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Abstract: In this paper, a polarization-insensitive reverse-ridge AlGaAs waveguide is 

designed for the supercontinuum generation. In the considered wavelength range from 3.4 to 

8 μm, the dispersion profiles, nonlinear coefficients, and effective mode field areas for the 

quasi-TE and quasi-TM modes coincide well. The simulation results show that when pump 

pulse with wavelength of 4.2 μm, peak power of 4.8 kW, and width of 90 fs is launched into 

the anomalous dispersion region of the quasi-TE and quasi-TM modes of the 3.4-mm-long 

waveguide, the two generated SCs overlap well. For the quasi-TE and quasi-TM modes, the 

SCs generated extend from 2.17 to 8.53 μm and 2.23 to 8.61 μm, respectively, spanning more 

than 1.95 octaves. The proposed reverse-ridge AlGaAs waveguide structure is expected to 

provide a possible solution for alleviating the undesired polarization effect related to the 

nonlinear dynamics. 

Keywords: Reverse-ridge AlGaAs waveguide, Polarization insensitivity, Supercontinuum 

generation 

1. Introduction 

Mid-infrared supercontinuum (SC) generation is of great interest for its applications in 

spectroscopy [1-5], optical coherence tomography [6-8], biomedical imaging [9], ladar [10, 

11], gas sensing [12-14], etc. As well known, the interaction of dispersive and nonlinear 

effects, which includes self-phase modulation (SPM), cross-phase modulation (XPM), four-

wave mixing (FWM), stimulated Raman scattering (SRS), soliton fission (SF), contributes to 

the SC generation [15-18].  

In recent years, lots of investigations on the mid-infrared SC generations in optical 

waveguides have been reported. Yuan et al. numerically generated the coherent and multi-

octaves SC spanning from 1.96 to 12 μm in a suspended Ge-membrane ridge waveguide [19]. 

Saini et al. investigated the mid-infrared SC generation in the rib As2Se3 waveguides with 

different core shapes [20]. Sinobad et al. demonstrated the SC generation in the wavelength 

range from 2.8 to 5.7 μm in the SiGe waveguide with an all-normal dispersion profile [21]. 

Lu et al. reported the SC generation at the ultraviolet to mid-infrared spectral region in the 

single-crystalline AlN waveguide [22]. Saini et al. generated the near-infrared to mid-infrared 

SC in a tellurium-oxide coated silicon-nitride waveguide through pumping in the normal 

dispersion region [23]. Karim et al. utilized a suspended core channel As2Se3 waveguide for 

the SC generation covering from 1.5 to 15 μm [24]. 
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AlGaAs is the alloy of AlAs and GaAs. The refractive index of AlGaAs can be easily 

adjusted by changing the alloy composition [25]. Therefore, the refractive index difference 

between the waveguide core and substrate and the dispersion characteristic can be flexibly 

changed. In addition, its large transparency window (more than 15 μm [26], more than twice 

that of Si) and strong Kerr nonlinear index (on the order of 10-17 m2/W [27], an order of 

magnitude larger than that of Si [28]) make it suitable for the mid-infrared SC generation. 

Mei designed the AlGaAs strip waveguides to generate the broadband SC, spanning from 2 to 

15.9 μm [29]. Chiles et al. utilized a suspended AlGaAs waveguide to generate the second-

harmonic and broadband SC covering from 2.3 to 6.5 μm when pump wavelength was located 

at 3060 nm [30]. Kuyken et al. experimentally demonstrated an octave-spanning SC 

generation in the wavelength range from 1055 to 2155 nm in an AlGaAs waveguide [27]. 

With picojoule-level pulse energy, May et al. experimentally obtained a SC covering ~ 544 

nm at the level of -25 dB in AlGaAs-on-insulator waveguides [31]. 

In recent years, there are some investigations on the polarization insensitivity of the 

waveguide-based modulator and grating. Tabti et al. demonstrated a polarization-insensitive 

sampled Bragg grating by exploiting the birefringence compensation in Si3N4 waveguide [32], 

where the transmission spectra for both the quasi-transverse electric (TE) and quasi- 

transverse magnetic (TM) modes overlapped over a spectral range of 40 nm. Chen et al. 

proposed a polarization-insensitive graphene modulator, which was polarization-independent 

for the TE and TM modes [33]. Zhou et al. reported a polarization-insensitive graphene-based 

optical modulator integrated in a chalcogenide glass waveguide [34], where the absorption 

coefficient variation was almost identical in the wavelength range of 2-2.4 μm for the TE and 

TM modes. However, there is still no report on the polarization-insensitive waveguide for the 

SC generation. For the SC generation, the nonlinear process is always very sensitive to the 

polarization state of the pump light because the dispersion and nonlinear characteristics of the 

quasi-TE and quasi-TM modes of the waveguides are different. Thus, the polarization state of 

the pump light needs to be controlled by employing the polarization controller [35-38]. At 

this time, the complexity of the experimental system is increased, and the undesired 

polarization effect has an adverse influence on the energy conversion caused by the nonlinear 

effects. At present, the polarization-dependent problem of the pump light could be effectively 

solved by reasonably designing the waveguide structure. 

