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Sidewall Roughness in Y-Shaped Waveguide: The Effect to the Signal Quality
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Abstract: In this study the level of sidewall roughness was monitored with depth and structure of roughness
to see its effect to signal quality of optical network. Sidewall roughness is contributes to scattering loss in
waveguide and leads to signal distortion. Y-shaped waveguide to develop 1x2 optical splitter was designed
with 6 different roughness depth and roughness was placed at 3 different structures. 1x2 optical splitter
waveguide integrated into optical network and the signal quality analyzed by its Q-factor. Simulation results
show that Q-factor values was decreasing as roughness get deeper on 0.6 um and sidewall roughness
on s-bend structure also, contributes to higher signal distortion compares to roughness on linear structure.
Therefore, it s necessary for us to monitor the level of sidewall roughness to ensure the quality of optical

signal.
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INTRODUCTION

Optical waveguide is a key element in development of
passive optical devices such as optical splitter, switch
and multiplexer. The performance of any optical devices
highly depends on the waveguide condition. Scattering
losses always occur when there is sidewall roughness on
the waveguide (Zhao ef al, 2004) wlich sidewall
roughness defined as imperfection on vertical surface of
waveguide. This contributes to scattering loss, thus,
when the optical device from this wavegude mstalled
any optical network, it cause signal distortion (Kreipe and
Unger, 1962). An ideal waveguide condition camnot be
realized in practice but we can reduce the level of
roughness. The objectives of this study is to see the
effect and monitor the level of roughness that can
affecting the signal quality and to study the wavegwde
structure that lead to higher impact.

The imperfection of the waveguide has been studied,
since, early 1960"s and numerous theory and experiment
on scattering loss due to sidewall roughness has
been developed (Kreipe and Unger, 1962; Marcuse, 1969,
Lacey and Payne, 1990, Tee et al, 2000). Sidewall
roughness of the waveguide can be occur due to some

failwre during fabrication process that commonly

incorporating many process including Reactive Ion
Etching (RIE) used to shape the core (Pani et al., 2004,
Zhang et al., 2007). The ion bombardment during etching
process that causes the roughness throughout the
sidewall. Sidewall roughness disturbs the signal
transmission guided by the phenomenon of total internal
reflection. Tt scatters the guided waves into unwanted
mode and this mode conversion lead to optical loss
(Kreipe and Unger, 1962; Vanet al., 2001). Optical devices
that suffer optical loss will produce low optical power and
signal. The quality of signal in the network system will be
analyzed using the value of Q-factor. Q-factor is a
parameter that directly reflects the quality of a signal of an
optical communication system that can be used to monitor
the signal quality (Ohteru and Takachio, 1999). The
quality of the signal is getting better with the mereasing
of Q-factor. Quality of signal can be deteriorated by
optical noise, nonlinear effects, polarization effects and
chromatic dispersion (Shi et al., 2008).

In order to get the smoother sidewall after fabrication
process, many techmques was developed (Zhao et af.,
2004; Zhang et al,, 2007, Wang et al., 2005). After etching
process the sidewall condition and its level of
roughness can be estimated using Atomic Force
Microscopy (AFM) (D1 Donato ef al., 2010). Since, the
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level of sidewall roughness depends on O, etching
pressure and to resemble this circumstance, in this study,
the waveguide was designed with different roughness
depths. The position of sidewall roughness also varied
to see the effect of structure to signal distortion. The
waveguide was designed as a component of 1x2 optical
splitter to be integrated mto the optical network.

MATERIALS AND METHODS

The study of the effect of sidewall roughness was
using Y-shaped waveguide as a component of 1 %2 optical
splitter. The sidewall roughness of triangle shape was
set to 6 different depths from O pm which 1s ideal
condition, 0.1 pm until 0.5 um. This depth of roughness
determined the level of wnperfection for wavegude
sidewall which 0 pum depth represents low level of
while 0.5 pm highest

rouglness represents  the

level of roughness. Beside the depth of roughness, the
effects of structure where sidewall roughness occur
was also studied to determine which side or structure
of waveguide will contribute to lighest loss of
optical signal. Tn order to obtain the result the
rouglness was placed in three different side lLinear,
The Y-shaped optical waveguide with the sidewall upper
s-bend and lower s-bend part as shown in Fig 1. The
Y-shaped optical waveguide with the sidewall roughness
was designed using waveguide design software,
OptiBPM which the waveguides was designed with the
addition of triangle shape at their sidewall of the core. The
waveguide design was then simulated and mtegrated mto
1.25 Gbps optical network with s ensitivity -25 dBm
prepared using optisystem, network design software
as mFig. 2. For the analysis of signal quality of
optical network using 1x2 optical splitter with sidewall
roughness, the Q-factor 1s the main study parameter.

