
Abstract— We demonstrate a unique photoconductive design 
for terahertz (THz) detection based on a perfectly absorbing, all-
dielectric metasurface. Our design exploits Mie resonances in 
electrically connected cubic resonators fabricated in low-
temperature grown (LT) GaAs. Experimentally, the detector 
achieves very high contrast between ON/OFF conductivity states 
(107) whilst also requiring extremely low optical power for 
optimal operation (100 μW). We find that the Mie resonances 
dissipate sufficiently fast and maintain the detection bandwidth 
up to 3 THz.  

I. INTRODUCTION  
HOTOCONDUCTIVE switches are instrumental to 

many THz imaging and spectroscopy systems. Their 
operation is based on the subpicosecond switching of 
electrical conductivity with incident optical light to generate 
or detect THz radiation [1]. For effective operation, it is vital 
that there is a high contrast between conductive and non-
conductive states, and that the conversion rate of optical 
photons to charge carriers is high. Several approaches have 
been explored recently to modify optical properties of 
photoconductive switches and to improve their performance 
[2-4]. In particular, plasmonic nanostructures have been 
investigated by several groups; however it was found that 
plasmonic nanostructures may introduce significant Ohmic 
losses, which lead to reduction in efficiency and in the damage 
threshold [5].       

In order to satisfy the photoconductive switch requirements 
without introducing ohmic losses, we nanostructure the LT-
GaAs photoconductive region to form an optically thin all-
dielectric photoconductive metasurface. It is capable of 
absorbing optical excitation at 800 nm without reflection or 
transmission [6]. This perfect absorption is achieved by 
exciting two degenerate, critically coupled modes of opposing 
symmetry with respect to the metasurface plane [7]. This is 
done by fabricating nanoscale cubic resonators that are tuned 
in size to support Mie resonances at 800 nm. The first order 
magnetic dipole resonance, Mx is directly excited by the 
incident beam (polarised in the y-direction). By introducing a 
bar structure, we break the cubic symmetry and allow 
excitation of the orthogonally oriented magnetic dipole, Mz. 
This mode is ‘dark’ in a symmetric resonator - it cannot be 
directly excited by a plane wave polarised in the resonator 
plane. The bar also electrically contacts the resonators, 
allowing charge carriers to be swept to the antennas for 
collection. In this way, optimal absorption is achieved without 
the use of a back reflector [4,5], or plasmonic structures which 
increase ohmic losses [5] and may reduce the dark resistivity 
of the device. We emphasize that this is realised with a 
remarkably thin photoconductive layer of only 200 nm, 
thereby increasing detection efficiency by reducing the transit 

distance of charge carriers to the antennae electrodes.  
Here we investigate the properties of this structure as a THz 

photoconductive antenna detector, and evaluate effect of the 
perfectly absorbing metasurface on the THz detection 
properties.  

II. RESULTS 
Figure 1a shows a conceptual illustration of the device. The 

LT GaAs metasurface (red) is integrated between the 
electrodes for carrier collection. Experimentally we use the 
detector to measure waveforms of THz pulses from a ZnTe 
source (Fig.1b), and we achieve an optimal signal-to-noise 
(SNR) of >106. Moreover, this SNR is measured at an 
exceptionally low optical pump power of 100 μW (Fig.2a). 
This early saturation onset is due to the extremely high 
absorption of the pump beam and high dark resistivity (50 
GΩ) of the nanostructured active layer resulting in high 
ON/OFF contrast. Furthermore, a linear increase in RMS 
noise with optical power is observed, suggesting that the main 
source of noise is the laser power fluctuation rather than the 
detector itself. 

We investigate potential limitations of using the perfect 
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Fig 1. a) A conceptual illustration of the device showing the 
photoconductive metasurface (red) integrated into a photoconductive 
antenna detector.  b) THz pulse measured from a ZnTe source using the 
device. [6] 



absorption technique for THz detection. The Mz mode has a 
higher Q-factor than the Mx mode, so when the modes are 
coupled the fields oscillate within the structure for longer 
before being absorbed. As a result, this could limit the 
detection bandwidth at high frequencies. We investigated this 
by looking at the frequency response of the detector for both x 
and y-polarised light. For y-polarised light, both the Mx and the 
Mz modes are excited, whereas for x-polarised light it is the Mx 
mode that is predominantly generated. The power spectral 
density (PSD) can be seen in Fig. 2b. At low frequencies, the 
y-polarisation PSD is higher than x-polarisation due to the 
increased optical absorption due to the excitation of the 
critically coupled modes. However, at higher frequencies, the 
detector performs worse in the y-polarisation due to the higher 
Q-factor and prolonged lifetime of the ‘dark’ Mz mode. This is 
observed when using THz pulses from both InAs and ZnTe 
sources. Nevertheless, the effect of this on the detector 
performance is minimal and the bandwidth is still 
predominantly limited by the carrier recombination time 
within the photoconductive layer. The detector still maintains 
high sensitivity up to 3 THz.   

 
 
 
 
 
 
 
 

III. SUMMARY 
 

In summary, we present an efficient photoconductive THz 
detector based on an all-dielectric metasurface. It enables 
perfect absorption whilst being optically thin and without the 

use of plasmonic structures. Experimentally, we achieve a 
maximum SNR of >106 and a detection bandwidth of 0.5-3 
THz using low optical powers of 100 μW. 
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Fig. 2. a) Peak photocurrent (red) and RMS noise (blue) from the THz 
waveform measured for average optical pump power. b) Power spectral 
density (PSD) of the detected THz pulse waveforms for both x- and y- 
polarizations of the optical gating pulses. The inset shows the PSD ratio 
for the two polarizations for frequencies up to 2.9 THz. The PSD ratio is 
measured using different THz pulses generated using InAs and ZnTe 
crystals (green, inset) to show that the ratio is independent of the THz 
pulse [6] 


