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Ce Doping Concentration on Luminescence Property of YVO,:Ce*" Crystals
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Abstract: Pure YVO, crystal and YVO, crystal doped with different Ce concentrations were grown by Czochralski
method. XRD pattern shows Ce’" ion enters the YVO, lattice by occupying the Y*" site and the crystal structure was
not significantly changed. The detection of UV excitation spectrum and emission spectrum of YVO,: Ce’* at room
temperature showed that excited at 325 nm the YVO,: Ce®” emits two spectra. The main emission spectrum at 445 nm
is a broadband peak, caused by transition of 2D3/2—>2F5/2 of Ce*". The other one is a weak peak emission centered
around 620 nm, which presents the emission of V* . With increase of Ce mole fraction from 1at% to 8at%, the blue
emission intensity gradually increases to a maximum value. As Ce fraction increases to 10.0at%, the emission in-
tensity decreases gradually, indicating an obvious concentration quenching. The red emission intensity gradually
increases to a maximum value when Ce fraction increases to 10.0at%. Detection by X-ray photoelectron spectros-
copy (XPS) shows that Ce*" and V* ions coexist in YVO,:Ce®*, which may result from some of the Ce’" losing
electrons to be oxidized into Ce**, and most of them being captured by the V>* ions and, therefore, resulting in

V' V* transformation. Based on V*' d orbital splitting into 2A,, 2B,, ZBZ, and QE, the 620 nm red emission under
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325 nm and 450 nm excitation probably originated from electronic transitions between the V*'splitted d orbits. In

conclusion, present analytical data of the luminescence spectra of YVO,: Ce*" provide a theoretical support for

YVO,:Ce* emitting red light and blue light simultaneously under UV excitation.

Key words: Ce*"; up-conversion; V**; energy transfer; red-emitting
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£1 YVO,Ce* RIS
Table 1 Cell parameters of YVO,:Ce*" compound

Cell parameter/nm

Cell Volume/nm®

Samples p . Vede

YVO, 0.712140 0.629113 0.319050
1.0at% 0.712641 0.630389 0.320148
2.0at% 0.712730 0.630577 0.320323
3.0at% 0.712782 0.630741 0.320453
5.0at% 0.712823 0.63081 0.320525
8.0at% 0.713023 0.630851 0.320725
10.0at% 0.713103 0.631013 0.320880

Energy/keV

K2 5.0at% YVO.Ce A1 SEM BT K fE i 43 T
Fig.2 SEM image and EDS result of 5.0at% YVO,:Ce’" crystal
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Fig. 3 Absorption spectra and Gauss fitting of YVO, and
YVO,: Ce** crystals (line 1 to 7 represents absorption spectrum
of YVO, and 1.0at%, 2.0at%, 3.0at%, 5.0at%, 8.0at% and
10.0at% YVO,:Ce*" crystals, respectively)
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Fig. 6 Ce3d and V2p XPS spectra in YVOy4: Ce** crystal
%2 XPS 97 YVO,:Ce* @ik Ce®/Ce™ 183 &
Table 2 Ce*/Ce*" relative content in YVO,:Ce** crystals
. Ce’" Binding Ce*" Binding Ce’ Relative  Ce Relative Ce’" Rela Ce* Rela
Ce Concentration
energy/eV energy/eV content/% content/% content/% content/%
1.0at% 891.1,906.8 916.3 64.8 35.2 0.613% 0.333%
2.0at% 884.2,904.3 898.1,916.2 75.0 25.0 1.426% 0.476%
3.0at% 886.3,904.8 898.1,898.3,915.6 65.4 34.6 1.896% 1.003%
5.0at% 885.4,904.6 882.5,899.3,916.7 69.0 31.0 3.284% 1.45%
8.0at% 885.3,903.8 882.7,898.5,914.6 68.2 31.8 5.356% 2.498%
10.0at% 884.5,903.1 882.6,899.2,915.7 71.4 28.6 6.877% 2.755%
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Table 3 V*/V®* relative content in YVO,:Ce®" crystals

Ce concentration

V* binding energy/eV  V°" binding energy/eV

V* relative content/% V3 relative content/%

1.0at% 515.5 517 0.24 99.76
2.0at% 515.5 517 0.32 99.68
3.0at% 515.5 517 0.58 99.42
5.0at% 515.5 517 0.8 99.2
8.0at% 515.5 517 1.37 98.63
10.0at% 515.5 517 1.62 98.38
24 KHAEHH b 285
S S 1 445 nm BT 619 nm 1. 20966 H E i
522, 3 CeTHE I VI S AR T LA, P oy
S —— PeakSum
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Fig. 7 Relationship between the concentration of different
ions and luminous intensity
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Fig. 9 Schematic diagram of the electronic transition and
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