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(Invited Paper) 

Abstract—Recent advances in integrated nonlinear material 
platforms and low-loss optical microresonators enabled a broad 
range of chip-scale optical applications, such as optical frequency 
combs, quantum photonics, and optical signal processing. The 
aluminum gallium arsenide-on-insulator (AlGaAsOI) platform 
exhibiting high nonlinearity, strong light confinement, and 
negligible two-photon absorption has motivated research in 
realizing highly efficient nonlinear components. Low loss and 
dispersion engineering are essential for nonlinear processes in 
waveguides as the former allows for a long nonlinear interaction 
distance while the latter ensures good phase matching. 
Constructing waveguides into microresonators can bring the 
nonlinear efficiency of the device to an unprecedented level but 
also requires extra considerations concerning the excess losses 
induced by waveguide bend and coupler, and the dispersion 
perturbation induced by intermodal coupling. This paper presents 
the fabrication process and its critical aspects for high Q 
AlGaAsOI microresonators. We report the highest Q for high-
confinement III-V microring resonators that are fabricated using 
an electron-beam lithography-based patterning process. We also 
present an efficient coupler that simplifies the post-processing step 
for fiber-chip coupling. Moreover, we present generic design 
methods to suppress the avoided mode crossing (AMX) or 
dispersion defects in microresonators and demonstrate AMX-free 
AlGaAsOI microresonators. 

Index Terms—Photonic integrated circuits, nonlinear optical 
devices, optical device fabrication, gallium arsenide. 

I. INTRODUCTION 
Aluminum gallium arsenide (AlxGa1-xAs) is a semiconductor 
alloy system with an extensive history in the realization of 
novel optoelectronic devices, including resonant cavity light-
emitting diodes [1] and double heterojunction laser diodes [2]. 
A peculiar optical characteristic of AlGaAs was reported more 
than two decades ago, which showed a huge optical Kerr (third-
order) nonlinearity near its half bandgap [3], [4]. At 
telecommunication wavelengths (~1.55 µm), AlGaAs exhibits 
a high Kerr nonlinearity (n2≈2×10-13 cm2W−1) far exceeding 

that of the widely-known materials in integrated nonlinear 
photonics such as silicon nitride (n2=2.5×10-15 cm2W−1), silicon 
carbide (n2 = 8.6 × 10-15 cm2W−1), and aluminum nitride (n2 = 
2.3 × 10-15 cm2W−1). Furthermore, the aluminum concentration 
(x) of AlxGa1-xAs can be controlled to widen the material 
bandgap preventing two-photon absorption (TPA) around the 
telecommunication wavelengths. Initial investigation of 
nonlinear optics using AlGaAs implemented deep-etched 
GaAs/AlGaAs waveguides [5], which had limitations in their 
nonlinear efficiency due to their loosely confined optical field. 
Subsequently, the efficiency of GaAs/AlGaAs waveguide 
systems was further improved by fabricating waveguide cores 
with a submicron-scale cross-section dimension [6]–[8]. To 
fully utilize the high nonlinearity of AlGaAs, an AlGaAs-on-
insulator (AlGaAsOI) platform [9], [10] was developed to 
achieve strong confinement of modes with a high index contrast 
waveguide system – a high-index AlGaAs core (nAlGaAs=3.3) 
surrounded by a low-index cladding (e.g., SiO2 with nSiO2=1.46). 
Enabled by its submicron cross-section dimension of the core, 
AlGaAsOI offers not only a high effective Kerr nonlinearity but 
also a strong modal dispersion engineering. In recent years, 
diverse nonlinear photonic experiments and applications have 
been realized using AlGaAsOI waveguides, including 
supercontinuum generation [11], [12], optical signal processing 
[13]–[17], and photon-pair generation [18]. Suspended AlGaAs 
waveguides [19]–[22] is another noteworthy system that offers 
strong light confinement and is especially attractive for mid-
infrared applications [19], [20]. However, the suspended 
waveguides have drawbacks where the waveguide types are 
limited to rib waveguides [20], [21] or laterally tethered 
nanowires [22], and the device encapsulation is challenging. 
We also note that AlGaAs has a substantially large second-
order nonlinearity [23]–[25]; however, the scope of the 
discussion is limited to the third-order nonlinearity for 
simplicity. The distinct optical properties of the AlGaAsOI 
waveguide can be further magnified by forming a 
microresonator. 

 Microresonators can dramatically boost the nonlinear 
efficiency through an extreme buildup of intracavity power in a 
small mode volume [26]. As propagation loss ultimately limits 
the intensity enhancement of the resonator, a low-loss – 
synonymously, a high-quality (Q) factor – microresonators are 
of great importance when it comes to facilitating an efficient 
nonlinear process. Consequently, significant efforts have been 
made to realize high-Q microresonators in various material 
platforms, including silica [27] and silicon nitride [28]–[31]. 
We note that the AlGaAsOI platform, distinguished by its high-
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index contrast waveguide, is more susceptible to scattering loss 
induced by the surface roughness [32], [33] than the other low-
index contrast material platforms. Thus, optimizing the 
fabrication process to obtain smooth waveguide surfaces is 
essential to realizing power-efficient nonlinear photonic 
applications on AlGaAsOI microresonators [34]. With notable 
developments in fabrication technology, the AlGaAsOI 
microresonator has been successful in demonstrating efficient 
nonlinear processes, such as Kerr frequency comb generation 
[9], [35], [36], optical signal processing [37], and bright photon-
pair generation [38].  

Another important factor involved in the resonator’s 
nonlinear process is dispersion. In particular, the dispersion of 
the resonator determines the bandwidth, spectral profile, and 
generation dynamics of the Kerr frequency comb [39]. For 
example, a carefully designed resonator dispersion allows the 
generation of octave-spanning frequency combs facilitated by 
dispersive waves [40] and four-wave mixing Bragg scattering 
[41]. Here, the AlGaAsOI system benefits from the tight mode 
confinement as it enables an efficient modal dispersion 
engineering by controlling the cross-section dimension of the 
resonator waveguide. We also note a new degree of designing 
the dispersion that utilizes avoided mode crossings (AMX) in 
microresonators. The AMX allows spectrally local 
modification of the dispersion, whereas the geometric 
dispersion engineering is limited to adjusting the global profile 
of the dispersion. Microresonators designed with the AMX-
assisted dispersion engineering provide a new ground for 
generating a diverse class of combs, such as soliton crystals  
[42], [43], dark solitons [44]–[46], breathing solitons [47], and 
allow deterministic generation of solitons [48]–[50]. However, 
the appearance of an unintended AMX, which often arises from 
the transverse mode coupling, is detrimental to the comb 
generation. The AMX, also known as dispersion defects, results 
in severe distortion of the spectrum and obstructs the 
stabilization of the combs [39]. Therefore, the accidental AMX 
needs to be prevented by employing various resonator design 
strategies, such as intracavity mode-selective filters [51]–[54], 
adiabatically-bent racetrack resonators [55], [56], and coupled 
resonators [57].  

