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Bottom-up grown InP/InAsP III-V multi-quantum-
well (MQW) microring lasers, fabricated via Selective
Area Epitaxy (SAE), are promising candidates for fully
integrated photonic and optoelectronic circuits,
offering tunable emission in the telecommunication O-
band and lower lasing thresholds compared to top-
down approaches. These advantages stem primarily
from the smooth sidewalls achieved during growth,
which reduce optical losses [1]. Optimizing these
lasers requires identifying the key geometric factors—
such as shape, radius, and waveguide width—that
govern lasing threshold and wavelength, while
simultaneously refining growth parameters to
enhance material quality. This is critical, as lasing
threshold depends on the interplay between optical
gain and propagation losses, both of which are
strongly influenced by microring geometry and
material properties [1, 2, 3].

To address this challenge, we propose leveraging
recent advancements in generative diffusion models,
which have surpassed traditional generative
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adversarial networks (GANs) and variational
autoencoders (VAEs) in image generation tasks [4, 5].

Our approach utilizes a multimodal dataset of
approximately 5,000 optical images of microrings,
each paired with corresponding lasing thresholds,
emission wavelengths, geometric parameters (e.g.,
diameter, pitch, height), and growth conditions. By
training a diffusion model on this dataset, we aim to
generate optimized microring designs that minimize
lasing thresholds while ensuring emission remains
within the target O-band.

Further insight can be brought from computational
models based on Finite-Difference Time-Domain
(FDTD) approaches, which are commonly used to
calculate the quality factor (Q factor) from geometric
conditions. The approach of combining generative
diffusion models with FDTD simulations provides
both predictive accuracy and physical insight, paving
the way for significant advancements in microring
laser technology for next-generation high-density
photonic circuits.
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Fig. 1: Schematic representation of the diffusion model process for optimizing microring laser geometries.
The model is trained using microring images and parameters (left), undergoes forward diffusion to
introduce noise, and reverse diffusion to generate optimized microring images and parameters (right),
enabling the design of low-threshold, telecommunication-wavelength microring lasers.
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