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Abstract

Integrated photonics have been growing at a exponential rate. The related technologies are advancing with plethora of
research works on intergrated devices offering Complementary Metal-Oxide-Semiconductor (CMOS) compatibility.
Various compact waveguides are also exploited for different applications. In this paper, we report a novel on-chip
CMOS compatible 5 mm long air-clad SiN suspended core channel waveguide. The rectangular core is suspended on
a Silicon Nitride slab with the lower cladding on which the slab rests upon is a hollowed-out Silica (SiO2) rectangular
substrate. The proposed waveguide is designed to be numerically pumped at 1.55 µm wavelength with a pulse having
a 20 kW power and a temporal width of 50 fs. Supercontinuum coverage ranging from 0.8 µm to 6 µm is observed,
which can be utilized in various applications such as spectroscopy, optical coherence tomography, and bio-medical
imaging.
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1. Introduction

Integrated photonics have attracted great attention in the recent past due to its vast applications in a multitude of
arenas. To be precise, the supercontinuum generation (SCG) has acted as the catalyst to this revolution. Supercon-
tinuum (SC) is simply the broadband spectrum obtained due to the interplay between linear and nonlinear effects in
a waveguide. This high intensity light with broad spectrum find applications in spectroscopy, imaging, optical com-
munications and frequency metrology. In Spectroscopy the SC provides a broadband light source, which is absorbed
by various chemical species at certain frequency bands. This is utilized by the spectrometer in identification of the
presence of a particular chemical compound [1]. SCG also contributes to imaging where broad and coherent spectra
leads to high resolution images [2]. Frequency combs which are a close entity to SCG are finding great importance in
the recent times where Wavelength Division Multiplexing (WDM) can be utilized for optical communications [3].

Planar waveguides, channel waveguides, and optical fiber are the three types of optical waveguides [4]. Many
texts consider optical fibers to be channel waveguides [5], but due to their widespread use, they can be treated as
a separate entity. Planar waveguides are rectangular channel waveguides that include the ridge or wire waveguide,
the rib waveguide, and the slot waveguide [4]. SCG employs both channel waveguides and optical fibers. However,
due to their compact size, ease of fabrication, and Complementary Metal-Oxide-Semiconductor (CMOS) integration
capability, planar waveguides are preferred for SCG over optical fibers [6].