In this paper, we provide an overview of AlGaAsOI 
microresonator device fabrication and design methods. Section 
II presents the fabrication process of the AlGaAsOI 
microresonators with a particular focus on the processes that are 
critical for realizing high-Q factor microresonators. 

Lithography and dry etching processes are optimized to achieve 
smooth surface quality and precise dimension control. Also, we 
present modified inverse tapered fiber-chip couplers to simplify 
the post-fabrication step. Section III describes the 
microresonator device design methods that cover dispersion 
engineering and strategies for suppressing the AMX. 

II. FABRICATION 
AlGaAs waveguides were initially realized by deep etching 

of Alx Ga1-x As layer stack grown on GaAs wafers [5]–[7] with 
variable concentrations of aluminum (x). The guiding of optical 
mode relied on a slightly higher refractive index of the core 
(lower x) than its top and bottom cladding layer (higher x). 
Although a number of noteworthy nonlinear photonic 
demonstrations [58], [59] were performed on the GaAs/AlGaAs 
waveguide system, it showed critical limitations such as 
challenging fabrication process involving high-aspect-ratio 
etching and weak mode confinement due to the vertical-wise 
low-index contrast. Subsequently, the AlGaAsOI material 
platform was developed (Fig. 1(a)) to address the fabrication 
constraints and fully take advantage of the unique property of 
AlGaAs. A thin layer of AlGaAs is prepared on top of a 
cladding (insulator), as shown in Fig. 1(b), which relaxes the 
fabrication complexity with shallow etching. Fig. 1(c) shows a 
sub-micron cross-sectional dimension of a waveguide based on 
the AlGaAsOI platform, which offers tight confinement of light. 
High-Q dispersion engineered AlGaAsOI microresonators 
shown in Fig. 1(d) necessitate stringent material quality control 
and fabrication processes.  

This section discusses the crucial processes involved in 
fabricating the AlGaAsOI device structures, as shown in 
Fig. 1(a). Subsection A describes the wafer bonding and 
substrate removal process to prepare the AlGaAsOI sample. 
Critical stages of fabricating the AlGaAsOI microresonator – 
electron-beam lithography (EBL) and dry etching – will be 
discussed with cautionary case studies in subsections B and C. 
The two processes heavily impact the sidewall roughness, the 
waveguide profile of the resonator, and the quality of patterning 
coupling regions (Fig. 1(e)), which determines the performance 
of the microresonator devices. In subsection D, we analyze the 
Q of the fabricated devices in various cross-sectional 
dimensions and investigate its dependence on the scattering loss. 
Subsection E shows a fabrication-simplified chip-to-fiber 
coupler with decent coupling efficiency (Fig. 1(f)). 

 
 

 

 

 

 

 

 

 

Fig. 1. (a) Process flow of  AlGaAs-on-insulator (AlGaAsOI) microresonator fabrication. (b) Photograph of a two-inch AlGaAsOI wafer. (c - f) Scanning electron 
microscope (SEM) images of AlGaAsOI photonic structures. (c) Cross-sectional view of AlGaAsOI waveguide. (d) Bird's eye view of microresonator array. (e) 
Zoom-in of a region where a microresonator is coupled to a bus waveguide. (f) Inverse tapered fiber-chip coupler structure. Scale bars indicate 1 µm. 
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A. AlGaAsOI sample preparation  
A thin 320 nm thick Al0.21Ga0.79As is epitaxially grown using 

a metalorganic vapor phase epitaxy or molecular beam epitaxy 
on a 50 mm GaAs wafer (100 surface) with sacrificial layers 
(Al0.21Ga0.79As / InGaP / GaAs / InGaP / GaAs substrate) [10]. 
An interface layer is deposited on the AlGaAs layer of the 
epitaxial stack prior to the bonding. In the case of direct bonding 
[35], [60], [61], alumina (Al2O3) is deposited using atomic layer 
deposition (ALD) to facilitate a low-temperature bonding of 
AlGaAs epitaxial wafer on a substrate wafer. On the other hand, 
the adhesive bonding requires a deposition of silica (SiO2) 
cladding on the AlGaAs layer using a plasma-enhanced 
chemical vapor deposition (PECVD) to sufficiently separate the 
bonding agents from the waveguide core. A semiconductor host 
wafer (silicon, InP, or sapphire) is also deposited with a thin (< 
10 nm) interface layer (silica using PECVD for adhesive 
bonding and alumina using ALD for direct bonding) to facilitate 
the bonding process. When opting for the adhesive bonding 
method, an adhesion promoter (AP3000) is spin-coated on both 
bonding interfaces of the AlGaAs and host wafer, and a 100-
nm thick benzocyclobutene (BCB) is spin-coated on the carrier 
wafer. The wafers are bonded with a bonding machine applying 
a pressure of 6 bars under a vacuum at 250°C for one hour.  

To expose the AlGaAs layer, the GaAs substrate and the 
sacrificial layers (InGaP/GaAs/InGaP) are removed with wet 
etching. Prior to the wet etching, oxygen and fluorine-based 
plasma cleaning can be performed on the GaAs substrate side 
to ensure the sample is free from the residual BCB. The GaAs 
substrate layer is first rapidly removed with a mixed solution of 
sulfuric acid and hydrogen peroxide (H2SO4:H2O2=5:4), 
leaving a substrate thickness of tens of micrometers. The 
remaining GaAs is slowly removed using a mixed solution of 
citric acid and hydrogen peroxide (C6H8O7:H2O2=4:1). The 
AlGaAs thin film is exposed after etching away the subsequent 
sacrificial layers of InGaP and GaAs with hydrogen chloride 
and citric acid/hydrogen solution, respectively. 

The surface quality should be carefully controlled prior to the 
wafer bonding as it is highly influential on the yield of the 
AlGaAs thin film. For instance, a micrometer-sized 
contamination or growth defects on either side of the bonding 
interfaces can translate to a millimeter-sized area defect after 
the substrate removal. Thus, the wafers should be carefully 
handled in a way that the surfaces are minimally exposed to 
particle contaminations. Also, the surface quality can be 
improved by optimizing the epitaxial growth process. During 
the MOVPE growth, we introduce a growth interruption of two 
seconds between interfaces where group V gas is changed to 
prevent intermixing [10]. 

