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Abstract. We demonstrate the results of on THz emission from hybrid THz  

photoconductive antenna loaded with silver nanoantenna. The results of experimental 

investigations are in a good agreement with numerical simulations presented in our recent 

work. The conversion efficiency reveals over 5-fold improvement at certain frequencies, if 

compared with similar photoconductive antenna without silver nanoparticles, while 

previous results for this type of antenna barely exceeded 2-fold conversion efficiency gain. 

We propose a cost-effective fabrication procedure to realize such hybrid THz antennas with 

optimized plasmonic nanostructures via thermal dewetting process, which does not require 

any post processing and makes the proposed solution very attractive for applications. 

1. Introduction 

Terahertz photoconductive antennas (PCAs) are one of the most promising sources of pulsed THz 

radiation [1,2]. The principles of THz PCAs operation are based on the effect of ultrafast variations of 

surface photoconductivity of a semiconductor substrate under fs-laser irradiation: after exciting the 

gap between the electrodes with a fs-laser, the concentration of charge carriers increases sharply for a 

short period of time, and THz pulse generation occurs. Since the generated signal is a short single 

pulse hundreds of fs in duration, its spectrum spreads over several octaves in THz frequency range. 

The broad bandwidth is ideal for spectroscopic investigations of organic molecules [3], material 

science [4] as well as wireless THz transmitters and receivers [5]. However, conventional THz PCAs 

have a rather low conversion efficiency that prevents data transmission over long distances, they do 

not provide a large signal-to-noise ratio, and require ultrafast laser pump at wavelengths around λ = 

800 nm, usually provided by expensive and bulky Ti:Sapphire lasers. The low conversion efficiency is 

mainly related to two predominant factors: the photocarrier screening effect [6], and the low 

absorption coefficient of the surface layer of the semiconductor substrate. To overcome these 

limitations, optical nanoantennas have been proposed to be placed in the gap of THz PCA [7,8]. The 

nanoantenna-based PCAs have been called hybrid terahertz-optical PCAs. It has been shown that this 

solution provides high fs-laser pump absorption, shorter photocarrier lifetimes and excellent thermal 

efficiency. Despite the fact that many nanoantenna designs have been studied for enhancement of the 

THz generation from PCA, an optimized geometry has not yet been proposed.  

Here, we present the results of our recent experimental investigations of a log-periodic THz 

photoconductive antenna coupled to a silver (Ag) nanoantenna array arranged in the gap of a THz 

antenna [9]. We obtain an enhancement of optical-to-THz conversion efficiency 2-fold larger in 

comparison with previously reported results [10]. As a byproduct, we propose a cost-effective 

fabrication procedure allowing to produce such hybrid THz antennas with optimized plasmonic 

nanostructures via thermal dewetting process. 
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2. Sample fabrication   

First, we fabricate the hybrid PCAs with optimized Ag nanoantenna design proposed in        

Ref. [9]. The PCAs were fabricated on semi-insulating GaAs substrates containing self-assembled 

InAs quantum-dots (QDs). Such QD based antennas have been recently demonstrated to generate 

effectively both pulsed and CW THz radiation [11,12]. Since the 800 nm wavelength pump is used, 

and the carriers are generated in the whole volume of the GaAs matrix, the dots serve only as carrier 

lifetime shorteners, in a similar way as defects in low temperature grown GaAs [11]. The log-periodic 

shape of electrodes has been selected for the realization of the THz antenna due to the fact that such 

design provides a broadband radiative spectrum. The latter circumstance allows studying the THz 

antenna operation in the wider-frequency range. The log-periodic antenna electrodes have been 

deposited onto the QD-based substrate by UV optical lithography. The fabricated THz antennas have a 

smallest gap of 8 µm, and overall diameter of 1.8 mm. Then, a 20-nm silver film has been deposited 

onto the substrate surface of one of the fabricated antennas. Upon thermal dewetting process caused by 

heating, the silver film has been transformed into a disordered array of spheroid nanoparticles. The 

size of the resulting nanoparticles depends on the thickness of the silver film and can further be 

changed by laser pump [13]. The sizes of the fabricated nanoparticles proximately correspond to 

calculated optimal ones and the average distance between nanoparticles is 280 nm. The dashed oval in 

Fig. 1(a) shows the location of the resulting nanoantennas on the radius-center distance map. The SEM 

pictures of the produced hybrid THz antenna are shown in Fig. 1(a).  

 
Figure 1. (a) The typical SEM images of the fabricated log-periodic THz PCA, its central part and its 

gap filled with silver nanoantennas. (b) Time domain THz field profiles and (b) their corresponding 

spectral amplitudes measured for hybrid (red) and plain (black) PCAs. 

