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Fig. 1. (a) Schematic diagram of a trapezoidal grating with vertical symmetry breaking; (b)

Cross-sectional view of the unit cell structure.
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Fig. 2. (a) Band structure of the trapezoidal grating for wi=176 nm. The black dashed lines
represent the band dispersions of the two modes in the absence of mutual interaction. (b)
Electric field distributions of the TE1 band (left) and TE2 band (middle) at the I point (k=0),
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and the electric field distribution of the TE2 band at the FW-BIC (right); (¢) O-factor as a
function of k. for w1=176 nm, 183.2 nm, and 196 nm, along with the corresponding scaling
laws; (d) Evolution of the BIC O-factor with k. for different wi values; (e) Band structure of

the trapezoidal grating for wi=183.2 nm, The inset depicts the I" point electric field distribution
of the TE2 band; (f) Evolution trajectory of BICs in momentum space as a function of the
trapezoid top width wi,
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Fig. 3. Topological properties of the TE2 band in the trapezoidal grating. (a, ¢, ¢) Radiation
Q-factors of the TE2 band as functions of &, and 4, for wi=176 nm, 183.2 nm; and 196 nm,
respectively; (b, d, f) Corresponding far-field polarization maps and topological charge
distributions of the TE2 band.
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Fig. 5. Lasing behavior of the trapezoidal grating-based nanolaser under TE-polarized light
illumination (w1=183.2 nm, 3°); (a) Normalized emission spectra as a function of pump energy
density; (b) Variations of the normalized maximum emission intensity and full width at half
maximum (FWHM) of the emission peak as a function of pump energy density, the solid lines
represent the piecewise linear fitting results. (c) Reversal of particle number Vi, N2; (d)
Time-domain field intensities under below-threshold (0.829 pJ/cm?) and above-threshold
(0.883 pJ/cm?) regimes.
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Fig. 6. Normalized maximum emission intensity versus pump energy density of trapezoidal
gratings under TE polarized light illumination: (a) w1=176 nm; (b) w1=183.2 nm; and (c)
wi=196 nm.
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Low-threshold Nanolasers Based on Merging BICs in
Trapezoidal Gratings”

Sun Tian-Tian" Huang Zhi-Guang"” Ning Ting-Yin" Chen Xian-Feng? Huo Yan-Yan" '
1) (Shandong Provincial Key Laboratory of Optical Field Manipulation Physics and Applications,
School of Physics and Optoelectronics, Shandong Normal University, Jinan 250358, China)
2) (State Key Laboratory of Advanced Optical Communication Systems and Networks, School of

Physics and Astronomy, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract

Achieving low-threshold and highly stable nanolasers remains a major
challenge for photonic integrated circuits and on-chip light sources.
Bound states in the continuum (BICs), owing to their theoretically infinite
quality factors (Q-factors), offer an effective strategy to boost light-matter
interactions for low-threshold lasing. However, ideal BICs are decoupled
from external radiation fields, requiring symmetry breaking to transform
them into quasi-BICs for practical excitation. Nevertheless, the O-factors
of quasi-BICs are exquisitely sensitive to structural parameters, hindering
performance preservation under real-world fabrication conditions, To
overcome this limitation, we propose a merging BIC design based.on-a
trapezoidal grating with an indium phosphide (InP) gain medium to
realize low-threshold, highly robust nanolasers. The band structures and
Q-factors were calculated using the finite element method (COMSOL
Multiphysics), and the lasing dynamics were investigated via the
finite-difference time-domain (FDTD) method. By breaking the vertical
symmetry of the grating, multiple BICs are merging in'momentum space,
resulting in ultrahigh-Q resonances (Q > 10°) over a broad momentum
range of 4k = 0.13. At a central lasing wavelength of 838 nm, the lasing
threshold of the trapezoidal grating merging BIC nanolaser is as low as
0.816 uJ/cm?, representing an 18% reduction compared to its rectangular
grating counterpart (1.000 pJ/cm?).” Furthermore, tolerance analysis
indicates that under typical - fabrication imperfections—such as 10
nm-level dimensional deviations and sidewall roughness—the proposed
structure maintains high-Q resonances with the lasing threshold strictly
controlled below 1.320 wJ/cm?, demonstrating superior fabrication
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tolerance and perturbation immunity. These numerical findings highlight
the strong potential of trapezoidal grating merging BICs in designing
low-threshold, highly stable on-chip nanolasers.

Keywords: nanolaser, merging BIC, high O-factor
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