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Abstract This paper reports the structural and optical
properties of rare earth doped and codoped yttrium
oxide nanophosphors. Dysprosium (Dy>") and Terbium
(Tb*") doped and codoped yttrium oxide (Y,O3) phos-
phors were prepared by combustion synthesis method
and subsequently annealed to high temperature to elim-
inate the hydroxyl group (—OH) and to get more crys-
tallinity. The formation of compounds was confirmed by
the X-ray diffraction (XRD), Fourier Transform Infrared
Spectroscopy (FTIR). The diffuse reflectance spectra
(DRS) of doped and codoped Y,O; powder phosphors
were measured and it is observed that the absorption
edge of the doped samples is shifted towards blue
region with respect to undoped sample. The bandgap
of the prepared samples were evaluated with the help of
Kubelka-Munk function using Diffuse Reflectance Spec-
tra (DRS) and an increase in bandgap was observed
with the decrease in crystallite size. A strong character-
istics emission from Tb>" and Dy®" ions was identified
and the influence of doping concentration and annealing
temperature on photoluminescence properties was
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Introduction

The synthesis and characterization of nanophosphors have
attracted much attention in recent years because of their
excellent luminescent properties in display and lightning
devices. Compared to bulk materials, nanocrystals exhibit
new and enhanced optical, electronic and structural prop-
erties due to perturbations of the electronic distribution
induced by reduced dimensionality [1, 2]. Significant at-
tention has been paid to rare earth ions doped nanomate-
rials to find out their potential applications in today’s
display technology in the photonic and optoelectronic
fields. The luminescence properties of rare earth doped
inorganic phosphors have been extensively investigated
for potential applications in flat panel displays, plasma
display panels, fluorescent lamps and white LEDs [3].
Y,05 is an advanced ceramic due to its stable physical and
chemical properties, which has been widely used as a host
material in various luminescence applications. It also presents
the advantages of highly saturated colour, which makes it a
promising material for different industrial applications. Y,O3
is the best host for the rare earth ions, because of the similar-
ities in the chemical properties and ionic radii of the rare earths.
The Y,0; is a rare earth sesquioxide and posses high melting
point (2,400 °C), high thermal conductivity, wide transparency
range (0.2-8 um), wide band gap (5.6 eV), high refractive
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index (~1.8) and low cut off phonon energy (380 cm '),
making it a very promising host material for the production
of efficient luminescent media [4]. Rare earth doped Y,05 has
excellent luminescence properties, such as narrow emission
lines and long luminescence life time. These properties are
essential for the actual applications in solar cells, display
devices and optical communications. Unfortunately, rare earth
ions have very small absorption cross-section of the order of
10'cm?, which lead to the low emission efficiency. So,
codoping with another rare earth ion is an effective way to
improve its luminescence intensity [5].

Trivalent terbium (Tb*") and dysprosium ion (Dy>") has
been extensively studied in various hosts due to their unique
spectral properties [6—8]. Meng et al. [9] reported the influ-
ence of size confinement on the energy transfer between
Tb*" jons in Y,Os5 nanopowders. Nash et al. [10] demon-
strated in-depth spectroscopic analysis and energy level
modeling of Nd** in Y,05 nanocrystals in polymeric hosts.
Xin-Yuan Sun et al. [5] studied the energy transfer between
Dy*" and Tb>"in silicate glasses. But there is no detailed
study carried out on the doping and annealing effects on the
structural and optical properties of Dy’ and Tb>" activated
and coactivated Y,0O5; nanophosphors prepared by combus-
tion synthesis method. These studies will help to check the
suitability of these phosphors in different display devices.
Also, the calculation of bandgap of prepared phosphors was
performed first time from diffuse reflectance spectra using
Kubelka-Munk function [11].

Experimental

Dy doped, Tb doped and Tb,Dy codoped Y,O3 phosphors
were prepared by combustion synthesis method using dyspro-
sium oxide (Dy,03), terbium oxide (Tbs05), yttrium oxide
(Y,03), nitric acid (HNO3) and urea (CO(NH,),) as starting
raw materials. The stock solutions of Y(NOj3);, Dy(NO3); and
Tb(NOs); were prepared by dissolving Y,03, Dy,0szand
Tb4O5 in nitric acid and diluting with deionized water. The
nitrate solutions were mixed according to the formula
(Y1x-yREREy), Os in a beaker and then a suitable amount
of urea was added to it keeping urea to metal nitrate molar
ratio as 2.5 for all the cases [12]. The mixture was then
dissolved properly to achieve a uniform solution and dried
by heating at 80 °C using magnetic stirrer. Finally the solid
residue was transferred to silica crucible and annealed at 600 °
C in a furnace for an hour. The synthesis reaction is [12]

(2 — 2x)Y(NOs); + 2xRE(NO3), + 5(NH,),CO
— (YI,XREX)203 + 5CO;, + 8N, + 10H,0.