B. Electron-beam lithography (EBL) 
We use EBL to define the device pattern. A negative-tone 

high-resolution EBL resist, hydrogen silsesquioxane (HSQ), is 
spin-coated on the AlGaAs thin film. In addition, we deposit a 
20-nm thick conductive layer of aluminum on top of the HSQ 
to minimize pattern distortion from the excessive charging 
effect [61], [62] during the EBL process. An average electron-
beam dose of 11,000 µC/cm2 was exposed using an EBL system 
(JEOL JBX-9500FS) with an acceleration voltage of 100 kV. 
The HSQ is developed using a diluted potassium-hydroxide 

(KOH)-based developer (AZ400K:H2O=1:3), which also 
etches the aluminum layer. 

Special care must be taken in the EBL to achieve a high-
fidelity pattern definition with a minimum line edge roughness 
and discontinuities. A standard single-pass exposure may result 
in 1) sidewall roughness (as shown in Fig. 2(a)) due to the 
discrete electron-beam shot distribution and deflection noise 
[63], and 2) discontinuous edge pronounced in curved patterns 
(as shown in Fig. 2(c)) due to the charge-induced stitching-error 
between the fractured patterns [61], [64]. A multi-pass exposure 
can be applied in the EBL process, which averages (smooths) 
the imperfection (as shown in Fig. 2(b)) and relaxes the 
charging effect (as shown in Fig. 2(d)). Our previous report on 
AlGaAs-on-sapphire microresonators [61] showed a 
considerable reduction of propagation loss in both straight and 
curved waveguides by comparing the devices fabricated with 
the single-pass and multi-pass exposure in the EBL stage. The 
multi-pass exposure showed a reduced loss in the straight 
waveguide from 2.4 dB/cm to 1.2 dB/cm and in the curved 
waveguide from 4.8 dB/cm to 2.7 dB/cm. Here, we note that the 
multi-pass writing strategy does not entirely eliminate the 
propagation loss caused by the stitching error in the curved 
geometry. Thus, racetrack- and finger-shaped resonators [65]–
[67] with a minimal length of the curved segments are preferred 
when fabricating a high-Q resonator with such an EBL system. 
In addition, these resonator shapes allow a compact packing 
(reduction of areal footprint) of low-repetition-rate (long-cavity 
length) resonators within a writing field of the EBL that can 
prevent the field-stitching error at the writing field boundaries. 
We add that deep-ultraviolet (DUV) lithography systems are 
free of the fractured-pattern- and field-stitching errors. Thus, 
the DUV lithography is especially ideal for fabricating circular 
microring resonators with a short cavity length, which only 
consists of curved waveguides [29], [35]. However, the EBL 
supports a finer feature size compared to the DUV, which 
makes it more advantageous considering the patterning of 
advanced resonator geometry [50] and narrow-width inverse 
tapered fiber-chip couplers (Fig. 1(f)) that require precise 
pattern definition of sub-100-nm features. We also note that an 
EBL system equipped with a novel fixed-beam moving stage 
mode [68] can define stitch-free patterns.  

 

 
Fig. 2. SEM images of sidewalls for straight waveguides (a, b) and curved 
waveguides (c, d) patterned using standard (a, c) and multi-pass (b, d) electron-
beam lithography. The roughness of patterned HSQ is transferred to the 
AlGaAs layer indicated with blue. Scale bars indicate 200 nm. 

C. Dry etching 
A high-quality pattern transfer process is essential to achieve 

high-Q microresonators. We use dry etching to transfer the 
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device pattern defined on the HSQ to the AlGaAs layer. An 
inductively coupled plasma reactive ion etching (ICP-RIE, 
SPTS ICP) with a boron trichloride (BCl3)-based gas chemistry 
is used to vertically etch the AlGaAs sample bonded on a 100 
mm silicon carrier wafer.  

The ICP-RIE chamber used for processing various materials 
is prone to deposition of unexpected particles near the device 
pattern (Fig. 3(a and b)) when insufficiently cleaned. Common 
particle-inducing contaminants such as silicon oxychloride and 
aluminum fluoride can be effectively cleaned by SF6 [69] and 
BCl3 [70] plasma, respectively. Thus, a series of chamber 
cleaning processes using O2, SF6, BCl3, and Ar plasma is 
performed to ensure the contamination-free chamber condition, 
as shown in Fig. 3(c). 

 
Fig. 3. Lowering of particle level by ICP-RIE chamber cleaning process. SEM 
images of waveguide sidewall after different cleaning processes. (a) O2 plasma 
clean. (b) SF6/O2 plasma clean. (c) Multiple sequence plasma clean in the order 
of 1) O2, 2) SF6/O2, 3) BCl3, and 4) O2/Ar. Scale bars indicate 300 nm. 

Etching process with fine control over parameters – 1) 
sidewall profile (anisotropy), 2) etch lag (aspect ratio dependent 
etching), and 3) sidewall roughness – are essential for 
fabricating AlGaAsOI microresonator devices. Fig. 4(a-c) 
shows cross-section profiles of a bus waveguide-resonator 
coupling region etched with different etching conditions. The 
sidewall angle of the waveguide and the lagging of the etch 
between the closely placed waveguide (coupling gap) can be 
controlled by various process parameters, including gas 
mixtures and carrier wafer. An anisotropic profile (vertical 
sidewall) can be repeatably achieved by using nitrogen (N2) / 
BCl3 gas mixture (20 sccm of BCl3 and 5 sccm of N2), as shown 
in Fig. 4(a). We also note that the etched profile is vertical in 
the narrow gap between the waveguides due to the strong 
passivation introduced by N2 [71]. The standard pure BCl3-
based etching (20 sccm of BCl3) can vertically etch the 
waveguide, as shown in Fig. 1(c and f) and Fig. 4(b). However, 
we find a noticeable etch lag and an undercut (lateral etch) 
profile in the narrow gap indicating a lack of surface passivation 
during the etch. Fig. 4(c) shows weaker passivation [72], [73] 
by using a sapphire wafer as a carrier instead of the standard 
silicon wafer. Although the well-passivated etch (anisotropic 
and lag-free) using BCl3/N2 is favorable in terms of the etch 
profile, the sidewall is noticeably rough, as shown in Fig. 4(d). 
In contrast, the least-passivated isotropic etch by using the 
sapphire carrier wafer allows a smooth sidewall profile, as 
shown in Fig. 4(e). Though the smooth etched sidewall surface 
is highly desirable for low-loss waveguides, the isotropic 
profile poses a challenge in waveguide dimension control 
(dispersion control) and resonator coupler design. The etch 
result of the three recipes in Fig. 4 shows an evident trade-off 
relationship between the profile control and surface quality 
(roughness). We find etching the AlGaAsOI sample placed on 
a silicon carrier wafer with pure BCl3 gas chemistry provides a 
balanced solution. Sidewall passivation plays an essential role 
in patterning waveguide structures. A vertical waveguide 

sidewall can be obtained when the etching and passivation are 
well balanced. Fig. 5 shows the cross-section profiles of fiber-
chip coupling structures (discussed in subsection E) using the 
same BCl3-based etching recipe but with different sample sizes. 
With an increased sample size, the etch rate is reduced due to 
the loading effect, which leads to an increasing level of 
passivation. The sidewall profile is changed from negative 
(Fig. 5(a)), near-vertical (Fig. 5(b)), to positive (Fig. 5(c)) 
angle. As the cross-section profile does not only affect the 
waveguide dispersion but also heavily influences the fiber-chip 
coupling, it is critical to ensure vertical sidewall by maintaining 
the processing parameters such as bias voltage and load area of 
the AlGaAsOI sample and monitoring the etch rate. To achieve 
repeatable etching, we also perform a sufficiently long (30 
minutes) preconditioning etch [74] by running the standard 
recipe prior to etching the AlGaAsOI device. 

