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In this paper, a low-cost one-step nano-grating fabrication has been described which is applied in the
grating-coupled excitation of Surface Plasmon Polaritons (SPPs). This technique is based on a kind of
physical vapor deposition technique that is so called oblique angle deposition (OAD). Our nano-gratings
fabricated at angles of deposition of 60°, 70° and 80° have been investigated by the aid of atomic force
microscopy, surface plasmon resonance and measurement of optical reflectance at low incidence angle.
Our results show the surface plasmon resonance coupling at different azimuth angle and the sensing
ability of oblique angle deposited Cr- nano-grating to the groove distance in low angle measurement
system.

& 2015 Elsevier B.V. All rights reserved.
1. Introduction

Plasmonics is one of the rapidly growing research fields which
explores optical properties of metallic nanostructures and has
many applications in sensing and optoelectronic devices such as
photo-detectors [1], magento-plasmonics [2,3], sensors [4,5,6],
microscopy [7], channel plasmon waveguide [8,9], and solar cells
[10,11]. The observed plasmonics as a signature of light interaction
with a trapped surface mode has been started from 1785 by
Francis Hopkinson who observed a street lamp light diffraction
through a silk handkerchief as diffraction from a grating. The
rainbow that was seen due to the dispersion of light through such
fine structure was recognized immediately as a beneficial effect by
the Fraunhofer and very soon, the initial diffraction gratings with
narrow grooves scratched on the surface of glasses and metals
were made. Wood [12] reported a bright band of increased re-
flectivity and a dark band of low reflection in the spectrum of a
diffraction grating. After that, Lord Rayleigh explained the ob-
served dark band in his theory of diffraction grating [13]. Wood’s
bright band was unexplained for 30 years until Strong tried to
improve the reflection efficiency of a set of gratings by deposition
of various metals on them, and he found that the band shifted in
energy depended on the used metal coating [14]. This dependence
on the optical properties of metals led Ugo Fano to the conclusion
that this reflection anomaly was a signature of light interaction
i).
with atrapped surface mode [15]. Maxwell’s equations provided
Fano with a solution for such a wave, on condition that one ma-
terial was a conductor and the other was a dielectric [16]. Today
we call this interface mode a Surface Plasmon Polariton (SPP) and
it is defined as an electromagnetic surface wave bound to the in-
terface between a conductor and a dielectric [17]. While the first
recorded observation of SPPs was on a diffraction grating, SPPs are
not unique to these devices, and are generally found in systems
Fig. 1. Experimental setup and growth of nano-gratings.
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Fig. 2. The situation of the incident light with respect to the grating orientation
and demonstration of polar (θ) and azimuthal (Φ) angles.

Fig. 3. AFM images and topographies of nano-grating with

Fig. 4. (a) The surface plasmon resonance of three samples as a function of incidence
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where a conducting/dielectric interface exists [18].
Considering that one-dimensional metallic nano-gratings are

efficient and very useful devices as reflector of light, optical buf-
fers, [19,20,21], and all optical signal processing [22] based on slow
light systems and optical gratings in miniaturized set-ups and
sensors, many scientists have investigated how they can be fab-
ricated with easy production procedure. Nano-gratings have been
fabricated by using interference lithography [23], etching [24],
electroplating [25], nano imprinting [26] and femto-second lasers
[27]. In general, the preparation of nano-gratings requires ex-
pensive, long production cycles and advanced equipment.

To reach the low cost nano-grating, we report a new technique
based on oblique angle deposition (OAD) method. OAD technique
can easily generate nanostructures and has attracted the interest
of many researchers. In oblique angle growth, due to the self-
shadowing effect, the incident particles of a material that come to
the surface with an oblique angle are preferentially deposited on
the top of surface features with larger values in height. These
deposition method under 60° (a), 70° (b) and 80° (c).

angle and (b) schematic diagram of experimental setup at azimuthal angle of 90°.



Fig. 5. (a) The surface plasmon resonance of three samples as a function of incidence angle and (b) schematic diagram of experimental setup at azimuthally angles of 0°.

Fig. 6. Grating configuration with the aim of achieving plasmon excitation by light.

Fig. 7. Fluctuations of the reflected beam intensity as a function of incident angle.

Fig. 8. Degree of deposition as a function of fluctuation period in the reflected
beam intensity.
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surface features are formed at the early stages of deposition. The
formation of isolated nanostructures is the result of this kind of
growth. Periodic arrays can be grown by patterning the substrate
with seed particles prior to deposition [28]. Here the patterned
sites will function as nucleation sites and the shadowing effect will
suppress the growth on the surrounding substrate. Here we could
achieve periodic arrays of nanostructures without pre-patterning
of surface.

