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Abstract

Novel Eu** doped BaYSi,Al,0,Ns phosphor with a general formula Bay;.x) Eu,YSi,Al,O,Ns
was successfully prepared via modified two step solid state diffusion method in open air
atmosphere and material were quenched at 1200°C for two hours. Eu** activated
BaYSi,Al,O,Ns phosphor was characterized by XRD, photoluminescence and FTIR
techniques. The prepared phosphor was effectively excited at 394 nm, and featured
intense emissions at about 592nm (orange), 614nm (red). The maximum intensity of
emission was obtained for 1m% of Eu* ion. The effect of the doping concentration on the
relative emission intensity of Eu** was investigated. The critical distance Rc and energy
transfer mechanism for the concentration quenching of Eu®" was calculated. This
phosphor succeeds for Hg free excited lamp phosphor.

Keywords: phosphor, solid state diffusion method, BaY Si,Al,0,Ns, photoluminescence.

Introduction

The oxinitride inorganic phosphors attracted the researcher’s attention owing to their potential
application in solid state lighting and displays. Generally, a combination of an InGaN blue chip and a
YAG:Ce*" yellow-emitting phosphor is used to produce white LED [1]. However the white light
produced from blue and yellow emission indicates a low color rendering index (CRI) value due to lack of
red emission [2]. Hence for interior illumination it is necessary to create a high CRI value to generate
warm white LEDs. For solving the deficiency two alternative approaches are currently employed using
red, green and blue phosphors with a near-UV chip or using yellow and red phosphors with a blue chip
3]

Recently, the white light emitting diodes are the centre of research due to their qualities of being
environmental friendly, highly efficient and having longer lifetime [4-6]. During past few years, the
white-LEDs fabricated using near-UV LEDs coupled with red blue and green phosphor have attracted
much attention. The current interest focuses on novel down-converting phosphors that can be effectively
excited with near UV light. As far as the materials themselves are concerned; silicon oxynitride phosphors
are very attractive because of their high efficiency [7,8], wide range of emission, chemical stability, good

thermal quenching and ability to exhibit intense luminescence for white LEDs when activated with Eu
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such as in Y3Als,SixO12xNx:Ce[9], BagosEugosALO4[10], AlsON:Ce*" Tb*[11], YsSis01,N:Ce*'[12],
M,SisNg:Eu*" [13-17], M,SisNg:Ce*™ [18], MSi,O,N,:Eu*", Ce*" [19-21], SrSi,N,0,: Eu®’, Ce** [22]
CaSiN,: Ce*" [23] Ca-o-sialon [24] B-sialon [25] and ,SrYSiyN; (M = Sr, Ba):Eu*" Ce*" [26]. Most
prominently these phosphors emit visible light efficiently under near-ultraviolet or blue light irradiation
allowing them to be used as down-conversion luminescent materials for white light-emitting diodes
(LEDs). The Barium oxinitride BYN phosphor was reported by Wei-Ren Liu et al. Recent studies
revealed that the research has been carried out on the luminescence properties of Eu’" doped
BaYSi,AlL,O;Ns and its corresponding application in ~ W-LEDs. In present study the luminescence
properties of Eu’" doped BaY Si,Al,O,N5 are reported.

Material and method

The high temperature solid-state diffusion technique was employed for preparation of
Polycrystalline Ba;-xEu,Y Si,Al,0,N5 (0.5<x<2) samples. High purity BaCO; (Merck, >99.0%), a-SizNy
powder, Y,03, AI(NO;); and Eu,O; of AR grade were the starting materials. The accurate amounts of
starting materials were weighed out separately on an analytical balance and ground together in an agate
mortar. The powder mixtures were fired in a furnace at 400°C for 1 hr. After crushing each powder
mixtures for 30 mins, the powder mixtures were fired in a horizontal tube furnace (muffle furnace) at
800 ‘C for 24hr in open air atmosphere. The powder mixtures were again crushed together in an agate
mortar for one hour. Finally prepared materials were quenched at 1200°C for 2 hour rendering the powder
mixture ready for further measurements.