Channel waveguides have been extensively studied numerically and experimentally in the recent past. Choice of
material and geometrical variation in the waveguide design for dispersion engineering are the main key aspects of
the analysis conducted for broad SCG. Materials including Silicon, Germanium (Ge) [7], Silicon-Germanium (SiGe),
Silicon Nitride (SiN), SF57 [8], Lithium Niobate (LiNbO3) [9] and Chalcogenide glasses [10, 11, 12] have found
eminent importance in the waveguide design. Silicon in the form of Silicon-on-Insulator (SOI) has been extensively
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analyzed in the past. Neetesh et al. experimentally generated a coherent supercontinuum spanning from 1.06 µm to
2.40 µm with a bandwidth of -20 dB in a SOI ridge waveguide employing a pump source of 100 fs duration with 18
pJ energy at 1.9 µm wavelength [13]. Ryan et al. experimentally generated a SC ranging from 1.51 µm to 3.67 µm
in a silicon wire waveguide pumped at 2.5 µm wavelength with 300 fs pulses having a peak power of 125 W [14].
Another platform, Silicon-on-Sapphire (SOS) was utilized by Neetesh et al. to demonstrate a SC ranging from 1.9
µm to 6 µm pumping at a wavelength of 3.7 µm [15]. Other cases were also reported where SOS was utilized [16].
Another candidate, SiGe waveguide attracted great attention due to the transparency limit of Germanium which is
up to 14.5 µm [17]. Alberto et al. experimentally pumped a SiGe waveguide with 200 fs pulse at a wavelength of
4.6 µm to obtain a SC from 3.39 µm to 6.02 µm [18]. Sinobad et al. experimentally pumped a SiGe-on- Silicon
waveguide with a 200 fs pump pulse generating a 2.8 µm to 5.7 µm SC [19]. Although Si-on-Sapphire and SiGe-
on-Si presented a broad spectrum, they have drastic drawbacks which backlashes their use. The lattice mismatch
between Silicon, Germanium and Sapphire increases the propagation loss of the waveguide to a high degree in terms
of integrated photonics. On the other hand, although Silicon presents great application owing to high Kerr coefficient,
large index difference and mature fabrication, it can seldom be used to generate SC extending in the Mid-Infrared
(MIR) region [20, 21]. This is because Silicon suffers from high Two Photon Absorption (TPA) and Free Carrier
Absorption (FCA) in the telecom wavelength and also experiences Three Photon Absorption (3PA) above 2.5 µm
wavelength. Hence focus has been shifted towards other materials which can overcome the obstacles. Chalcogenide
glasses has gained immense popularity in optical fibers and is also finding some place in the channel waveguides [22].
However, the chalcogenide materials are not fit for large and low cost production of compact on-chip devices due to
their incompatibility with CMOS technology [23]. Silicon Nitride (SiN) on the other hand is one such material which
has attracted great attention owing to its supremacy over Silicon. Low index contrast, low loss, negligible TPA in the
telecom wavelength, low thermo optic coefficient and manufacturing flexibility has kept SiN a step ahead especially
for broad SC generation [20, 24]. Extensive research works have been performed in the recent past where waveguides
employing SiN as core has been analyzed and hence dispersion engineered for broadband SC generation [25]. Zhao et
al. [26] experimentally generated a SC ranging from 488 nm to 978 nm in a under-etched Si3N4 waveguide utilizing
a pump with 874 W power and 100 fs duration at a wavelength of 795 nm. They also conducted numerical analysis
which were in good agreement with the experimental results. Johnson et al. [27] experimentally generated a SC in
a Si3N4 waveguide extending from 673 nm to 1944 nm using a pump with 437 pJ pulse energy and 92 fs duration
at a wavelength of 1030 nm. Numerical analysis conducted also were in good hand with the experiments. Liu et
al. [28] experimentally and numerically generated a SC in a Silicon-Rich Nitride waveguide starting from 820 nm
and ending to about 2250 nm using a pump with 105 fs pulse duration at a wavelength of 1555 nm. Christian et al.
[23] experimentally and numerically generated an ultrabroadband supercontinuum covering two octaves, comprising
the visible and near-infrared wavelength ranges using a N-Rich Silicon Nitride waveguide employing a pump of 0.56
nJ pulse energy and 130 fs duration at a wavelength of 1200 nm. Marco et al. [29] experimentally generated a
SC spanning from 526 nm to 2600 nm in a stoichiometric Si3N4 waveguide employing a pump source with 300 mW
average power and 120 fs pulse duration pumped at a wavelength of 1560 nm. They also conducted numerical analysis
which were in good agreement with the experimental results. Hairun et al. [30] experimentally and numerically
generated a SC in a Si3N4 waveguide starting from 560 nm and ending to about 3600 nm using a pump with pulse
duration less than 90 fs and average power less than 110 mW at a wavelength of 1500 nm. Grassani et al. [31]
experimentally and numerically generated a SC in a SiN waveguide starting from 500 nm and ending to about 3600
nm using a pump with 4.2 kW power and 130 fs duration at a wavelength of 1550 nm. A broader SC spanning from
1200 nm to 3700 nm was experimentally demonstrated in a Si3N4 waveguide by Martyshkin et al. with a pump source
of about 260 mW average power and 45 fs pulse duration at a wavelength of 2350 nm [32]. SC extending in the MIR
region was experimentally realized by Guo et al. in a Si3N4 waveguide where a spectrum ranging from 2500 nm to
4000 nm was obtained when the waveguide was pumped with an optical source of about 110 mW average power and
90 fs pulse duration at a wavelength of 1550 nm [30]. Fang et al. [33] presented a Si3N4 horizontal slot waveguide
with silicon dioxide (Si02) cladding which was able to produce flat and low normal dispersion. When numerically
pumped at 1550 nm wavelength with a 90 kW peak power and 100 fs pulse duration, the waveguide of 5 mm length
showed a SC spanning from 504 nm to 4229 nm. Ahmad et al. [34] proposed an air clad rectangular waveguide
employing stoichiometric Si3N4 as core and MgF2 as the lower cladding. The waveguide was numerically shown
to generate a SC spanning from 800 nm to 6500 nm when then the waveguide was pumped with a pulse of 5 kW
peak power and 50 fs duration in the anomalous dispersion regime at a wavelength of 1550 nm. With the same pump
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Figure 1: Transverse cross-sectional view of air-clad suspended channel waveguide.

