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Abstract: This work presents a nanoplasmonic photoconductive antenna
(PCA) with metal nanoislands for enhancing terahertz (THz) pulse
emission. The whole photoconductive area was fully covered with metal
nanoislands by using thermal dewetting of thin metal film at relatively low
temperature. The metal nanoislands serve as plasmonic nanoantennas to
locally enhance the electric field of an ultrashort pulsed pump beam for
higher photocarrier generation. The plasmon resonance of metal
nanoislands was achieved at an excitation laser wavelength by changing the
initial thickness of metal film. This nanoplasmonic PCA shows two times
higher enhancement for THz pulse emission power than a conventional
PCA. This work opens up a new opportunity for plasmon enhanced large-
aperture THz photoconductive antennas.
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1. Introduction

Terahertz (THz) radiation of 0.1 to 10 THz falls in the frequency gap between the infrared and
microwaves. THz emission spectra have received much attention with technological advance
such as high-power THz generation, THz imaging, and THz time-domain spectroscopy (TDS)
[1]. In particular, THz pulses have many advantages in investigating material fingerprints
through THz TDS because they can provide rich spectral information of diverse biochemical
molecules at intermolecular or vibrational energy band [2—4]. However, THz technology has
some technical limitations in a water-rich environment such as in-vivo biomedical
applications due to high absorption from water molecules [5]. THz TDS with a reflection type
can serve as an alternative method [6]; however, it still requires a high power terahertz
emission source.
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Fig. 1. A schematic diagram of nanoplasmonic photoconductive antenna (NP-PCA) with metal
nanoislands. Plasmonic nanoislands are fabricated over the full photoconductive area to locally
enhance the ultrashort pulsed pump beam. This local field enhancement increases photocarrier
generation and THz pulse emission from the PCA.

Photoconductive antennas (PCAs) with an ultrashort pulse laser excitation are widely used
as THz emission sources. THz pulse emission can be enhanced by incorporating either
photoconductive materials with high acceleration of photo-excited carriers such as low-
temperature grown gallium arsenide (LT-GaAs) [7,8] or by implementing constructive large-
area excitation with inter-digital antennas and microlens arrays [9,10]. Recently,
nanophotonics enables the enhancement of THz pulse emission by employing plasmonic
nanoantennas between PCA electrodes [11-13]. The plasmonic nanostructures enhance the
electric field of an ultrashort pulsed pump beam at localized surface plasmon resonance
(LSPR). This local field enhancement increases photocarrier generation and THz pulse
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