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Abstract – In this work a novel design of an ultra-

wideband and highly directive Vivaldi photoconductive 

antenna (PCA) is reported for the first time for the THz 

sensing and imaging applications. The optical-to-THz 

conversion efficiency for the enhanced directivity 

of the reported PCA is enhanced by adding a 

hemispherical silicon-based lens with the PCA gold 

electrode and quartz substrate (r = 3.78, tan  = 0.0001). 

The optimization of the antenna design parameters is 

performed in CST MWS for the frequency range of 

1-6 THz. The design antenna has UWB -10 dB

impedance and 3-dB AR bandwidths of 6 THz, maximum

directivity of 10 dBi and maximum total radiation

efficiency of > 40%.

Index Terms – High directivity, log spiral antenna, 

photoconductive THz antenna, wideband. 

I. INTRODUCTION
The frequency band (0.1 to 10 THz) between 

the infrared and microwave frequencies in the 

electromagnetic spectrum is referred as the terahertz 

(THz) band. THz sources have drawn a lot attention 

recently due to their unique properties of provision 

high resolution images as compared to the microwave 

systems and less harm to the human body as compared 

to the conventionally used X-ray imaging system [1]. 

Besides imaging systems, the other examples of THz 

applications includes materials characterizations using 

spectroscopy [2-4], security screening, high-data rate 

communication and biomedical analysis [5-9].  

The antenna plays a pivot role for the generation 

of the wideband, narrow beam width, highly directive 

and sensitive polarization THz radiations for the 

aforementioned applications (particular for high resolution 

imaging system). The photoconduction technique based 

on the optical-to-terahertz conversion is among the 

preferred method for the generation of THz waves due to 

its robust and cheap room temperature operation [1, 10, 

11]. Optical to THz conversion efficiency is a key feature 

for the characterization of the PCAs. It defines the 

conversion of the input optical photoconductive (lasers) 

waveforms to the THz waves [12]. Typically, the optical-

to-THz efficiency depends on the used photoconductive 

materials parameters and the employed structure of 

the PCA [12-15]. The reported examples of the 

photoconductive antennas (PCAs) for the generation of 

THz radiations are bow tie [1, 13, 14, 16], dipole planner 

array [17], Yagi-Uda [18], spiral-shaped [19], and conical 

horn [10]. Besides the chosen antenna electrodes for 

the enhanced input infrared radiations (IR) coupling, the 

selection of antenna substrate material significantly 

impacts its radiation efficiency [17]. The preferred 

substrate material for the PCA antennas must have ultra-

short lifetime (~ 5- 10 ps) [20, 21], direct band-gap and 

higher substrate carrier mobility. The common examples 

of the used substrates in THz community are SI-GaAs 

[22, 23], LT-GaAs [23-25], and In-GaAs [23, 26].  

The directivity of the generated THz waves depends 

on the optical-to-THz conversion efficiency of the PCA. 

The authors in [1, 13, 14] reported a bow-tie PCA with 

a Si-hemispherical lens for the enhanced directivity. 

Deva et al. [10] reported a fixed-frequency conical horn 

and Si-lens based PCA for the gain enhancement. Gupta 

et al. [13] investigated the effect of the dielectric coating 

on bow-tie PCA structure for the enhancement of 
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optical-to-THz conversion efficiency of the designed 

antenna. Park et al. [16] covered the antenna structure 

with metal nanoislands to form nanoplasmonic PCA for 

the increase the emission properties of the antenna. In 

[1, 27], authors combined the PCA with the artificial 

magnetic conductor (AMC) and metasurface-based flat 

lens for the enhancement of directivity of the antenna 

without the need of large sized silicon-based lenses. 

Malhotra et al. [17] combined the planner dipole array 

with frequency selective surface to enhance the radiation 

properties of the array PCA. In [28], authors proposed 

that the utilization of the aspheric lenses can improve the 

radiation coupling of the PCAs. However, the integration 

of the metasurface [1, 17, 27] increases the side-lobe 

levels and front-to-back ratio of the PCAs. Also, 

the reported designs of [1, 10, 13, 14, 16-19, 27, 28] 

have limitations of lower impedance bandwidth, AR 

bandwidth, overall large size of antenna structure and 

lower directivity.   

Fig. 1. Schematic of the designed Vivaldi THz antenna 

without lens; LS: substrate length, WS: substrate width, 

h: substrate thickness, LG: length of Vivaldi patch, WG: 

width of Vivaldi patch, g: minimum width of the tapered 

slot, a: curvature coefficient, and t: thickness of the 

Vivaldi patch. 

