-UV LED
phosphors [36].
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The emission spectrum of La,0O,S: Tb is determined by the
transitions of electrons from an upper (°D3) and alower (°Dy)
excited level to the level of the multiplet term 'F;(J=0, 1, 2,
3,4, 5, 6) levelsof the *f configuration [37, 38]. The emission
of terbium doped phosphor is mainly in the green due to
transitions °D,—F; and the blue emission contributes to the
emission from the higher level transitions °Ds—F5. Figure 13
shows the emission spectra of La,0,S: Th** phosphors under
the excitation wavelength of 380 nm. The emission peaks
were found at 488, 545, and 583 nm, which were assigned to
the °D,—'F; ( J = 6, 5, 4) transition of Tb*® ions [9]. As
expected, the spectral shift was not observed because the 4f
shell of Th*" waswell shielded by 5sand 5p shells. Moreover,
the emission from °D;—'F, level are quenched by the cross
relaxation (Th® (°D3) + Tb3("Fs) —»Tb3(°D,) + Tb(7Fy)) [39
,40]. The cross relaxation process produces the rapid
population of the °D, level at the expense of °Dy, resultingina
strong emission from the °D, to the 'F; level. Generaly, the
cross relaxation is observed at higher Tb* concentration,
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then yield Th*" emission. The respective emission pathways
are indicated in figure by arrows [41]. Tb*, the first
mechanism isdominant in the luminescent process and the PL
intensity increases with the increase in concentration of Th*.
The inset of figure 13 show the relative PL intensities of 545
nm (°D4—'F5) and 488 nm (°D4— 'F6) emissions under 380
nm excitation. Up to 1.5 mole% concentration of Th**ion the
PL intensity of 545 nm (°D4—'F5) and 488 nm (°D4— 'F6)
emission increases with increase of Th* ion concentration
above 1.5 mole % .

F. Chromatic Properties

The figure 15 shows the Commission International de |
Eclairage (CIE) chromaticity co-ordinates of the prepared
phosphor La,0,S: RE** phosphor (Where RE** = Ce**, Dy*,
Eu** and Tb*).The chromatic co-ordinates (X, Y) are
calculated using the colour calculator radiant imaging
software and are summarized in following table 1.

which made good agreement with the resultsin our case. 1.0~
CIE 1931 DIAGRAM
La:0:5: RE*
} § os- Ml Ce® 390 & 415 nm
2 aD- "‘?_:_p\us nm (0.265,0.726) | gy Dy3* 480 &
e e I \r/ a £ Eu® 590 & 615 nm
D 8 z
: = / 0.6 T (0452, 0.343) Th?* 488 & 545 nm
y *
I § g 3 § Energy I 0.4 / @ 590 nm (0,675, 0.424)
" L " " i
F] g 'E' g 5 Lavwis > ; 615 nm (0.680, 0.319)
g‘ <R <] R < g 5 n.oa:‘o%m;'rl_-
= [}
3 / L 480 nm
4 Tp- 1 {0,091, .
F= [
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L1~ 0.0 4= T T T 1
~ B 0. 04 0.6 0.8 10
6
X
- R, . .
™’ $ N Figure 15: Chromatic graph of La,0,S: RE* phosphor

Figure 14: Schematic illustration of partial energy levels
and configurational coordinate diagram of Th*".

The luminescent mechanism of phosphor is due to
competition between the optical activation of Th* ionswhich
results in increase of PL intensity and the clustering of Th*"
causes concentration quenching. At lower concentration of
concentration, the PL intensity of 545 nm (°D4—'F5) and 488
nm (*D4— 'F6) emissions decreases with increase of Th* ion
concentration. Asthe concentration of Th* exceed the critical
concentration, distance between Th** ions become shorter,
which cause activator to form pairs and thus results in
concentration quenching. The emission intensity reached its
optimum doping concentration at about 1.5 mole% in the
La,0,S: Tb* phosphors.

The partial energy levels and energetic structure and
radiative processes in Th** are presented in a configurational
coordinate diagramin figure 14. Inthefigure the ’F; states 'F;
,"F4, 'Fs, and "Fg of the ground multiplet and the °D,, °D5 and
°D, states of the “fg electronic configuration, are presented.
Under excitation through “fs transitionsin the Th** ion at 380
nm the system can relax nonradiatively to the °D, state and
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(Where RE* = Ce*, Dy*", Eu®" and Tbh*).

