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Abstract—We propose an ultra-compact waveguide bend on 

AlGaAs-on-insulator platform, utilizing dual-Bezier curves 

design. The device achieves an equivalent bending radius of 3.8 

μm with a simulated insertion loss below 0.006 dB in C band. 
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I. INTRODUCTION 

The continuous drive toward ultra-dense, highly 
functional photonic integrated circuits (PICs) has fueled the 
search for optimal optical material platforms. Recently, thin-
film aluminum gallium arsenide (AlGaAs) on insulator has 
emerged as a premier candidate for next-generation nonlinear 
photonics [1]. Regarded as a versatile alternative to traditional 
silicon, AlGaAs offers a high refractive index which provides 
the strong light confinement necessary for efficient light-
matter interactions. More importantly, its tunable material 
composition [2] allows for precise bandgap engineering to 
effectively suppress detrimental two-photon absorption (TPA) 
in the telecommunication bands, all while maintaining 
exceptionally strong second- and third-order nonlinearities. 
By leveraging these profound nonlinear advantages, the 
AlGaAs-on-insulator (AlGaAsOI) platform has catalyzed a 
series of recent breakthroughs, including highly efficient Kerr 
frequency comb generation [3] and broadband 
supercontinuum emission [4]. These achievements suggest 
promising potential for various future technologies, such as 
optical computing, LiDAR systems, and high-capacity data 
transmission. 

As the architectural complexity of AlGaAsOI systems 
continues to scale, the transition toward higher-level 
integration becomes inevitable. However, this evolution is 
fundamentally restricted by the large physical footprint of 
foundational passive routing components. Among these, the 
waveguide bend [5] is an indispensable building block, 
utilized extensively in ring resonators, compact delay lines, 
and dense interconnect matrices. Conventional circular bends 
typically require relatively large bending radii to mitigate 
severe radiation losses and prevent unwanted mode mismatch, 
inadvertently consuming valuable chip real estate. To fully 
capitalize on the high-index-contrast nature of the AlGaAsOI 
platform and push the ultimate limits of integration density, 
engineering an ultra-compact waveguide bend that preserves 

low insertion loss over a broad bandwidth has become a 
critical necessity. 

In this paper, we propose an ultra-compact waveguide 
bend based on the AlGaAsOI platform. By employing a dual-
Bezier curve optimization strategy, the bend geometry is 
theoretically investigated to effectively suppress radiation 
leakage while drastically minimizing the device footprint. Our 
simulation results demonstrate an ultra-low insertion loss of 
less than 0.006 dB across the wavelength range from 1500 nm 
to 1600 nm. 

II. DESIGN AND RESULTS 

Figure 1(a) depicts the 3D schematic diagram of the 
proposed waveguide bend. The structure features an initial 
width of 1.2 μm, with its boundaries precisely outlined by two 
Bezier curves to optimize the geometrical transition. The bend 
maintains a highly compact effective radius (Reff) of 3.8 μm. 
The cross-sectional profile of the AlGaAsOI platform is 
illustrated in Figure 1(b). To fully exploit the strong nonlinear 
advantages of the material, the thickness of the AlGaAs film 
is set to 350 nm, a typical configuration for nonlinear 
waveguides. The AlGaAs waveguide is situated on a silicon 
substrate and completely cladded by silicon dioxide (SiO2). At 
the operating wavelength of 1550 nm, the refractive index is 
3.27 for the AlGaAs waveguide and 1.45 for the SiO2 cladding. 

 

Fig. 1. (a) 3D schematic and (b) cross-sectional view of the proposed 

waveguide bend. 

We chose the order of the two Bezier curves to be six for 
a balance between the complexity of the model and sufficient 
design space. The inner and outer curves Pi(t) and Po(t) can be 
expressed as 
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where Pi0/Po0 and Pi6/Po6 are fixed as the starting and ending 
points. Furthermore, the geometry of the waveguide bend is 
constrained to be symmetric with respect to its angle bisector, 
effectively halving the number of required design parameters.  

 

Fig. 2. (a) Control point distribution of the optimized waveguide bend and 

(b) the corresponding simulated transmission spectrum. 

Three-dimensional finite-difference time-domain (3D-
FDTD) simulations are conducted, and we employ the adjoint 
method to optimize the waveguide bend. By utilizing merely 
one forward and one adjoint simulation, this approach 
computes the gradient independently of the design space 
dimensionality, thereby substantially accelerating the 
optimization process. The electric field distributions acquired 
from these two simulations are utilized to compute the 
gradient. By combining this gradient with the figure of merit 
(FOM) information, the iteration step size is calculated to 
systematically update the design parameters of the AlGaAs 
waveguide bend. It can be observed that the inner and outer 
boundaries of the optimized bend exhibit highly smooth and 
continuous curves, as shown in Fig. 2(a). The corresponding 
simulated transmission spectrum, displayed in Fig. 2(b), 
exhibits an ultra-low insertion loss of 0.006 dB for a 90-degree 
bending, while maintaining higher-order mode crosstalks 
below -28 dB across a broad wavelength range from 1500 nm 
to 1600 nm. 

 

Fig. 3. Simulated electric field distributions for (a) the conventional arc 

bend and (b) the optimized dual-Bezier bend under TE0 mode excitation. 

Figure 3 illustrates the simulated electric field 
distributions for both the conventional arc bend and the 
optimized waveguide bend under TE0 mode excitation. As 
observed, the conventional arc bend suffers from severe mode 
distortion and a prominent outward lateral shift of the optical 
field, resulting in a severe insertion loss of up to 4 dB. In 

contrast, the mode field propagation is remarkably stable in 
the optimized design. Throughout the entire turning process, 
the optical field maintains excellent symmetry, with the 
energy tightly confined to the waveguide core without 
noticeable outward lateral shift or abrupt perturbations. 

We also analyzed the fabrication tolerance of the device. 
The transmission performances were simulated under uniform 
boundary deviations, corresponding to a ±20 nm variation in 
the overall waveguide width, as shown in Fig. 4. The results 
indicate that the optimized bend exhibits a remarkably high 
fabrication tolerance. This structural stability ensures reliable 
and consistent performance, demonstrating that the proposed 
design is highly suitable for large-scale fabrication and paving 
the way for robust nonlinear photonic integrated circuits on 
the AlGaAs-on-insulator platform. 

 

Fig. 4. Transmission spectra with waveguide width variations of (a) +20 

nm and (b) -20 nm. 

III. CONCLUSION 

In summary, we have proposed and numerically 
demonstrated an ultra-compact, low-loss waveguide bend on 
the AlGaAsOI platform. By employing a dual-Bezier curve 
design, the structure achieves a tight equivalent bending radius 
of 3.8 μm while maintaining a negligible insertion loss of less 

than 0.006 dB/90 °  across the C-band. Compared to 

conventional arc waveguide bend, which typically suffers 
from severe mode distortion and high radiation losses at such 
small radius, our optimized design effectively suppresses 
these effects. Furthermore, the device exhibits a robust 
fabrication tolerance of ±20 nm, making it highly practical for 
actual manufacturing. With its ultra-compact footprint and 
excellent optical performance, this proposed waveguide bend 
serves as a highly promising fundamental building block for 
large-scale, high-density photonic integrated circuits on the 
AlGaAsOI platform. 
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