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Abstract— Design and simulation of rib waveguide physical
dimension dependent Micro Ring Resonator (MRR) is
demonstrated in this paper. In here, the analysis of the effects of
SOI rib waveguide dimension is studied which included the width
and height of the core/ring, height of rib and height of buried
oxide. This analysis is crucial as it provides an initial reference
point with regards to varying waveguide dimensions where future
research designers can study and make fundamental decisions in
designing effective and reliable photonic devices such as optical
filter. During fabrication work, the actual device performance
might vary from the initial design performance, therefore
performing simulations is important to determine the effects of
varying dimensions to determine the actual fabricated device
outputs. Results shows the performance characteristics of MRR
varies significantly when there is a waveguide dimension variation.
Based on the simulation results, it is seen that as we increased the
width of the core, FSR increased and FWHM decreased as we
increased the height of the core and the rib. While Q-factor
increased as core and rib height increased. It is also deduced that
percentage variation between all different dimensions are less than
30% except for height of buried oxide in which there is no
percentage change. However, Q-factor remains at 1573 as we
increased buried oxide height. Thus, the dimensions of the SOI
waveguide is chosen to be at a core width of 450nm, a core height
of 210nm and a rib height of 70nm.
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l. INTRODUCTION

In photonic integrated circuits (PICs), silicon photonics have
become one of the most encouraging platforms due to CMOS
compatibility and high integration density [1,2]. In this paper,
silicon is used due to its exclusive characteristic of high
refractive index contrast which allows the production of sub
micrometer waveguide dimensions with tight bends and close
spacing [3,4]. In photonic integration, a micro-ring resonator is
one of the most engaging elements for an extensive application
in future optical network such as wavelength division-
multiplexing (WDM) add-drop filters, and optical switches or
modulator. This is due to its footprint compactness and
functional versatility [1,5]. The achievement of optical
communication networks had been accomplished using Micro-
Ring Resonator which is one of the potential elements in silicon
photonics integrated design [6]. The application of MRR
includes optical modulator, sensor, multiplexing and
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wavelength filter. This is mainly in the interest of its high Q-
factor, compact size, and lower consumption of power
[1,6,7,8,9]. The competence of MRR to be fabricated on the
SOI presents an important potential in integration with CMOS
electronics. Therefore, high index contrast devices can be
produced with low fabrication cost. Design and optimization of
MRR devices had been famously researched in optical field
throughout the time. A good performance MRR exhibits the
principles of wide free spectral range (FSR), high Q-factor,
large extinction ratio and low insertion loss [6,10,11]. The
device efficiency is highly relying on structure perfection
resulting from the process of fabrication.

Il.  MICRO-RING RESONATOR AND IT’S SPECTRAL
CHARACTERISTICS

The basic block diagram of MRR is shown in Figure 1 in which
a ring waveguide is coupled with two straight waveguides. The
working principle of a MRR is stated as follows: Multiple
wavelengths will be input into input port. It only allows specific
wavelength of light to gets filter from the waveguide instead of
moving around the ring and will eventually couple to the second
waveguide and leave through the drop port as output. This
specific wavelength must satisfy the resonant condition,

Neftl = MAyes (1)
and is known as resonant wavelength.
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Figure 1 A basic block of MRR
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In order to design MRR with good performance, several
important spectral characteristics of MRR must be taken into
consideration which are [6]:

1. Free Spectral Range (FSR):

2. Full Width Half Max (FWHM)
3. Quality Factor (Q-Factor)

4. Finesses

A transmission spectrum that depends on coupling coefficient,
loss factor and waveguide dispersion is shown in Figure 2.
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Figure 2 Spectral responses of ring resonator

Free Spectral Range: It can be calculated by the difference
between two successive peaks of resonance and the equation is
given as follows;

Z‘TGSZ
FSR =% (2)

Where, L is the length of the ring = 2R, R is the radius
of the ring, ng is the group index = netr - A, ‘;"’ff and 1, is
the wavelength in vacuum.

Full Width Half Max : It is defined as the full width at half
maximum of one peak and the equation is given as follows;

_ (1—Ta)lresz
FWHM = £ ()

Where, r is the self-coupling coefficient and a is the round trip
loss coefficient

Quality Factor: It is defined as the ratio of resonant wavelength
to FWHM and the equation is given as follows;

= _Ares
Q - factor = Evii (@)
Finesses:It is defined as the ratio of FSR to FWHM and the
equation is given as follows;

F.

SR
FWHM (5)

Finesses =
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I1l.  DESIGN OF RIB WAVEGUIDE BASED MICRO-RING
RESONATOR

The SOI rib waveguide based micro-ring resonator shown in
Figure 3 is designed with a core/ring waveguide width of
450nm and height of 250nm, rib waveguide height of 50nm and
buried oxide height of 2000nm. The design and simulation of a
ring resonator is carried out by using MODE Solutions.