XRD spectrum of the prepared compounds were recorded
in a wide range of Bragg angle 20 (15°<20 <85°) using
Bruker D8 advanced XRD with Cu target radiation (A=
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0.154056 nm). The FT-IR spectra were studied in the wave-
length range 4,000-400 cm ™' using Perkin Elmer make FTIR-
2000 Spectrometer. The Diffuse reflectance (DR) spectra were
studied using PerkinElmer make Lambda-950, UV-VIS-NIR
Spectrophotometer in the wavelength range 200-800 nm. The
Photoluminescence (PL) studies were carried out on Hitachi
make Fluorescence Spectrometer F-2500.

Results and Discussions
Structural Analysis

XRD

In order to confirm the formation of doped and codoped Y,0;
compounds, XRD pattern for each compound were recorded
along with the commercial undoped Y,O5 powders (Fig. 1a).
The sharp and single diffraction peaks of the XRD pattern
confirm the formation of single phase compound. The doped
Y,05 compounds exhibit the body centered cubic structure
with the space group 1a3. The (hklI) values of most prominent
peaks are shown in the XRD pattern. The lattice parameters of
the unit cell were a=b=c=10.60 A with x=p=y=90° which
was in correspondence with the JCPDS database of pdf num-
ber 83—0927 as shown in the Fig. 1. The peak at 20=~29.5°
was observed as the strongest peak corresponding to the plane
(222) for all the compounds and no peaks were observed due
to impurities. The ionic radii of Y** (0.9 A), Dy*" (0.91 A),
Tb>" (0.923 A) are very close, and hence it is possible to
substitute Y>* with Dy>" or Tb>" ions. The results show that
the incorporation of Dy*", Tb*>" into the Y,O5 lattice do not
influence the crystal structure.

The XRD spectrum was also recorded for the Tb*"
doped, Dy** doped and Tb>*/Dy*" codoped Y,Os phos-
phors annealed at various temperatures (Fig. 1b—d). The
phosphors annealed at 1,000 °C shows prominent dif-
fraction peaks (20=~40°) which were not clearly ob-
served in case of other annealed phosphors indicating
the occurrence of crystal growth phenomena during heat
treatment. Moreover, the crystallinity of the samples
enhanced significantly after being annealed at high tem-
peratures >700 °C. This shows that the crystallinity of
RE*" doped and codoped Y,O; phase improves. The
crystallite size of annealed phosphors was calculated
by Debye-Scherrer formula (Eq. 1) indicating an in-
crease in crystallite size for the phosphors annealed
from 500 °C to 1,000 °C temperatures.

Structural Parameters

The structural parameters such as crystallite size (D), strain
(¢), particle density (Dy) and dislocation density ()
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Fig. 1 XRD spectra of the prepared samples for different dopants (a) and annealing temperature (b—d)

associated with the doped and codoped phosphors were
calculated from the XRD data. The crystallite size was
determined from Debye-Scherrer equation [13]

D = 0.9x/Bcos b (1)

Here A is the wavelength of the X-rays (1.54056 A),
3 is the full-width at half maximum (FWHM) and 0 is
the angle of diffraction. The estimated crystallite size of
doped and codoped Y,O; phosphors is summarized in
Table 1.

The peak broadening in prepared phosphors arises
not only due to crystallite size but also may be due to
strain present. Strain and crystallite size effects in peak
broadening are independent to each other and they can
be distinguished by Hall-Williamson plot. The Hall-

Williamson relation [13] expresses the FWHMs (f3) as
a linear combination of the contributions from the strain
(¢) and crystallite size (D):

Bcos@/A=1/D+esinf/A (2)

