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Abstract— Intense green emitting Tb>" (0.5 — 4 mol %) doped KCaBOj nanocrystalline phosphors were synthesized by
combustion method at 550 °C , followed by post annealing at 800 °C for 2 hours. X-ray diffraction (XRD), diffuse
reflectance (DR) spectroscopy and photoluminescence (PL) spectroscopy were utilized to investigate the structural,
optical and PL properties of the phosphors. XRD results revealed that the phosphors have monoclinic crystal structures
with space group P2,/c. The average crystallite sizes of the phosphors calculated using the XRD data were found to be
in the range of 27—-42 nm. Under UV excitation, the phosphors showed several emission bands centered at 487 nm, 544
nm, 586 nm and 622 nm which corresponded to °D,~'Fg, °D,~Fs,°D,~"F, and °D,~F; characteristic transition of
the Tb" ion, and the green emission band (°D,—Fs) located at 544 nm was dominant. In order to determine the
optimum PL emission intensity, the concentration of Th>" was varied. A maximum intensity was obtained from the
phosphor with 3.0 mol% of Th**.The calculated CIE coordinates were (x =0.30, y= 0.59), which corresponded to the
green shade of the gamut, was in good agreement with the CIE coordinates of the well known green phosphors. In
addition, the chemical compositions and electronic states of the powders were analyzed with X-ray photoelectron
spectroscopy.
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1. INTRODUCTION stability [4]. Recently, advances in these orthoborates
doped with rare earth (RE) /transition metal ion
Currently, research in the field of phosphors for white  demonstrated their significance in solid state lightening,
light-emitting diodes (WLED) to produce white light is  Dosimetry, Nonlinear optics etc. [5-7]. In particular,
considering the attention of the researchers. Research in  KCaBO; has not been studied much. Das et al. for the
this field started in 1991 when there was a first first time reported the upconversion of Er’’-Yb®* co-
improvement in solid state lightning (SSL) given by doped KCaBO; phosphor under near-infrared excitation
Nakamura [1] by his discovery of blue light-emitting also the tunable visible upconversion emission had been
diode (LED). Later, in 1996, the first white LED was  achieved by introducing Ho®" ions [8, 9]. Das et al., [10]
fabricated which used yellow phosphor usually made of  also reported the controllable white light emission from
cerium- doped yttrium aluminum garnet (YAG:Ce) Dy**—Eu** co-doped KCaBO; phosphor for the potential
combined with blue GaN LED [2]. But this particular  optoelectronic applications such as white light-emitting
method of producing white light has certain demerits such  phosphor for blue LEDs chips. However, to our best
as halo effect, low color rendering index due to two colors  knowledge, there are no reports in the literature on
mixing. Therefore a new approach has been given to  luminescence of Tb** doped KCaBO; nanophosphors.
overcome the above limitations, which utilizes the
combination of blue, green and red phosphor with UV In this paper, we have synthesized the Tb** doped
LED and has excellent color rendering index and high KCaBOj; nanocrystalline phosphor by combustion method
color tolerance [3]. Hence, presently the studies on to explore its potential application in WLEDs.
phosphors for second approach are fascinating much more = Luminescence, optical and surface studies properties of
consideration compared with the first one. the KCaBO;:Tb*" have been discussed.

The orthoborates of the type MNBO; (M = alkali, N = 2. EXPERIMENTAL DETAILS

alkaline) have admirable properties such as low thermal

conductivity, high melting point, ability to accommodate ~Tb’" doped KCaBO; phosphors were synthesized by
defects, high thermal expansion coefficient and high combustion method using urea as a fuel. The
concentration of the activator (Tb>") varied from 0.5 to
3.5 mol%. The potassium nitrate [KNO;], calcium nitrate
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(99.99%) and boric acid [H;BO;] were used as precursors.
In a typical preparation, all the reactants were taken
according to the balanced reaction (Eq. 1) and dissolved,
stoichiometrically, in a few drops of distilled water with
vigorous stirring until a thick paste was formed. The thick
paste was transferred into the crucible and was kept in a
preheated muffle furnace at 550°C. Initially (1)

The crystalline phase of the synthesized samples was
identified by X-ray powder diffractometer (XRD) (Bruker
Advance D8 X-ray diffractometer), operating at 40 kV
and 40 mA using Cu Ko radiation (A=1.5406 A). The
photoluminescence (PL) measurements of the phosphors
were done on a Cary-Eclipse Spectrofluorometer
equipped with a 150 W xenon discharge lamp as an
excitation source. For optical properties, the diffuse
reflectance spectra of the powder samples were recorded
using a UV-VIS -2600 double beam spectrophotometer;
attached with an ISR (Integrating Sphere Assembly). To
study the surface and the chemical states of the
nanophosphors, the x-ray photoelectron spectroscopy
(XPS) was performed on a PHI 5000 versa probe
spectrometer using monochromatic Al Ka radiation. The
details for measuring the high resolution spectra were
described in a previous report [11].

3. RESULTS AND DISCUSSIONS

3.1 XRD Studies

Fig. 1 shows the XRD pattern of the KCaBO;:Tb** (3 mol
%) nanophosphor. The XRD pattern is consistent with the
reported pattern [8,9] for KCaBO; and depicts that the
pattern belongs to the pure monoclinic phase with space
group C2,/c. Also, it has been observed that the addition
of small amounts of Tb*" (activator), did not alter the
crystal structure of the host lattice, which suggested that
the activator ion is fully incorporated in the host lattice.
The average crystalline size of the nanophosphors was
calculated from the full width half maxima of the
diffraction peaks by using Scherrer’s equation [12] and is
approximated to be 27 0 42 nm.
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Fig. 1: XRD pattern of the KCaBO;:Tb** nanophosphors.