450 nm

I 250nm

waveguide

waveguide I 50nm

1000nm

Figure 3 Cross-section of the rib waveguide based micro-ring
resonator

A four-port ring resonator is designed in which the radius of the
ring resonator is set to be 3.1 um with base width of 0.45 um
and base height of 0.25 um. In this paper, the signal transmitted
into the fundamental mode at the through port and drop port can
be obtained. Subsequently, the width of the core/ring will be
varied from 350nm to 650nm at an interval of 100nm, height of
the core/ring will be varied from 190nm to 250nm at the interval
of 30nm, the height of rib from 30nm to 90nm at the interval of
20nm and the height of the buried oxide from 500nm to 2000nm
at the interval of 500nm. Each of the dimensions will be varied
at distinct value with a specific interval and only the results of
through port are plotted into graphs. In this paper, Free spectral
FSR, FWHM and Q factor are key performance metrics for this
silicon on insulator (SOI) based waveguide design. To achieve
a good performance of MRR, the MRR must exhibit the
characteristics of wide FSR, low FWHM and high Q-factor.
The value of wavelength resonance used for calculation of Q
factor is dependent on the wavelength selected.

IV. SIMULATION AND RESULTS

In this section, the width of the core/ring are varied from 350nm
to 650nm at an interval of 100nm, height of the core/ring from
190nm to 250nm at the interval of 30nm, the height of rib from
30nm to 90nm at the interval of 20nm and the height of the
buried oxide from 500nm to 2000nm at the interval of 500nm
in which all other parameters are kept constant. The signal
transmitted into the fundamental mode at the through port for
various dimensions are shown in Figure 4 to 7, respectively. In
this simulation, Q factor is calculated by using this equation as

follows:
resonance
——— (6)

Q-factor = F—
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Figure 4 Through port transmission of varied width of core

From the results in Figure 4, it is seen that as the width of the
core increases, FSR increases from 30.7nm to 36.4 nm at a rate
of less than 9% per interval. The FWHM for 350nm, 450nm,
550nm and 650nm are 1.35nm, 0.97 nm, 1.17nm and 0.99nm,
respectively. As we increased the width of the core by 100nm,
the percentage of FWHM between each interval are 28.1%,
20.6% and 15.4%, respectively. Thus, Q-factor for 350nm,
450nm, 550nm and 650nm are calculated to be 1125, 1513,
1308 and 1554, respectively. As we increased the width of the
core by 100nm, the percentage of Q-factor between each
interval are 25.6%, 15.7% and 15.8%, respectively. Based on
the results, it is clearly seen that a compromise must be
considered, thus a core width of 450nm is chosen due to the
balance criteria (best Q-factor and high FSR with low FWHM).
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Figure 5 Through port transmission of varied height of core

As it can be seen from Figure 5, as the height of the core
increases, FSR decreases from 35.0nm to 33.6nm at a rate of
less than 3% per interval. The FWHM for 190nm, 210nm,
230nm and 250nm are 1.16nm, 0.95nm, 0.95nm and 0.94nm,
respectively. As we increased the height of the core by 20nm,
the percentage of FWHM between each interval are 22.1%, 0%
and 1.1% respectively. Asa result, Q-factor for 190nm, 210nm,
230nm and 250nm are calculated to be 1312, 1595, 1595 and
1623, respectively. As we increased the height of the core by
20nm, the percentage of Q-factor between each interval are
17.7%, 0% and 1.7%, respectively. From the results, it is
clearly observed that a compromise must be considered, thus
core height of 210nm is chosen due to the balance criteria (best
Q-factor, high FSR with low FWHM).
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Figure 6 Through port transmission of varied height of rib

The simulated results in Figure 6 showed that as the height of
the rib increases, FSR decreases from 33.3nm to 32.6nm at a
rate of less than 3% per interval. The FWHM for 30nm, 50nm,
70nm and 90nm are 1.14nm, 0.97nm, 0.96nm and 0.94nm,
respectively. As we increased the height of the rib by 20nm,
FWHM decreases by a percentage of 17.5%, 1.0% and 2.1%,
respectively. Thus, Q-factor for 30nm, 50nm, 70nm and 90nm
are calculated to be 1320, 1573, 1574 and 1600, respectively.
As we increased the height of the rib by 20nm, Q-factor
increases by a percentage of 16.1%, 0.06% and 1.6%,
respectively. Based on the results, it is clearly seen that a
compromise must be considered, thus rib height of 70nm is
chosen due to the balance criteria (best Q-factor and high FSR
with low FWHM).
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Figure 7 Through port transmission of varied height of buried
oxide

In Figure 7, it is seen that as the height of the buried oxide
increases, FSR remains the same at a value of 33.6nm. As we
increased the height of buried oxide, FWHM is remains at the
same value of 0.97nm while Q-factor is calculated to be 1573.
From the results, it is clearly observed that varying in height of
buried oxide have no effect on its FSR, FWHM and Q-factor.

V. CONCLUSION

The rib waveguide based micro-ring resonator on SOI platform
has been successfully designed with a core/ring waveguide
width of 450nm and a height of 250nm, rib waveguide height
of 50nm and buried oxide height of 1000nm. Simulations have
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been carried out and the signal transmitted into the fundamental
mode at the through port and drop port are observed.
Furthermore, simulations on the variation of the width and
height of the core/ring, height of rib and height of buried oxide
are carried out for the study of the effects of SOI rib waveguide.
From the simulation results obtained, FSR, FWHM and Q
factor are analyzed. In conclusion, FSR increased as the core
width increases and FSR decreases as the core height and the
rib height increased. When the width of the core increased, Q-
factor initially increased before decreasing and increasing
again. As the height of the core and rib increased, Q-factor also
increased. Lastly, Q-factor is 1573 as the height of buried oxide
is increased. As a conclusion, it is recommended to design a
SOI waveguide at the core width of 450nm, the core height of
210nm and the rib height of 70nm in which there is a good
compromise between FSR, FWHM and Q-factor.
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