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ABSTRACT 
The following work presents the multiphysical simulation of a photoconductive antenna (PCA) with plasmonic contact gratings by 

adding a layer of Silicon Nitride (Si3N4) to improve the optical absorption properties of up to 90% of the incident light. an 

arrangement of conical nano structures composed of Zinc Oxide (ZnO) that act as optical concentrators on the semiconductor 

substrate layer of LT - GaAs to increase the local field and in this way mitigate the main disadvantages of this type of THz emission 

as they are the low quantum efficiency and the optical absorption on the substrate, finally obtaining with this novel design a Thz 

range of between 0.1 to 2 THz demonstrating that with this type of structure the electric field has a greater depth improving the THz 

radiation. 

Keywords: [Nanostructure], [COMSOL Multiphysics], [PCA Photoconductive Antenna], [Plasmons], [TeraHertz Radiation]. 

RESUMEN 

El siguiente trabajo presenta la simulación multifísica de una antena fotoconductora (PCA) con rejillas de contacto plasmonica 

añadiendo una capa de Nitruro de Silicio (Si3N4) para mejorar las propiedades de absorción óptica de hasta un 90% de la luz 

incidente, además, se incorpora un arreglo de nano estructuras cónicas compuestas de Óxido de Zinc (ZnO) que actúan como 

concentradores ópticos sobre la capa del substrato semiconductor de LT - GaAs para aumentar el campo local y de esta manera 

mitigar las principales desventajas de este tipo de emisión THz como lo son la baja eficiencia cuántica y la absorción óptica sobre 

el substrato. 

Palabras clave: [Nano Estructura], [COMSOL Multiphysics], [PCA Antena Fotoconductora], [Plasmones], [Radiación TeraHertz]. 

 

Introduction 

Nowadays, the nanotechnologies study have had a large 

development in science and engineering field[1][2][3], allowing 

the investigation and exploration in the TeraHertz (THz) region, 

which is identified as a transition between the optic and electronic 

[2][4][5], which is why to this type of technology is known as 

optoelectronic[6]The exploration in this band have had a fast 

grown in the last decades due to their advantages and contribution 

to the spectroscopy advance [7][1], such as the large band width, 

room temperature operation, high signal-to-noise and accurate 

measurement of both magnitude and phase of the signal.[2][1][8]. 

One of the most common approaches to the generation of THz 

waves is the use of Photoconductive Antennas (PCA) [2], due to 

the intrinsic properties of this kind of emission, such as the 

nondestructive nature of this type of radiation [6], as well as non 

ionisant, besides the high reflectivity, complete opacity[2], this 

type of wave is completely absorbed in contact with water, all of 

this advantages have given way to applications development, in the 

pharmaceutical industry where THz waves are used for the 

pharmaceutical screening of polymorph and hydrate forms, in the 

medicine field they are used in the assessment and detection of 

cancerous tissue, in the security area they are used to identify 

weapons, explosive and hidden drugs, they are used to monitoring 

and processing of metals by means of reflectometry. [9][2][1][10] 

The photoconductive antennas as emission sources of THz waves 

by means of the beam optical laser excitation[12][13][2], shows a 

disadvantage in reference to the output power [2][6] since the 

excited charge carriers don’t achieve the enough generation and 

recombination levels to the emission of this frequency to an upper 

level from the found ones . When the photoconductive antenna is 

excited by means of beam optical laser, the charge carriers electron-

hole leave their state to be free for a timescale of sub picosecond to 

be again recombined.[1][2] This process is carried out 

simultaneously in short times to generate higher frequencies in the 

order of TeraHertz.[11] The main causes of this disadvantage is 

about the antennas excitation parameters, the semiconductor 

substrate, where the charges will make the process mentioned 

before and finally the incident laser. [2][1][6] 

Currently there are Multiphysics models some of them simulated in 

available finite element method solver COMSOL Multiphysics to 

solve the Maxwell equations and drift-diffusion/Poisson’s 

equations for the semiconductor simulations[2], due to his 

numerical accuracy this process is simulated and his behavior 

facing different geometries or different configurations, with the aim 

of optimize this parameters in set to obtain the expected results. 