 

 
Fig. 4. SEM images of etched AlGaAsOI structures using (a, d) 20 sccm of BCl3 
and 20 sccm of N2 gas flow with the sample placed on a 100 mm silicon carrier 
wafer; (b) 20 sccm of BCl3 gas flow with the sample placed on a 100 mm silicon 
carrier wafer; and (c, e) 20 sccm of BCl3 gas flow with the sample placed on a 
100 mm sapphire carrier wafer. Scale bars indicate 100 nm. 

 

 
Fig. 5. SEM images of fiber-chip coupler tips at the cleaved facet. Sidewall 
profiles of (a) negative, (b) vertical, and (c) positive slopes are achieved in the 
order of increasing the passivation. Etch rates are (a) > 60 nm/min., (b) around 
60 nm/min., and (c) < 60 nm/min. Scale bars indicate 100 nm. 
 

 
Fig. 6. SEM images of bus-resonator coupling section. (a) An ang/ed image 
near the coupling gap. (b and c) Point coupling structures with coupling gaps 
of (b) 150 nm and (c) 400 nm. (d) Straight directional coupler structure with a 
coupling gap of 400 nm. Scale bars indicate 500 nm. 

For high-confinement AlGaAsOI microresonators, a bus-to-
resonator coupling relies on a sub-micron-gap coupler. 
Imperfect patterning of the coupling structure may adversely 
affect microresonators concerning the Q. Fig. 6(a, b) show the 
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unetched residual AlGaAs material near the narrow bus-to-
resonator coupling structure (point coupler) with a gap 
narrower than 200 nm. The localized residue in the coupling 
gap may induce detrimental effects such as scattering loss [28], 
excitation of other transverse modes [75], and counter-
propagating mode [76]. Though significant over-etching can 
remove the gap residue, it induces extra sidewall roughness [77] 
which may cause more scattering loss. A more practical 
approach would be to widen the coupling gap to reduce the lag 
effect, avoiding the gap residue, as shown in Fig. 6(c). When 
the coupling gap is too large for achieving a desired bus-
resonator coupling strength (e.g., critical coupling condition), 
directional couplers [75] that have long coupling lengths (see 
Fig. 6(d)) should be applied, allowing for sufficient coupling 
with a large coupling gap. We also note that a vertical coupling 
configuration [78], where the AlGaAsOI microresonator is 
placed above a bus waveguide, may circumvent the problem 
and also allow an ideal coupling of the smooth and isotropically 
etched resonator (Fig. 4(e)). 

D. Q analysis of microresonators 
Low propagation loss (high-Q) microresonators are integral 

components of integrated nonlinear photonics, allowing 
extreme intracavity confinement of the optical field. Here, the 
intensity enhancement of the resonator is ultimately limited by 
the propagation loss of the constituent waveguide that 
originates from various loss mechanisms such as surface 
scattering [32], [33], surface state absorption [79], and bulk 
material absorption [80]. In particular, the scattering loss in 
high-index contrast (AlGaAsOI) waveguides is susceptible to 
surface roughness. The top and bottom surface roughness of the 
waveguide is predetermined by the epitaxial growth of AlGaAs. 
The sidewall roughness can be reduced by improving the EBL 
and dry etching processes, discussed in the previous subsections. 
However, in a realistic setting where the fabrication technology 
is limited, a larger waveguide cross-section dimension can be 
introduced to reduce the scattering loss [32], [33].  

We characterized microresonators with various widths (450, 
550, 690, and 830 nm), which were fabricated on the same 
AlGaAsOI sample with a thickness of 320 nm. Fig. 7(a) shows 
a scanning electron microscope (SEM) image of the AlGaAsOI 
microresonators fabricated following the previously described 
processes. A typical transmission spectrum of a resonator 
operating in a TE00 mode with a free-spectral range (FSR) of 
about 100 GHz is shown in Fig. 7(b, c). The individual 
resonances can be fit to coupled-mode theory-derived functions 
to extract the intrinsic Q (Qint) of the resonator. Lorentzian 
singlet (Fig. 7(c)) [81] and doublet (Fig. 7(d)) [82], [83] 
resonance line-shapes of the resonators are statistically 
analyzed for the different resonator waveguide widths, as 
shown in Fig. 7(d and e). We find a strong correlation between 
the width and Qint for TE00 mode, where the mean (maximum) 
Qint for resonator width of 450 nm is 3.4×105 (4.5×105), and that 
of the 830 nm is 5.4×105 (7.6×105). This reported Q is the 
highest for high-confinement III-V microresonators that are 
fabricated using an EBL-based patterning process. The result 
experimentally validates that the scattering loss of the TE00 
mode caused by the sidewall roughness can be significantly 
reduced by increasing the waveguide width. In contrast, the 

TM00 mode shows a similar mean (maximum) Qint of around 
1.7×105 (2.7×105) for microresonators with all four waveguide 
widths. We speculate that the change of the width does not 
influence the scattering loss of the TM00 mode as it has a 
pronounced electric field overlap with the top and bottom 
surfaces instead of the sidewall. Therefore, the epitaxy growth, 
wafer bonding, and substrate removal processes are essential 
for high-Q microresonators operated in the TM00 mode. On the 
other hand, the patterning processes, including patterning mask 
materials and pattern transfer, need to be optimized to further 
improve the high-confinement microresonators operated in the 
TE00 mode. For instance, microresonators with Qint above 1 
million have been achieved by adopting the DUV lithography 
with reflowed photoresist [34], [35].  