3. Experimental results 

Then, we perform experimental investigations of hybrid PCAs with optimized Ag nanoantennas 

and compare the obtained results with previous studies. For experimental investigation, a standard 

THz time-domain spectroscopic (TDS) system has been used. THz-TDS is pumped with Sprite-XT (M 

Squared Ltd.) femtosecond Ti:sapphire laser that delivers pulses of 120 fs duration at 80 MHz 

repetition rate with central wavelength of 800 nm. As a THz detector, a LT-GaAs photoconductive 

antenna made by Teravil Ltd. was used, and the beam was guided between the transmitter and detector 
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by two off-axis parabolic mirrors. To estimate the effect of silver nanoantennas, signals from standard 

and nanoantenna-enhanced THz antennas were measured for similar pumping and bias conditions. The 

experimental results are summarized in Fig. 1(b,c). 

Fig. 1(b) shows the time domain THz signals generated with the log-periodic PCA with and 

without Ag spheroidal nanoantennas. The corresponding amplitude spectra, obtained using the Fourier 

transform, are shown in Fig. 1(c). It can be seen that the antenna demonstrates an uneven enhancement 

across the spectrum. The enhancement reaches its maximum around 1 THz, and the enhancement 

value corresponds to the 5-fold theoretically derived value of the power absorption enhancement. 

Lower effect at other frequencies and negligible enhancement at 0.5 THz can be associated with the 

change in the THz antenna impedance induced by highly conductive silver in the gap [9]. The results 

for THz PCAs with nanoantennas demonstrate over 5-fold increase in comparison with the case of 

nanoantenna absent. This is 3 times higher than the results that have been previously reported [10]. 

4. Conclusion 

In conclusion, we have demonstrated an unprecedented enhancement of the photoconductive 

antenna operation efficiency by optimized spheroidal Ag plasmonic nanoantennas. The resulting 

hybrid PCA demonstrates over 5-fold increase in the generated THz signal around 1 THz, and over 2-

fold increase in overall generated THz power. Moreover, we have proposed the cost-effective 

fabrication procedure to realize such hybrid THz antennas with optimized plasmonic nanostructures 

via thermal dewetting process, which does not require any post processing and makes the proposed 

solution very attractive for applications. We believe that our results may be useful for many relevant 

applications, requiring compact and effective room-temperature THz sources, including spectroscopy, 

biological sensing, security imaging, and ultrafast data transmission.  

 

Acknowledgments 

This work was supported by Russian Foundation for Basic Research (Projects 16-07-01166a and 18-

07-01492a). 

References 

[1] Auston D H, Cheung K P and Smith P R Picosecond photoconducting hertzian dipoles 1984 Appl. 

Phys. Lett. 45 284–586. 

[2] Jepsen P, Cooke D and Koch M Terahertz spectroscopy and imaging – Modern techniques and 

applications 2011 Laser&Photonics Reviews 5 124-166 

[3] Fischer B, Walther M and Jepsen P Far-infrared vibrational modes of DNA components studied by 

terahertz time-domain spectroscopy 2002 Physics in medicine and biology 47 3807. 

[4] Grischkowsky D, Keiding S, Van Exter M and Fattinger C Far-infrared time-domain spectroscopy 

with terahertz beams of dielectrics and semiconductors 1990 JOSA B 7 2006-2015. 

[5] Akyildiz I, Jornet J and Han C Terahertz band: Next frontier for wireless communications 2014 

Physical Communication 12 16-32 

[6] Loata G, Thomson M, Löffler T and Roskos H Radiation field screening in photoconductive 

antennae studied via pulsed terahertz emission spectroscopy 2007 Applied Physics Letters 91 232506. 

[7] Krasnok A, Maksymov I, Denisyuk A, Belov P, Miroshnichenko A, Simovskii C and Kivshar Yu 

Optical nanoantennas 2013 Phys. Usp. 56 539-564 

[8] Lepeshov S, Gorodetsky A, Krasnok A, Rafailov E and Belov P Enhancement of terahertz 

photoconductive antenna operation by optical nanoantennas 2016 Laser&Photonics Reviews 11 

1600199 

[9] Lepeshov S, Gorodetsky A, Krasnok A, Toropov N, Vartanyan T A, Belov P, Alú A and Rafailov 

E U Boosting Terahertz Photoconductive Antenna Performance with Optimised Plasmonic 

Nanostructures 2018 Scientific Reports 8 6624 

[10] Park S, Choi Y, Oh Y and Jeong K Terahertz photoconductive antenna with metal nanoislands 

2012 Optics Express 20 25530-25535. 

[11] Leyman R, Gorodetsky A, Bazieva N, Molis G, Krotkus A, Clarke E and Rafailov E Quantum dot 

materials for terahertz generation applications 2016 Laser&Photonics Reviews 10 772-779 



4

1234567890 ‘’“”

METANANO 2018 IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 1092 (2018) 012076  doi :10.1088/1742-6596/1092/1/012076

[12] Fedorova K, Gorodetsky A and Rafailov E Compact All-Quantum-Dot-Based Tunable THz Laser 

Source 2017 IEEE Journal of Selected Topics in Quantum Electronics 23 1-5 

[13] Toropov N, Gladskikh I, Parfenov P and Vartanyan T Fabrication and laser-assisted modification 

of the Ag particles ensembles supporting quadrupole plasmon oscillations 2017 Optical and Quantum 

Electronics 49 154 

 

 


