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Project Summary

Obijective
This project will investigate the use of nanosized rectennas as solar cells in the visible
light frequency range for high-efficiency direct conversion of electromagnetic
radiation into electricity.
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Study Objective

This study aims to investigate direct energy conversion of visible light into electricity using a nano-
sized rectenna.

Background and Study Motivation

Current solar cell technology is based in the photovoltaic effect occurring in semiconductor
materials. It is well-known that the conversion efficiency of these types of solar cells is theoretically
limited as first noted by Shockley and Queisser (S&Q): a crystalline silicon device is limited to a
conversion efficiency of 33.7 %. The theoretical limit of an infinite multi-junction cell is 86 %. A
nano-rectenna solar cell, combining submicron antennas with ultra-high frequency diode
rectification, would theoretically allow direct conversion of electromagnetic radiation into
electricity more efficiently, above the S&Q limit. As referred by Moddel and Grover [1],
theoretically the efficiency could approach 100 % for monochromatic light.

Rectenna technologies targeting the microwave range have been developed since the early 1960s,
have demonstrated power conversion efficiency exceeding 70 % for low-frequency monochromatic



radiation [2] and have been demonstrated in space [3]. Despite first proposals for the use of
rectennas as solar cells dating back to 1972 [4], only recently demonstrations of this principle have
been made in the infrared [5, 6] due to improvements in nanofabrication of both antenna and diode.
For instance, Gadalla et al. [7] recently showed plasmonic rectennas at 28.3 THz for energy
harvesting purposes. However a proof-of-concept for visible light frequencies (430 — 750 THz) is
still missing. Its main challenge is linked to the rectenna’s rectifier given that the fastest available
diode technology, Schottky barrier diodes, is limited to 5 THz. The Metal-Insulator-Metal (MIM)
diode, operating based on quantum tunnelling, is the strongest candidate to extend rectification to
hundreds of THz. Quantum tunnelling has been reported to be as fast as 1.8 fs allowing petahertz
operation [8], however the working frequency of a MIM diode is always smaller, limited by its RC
constant. The RC constant depends on the geometry and materials that compose the MIM rectifier.
In particular, as pointed out in [9, 10, 11], a planar MIM is not suitable for infrared and visible
frequencies. Other practical geometries comprise MIM travelling-wave diodes [12], geometrical
constriction diodes [13] and point-contact diodes (sharp-tip or whisker diodes) [14, 15]. The choice
of materials influences critical performance parameters such as the junction asymmetry, the zero
bias responsivity and the zero bias resistance, however so far there are not any strong selection
criteria concerning material choice. Parameters such as materials workfunction, electro-affinity and
interface stability are believed to play a major role [16]. The oxide layer is required to be very thin
(~ nm, for measurable tunnelling current) yet high quality and pin-hole free. Simulations by Mayer
et al. [17, 18] using a quantum-mechanical transfer matrix approach showed that rectification in the
infrared and visible frequencies should be possible using sharp-tip diodes.

A plasmonic sharp-tip geometry such as the one represented in Figure 1 would be particularly
advantageous as recognized in [1], since it would allow for a systematic test of materials, opening
the way to a comprehensive study of material system design. Such results are expected to be
similarly useful in the fields of THz communications and wideband band detection. In particular, as
noted in [1], with an optimized material system, such setup can produce the first proof of rectenna
operation in the visible light range. This would open the way to the production of highly efficient
solar cells using point-contact diodes (making use of large scale production of nanowire point-
contact geometric diodes such as in Miskovsky et al. [15]).
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Figure 1: Surface Plasmon Polariton based AFM sharp tip Metal-Insulator-Metal testing structure

The possibility of having more efficient solar cells is of concern for space applications which
largely rely in photovoltaic semiconductor technology.



Proposed Methodology
The following gross study logic is proposed, though the proposal of different approaches to achieve
the main goals of the study are also welcome:

- Qualitative assessment of prospective combination of materials

- Fabrication of experimental samples and preparation of experimental means

- Experimental set-up mounting

- Investigation of the experimental samples performance: measurements should comprise -V
curve electrical characterization both with and without illumination

- Investigate materials parameters influence on the results

ACT Contribution

This study is addressed to research groups having expertise in the nanofabrication and topological
and electrical characterization.

The projected will be conducted in close scientific collaboration with ESA researchers. In particular
ESA researchers will contribute to the design of the experiment, discuss sample geometrical
concerns, eventually contribute to set-up mounting and to the experimental measurement campaign
and analysis.
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