Figure 2 shows the plot of cosO/A versus sinB/A for
doped and codoped Y,O;, which is a straight line. The
reciprocal of intercept of this line on the 3cosO/A axis gave
the average crystallite size (D). The crystallite size for the
various phosphors calculated by Hall-Williamson plot is
summarized in Table 1. The results were in agreement with
the Debye-Scherrer formula. The strain value (¢) was
obtained from the slope of the line and comes out to be very
small ~10~%, which implies the negligible effect of strain in
XRD broadening.
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Table 1 Structural parameters of doped and codoped Y,05 phosphors

Material Maximum  FWHM lattice Crystallite size D (nm) Particle density  dislocation density ~ Microstrain
Peak 20)  (B) (deg.)  parameter (Dy) gm/cm’ (&)(x10"/m?) (e) (x 107
(deg.) a (A) Debye Hall
Sherrer Williamson
Y,05: Dy** 29.39 0.3812 10.60 1020 20 5.0365 2.5 0.77
Y,0;: Tb** 29.40 0.3812 10.60 10-60 40 5.0365 223 5.49
Y,05: Dy*", Tb** 29.45 0.3226 10.60 10-60 35 5.0365 1.6 3.89
Undoped Y,05 29.11 0.157 10.60 60120 60 5.0365 0.37 1.52

The particle density (Dy) and dislocation density () were

calculated from the formulae [14, 15]:

and a, is the lattice parameter. The values of particle density

and dislocation density are summarized in Table 1.

_ 3
Dy = 16M/(Na ) (3) FTIR
5 The FT-IR spectra of the prepared doped, codoped and
6=1/D (4)  commercial undoped Y,0; phosphors are shown in
. . . . -1 -
where M is the molecular mass, N is the Avogadro’s number ~ Fig. 3a. The absorption band centered at 560 cm ~ is
0.10 = 0.10 i
s . 10 +
Krtepr= LD = 00231210 Y O:Tb 1 Intercept= 1/D =0.00594x10" YO: Dy
0.08 strain=e= 5.49x10 2 3 0.08  girain=e= 0.77x10° g3
0.06 0.06 |
ol—\ 7 -
= 0044 0.04
% ]
g 0.02 0.02
7 — ] ge——— ° i
& o000 @ 2o 03— 7o 3% o T e i e
& _ ]
-0.02 4 -0.02 4
-0.04 — -0.04 -
-0.06 T T T T T T T T -0.08 T T T T T T
010 015 020 025 030 035 040 045 010 015 020 025 030 035 040 045
. . 10
sinf/A (x10 ) sinb/A (x107)
0.10 0.10
{ Intercept= 1/D = 0.00171x10"
Intercept= 1/D = 0.00277x10" 3+ 3+ ; undoped Y O
! : 0.08 strain=g=1.52x10
0.084  strain= e=3.89x10" Y203- Tb™, Dy e e P 273
0.06 - 0.06
0.04 0.04 4
Gﬁ 4
= | 0.02
Z 0024 02+
— A 4
< @ o 0 o 4 950 g 05900 2o 00 o
& 0.004 0004 99— 900 90—9—9 00— 29
(7]
[=] E J
L]
< .0.02 4 -0.02
-0.04 0.04
-005 I T 1 I T T -0'06 . I ¥ I I I T 1
010 015 020 025 030 035 040 045 010 015 020 025 030 035 040 045

sin0/2. (x10'°)
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attributed to Y-O lattice vibration. The peaks at 850 cm '

and the ones at 1,060, 1,395 and 1,542 ¢cm ' are due to C-O
bond bending and C-O bond stretching vibration respective-
ly. The broad band at 3,550 cm™ " is assigned to O-H stretch-
ing vibration [16]. This absorption band in the prepared
doped samples were probably due to the adsorbed molecular
water from KBr pellet technique for FTIR measurements, or
the residual carbonate or absorption of H,O and CO, from
the ambient atmosphere. The absorption bands due to C-O
and O-H vibrations are very weak in the commercial
undoped Y,O5 phosphor.

The presence of residual hydroxyl group (—OH) in
luminescent materials may induce the quenching of the
rare earth emission which further reduces the lumines-
cence efficiency. To overcome this problem, the samples
were undergone for further heat treatment. Figure 3b-d

show the FTIR spectra of Y,05:Tb*", Y,05:Dy*" and
a
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Y,05:Tb**/Dy** phosphors annealed at three different
temperatures. The FTIR spectra show that the hydroxyl
group (—OH) becomes weaker with the increase of anneal-
ing temperature and totally disappears at a higher anneal-
ing temperature for all the three cases. The decrease in C-
O bond vibration with annealing temperature indicates the
reduction in carbon content of annealed samples.

