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Abstract— This paper presents the design of antennas in THz range which corresponds to mid-infrared frequencies. A 
comparative study on two different antenna types, which are Patch and Bow-Tieis discussed here, to clearly elucidate the 
effect of geometry on received output terminal voltage. The frequencies of operation of the two antenna types are nearly in 
the same range in order to provide an effective means for comparison on the voltage output. The resonance of these 
structures is around 10 micrometer wavelength, which is the peak of IR radiations reaching earth surface. Various parametric 
analyses on the bow-tie antenna are performed to obtain an optimized voltage output. The simulations of the designs are 
done on an FEM based solver. 
 
Index Terms— Bow-Tie Antenna, Fem, Patch Antenna, Terminal Voltage. 
 
I. INTRODUCTION 
 
Solar energy is an eternal energy resource which 
caters to all the energy demands of the global 
population. Conventional photovoltaic solar cells are 
the most widely used solar energy harvesting 
technology around the world. Solar concentrator cells 
have a maximum efficiency of 40%.This drawback 
leads to discovery of different methods of solar 
energy harvesting, for greater exploitation of this 
renewable energy resource. 
With a motive to seek for effective alternate 
approach, to address the ever increasing energy 
demands, infrared rectennas are considered to be 
promising substitutes for the conventional 
photovoltaic cells which are limited by its material 
band gap[2]. Infrared frequencies constitute for more 
than 50 % of the solar spectrum, utilizing this region 
of the electromagnetic spectrum for fruitful 
conversion into electricity is main intention of this 
work. 
Rectenna is one such technology which has been 
gaining more popularity with its high efficiency [1] 
output current. Rectennas are combination of receiver 
antenna and a rectifying circuit.These rectennas are 
designed for different range of energy spectrum for 
different applications [10]. Hence, the future scope of 
energy harvesting lies in solar-rectennas which is 
having comparatively more efficiency than the 
current technologies. 
The present emphasis in this paper is completely on 
the THz antenna design which forms a prominent half 
of the complete rectenna system. 
 
II. DESIGN ANALYSIS OF PATCH ANTENNA 

 
Initial design is of a simple, and a basic rectangular 
patch antenna. The patch antenna is placed on a FR-4 
epoxy substrate with a dimension of 15µm× 
15µmand a height of 0.5µm. The rectangular patch of 
2.3µm in width, 3.3µm in length is designed with an  

 
inner feed dimension of 1.88µm × 0.15µm.The 
resonance of the antenna is verified by making it a 
transmitter. As shown from the return loss graph in 
Figure. 1it can be inferred that the antenna resonates 
at 27.2THz with a return loss of -17.087dB and a 
bandwidth of 1.2057THz. From the reciprocity 
principle, the transmitter and receiver antennas are 
identical. A receiver antenna is given a plane wave 
excitation with an electric field intensity of 1V/m 
along z-axis, at a height of 0.5µmabove the antenna. 
The obtained electric field intensity graph is shown in 
Figure. 2, which has a peak electric field value of 
2.5236V/m. The open terminal output voltage (V) is 
calculated from the following equation, where E is 
the electric field intensity over the surface of the 
antenna. 
 

 
The obtained voltage output as calculated from (1) for 
a patch antenna is found to be 0.59435µV. 
 

 
Figure 1. Return loss plot of patch antenna 
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Figure 2. Electric Field intensity of Patch antenna 

 
III. DESIGN ANALYSIS OF BOW-TIE 
ANTENNA    
 
With an intention to increase the output voltage from 
the previously obtained value, a different antenna 
type was considered. A bow-tie antenna is selected 
based on the literature study, that a sharp edge 
geometry will increase the electric field intensity and 
hence the output voltage. Also a lot of parametric 
studies can be performed on the bow-tie antenna, 
because of the design scope the geometry offers. In 
order to obtain an optimized voltage value a series of 
parametric analysis is done on the bow-tie arm 
length, gap size between the bow-tie tips as well as 
the substrate height. In all these cases the base length 
dimension is constant and is 2.1µm.The bow-tie 
antenna is placed on a FR-4 epoxy substrate with a 
dimension of 12.5µm × 12.5µm, at a height of 0.5µm. 
The antenna has feed dimensions of 5nm in width and 
2um in length. As mentioned in the case of a patch 
antenna, the bow-tie receiver is also given a plane 
wave excitation with an electric field intensity of 
1V/m, at a height of 0.5µm above the antenna 
surface. A detailed observation on the electric field 
intensity value and the output voltage is done 
considering the effect of the above mentioned design 
parameters. 
 
