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Abstract—We demonstrate experimentally and simultaneously the
impact of the Polyimide (PI) coating layer on the coupling and
propagation losses of the fabricated SOI slot waveguides at 1550 nm
operation wavelength and TE polarization.

Many attempts have been made to shrink photonic
building blocks to realize massive integration as in
electronics. The first and most important attempt that will
pave the way toward the photonic integrated circuit (PIC)
is through sub-wavelength light confinement [1]. A novel
waveguide structure, which has been demonstrated in [2—
3] and is termed a slot waveguide, has recently been
considered a promising solution for all optical systems in
which processing (logic) functions work in tandem with
interconnections to carry out processing without electrical
conversion [4]. The slot waveguides property of high
confinement of light in the nanoscale region with a low
refractive index makes it as a primary building block for
systems such as all-optical signal processing [5-6].
Furthermore, a slot waveguide could be proposed as an
interconnection element with ultra-low propagation loss
[7]. For all of these applications, the investigation of the
total losses which are expected to be expressed by a slot
mode device is vita.

An array of 200 Silicon-on-Insulator (SOI) slot
waveguide devices of varying slot widths, ribs widths,
taper lengths, and slot lengths were created in each cell of
a wafer fabricated at a commercial foundry. The cells
were cleaved into individual chips after fabrication. Some
chips were coated with thin films of polymers that fully
infiltrated the slots. Measurements of spectral loss were
made on the grating coupler waveguide devices of both
coated and uncoated chips. Individual devices exhibited
insertion losses varying from several dB up to values so
great that the response was below the noise floor of the
optical spectrum analyzer employed as a receiver. The
chips that failed the transmission test were primarily
uncoated ones.
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Figure 1 shows a general layout for the grating coupler
waveguide devices which were used in order to test SOI
slot devices in this work.
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Fig. 1. The layout of an SOI slot device.

Scanning electron microscopic (SEM) images of
sections of fabricated devices are shown in Fig. 2. As can
be seen in this Figure, a little roughness appears on the
sidewall of each Si rib regardless of the width. Their sizes
are estimated of about 5 nm. The size magnitude of this
roughness is small compared to the slot dimensions, but
the effects on guiding properties and propagation loss
may still be significant.

As mentioned before, some chips were coated by a thin
polymer layer with about 500 nm thickness while other
chips were kept without coating. The transmission of each
device has been experimentally measured as a grating
coupler waveguide, as shown in Fig. 1. Each device has
been tested over a spectral width between 1500 and 1600
nm. Figure 4 shows the measured transmissions of coated
and uncoated identical slot waveguides.
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spectral width, 100um slot length, 0.12pum slot width, and 0.12um of
each Si rib width.

—- Accordingly, the coupled mode from the strip to the slot
_— tends to oscillate in all regions of the waveguide structure

in what is called a substrate radiation mode [8]. The
resultant effective index is between the air and substrate
refractive indices, so non-small fractions of the quasi-TE
mode dissipate in the substrate and air. Figure 5 shows the
coupling process of the optical power intensity of the
quasi-TE mode via strip-slot taper coupler for both coated
and uncoated cases, at 1550 nm wavelength.

From all measurements and analysis which have been
performed, the main conclusion is the coupling efficiency
of the strip-slot taper coupler is highly dependent on the
refractive index of the coating layer of the coupling
region and slot waveguide where it can be enhanced by

Fig. 2. SEM images for (a) a strip-slot taper coupling region (b) a tip of

taper in face of a slot waveguide. (c) a slot waveguide (d) a ridge about 15 dB according to coating layer and operation
waveguide. wavelength.
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Fig. 3. The measured output optical power over 100 nm spectral width
of coated (red), and uncoated (green), slot devices with 100 um slot
length, 0.12 um slot width, and 0.12 um of each Si rib width.

Comparison of the measurements of the devices with
each other shows that the coating layer enhanced the
transmission by about 20 dB at 1550 nm wavelength.

The simulation and calculations have shown that the
polymer coating layer enhanced the transmission of the ¥

tested slot devices mainly by decreasing the coupling loss T
and allowing observation of this change in the lllll|llll

propagation losses, as shown in Fig. 4. T
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Wavelength (nm) Fig. 5. The optical power intensity (W/um?) of quasi-TE mode, at 1550
. . . . nm wavelength, through a strip-slot taper coupler between a strip
Fig. 4. The simulated scattering losses (dash), and coupling losses waveguide, 0.45x0.22 um?, and a slot waveguide, 0.22x(0.12 + 0.12+
(Solid), for coated (red) and uncoated (blue) slot devices over 100 nm 0.12) um?, in both (a) coated, and (b) uncoated cases.
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