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Abstract

Light emitting semiconductor diodes which in turn excite phosphors embodied in the matrix gives white
light is the need of the day. The present paper reports photoluminescence studies and physical properties
of Ca3SizOgF,, CasSi,OgF, and Ca;SizO4,F, compounds each co-doped with Ce, Eu and Th with 10%,
5%, and 2.5% respectively. The samples were prepared using standard solid state reaction method and
ground the starting materials with appropriate stoichiometry into a fine powder, and fired at 900°C,
1200°C with and with out Urea as flux for 2 hours in a muffle furnace. The entire photoluminescence

spectra were recorded at room temperature.
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1. INTRODUCTION

Nowadays a great attention is paid to the research and
development in the field of lighting technology in
relation to the global problem of saving energy. One of
the rapidly developing technologies is based on using
very efficient light emitting diodes [LED] in light
sources for general lighting. In the recent development,
a new series of hosts, namely of fluorine containing
alkali earth silicates are as potential phosphors for
white LEDs. In the present paper describes, the Ce*?,
Eu®* and Tb*" doped fluorine containing alkali earth
silicates were synthesized via high temperature solid
state reaction method. The emission, excitation spectra
and their solid state physical properties were examined.

2. MATERIALS AND METHOD

The compounds having crystal structure of Triclinic-
Ca3Si;OgF,, Monoclinic-CasSi,OgF, and
Orthorhombic-Ca;SisO1,F, (as per the available
literature) were synthesized using the conventional

solid state reaction method by doping Ce, Eu & Th rare
earth ions. The dopant concentration was varied within
the 10%, 5% & 2.5 mol%. Calcium fluoride (CaF,),
Calcium carbonate (CaCO3), Silicon dioxide (SiO,),
Cerium oxide (CeO,), Europium oxide (Eu,0s3)
Terbium oxide (Tb,4O;) and Urea (CH4N,O) were
used as raw materials with purity over 99.9%,. The
materials were weighed and mixed in appropriate
stoichiometry and ground into a fine powder using
agate mortar and pestle, and fired at 900°C, 1200°C
with out flux for 2 hours in a muffle furnace with a
heating rate of 5°C/min. The same set of samples was
also prepared by adding 10% of urea as flux and fired
at 1200°C. The Photoluminescence (PL) emission and
excitation spectra were measured by
Spectrofluorophotometer (SHIMADZU, RF-5301 PC)
using Xenon lamp as excitation source. All the spectra
were recorded at room temperature.

3. RESULTS AND DISCUSSION
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3.1 Physical Properties

i) After 1200°C without Urea as flux: The compound
Ca3Si3OgF, doped with Ce, Eu & Tb rare earth ions,
appears as white colour, soft and crystalline was
observed. Where as the compounds CasSi,OgF, and
Ca;Si;04,F, appears as tablet like with brown colour
and strong crystalline

ii) After 1200°C with Urea as flux: The compound
Ca3Si3OgF, doped with Ce, Eu & Tb rare earth ions,
appears as Cake like with Ash colour, and strong
crystalline was observed. Where as the compounds
CasSi,OgF, and Ca;Siz01,F, appears as tablet like
with dark brown colour and strong crystalline

iii) After 900°C without Urea as flux: The compound
Ca3Si3OgF, doped with Ce, Eu & Tb rare earth ions,
appears as white colour, soft and crystalline was
observed. Where as the compounds CasSi,OgF, and
Ca;Si3;04,F, appears as tablet like with brown colour
and strong crystalline

In both the cases of 1200 and 900°C without urea as
flux, the physical properties are same

3.2 Photoluminescence Spectra
i) At 900°C without Urea as flux:

Fig.1 shows the excitation and emission spectrum of
Ca;Si30gF, doped with Ce, Eu and Th. The excitation
spectrum monitored at 400nm, shows broad peaks at
254 and 325nm respectively. Under the excitation of
254nm, the observed emission spectrum peaks are at
469,544 and 611nm with high crystal field at 367nm.
Interestingly it is observed that, when excited 325nm
wavelength, the observed emission peaks (392, 469,
544, 576 and 617nm) are different than 254. A broad
peak around 392nm wavelength, very low at 469, 544
and 617 but sharp and high at 576nm was observed
may be due to less crystal field at 367nm
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Fig.1: Excitation and Emission spectra of CazSisOgF, at
900°C