IV. EFFECT OF ARM LENGTH ON THE 
OUTPUT VOLTAGE 
 
The arm length (side length) of the bow-tie antenna is 
varied from 2µmto 3.5µm in steps of 0.1µm, keeping 
the base length fixed, and the best considerations are 
shown in the S11 graph of Fig. 3. Arm lengths of 
2.9µm, 3µmand 3.1µm gave the best resonating 
characteristics. The selected arm lengths are further 
analyzed with the best obtained gap sizes to see the 
effect on the received voltage. 
 
V. EFFECT OF GAP SIZE ON OUTPUT 
VOLTAGE  
 
The gap size between the bow-tie tips are varied from 
100nm to 10nm in steps of 10nm and from 10nm to 
1nm in steps of 1nm.For the variations from 100nm 
to 10nm the best return loss was seen for 10nm as 

shown in Fig. 4 and for the variations from 10nm to 
1nm the best result was obtained for 1nm as shown in 
Fig. 5.The study on the gap size is done keeping the 
base length fixed at 2.1µm and arm length fixed at 
3µm.  
 

 
Figure 3. Arm length variations 

 
 
The main objective to enhance the  electric field 
intensity of the receiver antenna and in turn the 
received voltage can be achieved by examining the 
combinations of best design variations obtained from 
previously stated arm lengths as well as the gap sizes. 
 

 
Figure 4. Variations of gap size from 100nm to 10nm 

 

 
Figure 5. Variations of gap size from 10nm to1nm 
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VI. EFFECT OF SUBSTRATE HEIGHT ON 
OUTPUT VOLTAGE 
 
The substrate heights are varied from 0.3µm to 1.2µm 
in steps of 0.1µm and a substrate height of 0.5um is 
chosen due to the good resonance as shown in Fig. 6. 
 

 
Figure 6. Variations of substrate height 

 
Table (1) shows a consolidated view of the design 
analysis done on a receiver bow-tie antenna, 
considering the optimum design parameters that were 
obtained and their dependence on the received 
terminal voltage output. 
 

 
 
From the table it can be concluded that the optimum 
bow-tie antenna design is obtained for a design 
variation of base length 2.1um, arm length 3um and a 
gap size of 1nm, which produces a peak electric field 
intensity value of 4.0410e+001 V/m as shown in Fig. 
7.The output terminal voltage obtained using (1) is 
found to be 6.4592µV. The optimized antenna is 
found to be resonating around 27.4 THz as shown in 
Fig. 8 which is in approximate conjugation with the 
patch antenna resonating frequency, this makes the 
comparison possible due to the same frequencies of 
operation. The complete simulation of the results and 
calculation of terminal voltage output are done using 
ANSYS HFSS. 

 
Figure 7. Electric field output of Bow-Tie antenna 

 

 
Figure 8. Return loss plot of Bow-Tie 

 
CONCLUSION 

 
From the paper it can be inferred that a sharp tip bow-
tie antenna improves the terminal voltage output, 
which is 6.4592µV as compared with a patch antenna 
that produced a voltage output of 0.59435 µV for 
almost same frequency of operation.  
Further the given design can be improved by 
implementing an array of antenna elements. A 
suitable high frequency rectification diode has to be 
chosen to arrive at a final DC output voltage. 
A complete design of the rectenna system will 
provide a futuristic energy harvesting method with 
low cost and size, providing high efficiency. 
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