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Preparation and Luminescence Properties of Green Phosphors Ca;Y,Si;0.,:Th*, Ce*

WU Jiang ZHANG Ping* JIANG Chun-Dong QIU Ze-Zhong
(College of Material Science and Engineering, Sichuan University, Chengdu 610065, China)

Abstract: The green-emitting Ca;Y,_, Si;0,:aTh’*, yCe’* silicate phosphors were synthesized by a high
temperature solid-state method. The principal crystalline of the samples is Ca;Y,51;01,, which is belonging to the
monoclinic system. All the phosphors can be effectively excited in the range of 300 nm to 450 nm, and emit
green light. Excited by 370 nm, the emission peaks mainly locate at 490 nm (*D,—7Fy)544 nm(*D,—"Fs), 585 nm
(D, —"F,)) and 621 nm (*D,—'F;). The effect of sintering conditions, doping concentration and Ce** co-doping was
studied on the luminescence properties of the phosphors. The sample twice sintered for 6 h at 1 400 “C shows the
best performance. The optimum doping content of Th**is x (Th’*)=20mol% . The emission intensity of the
phosphors can be increased by the Ce** ion co-doping, and the test shows that the best doping amount is 4mol%.

The result confirms the presence of Ce*—Tbh* energy transfer.
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0 Introduction consumption, high luminous efficiency, long lifetime
and environmentally friendly features, etc!™. The most

Compared with the incandescent lamp, fluorescent dominant way to create a white LED is by combing a
lamp and high pressure discharge lamp, W-LEDs blue InGaN chip with Y;Al;0,:Ce’ yellow phosphors.
(white LEDs) are known as the fourth generation However, the device based on this phosphor exhibits a

lighting source due to their small size, low power poor color-rendering index and a high correlated color
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temperature because of the lack of red light at long

wavelength and limits expansion of the LED
application®. Current lighting technology employs UV
LED chips with red, green and blue phosphors to
improve this problem. This approach provides white
LEDs with excellent color-rendering indexes and can
generate warmly white light'®, Excited by UV or near
UV light, the phosphors doped by Th®* ions can
generate a strong green emission, which is considered
to be a kind of important activator to synthesize green

fluorescent powders'”.

Because of a broad band
absorption and emission in the UV and near UV
region, the Ce’* ion is considered to be an efficient
luminescence sensitizer, widely used in several kinds
of inorganic malrix materials and sensitized the
luminescence of Th* ions®?.

Because it has many excellent properties, such as
physical and chemical properties of stability,
resistance to ultraviolet bombardment and so on,
alkaline earth silicate is considered as an effective
matrix to synthesize fluorescent powders!"*'. In this
paper, a series of silicate phosphors doped by the Th**
ion are synthesized via a high temperature solid state

method, and the luminescence properties are studied.
1 Experimental

1.1 Sample preparation

The CasY,._Si;0,aTh’*, yCe’* phosphors were
synthesized by a high temperature solid-state method.
According to the stoichiometric ratio, the constituent
oxides CaCO; (AR), SiO, (AR), Y,05(99.99%), Th,0O,
(99.99%) and CeO, (99.99%) were weighed, mixed
and ground fully. Then the mixture was placed in a
muffle furnace at room temperature and calcined in
designated temperature to obtain the final samples.
1.2 Measurements and characterization

The structure of sintered samples was identified
by powder X-ray diffraction (XRD) analysis of DX-
1000 with Cu Ka radiation (A=0.154 18 nm) operating
at 40 kV and 40 mA (scanning range of 10°~70°,
0.08° per step),
Instrument  Co., Ltd. The

made in Dandong Fangyuan
measurement  of

photoluminescence  (PL) was performed using a

Hitachi F-7000 spectrometer equipped with a 150 W
xenon lamp under a working voltage of 350 V. The
excitation and emission slits were both set at 10 nm.

All  the

temperature.

measurements were performed at room

2 Results and discussion
2.1 Phase analysis (XRD)
2.1.1 Effects of once sintering on phosphors at
different temperatures

The XRD patterns of Ca;Y Si;0), :0.2Th* *
phosphors once sintered from 1 100 °C to 1 500 C
are shown in Fig.1. The XRD patterns of samples by
once sintering for 6 h from 1 100 C to 1 300 °C are
corresponding with the PDF card No. 43-1036(Fig.1).
The result shows that the main crystalline phase is
Y,0s. However, the XRD patterns obtained at 1 400
°C or 1 500 °C are in accord with the PDF card No.
27-0093. The results prove that the main crystalline
phase is Ca Y¢(SiOy)s, and the solid state reactions are
not sufficient. Therefore, the required crystalline
phase of Ca;Y,Si50,, cannot be obtained by sintering
for 6 h from 1 100 °C to 1 500 °C.
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Fig.I XRD patterns of CayY,:51:010.2Th* phosphors by
sintering for 6 h at different temperatures
2.1.2  Effects of twice sintering on phosphors at
different temperatures

