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Abstract—Ultrafast carrier dynamics of bulk ZnSe is
investigated by means of the optical-pump terahertz-probe
spectroscopy with pump fluence ranging from 38 to 239 pJ/cm?
at room temperature. With the laser pulse excitation at 400 nm,
the negative transmission of terahertz pulse shows an ultrafast
rising followed by a biexponential recovery. The relaxation time
of fast decay and slow one is increased with pump fluence. This
trend is expected for surface states filling, which may inhibit
carrier lifetime.
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I. INTRODUCTION

Zinc selenide (ZnSe), with a room temperature band gap of
2.7 ev [1], possesses unigque optical and photovoltaic properties
and exhibits great attractive applications, such as blue-green
light emitting diodes, photo-luminescent and electro-
luminescent devices, lasers, thin film solar cell, nonlinear
optical crystal and infrared optical material [2, 3]. Optical
pump terahertz-probe (OPTP) technology is recently developed
and is proven to be a powerful tool to study the transient carrier
dynamics in photoexcited materials in subpicosecond time
scale [4]. Much work has been done by using OPTP techniques
to investigate nonequilibrium dynamics in photoexcited
materials [5-10], but little is done in bulk ZnSe.

In this study, the ultrafast carrier dynamics of bulk ZnSe
are investigated by means of the OPTP technique with pump
fluence ranging from 38 to 239 uJ/cm? at room temperature.
With the laser pulse excitation at 400 nm, the negative
transmission of terahertz pulse shows an ultrafast rising
followed by a biexponential recovery. The relaxation time of
fast decay and slow one is increased with pump fluence. This
trend is expected for surface states filling, which may inhibit
carrier lifetime.

Il. EXPERIMENTAL ARRANGEMENTS

The experimental setup for OPTP is shown in Fig. 1. The
source of optical pulses in the experiment comes from a Ti:
sapphire regenerative amplifier (Spectra-Physics, Spitfire Pro.)
with pulse duration of 120 fs at a center wavelength of 800 nm
and repetition rate of 1 kHz. The output beam is split into three
portions, which correspond to THz generation, probe, and
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pump beams. The THz pulse is generated by slightly focusing
40 mW of the generation beam on a 1 mm-thickness-ZnTe
crystal with (110)-orientation. The THz radiation is detected by
free-space electro-optic sampling in a 1-mm-thick (110)-
orientated ZnTe crystal with the weak probe pulse. The signal
of THz is sampled with a balanced photodetector connected
with a lock-in amplifier. The THz radiation was focused onto
the sample with a spot diameter of 1.5 mm. The pump beam is
frequency-doubled to a violet beam at 400 nm by a 1 mm-long
BBO crystal. The sample was photo-excited with a pump pulse
at wavelength of 400 nm. The spot diameter of pump beam is
about 4 mm, which is two times larger than that of the THz
beam to ensure uniform pump-beam illumination. The average
pump fluence varying from 38 to 239 pJ/cm? was obtained via
an adjustable optical attenuator. The sample studied in this
work is bulk ZnSe with thickness of 0.5 mm, orientation of
(0001). The entire OPTP setup is enclosed in a chamber purged
with dry nitrogen to reduce water vapor absorption. All the
experiments were carried out at room temperature.
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Fig. 1. Experimental arrangement for optical pump-terahertz probe
measurements.

I1l. RESULT AND DISCUSSIONS

Figure 2 shows the UV-visible absorption spectra in the
region of 350-800 nm for bulk ZnSe at room temperature. It is
seen that the absorption at 400 nm (3.1 eV) is large enough for
bulk ZnSe, which indicates that 400-nm-pumping can
effectively induce carrier redistribution in the conduction band.

The dynamics of photoexcited electrons were measured by
time-resolved THz-TDS using an OPTP setup. Fig. 3 shows the
negative pump-induced change (normalized) in the peak of the
THz electric field pulse transmitted, -AT/ To, for different
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Fig. 2. The absorbance spectrum of ZnSe nanocrystal at room temperature.

pump-probe delays t, through the bulk ZnSe with the excitation
fluence of 38, 71 and 239 pJ/cm? at 400 nm, where AT=T- Ty,
T and Ty are the transmitted intensity of THz peak through the
sample with and without excitation, respectively. The negative
transmitted THz pulses through bulk ZnSe instantaneously
rise upon the arrival of the pump pulses. It can be seen that the
carrier lifetime is increased with pump fluence. The transient
negative differential transmission of bulk ZnSe for different
pump fluence, as shown in Fig. 3, can be well fitted with a
biexponential function (see solid curves), and the fitting
parameters are presented in Table 1. It can be seen that the
relaxation time of fast decay and slow one is increased with
pump fluence. This trend is expected for surface states filling
[11], which may inhibit carrier lifetime.
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Fig. 3. The negative differential transmission (-AT/To) (normalized) of the
main peak of the THz probe pulse as a function of time delay with pump
fluence of 38, 71 and 239 pJ/cm? for bulk ZnSe. Solid curves are biexponential
fits.

Pump fluence 71 (ps) T2 (PS)
(uJlcm?)
38 38 1119
71 81 3434
239 125 4146
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Table 1. The fitting parameters with a  biexponential function for pump
fluence of 38, 71 and 239 pJ/cm? with excitation at 400 nm.

IV. CONCLUSIONS

In summary, by using OPTP technique, the ultrafast carrier
dynamics in bulk ZnSe with different pump fluence are
investigated at room temperature. With the laser pulse
excitation at 400 nm, the negative transmission of terahertz
pulse shows an ultrafast rising followed by a biexponential
recovery. The relaxation time of fast decay and slow one is
increased with pump fluence. This trend is expected for surface
states filling, which may inhibit carrier lifetime.
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