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We have investigated the near-field coupling of surface plasmons to a titanium/CdS nanowire
interface for two different device configurations. A bare aluminum grating on an underlying
aluminum layer exhibited the expected stronger electrical signal for perpendicular versus parallel
light polarization. An opposite intensity ratio was detected when the grating and the Schottky
contact are connected via an aluminum–silica–aluminum sandwich structure. Based upon finite
difference time domain device simulations, the enhanced coupling for parallel polarization is
attributed to the emergence of a transversal electric wave within the metal–insulator–metal
structure. © 2010 American Institute of Physics. 关doi:10.1063/1.3503534兴
While the confinement of light is diffraction limited, surface plasmons allow the confinement of optical fields to
strongly subwavelength dimensions. Such a confinement is
necessary to achieve highly integrated optical components,1,2
as well as to integrate them into electrical circuitry.3 Most
passive plasmonic components such as waveguides,4
resonators,5 couplers,6 or interferometers7 can already be
routinely realized at a microscopic scale. More challenging is
the efficient microscopic excitation and detection of surface
plasmons. The combination of these two components would
enable to directly exploit the optical near-field within very
compact device configurations, and hence to further approach plasmonics-based integrated optical circuits. Thus
far, the direct, microscopic launching of surface plasmons
has been realized by using the leakage of organic light
emitting diodes8 or by plasmonic lasers.9 Moreover,
electrical plasmon detection has been achieved with the
aid of germanium,10 III–V semiconductors,11 organic
semiconductors,12 and superconductors.13
In the present work, we explore the electrical detection
of surface plasmon polaritons 共SPPs兲 by guiding them to the
Schottky contact of an individual cadmium sulphide 共CdS兲
nanowire 共NW兲. CdS is a widely used II–VI semiconductor
关band gap 2.5 eV 共Ref. 14兲兴 that is well-suited for photodetector applications.15 CdS NWs are advantageous for the
present task since they are electrically conductive only under
photoillumination 共dark currents are in the range of
picoamperes兲.16
Figure 1共a兲 shows an optical reflection image of an investigated device. The cross section of the device along the
dashed line is schematically depicted in Fig. 1共b兲. The drawing illustrates how surface plasmons launched at the grating
propagate along the metal stripe until they intersect with the
CdS NW. The NW lies on top of the aluminum and forms a
Schottky contact with a titanium electrode. The electrical
near-field of the SPP excites electron-hole pairs in the CdS
wire, which are separated by the built-in electric field close
to the contact. This device configuration effectively coma兲
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bines the advantageous properties of both, aluminum and
titanium. Specifically, aluminum allows for efficient SPP
propagation at high optical frequencies 关propagation length
LAl共 = 488 nm兲 ⬇ 10 m兴, albeit it forms high resistive
electrical contacts to CdS. Titanium, by contrast, yields good
Schottky contacts 共work function 4.3 eV兲17 on CdS but is a
poor plasmonic waveguide 关LTi共 = 488 nm兲 ⬇ 1 m兴.
The devices were fabricated by consecutive e-beam lithography steps. The dimensions of the grating, with a spacing of 265 nm, a width of 216 nm, and a height of 80 nm,
have been adapted to the used materials and laser
wavelength.18 Due to the limited laser spot size of the 50⫻
air objective 共NA= 0.8兲, the number of aluminum ridges in
the grating has been restricted to three. The CdS NWs with
diameters in the range of 50–100 nm were synthesized by a
solvothermal method19 and spin-coated onto the Si substrate
coated with a 300 nm thermal oxide layer. Prior to the evapo-

FIG. 1. 共Color online兲 共a兲 Reflection image and 共b兲 corresponding schematic
cross section of a typical device. The Ti electrodes and CdS NWs are colored to increase their visibility. Panels 共c兲 and 共e兲 show the photocurrent
maps of the same device for respective light polarization perpendicular and
parallel to the grating. The dashed lines in panels 共c兲 and 共e兲 correspond to
the current profiles 共d兲 and 共f兲, respectively.
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FIG. 2. 共Color online兲 共a兲 Colored reflection image and 共b兲 corresponding
schematic cross section of an Al-capped device. The panels 共c兲 and 共d兲 show
the photocurrent map for light polarization perpendicular and parallel to the
grating.