E. Fiber-chip edge coupler 
Broadband and efficient fiber-chip couplers are essential for 

nonlinear photonic applications. Inverse tapered edge couplers 
[84], [85] can be employed to obtain high chip coupling 
efficiency beyond 60%. However, typical inverse taper designs 
require either patterning of low-index access waveguides [84] 
or etching (polishing) samples for fiber access [85]. Here, we 
introduce a tip-extended inverse taper coupler to simplify the 
post-processing stage [86] involved in the standard inverse 
tapered structures. Fig. 8(a) shows the schematic of the tip-
extended inverse tapered edge coupler before being clad in 
glass. The tip width is designed to support a weakly confined 
waveguide mode that is matched to a lensed fiber mode. 
Therefore, such a coupler design enables easy preparation of the 

 
Fig. 7. (a) SEM image (bird's-eye view) of AlGaAsOI microresonator arrays. 
The scale bar indicates 20 µm. (b and c) Resonance fit of Lorentzian (c) singlet 
and (d) asymmetric doublet for microresonators with waveguide width of 450 
nm and 830 nm, respectively. Intrinsic Q (Qint) distributions of different 
waveguide widths (450, 550, 690, and 830 nm) for (d) TE00 and (e) TM00 
modes. 
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sample facet by simply cleaving along the extended tip segment 
of the coupler, as the cleaving inaccuracy can be compensated 
by implementing a sufficiently long weakly-confined tip 
waveguide. Here, we note that the coupler should be patterned 
orthogonal to the substrate crystal orientation (cleaving edge) 
in the EBL stage. The angular adjustment between the pattern 
and the substrate allows the cleaving position to be consistent 
for the couplers across the entire chip. In addition, a micron-
sized anchor is patterned at the terminating end of the extended 
tip to prevent delamination of the tip structure (narrow and long 
pattern). As shown in Fig. 8(b), a ruler pattern is located above 
the coupler to assist the scribing and cleaving process. The 
AlGaAsOI chip is scribed and cleaved using a microscope-
assisted (4× magnification) diamond scriber (Optophase MR 
200). A free-space Gaussian optical beam (from a lensed fiber) 
with a 3-µm mode diameter is incident to the edge-face of the 
tip. The tip segment couples the free-space mode to its weakly 
guided mode, which is propagated to the tapered segment. The 
tapered structure is functionally identical to the standard inverse 
tapered couplers [85], which adiabatically converts the large-
sized mode into a tightly confined waveguide mode. Fig. 8(c) 
shows the coupling efficiency of the TE00 and TM00 modes, 
which are insensitive to the variations of the tip length. In other 
words, the propagation loss of the weakly guided mode in the 
tip is negligible. The coupler optimally designed for TE00 mode 
(cross-section dimension of 320 nm × 120 nm) shows a slight 
wavelength dependency of the coupling where the TE00 mode 
coupling efficiency (maximum of -1.5 dB/facet at 1570 nm and 
minimum of -2.5 dB/facet 1630 nm). The cross-section 
dimension of the tip strongly influences the coupling efficiency, 
as shown in Fig. 8(d), where the TM00 mode coupling efficiency 
can be improved by reducing the width of the tip. Compared 
with facet couplers where polymer access waveguides are 

employed [84], the demonstrated coupler has a higher damage 
threshold, which is desirable for high-power-pumped devices.  

III. MICRORESONATORS 
The nonlinear efficiency of a microresonator is primarily 

determined by the fabrication technology (Q) of the resonator, 
as discussed in the previous section. On the other hand, the 
dispersion relies on the designed geometry of the 
microresonator. The dispersion is essential for the nonlinear 
microresonators as it influences the phase-matching condition 
of the nonlinear process. Especially, the dispersion plays a vital 
role in Kerr frequency comb (dissipative soliton) generation as 
it influences the spectral shape of the comb, generation 
dynamics, and stabilization of soliton [39]. Furthermore, fine 
adjustment of resonator dispersion allows generation of octave-
spanning frequency combs enabled by dispersive waves [35]. 
In subsection A, we discuss the dispersion design by geometric 
dispersion engineering. We show that the tight mode 
confinement of the AlGaAsOI waveguide system allows 
efficient control of the resonator dispersion. Subsection B 
describes the AMX induced by intermodal coupling in 
resonators, which locally perturbs the dispersion. Subsections 
C and D present mode-selective filter and internode coupling, 
respectively, to suppress the accidental AMX. Subsection E 
shows experimental results of the AMX suppression methods 
applied to the AlGaAsOI microresonator devices. 

A. Dispersion design 

 
Fig. 9. (a) Cross-section schematic of AlGaAsOI-based waveguide and 
microresonator. TE00 mode profiles for different cross-section dimensions are 
plotted within colored boxes. (b) Simulated group-velocity dispersion (GVD) 
of bulk AlGaAs [87] (black line), waveguides with cross-section dimensions of 
320 nm × 470 nm (blue line) and 400 nm × 1500 nm (orange line). The colored 
circles represent the experimentally obtained GVDs for the corresponding 
cross-section dimensions. (c) Integrated dispersion (Dint) for the corresponding 
cross-section dimensions. Transparent circles and solid lines represent 
experimental data points and polynomial fitting, respectively.  

The cross-section geometry of the AlGaAs core (Fig. 9(a)) can 
be controlled to engineer the group-velocity dispersion (GVD) 
of the AlGaAsOI waveguide. Fig. 9(b) shows that by changing 
the dimension (width) of the AlGaAs waveguide, the  GVD can 
be flexibly controlled across normal (GVD < 0) and anomalous 
dispersion (GVD > 0) regimes. In a resonator formed by a 
waveguide, the GVD manifests as a deviation of resonant 
frequencies from the equidistant frequency grid spaced by its 
FSR. Thus, the dispersion of a resonator is conveniently 

 
Fig. 8. (a) Schematic of the tip-extended inverse tapered fiber-chip coupler. 
Top cladding is omitted. (b) Dark-field optical microscope image of the coupler 
and a cleave-guiding ruler. Right-side: SEM image of the cleaved edge with 
false-colored coupler tip. (c) Left: coupling efficiency of TE00 and TM00 mode 
with respect to tip length. The data points indicate averaged coupling 
efficiencies within the wavelength range of 1500 – 1630 nm. Right: 
transmission spectra of the coupler with a tip length of 260 µm. The coupler 
has a tip width of 120 nm and a tip height of 320 nm. (d) Coupling efficiency 
with respect to the tip width (fixed height of 320 nm).  
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characterized by an integrated dispersion (Dint), which is 
expressed as Dint = ωμ–(ω0+D1µ), where µ is the longitudinal 
mode number, ωμ is the resonant frequency of the µ-th mode, 
ω0 is the center frequency, and D1/2π is the FSR. As the 
resonant frequencies ωμ can be given in Taylor series as ωμ=ω0 
+D1µ+(1/2·D2µ2+1/6·D3µ3+·· ), the Dint in the parenthesis can 
be factored out as Dint=1/2·D2µ2+1/6·D3µ3+···, where D2 is the 
second-order resonator dispersion, D3 is the third-order 
resonator dispersion. Fig. 9(c) shows the experimental Dint 
obtained from AlGaAsOI microresonators designed according 
to the cross-sectional dimensions shown in Fig. 9(a and b). 
Here, the experimental Dint of the microresonators were 
obtained by a high-resolution transmission spectra 
measurement assisted by a high-finesse free-space cavity [88]. 
The D2 extracted by the polynomial fitting of the Dint is 
compared with the simulated GVD in Fig. 9(b), showing an 
agreeable dimensional accuracy of the fabricated device.  

