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Abstract— In this paper, SOI rib waveguides with the variation
of core dimensions have been demonstrated. The analysis of a
silicon rib waveguide is performed by simulating the SOI
waveguide containing a forward biased PN junction by applying
the electro-optic carrier — injection effect via electric voltage
changes. The dimensions of the waveguide/ring resonator have
been altered. The dimensions of the waveguide/ring resonator
include the width of the core waveguide (W), the height of the core
waveguide (Hc), the rib thickness (Hr) and the height of buried
oxide (Ho). Thus, in this research, the dimensions of the
waveguide/ring resonator will be varied at distinct value with a
specific interval in order to investigate the performance of the
micro-ring resonator. This is because as the dimensions of the
waveguide vary, its resonance wavelength will be change and thus
shifting of resonance will occur. The simulation generates
refractive index of the waveguide with respect to the applied
voltage and refractive index, loss, gain and dispersion of the
waveguide with respect to wavelength.

Keywords— Silicon, rib waveguide, PN junction,
resonator.
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l. INTRODUCTION

In recent times, silicon photonics has become a great
attraction as it offers an opportunity for economical
optoelectronic solutions for several applications varying from
telecommunications down to chip-to-chip interconnects.
Previously, there have been compelling advances in pushing the
performance device for CMOS-compatible silicon building
blocks required in development of silicon integrated photonic
circuits [1]. In addition, a group IV element situated just below
carbon in the periodic table known as silicon is the key building
block in modern electronics which lead us into the information
age through the digital revolution. Silicon is recognized as a
choice of semiconductor material in fabricating transistors, a
key component in integrate electronic circuits [2]. This is due
to its transparency and low loss at the wavelength ranges of 1.3
m to 1.55 m, and fabrication compatibility with CMOS
technology on SOI platform [3-5]. In addition, Silicon is very
applicable for micro-optical applications due to special
characteristics: 1) hard material; 2) high thermal conducting; 3)
high tensile stress [6]. Even though, silicon might not be the
best material with the best electronic properties for the job as
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compare to gallium arsenide (GaAs) which has remarkable key
electronic properties for fast electronics, but silicon makes up
for it shortcomings by several factors. The factors include: 1) it
is non-toxic; 2) it has high thermal conductivity; 3) it can form
a well insulating oxide (SiO2) and 4) it is cheap [2]. As a result,
silicon can be an option for the formation of PIN diode. A
silicon waveguide can be constructed with core waveguide in
intrinsic region of a laterally formed PiN diode [7]. In this case,
it allows the charge carrier concentration to be modulated at
extreme speed. Moreover, the increase of free charge carriers
will lead to an increase in silicon refractive index [8]. The
purpose of high refractive index in silicon is to modulate light
in silicon waveguide at extreme speed with low consumption of
power [9].

This eventually lead to the design of optical filter based Micro-
Ring Resonator. Optical filter based MRR had become one of
the most well-known research in the past few years in integrated
optics due to their compactness, high wavelength selectivity, on
chip structure and it is less difficult to fabricate as compared to
other devices [10 and 11].

Il.  RIB WAVEGUIDE

In photonics world’s, there are two type of modes namely
the single mode and multiple mode. Single mode can be done
by using silica waveguides and it is easy to design as compared
to SOI waveguide which support multiple modes. This type of
SOI waveguide has a cross section of dimensions larger than a
few hundred nanometers. But a problem arise as such
multimode waveguides are troublesome in photonic circuits as
their operation can be seriously compromised by the existence
of multiple modes [12 and 13].

Nevertheless, it is proved that SOl waveguide with large rib
waveguides could be designed to be single mode. Furthermore,
several researchers have been investigated greatly these
waveguides in order to find the behavior of single mode and
low propagation loss. Large rib waveguides are attracting due
to their multi-micron in cross sectional dimensions in order to
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promote low loss coupling to and from optic fibers. A simple
expression for single mode condition (SMC) of large rib
waveguides is first proposed by Soref et al;

%so.3+1+ (foros5<r <1) (1)

\ r2

Substrate (Si)

Figure 1 Cross section of an SOI rib waveguide

Where,
r is the ratio of rib height (Hr) to overall rib height (H).

WI/H is the ratio of waveguide width to overall rib height.

In their investigation, it is seen that the waveguides were
restricted to shallow etched ribs in which r > 0.5 and the
dimensions of the waveguide were assumed to be larger than
the operating wavelength. This investigation was based on the
hypothesis in which vertical modes of high order confined
under the rib were coupled to the outer slab region during
propagation, thus accommodating high propagation losses for a
higher order mode. As a result, the waveguide act as a single
mode waveguide while all the other modes are lost.

For relatively small rib waveguides, Chan et al. had composed
single mode and polarization independence equations;

(0.94+0.25H) r

iz 20O

W <005+
H

(foro0<r <0.5and1.0< H < 1.5um)
Dy =0.06 x 10°+0.556H  (3)

The quasi-TM single mode boundary is defined by equation 2
which implement the guidance on the geometric limitations in
order to retain the behaviour of single mode while the minimum
etch depth Dmin is defined by equation 3 in order to retain
polarisation independence. The protocol of both equation 2 and
3 are for waveguides with a top cladding layer made up of air.
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Nonetheless, the deposition of the top cladding layer is for the
reduction of influence of surface contamination in order to
passivate the surface or provide electrical isolation.

