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visible regime: low Q factor, high-order mode unchecked directly

micro regime:  high Q factor, high-order mode founded experimentally

Effective medium theory
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Simulation results

Eigenmodes of a Real-structured Cavity

Experiment set-up

Experiment results

Mimicking an emitter in microwave regime
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Currently research progress

competition between two energy channels
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• A cavity with small mode volume and high Q factor has successfully made in microwave regime
• Near field characterizations give insight of cavity’s mode properties
• Mimicking an highly local emitter by this cavity provide a good platform to study light-matter interactions

abstract
The local density of states of electromagnetic waves plays a pivotal role in controlling light-matter interactions, and thus devices that can provide

both high resonance quality (Q) factors and small mode volumes have found important applications. Conventional diffraction-limited cavities cannot
be made too small, and thus their applications are restricted. Here, we fabricate a cavity made by hyperbolic metamaterials in microwave regime,
and experimentally demonstrate its unusual properties, employing a near-field scanning technique [1]. Like its optical counterpart [2], the cavity
exhibits a very small mode volume (with characteristic length smaller than 1/10 of the wavelength) and an anomalous scaling law for its resonance
modes. While the cavity also has a very large Q factor, due to the nearly lossless nature of metals in microwave regime.
Moreover, our work may not only stimulate making high-performance microwave devices with such deep-subwavelength cavities, but also serve as

an effective platform to investigate interesting phenomena based on light-matter interactions.
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Couple mode theory: 

X

Y

Z Sample

Waveguide

Near-field scanning
Incident 

Wave

Transmission
Spectrum

Transmission Spectrum

Field Pattern-(1,1,2) 
mode

Field Pattern-(1,1,1) 
mode

mailto:phzhou@fudan.edu.cn
mailto:sls@fudan.edu.cn