In this paper, a polarization-insensitive reverse-ridge AlGaAs waveguide is proposed to 

generate the mid-infrared SCs. In the design, the influences of the geometrical parameters of 

the waveguide on the dispersion characteristic are analyzed to optimize the waveguide 

structure. In addition, the impacts of the pump pulse parameters and waveguide length on the 

SC generations are also investigated. With the designed 3.4-mm-long waveguide, for the 

quasi-TE and quasi-TM modes, highly coherent and octave-spanning mid-infrared SCs are 

generated, spanning from 2.17 to 8.53 μm and 2.23 to 8.61 μm, respectively, when pump 

pulse with wavelength of 4.2 μm, peak power of 4.8 kW, and width of 90 fs is used. 

2. Theoretical model 

The process of the SC generation in the optical waveguides can be described by the modified 

generalized nonlinear Schrödinger equation (GNLSE) as following [15] 
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where A(z, t) stands for the slowly varying envelope of the electric field, and the m-th order 

dispersion coefficient calculated from the Taylor expansion of the propagation constant is 

represented by βm(ω). The last term on the right side of Eq. (1) is the instantaneous third-order 

nonlinear effect, which includes the SPM, self-steepening, and delayed Raman response R(t). 

The nonlinear coefficient at central frequency ω0 is expressed as γ(ω0). And the first-order 

derivative of γ(ω) at ω0 is indicated by γ1(ω0). The relationship between γ(ω) and γ1(ω0) can 

be represented by [15] 
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where n2 and Aeff stand for the nonlinear refractive index and effective mode field area, 

respectively. In the simulation, n2 = 1×10-17m2/W [39]. And the Raman response function can 

be described as [15] 
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where fR stands for the fractional contribution of the Raman response. The Raman period τ1 is 

18.72 fs, and damping time of vibrations τ2 is 0.75 ps [40]. The coherence of the generated SC 

is one of the important parameters to measure the stability of the SC. And the degree of the 

first-order coherence g12
(1) of the SC can be described as [41] 
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where A(λ) represents the amplitude of the SC in the frequency domain. The expressions in 

the angle bracket indicate the independent certain pairs of the SC with random input noise. 

The 100 independent simulations will be carried out and the average value of each pair of the 

output fields will be calculated in this work. And the noise is described as [42] 

 ( )ˆ ˆexp 2n N i U = ,                                                            (5) 

where η stands for the amplitude coefficient of the noise relative to the input pulse. And N̂  

obeys the standard normal distribution while Û  obeys the uniform distribution. 

3. Waveguide design and characteristics 

Fig. 1(a) shows the three-dimensional structure of the designed reverse-ridge AlGaAs 

waveguide. The Al0.18Ga0.82As layer, where the ratio of AlAs and GaAs is 0.18 to 0.82, is 

embedded in the Al0.8Ga0.2As substrate, which enhances the mode field confinement. 

The width of the Al0.18Ga0.82As ridge core is W. The depth of the part embedded in the 

substrate is Hd, and the protruding part is represented by Hu. Fig. 1(b) shows the mode 

field distributions of the quasi-TE and quasi-TM modes calculated at wavelengths 3.5, 5, 

6.5, and 8 μm when W, Hu, and Hd are chosen as 7, 3.52, and 3.26 μm, respectively. For 

both the quasi-TE and quasi-TM modes, most of the mode field energy is confined in the 

ridge core region of the waveguide.  

The group-velocity dispersion coefficient D of the guided mode can be represented 

by [15] 
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where λ, c, and neff stand for the wavelength, speed of light in vacuum, and effective 

refractive index of the guided mode, respectively. 

 



 

Fig. 1. (a) The three-dimensional structure of the proposed reverse-ridge AlGaAs waveguide. 
(b) The mode field distributions of the quasi-TE and quasi-TM modes calculated at 

wavelengths 3.5, 5, 6.5, and 8 μm, respectively. 