(a) (b)

Figure 2: Mode profile at (a) pump wavelength of 1.55 µm (b) 5 µm for W1= 6 µm and H1= 0.9 µm.

configuration however a SC spanning from 950 nm to 2100 nm was generated in the all normal dispersion regime.
Most of the waveguides discussed above suffer from: lack of pump power availability in practice, fabrication

difficulties due to the lattice mismatch between the materials and high propagation losses in terms of integrated
photonics. In our work we have tried to overcome these challenges with a good degree of acceptance. We propose
a novel suspended core SiN channel waveguide. In this waveguide, the upper cladding is air, while lower cladding
is a hollowed-out silica substrate. We numerically generated a SC ranging from 0.8 µm to 6.0 µm with the proposed
waveguide at the telecom wavelength. We extensively studied the model with some interesting revelations.

2. Waveguide Design

Figure 1 shows the transverse cross-sectional view of the proposed air-clad suspended channel waveguide (SCW)
geometry. The structure consists of Silicon Nitride (Si3N4) core suspended on a Si3N4 slab. The lower cladding on
which the slab rests upon is a hollowed-out Silica (SiO2) rectangular substrate. SiO2 cladding is hollowed purposely to
introduce air in the cladding which would reduce the cladding losses and provide a better hand from the conventional
waveguide designs.

As illustrated in the figure, the core width is denoted as W, core height as H and slab thickness as S. This SCW
was designed and simulated in COMSOL Multiphysics software that utilizes the Finite Element Method (FEM) to
conduct analysis. After getting a hold on the influence of geometrical parameters on the dispersion and nonlinearity,
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we select a waveguide design with particular geometrical parameters for SCG analysis. Figure 2 shows the normalized
electric field distribution of the propagating mode in the core at (a) pump wavelength of 1.55 µm and (b) at 5 µm. The
waveguide is purposefully designed to support single-mode propagation which is essential for SCG.

3. Theory of Numerical Modeling

The variation of the linear refractive index with wavelength characterizes the material dispersion. The Sellmeier
Equation usually adequately explains this variation in refractive index. The Sellmeier Equation for Si3N4 [33] is as
follows:

n2 = 1 +
3.0249λ2

λ2 − 0.13534062 +
40314λ2

λ2 − 1239.8422 (1)

where λ is the wavelength in micrometers.
The role of dispersion in SC generation is vital. The dispersion parameter D is commonly used to represent

chromatic dispersion and is given as:

D(λ) = −
λ

c
d2Re(ne f f )

dλ2 (2)

where c denotes the speed of light and neff the effective refractive index [34]. As the respective materials’ Sellmeier
equations are used, the dispersion parameter embraces both the waveguide and material dispersion. The geometrical
variations in the waveguide design are used to achieve dispersion engineering.

The nonlinearity encountered by the waveguide is another important factor for broadband SC [34]. This is ad-
dressed by the nonlinear parameter:

γ =
2πn2

Ae f fλ
(3)

where n2 is the nonlinear refractive index which and Ae f f is the effective mode area [34] which is given by:

Ae f f =
(
∫ ∫
|F(x, y)|2dxdy)2∫ ∫
|F(x, y)|4dxdy

(4)

where F(x, y) is the modal distribution. High nonlinearity is expected in broadband SC generation. This is usually
accomplished by using materials with a high n2 or by adjusting the waveguide geometry to achieve a lower Ae f f [35].