The XRD patterns of Ca;Y Si;0), :0.2Th* *
phosphors twice sintered from 1 100 C to 1 500 C
are shown in Fig.2. The principal crystalline of the
samples is Y,0; by twice sintering for 6 h at 1 100 °C
or 1 200 °C, but it is Ca,Y4(SiOy)s at 1 300 °C (Fig.2).
However, the XRD patterns obtained at 1 400 °C or
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Fig2 XRD patterns of CasY 5,0,5:0.2Th* phosphors by

twice sintering for 6 h at different temperatures

1 500 C are in accord with the PDF card No.87-

0453. The results show that the main crystal phase is

Ca;Y,S1;0 .

diffraction peak intensity of the sample obtained at

1 400 °C is higher than 1 500 °C, indicating that the

crystallization of the sample at 1 400 °C is better.

Under the same test condition, the

2.1.3  Effect of sintering time on phosphors

The XRD patterns of Cas;Y 4S50, :0.2Th® *
phosphors twice sintered for 2 h to 10 h at 1400 C
are shown in Fig.3. The principal crystalline for the
sample twice sintered for 2 h is Ca,Y¢(Si04)s, but it is
Ca3Y,5i50y, in other conditions (Fig.3). The diffraction
peaks of (033) and (230) crystal plane are overlapped
when calcining for 4 h, 8 h and 10 h, and under the
same test condition, the diffraction peak intensity for
the sample calcined for 6 h is higher than that of

others, showing that the sample calcined for 6 h is

better.
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Fig.3 XRD patterns of Ca;Y,Si50,:0.2Th* phosphors
twice sintered for 2 h to 10 h at 1 400 °C

The principal crystalline of the sample twice
sintered for 6 h at 1 400 °C is Ca;Y,Si;0},, with better
crystallization. Doping by a few ions has almost no
effect on the crystal structure.

2.1.4 Effects of co-doped Ce* ion on phosphors

The XRD patterns of Ca;Y,Si30,:0.2Th* * and
Ca;Y751301,:0.2Th*, 0.04Ce** phosphors are shown in
Fig.4. The principal crystalline of two samples is
Ca;Y,Si;0,. Ce™ ion co-doping has little effect on the
shape and position of the peak, but does have a
certain impact on the size of the peak. Again, doping

by a few ions has almost no effect on the crystal

structure.
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Fig.4 XRD patterns of Ca;Y,Si50,,:0.2Th* and
Ca;Y,7651;0,,:0.2Th*, 0.04Ce* phosphors

2.2 Luminescence properties
2.2.1 Effect of Th* doping concentration on

luminescence properties of Ca;Y,.Si;0,,:4Th*

phosphors

The excitation and emissionspectraof Ca;Y,_Si;0 5

xTh** phosphors doped with different concentrations of
Th** ion are shown in Fig.5. The excitation spectrum
is a broadband peak, covering the wavelength region of
300 nm to 450 nm (monitored at 544 nm), which shows
that Ca;Y,_Si;0,,:2Th** phosphors can be effectively
excited by near ultraviolet LED (350~420 nm) (Fig.4).
The excitation spectrum contains three components,
having peaks at 316 nm, 350 nm and 370 nm,
corresponding to the characteristic transitions of the
Th** ion from "F, to Dy, °Le and G5, respectively. The
main peak is located at 370 nm. Excited by 370 nm,

the emission spectrum contains four main emission
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Fig.5 Excitation and emission spectra of Ca;Y, ,Si;0y:
xTh* phosphors

peaks, 489 nm (°D,—"Fy), 544 nm (°D,—F5), 585 nm
(D—"F,) and 621 nm (°D,—’F;), respectively, where
the peak of 544 nm is the maximum. The shape and
position of the excitation and emission peaks have
little change with the changing of the doping
concentration, but have a great influence on the peak
value. When the concentration of Th* ion is lower, the
luminous intensity is weak because fewer luminescent
center ions are in the matrix. With the increasing of
the doping concentration, the luminescence center
number increases, so the emission intensity increases
gradually, the maximum value is reached when x =
20mol% . The luminous intensity of the fluorescent
powders begins to decrease when further increasing
the concentration of Th** ion, showing the concentration
quenching.

The mechanism of the concentration quenching
When the

concentration of Th*®* ion is increased to a certain

may be interactions between ions.
value, the mutual distance between the ions is shorter,
and the interaction occurs at the same time. The
concentration quenching occurs when the energy
migration among Th** ions goes to the concentration
quenching centers. The cross relaxation of the D,
level is impossible to emerge because there is no
energy cross relaxation pathways!'".,
2.2.2 Effect of sintering time on luminescence
properties of Ca;Y,,Si;0:xTh* phosphors
The emission spectra of Ca;Y Si;0p, :0.2Th* *
phosphors twice sintered for 2 h to 10 h at 1 400 C
are shown in Fig.6. With the sintering time changing,