All measurements were performed on finely ground samples that were analyzed by X-ray
powder diffraction. All XRD measurements were performed at room temperature in air. The
composition and phase purity of products were measured by powder X-ray diffraction (XRD) analysis
with an X’Pert PRO diffractometer with Cu-Ka radiation (A= 1.54060A") operated at 45 kV and 40 mA.
The XRD data was recorded in a 20 range from 10° to 80°. The fluorescence spectrometer (Hitachi
F-4000) with spectral slit width of 1.5 nm was used to trace the photoluminescence (PL) emission
spectra of the samples. The same amount of sample was used every time. Fourier transform infrared
spectroscopy (FTIR) was carried out using Perkin—Elmer instrument with potassium bromide as a
reference material.

Results and discussion

XRD Analysis: The XRD pattern of the sample was considered for the structure confirmation.
Fig. 1 represents the powder XRD pattern of BaYSi,Al,O,N;s prepared by solid state diffusion technique
which is in good agreement with the data reported by Wei-Ren Liu et.al [27]. BaYSi,Al,O,Nj; crystallized
as a hexagonal structure with space group of P6;mc [27]. The reported lattice constants for

BaYSi,ALO,Ns were a=b = 6.11862(5) A, c=9.95227(2) A, and the cell volume = 322.671(6) A>.
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Fig.1 XRD of BaYSi,Al,O,Ns

One Ba atom is coordinated by twelve nitrogen atoms with three kinds of distances: 3.07 A
X 6 (Ba-N2/01), 3.14 A X 3(Ba-N3/03), 2.96 A X 3(Ba-N3/03) and the values for o = 90° ,p =
90°, y = 120° The coordination number of BaYSi;ALO,N; is twelve [27]. Shannon [28] reported
that the ionic radii(r) of Eu’" and Ba®" are close to each other. So it is predicted that Eu’" cation
would be located in the Ba®" lattice site as the Si*" site are too small for Eu’* to occupy.

Fig.2 Crystal structure of BaYSi,Al,O,N5 [27]
Photoluminescence properties of BaYSi,Al,O,N; : Eu

Fig. 3 signifies the excitation spectrum of BaYSi,ALO,Ns:Eu®" phosphors, at varied Eu®*
concentrations (x). The excitation spectra of BaYSi,AlL,O,Ns:Eu®" phosphor contains peak at 394nm. The

sharp peak at 394 nm is attributed to the "Fo-"Lg transition of doped-Eu3+ coordinated with seven N/O
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anions [29]. This excitation spectrum copes well with the emission of NUV chips, precisely required for
developing NUV LED converting phosphor. Fig. 4 shows the emission spectra of BaYSi,Al,O,Ns:Eu’**
phosphors when excited at 394 nm at different Eu’" concentration. These samples offered intense
emission peaks centered at 592 nm and 614 nm. Eu’" emission usually occurs due to *Dy>F; transitions.
In general narrow emission bands may be observed at about 580, 590, 610, 650 and 700nm corresponding
to transitions *Do>'Fy, 'Fy, 'Fa, 'F3, 'Fa, respectively. The transitions Dy 2'F, (around 580 nm),
°Do>'F; (around 590 nm) and “Dy=>’F, (around 610 nm) are of prime importance. The first transition is
strongly forbidden transition and thus observed with appreciable intensity in some hosts. Usually, *Dy-'F,.
4 is electric dipole transition whereas *Dy-'F, is magnetic dipole transition. D> 'F, is the only transition
when Eu®" occupies a site coinciding with a centre of symmetry. When Eu’" ion is situated at a site which
lacks the inversion symmetry, then the transitions corresponding to even values of J (except 0) are electric
dipole allowed and red emission can be observed. Among all the emission peaks, the highly intense
emission peak located at 593nm occurs due to the Dy-'F; transition of Eu®" and this reveals that the
magnetic dipole transition is dominant in this phosphor. Further all the lines corresponding to these
transitions split into number of components decided by local symmetry [30]. The crystal field splitting of
both the magnetic dipole (°Dy-F,) transition and electric dipole ("Dy-'F,) transition are also seen in the
figure at 593 and 614 respectively.

The asymmetric ratio ‘AS’ is defined as the ratio of the intensity of SDy—F, and the *Dy—'F, transitions.