The pulse propagation in the optimum dispersion engineered waveguide emphasizes supercontinuum generation.
The Generalized Non-linear Schrodinger Equation (GNLSE) quantitatively analyzes SC utilizing the tried-and-true
Split Step Fourier Method (SSFM). GNLSE is stated as:

∂

∂z
A(z,T ) = −

α

2
A +

8∑
k≥2

ik+1

k!
βk
∂kA
∂T k + iγ(|A|2A +

i
ω0

+
∂

∂T
(|A|2A)) (5)

where A = A(z,T ) represents the amplitude of the envelope propagating in a retarded time frame T = t − z/vg at a
group velocity vg = 1/β(ω0) with a central frequency ω0, α is the linear propagation loss which is taken to be 0.7
dB/cm, βk is the kth − order dispersion coefficient obtained using the Taylor expansion of propagation constant β(ω)
about the central frequency ω0 [34]. The Raman contributions have been omitted from the Eq. 5 as reported [36].

In our simulations we have used the hyperbolic secant pulse as the input which is stated as:

A(0,T ) =
√

P0sech(
T
T0

) (6)

where T = t − z/vg(ω0), T0 is the input pulse duration, P0 is the input pulse peak power and vg is the group velocity
at frequency ω0 [35].

The Finite Element Method (FEM) is used to determine the waveguide’s linear properties. This is simply achieved
using the inbuilt finite element mode solver provided by the commercially accessible software COMSOL Multi-
physics. SC analysis is performed using the well-known computational software MATLAB, which is ideal for com-
plex calculations.
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Figure 3: Dispersion characteristics of SCW with a variation in H keeping W and S constant.

Table 1: Dispersion characteristics for a variation in H.

H (µm)
Dispersion param-
eter at 1.55 µm
(ps.nm−1.km−1)

Anomalous disper-
sion regime (µm)

Anomalous dispersion
bandwidth (µm)

0.90 125 1.14 – 3.98 2.84
0.85 120 1.13 – 3.69 2.56
0.80 118 1.13 – 3.40 2.27
0.75 110 1.12 – 3.09 1.97
0.70 104 1.11 – 2.86 1.75
0.65 91.7 1.10 – 2.48 1.38

4. Result

4.1. Dispersion characteristics with geometrical variations

Since the geometrical parameters of the waveguide affect the dispersion to great extent, we primarily hold a disper-
sion analysis with geometrical parameter variations. This analysis also adds value as errors in waveguide fabrication
may change the dimensions of the waveguide and having the data on hand can predict probable performance of the
waveguide [22]. Figure 3 shows the dispersion profile for a variation in the height of the core, H, from 0.65 µm to 0.9
µm with a step size of 50 nm, with the width of the core, W = 6 µm and slab thickness, S = 0.1 µm being constant.
We observe the dispersion characteristics with change in height as this is dominant for our proposed waveguide.

We observe from the Fig. 3 that as H increases, the dispersion parameter increases. We also observe that, the
first Zero Dispersion Wavelength (ZDW) at short wavelength relatively remains unchanged whereas the second ZDW
shifts towards the long wavelength side as H is increased. At H = 0.90 µm, the dispersion has the highest value of 125
ps.nm−1.km−1 with the waveguide offering an anomalous dispersion regime spanning from 1.14 µm to 3.98 µm. At
this geometrical parameter, the waveguide offers the highest anomalous dispersion bandwidth of 2.84 µm. At H = 0.65
µm, the dispersion has the lowest value of 91.7 ps.nm−1.km−1 with the waveguide offering an anomalous dispersion
regime spanning from 1.10 µm to 2.48 µm. At this geometrical parameter, the waveguide offers the lowest anomalous
dispersion bandwidth of 1.38 µm. Table 1 summarizes the results obtained for all geometrical variations.
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For broadband SCG in general, the ZDW has to be close to the pump wavelength and there should be a wide
anomalous dispersion regime offered by the waveguide within a particular limitation. Also the dispersion should be
low as possible [34]. At H = 0.90 µm, we observe that a wide anomalous dispersion regime is obtained. But, it is
important to note that the dispersion offered is high. At H = 0.65 µm, we observe that the waveguide offers a low
dispersion. But, the anomalous dispersion regime is small. It is hard to get all the factors in one place to enhance the
SCG. Hence, a trade-off has to done between these factors to achieve the best model for SCG.

