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Abstract: Despite the distinct features of the continuous wave (CW) Terahertz (THz) emitter using 

photomixing technique, it suffers from the relatively low radiation output power. Therefore, one of 

effective ways to improve the photomixer emitter performance was using nanodimensions electrodes 

inside the optical active region of the device. Due to the nanodimension sizes and good electrical 

conductivity of silver nanowires (Ag-NWs), they have been exploited as THz emitter electrodes. The 

excited surface plasmon polariton waves (SPPs) on the surface of nanowire enhances the incident 

excitation signal. Therefore, the photomixer based Ag-NW compared to conventional one significantly 

exhibits higher THz output signal. In this work, the effect of Ag-NWs dimensions and number on the 

incident optical field is investigated by utilizing the Computer Simulation Technology (CST) Studio 

Suite. The simulation results show that increasing Ag-NWs length to SPP propagation length ratio plays 

a significant role on the incident field increment due to its effect on reducing the SPP propagation losses. 

The increment of Ag-NWs number and length in the nanoelectrodes based photomixer can contribute to 

increase the electric field in the active region by 1.5 times at the longer excitation wavelength (850 nm). 
As a result of this increment, the THz output power and the conversion efficiency are expected to be 

enhanced by a factor of five.   
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1. Introduction 

 

 The CW-THz emitters using 

photomixing technique offer many distinctive 

features in terms of compactness, cost, 

tunability, and wavelength resolution [1 - 3]. A 

photomixing technique is based on optical beat 

signal of two CW laser beams of slightly 

difference frequencies (which must be in THz 

frequency region). This signal, which oscillates 

at the two lasers difference frequency, is used to 

excite a photoconductive material and then 

modulates the photocarriers generation [4, 5]. 

The photocarriers are collected by electrodes 

and then translated into THz radiation by an 

antenna connected to the device [6, 7]. 

However, the conventional photomixer suffers 

from its low optical to THz conversion 

efficiency [6, 8]. Several research works have 

been attempted to improving the THz output 

power by enhancing the incident optical 

intensity inside the photomixer [9 - 13]. The 

high optical intensity improves the gained 

photocurrent and thus increases the output 

radiation. In CW-THz photomixer, Ag-NWs are 

used as nanodimension electrodes to drive and 

collect the excited carriers of photoconductive 

material [14, 15]. Due to small size of these 
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nanowires, the photomixer devices based on Ag-

NWs gain remarkable features [14]. The 

nanodimensions of these metallic wires give rise 

to reduce the device capacitance. Furthermore, 

the electric field of surface SPPs excited on the 

interface between the Ag-NW and the 

photoconductive material undergoes notable 

enhancement. Both factors contribute to 

improve the photogenerated current inside the 

mixer active area. Therefore, the photomixer 

based Ag-NW compared to conventional one 

significantly exhibits higher obtained 

photocurrent [15].  

In this work, the electric field of SPPs 

on the surface of Ag-NWs placed on photomixer 

conductive material (GaAs) is investigated. 

Therefore, the active region comprises the 

nanoelectrodes and photoconductive material is 

simulated by utilizing the CST Studio Suite. 

From the simulation work, the effect of Ag-

NWs dimensions and number on the electric 

field inside the photomixer can be examined and 

scrutinized.   

 

 

2. Theory 

 

The photomixer output power      in 

terms of optical incident intensity is expressed 

as [16]: 
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where    is the antenna radiation resistance, 

    is the bias field,     is the beat optical 

intensity,    is carriers lifetime,   
 
 is carriers 

mobility,            is the THz 

frequency of beat signal, and    ,    are the 

frequencies of two incident lasers. 

The optical to THz conversion efficiency of the 

photomixer is[17]  
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where   , and    the optical powers of two 

incident lasers.  

In Ag-NW based photomixer, SPP 

waves are excited on the surface of the metallic 

wire by laser light polarized along the wire axis 

[17,  18]. The incident light is scattered from the 

wire surface generating SPP modes which 

propagate towards the end of the wire [17, 19]. 

The propagating SPPs waves generally reflect at 

the end face of nanowire of finite length. The 

reflection of surface plasmon at the end face 

leads to produce modulation of SPPs field on 

the surface of nanowire. The spectral 

modulation depth  I/ min on Ag-NW surface can 

be determined  from [20, 21]: 
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where R is the Ag-NW end face reflectivity, A 

is the propagation loss which is given by [23] 

                              A= -                             (4) 

where,      is the length of nanowire,      is 

the SPP propagation distance is given by [23, 

24]: 
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where,   is optical wavelength of incident light, 

   is the dielectric constant of dielectric material 

and  m ,  mi are the real and imaginary parts of 

the metal dielectric constant, respectively.  

 

 

3. Experiment and Results 

 

By using electromagnetic (EM) 

software program, we evaluated the near field 

enhancement in the photomixer after exciting 

SPPs of Ag-NWs. Simulating the entire 

nanodimension photomixer (the active region 

and connected antenna) will take up a great deal 

of calculation time. For this reason, only the 

active region is simulated rather than simulating 

the whole device. Consequently, the active 

region comprises the nanoelectrodes and 

photoconductive material is simulated by 

utilizing CST. The electric field distribution is 

calculated in the photomixer active region for 

each value of Ag-NWs number and length. 

Thereafter, we can scrutinize the electric field in 

each case and investigate the effect of the Ag-

NWs structure parameters on the field variation.  