1(614nm)
The asymmetric ratio is given by 5= M

where [ (614 nm) and I (593 nm) is the intensity of peaks respectively at 614 and 593 nm. This
ratio plays an important role to analyze any change in symmetry of Eu’" sites by giving an evaluation of
degree of distortion from the inversion symmetry of the local environment of the Eu*" ion in the matrix.
Therefore a large asymmetry ratio value indicates strong electric fields of low symmetry at Eu’" ions [31].
Our calculated asymmetry ratio varies from 0.9 to 1.2 for different concentration of Eu’" ion in host
lattice.

The emission spectra observed at 592 nm is due to the transition from D, =’F; and at 614 nm is
due to SDO > 'F,. The position of Eu®" emission line is due to interaction of M ion with Eu®" ion
concentration. The energy band diagram of Eu’" is shown in Fig.5. The red emission is especially due to
4£°5d' >4f'5d" of Eu’". The Eu ions in nitride and oxynitride compounds reduced to Eu’* due to open air
ambiance. In the present compound 4f->4f emission lines begin from Eu’* in the red spectral area. It is
well known that the emission band arises due to Eu*" ion whereas sharp emission line is assigned to Eu®*

ion due to 4f>4f transition around 580-630 nm. [32].The stock shift of BaYSi,ALO,Ns: x%Eu’" (x =
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0.2m% to 2m%) shown in table 1 was estimated to be 8303 cm™ to 8530 cm™ respectively. The emission
band shifts towards longer wavelength side as the concentration of Eu’" increases. This shift can be
attributed to the change in the crystal-field splitting of Eu’" [35].This phosphor is a good member for
creating white light when coupled to a blue LED chip [33].

Table 1.Emission wavelength and Stock Shift for BaY Si;Al,O,Ns: Eu®*

Concentration Aexcitation Aemission Stock shift
0.2 mole% 394nm 610nm 8303 cm™
0.5 mole% 394nm 615nm 8332 cm’!

1 mole% 394nm 618nm 8360 cm™
2 mole% 394nm 619nm 8530 cm™

In addition, the emission intensity of the phosphor changes as a function of doped- Eu’**
content. Fig.6 shows the effect of doped-Eu’" content (x) on the emission intensity of the
prepared BaY Si,ALO,Ns:Eu’" phosphor.
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Fig.3 Excitation spectra of BaYSi,Al,O,N; ‘Eu’ * Fig.4 Emission spectra of BaYSi;Al,O,Nj5 ‘Eu’*

It can be seen that the intensity of the emission band reaches the maximum at x = 1 m% with the
center locating at 614nm and decreases gradually above the critical content because of the concentration
quenching effect. The concentration quenching is mainly due to energy transfer among Eu’" ions, the
chances of which increases as the concentration of Eu’" increases. Wei-Ren Liu [27] Pointed out that the

critical transfer distance (Rc¢) is approximately equal to twice the radius of a sphere with the volume of the

3V

3
itcel: R, =2| —— 1
unit ce c (472’XCNJ (1)
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where Xc is the critical concentration, N is the number of cation sites in the unit cell, and V is the
volume of the unit cell. By taking the value of V = 322.671A3, and Xc = 0.01, the critical transfer distance
Rc was found to be approximately 31.35A°. The value of Rc was different in other Eu’" doped
phosphors. e.g. 5.53 A in Li3Ba2Gd3(MOO4)g:Eu3+, 8.4 A in Ba3La(PO4)3:Eu3+, 12 A in Ba3Y(PO4)3:Eu3+
and 16.7 A in NaCa,(BOs);, 9 A in Y(1-0Eu2MoOg ‘Eu’ ° indicating the influence of crystal structure on

the luminescence of Eu®* [35-39].
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Fig.5 Energy band diagram of Eu®" in BaYSi,ALLO,Nj;

An exchange interaction, radiation reabsorption, or electric multipolar interactions are responsible
for non-radiative energy transfer from one Eu’" ion to another. A large direct or indirect overlap of wave
functions of donor and acceptor is requirement of the exchange interaction, and in case of forbidden
transitions, exchange interaction mechanism is responsible for energy transfer. In exchange interaction the
critical distance is approximately 5 A [34]. In the present study 7F->5D transition of Eu’* is allowed;
hence, there is no role of exchange mechanism in energy transfer within BaYSi2A1202N5:Eu3+ phosphors.
The mechanism of radiation reabsorption is only efficient when the fluorescence and absorption spectra
are broadly overlapping. Therefore, radiation reabsorption does not occur in this case. Hence electric

multipolar interaction is responsible for the process of energy transfer between Eu’" ions in the

