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Table 1 Deposition parameters of the films and annealing temperatures (R. T. : Room Temperature)

sample number 1-11-2 1-3 14 2-12-2 2-3 2-4 3-1 3-2 3-3 3-4
substrate temperature/C 200 200 300
gas pressure/Pa 0.5 0.5 1.0
sputtering power/ W 100 120 120

annealing temperature/“C R. T. 700 900 1 100

R.T. 700 900 1 100 R.T. 700 900 1 100
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Fig. 1 XRD patterns of the films
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Table 2 EDS results of Y and Eu elements

in the group | samples

Sample Y/at% Eu/at% Eu/Y/%
1-1 10. 38 0.02 0.2
1-2 11. 06 0.01 0.1
1-3 9.85 0.01 0.1
1-4 9. 87 0. 005 0. 05
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Fig. 2 Excitation spectra of the films (1., =612 nm)

200 250

& 3 J& = ZFE A E 252 nm BRI PL % 253 BN
2R R EART 700 CHY, £ 612 Fl 630 nm &b H B S &
St (R AR S . AR JOR B BT 900 CHY, X A
KGTUEI B IEeR, H 612 nm g5 E S M0, {H5 700 Cilk k
HI 45 AR B, W ARSI R B &AL B oA, # 2 B
SEJTAR Y, 0y ¢ Eu'' B R GHERAED . X 5 XRD 45 RAR4F
W&, WUL B T L 900 “CR K, B ICAR LA T &
ke AR R B FR C2 #8461 i Eu® T BB ER T N . kK6

R JIT AL 1 IROUL PR B2 5 BEAT AR Ak BT e A B B AR

—3-1
—32
—33
— 34

Intensity/a.u.
A

—1-1

—12
—13
— 14

T T T T
560 580 600 620 640
Wavelength/nm

B3 252 nmEHRT=ABRMIRAERHHIE

Fig. 3 PL spectra of the films under 252 nm excitation
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Thermal Annealing Effect on Photoluminescence of Y,0; : Eu’t Thin

Films Prepared by Magnetron Sputtering

LIN Shun-hui, ZHANG Li-hui, LIU Yong-quan, WANG Xiao-kun, LIN Chun-lei, YU Yun-peng”

Research Center for Advanced Optics and Photoelectronics, College of Science, Shantou University, Shantou 515063, China
Abstract Fluorescent performance of rare earth doped luminescent film is closely related to post-annealing treatment. In order to
explore the influence of thermal annealing on luminescence and structure of Y, : Eu®' thin films prepared by magnetron
sputtering, three groups of the films with thickness of 100 ~ 150 nm were deposited on silica glass substrates under three
different conditions respectively. Each group contained four samples, which were prepared under the same condition and
annealed respectively at room-temperature, 700, 900 and 1 100 °C for 2 h in O, ambience. The measurements of X-ray diffraction
spectra (XRD), electron energy dispersion spectra (EDS) and photoluminescence spectra(PL)were conducted on the films, and
the results were summarized as follow: Although the Y;O; : Eu®" thin films prepared under different sputtering conditions, the

annealing effects on these films are found to be similar if they experience the same annealing process. Firstly, the PL excitation

spectra indicate that charge transfer mechanism is responsible for the luminescence of all the films, and the characteristic wave-
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length ( ~ 252 nm) corresponding to this mechanism does not vary with the annealing temperature. Secondly, annealing
treatment at 700 ‘C cannot significantly improves the crystallinity and the light emission intensity of the films. When annealing
temperature reaches 900 °C, the annealed film contains cubic phase Y, s : Eu’" nanocrystallites, leading to the main peak at 612
nm enhanced significantly. However, as the temperature increased to 1 100 °C, a phase transition from cubic to monoclinic
occurs, and the film structure is dominated by the monoclinic phase. Although the content ratio of Eu to Y in the film is
decreased to 0. 05% after being annealed at 1 100 °C, the light emission efficiency increases obviously. This result is ascribed to
an improved crystallinity and a fact that there are more sites with anti-inversion symmetry in monoclinic lattice than in cubic one.
In this case, not only is the red-light emission stronger, but also the main peak is shifted to 623 nm, which represents the
characteristics of electric dipole transition ® D,—" F, in monoclinic structure. Meanwhile, the luminescences from magnetic dipole
transition ° D,—"F, and electric dipole transition °* D, —} are enhanced compared with those in cubic lattice. Especially for the
’D,—>"F,, the intensity contrast between these two structures indicates obviously that the 581nm emission can be assigned to
monoclinic phase Y,; ¢ Eu*" crystalline. This work demonstrates the features of the annealing effect on magnetron sputtering
Y,0; : Eu®" thin film, and an alternative method for preparing Y,O; * Eu’" film with high luminescence efficiency, as well as

the PL spectrum evolution induced by the phase transition from cubic to monoclinic.
Keywords Y,0, : Eu’" ; Photoluminescence; Annealing; Monoclinic; Sputtering
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