In this work, for the first time, a novel design of 

ultra-wideband, high directive Vivaldi PCA is proposed. 

Fig. 1 shows the schematic of the proposed Vivaldi 

antenna. The Vivaldi patch is made of gold material 

whereas the quartz (r = 3.78, tan  = 0.0001) is used 

as the PCA substrate. The optical-to-terahertz efficiency 

of the designed antenna is enhanced by integrating a 

hemispherical silicon-based lens with the PCA electrode 

(see Fig. 2). The full wave numerical analysis of the 

designed antenna is performed in CST Microwave 

Studio (MWS) software in the frequency range of 1 to 

6 THz to get the optimal values of Figs. 1 and 2 design 

parameters. The -10 dB impedance and 3-dB axial ratio 

(AR) bandwidth of the designed optimized antenna with 

lens is 6 THz which is the largest among all the reported 

legacy designs [1, 10, 13, 14, 16-19, 27, 28] as per our 

best knowledge. 

The rest of the paper is organized as follows. The 

proposed Vivaldi antenna design procedure is described 

in Section II. Section III presents the detailed analysis of 

parametric study of proposed antenna design parameters.  

The discussion about the optimized antenna results in 

given in Section IV. Section V describes details the effect 

of the added lens on the antenna structure on its 

performance parameters. The comparison of the proposed 

PCA design with the legacy designs in presented in 

Section VI. Last Section VII concludes the study.   

Fig. 2. Designed Vivaldi THz antenna with hemispherical 

lens having diameter of RL. 

II. ANTENNA DESIGN PROCEDURE
The details of the design of the proposed Vivaldi

antenna are described in this section. The initial design 

of the Vivaldi antenna was reported in 1979 by Gibson 

[29]. The antenna structure as shown in Fig. 1 constitutes 

of an exponential curved tapped slot. Besides compact 

planner structure, the Vivaldi antenna offers additional 

advantages of high directive, wider impedance bandwidth 

and linear polarization. The exponential tapered profile 

of the Fig. 1 antenna slot is obtained using the exponential 

function of (1): 

𝑓(𝑥) =  𝐴 (𝑒𝑎𝑥 − 𝑒−𝑎𝑥) + 
𝑔

2
,                (1)

Where 

 𝐴 =  
𝑔2
2 

−
𝑔

2

𝑒𝑎𝐿𝐺− 𝑒𝑎 .          (2)  

In (1), a defines the curvature coefficient, g and g2 

refer to the minimum and maximum width of the tapered 

slot respectively, and LG is the length of antenna patch. 

Table 1 summarizes the initial design parameters of the 

proposed ultra-wide band and high directive Vivaldi 

antenna for the THz range. 
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Table 1: Vivaldi Antenna design parameters 

Parameter Values (µm) 

LS (Substrate Length) 134 

WS (Substrate width) 60 

h (Substrate thickness) 2 

LG (Vivaldi-patch length) 115 

WG (Vivaldi-patch width) 22 

g (Minimum width of the 

tapered slot) 

0.3 

g2 (Maximum width of the 

tapered slot) 

22 

a (curvature coefficient) 

t (Vivaldi-patch thickness) 

0.5 

0.06 

The numerical simulation of the design antenna is 

performed in CST Microwave Studio (MWS) software. 

The full wave EM simulation is conducted for the 

frequency range of 1 to 6 THz. The used substrate in 

the antenna design in Quartz which have the relative 

permittivity value of 3.75 and tangent loss value of 

0.0001. The Vivaldi patch is made of gold material which 

is employed for the improvement of the IR radiations. 

The antenna is fed with the discrete port for the EM 

simulation in the aforementioned THz frequency range. 

The full wave numerical simulation of the antenna is 

performed for the analysis of the antenna impedance, axial 

ratio, current distribution and radiation characteristics. 

After the parametric analysis of the initial design 

parameters of Table 1 (details in Section III) to get the 

optimized design values for the UWB impedance and 

axial ratio (AR) characteristics of the designed PCA, a 

hemispherical lens is added to the antenna structure to 

enhance its gain and directivity. Figure 2 shows the 

schematic of the Vivaldi antenna with the added lens on 

the backside of the Quartz substrate. The added lens is 

made of silicon material and has diameter of RL. The 

diameter of the lens is varied to obtain the wideband 

impedance, axial ratio bandwidth and to produce high 

directivity, high gain and higher total efficiency of the 

designed antenna.     