4.2. SCG with geometrical variations

Numerical computation of the GNLSE to observe the SC spectra evolution of the different geometrical variations
were carried out. Due to its efficiency and accuracy the Split Step Fourier Method (SSFM) was employed by consid-
ering 213 grid points at a time step of 2.44 fs. A known factor in producing a broad SC spectrum is the input pulse
width, i.e., full width half maximum (TFWHM). Studies show shorter pulses less than 100 fs, when used generate a
broad spectrum [35]. Ultrashort laser pulses (pulse width = 50 fs, peak power: 1 kW – 20 kW, pulse type: hyperbolic
secant) were launched into the proposed 5 mm optical waveguide. Higher order dispersion terms up to the 8th order
were incorporated into the numerical simulation for spurious free SC spectral broadening [35]. Wavelength dependent
mode effective areas and the corresponding non-linear coefficients were calculated at pump wavelength.

(a) (b) (c)

Figure 4: SC Spectra at peak powers of (a) 5 kW (b) 10 kW (c) 20 kW at pump wavelength of 1.55 µm for Structure Parameters W= 6.0 µm and
H=0.90 µm.

Figure 4 and 5 shows the SC spectra and the corresponding spectral and temporal evolution for the geometrical
parameters: W= 6.0 µm and H= 0.90 µm. At a peak power of 5 kW, we see a spectrum ranging from 0.9 µm to 1.9
µm within the -30 dB power level from the peak. However, there is a gradual decline in the spectral curve, without
any fluctuations. Increasing power to 10 kW barely increases SC as we get a spectrum ranging from 0.9 µm to 2 µm.
A gradual decline in the SC is observed with considerable fluctuations. Heavy distortion in the spectrum is observed
when power is raised to 20 kW, with spectrum extending up to 2.5 µm.
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(a) (b) (c)

(d) (e) (f)

Figure 5: The spectral (top) and temporal (bottom) density evolutions in 1st , 2nd and 3rd column plotted at 1.55 µm pump wavelength corresponding
to Figs. 4 (a)–(c), respectively.

(a) (b) (c)

Figure 6: SC Spectra at peak powers of (a) 5 kW (b) 10 kW (c) 20 kW at pump wavelength of 1.55 µm for Structure Parameters W= 6.0 µm and
H=0.80 µm.
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(a) (b) (c)

(d) (e) (f)

Figure 7: The spectral (top) and temporal (bottom) density evolutions in 1st , 2nd and 3rd column plotted at 1.55 µm pump wavelength corresponding
to Figs. 6 (a)–(c), respectively.

Figure 6 and 7 shows the SC spectra and the corresponding spectral and temporal evolution for the geometrical
parameters: W= 6.0 µm and H= 0.80 µm. At a peak power of 5 kW, we see a spectrum ranging from 1.0 µm to 2
µm within the -30 dB power level from the peak. However, there is a gradual decline in the spectral curve, without
any fluctuations. Increasing power to 10 kW barely increases SC as we get a spectrum ranging from 1 µm to 2.1 µm.
A gradual decline is also observed here with considerable fluctuations. Heavy distortion in the spectrum is observed
when power is raised to 20 kW, with spectrum increasing up to 2.7 µm.