The dispersion characteristics of the proposed waveguide with different geometrical 

parameters can be calculated by the full-vector finite element method. Fig. 2(a) shows the 

dispersion curves calculated for the quasi-TE and quasi-TM modes as functions of 

wavelength when Hu and Hd remain unchanged and W increases from 5, to 6, to 7, and to 8 

μm, respectively. From Fig. 2(a), when W is less than 7 μm, the dispersion curves for the 

quasi-TE mode are always above those of the quasi-TM mode. As W increases, the dispersion 

curves of the quasi-TE and quasi-TM modes are getting closer to each other, and the zero-

dispersion wavelengths (ZDWs) are gradually red-shifted. When W is larger than 7 μm, the 

curves for the quasi-TE mode moves down to the bottom. As shown in Fig. 2(b), with the 

increase of Hd, the two curves move towards the normal dispersion region, and the ZDWs are 

red-shifted. Owing to the larger movement of the dispersion curve for the quasi-TM mode, 

the two dispersion curves first get close to each other and then move away from each other. 

When Hd is equal to 3.26 μm, the two dispersion curves almost coincide. Figs. 2(c) and 2(d) 

show the influence of Hu on the dispersion characteristic and the detailed dispersion profiles 

of Fig. 2(c) in the wavelength range from 3.7 to 4.4 μm. The influence of Hu on the dispersion 

characteristic is similar to that of Hd, but the dispersion curves of the quasi-TE mode change 

less. For W, Hu, and Hd, the dispersion characteristic is very sensitive to W, and Hd and Hu 

have less influence. To obtain a polarization-insensitive waveguide, the optimized 

geometrical parameters are chosen as following: W=7 μm, Hu=3.52 μm, and Hd =3.26 μm. 



 

Fig. 2. (a) The dispersion curves for the quasi-TE and quasi-TM modes calculated as functions 

of wavelength when (a) W, (b) Hd, and (c) Hu are changed, respectively. The dispersions curves 
for the quasi-TE and quasi-TM modes are represented by the solid and dash curves, 

respectively. (d) The detailed dispersion profiles in the wavelength range from 3.7 to 4.4 μm of 

(c). 

When W=7 μm, Hu=3.52 μm, and Hd =3.26 μm, the dispersion coefficient D, nonlinear 

coefficient γ, and effective mode field area Aeff for the quasi-TE and quasi-TM modes 

calculated as functions of wavelength are shown in Figs. 3(a) and 3(b), respectively. From 

Fig. 3(a), for the quasi-TE and quasi-TM modes, the two dispersion curves are very close in 

the considered wavelength range from 3.4 to 8 μm. And there is one ZDW at 4.07 μm. From 

Fig. 3(b), the corresponding γ curves of the quasi-TE and quasi-TM modes decrease 

monotonically with the increase of wavelength, while Aeff curves increase. Moreover, the two 

γ and Aeff curves are very similar. At the initial pump wavelength of 4.2 μm, for the quasi-TE 

mode, the value of D is 4.857 ps/nm/km, and the value of γ is 0.6067 /m/W. For the quasi-TM 

mode, the values of D and γ are 4.859 ps/nm/km and 0.6057 /m/W, respectively. Thus, the 

polarization-insensitive reverse-ridge AlGaAs waveguide is obtained, which is beneficial to 

the similar SC generations for the quasi-TE and quasi-TM modes. 



 

Fig. 3. (a) The chromatic dispersion curves for the quasi-TE and quasi-TM modes calculated as 

functions of wavelength when W=7 μm, Hu=3.52 μm, and Hd =3.26 μm. (b) The nonlinear 
coefficient γ and effective mode field area Aeff for the quasi-TE and quasi-TM modes 

calculated as functions of wavelength. 

4. Simulation results and discussion 

The SC generation in the proposed reverse-ridge AlGaAs waveguide will be numerically 

investigated by solving Eq. (1) with the Runge-Kutta method. While pumping in the normal 

dispersion region of the waveguide, the generated SC usually has good coherence with a 

relatively narrow spectral range. In contrast, while pumping in the anomalous dispersion 

region, the SC can be easily extended to a considerable range. Furthermore, the coherence of 

the SC can be improved by appropriately selecting the pump pulse parameters. In this 

simulation, the pump wavelength is located in the anomalous dispersion region, where the 

generation of SC mainly depends on the soliton dynamics. In the following, the influences of 

the pump pulse parameters, including pump wavelength, peak power, and pulse width, on the 

SC generation will be analyzed. 