The use of nanotechnology and the use of plasmonics to increase 

the optoelectronic conversion has carried us to move closer bit by 

bit to get a better output power results[14][4][13][6] from them we 

start an investigation to optimized this process in a better way, the 

purpose of this article approaches in make a novel design to the 

geometry of the antenna with contact plasmonic electrodes 

gratings, what let us get better results in base with the changes made 

over the main parameters of the antenna that induces to a emission 

THz, making simulations in the commercially available finite 

element method solver COMSOL Multiphysics in turn statistics 

comparisons in front of a conventional antenna. 
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Photoconductive antenna model with plasmonic 

contact electrodes 

 

The photoconductive antennas used to radiation TeraHertz 

emission depend his functionality in the shape of his geometry or 

structure, as well as, the set of his main excitation parameters, as 

we mentioned before[1], one of the most disadvantages with this 

models is the low output power which is caused principally due to 

the low quantum efficiency[2][6][15], meaning, a low photon 

conversion to pair electron-hole, this act inversely proportional to 

the incident wavelength in the photosensitive surface, therefore, the 

optical laser that incides in the semiconductor structure has 

wavelengths in the order of nanometers and not being enough to 

transform the enough amount of photons in a pair electron-hole it 

do not let make the process of generation and recombination to 

generate photoconductive energies that achieve the desired levels, 

the TeraHertz waves. 

It demonstrates the geometries with plasmonic structures enhance 

the opto-electronic conversion efficiency[6][13] due to his ability 

to improve the absorption and light scattering[15][16], which is 

why, it uses structures with plasmonic contact electrodes gratings 

purposes by C.W. Berry, N. Wang, M.R. Hashemi, M. Unlu1 & M. 

Jarrahi [6] in their article approached to enhance the radiation 

TeraHertz incorporating plasmonic contact electrodes, how is show 

in the figure 1, the antenna includes two planar metallic electrodes 

with grating shape composes by gold, deposited in a semiconductor 

substrate (LT-GaAs)[6][2][1], electrodes with voltage feeding, the 

structure is mounted on a silicon lens to collect the TeraHertz 

radiation, and finally a Ti:sapphire mode-locked laser that incide 

over the electrode anode making a structure with plasmonic contact 

electrodes gratings shape. [6] 

 

 

 
Figure 1 | The optic laser incises over the photoconductor generating 

electron-hole pairs inside the photo-absorbing substrate, the panels 
operating as THz emitters. a bias voltage applied to ultrafast 

photoconductor, which induces an electric field inside the substrate drifts 

the photo-generated electrons and holes towards anode and cathode contact 
electrodes. 

 

 

 

 

 

 

 

 

 

 

 
Figure 2 | A plasmonic photoconductive terahertz emitter/detector 

incorporating plasmonic contact electrodes to reduce photo carrier transport 
times to the contact electrodes to increase the photoconductor quantum 

efficiency 

 
 

 
Figure 3 | Horizontal view of plasmonic photoconductive antenna terahertz 

emitter/detector 

As a result of this proposal, it demonstrate that incise an electric 

field in the photo-absorbing substrate drifts electron-hole 

pairs[6][8][17]i, they are transported towards anode and cathode 

plasmonic contact electrodes, cutting down significantly the photo- 

carries transport towards plasmonic electrodes, enhancing the 

quantum efficiency[6] thanks to the plasmonic properties 

mentioned before. 

it is evaluated the plasmonic grating design with other conventional 

geometries in the spectroscopy processes to analyze the best 

radiation TeraHertz structure[6][15][10], under the next features: 

Ti:sapphire mode-locked laser, wavelength of 800 nm, repetition 

rate 76 MHz and 200 fs pulse width, the optical pulse polarization 

is made over the axis x and y respectively to conventional and 

plasmonic structure[2][6][18], the optical beam was positioned 

symmetrically inside the gap of each structure, the measure is 

repeated in several positions to ensure the best output photocurrent 

level.[6] Finally stating that structures with plasmonic contacts 

enhance more than 30 times the level output photocurrent generated 

in the time-domain[6][16][4], moreover as, the domain- frequency 

in TeraHertz to this type of structure it keeps in 0.1-1.5 THz. Due 

to the plasmonic contacts that enhance the sensitivity of TeraHertz 

detection. [6] 

 
 

Photoconductive Antenna Design 

 
 

Based on the design and the results from the work of C.W. Berry, 

N. Wang, M.R. Hashemi, M. Unlu1 & M. Jarrahi, [15] we have 

proposed a new photoconductive antenna structure using plasmonic 

contact electrodes composed of gold (Au) deposited in a 

semiconductor substrate of Gallium arsenide at low temperature 

(LT - GaAs ), incorporating a Silicon Nitride (Si3N4) layer and an 

array of conical nanostructures composed of Zinc Oxide (ZnO). 
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Figure 4 | Photoconductive antenna with a length of 4E-5 m, width of 5E- 