B. Avoided mode crossing (AMX) in microresonators 
The Dint, ideally, should follow a smooth polynomial curve 

for standard single resonator systems given by the GVD of a 
transverse mode of interest. However, the Dint can be locally 
perturbed with an unexpected AMX occurring in the resonator., 
This adversely affects the Kerr frequency comb generation in 
the resonator, the Dint can be locally altered resulting in 
distortion of the comb spectrum and unstable soliton. The 
accidental AMX commonly originates from intermodal 
coupling between the transverse modes supported by the 
microresonator. Fig. 10(a) depicts a microresonator system 
supporting two different transverse mode families (modes A 
and B) with an intermodal coupling in the resonator. As shown 
in Fig. 10(b), the resonances of modes A and B show strong 
splitting features indicating the hybridization of the two modes 
when the resonant frequencies are overlapping (at 1555 nm). 
We note that the resonance peak locally deviates in wavelength 
from the intrinsic resonant wavelength. The consecutive 
resonances also show the split profile and resonance deviations, 
but the effect diminishes with increased detuning between the 
two modes. Thus, the AMX results in a local perturbation in 
dispersion (resonant frequency) when the two coupled modes 
overlap in their resonant frequency.  

 
Fig. 10. (a) Avoided mode crossing (AMX) induced by intermodal coupling. 
Simulated transmission spectra showing (b) severe AMX features and (c - d) 
suppressed AMX by (c) selective filtering of mode B and (d) a reduced 
intermodal coupling. The modes A and B have resonances at a wavelength of 
1550 nm with different FSRs. The solid blue line and orange dashed line 
represent the transmission spectra when modes A and B, respectively, are 
excited through the bus waveguide. 

In this discussion, we study two methods of suppressing the 
AMX resulting from the intermodal coupling phenomenon. The 
first method (subsection C) selectively filters one of the coupled 
transverse modes to suppress the AMX feature [51]–[54]. 

Fig. 10(c) shows unperturbed resonances of mode A, while the 
resonances affiliated with mode B show significantly broader 
resonances (faster decay) than mode A. The second method 
(subsection D) relies on reducing the intermodal coupling 
strength between the transverse modes [55], [56]. As shown in 
Fig. 10(d), the two modes show unperturbed (degenerate) 
resonances near 1555 nm with a significantly reduced 
intermodal coupling strength. The two proposed methods are 
experimentally demonstrated in subsection E using AlGaAsOI 
microresonators with a dramatic reduction of AMX.  

C. Mode-selective filtering 
In this subsection, we focus on suppressing the AMX 

induced by the fundamental polarization mode (TE00 – TM00) 
coupling in microring resonators. The polarization mode 
coupling in microresonators is widely studied in various 
structures and material platforms [53], [89]–[92]. The coupling 
between the fundamental polarization modes generally 
originates from an intrinsic property of material and fabrication 
nonidealities (e.g., the birefringence of the material [93], [94] 
and structural profile of the resonator waveguide [95], [96]), 
rendering it difficult to mitigate. To suppress the AMX caused 
by substantial polarization mode coupling, the roundtrip loss 
(decay rate) of a transverse mode (TM00) participating in the 
mode coupling can be selectively increased. In addition, the 
filtering of the unwanted transverse mode is achieved without 
compromising the loss of the operational transverse mode 
(TE00). Here, we extensively utilize directional couplers – 
concentric and straight directional couplers – to selectively 
filter out the unwanted transverse mode in the resonator. 

The concentric directional couplers can be used for 
selectively filtering (splitting) the polarization modes [54], [97]. 
As shown in Fig. 11(a), a concentric curved waveguide (filter 
waveguide) is evanescently coupled to the microresonator. The 
width of the curved waveguide is designed to match the TM00 
mode effective index of the resonator and the curved 
waveguide. As shown in Fig. 11(c), the TM00 mode effective 
indices of the resonator and the concentric waveguide are 
matched at a waveguide width of 374 nm, while the TE00 mode 
effective indices are substantially mismatched. The given 
condition enables efficient evanescent coupling of resonator 
TM00 mode to the filter waveguide while the resonator TE00 
mode is kept within the resonator. The coupling angle of the 
filter can be adjusted to introduce a substantial loss to the 
unwanted TM00 mode of the resonator, where the resonator-to-
filter coupling coefficient is beyond 0.8 at a coupling angle of 
150°. In contrast, the coupling coefficient of the TE00 mode is 
below 0.027, and the coupled loss corresponds to about 2.4×106 
in Q (assuming a circular microresonator with a radius of 17.2 
µm and an FSR of 710 GHz). Here, the loss of the TE00 mode 
can be reduced by widening the coupling gap between the 
resonator and the filter waveguide [54].  

Fig. 11(b) shows a modified scheme where a concentric 
waveguide (bus-filter waveguide) incorporates the 
functionality of a bus waveguide and the filter waveguide. The 
unwanted TM00 mode of the resonator can be extremely over-
coupled (filtered), while the operational TE00 mode is critically 
coupled. The concentric waveguide is tapered in width to match 
the effective indices of the resonator and the bus-filter 
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waveguide for the TE00 and TM00 modes along the propagation 
direction. We note that the effective index matching width 
slightly varies with the design wavelength and coupling gap. 
Thus, the concentric waveguide is linearly tapered from 440 nm 
to 350 nm to sufficiently cover the effective index matching 
width of the TE00 mode (412 nm) and TM00 mode (374 nm), as 
shown in Fig. 11(c). Fig. 11(e) shows that the bus-to-resonator 
coupling coefficient for the TM00 mode is significantly higher 
than the TE00 mode. This is attributed to the fact that the TE00 
mode has the highest mode confinement in the high aspect ratio 
(width is larger than the height) waveguide (Fig. 11(c)). At a 
coupling angle of 150°, the unwanted TM00 mode is severely 
over-coupled (filtered) with a coupling coefficient above 0.8, 
and the operational TE00 mode is critically coupled with a 
coupling coefficient of about 0.2. Here, the coupling of TE00 
and TM00 mode may be separately controlled by adjusting the 
taper velocity [98] near the effective index matching region of 
the corresponding mode.  

The approach also applies to a racetrack-type microresonator 
device with a straight, symmetrical directional coupler (bus-
filter) configuration shown in Fig. 12(a). Due to the identical 
cross-section dimension of the bus waveguide and resonator, 
the operational TE00 mode and the unwanted TM00 mode are 
simultaneously effective index-matched between the bus 
waveguide and the resonator. By leveraging the lower 
confinement of the TM00 mode, a bus-filter waveguide based on 
the straight directional coupler can be designed to over-couple 
the TM00 mode while critically coupling the TE00 mode. 