BaYSi,Al,O,Ns:Eu’* phosphor, as suggested by Yi-Chen Chiu et al [34]. The emission intensity (I)
per activator concentration (x) can be expressed by the following equation:
| k
S @)
1+ B(x)°
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where k and B are constants for each type of interaction. For a given host lattice; 6 = 3, 6, 8, 10

for the nearest-neighbor ions, dipole—dipole, dipole—quadrupole, quadrupole—quadrupole interactions,

0
respectively, the above equation can be rearranged for /3 (X)§>l as follows [38].
After solving equation (2) become:
I .0
log| — |[= K ——log(x
g( Xj 3 log(x)
Where K =logk —log
Fig. 7 demonstrate the variation of log(I/x) with log x. The log (I/x) varies linearly with log (x)
and the slope was determined to be —1.74. The value of 6 was found to be 5.22 which is approximately
equal to 6, representing that the concentration quenching mechanism of Eu’" emission was governed by

the dipole—dipole interaction [34].
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Eu’" content

Chromatic properties of Eu®* doped BaYSi,Al,O,N;:
As per the 1931 Commission Internationale de 1’Eclairage (CIE) chromatic color coordinates
refer to the largest part lighting stipulations. Red, green and blue are three primary colors which identifies

the chromatic color coordinates.
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Fig. 8 CIE color coordinates
These colors are employed by human visual system. . In general, (x, y) coordinate represents the
color of several light sources in the color space. The color purity was evaluated with the 1931 CIE
Standard Source C (illuminant Cs (0.3101, 0.3162)) [40]. The location of the color coordinates of the
BaYSi2Al202N5: Eu3+ nitride phosphor and the CIE chromaticity diagram showed in Fig.8. The
coordinates for the phosphor are (x [1 0.376, y [1 0.212) shown by star.

FTIR Study:

The bonding of atoms to each other or grouping of atoms in a molecule was studied by IR
spectroscopy. Infrared spectroscopy is used to study the vibrational motions of molecules. The changes in
the vibrational energy of the molecules arise due to absorption of energy in the infrared region. There are
two types of vibrations that cause absorptions in an IR spectrum. The alternate increase and decrease in
interatomic distance or rhythmic displacement along the bond axis arises in stretching vibrations and a
change in bond angles between two bonds in an atom occurs in bending vibrations [42]. The IR spectra of
the samples in the wave number range from 4000 to 400 cm™ as a function of percentage transmittance is

made known in Fig. 9.
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Fig.9.FTIR spectra of BaY Si,Al,0O,Nsphosphor

The IR spectrum of the samples has absorption band at 1454.16 and 1433.50 cm™ which could be
allocated to the weak bending of N=0O bonds [42] and the absorption band at 1213.57 cm-1 could be due
to weak stretching of N-O bond [42]. The broad and strong absorption bands with multiple peaks below
1000 cm™ are attributed to resonance of metal oxygen bands [39]. The band observed at 925.63 cm™ is
due to Si-O(N) bending [41].The bands at 568.94, 635.98, 806.19 cm ™' are assigned to bending of Y-O,
stretching of M-NO,( M=metal atom) and symmetric stretching of Si—O—Si [41,42]. The new absorption
peaks located at 578.21, 559.49, and 856.29 cm ' may be due to some impurity phases.
Conclusion

In the present work the samples were prepared by high temperature modified two step solid state
diffusion method. The luminescence properties of Eu®" in BaYSi,Al,O0,Ns material were investigated. It
shows the visible emission band peaking at 592nm and 614nm under near UV excitation 394nm for
Eu®".The series of BaY Si,Al,O,Ns:Eu** phosphors with various concentrations of dopant (0.2 Mole % to
2 Mole %) were prepared and the effect of doping concentration on the emission intensity of
BaYSi2Al202N5 was investigated. The emission intensities of phosphor vary with dopant concentration
. The color coordinates were found to be (x (1 0.376,y [J 0.212). The variation of log(x) with log(I/x) was
found to be linear indicating that the concentration quenching mechanism of Eu’" emission was controlled
by dipole—dipole interaction.
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