
eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk

Universities of Leeds, Sheffield and York

Deposited via The University of Leeds.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/id/eprint/126398/

Version: Accepted Version

Proceedings Paper:
Paulillo, B, Pirotta, S, Nong, H et al. (2017) Ultrafast terahertz detectors based on 3D 
meta-atoms. In: Proceedings 2017 European Conference on Lasers and Electro-Optics 
and European Quantum Electronics Conference. The European Conference on Lasers 
and Electro-Optics, 25-29 Jun 2017, Munich, Germany. IEEE. ISBN: 9781557528209. 

https://doi.org/10.1109/CLEOE-EQEC.2017.8087843

(c) 2017 IEEE. Personal use of this material is permitted. Permission from IEEE must be 
obtained for all other uses, in any current or future media, including reprinting/republishing 
this material for advertising or promotional purposes, creating new collective works, for 
resale or redistribution to servers or lists, or reuse of any copyrighted component of this 
work in other works.

Reuse 
Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless 
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by 
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of 
the full text version. This is indicated by the licence information on the White Rose Research Online record 
for the item. 

Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 

mailto:eprints@whiterose.ac.uk
https://doi.org/10.1109/CLEOE-EQEC.2017.8087843
https://eprints.whiterose.ac.uk/id/eprint/126398/
https://eprints.whiterose.ac.uk/


Ultrafast terahertz detectors based on 3D meta-atoms 
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Terahertz (THz) and sub-THz frequency emitter-detector technology is receiving increasing attention because 

of key applications in several fields. In particular, ultrafast THz receivers are desired for compact, ultrafast 

spectroscopy and communication systems. While most of the available THz detectors (thermal, FET …) are 

currently limited in response time by slow thermal processes and/or by the read-out electronics, quantum well 

infrared photodetectors (QWIP) are excellent candidates given their intrinsic ps-range response [1]. The key to 

true ultrafast response is an aggressive reduction in device size, well below the typical diffraction-limited optical 

cavities [2].  

In this contribution, we demonstrate ultrafast sub-wavelength ( /10) THz QWIP detectors based on a 3D split-

ring geometry recently developed in our team [3]. The key idea is to exploit a miniaturized loop RF antenna as a 

coupler element to efficiently feed THz radiation ( =100-200 μm) into an ultra-sub-wavelength ( /25) QWIP 

active core (active volume ~20 μm3, as depicted in Fig. 1(a). The LC resonance of the device has been set by 

carefully selecting both the capacitor and inductor sizes in order to match the GaAs/AlGaAs QWIP response band 

(detection peak at ~3 THz) [4].  

Several arrays and even single “meta-atom” detectors equipped with individual electrical contacts have been 

implemented and fully characterized optically and electrically. Photocurrent spectra show a clear response around 

3 THz at 4.5 K, as reported in Figure 1(b). The measured dark currents are very low due to the sub-wavelength 

active volume: less than 2 nA and 20 nA for single device and array configuration, respectively, for the typical 

operational bias. The background-limited infrared performance temperature (Tblip) is 8 K for both configurations, 

similarly to what is found when the same material is processed in a standard mesa geometry. 

We have explored the operational electrical bandwidth of these devices: the effect of the extremely small size 

on the device speed is dramatic. Experimentally measured electrical S-parameters place the cut-off frequency - for 

both single object and array configurations – at above 20 GHz. In order to perform a direct optical response 

analysis, we have illuminated the detector with a 3 THz QCL, operating in continuous wave, that was intensity-

modulated using an RF synthesizer. The output of the detector was amplified and fed to a spectrum analyzer. 

Figure 1(c) shows the spectrum obtained when the QCL is modulated at 1.5 GHz (solid red line) while the solid 

blue line is the noise reference with the QCL operated under threshold. Our latest results, which will be thoroughly 

discussed during the talk, prove a clear optical response up to 2.5 GHz for the array geometry, currently limited 

only by the experimental setup (current laser modulation speed). 

References 
[1] H. Schneider, H.C. Liu, Quantum Well Infrared Photodetectors. Physics and Applications, Springer Series in Optical Sciences, Springer

Verlag Berlin Heidelberg (2007) 

[2] D. Palaferri, Y. Todorov, Y.N. Chen, J. Madeo, A. Vasanelli, L.H. Li, A.G. Davies, E.H. Linfield and C. Sirtori, “Patch antenna terahertz 

photodetectors “, Applied Physics Letters, 106, 161102 (2015)

[3] B. Paulillo, J. Manceau, A. Degiron, N. Zerounian, G. Beaudoin, I. Sagnes, and R. Colombelli, "Circuit-tunable sub-wavelength THz

resonators: hybridizing optical cavities and loop antennas" Optics Express22, 21302-21312 (2014) 

[4] H.Luo, H.C.Liu, C.Y. Song and Z.R. Wasilewsky, Background-lmited THz quantum-well photodetector, Applied Physics Letters, 86, 1

(2005) 

Fig. 1 (a) Scheme and colorized SEM picture of a sub-  3D THz split-ring meta-atom QWIP detector. (b) Photocurrent spectrum 

for a meta-atom array with 50 mV applied bias. (c) RF spectrum from a meta-atom array when a 1.5-GHz-modulated THz QCL 

is focused on it (solid red line). The blue solid line is the noise reference when the QCL is under threshold (DC+RF). 
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