III. PARAMETRIC STUDY OF UWB THZ

VIVALDI ANTENNA 
This sections details the parametric analysis of the 

Table 1 antenna design parameters to obtain the optimal 

values of those parameters for the desired wideband 

and high directive antenna characteristics without added 

lens to the antenna structure. The upper and lower bound 

of the various antenna design parameters is selected 

keeping in view the fabrication constrains and also to 

minimize the memory requirements for the full wave EM 

analysis of each variant design of the analyzing antenna. 

The analysis is performed for the variations in the 

height of the antenna substrate (h), thickness of the gold 

conducting Vivaldi patch (t), length (LG) and width of 

Vivaldi (WG) patch (gold material), curvature exponential 

variable (a), and minimum width of the antenna slot (g) 

to find the optimal antenna dimensions for the wideband 

impedance bandwidth of the designed Vivaldi antenna. 

Firstly, the optimization analysis of antenna dimensions 

is conducted without lens for the subsequent study of the 

antenna performance with lens (details in Section III-B) 

with the optimal antenna design parameters. 

Figure 3 shows the variations in the S11 characteristics 

of the proposed Vivaldi THz antenna when the height (h) 

of the substrate is varied in the range of 1-4 µm with 

a step size of 1 µm. The results depict that reflection 

characteristics of the designed antenna varies with the 

change in the substrate thickness. The resonance 

frequencies are shifted back with the increase in the 

height of the substrate. It can be noted from the Fig. 3 

that the │S11│ is less than -10 dB for the entire analyzed 

frequency range of 1-6 THz for all antenna designs 

except with h = 1 µm. This reflects the ultra-wideband 

operational resonance characteristics of the designed 

Vivaldi antenna.  

Fig. 3. Effect of substrate thickness (h) on the reflection 

parameter. 

The variations in the reflection characteristics of the 

proposed antenna with the change in the thickness of the 

used conducted material as Vivaldi patch are illustrated 

in Fig. 4. We observer that the resonance properties of 

the antenna improve with the enhancement of the -10 dB 

impedance bandwidth (for │S11│ < -10 dB) with the 

increase in the gold thickness from 0.04 µm to 0.07 µm. 

Figures 5 and 6 depict the comparison of the S11 

characteristics of the antenna for the different values 

of the length (LG) and width (WG) of the Vivaldi patch 

of Fig. 1. The length and width of the gold conductor 

Vivaldi patch are varied from 110 µm to 125 µm and 18 

µm to 24 µm, respectively. The results of Figs. 5 and 6 

deduces that the variations of the length and width of the 

gold conductor material in the aforementioned ranges 

did not bring a significant change in the reflection 

properties of the designed Vivaldi antenna. 
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Fig. 4. Effect of Vivaldi patch thickness (t) on the 

reflection parameter. 

Fig. 5. Effect of length of Vivaldi patch (LG) on the 

reflection parameter. 

Fig. 6. Effect of Vivaldi patch width (WG) on the 

reflection parameter. 

Figure 7 reflects the changes in the reflection 

characteristics of the Fig. 1 antenna when the value of 

the slot curvature exponential variable (a) varies from 

0.5 µm to 0.8 µm. As expected, the results depict that the 

exponential variable is the critical design parameters of 

the antenna as its variations have significant impact on 

the resonance properties of the antenna. As like the slot 

curvature variations, the change in the minimum width 

of the slot (g) also have adverse impact on the reflection 

parameters of the designed THz antenna (see Fig. 8). The 

results of Fig. 8 shows that among the varied range of g, 

i.e., 0.1 µm to 0.4 µm, the best resonance characteristics

are observed for the lowest value in the range, i.e., 0.1 µm.

Fig. 7. Effect of slot curvature exponential variable (a) 

on the reflection parameter. 

Fig. 8. Effect of slop minimum width (g) on the 

reflection parameter. 