A chirp-free hyperbolic secant pump pulse is launched into the proposed reverse-ridge 

AlGaAs waveguide. After a propagation of 3.4 mm, the spectral and temporal profiles of the 

generated SCs for the quasi-TE and quasi-TM modes are shown in Figs. 4(a) and 4(b), 

respectively, when the wavelength of the pump pulse with peak power of 4.8 kW and width 

of 90 fs is changed from 4.10 to 4.25 μm. Because the pump pulse is operated in the 

anomalous dispersion region of the waveguide, the spectral broadening is dominated by the 

soliton dynamics. With the increase of the pump wavelength, the dispersion length decreases 

due to the increase of dispersion. The enhanced dispersion effect has an important influence 

on the soliton fission. As shown in Fig. 4(a), the optical spectra for the quasi-TE and quasi-

TM modes are gradually broadened as the pump wavelength increases. As shown in Fig. 4(b), 

there are beating patterns at the rising and falling edges of the pulse. The former ones 

correspond to the soliton at the long wavelength side while the latter ones correspond to the 

dispersive wave at short wavelength side. From Figs. 4(a) and 4(b), when the pump 

wavelength is chosen as 4.2 μm, the generated SCs for the quasi-TE and quasi-TM modes are 

very similar in the spectral and temporal magnitudes and fine structures. 



 

Fig. 4. The evolutions of (a) spectral and (b) temporal profiles of the pump pulse with different 

center wavelengths. The pump pulse and output pulses for the quasi-TE and quasi-TM modes 

are represented by the gray dash curves, black solid curves, and red solid curves, respectively. 

Figs. 5(a) and 5(b) show the spectral and temporal profiles when the pump pulse width, 

wavelength, and waveguide length are chosen as 90 fs, 4.2 μm, and 3.4 mm, respectively, and 

the peak power of the pump pulse is changed from 1.8 to 4.8 kW. As shown in Fig. 5(a), as 

the peak power increases, the optical spectrum becomes asymmetric gradually due to the self-

steeping effect. Compared with the red-shifted edge of the SC, the blue-shifted edge does not 

expand obviously. This is mainly because the dispersion slope of the waveguide is steeper at 

the shorter wavelength side than that at the longer wavelength side. As shown in Fig. 5(b), 

more beating patterns appear, which is resulted from the enhanced nonlinear effects, 

including the SPM and soliton fission, induced by the increased peak power. When the peak 

power reaches 4.8 kW, for the quasi-TE and quasi-TM modes, the generated SCs coincide 

well, and the spectral broadening becomes inapparent. In addition, the higher peak power will 

easily damage the waveguide material. Thus, the optimized peak power is chosen as 4.8 kW. 



 

Fig. 5. The evolutions of (a) spectral and (b) temporal profiles of the pump pulse with different 
peak powers. The pump pulse and output pulses for the quasi-TE and quasi-TM modes are 

represented by the gray dash curves, black solid curves, and red solid curves, respectively. 

When the pump pulses with wavelength of 4.2 μm, peak power of 4.8 kW, and width of 

90, 140, 190, and 240 fs are launched into a 3.4-mm-long waveguide, the spectral and 

temporal profiles of the generated SCs for the quasi-TE and quasi-TM modes are shown in 

Figs. 6(a) and 6(b), respectively. As shown in Fig. 6(a), as the pulse width increases from 90 

to 240 fs, the bandwidths of the generated SCs for the quasi-TE and quasi-TM modes 

gradually decrease. The main reason is considered that although the soliton order becomes 

larger, the soliton fission length increases, so the soliton fission does not occur due to the 

insufficient waveguide length. As shown in Fig. 6(b), when the pulse width increases, the 

temporal width becomes larger, and there are few beating patterns, which indicates that it is 

not conducive to generate the soliton fission. When taking the bandwidth, flatness, and 

coherence of the SCs into account, the suitable pulse width is chosen as 90 fs. At this time, 

the SC generated by the quasi-TE mode agrees well with that generated by the quasi-TM 

mode. 

 



 

Fig. 6. The evolutions of (a) spectral and (b) temporal profiles of the pump pulse with different 

pulse widths. The pump pulse and output pulses for the quasi-TE and quasi-TM modes are 

represented by the gray dash curves, black solid curves, and red solid curves, respectively. 

In the following, we will investigate the influence of the waveguide length on the SC 

generations. Figs. 7(a) and 7(b) show the spectral and temporal profiles for different 

waveguide lengths when the pump wavelength, peak power, and pulse width are chosen as 

4.2 μm, 4.8 kW, and 90 fs, respectively. It can be seen from Fig. 7(a) that when the 

waveguide length is changed from 0.4 to 3.4 mm, the bandwidth of the generated SCs for the 

quasi-TE and quasi-TM modes increases gradually. As shown in Fig. 7(b), the pulse is firstly 

compressed due to the interaction of dispersion and SPM, and then forms the higher-order 

soliton. Moreover, the low and flat dispersion further compresses the pulse and broadens the 

optical spectrum. The spectral broadening from the anomalous to normal dispersion region 

provides the possibility for generating the dispersion waves [43]. When the waveguide length 

is larger than 3.4 mm, there is almost no increase in the spectral width due to the increased 

nonlinear loss. Moreover, when the higher-order soliton is completely split, the coherence of 

the generated SCs will be degraded due to the enhancement of the soliton disturbance. 

