Photoconductive Metasurfaces for Terahertz Detection
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Abstract: We developed terahertz detectors with integrated perfectly-absorbing photoconductive metasurfaces as an
active region for improved efficiency and performance. The metasurface switches photoconductivity in the detector
with contrast of ~107 using substantially reduced (>10X) optical power.
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1. Introduction

Photoconductive (PC) switches are among the most common detectors of terahertz (THz) radiation [1], which enable
THz time-domain spectroscopy and imaging. Their performance relies on a combination of optical and electronic
properties, which are difficult to achieve using common semiconductor materials [1]. In particular, they require
efficient absorption of the optical gating pulse, sub-picosecond photoexcited carrier lifetime and high contrast between
its ON and OFF states. THz photoconductive detectors with plasmonic nanostructures in their active region have been
recently introduced in order to achieve more efficient absorption of photoexcitation, primarily near the photoconductor
surface [2-4]. However, the plasmonic structures may also undermine the switching contrast and introduce Ohmic
losses. Alternatively, perfect absorption of the gating pulse can be achieved using all-dielectric metasurfaces [5,6].

Here, we discuss all-dielectric perfectly absorbing photoconductive metasurfaces based on the concept of two
degenerate critical coupled resonators arrayed in a metasurface [7,8]. When integrated into the active region of a
photoconductive THz detector, the metasurface provides the desired optical and electronic properties, and for the first
time enables optimal operation of such detectors with sub-mW level of optical excitation [6].

2. Results

We designed the perfectly absorbing metasurface following the concept of two degenerate and critically coupled
dielectric resonators [7]. For the highest field confinement at the gating wavelength (~800nm), we selected the
magnetic dipole modes, and we designed and fabricated a network of GaAs cubes (Fig. 1(a,b)), which support
magnetic dipole modes Mx and M. The cubes are electrically connected on one side by bars, which enable conduction
of the photoexcited carriers between the THz detector electrodes (Fig. 1(c)). At the same time the bars break the
metasurface symmetry and enable direct excitation of the magnetic dipole mode M., which is dark in symmetric
resonators [9]. Simultaneous excitation of the two modes leads to perfect absorption of light around 800nm (Fig. 1(d)).
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Fig. 1. (a) Schematic diagram of the metasurface. (b) SEM image of the GaAs metasurface showing resonator
cubes and the connecting bar. (c) The bars extend between two electrodes of the PC THz detector enabling the
photocurrent flow. (d) Simulated Absorption, Reflectivity and Transmission of the structure shown in (a).
Perfect absorption is achieved at ~800 nm.
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Fig. 2. Schematic illustration of the magnetic dipole modes in a cubing resonator. (b) Simulated magnetic field
distribution in the unit cell of the perfectly absorbing structure at 800nm: absolute value |H|, and two main
components Hx and H,. (c) Schematic illustration of a photoconductive THz antenna detector; and (d) THz
pulse waveform measured using a photoconductive detector with the integrated metasurface.

Figure 2(a,b) shows that following optical excitation at 800nm at normal incidence, dipolar distributions of
the magnetic field are formed in the resonator for two components, in the x and z-directions, indicating that two
magnetic dipole modes, Mx and M-, are excited. More detailed analysis of the mode composition in the metasurface
can be found in [6]. Resonant frequencies for both modes can be tuned by scaling the structure.

We integrated the developed metasurface into the photoconductive gap of a THz antenna detector as illustrated
in Figs. 1(c) and 2(c). The metasurface enables perfect absorption of the gating optical pulses despite being optically
thin (200nm). It is also achieved without the use of plasmonic structures. The detector allows us to detect THz pulses
(Fig. 2(d)) and reach a maximum signal to noise ratio of >10° (in power) with the detection bandwidth of ~3 THz
using an unprecedently low level of optical power, 100 uW.

3. Summary

We developed photoconductive all-dielectric metasurfaces for THz detectors. The metasurface enables perfect
absorption of the gating optical pulse and serves as the active element of the photoconductive switch. We achieved
very high switching contrast while using relatively low optical powers of ~100 pW. THz detectors with the integrated
metasurface display a signal to noise ratio of >10° and a detection bandwidth of ~3 THz, opening doors to wider use
of photoconductive THz detectors.
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