ration of 100 nm titanium, the contact areas on the CdS NWs
were exposed to an argon-plasma for 2 min in order to
achieve local n-type doping.19 The completed devices were
characterized under ambient conditions by scanning photocurrent microscopy 共SPCM兲,20 using a laser wavelength of
488 nm.
Figures 1共c兲 and 1共e兲 display photocurrent maps recorded on the device in Fig. 1共a兲 with light polarization perpendicular and parallel to the grating, respectively. The current profiles in Figs. 1共d兲 and 1共f兲 are taken along the
corresponding dashed lines in panel 共c兲 and 共e兲. Both maps
exhibit two major signals, one at the contacts 共1兲 and the
other at the grating 共2兲. The strong signal at the titanium
electrodes originates from the direct illumination of the
Schottky contact. It shows pronounced polarization dependence, with maximum magnitude for light polarization parallel to the NW long axis.21 Simulations of CdS NWs on an
aluminum surface reveal their optical absorption to differ by
a factor of ⬃9 between the two polarization directions 共see
Ref. 27兲. This difference agrees well with the sevenfold to
eightfold larger signal in case of the parallel light polarization. The second photoresponse in Fig. 1共c兲 at the grating can
be attributed to surface plasmons, as supported by its polarization dependence. If the incident light is polarized perpendicular to the ridges a photoresponse appears at the grating
关Fig. 1共c兲兴 which vanishes for parallel polarized light 关Fig.
1共e兲兴. This is expected for a plasmonic coupler.22 In the photocurrent profile of Fig. 1共d兲 the plasmon response can be
distinguished, although it overlaps with the spatial decaying
signal of the Schottky contact.
To better distinguish the plasmon response from stray
light at the NW contact, the device structure was modified by
capping the Schottky contact by a thick metal layer, as can
be discerned from Fig. 2共a兲 and the corresponding crosssection in Fig. 2共b兲. To this end, a 200 nm thick layer of SiO2
was evaporated onto the whole substrate, and a restricted
area around the Schottky contact selectively covered by another 80 nm layer of aluminum. This resulted in a metal–
insulator–metal 共MIM兲 structure which prevents direct illu-
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mination of the contact but does not hinder the propagation
of plasmonic transversal magnetic 共TM兲 waves. Figures 2共c兲
and 2共d兲 depict the photocurrent maps of such a device, acquired with perpendicular and parallel light polarization, respectively. For polarization perpendicular to the ridges 关Fig.
2共c兲兴, three photoresponses at different locations can be distinguished. The first signal occurs at the edge of the top
metal layer, which can also excite modes inside the MIM
structure. The second one is due to surface plasmons
launched at the grating. The shape of the two separate peaks
in the photo response will be discussed further below. A third
signal emerges at the left outer edge of the aluminum stripe.
At this aluminum/substrate interface, a plasmon is launched
which does not intersect directly with the CdS NW, and
therefore results in only a very weak signal. In case of light
polarization parallel to the grating 关Fig. 2共d兲兴, the photoresponse unexpectedly doubles in size. It furthermore changes
its shape, leading to a broad photoresponse everywhere in
the vicinity of the MIM structure, with some minima at the
grating position. At the same time, no separate contribution
from the edge of the top metal layer can be observed.
Valuable clues regarding the origin of the detected polarization dependence could be gained from finite difference
time domain simulations of the devices. Two-dimensional
calculations were performed using the MEEP software package 共see Oskooi et al.23 and Mathewson et al.24 for optical
constants of aluminum兲, with the light source modeled by a
Gaussian field distribution with a full width at half maximum
of 450 nm. The calculated electric field distribution for both
polarization directions is shown in Fig. 3, where the bold
black features represent the aluminum layers and the grating.
For a MIM mode to be excited by a surface plasmon 关see
Fig. 3共a兲兴, the light source must be polarized perpendicular to
the grating 共Ex component, not shown here兲. Such a mode
corresponds to a TM-wave comprising Ex, Ey, and Hz components. Of these, the major field component Ey is plotted in
Fig. 3共a兲, in which the propagating wave in the MIM structure can be clearly seen. Conversely, for light polarization
parallel to the grating, one would expect no plasmon propagation since surface plasmons only exist as TM-waves25 and
a light source polarized in Ez cannot 关in two-dimensional
共2D兲兴 couple to a TM mode. Hence, the MIM mode in Fig.
