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Summary:

In this work, an ITO-based plasmonic slot 
waveguide is numerically analyzed for CO2
sensing applications. Our waveguide is de-
signed based on Indium Tin Oxide on a silica
substrate layer. As for sensing application both 
evanescent field ratio and propagation length 

play an important role, our structure is opti-
mized based on the figure of merit defined by 
the product of the two aforementioned quanti-
ties. From our simulations, the optimum pa-
rameters for slot width and height of 500 nm
and 1100 nm were obtained, respectively,
based on this figure of merit.
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1- Introduction 
Plasmonics has reached great attention due to 
enabling sub-wavelength photonics applica-
tions. The existence of surface plasmon polari-
tons (SPPs), which are the guided electromag-
netic waves propagating along metal/dielectric 
interfaces with strong near-field confinements, 
allows for high light-matter interactions [1]. Tra-
ditionally, noble metals are widely used as
plasmonic materials due to their chemical sta-
bility. However, they suffer from high intrinsic
loss hampering practical applications. Trans-
parent conductive oxides (TCOs) such as Indi-
um Tin Oxide (ITO) can be good alternatives to 
replace noble metals. They not only show low
loss in the infrared range but also indicate 
CMOS compatibility making them specifically 
appealing for easy integration of plasmonic 
devices. In this work, to the best of our 
knowledge, we propose a plasmonic slot-
waveguide sensor platform using ITO for the 
first time, as illustrated in Fig. 1. 

Fig. 1. The cross-sectional view of ITO-based plas-
monic slot waveguide.

Our waveguide structure is designed for a 
wavelength of 4.26 µm, which corresponds to 

the absorption peak of CO2. Two µm silica with 
a refractive index of 1.38 is considered as the 
substrate layer. ITO with a refractive index of -
28.2+21.7i is placed on the top of the silica, and
a small slot etched downward to form the 
waveguide. The sensing medium is assumed to 
be air. The modal properties of the proposed 
structure have been investigated using finite 
element method (FEM) implemented by COM-
SOL Multiphysics.

2- Results and discussions
2-1 Propagation length

The propagation wave vector of an SPP 
bounded mode at the metal/dielectric interface
is given by [2]:

                              (1)

where KSPP is the SPP wave vector. The propa-
gation length of the SPP mode is given by:

                                     (2)

The SPP mode on a metal/dielectric interface 
propagates but, owing to the presence of metal 
or metal-like material, gradually starts to atten-
uate. The propagation length of the fundamen-
tal mode of the structure as a function of ITO 
thickness (h) is indicated in Fig. 2 for different
slot widths (w). Increasing both w and h results
in an increase of the propagation length. This is
due to the fact that the absorption loss in ITO 
reduces with the increasing w and h.
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Fig. 2. The propagation length of fundamental mode
as a function of h for different w.
2-2 Evanescent field ratio (EFR)
For sensing applications, the EFR plays a key 
role because it indicates the amount of fraction 
of electromagnetic field interacting with the
surrounding gas. When the waveguide is sur-
rounded by a gaseous analyte, which thus es-
sentially forms the cladding of the waveguide,
the evanescent field interacts with the gas by 
virtue of being absorbed by the gas. As a result, 
the transmitted light is attenuated at the absorp-
tion line of CO2. The EFR is defined as the frac-
tion of transmitted intensity in the gas to the
total modal intensity:ensity

               (3)

where E shows the electric field and ε indicates 
permittivity of each material and the integration 
is performed in the cross-sectional (xy) plane.
Fig.3 presents the EFR of the fundamental 
mode of the proposed structure. It indicates that
increasing w will lead to lower EFR. The reason 
is that, as the gap size increases, a part of the 
mode leaks into the silica results in decreasing
the EFR.

Fig. 3. EFR of fundamental mode as a function of h
for different w.
As both EFR and propagation length are crucial 
for sensing applications, we introduce a figure 
of merit (FOM), which is defined as:

FOM = EFR × propagation length      (4)

The optimization of our waveguide geometries
based on this FOM is plotted in Fig. 4. It is ob-
served that the maximum FOM occurs at 500 

and 1100 nm for w and h, respectively corre-
sponding to roughly 9 um propagation length 
and 30% EFR.

Fig. 4. FOM of fundamental mode as a function of h 
for different w.
The absolute value of electric field distribution 
(Ex) of SPP mode for the optimum values of the 
structure is depicted in Fig. 5 where it can be 
clearly observed that most of the mode is con-
fined in the slot region, although a part of it 
leaks into the silica substrate.

Fig. 5. The absolute value of electric field distribution 
(Ex) of SPP mode for optimum values of the struc-
ture.

3- Conclusion
An ITO-based plasmonic slot waveguide for the
CO2 sensing application was numerically inves-
tigated and optimized based on the figures of 
merit. The optimum parameters of 500 and 
1100 nm for slot width and metal thickness 
were obtained, respectively.
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