SNANNNN LSS LS
Semiconductor THz antennas for Sensmg and Energy Harvesting Appllcatlons

Ahmed M.A. Sabaawi* and Oras A. Al-Ani** -

LancaSter Dot *Engineering Department, Lancaster University, LA1 4YW, Lancaster, Lancashire, UK B NGWCaS.tle

UﬂlVCfSlty Q. e **School of Electrical and Electronic Engineering, Newcastle University, Merz Court, NE1 7RU, Newcastle upon Tyne, UK. Umversfcy
a.sabaawi@Lancaster.ac.uk

—

“ Introduction < Dipole THz antenna . Spiral THz antenna

Multicrystalline Silicon (mc-Si) has been N |
widely used in the fabrication of solar cells Silica glass substrate with er=2.09 has been

- employed on all antennas. The dielectric
due its reasonable performance and low cost ploy Fig. 7. Configuration of the THz

that came from the high contamination by propert_ies of gO_Idj which 1s use_d by COMS_OL’ T square spiral; antenna.
transition metals such as iron. which are IS obtained by fitting the experimental data into —

oresented during the module fabrication [1]. the Drude model.
At certain point, the high impurities will | - | y

Fig. 1. Configuration of the THz dipole antenna.
degrade the performance of solar cell by . - ey ‘
requncy= Z ax: 4. - T

exhibiting high resistivity preventing the @ Surface: Electric field, norm [V/pum] o3
material to be a valid solution for this x10™° 4 - Elctric Field Enhancement [ Froquency—23 THz Max: 1.525¢.3
application. In this work, we will attempt to 2 I3,5 | Surface: Blectric field, norm [Vim] 3
exploit the drawbacks heavily doped | . RS S i 70 N —— ' I1.4
(contaminated) mc-Si by iron to design low- [F% Fig. 8  Electric field A

cost feasible nano-antennas for various concentration in the gap of

- - sguare spiral antenna. ' - 41
applications.
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When the concentration of iron goes high (i.e R - (106 Min: 14875

around 1020 cm-3), the reSISt.IVIty will b.e " Fig.2 Electric field concentration in the gap of dipole antenna. P, 2\ [EEEHTE el Elong) e Gef @i ine 2ijFele TEnotiee |

the order of 0.001 Q.cm will results In a § versus the wavelength. - Elctric Field Enhancement
conductivity of 105 S/m. This conductivity s
leads to a reasonable antenna resonance at
THz frequencies. Several antenna “ Bowtie THz antenna
configurations will be presented In this work

based on the new conductivity of the heavily The simulations were performed by

doped mc-Si. launching a plane wave at normal !
incidence with an electric field magnitude 2

— -~ — o : . SOAETO SV <4 o : i fi
aa . ae i — Fig. 9: Electric field along the gap

of the square spiral nanoantenna
versus the wavelength.
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of (1VV/m) and polarized along the antenna

< Simulation Method _ e /\ ~ S N S S S
. . o axlis, and the electric field across the feed T—w 6 18 20 Freqﬁﬁcy(mz; 26
» COMSOL  Multiphysics based on Finite gap of the antennas has been calculated.

Element Method (FEM) Is used to simulate Fig. 4. Configuration of the THz bowtie antenna.
the THz antennas [2].

» The electric field is concentrated Inside the Frequency—23 THz Max: 5.725¢-3

Surface: Electric field, norm [V/um] -3

gap of the nano-antenna, where a MIM s ’ <10
diode can be embedded to rectify the I I5

2

captured signal. 1.5
1 - 4

» High solar energy Is expected at frequencies 0.5
(12 THz — 75 THz) [3]. : [
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s+ Conclusion

Elctric Field Enhancement ® |n this work, three semiconductor THz antennas, I.e. dipole,
TN bow-tie, and spiral, have been investigated for sensing and
energy collection applications exploiting the drawbacks of
multicrysalline silicon (i.e high iron impurity). A comparison
between their performances has been presented. The results
. showed that the bowtie THz antenna exhibited the largest
y L1 S SRS W DU S I 2 captured electric field at resonance, which Is also demonstrated
15 | N the widest bandwidth amongst them. These antennas can be used
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“* Reference 2 In harvesting infrared energy from solar radiation or waste heat
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[li)]lO;gslgxl-Am, et al, Solid State Phenomena, Vol. 242, pp. 96- - 2 6 M 4.6400. 15 17 19 g:equncy??THz) 25 27 29 using nano-rectennas. In addition, nano-rectennas can replace

2] COMSOL Multiphysics 3.4, COMSOL Inc. batteries in low-power wearable devices by drawing energy

(http://www.comsol.com). Fig. 5. Electric field concentration in the gap of bowtie Fig. 6. Electric field along the gap of the bowtie nanoantenna generated from body heat, or ambient radiation. Moreover, these
[3] M. Gallo, et al. Energy, vol. 39, no. 1, PP. 27-32,2012. antenna. versus the wavelength. ' nano-antennas can be used In gaS SenSIng
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