Therefore, the waveguide length of 3.4 mm is the optimized value. 

 

 



 

Fig. 7. The evolutions of (a) spectral and (b) temporal profiles of the pump pulse with different 

waveguide lengths. The pump pulse and output pulses for the quasi-TE and quasi-TM modes 

are represented by the gray dash curves, black solid curves, and red solid curves, respectively. 

Figs. 8 and 9 show the spectral and temporal evolutions for the quasi-TE and quasi-TM 

modes, respectively, when the pump pulse with wavelength of 4.2 μm, peak power of 4.8 kW, 

and pulse width of 90 fs is launched into a 3.4mm-long waveguide. It can be seen from Figs. 

8 and 9 that the initial temporal compression and symmetrical spectral broadening are mainly 

caused by the SPM effect. As the propagation distance increases, the optical spectra continue 

to expand asymmetrically, which is dominated by the soliton fission and dispersive wave. Fig. 

10 shows the calculated first-order degree coherence of the SCs with η=0.001. In the 

considered wavelength range, the coherences of the generated SCs are also mostly coincident 

and approximately equal to 1 for the quasi-TE and quasi-TM modes. At the output end of the 

waveguide, highly coherent SCs spanning from 2.17 to 8.53 μm for the quasi-TE mode and 

spanning from 2.23 to 8.61 μm for the quasi-TM mode are generated. Both of the generated 

SCs for the quasi-TE and quasi-TM modes cover more than 1.95 octaves at -40 dB level.  

 



 

Fig. 8. (a) Spectral and (b) temporal evolutions for the quasi-TE mode along the waveguide 
length. The spectral and temporal profiles at the input and output ends of the waveguide are 

shown at the bottom and top. The spectrum is expressed as ‘S’                                                

and the intensity is expressed as ‘I’. 

 

 

Fig. 9. (a) Spectral and (b) temporal evolutions for the quasi-TM mode along the waveguide 
length. The spectral and temporal profiles at the input and output ends of the waveguide are 

shown at the bottom and top. The spectrum is expressed as ‘S’                                                

and the intensity is expressed as ‘I’. 

 



 

Fig. 10. (a) The generated SCs and (b) first-order degree of coherence of the SCs for the quasi-

TE and quasi-TM modes calculated with η=0.001. 

The reverse-strip waveguides have already been fabricated in 2019 [44]. A possible 

fabrication process of the proposed waveguide is shown in Figs. 11(a)-11(f). First, the 

Al0.8Ga0.2As substrate is cleaned enough (Fig. 11(a)). Second, the upper surface of the 

substrate with N244 photoresist is covered (Fig. 11(b)). Third, the ultraviolet lithographic 

patterning and ICP etching are utilized to form a micro-trench (Figs. 11(c)-11(d)). Fourth, by 

the thermal evaporation, the Al0.18Ga0.82As films will be grown on the substrate (Fig. 11(e)). 

Finally, 99.9% NMP is exploited to remove the excess, and a reverse-ridge waveguide is 

obtained (Fig. 11(f)). 

 

Fig. 11. A possible fabrication process flow: (a) clean of Al0.8Ga0.2As substrate, (b) coverage of 

photoresist on the substrate, (c) ultraviolet exposure and development, (d) plasma etching, (e) 

deposition of Al0.18Ga0.82As, and (f) lifting off. 

5. Conclusion 

In summary, we design a polarization-insensitive reverse-ridge AlGaAs waveguide for the SC 

generations based on the quasi-TE and quasi-TM modes. The dispersion difference between 

the quasi-TE and quasi-TM modes could be reduced through exactly adjusting the 

geometrical parameters of the waveguide. Furthermore, by optimizing the pump pulse 

parameters, the generated SCs for the quasi-TE and quasi-TM modes can overlap almost 

completely. When the pump pulse with wavelength of 4.2 μm, peak power of 4.8 kW, and 

width of 90 fs is injected into the 3.4-mm-long waveguide, the -40 dB bandwidths of the 

generated SCs for the quasi-TE and quasi-TM modes can cover more than 1.95 octaves. It is 

believed that the proposed reverse-ridge AlGaAs waveguide structure provides a possible 

solution for alleviating the undesired polarization effect related to the nonlinear dynamics. 
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