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Abstract: We experimentally realized InP topology-optimized cavities with extreme dielectric 
confinement, showing ultra-small mode volume and high quality-factor. Such cavities are 
promising for many applications, e.g. low-noise nanolasers. © 2021 The Author(s)  

 
1. Introduction 
Owing to enhanced light-matter interaction, such as the Purcell effect for discrete emitters [1], a photonic dielectric 
cavity with large ratio between the quality factor and mode volume (Q/V) is of interest for a number of applications, 
including low-power light sources, fast single-photon sources, and enhanced nonlinear switches. For the past few 
years, cavities exhibiting a subwavelength mode volume while simultaneously maintaining high Q-factor are 
starting to appear [2-3], yet most of the efforts were devoted to the silicon platform. Recently, topology-optimized 
InP membrane cavities with extreme dielectric confinement (TO-EDC cavity) were designed [4], showing a Q/V 
ratio as large as 105 (λ/n)-3, which paves the way for realizing nanolasers and nanoLEDs with squeezed quantum 
noise [5]. Here, by process optimizations, we experimentally realize InP TO-EDC cavities with small footprints 
ranging from 1.87×1.87 μm2 to 6.64×6.64 μm2. The structures exhibit calculated mode volumes on the order of 0.1 
(λ/n)3 and Q-factors varying from 265 up to 14000 at ~1550 nm. 

2. Fabrication and Characterization 
The cavities are fabricated in a 245 nm thick InP layer bonded to a Si/SiO2 substrate. Patterning is done by electron-
beam lithography followed by two-step inductively coupled plasma etching for a SiNx hard mask and the InP layer. 
Afterwards, buffered oxide wet etching is applied to membranize the structures. Figure 1(a)-(e) shows scanning 
electron microscope (SEM) images of the fabricated samples including the topology-optimized ones (TO1-TO4) and 
a simple ring-grating (TO5) approximation deduced from the TO4-design. All structures have a solid central bridge 
of 78 nm (inset of Fig. 1(c)). 

 

Fig. 1. SEM images of (a)-(d) TO-EDC cavities with different footprints and (e) extracted ring-grating EDC 
cavity. The inset shows a zoom-in of the central bridge.  (f) Width of the fabricated InP bridges (blue dotted 
line) versus designed values. The designed values (red dotted line) are plotted for reference. The insets show 
zoom-ins of the fabricated bridges with designed values of 30 nm and 35 nm, respectively. 

During the process of topology optimization, a minimum length scale of 74 nm is enforced as the manufacturing 
tolerance [4]. The enhancement of 1/V is thus restricted by this limitation. In order to obtain a cavity with deep-



subwavelength mode volume, we investigate our current fabrication limitations by patterning InP bridges 
sandwiched by 2 air holes, with the central bridge width gradually increasing from 10 to 50 nm. Fig. 1(f) shows the 
fabricated bridge widths (blue dotted line) versus the designed ones. As expected, due to proximity effect, the bridge 
is narrower than the designed value and vanishes if the designed value becomes smaller than 35 nm, resulting into 
the smallest bridge width of 19 nm (corresponding to a designed value of 35 nm). However, for that sample, part of 
the InP material under the bridge is etched away, indicating that the etch profile is not strictly vertical. 

The Q-factors of the TO-EDC cavities are measured by a cross-polarized confocal setup where light from a 
broadband source is injected into the cavity center while the scattered light is measured by an optical spectrum 
analyser. As an example, the measured scattering spectrum (red) of the TO3 EDC cavity is shown in Fig. 2(a). An 
asymmetric Fano lineshape is observed, which is formed by interference of light from the excited EDC mode and 
light scattered by the continuum of modes from the membrane. The oscillation ripples across the spectrum are 
Fabry–Pérot fringes induced by optical components in the setup. The theoretical fits (blue) show that the cavity has a 
resonance at 1479.6 nm with a Q-factor of 1100. Fig. 2(b) shows a numerical simulation, using the 3D finite 
difference time domain (FDTD) method, of the mode profile of the TO3 cavity. It shows that the field is indeed 
strongly concentrated in the center bridge, with an ultra-small mode volume of ~0.1 (λ/n)3 (0.031λ3). Further 
measurements of the optical mode volume by using near-field optical microscopy or electron energy-loss 
spectroscopy will be carried out.  

The measured resonance wavelength and Q-factor deviate from the simulation results (resonance at 1546.7 nm 
and Q-factor of 7200), which is attributed to fabrication-limitations such as geometry distortion and sidewall 
roughness. Compared to conventional photonic crystal nanocavities, the fabricated EDC cavities are found to be 
more sensitive to perturbations, which is in accordance with the much stronger spatial localization of the mode. This 
discrepancy can be reduced by improved fabrication technique and advanced simulation taking the geometry 
disorder into account. 

 

Fig. 2. (a) Measured scattering spectrum of the TO3 cavity (red) and theoretical fit (blue). (b) Simulated 
mode profile (magnitude of E-field) of the fabricated TO3 cavity.  

3. Conclusion 
Topology-optimized InP photonic cavities with extreme dielectric confinement have been realized, showing ultra-
small calculated optical mode volume of 0.1 (λ/n)3 and relatively high Q-factor of 1100. The fabrication-imposed 
limitations to the mode volume using the present processes have been established. Further process optimization will 
be performed to improve the Q/V of the EDC cavities as well as allowing the integration with quantum dots. 
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