The type of the filter (directional coupler) can be chosen in 
accordance with the geometry of the microresonator. The 
concentric directional couplers can be used in both circular 
resonators and curved sections of racetrack-type resonators, 
whereas the straight directional couplers can be only 
implemented in a straight waveguide section of a racetrack-type 
microresonator. The modular nature of the concentric filter 
waveguide (Fig 12(a)) is especially advantageous when a 
resonator has a fixed bus waveguide design (e.g., broadband 
bus-resonator coupling [99]). On the other hand, the concentric 
bus-filter waveguide (Fig. 11(b)) avoids the unnecessary loss of 
the operational mode (TE00) inherent to the concentric filter 
waveguide (Fig. 11(d)). The straight bus-filter waveguide is 
simple to design and allows a long bus-resonator coupling 
length which is suitable for relaxing the fabrication by 
introducing a large coupling gap between the racetrack 
resonator and the bus-filter waveguide. We also note that such 
microresonators' operational and filtered modes are not limited 
to fundamental transverse modes (TE00 and TM00). For 
instance, the coupling (filtering) of high-order modes can also 
be engineered by applying the effective index matching design 
method. 

 
Fig. 12. (a) Schematic of a mode filtered racetrack-type microresonator device 
using a straight symmetric directional coupler. The coupling coefficient is 
determined by the cross-section dimension of the waveguide, coupling gap (G), 
and coupling length (L). (b) Coupling coefficient between the microresonator 
and the straight bus waveguide. The height of the AlGaAsOI waveguides and 
microresonator is 320 nm, the width of the resonator and the bus waveguide is 
470 nm, and the simulation wavelength is 1550 nm. Dashed vertical line 
indicates the coupling length (60 µm) used for AlGaAsOI racetrack 
microresonators in subsection E. 

D. Reduction of intermodal coupling 
In this subsection, we investigate the suppression of the 

AMX by mitigating the intermodal coupling (specifically, 
spatial mode coupling between TE00 and TE10 modes) [55], 
[56]. The spatial mode coupling is known to arise in multimode 
(large cross-section dimension) waveguides that have an abrupt 
transition between straight and curved segments [100]. As the 
straight and curved waveguides have different eigenmode bases 
due to their difference in the coordinate system – Cartesian 
(straight) and cylindrical (curved), a propagating fundamental 
spatial mode will excite high-order spatial modes when 

 
Fig. 11. (a and b) Schematics of mode-filtered microring resonator devices 
using a concentric waveguide (directional coupler). (a) Filter waveguide and 
(b) bus-filter waveguide are evanescently coupled to the microresonator. WR is 
the width of the resonator waveguide, RF is the radius of curvature of the 
resonator waveguide, θ is the coupling angle of the concentric waveguide, G is 
the coupling gap between the resonator and the concentric waveguide, and W 
is the width of the concentric "filter" waveguide; W1 and W2 are the start width 
and end width of the tapered concentric "bus-filter" waveguide, respectively. 
(c) Effective indices of the concentric waveguide TE00 (blue line) and TM00 
(orange line) modes are plotted against the width of the concentric waveguide 
(W). Upper and lower black lines indicate effective indices of the resonator 
TE00 and TM00 modes, respectively. WR is 470 nm, G is 500 nm, and RR is 17.2 
µm. Right-side: TE00 and TM00 mode intensity profile (|E|2) of the resonator. (d 
and e) Coupling coefficient between the microresonator and the concentric 
waveguides in (a) and (b), respectively. The height of the AlGaAsOI 
waveguides and microresonators is 320 nm, WR is 470 nm, RR is 17.2 µm, and 
simulation wavelength is 1550 nm. The coupling gaps (G) are 500 nm in (d) 
and 400 nm in (e). Dashed vertical lines indicate the coupling angle (150°) used 
for AlGaAsOI microresonators in subsection E. 
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abruptly cast into the different segments. Thus, the eigenmode 
mismatch in the straight-curve waveguide junction results in the 
intermodal coupling, which is especially pronounced in 
multimode waveguides with a large cross-sectional dimension. 
Given that racetrack-type microresonators have a minimum of 
four straight-curve transitions (Fig. 13(a)), the impact of the 
eigenmode mismatch (Fig. 13(c)) is highly detrimental to 
dispersion-engineered high-Q microresonators. To address the 
mode-mismatched transition, we adiabatically reduce the radius 
of curvature of the curved waveguide [101] (Fig. 13(b)) - which 
maintains the propagating mode along the curved section (Fig. 
13 (d)) and thereby reducing the intermodal coupling [102]. As 
shown in Fig. 13(e), a significant intermodal coupling (TE00-
TE10) is observed when a TE00 mode is propagated through the 
straight waveguide followed by a 180° circular bend with a 
radius (R) of 20 µm. The intermodal coupling is as high as -
11 dB within the wavelength range of 1500-1600 nm. The TE00 
mode injected in the straight section of the resonator exhibits a 
multimode interference in the circular bend section due to the 
significant crosstalk. A dramatic reduction of intermodal 
coupling can be achieved by implementing 180° Euler bends 
which the radius of curvature is gradually modulated from 
infinite to a minimum radius (Rmin) of 10 µm. Here, the 
minimum radius of the Euler curve is chosen to ensure the total 
length of the bend is identical to the circular curve. As shown 
in Fig. 13(f), the intermodal coupling is kept below -27 dB and 
the propagating mode show a gradual transformation 
throughout the Euler bend segment.  

E. Experimental results 
We experimentally demonstrate the AMX suppression 

strategies using AlGaAsOI microresonators. Fig. 14 shows the 
comparison of the reference resonators (upper blocks) 
exhibiting AMXs and the AMX suppressed resonators (lower 
blocks) using the different design methods separated by 
columns (Fig. 14(a-d)). Here, the resonator structures were kept 
identical between the reference and the AMX-suppressed 
device pairs for the mode-selective filtering scheme shown in 
Fig. 14(a-c). On the other hand, the bus-to-resonator coupling 
structures were kept the same for the reference and AMX-
suppressed resonators for the intermodal coupling-reduced 
design shown in Fig. 14(d). 