Optical Properties
Diffuse Reflectance

The diffuse reflectance spectra of doped and codoped Y,0;
powder phosphors were measured against a reference
BaSO, sample. A sharp band at 210 nm was observed in
all the samples (Fig. 4) implying that light having this
particular wavelength was absorbed. This band was due to
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Fig. 3 FT-IR spectra of the prepared samples for different dopants (a) and annealing temperature (b—d)
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band gap of these phosphors. The other bands observed in
the spectra were due to meta-stable energy states formed
between valence band and conduction band by the doping
ions. The absorption edge in case of prepared nanophos-
phors is shifted towards blue region with respect to undoped
sample due to the difference in crystallite size. Among the
prepared doped and codoped nanophosphors, the Y,O0s:
Dy*" has the highest diffuse reflectivity.

Calculation of Bandgap

The Kubelka-Munk theory [11] was used to calculate the band
gap of doped and codoped Y,O3 nanophosphors using diffuse
reflectance spectrum. In a diffuse reflectance spectrum, the
ratio of the light scattered from a thick layer of sample and an
ideal non-absorbing reference sample is measured as a func-
tion of the wavelength A, R.=Rgampie/Rreference [17]. The
relation between the diffuse reflectance of the sample (R..),
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absorption coefficient (K) and scattering coefficient (S) is
given by the Kubelka-Munk function F(R..):

(1-Ry)* K
FRy) =—*—=—
(Ree) = 5= (5)
The band gap E, and absorption coefficient « of a direct
band gap semiconductor is related through the well-known
Tauc relation:

ohv = C; (hv — Eg) 1/2 (6)

where o is the linear absorption coefficient, v is the
photon energy and C; is a proportionality constant.
When the material scatters in perfectly diffuse manner
(or when it is illuminated at 60° incidence), the absorp-
tion coefficient K becomes equal to 2. Considering the
scattering coefficient S as constant with respect to
wavelength, and using Eqgs. 5 and 6, the following
expression can be written:

[F(Roo)iv]? = C (hv—E,) )

From the plot of [F(R.,)hv]? versus hv, the value of E,
was obtained by extrapolating the linear fitted regions to [F
(Ro)hv]?=0. The curve of Fig. 5 exhibits nonlinear and

Table 2 Optical parameters of doped and codoped Y,03 phosphors

linear portions, which is the characteristic of direct allowed
transition. The nonlinear portion corresponds to a residual
absorption involving impurity states and linear portion char-
acterizes the fundamental absorption.

The calculated band gap is summarized in Table 2. The
difference in the band gap of phosphors is due to difference
in the crystallite size, smaller the crystallite size greater is
the band gap.

Influence of Doping Concentration on Photoluminescence

The performance of luminescent materials can be improved
by changing the doping concentration and it is very impor-
tant factor to determine the optimum concentration of dop-
ant. Photoluminescence spectra of Y203:Dy3+ and Y,0;5:
Tb>" phosphors for different concentrations (0.1 mol%-—
5 mol%) of Dy*" and Tb*" ions are shown in Fig. 6a and
b. The excitation wavelengths for the two phosphors were
kept at 351 and 275 nm respectively.

The emission spectra of Y,Os: Dy3+ consists of two
distinct peaks at 488 and 575 nm corresponding to the *
Fo,»—°®H,s,» and °H,;,, transitions respectively
(Fig. 6a). The 351 nm radiation excites the Dy>" ions
to the °P5, level and then quickly relaxes to “Fy)p level
by emitting nonradiative transitions. The strong yellow
emission band centered at 575 nm corresponds to the

Phosphor Bandgap (eV) Transition Wavelength (nm) Concentration/Mass ratio Colour ratio
Y,05: Dy** 5.83 “Fo/—°Hy3/> (most Intense) 575 0.1 0.79 (B/Y)
0.5 0.79(B/Y)
*Fop—Hisp 488 1 0.78(B/Y)
2 0.76(B/Y)
5 0.79(B/Y)
Y,05: Tb** 5.8 Dy—"F, 625 0.1 0.52 (B/G)
Dy,—"E, 585 0.5 0.47(B/G)
5D,—"Fs (most Intense) 542 1 0.42(B/G)
0.46(B/G)
Dy—"Fq 485 2 0.56(B/G)
Y,05: Dy**, Tb** 5.8 *Fo/— °H;3/2(Intense) 575 1:1 0.45 (G/Y)
*Fop—C°Hisp 488 1:2 0.47(G/Y)
Dy—"F; 625 1:4 0.64(G/Y)
Dy—"F, 585 1:6 0.85(G/Y)
D,—"Fs (Intense) 542 1:8 0.82(G/Y)
Dy—"Fq 485 1:1 0.35 (B/Y)
122 0.33 (B/Y)
1:4 0.32 (B/Y)
1:6 0.28 (B/Y)
1:8 0.27 (B/Y)