We noted from the comparison of the Figs. 3-8 

results that for the designed Vivaldi THz PCA the critical 

design parameters are the thickness of used antenna 

substrate and conductive patch, exponential curvature 

and minimum thickness of the antenna slot as the 

variations of these parameters significantly impact the 

wideband resonance characteristics and -10 dB impedance 

bandwidth of the antenna. The parameter analysis of 

antenna design variables (Figs. 3-8) deduces that the 

optimal values of the designed Vivaldi antenna for the 

UWB resonance characteristics are LS = 134 µm, WS = 60 

µm, h = 3 µm, t = 0.05 µm, LG = 120 µm, WG = 20 µm, 

a = 0.7 µm, and g = 0.1 µm. The red color waveforms in 

Figs. 3-8 represents the aforementioned optimal design 

parameters results of the Fig. 1 antenna without lens.  
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IV. OPTIMIZED UWB THZ VIVALDI

ANTENNA WITHOUT LENS
After obtained the optimized parameters of the 

Fig. 1 antenna design with the impedance matching, the 

performance of the optimized antenna is analyzed in 

terms of its radiation characteristics and axial ratio.  

Figure 9 shows the optimized results of the 

reflection coefficient of the designed THz PCA antenna. 

The directivity results of the optimized Vivaldi antenna 

without lens are depicted in Fig. 10. We can note that the 

antenna has almost greater than 5 dBi directivity values 

from 3 to 6 THz range. The maximum observed values 

of the directivity of the designed optimized antenna is 

6.8 dBi without the added lens. As like the directivity 

results, it can be observed from the Figs. 11 – 13 results 

that the optimized design antenna exhibits higher values 

of the gain, total efficiency and radiation efficiency of 

the antenna in the frequency band of 3 to 6 THz. The 

total efficiency and radiation efficiency of the antenna 

increases with the increase in the frequency till 3 THz 

and each has maximum value of 16% in the analyzed 

frequency band of 1 to 6 THz (see Figs. 12 and 13). The 

optimized antenna exhibits > 10% total and radiation 

efficiency values from 2 THz onward. Figure 14 depicts 

the axial ratio results of the optimized THz Vivaldi 

antenna. The results illustrate that designed antenna has 

excellent axial ratio bandwidth of 6 THz similar to its 6 

THz -10 dB impedance bandwidth. The reported results 

of 6 THz ultra-wideband impedance and axial ratio 

bandwidths are not reported in literature [1, 10, 13, 14, 

16-19, 27, 28] to be the best of our knowledge.

Fig. 9. Reflection coefficient of the optimized THz 

antenna without lens. 

Figure 15 presents the far-field 3D radiation patterns 

of the optimized antenna at four different frequencies of 

1.85 THz, 2.45 THz, 3.6 THz and 5 THz respectively. 

We note that the directivity of the designed antenna 

increases with the increase of the frequency. The observed 

maximum values of directivities at 1.85 THz, 2.45 THz, 

3.6 THz and 5 THz are 3.38 dBi, 3.59 dBi, 6.71 dBi and 

5.31 dBi respectively. The current distribution results 

of the designed Vivaldi antenna are shown in Fig. 16. 

The levels of the distributed current around the antenna 

tapper reduces with the increase in the frequency which 

increases the directivity of the antennas as depicted in the 

Fig. 15 radiation pattern results. 

Fig. 10. Directivity of the optimized THz antenna without 

lens. 

Fig. 11. Gain of the optimized THz antenna without lens. 

Fig. 12. Total efficiency of the optimized THz antenna 

without lens. 
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Fig. 13. Radiation efficiency of the optimized THz 

antenna without lens. 

Fig. 14. Axial ratio of the optimized THz antenna without 

lens. 

V. DESIGNED OPTIMIZED VIVALDI

ANTENNA WITH LENS 
The purpose of adding the lens in the antenna 

structure was to enhance its radiation characteristics. The 

analysis of the parametric variations in the diameter (RL) 

of the added lens in the antenna structure (see Fig. 2) is 

performed with the obtained optimized other antenna 

design parameters from Section III. The diameter of the 

lens is varied in the range of 65 µm to 105 µm with a step 

size of 20 µm.  

Figure 17 shows the variations in the impedance 

bandwidth of the Fig. 2 antenna for the three different 

values of the integrated lens diameter. We observed that 

with all three analyzed values of lens diameter, the 

antenna exhibits UWB resonance characteristic in the 

complete analyzed THz frequency range of 1 to 6 THz. 

The comparison of the Fig. 9 and 17 S11 results shows 

that the resonace frequenies of the antenan changes with 

the addition of the hemispherical lens in the antenna 

strucutre. However, the 6 THz impedanace badnwith of 

the antenan did not change as the reflection coefficeint 

characteristics remains less than – 10 dB in the entire 

analyzed frequency band. 