G. Lugninescence and energy transfer in La,0,S:Th*,
ce”

In this section, PL characteristics of La,O,S phosphor with
doubly doped Tb* and Ce*" is investigated. Energy transfer
from Ce* to Th*" isalso discussed. The Tb* and Ce* aretwo
important rare earth ions, which have been used to produce
green and blue emission [42]. In addition, Ce* is also an
efficient sensitizer to Tb*, due to its alowed optical
transition from 4f to 5d and broad emission. The broad
emission of Ce** creates high possibility overlapping with the
excitation band of Tb* which gives bright green emission
suitable for lighting and display devices.

Emission and excitation spectra of the La,0,S:Ce* and
La,0,S:Tb* phosphor is already discussed and shown in
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Table|: CIE Co-ordinates of La,0,S: RE* phosphor (Where RE* = Ce**, Dy*, Eu*" and Tb*").

STRONG
PHOSPHOR EXCl('rll'?];l'l ON EM(InSn?I)ON COOg(lezlATE CF:Q(IZI(_B(I)(;JI\T
La0;S: Co" 240 e 72,0008 o
L2055 Dy 07 . (06,0509 velion
La,0,5: Eu” 96 o (Gom0, o220 "R
La,0,S: Th™ 380 545 (0265, 0.120 Grém

figure 5 and 13 respectively. The emission of Ce* includes
emission bands of the transitions of 5d-excited state to %F,
and °Fg, States. The emission spectrum observed in
La,0,S:Ce* consist of emission peaking at 390 and 415 nm
under excitation wavelength of 340 nm which corresponds to
the transitions from ground state of Ce* to its field splitting
levels of °d, states[43]. The emission spectra of La,0,S:Tb*"
phosphor consist of emission peaks at 488, 545, 583 nm,
which are assigned to the °D, to ’F; (J=6, 5, 4) transitions of
singly doped Tb** in La,0,Swhen excited at near UV 380 nm
wavelength. Some emissions from °D; to 'F; (J=5, 4, 3, 2, 1,
0) are aso found from 400 to 485 nm in Th* singly doped
sample [44].

3900M 3 emz415 nm

La, 025:031' {2 mole%)

La,0,8:Th"{1.5 mole
AEN=3B0 nm
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g
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Figure 16: Excitation & Emission spectra of single doped
La,0,S:Ce* (2 M%) and Excitation spectrum of
La,0,S:Th* (1.5 M%) showing strong overlap between
Ce* emission and Th* absor ption in the range 300 to 450
nm.

Energy transfer is controlled by luminescent kinetics,
which is affected by energy level, lifetime, distance between
co-dopants, etc. One of the dopant is called as activator from
where the emission takes place and other is sensitizer, which
will improve the luminescence efficiency of activator
emission. Ce* to Th®" energy transfer process in different
host matricesiswell known [45, 46]. Broad band emitters are
often used to sensitize the luminescence of RE ions. Efficient
energy transfer from the broad (i.e., Ce*") to the narrow-line
emitter (i.e, Tb®) is possible only between nearest
neighboursin the crystal lattice and optimal spectral overlap.
If the spectral overlap is small, only partial energy transfer is
possible.

As shown in figure 16, Ce** doped sample exhibits broad
band emission from 360 - 450 nm, while Tb* doped sample
shows an excitation band ranging from 345 to 400 nm. It
means that, there is a strong overlap between Ce* emission
and Th*" excitation in the range of 360- 400 nm. Therefore, it
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is expected that an efficient energy transfer can occur from
ce* to Tb*.

X 390 nm 445 nm
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Figure 17: Excitation and emission spectra of the
single-doped and co-doped samples, (A) La,0,S:Ce*, (B)
La,0,S:Th* and (c) La,0,S: Ce** —Tbh*".