2. One-dimensional nano-grating

Our nano-grating samples were prepared by one-step oblique
angle deposition of Chromium target via physical vapor deposition
technique at high vacuum pressure set to 8�10�5 mbarr. In our
experimental procedure, ultrasonically cleaned glasses were tilted
at θ¼60°, 70° and 80° as different substrates (Fig. 1).The average
deposition rate was as high as 10 A°/s and the monitored piezo-
electric quartz crystal thickness was 17 nm.

The roughness and surface properties were measured by
atomic force microscopy (AFM) system and the surface plasmon
resonance and the pitch of gratings were measured by TM polar-
ized He–Ne laser in two different orientations. In the first or-
ientation, the laser beam was incident on the sample with azi-
muthal angle of 90°, while in the second orientation, the azi-
muthal angle of laser beam incidence was equal to 0° (Fig. 2).

The samples were rotating in front of laser beam by an accurate
rotation stage. The reflected light was detected by a large area Si
pin photodetector and in another measurement; the pitch of
grating was demonstrated by fluctuation of reflection which
measured at an azimuthal angle of 0°. In this measurement, the
intensity of the reflection from the samples has been measured at
angles between 20° and 20.5°.



Fig. 9. (a) Degree of deposition as a function of groove distances and (b) groove distances as a function of fluctuation period of the reflected beam intensity.
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3. Results and discussions

Typical nano-grating structures fabricated by OAD experi-
mental set-ups at 60°, 70° and 80° have been shown in Fig. 3. As
shown in the AFM image and topography of them, we have a
grating structure with a period of 1.6 mm, 2.3 mm and 3.07 mm for
samples prepared respectively at 60°, 70° and 80° with thickness
of 17 nm over an area of 40 mm�40 mm.

The surface plasmon resonances of the samples were recorded
by illumination of them by p polarized light. At this measurement,
the intensity of reflection from the samples were recorded for the
azimuthal angles of 90° (Fig. 4) and 0° (Fig. 5).

In grating configuration, light excites plasmons via a grating
coupler (Fig. 2). If the grating constant is λg, then light wave vector
is increased by integer multiples of grating wave vector 2 / gλπ .
When a diffracted order has a wave vector greater than that of
grazing incident radiation in medium 1 n c( k / )1 0 1ε= ω , it will not
propagate and will become evanescent.

It is the enhanced momentum of these evanescent fields that
may couple the radiation to the SPP at an angle of incidence equal
to θ0 according to the coupling condition.
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Then the SP’s dispersion relation can be matched by a com-
ponent of light vector parallel to the surface (Fig. 6).

In this case, we have excitation of plasmons by light and sub-
sequently we have sufficient absorption of light and dip in our
angular spectrum of reflection. Due to the change in the period of
nano-grating in each deposition angle, we do not have the same
surface palsmon resonance angle in these three samples.

As mentioned in the experimental section, the pitch of grating
was demonstrated by fluctuation of reflection which was mea-
sured at an azimuthal angle of zero at angles between 20° and
20.5°. As shown in Fig. 7, the reflected intensity as a function of
incidence angle has ordered fluctuations in three samples which
are dependent on the pitch of them.

The groove distance and also the period of these fluctuations
have a reasonable relation with degree of deposition. The diagram
of period of fluctuations versus degree of deposition has been
shown in Fig. 8 which has a linear fit by y a b x2= + . Also, the
difference between maximum and minimum values of reflection,

RΔ , has a linear decrease with enhancement of deposition angle.
In addition, as shown in our AFM images, the groove distance of

samples decreases by increasing the angle of deposition (Fig. 9(a)).
Also, this fact can be confirmed by our optical measurement sys-
tems which is very fantastic result (Fig. 9(b)).

These graphs corroborate that we have a new method to dis-
tinguish the groove distances by the aid of fluctuation period of
reflected intensity in our novel experimental optical set-up.
4. Conclusion

In sum, we have demonstrated an efficient and low-cost
method to fabricate one-dimensional Cr nano-grating. Our nano-
gratings have been fabricated by oblique angle deposition at high
deposition rate and investigated by AFM, surface plasmon re-
sonance and another simple optical detection system of TM po-
larized light. We were able to detect the surface plasmon re-
sonance of our samples at different azimuth angles and also we
could distinguish the grating’s groove distance by low angle op-
tical measurement.
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