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Abstract—Modelling and characterization of basic waveguiding 

structures in integrated photonics is important due to the large 

variety of established and emerging technologies used for 

fabrication. In this contribution we present a modelling and 

characterization approach for integrated silicon waveguides. We 

provide waveguide characteristics calculated from eigenmode 

simulation and optical measurement results. 

I. INTRODUCTION 

The field of integrated photonics pertains to the integration of, 
otherwise discrete, optical and photonic components and devices. 
Photonic integrated circuits (PICs) are thus the photonic 
equivalent of electronic integrated circuits. Photonic integration is 
used in optical communications, sensing, imaging, signal 
processing, neuromorphic computing, quantum technologies, and 
other areas. Presently, silicon-based materials are among popular 
materials used for fabrication of PICs. This is largely due to their 
compatibility with the widespread complementary metal-oxide- 
semiconductor (CMOS) technology, thus leveraging decades of 
prior research and development in electronics. However, silicon-
based materials do not present an all-purpose platform for 
photonic integration. Besides other established technologies, such 
as lithium niobate or III-V material platforms, new and emerging 
materials are pursued as well. Due to the variety of technologies 
used for photonic integration, modelling and characterisation of 
basic structures is an important topic. 

In our conference presentation we will present the methods and 
results of optical modelling and characterisation of integrated 
optical waveguides based on the silicon-on-insulator (SOI) 
technology. Typical cross sections of rectangular (strip) SOI 
waveguides are 220 nm in height and around 500 nm in width, 
such that they assure single-mode operation with near-infrared 
light (e.g., wavelength of 1550 nm), as commonly used in optical 
communications. The optical behaviour of a waveguide is 
described by its effective refractive index and light transmission 
properties. These can be determined from known material 
properties through numerical simulation and experimentally from 
transmission measurements of different integrated structures, such 
as spirals, Mach-Zehnder interferometers (MZIs) [1], and ring 
resonators (RRs) [2]. The models associated with the considered 
structures and the waveguide properties will be introduced. 
Simulation will be used at the device and circuit level to determine 
the nominal waveguide properties and transmission spectra of the 
designed devices. Furthermore, corner analysis will be performed 
in consideration of fabrication variations of waveguide cross 
sections. Finally, the presented models will be used to extract the 
investigated waveguide properties from measured transmission 
spectra of physical devices. 

II. MODELLING 

A. Waveguides 

Waveguides are used to route light from one integrated 
component to another. Their two most important characteristics 

are their incurred optical losses and phase accumulation. Uniform 
sections of a waveguide can be described by Eq. 1: 
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where ��⃑  is the electric field, α  is the power attenuation 
coefficient, β = 2�����λ  is the phase constant, z is the direction 
of propagation, ω is the angular frequency, ����  is the effective 
refractive index of the structure, and λ is the vacuum wavelength. 
However, waveguides often include bends, incurring additional 
optical loss due to changed waveguide properties and mode 
mismatch at straight-bend interfaces. 

In our work, we model waveguides, focusing mainly on three 
characteristic parameters: ���� , α"# , and $%& , where α"#  is the 
attenuation coefficient in decibels, and $%&  is the straight-bend 
interface power transmission ratio. To account for the wavelength 
dependence of the effective refractive index ����, a second degree 
polynomial is used around a central wavelength, as indicated in 
Eq. 2: 
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where λ(  is the central wavelength, and �5  are the polynomial 

coefficients. Equivalently, the group index, �6 = � − λ(�3 and 

dispersion parameter, 7 = −2λ(8 �4, can be used instead of �3 
and �4, where 8 is the speed of light in vacuum [1]. Similarly, 
straight-bend transmission is modelled with a polynomial given in 
Eq. 3: 

                  $%&�λ
 =  � + �3�λ − λ(
 + �4�λ − λ(
3,             (3) 

where �5  are polynomial coefficients. As the attenuation 
parameter 9"# is highly dependent upon the fabrication process, 
it is not determined from simulation. 

B. Other devices 

In addition to regular waveguides, devices considered in our 
work are spirals, Mach-Zehnder interferometers, and ring 
resonators. Spirals are modelled by their length, number of 
straight-bend interfaces, and the underlying waveguide properties, 
as shown in Eq. 4: 
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where  $ is the device power transmission, D%& is the number of 
straight-bend interfaces, and E  is the spiral length. The 
transmission of Mach-Zehnder interferometers is modelled with 
Eq. 5: 
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Fig 1: Effective refractive indices for three SOI waveguide widths (O ) as 
obtained from waveguide simulations. 

 

Fig 2: Straight-bend interface transmission for three SOI waveguide widths as 
obtained from waveguide simulations. 

TABLE I 

SIMULATED AND MEASURED WAVEGUIDE PARAMETERS 

Calculated from simulations measurements 

�  2.445919 2.447112 

�6 4.196590 4.189485 

7 (ps nm-1 km-1) 431.054 584.403 

α"# (dB cm-1) 7.000 a 6.101 

$%& (dB) 0.998608 0.998699 
a
Obtained from process development kit, not simulation [3]. 

 
where EP is the length of the shorter arm of the MZI, and ΔE is the 
difference between the lengths of both arms. Finally, the 
transmission spectrum of ring resonators is given by Eq. 6: 
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where 	  is the straight-coupling coefficient of the RR coupling 
section, T is the cavity round trip transmission, and U is the cavity 
perimeter. 

III. RESULTS 

Three different strip waveguide cross sections are considered. 
Their dimensions are 220 nm in height and 450 nm, 500 nm, and 
550 nm in width. Fig. 1 shows the effective refractive indices of 
these waveguides obtained from eigenmode simulation, where O 
is the waveguide width, and the shaded regions represent ranges 

of possible values based on the corner analysis. The effective 
indices are larger for wider waveguides and decrease with 
increasing wavelength. Wavelength dependence appears linear; 
however, detailed analysis shows a slightly nonlinear relation, 
which can have an impact on the performance of integrated 
devices. The fabrication variation of the effective index decreases 
with increasing waveguide width. 

For straight-bend interface transmission, bends with a constant 
bend radius of 5 µm are considered. Fig. 2 shows the simulated 
straight-bend interface transmission. The relation between $%& , 
wavelength, and waveguide width is more complex than in the 
case of the effective index. Most of the considered wavelength 
range, narrower waveguides exhibit larger and more fabrication 
tolerant $%& . Additionally, wavelength dependence of $%&  is 
clearly nonlinear. 

Table I gives example end results of simulation and 
measurement for the 500 nm wide waveguide and central 
wavelength of 1550 nm. The refractive index parameters are in 
good agreement between measurement and simulation, with only 
the dispersion parameter exhibiting larger relative error. The value 
for the attenuation coefficient in the simulation segment of the 
table is taken from the utilised process development kit (PDK) [3]. 
The measured coefficient is similar to this value. Due to 
difficulties with the experimental part of our work, only a single 
parameter is shown for $%& in this table. This parameter is in good 
agreement between simulation and measurement; however, 
further work is required to validate this result. The measured 
attenuation parameters are based on a further improved MZI 
model that accounts for Y-branch insertion loss and bends in the 
MZI arms [4]. 

In our presentation we will provide more detailed results for all 
model parameters and waveguide cross sections, including 
simulation and experiment results, as well as key considerations 
for further research. 

IV. CONCLUSION 

We have presented our modelling approach for waveguides and 
other integrated devices (spirals, MZIs, RRs), as well as selected 
simulation and experiment results for the effective refractive 
index and straight-bend interface transmission of three SOI 
waveguides. These results show good agreement between 
simulation and measurement. Further results and conclusions will 
be given in the presentation. 
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