Transmission spectra of each device are presented with the 
left-most TE00 mode resonance overlapping in frequency with 
the resonance of a coupled transverse mode (left block: TM00, 
right block: TE10). The reference devices show noticeable AMX 
features – local resonance repelling/splitting and lowering of 
extinction ratio – due to the strong intermodal coupling of TE00 
mode with another transverse mode in the resonator. The 
consecutive resonances of the TE00 mode in the longer 
wavelength-side show lessened distortion due to the increasing 
frequency detuning between the coupled-mode families. We 
note that the local AMX features periodically repeat in a 
specific frequency, appearing whenever the resonances of the 
two different transverse modes coincide. The overlapping 
(beating) frequency of the two transverse modes (TE00-TM00 
and TE00-TE10) given by their FSRs agree well between the 
simulation and experiment. The resonance-repelling nature of 
the AMX locally alters the dispersion of the resonator, which is 
noticeable in the Dint of the reference resonators. The 
experimental data points (blue circles) have a periodic 
distribution of outliers that significantly deviate from the 
smooth polynomial fit (red line) of the Dint. The significance of 
dispersion perturbation can be quantitatively analyzed by 
extracting a frequency deviation (Δf) by taking the difference 
between the data points and the fitted curve of the Dint.  

Transmission spectra of the AMX suppressed devices in 
Fig. 14(a-c) show shallow extinctions and broad linewidth in 
the TM00 mode resonances, which indicate high roundtrip loss 
due to the strong external coupling of the TM00 resonator mode. 
The transmission spectrum in Fig. 14(d) spans a full period of 
the AMX beating cycle to show that it is, in fact, free of the 
AMX features. Despite the fact that the resonator structures in 
Fig. 14(a-d) are fabricated on the same chip as the reference 
device, the TE00 mode resonances are free of any noticeable 
AMX features. This is further supported by the profile of the 
Dint smoothly following the polynomial curve. We note that the 
extracted D2 matches well with the reference device in 
Fig. 14(a-c), implying that the AMX suppression scheme does 
not alter the resonator's global dispersion profile. The Δf shows 
the dramatically reduced distortion in Dint which its statistical 
comparison is given in Table 1 with the maximum value (Δfmax) 
and root-mean-squared deviation (ΔfRMSD) of Δf within its 
range of measurement. The proposed methods in Fig. 14(a-d) 
are applied explicitly for microresonators operating in TE00 
mode. However, we emphasize that the principle can be applied 
to diverse schemes – for example, in various material platforms 
and high-order transverse mode operation. 

 
Fig. 13. (a) Schematic of a standard racetrack resonator consisting of straight 
waveguides linked with constant radius curved waveguides indicated by red-
colored sections. (b) Schematic of a mode coupling-reduced racetrack 
resonator consisting of straight waveguides linked with Euler curve 
waveguides represented by red gradient-colored sections (gradual decrease of 
radius of curvature). (c and d) TE00 mode profiles at different segments are 
indicated in (a and b). (e and f) Simulated transmission result using the finite-
difference time-domain method (FDTD) for TE00 mode propagating through a 
circular (e) and Euler (f) bend waveguides. Left side: modal transmission. 
Right side: field distribution at a wavelength of 1550 nm. Input and output ports 
are indicated by the lower and upper white bars, respectively. TE00 modes are 
excited in short straight waveguides at the lower port, and the modal 
transmission is measured at the upper port. 
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Fig. 14. Experimental demonstration of suppressed AMX in AlGaAsOI racetrack microresonators. Suppression of AMX by mode-selective filtering of TM00 
mode using concentric filter waveguide (a), concentric bus-filter waveguide (b), and straight bus-filter waveguide (c). (d) Suppression of AMX by reducing 
intermodal coupling (TE00-TE10) using Euler bend. Upper blocks: reference resonators exhibiting AMX. Lower blocks: AMX suppressed resonators. Left 
blocks: suppression of AMX using mode-selective filtering (subsection C). Right blocks: suppression of AMX by reducing intermodal coupling (subsection 
D). Each device is presented in the order of 1) SEM images, 2) transmission spectrum, 3) integrated dispersion (Dint), and 4) frequency deviation (Δf) of 
resonances. SEM image: white and black scale bars represent 20 µm and 500 nm, respectively; dashed and solid rectangular boxes show the corresponding 
zoom-in. Transmission spectra: (a-c) TE00 and TM00 modes are indicated with blue and orange, respectively; Only the TE00 mode resonances were plotted in 
(d) as the TE10 mode resonances cannot be selectively excited with the symmetric directional coupler configuration. Dint: blue circles represent data points, 
and red line traces the polynomial fit of the data. Δf: the data points in the Dint is subtracted by the fitted curve. 

Schemes in Fig. 14  (a) 
Concentric filter 

 (b) 
Concentric bus-filter 

 (c) 
Straight bus-filter 

 (d) 
Euler bend 

D2 / 2π [MHz] 3.1 / 3.0 4.2 / 4.3 3.5 / 3.5 -3.2 / -4.5 
Δfmax [MHz] 1450 / 280 3220 / 310 1500 / 100 11218 / 702 

ΔfRMSD [MHz] 285 / 94 979 / 74 383 / 45 3911 / 234 
Table 1.  D2, Δfmax, and ΔfRMSD values are tabulated in the form of "reference resonator / AMX-suppressed resonator" for each AMX suppression scheme 
shown in Fig. 14 (a-d). The racetrack resonator devices have a radius of curvature of (a-c) 17.2 µm, and (d) 20 µm / *10  µm (* Euler minimum radius); 
cavity length of (a) 808 µm, (b) 748 µm, (c) 808 µm, and (d) 814 µm; resonator width of (a-c) 470 nm and (d) 1500 nm; bus-resonator coupling gap of  (a) 
225 nm, (b) 175 nm / 400 nm, (c) 500 nm, and (d) 230 nm. The concentric directional couplers in (a and b) have a coupling angle of 150°. The straight 
directional couplers have a coupling length of (c) 60 µm and (d) 250 µm. 
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IV. CONCLUSION 
In conclusion, we have presented the design methods and 

fabrication processes of AlGaAsOI microresonator devices. We 
highlighted critical fabrication stages: EBL and dry etching, and 
discussed their impact on the Q of the microresonator. A tip-
extended inverse taper coupler was introduced, showing a high 
fiber-chip coupling efficiency with a simple facet preparation 
process. Utilizing the high-index contrast of the AlGaAsOI 
material platform, we showed a flexible dispersion engineering 
by controlling the cross-section dimension of the waveguide. 
Furthermore, methods to suppress accidental AMXs in 
microresonators were proposed and experimentally 
demonstrated. We find the discussion highly relevant to the 
development of other nascent material platforms, which require 
rigorous optimization of fabrication technology and design 
methods that consider the fabrication nonidealities.  

The high nonlinear efficiency of AlGaAsOI microresonators 
is desirable to many facets of integrated nonlinear photonics. 
We anticipate a widespread chip-scale application of 
AlGaAsOI devices geared by low-loss fabrication technology 
and novel co-integration methods, such as transfer printing [78] 
and heterogeneous bonding [103], that bridge the nonlinear 
AlGaAs devices and passive photonic integrated circuits. 
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