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Absorption of visible and infrared radiation by gratings due to the resonant excitation of surface
waves is a well-known phenomenon. In this paper, we study the resonant absorption of terahertz
共THz兲 radiation due to the excitation of surface phonon polaritons on a grating ruled on a GaAs
substrate. We report the design and fabrication of such a grating. Reflectivity measurements clearly
show the excitation of surface phonon polariton. Numerical simulations indicate that the radiative
properties depend critically on the surface profile. We finally discuss potential applications to THz
thermal emission. © 2010 American Institute of Physics. 关doi:10.1063/1.3497645兴
It has been known since the pioneering work of Maystre
and Hutley1 that metals can be efficient absorbers in the
visible spectrum when a properly designed grating is ruled
on the surface so that surface plasmon polaritons can be excited resonantly. This has paved the way to a large number of
light sources in which emission is mediated by surface
plasmons.2,3 Similar effects have been reported in the infrared taking advantage of the excitation of surface phonon polaritons 共SPhP兲. The group of Vinogradov has observed IR
thermal emission using prisms to couple the surface waves.4
Total absorption by a grating on SiC and coherent thermal
emission also due to SPhP was later reported in the mid
IR.5 The similarity of SPhP and surface plasmons has been
investigated in the near-field in different experiments by R.
Hillenbrand.6,7
Several groups have shown the potential of surface
waves for designing efficient IR thermal emitters
using gratings,8,9 multilayers systems,10–12 resonant
microstructures.13–16 These solutions open new avenues for
the design of “easy-to-fabricate” sources with an emission
spectrum centered on a range of interest. In this paper we
address the issue of terahertz 共THz兲 emission. It is wellknown that there are very few sources17,18 and detectors19
available in this part of the electromagnetic spectrum. In addition, these devices are often limited by losses, mainly due
to optical phonons as electron relaxation through phonon
emission is much faster than other processes. Yet, one can
take advantage of the optical phonons for direct emission of
radiation through the radiative leakage of SPhP. In this work,
we show that a grating ruled on GaAs can be designed in
order to efficiently absorb incident light. Due to Kirchhoff’s
law,20 this entails a large emissivity. We compare experiments and theory and show a design producing an emissivity
close to 1 for a specific wavelength and a broad range of
angles.
To describe the dielectric constant ⑀ of GaAs, we use
a classical Lorentzian model with parameters from
Palik21 共LO = 292.1 cm−1, TO = 267.98 cm−1, ␥ = 2.4 cm−1,
and ⑀⬁ = 11兲. The dielectric constant is given by Eq. 共1兲.
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with TO and LO, respectively, the transverse and longitudinal optical phonon frequency and ␥ a damping term. The
dispersion relation of the surface phonon wave for a flat surface is derived from Maxwell’s equations22
kSPhP =
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Surface waves can gain momentum from a grating ruled
on the surface, in multiple of 2 / ⌳ where ⌳ is the grating
period. This phenomenon enables coupling of propagating
light to SPhP which results in dips in the reflectivity spectrum of the grating. The geometric configuration for simulations and experiment is shown in Fig. 1共a兲.
GaAs gratings have been fabricated at the LPN from a
semi-insulating, 关100兴 oriented wafer with epitaxial surface
quality. The grating has been ruled using standard optical
lithography techniques and Ti35ES resist 共Microchemicals兲.
This resist was an efficient mask for subsequent reactive ion
etching with inductively coupled plasma 共RIE-ICP兲. The

FIG. 1. 共Color online兲 共a兲 Scheme of the grating geometry. The incident
field is represented for TM polarization. 共b兲 SEM pictures of the GaAs
grating.
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FIG. 2. Reflectivity of a GaAs flat surface 共i = 15°兲.