Figure 18 illustrates the change in the directivity of 

the THz antenna with the change in lens diameter while 

the variations in the total efficiency of the designed 

antenna with the change in lens diameter are depicted in 

Fig. 19. Figure 18 shows that overall directivity of the 

designed antenna increases with the increase in the 

diameters of the lens due to the localization of the current 

distribution around the source of the antenna with the 

addition of large diameter lens. However, the change in 

lens diameter have minimal effect on the total efficiency 

of the antenna as depicted in Fig. 19 waveforms. As 

expected, the directivty and total efficeinty of the 

antenna has been incereased by around 40-50% with the 

additon of the lens in the antenna structure due to the 

enhacned optical-to-terhertz coupling. 

Figure 20 shows the axial ratio of the optimized 
antenna with the change in the lens diameters. The AR 
characterisitics of the antenan did not change with the 
variations in the lens diameters as like impeadnace 
matching, directivity and toal efficieny of the antenna. 
Figure 20 only shows one waveform which depicts the 
AR results of all three cases of change in lens diameter, 
i.e., 65 µm, 85 µm and 105 µm. The AR bandwith is
defined in terms of the frequency range for which AR >
= 3 dB. The results show that AR bandwidth of the
designed antenna covers the total analyzed frequency
range, i.e., 1-6 THz which results in 3-dB AR bandwidth
of 6 THz for the optimized THz Vivaldi antenna. The
comparison of the AR results of the antenna with (Fig.
20) and without lens (Fig. 14) deduces that the AR
characterities of the reported Vivaldi antenan did not
change with and without the lens on the antenan
structure. The comparison of the Figs. 17 to 20 show that
the more beter performacen of the antenan in terms of
resonance, directivity and total efficienty of the antenna
are obtaiend when the diameter of the lens is increased,
i.e., for the antenan lens of 105 µm.
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(c) (d)

Fig. 15. Far field 3-D radiation patterns of optimized antenna without a lens for different frequencies: (a) 1.85 THz, 

(b) 2.45 THz, (c) 3.6 THz, and (d) 5 THz.

(a) (b) 

(c) (d) 

Fig. 16. Comparison of current distribution of optimized antenna without a lens for different frequencies: (a) 1.85 

THz, (b) 2.45 THz, (c) 3.6 THz, and (d) 5 THz. 

(a) (b) 
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Fig. 17. Effect of lens diameter (RL) on the reflection 

parameters of the optimized antenna. 

Fig. 18. Effect of lens diameter (RL) on the directivity of 

the optimized antenna. 

Fig. 19. Effect of lens diameter (RL) on the total efficiency 

of the optimized antenna. 

Fig. 20. Effect of lens diameter (RL) on the axial ratio of 

the optimized antenna. 

Figure 21 presents the comparison of the far field 

radiation patterns of the optimized Vivaldi antenna with 

three different values of integrated lens diameter. The 

far field results of Fig. 20 are for the four resonance 

frequencies of each design. The observed values of 

maximum gain for the 65 μm diameter design are 8.37 

dBi, 7.05 dBi, 10.2 dBi and 12.6 dBi at the resonance 

frequencies of 1.95 THz, 2.45 THz, 3.35 THz and 5.1 

THz, respectively. The change in the maximum gain for 

the antenna having lens with diameter of 85 μm is as 

follows: 6.75 d Bi @ 1.5 THz, 9.93 dBi @ 3 THz, 11.6 

dBi @ 3.6 THz and 14.8 dBi @ 5.4 THz. The last 

analyzed antenna design was of 105 μm for which the 

observed maximum gain values are 6.62 dBi, 11.4 dBi, 

12.2 dBi and 13.1 dBi at the analyzed resonance 

frequencies of 1.55 THz, 2.9 THz, 3.7 THz and 4.4 THz 

respectively.  This comparison reflects that overall the 

gain of the antennas increases with the increase in the 

frequency for all three designs of 65 μm, 85 μm and 105 

μm respectively. 

The comparison of the change in the directive and 

radiation characteristics of the antenna with a without 

lens is depicted in Fig. 22 for the antenna with lens meter 

of 65 μm. The graphical results of the other two designs 

of 85 μm and 105 μm are similar which are not reported 

here for brevity. The results of Fig. 22 illustrate that  

the side-lobe levels of the antenna decreases with the 

addition of the lens in the antenna structure as shown in 

Fig. 2. It makes the antenna more directive as can be 

noted from the results of Fig. 22. 
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Fig. 21. Comparison of far-field radiation patterns of optimized antenna with different lens diameters. 

