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Abstract—Theoretically, label-free biosensing can be achieved
by a Surface Plasmon Interferometer in Silicon-on-Insulator.
We present in this paper measurement results validating this
theoretical prediction and show this device to be capable of bulk
refractive index sensing.

INTRODUCTION

The combination of Surface Plasmon interrogation tech-
niques and Silicon-on-Insulator as a host substrate is a promis-
ing candidate for label-free biosensing [2], [5]. Due to the very
strong evanescent fields near the interface Surface Plasmons
promise to be very sensitive to refractive index changes, the
gold layer boasts the advantage that it is a bio-compatible
material and a very mature thiol-chemistry can be used for
the functionalisation of this layer. The nanophotonics Silicon-
on-Insulator platform has the advantage that devices can be
fabricated on a wafer scale using standard CMOS processing,
allowing for cheap mass fabrication, integration with electron-
ics, thus paving the route for real Lab-on-Chip applications.
The high-index contrast between the silicon and silica allows
to dramatically reduce the size of devices using nanophotonic
waveguides [3].

A Surface Plasmon Interferometer combines the best of
both worlds. The principle is based on the interference of two
decoupled Surface Plasmon modes propagating on either side
of a thin metallic layer embedded into a Silicon waveguide [5].
Theoretical results predict that this device would be capable
of detecting very small refractive index changes (10~% RIU)
for a device which has a physical footprint of only 100 pm?.
The transduction principle which is the basis for this device
(Surface Plasmon Interference) has, up till now, not been
verified experimentally.

1. FABRICATION

In order to validate our theoretical predictions a sample
containing several Surface Plasmon Interference structures was
fabricated. The sample features devices with a large array of
parameters. The length is varied from 4 to 10 pm, in steps of 1
pm. Waveguide widths are 10, 3 and 0.550 pm. The layer stack
consists of a Silicon substrate, 2 um of HDP-Silicon dioxide
and 220 nm of a-Si, deposited using a PECVD process with
Silane and He gases [6]. The devices were fabricated using
Deep-UV Lithography in IMEC. Etch depth of the sensor
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region in the Si was 70 nm, the Au layer was deposited using
thermal evaporation and has a thickness of 37 nm.

II. PROOF-OF-PRINCIPLE : MEASUREMENT

Light from a single mode fiber was coupled into the sample
using a lensed fiber, out coupling occurs through an objective.
Measurements have been performed using a tunable laser and
power detector, to ensure that only TM polarized light is
measured a polarizer has been used in front of the detector.
Although the devices were designed to be used in an aqueous
environment, samples were measured in contact with air in
order to obtain proof-of-principle.

Measurement results for this sample are depicted in figures
1, 2 and 3. The measured spectra are for TM-polarized light
and they are normalised to a reference photonic broad (10
pm) waveguide. While more measurements results have been
obtained than the ones shown here (e.g. 4, 6, 7 and 9 pym
long devices were also characterised), the main conclusions
can be drawn from studying these three measurement spectra.
Absolute mean deviation error bars represent the fact that for
each length, several identical devices have been measured.
The red curves depict the results obtained for 10 x4 m broad
waveguides, blue curves depict results obtained for 3 pm
waveguides. For comparison, theoretical results are also de-
picted in the same graphs in green. Theoretical curves were
calculated using CAMFR, an in-house developed eigenmode
expansion tool [1], [4].

Transmission as a function of Wavelength

wm‘)l Nijind i

Transmissicn [dB]

— Exp, 10 ym —Exp. 3 pm -~ Simulation

1510 1530 1550 1570 1590 1610 1630
Wavelength [nm]

Fig. 1. Transmission as a function of wavelength, sensor with a Au-region
length of 5 pym
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Fig. 2. Transmission as a function of wavelength, sensor with a Au-region
length of 8 pm
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Fig. 3. Transmission as a function of wavelength, sensor with a Au-region
length of 10 pm

While quantitative agreement between experiment and the-
ory has not yet been obtained, one can deduce valuable
information from the shape of these transmission spectra. The
depth and width of the minima in transmission spectra of
the experimental results and the theoretical predictions follow
the same trend. For short sensor lengths (e.g. 5 pm) little
contrast is expected, as the sensor length increases minima in
transmission are more pronounced, the FWHM of these dips
gets smaller and the Free-Spectral Range gets smaller as well.

III. BULK REFRACTIVE INDEX SENSING

To validate the prediction that this device can be used
for sensing applications, we have characterized the change in
transmission spectrum as a function of bulk refractive index.
This was done by applying drops of liquids with varying
refractive index above the sensor region with a Au-layer of
length 8 pm. The example shown here 4 shows the change in
transmission for a drop of pure DI-water versus a drop of an
aqueous solution of NaCl (4 mass %). While the measured
blueshift is quite large (£19.5 nm), further experiments need
to be carried out to qualitatively characterize the sensitivity of
this device.

IV. CONCLUSIONS

We have presented in this paper a proof-of-principle for
Surface Plasmon Interference sensors. Qualitative agreement

Fig. 4. Transmission as a function of wavelength for two distinct aqueous
solution with different refractive indices. The large blue shift of the NaCl 4
mass % indicates the potential of this device to be used as a biosensor.

between measurement results and theoretical data has been
obtained. Furthermore, we have shown this device capable of
detecting bulk refractive index changes, a first and indispens-
able step toward label-free biosensing. The measured blue-
shift is quite large, demonstrating the potential of this device
to be used a a sensitive and label-free biosensor.
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