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Fig. 1. Interference rings from GaAs crystal. (a) Schematics of the experimental setup. The light beam of an ultrafast laser is split
into two beams (a and b) via prism 1. The intensity of each beam is continuously adjustable. The optical path of beam a is ad-
justable while that of beam b is fixed. Beams a and b are recombined via prism 2, output colinearly and then focused onto a crystal
GaAs wafer (350 pm thick, double-side polished) through a lens with a focal length of 5 cm. The GaAs wafer can be moved by elec-
trically controlled positioning system to realize scanning. A high-speed camera is used to record the transmitted light. (b)—(d) Inter-
ference rings are observed with the sample being at A, B and C, respectively. Only beam a is used, while beam b is blocked. 1 kHz

900 nm-ultrafast laser is used. The incident power (in front of the lens) is 0.5 mW.
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Fig. 2. Comparison of interference rings observed with
single and/or dual lasers incident on GaAs crystal. Using
the set-up shown in Fig. 1(a), the optical path difference
between a and b is set to Al = 2 cm. (a) The interference
rings of beam a only, P, = 0.2 mW; (b) the interference
rings of beam b only with P, = 0.2 mW; (c¢) the interfer-
ence rings of beam a and b, P, .y, a; = 0.4 mW; (d) the in-
terference rings of beam a only, P, = 0.4 mW.
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Fig. 3. Nonlinear transmission power of single and/or dual
laser incident on GaAs crystal. Four symbols labeled with
P, =02mW, P, =02mW, P, =04 mW, P, = 04 mW
are experimental results of the transmission power of single-
channel pulse directly acting on GaAs. The solid lines are
the best fits. The symbol A labeled with P, A; is the
change of the transmission power with dual pulses simultan-
eously acting on GaAs. The incident power of two channels
is the same with optical path difference Al = 2 ¢cm, and the
total power is 0.4 mW. The symbol V labeled with P,+ P,
is the sum of the transmission power of two beams P, =
0.2 mW and P, = 0.2 mW. Solid lines are fitting results
with Eq. (1).
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Fig. 4. Schematics of the formation mechanism of the interference rings. The intensity distribution of the ultrafast pulse laser in real
space leads to the nonlinear refractive index distribution in the GaAs crystal. The two beams with same dn/dr are outgoing in the
same direction. When the optical path difference between them is an integer multiple of the incident wavelength (e.g., the beams A
and B which meet at point M, as shown in the left part of panel (a)), a bright ring appears due to instructive interference and the
axial symmetry of the system. When it is a half-integer multiple of the incident wavelength (e.g., the beams C and D which meet at
point N, as shown in the right part of panel (a)), a dark ring appears. (b) The same as Fig. 1(d). Simulation with n, is 2.5 X

1071 cm?/W: (c) Interference pattern along the radial direction; (d) interference pattern on the camera plane.
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Abstract

Gallium arsenide (GaAs) is an important semiconductor material with direct bandgap and clear-cut
absorption edge. High-quality crystal is available, which has excellent performances in the field of high power
transmission and luminescence because of high laser damage threshold and high thermal conductivity. Nonlinear
optics is of great significance for developing the laser technology, spectroscopy, and optoelectronic devices. The
Z-scan technology is a nonlinear measurement method based on the analysis of single beam transmittance.
Previous studies mainly focused on the measurement of the nonlinear absorption coefficient of the sample by
open-aperture configuration of Z-scan and the nonlinear refractive index of the sample by shut-aperture
configuration of Z-scan. We build a dual-channel Z-scan system with variable optical path difference, equipped
together with a high speed camera, to observe the spatial distribution of transmitted light. Besides, we find the
interference rings induced by nonlinear absorption in semiconductor GaAs crystals. Using three kinds of lasers
(continuous-wave laser, 80 MHz femtosecond pulsed laser, 1 kHz femtosecond pulsed laser) to illuminate the
GaAs crystal separately, multi-level interference rings come out only when a GaAs crystal wafer is illuminated
by a femtosecond pulsed laser. In the single-channel Z-scan experiment, we observe that the interference rings
contract or expand regularly when changing pulsed laser intensity incident on the surface of GaAs crystal. The
higher the intensity of pulse, the more interference rings appear, and the maximum exiting angle becomes
larger. Nonlinear effect of high intensity femtosecond pulsed laser locally changes the refractive index of GaAs
crystals, resulting in optical path difference (Kerr lens effect). However, the Kerr lens generated by ultrafast
light pulse in GaAs crystal cannot focus a beam as done by an ideal thin lens, leading the transmitted light to
form interference rings instead. By analyzing the variation of the interference rings, the nonlinear absorption
coefficient and refractive index of GaAs crystal can be obtained. In the dual-channel Z-scan experiment,
different interference rings are induced in the GaAs crystal as the path difference between the two pulses
changes, as done by the nonlinear transmission power. Thus we obtain the formation time of the interference

rings and ascribe it to the ultrafast relaxation process of GaAs carriers.

Keywords: coherent interference, nonlinear optics, ultrafast optical pulse, Kerr lens
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