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Abstract: Mid-infrared fiber lasers operating at 3 wm bands have attracted considerable attention due to their
potential applications in medicine, environmental monitoring, military defense, etc. One of the key foundations to
achieve 3 um mid-infrared fiber laser is the gain medium made by efficient and stable glass host materials with low
phonon energy. In this study, novel Er**-doped Al,05-Ca0-ZnO glasses were synthesized by melt-quenching method.
Properties of thermodynamic, structure, transmission wavelength range, and mid-infrared emission were studied by
thermal analysis, Raman spectra, transmission spectra, and photoluminescence spectra. The results showed that
A1,0;-Ca0-Zn0 glasses possess a high glass transition temperature (~ 750 °C), low phonon energy (~ 780 em™) ,
and wide transmission wavelength range (0.5 wm - 5 um). Besides, intense 2. 7 um emissions originating from Ex’*:

*I,1,—"1;3 transition were observed in glass under 980 nm laser diode excitation. Our results indicate that Al,05-
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Ca0-ZnO0 glasses could be a potential host material for mid-infrared laser.

Key words: Aluminate glass; Er’* doped; 2. 7 um fluorescence; Mid-infrared emission
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Fig. I Phase diagram of Al,0,-Ca0-ZnO system""™, predict-
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calculation method (red triangle area) , and selected
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Tab. 1  Glass compositions of prepared samples in this study
i Gt 5 ALO, Ca0 Zn0
AlCaZn-1 33 50 17
AlCaZn-2 18.5 54.5 27
AlCaZn-3 26 49 25
AlCaZn-4 32 45 23
AlCaZn-5 36 52 12
AlCaZn-6 27 40 33
AlCaZn-7 24.5 32.5 43
AlCaZn-8 21 23.5 55.5
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Fig. 2 XRD patterns of the white crystalline parts in glasses

of AlCaZn-1 to AlCaZn-5 samples, with the result of

the transparent glassy parts of AlCaZn-3 sample
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Fig. 3 DSC curves of the AlCaZn-1 and AlCaZn-2 glasses
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Tab. 2 Thermodynamic temperatures, refractive index,

density of the AlCaZn-1 and AlCaZn-2 glasses

Mg  T/C T/°C Ny plg+cm™
AlCaZn-1 768 866 1. 6849 3.06
AlCaZn-2 756 850 1. 6927 3.15
AlCaZn-3 754 858 1. 6988 3.11
AlCaZn-4 753 862 1. 6847 3.14
AlCaZn-5 787 889 1.6777 3.10
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Fig. 4 Raman spectra of the AlCaZn-1 to AlCaZn-5 glass

samples and Al,0;-CaO glass in previous report "’
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Tab. 3 The J-O intensity parameters of Er’* doped glasses

FE L5 Qz . . Q,/0
28]

(x10cm®) (x10cm®) (x10™cm?) e

AlCaZn-1-Er 9.50 2.10 1.14 1.84

AlCaZn-2-Er 9. 64 2.26 1. 14 1.98

AlCaZn-3-Er 9. 80 2.24 1.21 1.85

AlCaZn-4-Er 10. 00 2.55 1.45 1.76

AlCaZn-5-Er 10. 56 2.49 1.31 1.90

Germanate™ 5.44 1. 36 0.97 1.40

Tellurite* 6.21 1.90 1.18 1.61

Fluoride* 2.87 1.56 1.67 0.93

Chalcogenide* 10. 50 3.00 1. 60 1.88
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Tab. 4 Calculated spontaneous radiative transition proba-
bilities 4,,,, branching ratios 8, and radiative lifetimes 7,

4 4 3+ s . L
for the ’1, ,and "1, of Ex’" ions in glasses

LU TR TS N e
S
T,—'T,,  245.58 1 4.07
AlCaZn-1-Er  ‘I,,—',,  200.53 0.83 4.15
‘L,—'T,  40.47 0.17
I,  250.91 1 3.98
AlCaZn-2-Er  *I,,—",,  204.97 0.83 4.06
L, 41.40 0.17
I,~1,, 258.76 1 3.86
AlCaZn-3-Er ‘I, ,—'T,, 215.36 0.83 3.88
‘L,—'T,  42.63 0.17
I,,~1,, 276.60 1 3.61
AlCaZn—-4-Er 1, ,—'1,,  238.13 0.84 3.53
L, ', 4541 0.16
1,2,  260.41 1 3.84
AlCaZn-5-Er 'I,,—'T,,  223.22 0.84 3.76
T, 42.93 0.16
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Fig. 7 2.7 pm fluorescence spectra of Er'*-doped glass sam-
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