I1l.  DESIGN OF RIB WAVEGUIDE STRUCTURE

We have designed our rib waveguide based on SOI in which
the following dimensions is set as a reference;

Core waveguide at a width of 450nm

Core waveguide at a height of 250nm

1

2

3. Rib waveguide at a height of 500nm
4. Buried oxide at a height at 1000nm

500nm

1000nm

Figure 2 Cross section of an SOI rib waveguide

In this paper research, the dimensions of the waveguide/ring
resonator such as width and length of core waveguide, height of
rib waveguide and height of rib waveguide will be varied one
by one by fixing the other three dimensions. As we know that
the dimensions of the waveguide/ring resonator might be vary
during fabrication which causes the initial design performance
and actual device performance to be vary. Thus simulations
were carried out in order to conclude the actual fabricated
device outputs. Each of the dimension will be varied at distinct
value with a specific interval and the results are plotted into
graphs.
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Figure 3 Effective index against voltage and wavelength at
fixed dimensions
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Based on Figure 3(a), it is seen that as the voltage increases
from OV to 0.6V, there is no effect on change of effective index.
This is because since our design is electro-optic carrier —
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injection based, it takes stronger voltage in order for the free
carriers to go into the waveguide core. The change of effective
index started to increase slowly by 0.00016 as voltage increased
up to 0.7V. Continually increased of voltage lead to the
increased of change of effective index until it reached a voltage
of 0.9V, where the change of effective index came into a
constant value. From Figure 3(b), it is seen that as the
wavelength increases, the value of effective index will be
decreased.

IV. CORE WAVEGUIDE WIDTH CHANGE

The width of the core waveguide is varied from 500nm to
1000nm at the interval of 100nm in which all other parameters
are kept constant as shown in Figure 2.
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Figure 4 Effective index against voltage and wavelength for
different waveguide width
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Based on Figure 4 (a), it is seen that the change of effective
index remains constant as voltage increased from OV to 0.7 V
for all changes in the width of waveguide as a larger voltage is
required for the free carriers to go into the waveguide core. But
as the voltage continued to increase 1.2V, the results show that
bigger waveguide width will results in bigger change in
effective index. Figure 4(b) shows that as the rising of
waveguide width lead to the increase in change of effective
index as the wavelength increased.

V. CORE WAVEGUIDE HEIGHT CHANGE

The height of the core waveguide is varied from 190 nm to
250 nm at the interval of 20 nm in which all other parameters
are kept constant as shown in Figure 2.
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Figure 5 Effective index against voltage and wavelength for
different core waveguide height
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Based on the results shown in Figure 5(a), it is seen that as
voltage increased from OV to 0.7 V, the change of effective
index remains constant for all changes in the width of
waveguide. This is because since our design is electro-optic
carrier — injection based, it takes stronger voltage in order for
the free carriers to go into the waveguide core. From the results,
as the voltage increased until 1.2V, it is seen that the change of
the effective index is the largest when the waveguide height is
at 250nm. Figure 5(b) shows that as the wavelength increased,
the effective index will decrease.

VI. RIB WAVEGUIDE HEIGHT CHANGE

The height of the rib waveguide is varied from 50 nm to 110
nm at the interval of 20 nm in which all other parameters are
kept constant as shown in Figure 2.
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Figure 6 Effective index against voltage and wavelength for
different rib waveguide height

Figure 6(a) shows that as voltage increased from OV to 0.7 V,
the change of effective index remains constant for all changes
in the width of waveguide as a larger voltage is required for the
free carriers to go into the waveguide core. The voltage is then
continued to increase up to 1.2V and it is seen that the change
of effective index decreases as the rib waveguide height
increased. Figure 6(b) shows that as the wavelength increased,
the effective index will decrease.

VIIl. BURIED OXIDE HEIGHT CHANGE

The height of the buried oxide is varied from 500 nm to 2000
nm at the interval of 500 nm in which all other parameters are
kept constant as shown in Figure 2.
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Figure 7 Effective index against voltage and wavelength for
different buried oxide height
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Based on Figure 7(a), it is seen that the change of effective
index remains constant for all changes in the width of
waveguide as voltage increased from OV to 0.6 V as a larger
voltage is required for the free carriers to go into the waveguide
core. Then as the voltage increases, it is seen that effective
index will decreases. Figure 7(b) shows that when the buried
oxide is varied from 500nm to 2000 nm at the interval of 500
nm, the graph of effective index against wavelength is the same
for all height.

VIIl. CONCLUSION

This paper had demonstrated the simulation and analysis of
SOI rib waveguides with the variation of core dimensions such
as the width of the core waveguide (W), height of the core
waveguide (H), rib thickness (H;) and height of buried oxide
(Ho). The simulation of the silicon rib waveguide is performed
by varying the voltage from 0V to 1.2V at an interval of 0.1V.
The results from the simulation are plotted into graphs in which
refractive index of the waveguide is plotted with respect to the
applied voltage and refractive index of the waveguide is plotted
with respect to wavelength. Based on all results, it is seen that
the change of effective index remains constant as voltage
increased from OV to 0.7 V for all changes which include the
width of the core waveguide (W), the height of the core
waveguide (H), the rib thickness (H,) and the height of the
buried oxide (Ho). This is because a larger voltage is needed in
order for the free carriers to go into the waveguide core as in
this paper carrier injection method is applied. As the voltage
continued to increase, the effective index will decrease. While
for the graph of effective index against wavelength for all
changes, it is shown that as the wavelength increased, the
effective index will decrease. Therefore, from the results on the
simulation of the dimensions of the waveguide/ring resonator,
the impact of each of the device design parameters are clearly
shown. As a conclusion, the performance of the micro-ring
resonator can be investigated.
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