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INTRODUCTION 
The interaction of short and high intensity optical pulses to nonlinear 
media allows the generation of a broad continuum of frequencies 
called supercontinuum (SC) [1,2]. The presence of distinctive 
absorption bands of the majority of biomolecules in the mid-infrared 
(mid-IR) region has generated a lot of interest in mid-IR SC sources 
over the last couple of decades [3]. SC are highly coherent, intense, 
broadband, and compact light sources [4]. The mid-IR SC sources nd 
application in ow cytometry, metrology, remote sensing, chemical 
sensing, optical coherence tomography, telecommunications, 
nonlinear mid-IR spectroscopy, particle analysis, and infrared imaging 
[5-10].  The basic nonlinear processes that cause spectral broadening 
of a short input pump beam are self-phase modulation (SPM), cross-
phase modulation (XPM), stimulated Raman scattering (SRS), four-
wave mixing (FWM), soliton dynamics, and modulation stability [11-
14].  The journey of supercontinuum sources started in the 1960s 
together with further investigation in this eld. Supercontinuum was 
rst reported in bulk media in 1970 but there were a number of 
drawbacks to SC generation in bulk media, including low and unstable 
output intensities, limited spectral broadening, dispersion, and 
diffraction, which involved a complex coupling between temporal and 
spatial effects, as well as the requirement for high input power, which 
could cause harm to the material [15-16]. For efcient SC generation, 
optical bers attracted a widespread interest of researchers, as the 
optical bers provide conne and guide light in the narrow core of the 
ber providing the high intensity of the optical power thus leading to 
enhanced nonlinear interaction. The rst report of a broadband 
spectrum of bandwidth of the order of 200 THz in an optical ber by 
launching an input optical pulse with peak power of the order of a few 
kW and a zero-dispersion wavelength (ZDW) around 1.3 µm [10]. The 
combined cascade of SRS and SPM dominated the broadening of the 
spectrum in the visible region of the electromagnetic spectrum. 
Although conventional optical bers have better guidance properties 
than bulk media, photonic crystal bers (PCFs) designed by 
microstructured holes in the optical ber provide an additional degree 
of freedom to optimize the structure by controlling the number of 
holes, size, and their periodicity [17]. An extensive review of SC 
generation in PCF was reported by Dudley et.al in 2006 [18]. Dudley 
and Taylor also published a book that comprehensively studies the SC 
generation mechanism in bers [2]. Although a high nonlinearity and 
desired dispersion characteristics can be obtained in a PCF, another 
way of improving the dispersion characteristics, and nonlinearity was 
reported by an appropriate tapering of optical ber [19]. Therefore, 
PCFs provide a promising platform for the design and development of 
high-brightness, spatially coherent mid-IR supercontinuum light 
sources in soft glasses [20]. The ever-growing demand for 
miniaturization of the SC sources and to achieve compatibility with 
integrated circuits in on-chip applications, a lot of research focus has 
switched from ber-based devices to devices based on planar optical 
waveguides. In high-index contrast planar optical waveguides, the 
effective mode area of the propagating mode is much smaller 

c o m p a r e d  t o  t h e  o p t i c a l   b e r s  a n d  P C F s 
which enhances the nonlinearity providing better opportunities in 
integrated photonic devices [ ]. Supercontinuum generation has been 21
described in a variety of planar optical waveguides, including the strip, 
rib, ridge, and slot waveguides, using a variety of materials, including 
silica, silicon, silicon nitride, uoride, tellurite, aluminium gallium 
arsenic (AlGaAs), GaAsSe, and chalcogenide [ ]. In this paper, 21-29
we review the progress of research on the on-chip optical waveguides 
for the generation of the mid-IR supercontinuum, and the evolution of 
broadband spectra in a variety of on-chip planer waveguides and the 
underlying physical mechanisms that affect the supercontinuum 
generation.

SUPERCONTINUUM GENERATION IN ON-CHIP PLANER 
OPTICAL WAVEGUIDES
On-chip planer optical waveguide-based sources have become highly 
attractive devices for researchers in the eld of supercontinuum 
generation in the twenty-rst century [ ]. Integrated photonic 21-29
devices are cost-effective, scalable, and robust, and also offer more 
exibility in tailoring the dispersion characteristics relative to optical 
bers. The rst demonstration of SC in an on-chip silicon rib 
waveguide was reported by launching a chirped gaussian pulse of peak 