Sidewall roughness
at linear part

Sidewall roughness
at upper s-bend

Sidewall roughness
at lower s-bend

Fig. 1: Different position of triangle roughness in the core sidewall of Y-shaped waveguide
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Fig. 2: The integration of 1%2 optical splitter with rough sidewall waveguide into optical network

RESULTS AND DISCUSSION

The simulation results to evaluate the signal quality
was divided mto three parts where the sidewall rouglness
for 1x2 optical splitter waveguide was placed at different
part and structure linear, upper s-bend and lower s-bend.
The value of Q-factor for different roughness depth was
taken on both splitter branches that leading to two
different Optical Network Units (ONU). For waveguide
design with sidewall roughness at linear part, the value of
Q-factor from both upper and lower branch decreasing
when the roughness get deeper. As depicted n Fig. 3, the
value of Q-factor between upper and lower branch have
no significant difference and this statement supported by
Q-factor value at 0.6 pm depth which is 23 for upper
branch and 24.1 for lower branch.

This 1s because after passing through the rough
linear part, optical signal was divided equally between
both branches. Low level damages with shallow
roughness depth might not affect the signal transmission
i the waveguide. But when the depth of roughlness
increasing, transmisson of optical signal through total
internal reflection was disturbed which leading to mode
conversion and contributes to optical loss. For the results
of waveguide with sidewall roughness at upper and lower
s-bend, the pattemn of mcrement and decrement of
Q-factor value versus the roughness depth is almost the
same for both conditions. Tt can be seen in Fig. 4 and 5
where value of Q-factor for one of the branches would
mcrease while the other one would decrease. The only
difference is when roughness occurs on upper s-bend,
the value of Q-factor for upper branch decreasing and
when roughness occurs on lower s-bend the value of
Q-factor for lower branch decreasing.

This is due to the disturbance in propagation of
optical signal and loss occurs on the part of damaging
waveguide sidewall. While the smooth part of sidewall
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Fig. 3: Roughness depth versus Q-factor for sidewall
roughness at linear part
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Fig. 4: Roughness depth versus Q-factor for sidewall
roughness at upper s-bend

branch will experience the ncrement of Q-factor value.
When the condition of these 2 branches is different,
optical power tend to propagates through smoother path
compared to rougher path Thus when the condition
between these 2 branches 15 way the wider gap between
total of optical power propagates through them. Optical
power is very important, since, it influencing the value of
Q-factor and quality of signal In terms of structure,
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Fig. 5: Roughness depth versus Q-factor for sidewall at

lower s-bend
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sidewall roughness on s-bend structure contributes to
lower signal quality compared to linear structure.
Looking into Q-factor values for all the 3 parts, the
values jJust drop to 23 for linear part on 0.6 pm
depth of roughness while the value of Q-factor on
the same depth for upper and lower s-bend drop until
229 and 22, respectively. Larger scattering loss
expected m s-bend waveguide with larger branching
angle (Lee et al., 2000). For network with sensitivity
of -25 dBm, roughness depth up to 0.6 um isconsidered
acceptable but still should be reduced, since, optical loss
not contributed by sidewall roughness only but from
many sources as well.

In an effort to improve the quality of signal
received by customers, optical loss due to sidewall
roughness m any passive optical devices such as
1x2  optical splitter
Several  researches

alsoc need to be reduced.
have conducted  to

overcome the problem of sidewall roughness in

been

optical waveguide and should be noted. Refers to
the value of Q-factor for different roughness depth
it is very important to monitor the sidewall
condition of waveguide for any optical device to
sustain the quality of signal received by customer in

optical network.
CONCLUSION

Based on the value of Q-factor of different
roughness depth it can be concluded that any sidewall
roughness
distortion. The deeper the roughness the lower the signal
quality of optical network analyzed by its Q-factor value.
Sidewall roughness on s-bend structure also contributes
to higher signal distortion compares to roughness on

on optical waveguide can cause signal

linear structure. Therefore, it i1s necessary for us to
monitor the level of sidewall roughness to ensure the

quality of optical signal and implementing all the
techmques to get smooth wavegwmde sidewall during
fabrication process.
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