Undoped Y,04 5.6 -

B=Blue, Y=Yellow, G=Green
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Fig. 6 PL emission and excitation spectra of Dy*" doped (a), Tb** doped (b) Y05 phosphors at different doping concentrations

hypersensitive transition *Fo,—CH,35. Another feeble
blue emission band at 488 nm corresponds to the *
Fo,—°H,s, transition, which is less sensitive to the
host. The emission intensity increases with increase in
the Dy>" concentration upto 1 mol% and then decreases
when the concentration is >1 mol% due to quenching
phenomena (Fig. 6¢).

The reason behind observing the intense yellow emis-
sion from Y,05: Dy’" can be understood by considering
the structure of Y,03. The coordination number of Y,03
is six and forms cubic bixbyite structure with two differ-
ent sites (C, and Cs;) for RE*" jons substitution (Fig. 7).
Y*" ions in unit cell occupy 24 sites with point symme-
try C, and 8 sites with point symmetry Cs; (i.e. totally
32 sites that comprise the unit cell of Y,03). The C, is a
low symmetry site without an inversion center whereas
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C;; is a high symmetry site having an inversion center.
When Dy’" is located at a low symmetry (Cs), the
yellow emission is dominant whereas the blue emission
is dominant when Dy’' is located at a high symmetry
(C59) [8]. In the present case, yellow emission at 575 nm
(*Fo—°®H3) is dominant suggesting that the location
of Dy3+ is more favourable at C, site. As the C, site
does not have an inversion center, electric dipole transi-
tions from Dy>" ions attached to this site are more
favourable than the magnetic dipole transitions. So, the
intense yellow emission from Dy*" around 575 nm is of
electric dipole and feeble blue emission around 488 nm
is of magnetic dipole origin. The similarity of the ionic
radii of Dy*" and Y>" ions allows the easy substitution
of Y*" ions with Dy*" ions at C, sites giving rise to
intense yellow emissions in all the samples.
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D Vacancy site

C;;site

C, site

Fig. 7 C, and C;; symmetry sites of Y ions in cubic crystals structure
of Y203
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Fig. 9 PL emission spectra of Y,0; phosphor codoped with various
mass ratios of Dy>" to Tb>" under 351 nm excitation

The excitation spectrum of 1 mole% Dy doped Y,05 was
recorded keeping the emission wavelength at 575 nm
(Fig. 6a). This spectra consists of several excitation bands
of f-f transitions, which are ascribed to the different transi-
tions from the ground state ®H,s, to the various excited
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Fig. 8 PL emission and excitation spectra of Dy>" doped (a), Tb>* doped (b) Y05 phosphors at different annealing temperatures
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states of 4f° electronic configuration of the Dy>" ions. The
excitation maxima located at 351 nm corresponds to the
hypersensitive transition from the ground ®H,s5, to °P7pp
level [18].

The emission spectra of Y,05: Tb*>* (Fig. 6b) is composed
of several distinct peaks at 485, 542, 585 and 625 nm
corresponding to the D,— F; transitions (J=3, 4, 5 and 6).
The strongest transition at 542 nm corresponding to *Ds— ' Fs
transition is due to green emission of Tb*" [19]. The other
peaks at 485 nm, 585 nm and 625 nm arose from the Dy—
Fs, °Ds—'F, and °D,—F; transitions respectively. The

Fig. 11 Energy level diagrams
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Tb>" concentration was varied from 0.1 mol% to 5 mol%
and it was observed that the intensity increases upto 1 mol%
and then decreases concluding that the optimum doping con-
centration of Tb*" in Y,0; host is 1 mol% (Fig. 6d). The
decrease in PL intensity of phosphors for concentration of
Tb>" greater than 1 mol% may have been caused by cross-
relaxation between neighbouring Tb>" ions resulting in the
quenching phenomena.

