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Nonlinear optical properties of nanometer semiconductor compound films and their applications to
lasers

WANG Jia-xian ,LIN ZHeng-pei,ZHANG Pei,WU ZHi-jun
College of Information Science and Engineering, Huagiao University

Abstract: The Ge-SiO, and Ge/Al-SiO, compound films were prepared by Radio-Frequency (RF) magnetron sputtering
technique, and then Ge nanocrystals were obtained in the films by a thermal annealing treatment. The optical
bandgaps of the Ge nanocrystals in the two films were calculated by measured UV-visible absorption spectral data,
and the nonlinear optical properties of the two compound films were investigated by using picosecond laser Z-scan
technique. Experiments show that the nonlinear absorption coefficients of Ge-SiO, and Ge/Al-SiO,, films at 1 064 nm

lasing are -1.23%X10°7 m/V and 4.35X10°8 m/w, respectively. The former corresponds to the saturable absorption,
while the latter corresponds to the two-photon absorption. Furthermore: both the Ge SiO, and Ge/Al-SiO,, films can

be as the saturable absorbers to implement the passive Q-switching and mode-locking operation for a 1.06 ym laser.
Obtained experimental results demonstrate that Ge/Al-SiO_ film could achieve narrower Q-switched pulse and mode-
locked pulse than that of the Ge-SiO2 film. Finally, it discusses the mechanisms of passive Q-switching and passive
mode-locking with the two films.

Keywords: semiconductor film Ge-SiO2 film Ge/Al-SiO2 film Nonlinear absorption Q-switched mode-locking

W e H 9 2012-09-03 4 [a] H #§ 2012-10-29 % 4% ki & A H #7 2013-01-24

BB IH -

T SE SO S 28 Bt OS5 5 K ST A TR 2 M 2 0 (9 18 5 S 7 FH 6 2 AROIE 9 Bk 0 i 1 R R OO 8 A e 15 1 R
HFSE

AR

e Tnge(1955-), 5, wauRMA, #d%, 19824EFRIdIiE KR Laefy, 19994 EF R LA, FRMFHOL
HR G P RE R R .
1E# Email:

225 3K«

[1]IKUMBHAKAR P. Observation of nonlinear optical effects in semiconductor quantum dot materials using Nd:YAG
radiation [J]. Opt. Precision Eng., 2011, 19(2): 228-236. [2]LI H P, KAM C H, LAM Y L, et al.. Nonlinear optical response
of Ge nanocrystals in silica matrix with excitation of femtosecond pulses [J]. Appl. Phys. B: Lasers Opt., 2001, 72 (5):
611-615. [315k5 8k, MECL, T GRS SIO2 LT K e SRR R A D], o) 2 k444, 20086, 27 (2): 345-349.
GUO H Q, LIN SH X, WANG Q M. Photoluminescence and application of nonlinear optical property of nc-Si-SiO2 films [J].
Chinese Journal of Semiconductors, 2006, 27 (2): 345-349. (in Chinese) [4]1:%, T hn't. Al3+xGe/Al-SiO2 5 ke 3k 6 1 5%
my [J]. ke, 2012, 33(1): 32-35. CHEN H, WANG J X. Influence of Al3+ on the photoluminescence of Ge/Al-SiO2 films
[J]. Chinese Journal of Luminescence, 2012, 33(1): 32-35. (in Chinese) [5]DOWD A, ELLIMAN R G, SAMOC M, et al..
Nonlinear optical response of Ge nanocrystals in a silica matrix [J]. Appl. Phys. Lett., 1999, 74 (2): 239-242. [6JJIE Y X,
XIONG Y N, WEE AT S, et al.. Dynamics of optical nonlinearity of Ge nanocrystals in a silica matrix [J]. Appl. Phys. Lett.,
2000, 77: 3926-3928. [7]RAZZARI L, GNOLI A, RIGHINI M, et al.. Excited-state dynamics and nonlinear optical response
of Ge nanocrystals embedded in silica matrix [J]. Appl. Phys. Lett., 2006, 88: 181901-181903. [8]FURUKAWA S,
MIYASATO T. Quantum size effects on the optical band gap of microcrystalline Si:H [J]. Phys. Rev. B, 1988, 338 (8):
5726-5729. [9]SHEIK B M, SAID A A, WEI T H, et al.. Sensitive measurement of optical nonlinearities using a single
beam [J]. IEEE J. Quant. Electron, 1990, 26(4): 760-769. [10]PRAKASH G V, CAZZANELLI M, GABURRO Z, et al..
Nonlinear optical properties of silicon nanocrystals grown by plasma-enhanced chemical vapor deposition [J]. J. Appl.
Phys., 2002, 91(8): 4607-4610. [11]MARTINEZ A, HERNANDEZ S, PELLEGRINO P, et al.. Comparative study of the
nonlinear optical properties of Si nanocrystals fabricated by e-beam evaporation, PECVD or LPCVD [J]. Phys. Status



Solidi. C8, 2011, 8(3): 969-973. [12]WANG K, LONG H, FU M, et al.. Size-related third-order optical nonlinearities of Au
nanoparticle arrays [J]. Optics Express, 2010, 18(13): 13874-13879. [13]COLACE L, MASINI G, ASSANTO G, et al..



