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Abstract: Rare-earth doped phosphors with tunable optical properties have potential applications in solid state lighting, such as
display panels and fluorescent lamps. Herein, trivalent Eu®, Th" activated Y,O3 phosphors were synthesized by a solid state process.
The phase structure was analyzed by X-ray diffraction. The results show the pure phase of Y,0; is obtained and RE ions do not
exhibit any effect on the structural properties. Single RE ions activated Y,O3; phosphors display their characteristic emission. With
Tb* doped in Y,Os, a bright green emission is obtained; when Eu®" is introduced into the material Y,Os:Tb**, the emission color can
be adjusted to white light. The calculated CIE chromaticity coordinates of RE ions activated Y,03 phosphors confirm the green and

white emissions.
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White light-emitting diodes (LEDs) as the so-called fourth
generation solid-state light have attracted considerable
attention in recent years because of their extensive applica-
tions in display areas based on their excellent characteristics,
such as small volume, long lifetime, high energy efficiency,
energy-saving, and environment friendly ™. Generally, the
triband white LEDs are fabricated by pumping the UV-A
(320~400 nm) LED sources. However, nowadays, deep UV
LEDs with the emission wavelengths in the UV-B (280~315
nm) and UV-C (180~280 nm) regions of the electromagnetic
spectrum have been developed to fabricate the tri-band based
white LEDs®®. These UV-B or UV-C based white LEDs are
potentially used for medical applications ®*. Hence, the
availability of high-quality phosphors operating under UV
excitation is a key factor for better performance of such LEDs.
In the case of the tri-band white LED, inorganic oxides would
be good candidates for RGB phosphors in terms of both
chemical stability and luminescence efficiency.

Yttrium oxide (Y,03) has been investigated as a good host
lattice for trivalent rare earth cations 2!, Rare earths (RE)
doped yttrium phosphors has applications in cathode radiation
tube, field emission display and thin film electroluminescence
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devices due to their excellent chemical stability, low volatility
in vacuum and absence of corrosive gas emission under
electron bombardment "4*™. In the present paper, we reported
the structure and color tunable luminescence properties of
trivalent rare-earth (RE) ions Tb*/Eu*" activated Y,0;
powders using a solid state method. The structures were
studied by X-ray diffraction (XRD) patterns. Eu**, Th*" singly
activated Y,0; phosphors showed their characteristic emission.
The Eu*, Tb* ions co-activated Y,O; phosphor exhibited
white light emission by controlling the concentrations. The
details of photoluminescence (PL) properties were also
discussed.

1 Experiment

Powder samples were synthesized by a solid-state reaction
method. Y,0; (99.9%), Eu,03 (99.99%), and Th,0; (99.99%)
were used as starting materials. Firstly, the stoichiometric
amount of raw materials Y,0; Eu,0; and Tb,0; were
weighed, and then were thoroughly ground in an agate mortar.
Afterwards, the mixtures were placed in crucibles. Next, they
were sintered at 1000 <C for 6 h in a box-type furnace and
cooled down to room temperature naturally.
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Phase purity was examined by XRD using a maxima-X
7000 powder diffractometer. Photoluminescence (PL) and
photoluminescence excitation (PLE) spectra were recorded at
room temperature using a Hitachi F-4600 fluorescence spectro-
meter with a 150-W xenon lamp as the excitation source. The
emission spectra of all samples were measured at a fixed
band-pass of 0.2 nm with the same instrument parameters.

2 Results and Discussion

XRD patterns of Y,05:2%Eu’®, Y,05:2%Tb* and Y,O;:
2%Eu®, 2%Tb* are shown in Fig.l. They are the XRD
patterns of Y,0O3, which are consistent with JCPDS 88-1040
(Y503, space group la3). No other phase can be detected,
indicating that the RE®" ions are completely dissolved in the
Y,0; host and the rare earth ions doping does not change the
lattice of Y,0s.

Fig.2 shows the PL excitation and emission spectra of Y,05;:
2%Eu** phosphors. The excitation spectrum of Y,04:2%Eu®*
monitoring the emission at 613 nm of the °Dy—'F, transitions
can be divided into two parts: one part is from 230 nm to 300
nm with a charge transfer band (CTB) of O%-Eu®, and the
other maximum at 228 nm which is attributed to the part from
300 nm to 500 nm consists of f-f transitions of Eu®*" ions.
Under 254 nm excitation, bright red luminescence appears to
the naked eye, as shown in the insert figure. There is a major
redemission peak at 613 nm corresponding to °Dy—'F,
transitions with some other weak peaks assigned to the
*Dy—Fy, *Dy—'F1, °Dy—'F; and °Dy—'F, in the range from
500 nm to 750 nm ™ as assigned in Fig.2.

Fig.3 presents the PL and PLE spectra of the Y,05:2%Tb**
sample. The excitation spectrum, monitoring the emission at
544 nm of the °D,—'F5 transitions, consists of several broad
bands with peaks at 212, 227, 271 and 299 nm, which
correspond to the 4f°—4f'5d transition allowed by the electric
dipolar parity ™. These broad excitation bands cannot be
assigned to Th*-O charge-transfer (CT) transition because the
CT states have much higher energy than 5d states of Th*" 7,
Under 210 nm excitation, the emission spectrum of Y,03:2%
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Fig.1 XRD patterns of Y,03:Eu®", Y,0::Tb*", and Y,0s:Eu*/Tb**
phosphors (JCPDS card No. 88-1040)

4 Y198EU0.0203 - .
‘ Jem=612 nm Jex=254 nm
S
< |
} |
= |
gl
£y v
t & | : =
i | L5 \¥ V _‘-\___t.. |
200 300 400 500 600 700

Wavelength/nm

Fig.2 Excitation spectrum of Y,03:Eu®* phosphors and emission
spectrum of Y,0s:Eu** phosphors
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Fig.3 Excitation spectrum of Y,03:Th* phosphors and emission
spectrum of Y,03:Tb** phosphors

Tb*" yields green emissions from 480~650 nm, due to the
°D,—'F; (J = 3, 4, 5, 6) transitions. Specifically, the emission
at 488, 544, 587 and 624 nm are attributed to the transitions of
*D,—Fs, °D4—'Fs, °D,—'F, and °D,—'Fs, respectively. The
dominated green emission at 544 nm is corresponding to the
D, —F transition of Th*".

Fig.4 shows the emission spectrum of the codoped Y,Os:
2%Th, 0.2%Eu under 210 nm excitation. While the concen-
trations of Th and Eu are 2% and 0.2%, white light-emitting
phosphor is obtained. The white emission as shown in the
insert is obtained by blending the Th*" and Eu®" in Y,0,.
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Fig.4 Emission spectrum of Y g78EUo.002 Tho.0203 phosphors
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