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Table 1. Thermal, physical, and third-order nonlinear parameters of all the chalcogenide glasses.

* . SR AT i
o Bopg/ev  BmmE 2, T i Tl B2 S
PG FERELS  T,/°C (£1) g/em® WAL 182 12
(£0.001) M /(g/mol) (£0.001) % n2 /(1071 m#/W) £/(107+* m/W) FOM
' (£10%) (£10%) (£20%)
Ge20Gal0 GeggGaipSerg 242 1.693 76.7723 4.444 2.5 2.11 < 1.33 > 2.0
Ge20Sel0  GeggSeigSerg 154 1.679 77.6960 4.353 2.4 27.8 < 2.00 > 17.8
Ge20Sn10  GesgSnigSero 277 1.651 81.6710 4.499 2.6 63.6 < 3.53 > 23.0
Ge20Sb10  GeggSbipSerg 209 1.631 81.9760 4.609 2.5 14.0 < 4.99 > 3.6
Ge20Tel0 GeggTe1pSero 165 1.392 82.5600 4.551 2.4 58.7 < 231.40 > 0.3
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Fig. 1. (color online) Short wavelength cut-off of the

chalcogenide glass samples; inset is the Vis-NIR absorp-
tion spectra from 500 to 2500 nm.
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Fig. 2. (color online) Tauc plotting that used to cal-
culate the indirect band gap of the glasses, inset is the

relationship between Eqpg and molar mass of the glasses.
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Fig. 3. (color online) Z-scan curses of GeapSbipSerpsamples at the wavelength of 1550 nm: (a) closed-

aperture; (b) open-aperture.
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Fig. 4. (color online) Raman spectra of glass samples

GeaoSeso, Ge20Sn10Sero, Ge2oSb1oSero.
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Third-order optical nonlinearity at communication
wavelength and spectral characteristics of Ge-Se based
chalcogenide glasses”

Qiao Bei-Jing Chen Fei-Fei' Huang Yi-Cong Dai Shi-Xun Nie Qiu-Hua Xu Tie-Feng

(Laboratory of Infrared Materials and Devices, The Research Institute of Advanced Technologies,
Ningbo University, Ningbo 315211, China)

( Received 23 January 2015; revised manuscript received 20 April 2015 )

Abstract

A series of Ge-Se chalcogenide glasses incorporated with same molar percentage of Ga, Sn, Sb and Te are synthesized
by melt-quenching method. The variations of optical band gaps doped with different elements are investigated by
absorption spectra, and the relationship of optical band gap with glass network structure is studied by Raman spectra
The results show that the doping of heavy metallic elements (except Ga) could reduce the optical band gap of the Ge-Se
glass due to the decrease of the number of Se-Se chains or ring bonds. Third-order optical nonlinearities of the glasses
are studied by femtosecond Z-scan method at a telecom wavelength of 1550nm. The results show that the performance
of third-order optical nonlinearity of the Ge-Se glass could be improved by doping the above-mentioned elements. By
comparison, the Sn-doped Ge-Se glass has a maximum nonlinear refraction index (nz2) of 6.36 x 107" m?/W and a figure
of merit of over 23. By combining the experimental results from Raman spectra, the enhancement of third-order optical
nonlinearity after the introduction of Sn can be ascribed to the formation of Sn(Seq/2)s tetrahedra that enters into the
main frame of Ge-Se glass and results in a stable Ge-Sn-Se network. Te doping could also remarkably enhance the ns
value of the Ge-Se glass, however, it could cause large two-photon absorption, leading to a poor value of figure of merit.
The research result shows that chalcogenide glass in Ge-Sn-Se ternary system is an ideal candidate material for designing

and fabricating infrared devices with high performance and environmental friendness.
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