Figure 17 (A) shows the excitation and emission spectra of
La,0,S:Ce* at 2 mole%. Figure 17 (B) shows the excitation
and emission spectra of La,0,S:Tb* at 1.5 mole%. Figure 17
(C) depicts the excitation and emission spectra of
LaZOZS:Ce3+—>Tb3+sampIe. The excitation spectrum is
monitored at Aem=545nm. The broad excitation band at 340
nm isin agreement with the Ce* solely doped system.
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The emission spectra in Figure 17 (C) indicate the high
light output of Tb*" which actually comes from the energy
transfer process from Ce* to Th*". The optimal excitation
wavelength for Ce* is 340 nm light excitation but not for
Tb*. In La,0,S phosphor, Ce** not only exhibit the emission
a 390 and 414 nm, but also due to energy transfer Th**
radiates the strong green emission band at 545 nm along with
weak emission at 488 and 582 nm. The Ce** ion first absorbs
UV light at 340 nm. An electron is pumped to 5d level, and
then non-radiatively relaxes to the lowest component of 5d
level finally decaying to *Fs, and ?F+;, levels by radiative
process emitting photons at 390 and 414 nm. As the value of
energy level of excited 5d state of Ce** is close to the °D; and
other levels of Tb* ions, the energy transfers from Ce** to
Tb* ions would have been occurred, promoting it from “Fs
ground state to °D and other levels of Th* ion. Then the
excited Tb* ion relaxes, non-radiatively, to the °D, levelsand
gives the strong emission of Tb** (°D,-F;). Figure 18 shows
schematic energy level diagramindicating Ce**—Tb*" energy
transfer in La,O,S.

For a better understanding, an energy level model that
explains the energy transfer from Ce** —>Tb* isillustrated in
figure 18. It shows interaction between the °D state of Ce**
and the °D state of Tb*". The °D, —'F¢ (blue) and °D, —'Fs
(green) occurs at 488 nm and 588 nm, respectively. As a
result, the energy transfer from Ce* to Tb*" is allowed by the
law of conservation of energy. Thus it illustrates that both
blue emission and green emission of Th** ions could be
obtained in the La,O,S host, which is the base of multicolour
emission under the excitation of UV light in the present
system.

Figure 18: Schematic energy level diagram indicating
Ce*>Tb* energy transfer in La,0.S.

The luminescence colours of La0,S:.Ce*—Tb*"
phosphors excited a 340 nm are characterized by
Commission International de I’Eclairage (CIE) chromaticity
diagram and is shown in figure 19. The chromaticity
coordinate La,0,S:Ce* —Tb* phosphors is calculated to be
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(0.265, 0.724) for 415 nm and (0.265, 0.724) for 545 nm. The
line connecting the chromaticity point passes nearly from
white region. It is worthwhile to notice that by combining the
emission band of Ce* ions at blue region and the emission
band of Th* ionsat green region, whitelight emission may be
achieved.

1.0

CIE 1931 DIAGRAM
La,0.S5:Ce**—»Th*"

0.8

545 nm
(0.265, 0.724)

0.6

0.2

Figure 19: Chromatic graph of La,0,S: ce¥—Tbh*
phosphor s phosphor excited near UV excitation.

1V. CONCLUSION

The La0O,S:RE** (Where RE** = Ce*, Dy*, Eu*" and
Tb*") optoelectronics phosphor has been prepared by the
solid state flux diffusion method. PL properties in the near
UV and visible region which are characteristics for
optoelectronic devices are studied. XRD analysis is carried
out to check phase purity of the prepared optoelectronics
phosphor. SEM analysis show agglomerates ranging from few
microns to a few tens of microns with highly porous
morphology of the synthesised phosphor. . FT-IR spectra
were recorded to show the functional groups for pure La,0,S
sample. CIE is carried out to check colour quality of the
prepared phosphor. The developed La,0,S:RE* (Where
RE* = Ce*, Dy*', Eu*" and Tb**) phosphor has been excited
in near UV range which is desirable characteristics for
commercially available W-LED. The developed phosphor
emits in the blue, yellow, green and red region. Hence it has
potential to be used in phosphor converted LED as a primary
colour emitter in 3 band pc-LED or red spectrum enhancer in
yellow phosphor converted white LED and therefore our
results indicate that prepared phosphor may be a promising
candidates for white LEDs. Cross relaxation process led to
non-radiative quenching therefore the emission intensity of
RE*" ions decreased with increasing amount of doped RE*
ions.

To investigate the energy transfer from Ce* to Tb* ions,
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the emission spectra of La0,S:Ce*—Tb** phosphors
under excitation wavelength 340 nm were measured. The
emissions of Ce* and Th*" were observed. The intensity of
Ce* emission were found reduced and that of Th** increased
when compared with emission intensity La,0,S:Ce* and
La0,S:Tb* , indicating the energy transfer from Ce** to Th**
ionsin La,0O,S host.
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