3.2 Photoluminescence Studies

Fig. 2 shows the excitation(a) and the emission spectra (b)
of Tb** doped KCaBO; (3 mol%) nanophosphor. The
excitation spectrum of the nanophosphor was recorded by
keeping the emission wavelength at 544 nm. The
spectrum shows an intense broad band at 222 nm
corresponding to ‘Fe—"F,°D, with some less intense
peaks from 280-385 nm, due to characteristic 4f-4f
transitions of the Tb>" jon. The emission spectrum of the
nanophosphor monitored at 378 nm excitation, consists of
several emission peaks in the region of 475-635 nm with
prominent emission at 544 nm occurred due to the
D,—'Fs transition of the Tb** jon, while the other
emission peaks at 487 nm, 586 nm and 622 nm
corresponds to the *D;—'F¢, Ds—'Fs, *D4;—'F, and
’D,—F; characteristic transition of the Tb** ion[13].

Fig. 4 presents the plot of Tb’" ion concentration as a
function of maximum intensity. It shows that the intensity
was enhanced with increasing concentration of the
activator ion and reached a maximum at x= 3 mol%
where after it starts decreasing due to the well-known
concentration quenching phenomenon [14]. The
concentration quenching occurred due to the energy
transfer between the activator (Tb>") ions.
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Fig. 2: The excitation and the emission spectrum of the
KCaBO;:Tb** (3 mol%) nanophosphors.

900 544 nm Peak

300}

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
Concentration of Tb** (mol%)

Fig. 3: Variation in PL intensity of the 544 nm PL emission
peak as a function of Tb3+ concentration
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3.3 UV-VIS Studies

The diffuse reflectance (DR) spectrum of the
KCaBO;:Tb*" + (3 mol %) nanophosphor measured from
190-1400 nm is presented in Fig. 4. The spectrum consists
of some less intense absorption peaks in the range of 300
nm [0 400 nm corresponds to the characteristic 4f O 4f
transitions of the Tb>* ion, Along with a sharp absorption
edge approximately equal to 222 nm corresponding to the
band gap of the nanophosphor, which can also serve as
the absorption wavelength of this particular

nanophosphor.
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Fig. 4: Diffuse reflectance spectra of KCaBO;:Tb*"(3 mol%)
nanophosphor.

3.3.1 Band Gap Determination

From the DR spectrum, the band gap of the KCaBO;:Tb**
(3 mol %) nanophosphor was determined by using the
Kubelka—Munk [15] theory. The absorption spectrum
(Fig. 5) of the phosphor was transformed from the DR
spectra by using the Kubelka—Munk function, given as:

(1-R’ _K

2R S

F(R)= S

@

where, R = the diffuse reflectance of the sample, K =
absorption coefficient and S = scattering coefficient.

The direct band gap (E,) and linear absorption
coefficient (a) are related by the well-known Tauc
relation:

ahv =C(hv - E,)" 3)
where hv =energy of light and C =constant. The above
Tauc relation is modified by using equation (2) and is
given by

[F(R)A]) =C(hv —E,) )
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Fig. 5 presents the plot of [F(R)hv] as a function of
photon energy (n), constructed by using Eq (4). The
value of the band gap (Eg) was determined by
extrapolating the linear fitted region. The point on the
energy axis, at which the extrapolating line meets with the
hv = 0, corresponds to the direct band gap of the
phosphor. In the present case the band gap of the

KCaBO;:Tb*" nanophosphor was approximated to be 5.66
eV.
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Fig. 5: Energy Band gap in the KCaBO;:Tb*
nanophosphors

3.4 CIE Parameters

To evaluate the performance of the phosphor, the
Commission Internationale de 1’Eclairage (CIE)
parameters were calculated.
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Fig. 6: The color gamut of the KCaBO;:Tb** nanophosphor.

The CIE chromaticity coordinates for KCaBO5:Tb*" (3
mol%) nanophosphors under excitation wavelength of
378 nm is shown in Fig. 6. From the CIE diagram it can
be found that the calculated CIE coordinates were
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(x = 0.30, y = 0.59), which corresponded to the green
shade of the gamut and close to the CIE coordinates of the
well known green phosphors ZnS:Au0.05, Cu0.01 (0.267,
0.582) [16].

3.5 XPS Study

XPS is a characterization technique extensively used to
investigate the chemical constitution and chemical
bonding state of elements in the materials. The technique
is based on collecting the electrons that are ejected from
atoms of the sample being examined when irradiated by
X-rays. The technique is highly surface sensitive and non
destructive. It provides compositional analysis of
approximately the top 5 nm of material below the studied
samples surface.
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Fig. 7: The XPS survey scan spectrum of the KCaBO5:Tb**
nanophosphor.

In order to examine the composition and to determine the
chemical states of the K, Ca, B and O in the prepared
nano-phosphors, XPS analyses were carried out and the
energy scale was calibrated with the Cls peak of the
carbon contamination at 284.60 eV as this peak comes
from hydrocarbon contamination and its binding energy
accepted as remaining constant, irrespective of the
chemical state. Fig. 7 presents the survey scan spectrum
of the KCaBO;:Tb*" nanophosphors, which clearly
confirms the presence of all the elements of the
synthesized material from their corresponding binding
energy.
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4. CONCLUSIONS

In the present work, KCaBO;: Tb’" nanophosphor was
successfully synthesized by combustion method using
urea as fuel. The excitation spectrum reveals that the
phosphor could easily be excited by near UV-chips, to
emit light corresponded to the green shade of the gamut
CIE coordinates (x =0.30, y= 0.59). The band gap and
average crystalline size of the material are approximated
to be 5.66 eV and 27— 42 nm, respectively. In addition the
XPS study confirms the presence of all the elements of
KCaBO;:Tb*" on the surface of the material.
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