RL = 65 μm RL = 85 μm RL = 105 μm 

f = 1.95 THz f = 1.5 THz f = 1.55 THz 

f = 2.45 THz f = 3 THz f = 2.9 THz 

f = 3.35 THz f = 3.6 THz f = 3.7 THz 

f = 5.1 THz f = 5.4 THz f = 4.4 THz 
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Fig. 22. Comparison of radiation patterns of optimized antenna with and without a lens for different frequencies at 

𝜙 = 0𝑜 𝑎𝑛𝑑 90𝑜: (a) 1.55 THz, (b) 2.9 THz, (c) 3.7 THz, and (d) 4.4 THz. 
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Table 2: Comparison of half power beamwidth (HPBW) of proposed UWB Vivaldi PCA 

Frequencies 

HPBW @ 

𝜙 = 0𝑜 

HPWB @ 

𝜙 =90𝑜 

Without Lens With Lens Without Lens With Lens 

f  = 1.55 THz - 43° 84° 123° 

f  = 2.9 THz 94° 45° 78° 36° 

f  = 3.7 THz 64° 33° - 34° 

f  = 4.4 THz 46° 39° 74° 60° 

Table 3: Comparison of proposed UWB Vivaldi PCA design with the legacy design 

References Antenna Type Substrate 

Antenna 

Electrode 

Material 

Lens 
-10 dB Impedance

Bandwidth (THz)

Maximum 

Directivity (dBi) 

3dB AR 

Bandwidth (THz) 

[14] 
Bow-tie PCA with 

lens 
GaAs 

TiAu /AuGe / 

AuCr 

Si hemispherical 

lens 
0.20 10.85 - 

[17] 
Dipole planner array 

with FSS 
LT-GaAs Ti-Au FSS 0.37 13.2 - 

[13] 

Bow-tie PCA with 

lens and dielectric 

coating 

SI-GaAs AuGe HRFZ-Si lens - - - 

[1] 

Bow-tie PCA 

without lens 

LT-GaAs Ti-Au 

No lens 

0.18 

8.0 

- 

Bow-tie PCA with 

lens 

Si hemispherical 

lens 
11.8 

Bow-tie PCA with 

lens and combined 

with metasurface 

superstrate 

No lens 11.9 

[18] Yagi-Uda GaAs Ti-Au No lens 0.02 10.9 

[19] Spiral-shaped Si Al No lens 0.25 - - 

[28] 
Dipole-type PCA 

with lens 
GaAs Gold Aspheric lens 0.80 - - 

[10] Conical horn GaAs - Si-lens - 18.5 - 

[16] 
Nanoplasmonic 

bow-tie PCA 
GaAs Cr/Au No lens 1.00 - - 

Proposed 

Work 
Vivaldi Quartz Gold 

No lens 6.00 6.8 6.00 

Si hemispherical 

lens 
6.00 10 6.00 

Table 2 presents the comparison of the half power 

beamwidth (HPBW) of the designed UWB Vivaldi PCA 

for different analyzed frequencies of Fig. 22. It can be 

noted that the addition of the lens reduces the HPBW of 

the antenna in both azimuth and elevation planes. This 

increases the directivity of the antenna as can be seen in 

the radiation pattern results of Fig. 22. 

VI. COMPARISON WITH LEGACY

DESIGNS 
The comparison of the proposed Vivaldi PCA 

antenna with the different reported PCA designs in 

summarized in Table 3. The comparison reflects that the 

presented THz PCA have the maximum impedance and 

AR bandwidth of 6 THz among all the legacy designs 

[1, 10, 13, 14, 16-19, 28]. Some of the reported PCA 

have higher directivity characteristics than the presented 

design, however the performance of proposed design 

remains superiors in terms of impedance bandwidth and 

AR characteristics. 

VII. CONCLUSION
The study has reported a novel design of the 

THz Vivaldi photoconductive antenna which has ultra-

wideband impedance and AR bandwidths of 6 THz. 

The design of the proposed antenna was optimized using 

a detailed parametric study. The study includes the 

detailed analysis of the enhancement of the directivity 

and total efficiency (up to 40-50%) of the antenna with 

the addition of hemispherical based silicon lens. The 

presented design is first of its kind and have the potential 

to be used in the THz imaging and sensing applications 

as the powerful wideband and polarization insensitive 

THz source. 
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