(a) (b) (c)

Figure 8: SC Spectra at peak powers of (a) 5 kW (b) 10 kW (c) 20 kW at pump wavelength of 1.55 µm for Structure Parameters W= 6.0 µm and
H=0.70 µm.
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(a) (b) (c)

(d) (e) (f)

Figure 9: The spectral (top) and temporal (bottom) density evolutions in 1st , 2nd and 3rd column plotted at 1.55 µm pump wavelength corresponding
to Figs. 8 (a)–(c), respectively.

Figure 8 and 9 shows the SC spectra and the corresponding spectral and temporal evolution for the geometrical
parameters: W= 6.0 µm and H= 0.70 µm. At a peak power of 5 kW, we obtain a SC with a significant dip between
2 µm and 5.8 µm which falls well below -30 dB power level. As power is increased to 10 kW, spectral components
improve around the dip region. At peak power of 20 kW there is still fluctuations in the power level, where spectral
component falls below -30 dB power level, resulting in the curve not being flat. Although, it produces a spectrum
ranging from 0.9 µm to 6 µm at 20 kW, the instability of the spectrum makes it less desirable for practical applications.

(a) (b) (c)

Figure 10: SC Spectra at peak powers of (a) 5 kW (b) 10 kW (c) 20 kW at pump wavelength of 1.55 µm for Structure Parameters W= 6.0 µm and
H=0.65 µm.
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(a) (b) (c)

(d) (e) (f)

Figure 11: The spectral (top) and temporal (bottom) density evolutions in 1st , 2nd and 3rd column plotted at 1.55 µm pump wavelength correspond-
ing to Figs. 10 (a)–(c), respectively.

Figure 10 and 11 shows the SC spectra and the corresponding spectral and temporal evolution for the geometrical
parameters, W= 6.0 µm and H= 0.65 µm. At peak power of 5 kW, there is a considerable dip in the SC spectrum
between 2 µm to 4 µm. Further increase in peak power to 10 kW improves the spectral components around the dip
region. At 20 kW, a SC spectrum spanning from 0.8 µm to 6 µm which falls in the MIR is observed with good
flatness within the -30 dB power level from the peak. When peak powers of more than 20 kW were applied, no further
improvement in the SC spectra was observed.

4.3. Proposed SCG model

After observing the dispersion characteristics and also conducting a SCG analysis on all possible geometrical
variations of the waveguide, we propose the optimized model with the related geometrical parameters. The parameters
of the proposed model is depicted in the Table 2.

Table 2: Geometrical parameters and characteristics of the proposed waveguide

Height
(µm)

Width
(µm)

Thickness
(µm)

Dispersion param-
eter at 1.55 µm
(ps.nm−1.km−1)

Nonlinear pa-
rameter at 1.55
µm (W−1.km−1)

Effective
mode area
at 1.55 µm
(µm2)

0.65 6.00 0.1 91.7 0.34 2.96

At H = 0.65 µm, the waveguide offers a dispersion of 91.76 ps.nm−1.km−1 at the pump wavelength (1.55 µm)
with an anomalous dispersion regime spanning from 1.10 µm to 2.48 µm. Figure 12 shows the change in nonlinear
parameter and effective mode area with wavelength for the proposed model where the mode effective area is 2.96
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Figure 12: Effective mode area and nonlinear parameter variation with change in wavelength for H = 0.65 µm.

(a) (b)

Figure 13: (a) Spectral density plot (b) SC spectra of the waveguide at H = 0.65 µm, W = 0.6 µm and S = 0.1 µm with a pump of 50 fs, 20kW
configuration at 1.55 µm.

µm2 and the non-linear parameter is 0.34 W−1.m−1 at the pump wavelength. The nonlinearity is relatively high and
the effective mode area and dispersion are low which is desired for broadband SCG [34]. Hence, at geometrical
parameters of H = 0.65 µm, W = 6 µm and S = 0.1 µm, the waveguide showcases characteristics which are required
for broadband SCG. Figure 13 shows the SC spectra and corresponding spectral evolution of the proposed model
where the waveguide is pumped with a 50 fs, 20 kW pulse at the telecom wavelength (1.55 µm).