2power 20 GW/cm  centered at the wavelength of 1550 nm [ ]. Five 30
times spectral broadening of the input pulse was reported which was in 
good agreement with the theoretical model based on two-photon 
absorption (TPA) and SPM [ ]. Although these ndings provide the 30
rst step toward SC generation in an integrated on-chip planer 
waveguide, the Si-rib waveguide used in this paper has lower optical 
connement than Si-nanowire waveguides. The high index contrast 
between Si-core embedded in silica or air-cladding materials provides 
stronger optical connement that affects the third-order nonlinearity 
such as SPM, and TPA, which are crucial for spectral broadening. A 
nonlinear phase shift of 1.5-π is achieved by pumping an input pulse at 
a power of 12 W in a 4 mm long Si-nanowire waveguide [ ]. Most of 31
the previously reported supercontinua were generated either by higher-
order soliton ssion in anomalous dispersion regime or by self-phase 
modulation in normal dispersion regime in waveguides and bers. In 
contrast to this, a 10 mm long Ta O  planer waveguide generated broad 2 5

spectra spanning up to ~600 nm by launching a high peak power pulse 
in a normal dispersion region far from the zero-dispersion wavelength 
(ZDW) [ ]. Similarly, in a normal dispersion regime, Psaila et. al 32
experimentally resulted in 600 nm broad spectra from 1320 to 1920 
nm. In the smaller wavelength range in the normal dispersion regime, 
SPM and XPM are the main factors that broaden the spectra. Whereas, 
SRS is the major contributory nonlinear process that causes spectral 
broadening in a multimode waveguide having a smaller effective mode 
area [  Earlier, picosecond pulses were used to generate 33].
supercontinuum in planar optical waveguides, which soon got 
substituted by femtosecond pulses after the observation of SC 
extended over 400 nm achieved by launching a femtosecond input 
pulse in a silicon-on-insulator-based waveguide [34]. The broadband 
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On-chip planer optical waveguide-based sources for supercontinuum (SC) generation have become highly attractive 
devices in the twenty-rst century. Mid-IR SC sources in the 2-20 μm wavelength region are advantageously used for gas 
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SC generation was obtained by optimizing the optical waveguide 
structures to lie in the anomalous dispersion region and with its ZDW 
near to 1500 nm. Soliton ssion, SPM, and generation of Cherenkov 
Radiation cause the spectral broadening from 1.3 to 1.7 μm. This study 
claries that ultrashort pulses of duration in femtosecond and short on-
chip optical waveguides (<1 cm) are sufcient to create a 
supercontinuum that covers the whole visible spectrum region [34]. 

Figure 1. Schematic diagram of different types of on-chip optical 
waveguides.

The researchers generated the SC in the wavelength range of 3.0-8.5 
μm, 0.7-5.2 μm, and 1.76-14.42 µm, respectively, by using on-chip 
planner ridge waveguides made of silicon germanium, arsenic 
pentasulde (As2S5), and arsenic triselenide (As2Se3), respectively 
[35-37]. It is observed that material plays an important role in the 
nonlinearity of the waveguide structure. To generate SC in the mid-IR 
region chalcogenide material exhibits higher optical Kerr 
nonlinearities, high refractive indices, and wide transparency window 
compared to silica covering near-infrared and mid-infrared regions of 
the spectrum [38]. Due to suitable optical properties for SC, 
chalcogenide has been widely used to design a variety of optical planer 
waveguides as shown in Fig.1 to achieve mid-infrared SC sources. 
Several research groups have generated the SC using different 
waveguide structures formed using chalcogenide materials with 
optimized parameters such as input power (P0), pump wavelength, 
(λ0) pulse duration (T0), and length of the waveguide (Z), as shown in 
Table 1.

TABLE – 1 SC IN VARIETY OF ON-CHIP WAVEGUIDES

CW= channel waveguide, RW=rib waveguide, RDW=ridge 
waveguide.

In most of the optical waveguides, FWM dominates spectral 
broadening as its phase-matching condition of having ZDW at the 
pump wavelength is satised. FWM generates sidebands to both sides 
of the pulse spectrum for the shorter propagation lengths while the 
soliton ssion dominates SC for further distances larger than 2 cm [38]. 
A 750 nm wide SC spectra ranging from 1.2-2 µm was observed 
through a 6 cm long As2S3 planer waveguide experimentally, which 
resulted from the contribution of both FWM and soliton ssion. It was 
observed that SRS provides additional broadening of the SC towards 
the higher wavelength end of the spectrum [38]. Dispersion tailoring is 
the most essential characteristic of SC in optical waveguides for 
providing a phase-matching condition for the FWM.  The novel optical 
waveguides, such as the slot waveguide, offers more advantage as the 
dispersion prole can be tailored desirably by optimizing the 

waveguide structure parameters [39-40]. The chromatic dispersion of 
the horizontal silicon slot waveguide has been theoretically 
investigated and optimized to obtain a low and nearly at dispersion 
prole over a wide range of wavelengths with four ZDWs [41]. A low 
and at dispersion varying between −22 and + 20 ps/(nm·km) over a 
667-nm bandwidth, generating supercontinuum generation in the near 
infra-red region from 1435 to 2102 nm was reported. The optical 
waveguides that have multiple ZDWs provide multiple choices of 
wavelengths at which the input pulse can be launched [41]. The higher-
order dispersion also inuences the spectral broadening of the SC 
spectrum in a planar optical waveguide [42]. Karim et. al theoretically 
tailored the dispersion of the As2Se3 suspended core channel 
waveguide and experimentally pumped the input pulse at different 
wavelengths around 1.55 µm, 2.8 µm, and 3.5 µm near the different 
ZDWs in the anomalous regime [43]. In another work, the structure 
parameters of the GeAsSe channel waveguide were numerically 
optimized for achieving low and nearly at dispersion over a broad 
range of wavelengths with multiple ZDWs and also reported a 1300 
nm wide spectrum [44]. 

