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Fig. 1. Schematic of two-photon-excited car-

rier relaxation.

FE ZAA S0, A 2 () AN [) b BA v i 7
AR B CRK +2 07 LAk, HamE oy

2
fos) =t |
X exp <—41n 2t22> ) (1)
TR
Hil, = 1(0,0,0) 2 £ f&UAE B AL 0 {5 58 B
w?(z) = wi(1 + 22/23) N W R CBEBE +2 77
AL E . wo, 20 = mwd /AT 73551 2 s Bl
R R B4R, B A BRI, A BOG K Y
P A vE B (FWHM).
SO XOE TR UG, 1 56 AL
AT AR AR BT
0I(z,rt)
0z

=—{ag+ a2l(z,r,t) + 0Nen}
x I(z,r,t), (2)

Hrr, BREEMERIREL, o & B B E T o,
& H BB TIRE, el H L AR R
ONen asI?(z,7,t)  Nen
ot 2hw o (3)
ot XG4  B T A i T4
I E]. 6 ZnSe fRA L

1 1 1

T Tinter Tintra

BT ZnSe WA R Tinger RIS ONES L,
TR T Tingea ML REFD L B FD 2R ) PR UL AN 7
EEZH Tingea £

R RE (1)—(3) AU [F G5 [ Z 394
k. il KPS TR EMROBIE T, MRER
BLAXOE T WO 2430 9 B e 5 — Il Ot
SR N A AL 2 3 X 1 A T A 2 P R AT R 3
17, HAT R AR AR SOR IR T X0 T BB 3R
T .

177901-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 17 (2015) 177901

1 ERER G

N T3R5 ZnSe £ i IR X0O6 1 W R H0R 43 #
A28 R LB, FRATTHEAT T A F G RREOR T
FRALZ AL, B2 AR5 T I FLZ 34
S Hh £k ], R sis R AR (1) (3) Bt
AMZAMML ZAMILRESTEIH KT
RN R G AT 35 5 2R A, IF ELBE A NI 5
TN B R FE IR, 25 RE B 532 nm P K 1 )% 1 G
HAE 2.34 eV, TMFE S AT RN 2.7 eV, Z #5256
55 EER A F IO TR Y. RO T (4
N4 GW /em?) @it BG5Sz me ih 26 i i
VL, 152006 TR R E oz 4.1 cm/GW,
it ZnSe M BL U T WU F HOEE 18 5 S8 D
B P20, (15 R, AR G B 3E K,
515 H A OO 1 IR R B B UK G BRI
R 3G OK (WL 2 (0 4 ). 3K 2 BN AE O R
BWOR T, ZnSe di R B EIR T RSN A e 2
. R FH N (8] F 28 %082 0 Z FA R R AE BB, X0k
TR P IRT R NT S O R L A e PRI
ibfeE el

1.2
*a x*
B ¥ 2 Xxx oo - - oo
N T e 3Gt
1.0 —}.f' 2 Lol
ST e IR R R A
2 0.8 A\ 7
o] \ /
i—e r o\ .
717 \ W Iy/(GW /cm?)
= 0.6 | 6.5 . 4 4
2 6of < %/ 3.66
L O 55f . 6.03
§sor 8.19
0.4 5 45f
Saok L v 180
L 2 6 10 14 18 Fitting
Io/(GW /cm?)
0‘2 1 1 1 1 1 1 1 1 1
—40 —-20 0 20 40

ZF i /mm

2 (MFRRE) ARG TITL Z 3155 i 2k
Fig. 2. (color online) Open aperture Z-scan traces un-

der different excitation intensities.
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Table 1. Free-carrier concentration, interband recombination time and free-carrier absorption cross section

under different pump intensities.
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Abstract

Semiconductor materials exhibiting large optical nonlinearities and ultrafast nonlinear response have received ex-
tensive attention because of their potential applications in optical limiting, all-optical devices, optical telecommunication,
and so on. As a direct-gap II-VI bulk semiconductor, ZnSe crystal has been exploited as the nonlinear optical devices in
the regimes of nanoseconds and picoseconds during the past years. Owing to today’s fast advance of laser sources with
ultrashort femtosecond pulse duration, it is possible to investigate the ultrafast optical nonlinearities in the bulk ZnSe
crystal.

In this paper, we experimentally investigate the ultrafast dynamics of free-carriers induced by two-photon excitation
in the bulk ZnSe crystal. By performing open-aperture Z-scan experiments with 41 fs laser pulses at the wavelength
of 532 nm under the condition of low excitation intensity, the two-photon absorption coefficient is measured. As the
excitation intensity exceeds a critical value, the interplay between third- and fifth-order nonlinear absorption processes
is observed. To evaluate the ultrafast dynamics of free carriers, we have carried out femtosecond time-resolved degen-
erate pump-probe measurements with the same laser system used for Z-scan experiments in different levels of pump
intensities. It is shown that the transient absorption signals peaked at the zero delay is a linearly increasing function
of pump intensity, indicating that the observed instantaneous nonlinear absorption is dominated by the interband two-
photon absorption process. At moderate irradiance, the transient absorption signals obviously indicate two components,
arising from the two-photon absorption-induced free-carrier absorption, which is equivalent to the fifth-order nonlinear
absorption process. Under the excitation of relatively high pump intensity, the magnitude of the reduction of free-carrier
absorption signal becomes faster, suggesting that the ZnSe crystal exhibits a new effect and causes a transmittance
change of the probe light. The presumable reasons are as follows: intense irradiances will result in the increase of carrier
concentration and the rise of the lattice temperature as well as the narrowing of the band gap in the ZnSe crystal,
which accelerates the electron-hole interband recombination process. Accordingly, the electron-hole recombination time
decreases. Furthermore, when the carrier concentration is larger than 10*® e¢m™32, the occurrence of the electron-hole
plasma is significant. At the same time, the enhancement of the scattering among the carriers results in the reduction of
the free carrier absorption cross section. In summary, it is found that the free-carrier absorption cross section decreases
whereas the electron-hole recombination time becomes shorter in ZnSe crystal as the excitation intensity increases, owing

to both the narrowing of band gap and the occurrence of electron-hole plasma.
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