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Abstract

Up-conversion of 45P=45GeQ-10WQ; oxy-fluoride glasses co-doped with ¥tand EF* ions were prepared by fusion method through
melting at 1223 K and then annealing at 653 K for 4 h. Transmittance of the undoped host glass was beyond 73% in a rangewh0.6—-2.5
and the co-doped glasses still provided good transmittance beyond 50%. Refractive indices of the host and co-doped glasses were 1.517 ant
1.650, respectively. Blue, green and red fluorescence spectra were observed in a range of 400—700 nm under 980 nm diode laser excitation
Up-conversion spectra at about 410, 518, 530 and 650 nm were assigned to the 4f electron tran&iipnsdfl 15/, 2Hi1p — *lass, *Sap—
41152 and“*Fgr, — 413572 of Er* ion, respectively. The mechanism of energy transfer betweéh afid E?* ions in the glass was analyzed.
Raman shift shows the non-radiative relaxation of the glass sample is low.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction that has unique advantages of high absorption cross-section

and the efficient energy-transfer can performto the other rare-
Recently, the research interest on up-conversion lumi- earth acceptor ions as an efficient sensitjZe£ 0].

nescence materials has been growing in view of the short In this paper, the up-conversion oxy-fluoride glasses co-

-wavelength blue LD system to improve the efficiency of doped with YB* and EP* ions were prepared. The spectro-

CD players, laser printers and color displd{s?]. Many scopic properties, the dependence of the emission intensity

works have been made to improve the up-conversion effi- on the pumping power and the mechanism of energy transfer

ciency. However, the requirements of practical applications between YB* and EP* in the glass were discussed.

still have not been met with the present attainment. The main

problem is to improve proper sensitizing combination, suit-

able pumping laser wavelength and conversion passage t®, Experimental

enhance the up-conversion efficieri@y6]. Synthetic studies

for appropriate host materials are also very important. Among  The 45Pbp-45GeQ-10WQ; host glasses were prepared

the dopants as the absorption and emission centé’r%icE'r by me|ting at 1223 K, quenching and annea“ng_ The up-

has been mostly widely studied for its opulent energy levels conversion glass samples were prepared from raw material

in the trivalent rare-earth ior[d—6]. Furthermore, YB" ion mixtures of [50— (x +y)]PbR—40GeQ—10WOs—xYbFs—
yErFs (x=y=10). The precisely weighed batches were

* Corresponding author. Tel.: +86 431 5380645; fax: +86 431 5383426. Mixed homogeneously, melted in a platinum crucible at
E-mail address: ccyksh@126.com (K. Yang). 1223 K for 20-25min. The melts were poured in an iron
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mould followed by annealing at 653K for 4 h in a furnace. 8000
Finally, the samples were cooled down to room temperature.
The refractive indices of host glass and 3iEr* ions ]
co-doped host glasses were measured by the conventional 90001
optical method with a sodium lamp as the light source at

589.3nm. The transmittance patterns were recorded on
an ultraviolet-visible-infrared spectrometer in a range of

0.35-2.5um. Fluorescence spectra of the samples were
measured on a Hitachi F-4500 fluorescent spectrometer
using the 980 nm semiconductor laser as the pump light ]
source. Raman spectra of the co-doped glasses were obtained g
by using an OMARS89 Raman spectrometer.
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3. Results and discussion
Fig. 3. The emission spectrum of up-conversion glass co-doped with Yb
Figs. 1 and Zhow the transmittance curves of host glass and E?* ions.

and up-conversion glass sample, respectively. For the up- , ) .
conversion glass co-doped with ¥band E?* ions, the peaks are attributed to the forbidden transition of 4f electron
’ for rare-earth ions.

transmittance evidently decreased and characteristic absorp- o _

tion peaks of the rare-earth ions were observed. From the 1€ refractive indices of hostand co-doped up-conversion

visible to near infrared region, the keen and feeble absorption9!asses were 1.517 and 1.650, respectively. The refractive
indices of constituents mostly depend on the value of their

polarizability. When the Y&" and EP* ions are doped to the

3 . . . -
1 host glasses, these rare-earth ions have high polarizability and
079 increase the density values of the host glasses. Consequently,
06 1 the refractive indices of the co-doped up-conversion glasses
05 were higher than those of the host glasses.
3 ' | Fig. 3 shows the emission spectrum recorded under the
§ 041 excitation by 980 nm semiconductor laser. Four peaks at
£ o3 410, 518, 530 and 650 nm were observed on the profile.
E The up-conversion luminescence mechanism of co-doped
& 02 Yb3*/Er?* glass is schematically illustrated Fig. 4 [6—8]
o1 4 Based on the energy level configuration graph of"Eon,
the four peaks correspond to the transitiola,, — #1152,
0 . . L 1 > 2H11/2— *l1s/2, *Saiz— #1572 and *Fgj2 — 415/, respec-
0.35 0.8 13 Mum 18 23 tively. The YB** ion has the larger absorption cross-section
Fig. 1. The transmittance curve of host glass. %10 ‘G,,, G
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Fig. 2. The transmittance curve of up-conversion glass co-doped with Yb . . . . .
and EF* ions. Fig. 4. The up-conversion mechanism doped with cd2¥and EP*.
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10 100 Fig. 6. Raman spectrum of the up-conversion glass sample co-doped with
Pumping power/mW Yb3* and EF* in the range of 100—-2000 crh.

Fig. 5. Up-conversion intensity vs. pumping power. attributed to the bond stretching of Pb—F and the peaks at 806

and 920 cm? are due to the vibrations modes of Ge—O.

for the 980 nm infrared light and th& s/, energy level of

Yb3* ion is extraordinarily adjacent to tHé; 1/, one of EF* 4. Conclusions
ion. Furthermore, th&Fs/» energy level of YB* ion is almost
twice as large as th#i13/, one of EF* ion. As a result, the The up-conversion glasses based on the 45PAFGeQ—

energy transfer from the Y& to Er** ion should take place. 10WQ; host glass co-doped with ¥band EF* ions have
At the same time, the energy transfer betwee? fans is  the refractive index of 1.650 and give strong green and red
also performed. Moreover, the ions in the excitation state of emission peaks at 530 and 650 nm. The green emission is due
“I1312energy level absorb the pumping photon of 980 nm and to two-photon absorption process while the up-conversions
realize the up-conversion of the absorption course in the exci-involving two-photon and three-photon absorption processes
tation state. All three courses finally make the transit 8fEr  correspond to the red emission bands. The Raman shift curve
ion to the excitation state dfF72 and*Ggy2 energy level,  analysis indicates that the non-radiative relaxation of oxy-
and then the non-radiative transitions’tth 1> and*Sgy; for fluoride glass is low. Consequently, new up-conversion fluo-
“F712 and to®Hgyz for *Ggj» take place. The transition pro-  rescence glasses as the base materials of novel up-conversion
duces green lightfrorfH1/,and*Ss/o to the ground stateand  plue-green wavelength laser is possibly prepared by adjust-
blue light from?Hg/> — *I15/>. The red up-conversion lumi-  ing the contents of the composition of host glass and doping
nescence rooting ifiFg» results from the excitation state proper rare-earth ions.
absorption of*l13/> and the cross relaxation betwe®®s/»
and4ll5/2.
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