The sensing of chloroform by suing the optical absorption wavelength 
of chloroform solutions at 1695 nm was carried out by designing an on-
chip SC light source from a 21 mm long on-chip planer GeSbSe 
waveguide [6]. The waveguide exhibited a broad spectrum ranging 
from 1380 to 2050 nm by pumping a 800 fs input pulse at the 
wavelength of 1.56 µm with the peak power of 0.8 kW. This study is a 
signicant step toward developing photonic chip-based 
supercontinuum sources for sensing applications [6]. The choice of 
pump duration plays a critical role in the broadening and coherence 
characteristic of the supercontinuum generation. To obtain highly 
coherent SC, ultrashort pulses shorter than 100 fs are required. The 
self-similar pulse compression scheme provides a higher compression 
factor in the nonlinear optical waveguides. A tapered suspended silicon 
strip waveguide had been investigated to generate SC using such a 
compressed pulse [23]. In this work, it was reported that the tapering of 
a waveguide exponentially decreases the group velocity dispersion 
prole along the direction of propagation that was used to obtain a 
compressed pulse of duration 47.06-fs with a peak power of 27.63 W 
by launching a 1-ps pulse of peak power 1.67 W centered at the 2.8 µm 
wavelength. The compressed pulse and the original pulse were 
launched separately in the suspended strip waveguide to analyze the 
difference in the generated broad Sc spectrum is compared. When an 
uncompressed pulse of duration 1 ps is launched, the modulation 
instability leads the SC generation and exhibited a spectrum spanning 
from 2.43 to 3.13 µm. Whereas the soliton ssion dominates the SC 
generation when a 47.06 fs pulse is launched, providing a smoother 
and highly coherent SC extending from 2.13 to 4.03 µm [23].

A very broad and highly coherent spectrum extending over the 
wavelength range of 3 to 13 µm was reported experimentally by 45. 
Montesinos et. al by launching a 220 fs wide input pulse of peak power 
8 mW at the wavelength of 8.5 µm through 5.5 mm long graded-index 
SiGe waveguides [45]. In this work, the supercontinuum generation 
was studied by pumping the input pulses at different wavelengths of 
7.5 µm, 8.5 µm, and 9.4 µm and different input powers of 6.5 W and 2.6 
kW.

In a recent study, it has been reported that the photonics-integrated 
devices coated with 2D graphene oxide lms enhance the third-order 
nonlinear performance, particularly the contribution of SPM in the SC 
generation in on-chip planer waveguides [46]. In another recent work 
reported in 2022, an integrated silicon nitride waveguide coated with a 
graphene oxide layer has been shown to produce nearly 2.4 times 
broader spectra compared to the uncoated integrated devices [26]. This 
has driven the researchers to coat the integrated devices with suitable 
materials to provide an enhancement in the broadening of the SC 
generation in the mid-IR region of the electromagnetic spectrum [26].

CONCLUSION
In the past couple of decades, the generation of SC in the planar optical 
waveguides has attracted a lot of research attention in order to 
miniaturize the supercontinuum sources for on-chip applications. 
Apart from the low footprint of the planar optical waveguides, their 
tailorable dispersion characteristics have offered to achieve desirable 
dispersion proles and the multiple ZDWs. By using a variety of 
optical waveguide designs, such as strip, rib, ridge, and slot 
waveguides, and nonlinear materials, silica, silicon, silicon nitride, 
uoride, tellurite, AlGaAs, GaAsSe, and chalcogenides, SC 
generation has been achieved in the visible, near-infrared, and mid-
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Ref Structure
(material)

P0(W)
λ0(µm)

Z(mm)
T0 (fs)

SC
(µm)

[45] RW
(SiGe) 

8 mW   
8.5 µm      

5.5 mm
220 fs

3-13 

[36] RDW
(As2S5)

25 kW
2.5 µm

5 mm
100 fs

0.7-5.2

[37] RDW
(As2Se3)

900 W
3.3 µm

0.87 mm
100 fs

1.76-14.42

[38] CW
(As2S3)

68 W
1.55 µm

60 mm
610 fs

1.25-2 

[47] RW
(GaSbS)

6.4 kW
2.8 µm 

5 mm
497 fs

1-9.7

[48] RW
(GeAsS)

4.5 kW
4.18 µm

18 mm
330 fs

2-10 

[49] RW
(As2Se3)

2.5 kW
2.8 µm

2.5 mm
200 fs

1.2-7.2

[44] nanowire
(GeAsSe) 

25 W
1.55 µm

18 mm
50 fs

1.2-2.5



infrared ranges of the electromagnetic spectrum. A very broad and 
highly coherent SC generation spanning from 3-13 µm in an on-chip 
waveguide has been achieved experimentally. The broadband SC 
sources in the mid-IR have opened a potential use of SC sources in 
sensing and biomedical applications. The nonlinear response of the 
planar optical waveguides has been shown to improve with the use of 
materials such as Graphene Oxide, which provides further directions 
for improving the on-chip SC sources. 
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