From Fig. 13, we observe that a broad spectrum ranging from 0.8 µm to 6 µm is obtained with the necessary pump
configuration at the telecom wavelength. A broadband SCG is obtained due to the trade-off between the linear and
nonlinear effects. Regarding the spectral broadening, it is primarily governed by Self-Phase Modulation (SPM) [11]
during the first 1.5 µm propagation by the pulse. At 1.5 µm propagation length, the soliton dynamics comes into play.
The fundamental soliton during propagation breaks up into smaller solitons which shifts towards the long wavelength
side [22]. Also, two dispersive waves are generated in the short and long wavelength side of the spectrum due to the
presence of two ZDW in its corresponding dispersion curve [34]. The peak of the first dispersive wave is observed at
about 1 µm and center of the second dispersive wave located at about 4 µm. These dispersive waves contribute to the
spectral broadening of the pulse. It is also noteworthy that the waveguide showcased an anomalous dispersion region
which was not too big. Long anomalous dispersion could often reduce the power of the soliton as it travels which
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would result in a reduction in the energy transformation of the soliton to the dispersive wave leading to reduced SCG.
Our waveguide uses showcases a dispersion profile which keeps a trade-off to balance all the factors responsible for
broadband SCG. Hence, a broadband SC is obtained due to the contribution of the linear and nonlinear effects within
the waveguide.

The proposed Si3N4 channel waveguide can be fabricated as similar waveguides were achieved as reported [37].
The core substrate can be usually deposited using the mature fabrication techniques such as Low Pressure Chemical
Vapor Depositon (LPCVD) [38, 39] and Plasma-Enhanced Chemical Vapor Deposition (PEVCD) [40]. The hollow
cladding region can be realized using wafer bonding [41, 42], wet etching [37, 43] and the micromachining and
nanomachining techniques [44].

5. Conclusion

The proposed 5 mm long on-chip CMOS compatible suspended core Silicon Nitride (SiN) channel waveguide is
proposed. The rectangular core is suspended on a Silicon Nitride slab of thickness 0.1 µm. The upper cladding is
air, while the lower cladding is a hollowed-out silica substrate. Complex microstructure such as this is now possible
due to the advancement of fabrication techniques. The dispersion profile for a number of geometrical variations were
studied, where for the width of the core, W = 0.6 µm, height of the core, H = 0.65 µm and slab thickness, S = 0.1
µm, provided a fairly flat anomalous dispersion with sound span of the anomalous dispersion regime. Dispersion
parameter of 91.76 ps.nm−1.km−1 at pump wavelength is observed, while the range of anomalous dispersion region
where non-linear effects take place is observed between 1.10 µm to 2.48 µm.

The proposed waveguide was numerically analyzed for SCG. By solving the GNLSE, the 5 mm waveguide was
pumped with a pulse of duration 50 fs and peak power varying from 5 kW to 20 kW. This study was performed by
varying the height of the core, H of the waveguide from 0.65 µm to 0.90 µm, while W = 0.60 µm and S = 0.1 µm
were kept constant. SC generation at a core height of 0.65 µm produced a flat spectrum from 0.8 µm to 6 µm at peak
power of 20 kW within the -30 dB power level. At H = 0.70 µm, similar SC was achieved with fluctuations in the
spectrum. Core height of 0.80 µm and 0.90 µm yielded spectrum less than 3 µm. Hence the broadband SC of 0.8
µm to 6 µm was produced with geometrical parameters of H = 0.65 µm, W = 0.60 µm and S = 0.1 µm when the
waveguide was pumped with a pulse of duration 50 fs and 20 kW peak power at the telecom wavelength (1.55 µm).
Flatness in the spectral curve and with other advantages of Silicon Nitride such as negligible Raman Effect and TPA,
this waveguide as a modified optical source will be an asset in the industry of gas sensing, food quality control and
bio-medical imaging.
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