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Introduction

The paper is devoted to the analysis and prelimi-
nary theoretical interpretation of the last experimental
results in laser-induced THz generation from metal
structures. The main attention will be paid to metal
gratings where resonant excitation of surface plas-
mons by the incident laser pulse is possible. Despite
not a record efficiency level, study of optical-to-THz
conversion on metal surfaces is relevant because of
future applications in structural diagnostics and due to
the fundamental interest in transformation mecha-
nisms. Now there is no clear microscopic theory
which is able to interpret the process of THz genera-
tion by metal gratings; in particular, the role of sur-
face plasmons is not understood.

The first experimental measurements of THz sig-
nal from metal grating were performed more than 10
years ago [1]. In general, the strong influence of sur-
face plasmon excitation on the THz generation was
experimentally proved for different experimental con-
ditions [1-3]. In the typical case a smooth resonant
dependence of THz signal energy on the incidence
angle is observed, where the resonant angle corre-
sponds to the synchronism between the surface plas-
mon (on the optical frequency) and one of the diffrac-
tion waves [1, 2]. In the same time, one of the most
complicated experimental features is non-quadratic
dependence of the THz radiation energy on the optical
fluence.

Mechanisms of plasmon-assisted THz generation

There are several possible microscopic mecha-
nisms of plasmon-enhanced THz generation which
were proposed before. The first one is based on the
emission and acceleration of electrons above the sur-
face, the second one — on the ponderomotive action of
the plasmon field inside the metal, the third one takes
into account thermal effects in the electronic gas.
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Fig. 1. Synchronism between the surface plasmon k, and
incident optical wave k in the case of periodical grating
with wavenumber kq: k; + kg =k

The first mechanism was previously experimen-
tally refuted in [3], where the authors irradiated struc-

tured gold foil and observed THz emission from both
incidence and rare side of the sample. Since electron
emission and their acceleration into the substrate are
impossible, the theory considering emitted electrons
cannot be applicable in this case. The second mecha-
nism can be also neglected since thermal nonlinear
effects estimated to be stronger than ponderomotive-
like ones in the case of metals [4]. So, here we will
focus on the third (thermal) mechanism.

Thermal mechanism of THz generation for the
case of flat metal surfaces was first proposed in [4],
where analytical and numerical analysis was per-
formed. Here we consider the same generation mech-
anism taking into account the possibility of surface
plasmon excitation as an additional mechanism of the
laser radiation absorption. Numerical model is based
on Maxwell equations and hydrodynamical equations
which describe electron gas motion and include heat-
ing by the laser field and heat diffusion.

Resonance THz generation

Well-known condition of synchronism between
the surface plasmon wave and the optical wave above
the metal grating is shown in the Fig. 1. In the first
series of numerical calculations we study behavior of
the THz response of the metal surface varying the
grating period while the incidence angle was fixed
(30°).
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Fig. 2. Calculated dependence of the THz pulse energy on
the grating period (angle of incidence = 30°, three different
values of collision frequency are chosen). Insets: THz wave-
forms for different values of grating period.

Results presented in the Fig. 2 clearly indicate
resonant character of the dependence (three curves
correspond to three values of the scattering rate in
metal, the grating period is measured in wavelengths
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of the incident optical pulse). Characteristic width of
resonant curves equals to 10-15% of the resonant pe-
riod which is in good agreement with experimental
data from [2]. With the rise of collision frequency
characteristic width also slightly increases.

Optimal grating depth
In the second series of numerical calculation we

studied dependence of the conversion efficiency on
the grating depth in the resonant point (see Fig. 3).
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Fig. 3. Calculated dependence of the THz pulse energy on
the grating depth (measured in the incident wavelengths).
Angle of incidence equals to 30°. Insets: THz waveforms
for different values of grating depth.

Obtained results are in good qualitative agreement
with the experimental data from [3] where it was
found that there is some optimal depth for THz gener-
ation (of about 150 nm for the optical wavelength 785
nm and incidence angle =45°). The further growth of
the grating depth decreases THz signal. Quantitative
comparison with the experiment requires modeling of
the concrete grating profile (rectangular in most of
cases). Calculated optimal value is about 0.3 wave-
lengths. The physical reason of this fact is a finite

radiative lifetime of the surface plasmon which be-
comes shorter than the absorption time for too deep
surface modulations.

To summarize, we perform numerical modeling
of the THz signal generation process during the laser
pulse reflection from the metal with periodically mod-
ified boundary. The key mechanism of low-frequency
radiation generation is the medium polarization under
the action of electronic temperature gradients. Here
surface plasmon resonance can be treated an addition-
al channel for the laser pulse absorption, so the reso-
nance in absorption leads to rise of THz signal ener-
gy. Obtained numerical results (see Fig. 2 and Fig. 3)
give a preliminary interpretation of the recent experi-
mental data [2, 3]
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