the shape and position of the emission spectra have

little change, but have a great influence on the peak

spectra is very low when the sintering time is 2 h.
With the increasing of the sintering time, the intensity
of the peaks increases, reaching the maximum when
the sintering time is 6 h. The emission peak intensity
decreases with further increase in the sintering time.
The results show that the samples twice sintered for
6 h at 1 400 °C are better, which is consistent with
the result of XRD analysis. This also shows that the
pure crystalline phase of Ca;Y,Si;0,, is better to
luminescence, while Y,0; or Ca,Yg (SiOy)s is not
conducive to luminescence. Thus the luminous
intensity of phosphors can be increased by improving

the crystallization effect.
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Fig.6 Emission spectra of CasY,8i:01:0.2Th* phosphors

twice sintered for 2 h to 10 h at 1 400 C
2.2.3 Effect of Ce* co-doping on luminescence

properties of Ca;Y,.Si;0,:Th* phosphors

The emission spectra of Ca;YSi;0,,:0.2Th* phos-

phors doped by the Ce’ ion are shown in Fig.7. When
only changing the Ce®™ concentration while keeping
the Th’* doping amount at 20mol% , the shape and
position of the emission spectra peaks has little
change as seen from the Fig.7 (a). The range of 300
nm to 450 nm can be ascribed to the broadband
emission of the Ce* ion, and the 450 nm to 650 nm is
due to the characteristics emission of the Th’* ion.
Also from the Fig.7(b), with the increasing in Ce** ion
concentration, the peak intensity of the emission
specira gradually increases, reaching the maximum
When the

doping concentration is further increased, the emission

when the doping amount is to 4mol% .

peak intensity decreases, showing the concentration

quenching, however, the intensity is still greater
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Fig.7 Emission spectra of Ca;Y,4.,Si;0,,:0.2Th™,
xCe* phosphors

than that of Ca;Y Si30,,:0.2Th** phosphors. This
demonstrates the existence of energy transfer from Ce*
to Th* in Ca;Y 5.Si;0,,:0.2Th*, xCe* phosphors.

The transfer process of Ce*—Tbh*" in Ca;Y,5.Si;0,:
0.2Th*, xCe* phosphors is shown in Fig.8. Ce* can be
excited from the ground state ’F; to the high energy
level of 5d band, then to the low state of 5d band by
the non-radioactive relaxation. At this time, a part of
the excitation energy is used for transition to the
eround state *F), presenting a broadband emission. At
the same time, another part of the energy is transmit-
ted to °D; or °D, levels of Th** by non-radioactive re-
laxation. However, the D, level of the Th** ion has
two kinds of transitions. One is direct transition to the
ground state from the °D;level, but the other is firstly
transferred to the °D, level, and then to the "F; levels,
producing the characteristics emission of the Th** ion,
and emitting the green  light™. Therefore, the emis-
sion intensity of the Th** ion will be significantly en-

hanced by the Ce* ion co-doping.
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Fig.8 Energy level structures and the transfer process
of Tb* and Ce*

2.3 Chromatographic analysis
The CIE diagram for different doping concentra-

tions of the Ce’* ion is shown in Fig.9. The color co-
ordinate of the Ca;Y 8130, 0.2Th* phosphor is (0.26,
0.52), in the range of the green color coordinate. With
certain amount of Ce** ions doping, the color coordi-
nate begins to shift towards the short wavelength, and
the blue component is increased, although it is still in
the green range. The range of color coordinate can be
changed by changing the doping concentration of Ce’*
ions. This indicates that Ca;Y,Si;0,,:Th* silicate phos-
phors are a kind of fluorescent powders suitable for

near ultraviolet LED.

Fig.9 CIE diagram of Ca;Y 4,Si;0,,:0.2Th*, xCe* phosphors

3 Conclusions

Insummary, a series of green-emitting Ca;Y,.,,S51;0
xTh**, Ce** phosphors have been prepared by a high
temperature solid-state method. The principal crys-
talline of the samples twice sintered for 6 h is
Ca;Y,S1501,. Excited by 370 nm, the emission peaks
mainly locate at 490 nm, 544 nm (the strongest), 585
nm and 621 nm, corresponding to the characteristic
transitions of the Th** ion from °D, to 'F,, 'Fs, F, and
’F; respectively. Monitored by 544 nm, the excitation
(300 ~450 nm). With the

changing of the Th** ion concentration, the emission

spectrum is broadband

intensity of the phosphors firstly increases and then
decreases. The optimum doping amount is 20mol%
and the mechanism of the concentration quenching is
the cross relaxation between °D;—°D, and "Fy—"F,.

The sintered conditions on the luminescence proper-
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ties are studied. The sample twice sintered for 6 h at
1 400 °C shows the best performance. The luminous
intensity of phosphors can be increased by the Ce**
ion co-doping, and the optimum is 4mol% , which
shows that there exists the transfer process of Ce’*—
Th* in Ca;Y4.5130,,:0.2Tb*, xCe’*phosphors. The re-
sults prove that Ca;Y,Si;0,,:Th**, Ce’* silicate phos-
phors are a kind of fluorescent powders, suitable for

near ultraviolet LED.
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