6 m and height of 3.1E-6, with a Gallium arsenide at low temperature (LT 

- GaAs ) layer with length of 4E-5 m, width of 5E-6 m and height of 1E-6 
m, as well as, a gap of 5E-6 m, anode and cathode composed of gold (Au) 

with length of 1E-5 m, width of 5E-6 m and height of 1E-7 m, plasmonic 

gratings as a part of photoconductor contact electrodes composed by gold 
with length of 7.5E-6 m, width of 5E-6 m and height of 1E-7 m and a 

periodicity of 1E-7 m, a Silicon Nitride (Si3N4) layer with length of 4E-5 

m, width of 5E-6 m and height of 1E-6 m, finally, an array of conical 

nanostructures with bottom radius of 5E-8 m, height of 1E-6 m and a top 

radius of 5E-9 m composed of Zinc Oxide (ZnO). 

A structure is presented due to the contributions find in the work 

made by Mohammad Bashirpour, Matin Forouzmehr, Seyed Ehsan 

Hosseininejad, Mohammadreza Kolahdouz & Mohammad 

Neshat[15], in their article to improve the photoconductive 

Antenna using an array of Nanorods in Zinc Oxide (ZnO), in that 

article it show us a novel photoconductive antenna design where in 

base of a conventional optical antenna is implement a Silicon 

Nitride (Si3N4) layer[15], to increase the generated photocurrent, 

the Zinc Oxide (ZnO) Nanorods act as a an optical nanoantenna to 

get the most optical absorption of femtosecond laser pulse that 

incides the antenna[15][2][13], in turn, they act as optical 

concentrator and an antireflective coating[15], so that, the incident 

light is not reflected over the photoconductive antenna but on the 

contrary it keeps close to the Gallium Arsenide al low temperature 

(Lt-GaAs) concentrating the laser beam to get a high local 

field[15][19], keeping in mind that one of the most important 

properties of a semiconductor material is his ability to carry out the 

mobility of charges electron-hole necessaries in this case to 

photocarriers generation that in turn it will generate higher levels 

of photocurrent necessaries to a higher radiation 

TeraHertz.[2][1][7] 

 
 

Figure 5 | Conical Nanostructure view with bidimensional periodicity in 

the axis x of 1E-6 m and in the axis y 1E-6 m. 

Given those characteristics about the Antenna with Zinc Oxide 

(ZnO) Nanorods, where it should be pointed out this material 

contributes features of a major absorption in the ultraviolet 

spectrum and his properties that provides a better conductivity[15], 

it shows finally this structure give us a higher photocarrier 

generation and as a result a higher radiation TeraHertz, the 

antenna’s dimensions in the time-domain showing an enhancement 

4 times better than the average range of 01-1.2 TeraHertz. [15][14] 

Figure 6 | Photoconductive Antenna view from the axis yz, with a mismatch 

of 5E-6 m, in order to show the plasmonic contact gratings and the conical 

nanostructure layer that define the photoconductive antenna. 

 
 

Figure 7 | Completely view of photoconductive antenna 

Conclusions and Results 

Considering the qualities mentioned before, in this article we 

suggest a multiphysic simulation in the finite element method 

solver COMSOL where we incorporate the main characteristics of 

presented structures. 
 

 

Grafica 1 | THz pulse of a Conventional Photoconductive Antenna with a 

photocurrent peak in the order of 1.2 THz. 
 

 

Grafica 2 | THz pulse of a Photoconductive Antenna with plasmonic 

contact electrodes and conical nanostructure getting a photocurrent peak in 
the order of 1.9 – 2 THz. 
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According with the results based in the finite element method 

solver COMSOL, it demonstrates an enhancement in the output 

power compared with a Conventional Photoconductive Antenna 

and the proposed design that is shown in the Fig 7, this is due to 

the optical concentration obtained thanks to the conical 

nanostructures that allow a major penetration in the semiconductor 

substrate of the optical beam of the incident laser. 

The simulation shows an electrical field concentration in the anode 

of the antenna where the laser incides, exciting the pairs electron- 

holes indicating a major electron concentration to the generates by 

a conventional antenna how is shown in the Fig 9, it demonstrates 

better ranges of generated photocurrent to a THz radiation. 

 
 

Figura 8 | Electron Concentration for a conventional photoconductive 

antenna. 

 
 

Figura 9 | Electron Concentration for a Photoconductive Antenna with 

conical nanostructures and plasmonic contact electrodes. 

Finally, it demonstrates when we change the parameter’s build of a 

photoconductive antenna we can find significant enhancements 

that mitigate the disadvantages that in this article were mentioned 

and enhance the application depend of this devices, such as the 

spectroscopy process, in the security area and medicine. 
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