3共b兲 must be directly excited corresponding to a transversal
electric 共TE兲 wave 共Hx , Hy , Ez兲. As reported by Dionne et
al.,4 it is possible to excite TE-waves in MIM structures at
short enough wavelengths 共⬍600 nm兲. The dispersion relation of such a mode crosses the light line, such that no grating is needed to achieve a k-vector matching. Consequently,
any scattered light with polarization in the Ez direction that
reaches the MIM structure can easily couple to the TE mode.
Standard multilayer eigenmode calculations revealed the existence of an excitable TE mode with a propagation length of
around 3.5 m for the given device structure. Even though
this mode is strongly damped, it is absorbed more strongly
by the CdS NW, since the Ez component lies in the plane of
the NW. This mechanism is also operative for the device in
Fig. 1, and explains the higher photocurrent observed for
FIG. 3. 共Color online兲 2D color plots of the 共a兲 Ey
component of a TM-wave 共source polarized in Ex兲 and
共b兲 Ez component of a TE-wave 共source polarized in
Ez兲.
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response of the Schottky contact becomes too dominant and
hence obscures any other signal.
In summary, the presented Schottky-type devices comprising an individual CdS NW are useful local electrical detectors for surface plasmons. In principle they can be realized
by standard optical lithography enabling simple and compact
plasmonic experiments. The polarization dependence of the
generated photocurrents can be well explained by the TE
waves confined within the MIM structure that serves to avoid
the dominant direct illumination response of the Schottky
contact. Similar detector devices with controllable width of
the Schottky barrier might enable probing the spatial distribution of the plasmon near-fields.27
FIG. 4. 共Color online兲 Normalized photocurrent plotted as a function of
position of the illuminating beam for light polarization perpendicular to the
grating. The dashed curve corresponds to a grating with rectangular shaped
ridges, the solid to trapezoid like shaped ridges, and the squares are data
points along the current profile marked in Fig. 2共c兲. The grey bars in the
background denote the positions of the three ridges of the grating. The inset
shows a scanning electron microscope image of two ridges of the grating.

parallel polarization in this case 关cf. Fig. 2共d兲兴.
To further elucidate the coupling mechanism, the plasmonic light flux was calculated as a function of the source
position, thus simulating the SPCM measurements. In previous experiments wherein light was focused on single ridges,
the maximal coupling efficiency was found to be centered
over the single ridge.26 The situation is different for the
present devices, since the launched plasmons can be detected
only in one direction, whereby the coupling maximum is
shifted to one side. In Fig. 4, the computed data is compared
to the normalized, measured data for light polarization perpendicular to the grating 共for parallel polarization see the
Ref. 27兲. While the profile obtained for perfect rectangular
ridges exhibits its maximum on the right side where the detector is located, it is unable to account for the left maximum
in the measured photocurrent 关red squares, taken from the
profile in Fig. 2共c兲兴. Significantly better agreement is
achieved by incorporating a trapezoid shape of the ridges
共a/b ratio of ⬃0.6兲, which is apparent from scanning electron
microscope images of the grating 共see inset of Fig. 4兲. It is
known from previous studies 共see Radko et al.18兲 that the
shape of the ridges and the arrangement of the grating can
significantly alter the coupling efficiency to surface plasmons. The trapezoid shape originates from metal deposited
on the side walls of the Poly共methyl methacrylate兲 resist during the evaporation of the grating.
The plasmon detection sensitivity can be enhanced by
applying an electrical bias to the CdS NW. While at zero bias
only excitons in the vicinity of the metal contact are separated and contribute to the photocurrent, under an external
bias  the depletion zone width x共兲 = 冑20兩兩ne is increased 共with n as the charge carrier density, e the elementary charge, and  the dielectric constant of CdS兲. This in
turn leads to a larger area of absorbed photons, and a concomitant decrease in the charge carrier recombination rate.
As a consequence, a moderate bias of 0.5 V is sufficient to
increase the photocurrent by three orders of magnitude. Such
enhancement is particularly effective for devices with a
metal cover layer, as without this top layer the direct photo-
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