The excitation spectrum of 1 mol%Tb>" doped Y,0; was
recorded keeping the emission wavelength fixed at 542 nm
(Fig. 6b). Two overlapping bands at 275 and 302 nm were
observed due to f—d transitions [20]. However, because of
parity forbiddenness of the transition within 4f configuration
the peaks in the excitation spectra beyond 302 nm are too
weak to observe here.

Influence of Annealing Temperature on Photoluminescence

Figure 8a and b shows the photoluminescence emission
spectra of the Y,053:Dy’" and Y,05:Tb*" phosphors
annealed at different temperatures 500 °C to 1,000 °C. Here
the optimum concentration (1 mol%) of Tb>" and Dy*" were
taken. The emission intensity increases with the increase of
annealing temperature. Above 700 °C, the emission intensi-
ty increases significantly due to increased growth in the
crystallinity and good dispersion of doping components
inside the host material confirming the results obtained from
the XRD.

The integrated intensity of yellow emission from the
Y,05: Dy*" annealed at 1,000 °C is ~2.5 times higher than
that of the sample annealed at 500 °C whereas the intensity
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of green emission from Y,0s3: Tb*" increases ~25 times for
the same temperature rise. Moreover, blue to yellow (B/Y)
intensity ratio (I4gg/ls75) for all the annealed Y,Os: Dy3Jr
samples comes out to be 0.76—0.79 whereas blue to green
(B/G) intensity ratio (I4g5/Is4>) for all the annealed Y,Os:
Tb** samples comes out to be 0.42-0.56. The values are
summarized in Table 2. As the B/Y ratio is approximately
constant for Y,05: Dy*" annealed phosphors and hence pure
white light emission from this phosphor can be achieved by
tailoring this B/Y ratio via codoping with other rare earth
jons Tb>" [8].

Influence of Codoping on Photoluminescence

Figure 9 shows the photoluminescence emission spectra of
(Y 1x-yDyxTby), O; with taking the mass ratio Dy/Tb as 1:0,
1:1, 1:2, 1:4, 1:6, 1:8 under 351 nm excitation. The obtained
data is summarized in Table 2. The intensity of green emis-
sion from Tb>" was enhanced by codoping with Dy”" ions
and the corresponding integrated intensities of Dy>* 575 nm
and Tb*" 542 nm are also illustrated in Fig. 10., which
indicates that energy transfer occurred from Dy*" to Tb*"
ions [5].

Figure 11 describes the energy level diagrams of Dy’"
and Tb>", showing the radiative and nonradiative transitions
and also the energy transfer from Dy>" to Tb** ions [18].
When the 4f higher energy level of Dy*" is excited with
351 nm wavelength light, the initial population relaxes to
lower energy levels until it arrives at the 4Fo) level by
phonon assistance. With the emission of phonons, part of
the energy from the *Fy, level of Dy*" is transferred to the
D, level of Tb>" by dipole—dipole interaction between the
two energy levels, resulting in the enhancement of Tb**
542 nm emission.

Conclusions

The XRD studies of doped and codoped phosphors indicates
that the introduction of Tb>*,Dy>" ions do not influence the
crystal structure of the phosphor. The crystallinity and crys-
tallite size phosphors improve with an increase in annealing
temperature. In the FTIR spectra, absorption bands were
observed corresponding to Y-O, C-O and O-H vibrations.
The FTIR studies show that the hydroxyl group (—OH) in
prepared phosphors becomes weaker with the increase of
annealing temperature causing the increase in luminescence
efficiency. The bandgap of the phosphors from DRS were
found to be of the order of 5.8 eV. Due to wide bandgap,
these phosphors can be used as the promising candidate for
applications in different optoelectronic devices. Photolumi-
nescence studies confirm that the Dy>" ions mostly replace
the Y ions of C, site in Y,0s5 lattice. The blue to yellow

(B/Y) intensity ratio (Isgs/Is7s) of Y»05: Dy>* phosphor and
the blue to green (B/G) intensity ratio (I4gs/1s42) of Y,0s:
Tb*>" phosphor was found to be almost constant over the
whole range of doping concentration and annealing temper-
atures. The pure white light emission from doped Y,O;
phosphor can be achieved by tailoring the two intensity
ratios via codoping which causes the enhancement of the
Tb*>" emission as a result of non-radiative energy transfer
from Dy>* to Tb>" in Yttrium oxide host.
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