Fig.2 shows the excitation and emission spectra of
CasSi,0gF, and Ca;Siz04,F,. The excitation spectra
shows peak at 254nm monitored under 400nm
wavelength. In both the compounds 325 peak is not
present. Under the excitation of 254nm, the observed
emission spectrum peaks are at 393, 422, 440, 469,
487, 543, 576, 595, 615 and 627nm. The excitation
and emission spectra are same for both CasSi,OgF,
Ca;Si304,F, samples and emission peaks are sharp &
high at 543nm and sharp and low at other wavelengths.
However CasSi,OgF, has higher intensity in
comparison with Ca;SizO1,F,.
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Fig.2: Excitation and Emission spectra of
Ca5SizogF2 & Ca7Si3012F2 at 900°C
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Fig.3: Excitation and Emission spectra of
Ca3Siz0gF, at 1200°C

ii) At 1200°C without Urea as flux: Fig.3 shows the
excitation and emission spectrum of CasSi;OgF,
doped with Ce, Eu and Th. The excitation spectrum
monitored at 400nm, shows broad peaks at 254 and
325nm respectively. We observed that the excitation
peak intensities are nearly equal to 900°C. Under the
excitation of 254nm, the observed emission spectrum
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peaks are at 437, 469, 487, 544, 553, 587, 611 and
627nm. Interestingly it is observed that, a sharp and
high intensity peaks around 487, 544, 553 and 611nm,
sharp and low intensity peaks at other wavelengths was
observed.

Fig.4 shows the excitation and emission spectrum of
CasSi,OgF, and Ca;Si;OF,. The excitation
spectrum shows peak at 254nm monitored under
400nm wavelength. Under the excitation of 254nm, the
observed emission spectrum peaks are at 380, 421,
438, 460, 489, 545, 590, 617 and 627nm. The
excitation and emission spectra are same for both
CasSi,OgF, Ca;Siz04,F, the samples and emission
peaks are sharp & high at 545nm and sharp and low at
other wavelengths. However CasSi,OgF, has higher
intensity in comparison with Ca;Siz;Oq;,F,.
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Fig. 4: Excitation and Emission spectra of
Ca5SizogF2 & Ca7Si3012F2 at 1200°C
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Fig.5: Excitation and Emission spectra of
Ca3Si308F2 at 1200°C

monitored at 400nm, shows broad peaks at 254, 308
and 325nm respectively. We observed that an
additional peak at 308nm is observed apart from 254,
325 nm and also observed that the excitation peak
intensities are reversed than at 900°C. Under the
excitation of 254nm, the observed emission spectrum
peaks are at 451, 468, 545 and 611nm. Interestingly it
is observed that, when excited with 308 & 325nm
wavelength, the observed emission peaks 380, 486,
545, 551 and 611nm are different than 254 nm. A
broad and high intensity peak around 380nm
wavelength, sharp and low at other wavelengths was
observed.

Fig.6 shows the excitation and emission spectrum of
CasSi,OgF, and Ca;SisOF,. The  excitation
spectrum shows peak at 254nm monitored under
400nm wavelength. Under the excitation of 254nm, the
observed emission spectrum peaks are at 380, 421,
438, 460, 489, 545, 590, 617 and 627nm. The
excitation and emission spectra are same for both
CasSi,OgF, Ca;Siz04,F, the samples and emission
peaks are sharp & very high at 545nm and low at other

wavelengths. However CasSi,OgF, has higher
intensity in comparison with Ca;Si;O,F».
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Fig.6: Excitation and Emission spectra of
Ca5Si208F2 & Ca7Si3012F2 at 1200°C

4. CONCLUSIONS

The Photoluminescence  emission  studies  of
Cas3Si3OgF,, CasSi,OgF, and Ca;Siz01;,F, phosphors
each co-doped with Ce, Eu and Tb with 10%, 5%, and
2.5% mol% respectively showed interesting results. It
is important to note the final phosphor cake color,
softness or hardness, appearance are different for all
there phosphors before and after heat treatment.
Interesting thing is the Ca3Si;OgF, doped with Ce, Eu

iii) At 1200°C with Urea as flux: Fig.5 shows the and Tb compound is different in all the above said
excitation and emission spectrum of CasSiz;OgF, aspects with other ones which displayed good PL as
doped with Ce, Eu and Th. The excitation spectrum well as soft white powder in nature.
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It is concluded the crystal field is affecting the PL
emission intensity i.e the crystal field around 365nm
wavelength is inversely proportional to PL emission
intensity.

Under the excitation of 254nm, the observed PL
emission peaks are at 437, 469, 487, 544, 553, 587,
611 and 627nm with good intensity. Interestingly it is
observed that, a sharp and high intensity peaks around
487, 544, 553 and 611nm, sharp and low intensity
peaks at other wavelengths was observed.

From the PL studies, it is concluded this phosphor can
act as a single host for producing white light, covering
Blue, Green and Red regions with high intensity in all
practical display devices.
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