GaAs substrate was etched with gas concentration of 15/5/20
SCCM for, respectively, BCl3 / Cl2 / Ar, an ICP power of 600
W, rf power of 50 W, during 720 s at a temperature of 30 ° C.
The thickness of the grating h was measured with a mechanical profilometer and yielded 2.8 m, with a good uniformity
on the whole 5 by 5 mm grating. The period ⌳ was set to
35 m, and the filling factor 共F = W / ⌳兲 is measured to be
around 0.3.
Reflectivity spectra, have been taken with a far-infrared
Fourier transform spectrometer 共Vertex 70, Bruker Optics兲,
purged with dry air, and equipped with a A513/Q variable
angle reflection set-up. The incident beam was polarized
with a THz polarizer 共Tydex兲. The orientation of the grating
with respect to the plane of incidence was controlled with a
visible laser and the diffracted orders, ensuring grooves perpendicular to the plane of incidence 关Fig. 1共a兲兴. This has
allowed us to measure the reflectivity of the grating in the
specular direction for different angle of incidence 共i兲 between 15° and 75°.
We present now experimental results and compare them
with numerical simulations using a rigorous coupled wave
analysis 共RCWA兲 technique.23 First, measurement on the flat
area of the GaAs sample are made to control the validity of
the parameters used for the dielectric constant.
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FIG. 4. Reflectivity map calculated for a GaAs grating of 35 m period
with a filling factor of 0.3 and a height of 2.8 m. White is for high
reflectivity, while black is for low reflectivity. White filled circles indicate
the position of measured reflectivity dips.

When using Palik values, the computed reflectivity
shows a slight difference with measurement. A least square
fit24 with LO as single free parameter gives us a wavenumber of 291.762⫾ 0.007 cm−1. This value gives a very good
agreement between theoretical and measured spectrum, as
shown in Fig. 2, and will be used for the other simulations.
This value is close to the Palik value of 292.1 cm−1, and to
the value obtained from oblique reflectivity measurements by
Lockwood et al.25 of 292.01 cm−1. This small difference
共less than 0.05 meV兲 may be due to temperature effect, as we
do not control it.
Measurement of the grating reflectivity 共Fig. 3兲 shows a
clear dip only in TM polarization at 34.9 m. The other
small features at 36 and 39.5 m are clearly identified as
rotational transitions of water molecules. The theory shows a
good agreement on the SPhP dip frequency but not on the
amplitude.
From RCWA calculation, we calculate the reflectivity
map of the SPhP 共Fig. 4兲, over which we plot the position of
the dips, measured between 15° and 75°, every 5° for i. The
dip frequency angular dependence agrees very well with the
theoretical dispersion relation 共Fig. 4兲. The reflectivity dips
can, therefore, be attributed to the excitation of SPhP.

FIG. 3. 共Color online兲 Reflectivity of a GaAs grating and simulated geomFIG. 5. 共Color online兲 Reflectivity of a GaAs grating and simulated geometry in
inset 共i = as
15°兲.
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FIG. 6. 共Color online兲 Reflectivity of an optimized GaAs grating and simulated geometry in the inset 共i = 45°兲.

The difference of reflectivity dip amplitude between
theory and experiment can be explained by a careful look at
the sample geometry. We cleaved the sample perpendicular
to the grooves and side observation showed that the bottom
of the grating is not flat but has a slight curvature 关see Fig.
1共b兲兴. This bottom curvature, often seen in RIE-ICP etching,
was then taken into account in the simulation. The theoretical
and experimental spectrums are shown in Fig. 5 with the
geometry used for the simulation in the inset. Direct calculation with a bottom curvature of 600 nm 关taken from scanning electron microscope 共SEM兲 measurements兴 shows a
good agreement with data.
We now show that a different design can produce a reflectivity dip close to zero, even if the grating has such bottom curvature. Figure 6 displays the reflectivity for a grating
共⌳ = 10 m, h = 4 m, and F = 0.05兲 that goes to zero near
36 m. Although the aspect ratio is large, it is within the
reach of current technology. It is thus possible to reach total
absorption which implies that this grating is a good candidate
for the design of a THz emitter around 35.5 m.
In summary, we have shown that surface phonons polaritons can be used in the THz range to control reflectivity and
emissivity of GaAs surface. This study is a first step toward
the use of surface phonons polaritons for THz sources.
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