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Reconfigurable Cavity-based Plasmonic Platform for Resonantly Enhanced
 Sub-bandgap Photodetection

Resonantly-enhanced sub-bandgap photodetector: Harnessing plasmonic excitations for photodetection represents a 
promising route for expanding the spectral range of photodetectors, effectively breaking the bandgap barrier. Here, we 
demonstrate a platform for augmenting the performance of plasmonic photodetetors using an optical cavity, thus paving the way 
for real-world silicon-based plasmonic photodetectors at telecom wavelengths.

Enhanced, tunable sub-bandgap photocurrent generation
- Demonstrated resonantly-enhanced photocurrent using cavity architecture

- Fivefold increase in photocurrent was obtained by harnessing cavity resonances, which 
also provide spectral tunability, enabling reconfigurable plasmonic photodetectors for 
wavelength-selective applications
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(a) General geometry: Optical cavity incorporating a grating. A gold-coated 
fibre simultaneously provides illumination of the grating, and also forms the 
upper mirror of the cavity, resulting in optical resonances for specific cavity 
lengths.  Surface plasmon polaritons (SPPs) are resonantly generated at the 
Au/p-Si interface when a cavity mode is sustained between the two gold 
films, yielding significantly increased photocurrent following their 
nonradiative decay into hot carriers. 

(b) Energy band diagram of the Schottky junction formed between gold and p-
type silicon, where hot holes are injected over the Schottky barrier, giving 
rise to a photocurrent. 

Mapping photocurrent from an isolated grating. (a) Photocurrent map. 
Emission from a cleaved fibre, at a wavelength of 1550 nm, is scanned in the 
x-y plane, with the current recorded at each position. A cross-section of the 
resulting photocurrent map is shown in (b).

(a) Spectral dependence of photocurrent as the cavity length is varied, 
illustrating the cavity modes and spectral tunability. (b) Photocurrent 
as the fibre is moved back and forth through a single resonance over a 
period of 100 seconds, confirming a fivefold increase in current due to 
the cavity.

Simulations of cavity enhancement

(a) Electric field distribution for the photodetector off (left panel, 
green dashed line, 610 nm cavity length) and on (right panel, 
orange dashed line, 775 nm cavity length) resonance, indicating 
the SPP enhancement in the presence of a cavity mode. 

(b) Absorption in the gold films as the cavity length is varied. 

(c) Electric field distribution sampled along a line in the z-
direction through the centre of the structure as the cavity 
length is varied. Dashed green and blue lines indicate the 
position of the upper and lower gold films. The regions 
predominantly containing the incident beam, cavity mode and 
substrate SPPs are noted. 

Experimental photocurrent measurements

Cavity-enhanced plasmonic sub-bandgap photodetector
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