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Abstract

We present a planar perovskite-on-SiN integration strategy for whispering-gallery-mode (WGM)
microresonators that avoids direct patterning of metal halide perovskites. SiN microdisks and ring
resonators in a SiO2 cladding (1-100 um diameter) coated with FAPDIs thin films were optically pumped
to evaluate lasing thresholds. Thresholds decrease exponentially with resonator diameter, consistent with
bending-loss reduction predicted by 2D simulations for small diamter structures, and saturate once
perovskite scattering becomes the dominant loss mechanism for larger diameters. Ring width seems to
strongly affect confinement as well, where lasing thresholds decrease with larger width until reaching a
diameter-limited regime. These results provide design guidelines for low-threshold perovskite lasers
compatible with SiN photonic integration.

1. Introduction

Metal halide perovskites (MHPs) have attracted strong interest as gain materials for thin-film lasers due to
their high optical gain, narrowband emission, and compatibility with low-temperature solution processing
[1, 2]. Despite this potential, integrating MHPs with high-Q optical resonators remains challenging as
their chemical sensitivity prohibits the use of standard top-down lithographic patterning [3]. As a result,
many state-of-the-art perovskite lasers employ hybrid cavity architectures in which the resonator is
defined in a separate patterned layer, and the perovskite gain layer is subsequently deposited on top [4,5].
However, these non-planar or corrugated resonators often introduce anisotropic field distributions that
degrade modal confinement and increase scattering [6].

To address these limitations, we use a planar perovskite-on-SiN approach in which the optical resonators
are prefabricated in the SiO2/SiN substrate before depositing the perovskite gain medium on top. In this
configuration, the perovskite remains unpatterned, while optical feedback is provided by the underlying
whispering-gallery-mode (WGM) microresonators. Our goal is to study the loss channels in these planar
laser architectures and to establish design guidelines for low-threshold operation.

II. Devices design and fabrication

SiN microdisks and microrings were fabricated using deep-UV lithography followed by dry etching. The
resonators were embedded in a SiO: cladding layer to ensure robust modal confinement and surface
passivation. A thin film of FAPbI: was deposited by spin-coating on top of the resonators.

Disk and ring diameters varied from 1 to 100 um, and the ring widths range between 300 to 2000 nm. The
resulting set of resonators provides a sufficiently large parameter space to examine how geometry
governs the different loss mechanisms in these cavities. Fig. 1a shows a top view of disk resonators.

II1. Results and discussion

We characterize lasing using a 532nm pulsed optical pump that excites perovskite samples. The emitted
photoluminescence is collected and analysed with a spectrometer. Lasing thresholds were extracted from
the integrated emission intensity as a function of pump fluence.

A clear trend emerges when examining the lasing thresholds for structures with smaller diameter
(D<20pum): the threshold decreases exponentially with increasing resonator diameter (Fig. 1b). This
behaviour is fully consistent with expectations for WGM cavities, where small radii introduce significant
bending loss. This exponential dependence is captured by our 2D effective-index simulations, which



quantitatively reproduce the reduction in radiative loss for larger cavities. The agreement between
simulation and experiment confirms that bending loss is the primary limitation in small-diameter
resonators. However, for larger diameters (D>20 pum), the reduction in threshold no longer continues.
Instead, the threshold saturates (Fig. 1b), indicating that further increases in cavity size do not improve
performance. This saturation marks a distinct transition into a scattering-limited regime, where
imperfections in the spin-coated FAPbI; film dominate the total cavity loss.

For ring resonators, the ring width plays a critical role in determining the lasing threshold. Larger widths
improve mode confinement before it saturates at a diameter-limited loss regime. This trend was
confirmed in (Fig 1.c) where a ring diameter of 1 um represents the cutoff between the two regimes.

To further understand mode behaviour, 3D finite-difference time-domain simulations were used to assess
the vertical confinement within the multilayer stack (Fig. 1d). The simulations show that the WGM mode
resides primarily in the SiN core but maintains sufficient overlap with the perovskite layer to enable

optical gain. This overlap also explains the contribution of the morphological roughness in the perovskite
film contribute to the total loss.
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Fig. 1 (a) Image of 60 um disk resonators. (b) Lasing thresholds as a function of resonators diameter
(c) Lasing thresholds as a function of width of ring resonators. (d)FDTD Simulated cavity mode of a 20 um
micro-disk laser at 780 nm in the XY plane (left) and XZ-plane (right).

1V. Conclusion

We have demonstrated a planar integration approach in which SIN WGM microresonators are
prefabricated in a SiO2/SiN substrate prior to deposition of an FAPbIs gain layer. This architecture avoids
direct patterning of the perovskite while providing well-defined optical confinement. By systematically
varying disk diameter and ring width and combining optical measurements with optical simulations, we
identified the transition between bending-loss-dominated operation in small resonators and scattering-
dominated behaviour in larger ones.
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