The simulation method is described and 

clarified in two separate parts. The first part 

presents the descriptions of the structure 

parameters, dimensions, materials that used in 

the simulation.  The simulation procedure and 

methods are then explained in the second part. 

Active region of Ag-NWs based 

photomixer: Firstly, the Ag-NWs number in the 

active region is varied with three values (2, 6, 

and 10 nanowires). Fig. (1) illustrates three 

active region structures of Ag-NWs based 

photomixer of different electrodes numbers. 

Secondly,      is also changed with four values 

(3, 3.5, 4, and 4.5  m). The structures consist of 

Ag-NWs nanoelectrodes placed on a 

photoconductive material (the device substrate). 

Each structure has the area of 10 x 10  m . The 
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length of the used nanowires is 4.5   , and the 

gap between their end faces is 1   . GaAs 

(12.94 relative permittivity) is used as a 

substrate. The thicknesses of the electrodes and 

substrate material are 0.120    and 1   , 

respectively. The structures of 6 and 10 Ag-

NWs have 2.5, 1.5    electrodes space, 

respectively, to obtain an even distribution of 

nanowires on the substrate surface.  

(a) 

 

(b) 

 
                 (c)  

 
 
Fig.1: Schematic diagram of THz photomixer active 

regions of different Ag-NWs number: 2, 6, and 10 

presented in (a), (b), (c), respectively. The active 

region of 6 and 10 Ag-NWs have 2.5, 1.5    

electrodes space, respectively, to obtain an even 

distribution of nanowires on the substrate surface. 

 

Simulation of the active region of Ag-

NWs based photomixer: The active region of 

the photomixer is simulated using CST program 

to calculate the electric field distribution after 

illuminating with optical signal. The EM 

simulation of the electric field distribution on 

the structure surface is carried out using time 

domain solver (TDS). 

To generate CW-THz radiation, the 

photomixer active material must be excited by 

CW optical signal. This optical signal takes a 

form of beat signal of two optical beams (from 

two CW semiconductor lasers) which are 

slightly different in THz frequency 

range (           ). Since, their 

frequencies are in optical region and the 

difference between them is in THz frequency, 

therefore; their photon energies are close to each 

other and the photoconductive material interact 

with them as an optical beam of single 

frequency. In the simulation, this beat signal 

was represented as a plane wave of linear 

polarization. It is incident on the structure side 

that contains the nanoelectrodes. The electric 

field of incident plane wave is 1  m⁄ . The band 

gap energy of GaAs is 1.42   . Therefore, the 

laser signal with optical signal near or higher 

than (1.42 eV) can be used to excite GaAs. The 

excitation wavelength of conventional 

photomixer lies in near infrared (NIR) region of 

EM spectrum (to obtain an optical signal can 

beat in THz frequency). Therefore, the incident 

wavelengths 780, 810, and 850    are 

commonly chosen to excite the photomixer.  

Because of the inability to work with 

optical and THz frequency ranges in a single 

simulation and in order to reduce the large 

computational time of simulating the 

nanodimension structures, only the active region 

is simulated rather than the whole device. 6-

mesh-cells per incident wavelength are 

considered in the structure simulation. On the 

other hand, a local mesh of 3-cells is set for 

precisely simulating the electrodes 

nanodiameter. 

 In this work, the effect of Ag-NWs 

electrodes number and length on the optical near 

field is investigated in the photomixer. At the 

beginning, the number of Ag-NWs is changed 

and the consequent variation of the optical 

electric field in the active region is calculated. In 

the simulation, the adopted Ag-NWs numbers 

are: 2, 6, and 10. Thereafter, the Ag-NWs 

number is fixed and their length is changed with 

four values: 3, 3.5, 4, and 4.5  m. Subsequently, 

the change in the optical electric field is 

scrutinized for each case.  
The simulation results were obtained 

after illuminating the active region with linearly 

polarized plane wave of NIR frequency.  From 

the results, we scrutinize the influence of Ag-

NWs number and length on the maximum 

optical near field. At first, the active region 

structures of three different numbers of Ag-

NWs were simulated. The EM simulation using 

time domain solver is carried out to calculate the 

resultant electric field on the surface of active 

region. After the optical illumination, the SPPs 

wave will be excited on the Ag-NWs surface. 

The maximum electric field as function of Ag-

NWs number for the three incident wavelengths 

is illustrated in Fig (2). As it can be seen from 

the figure, the field is significantly enhanced for 

780 and 850 nm incident wavelengths when the 
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nanowires are added to the structure. The 

electric field is enhanced by the factor of two 

when the Ag-NW number is changed from 0 to 

2 nanowires. The reason behind this 

enhancement is the plasmonic field induced by 

Ag-NW. Ag-NW will enhance the field over the 

whole GaAs surface, therefore; this field is 

increased with increasing the nanowire number 

on this surface. A larger number of Ag-NW 

means more reinforcement to the nanowire 

plasmonic field on the semiconductor surface. 

 
 

Fig.2: Maximum electric field (colored triangles) 

calculated in the photomixer active region as a 

function of Ag-NWs numbers. The colored lines 

represent the results fitted curves. 

 

It can be noticed from Fig. (2) that the 

plasmonic effect of Ag-NW is small at 810 nm 

wavelength, since the electric field is not clearly 

changed after adding Ag-NW. However, this 

field is significantly increased by a factor of two 

when the Ag-NW number is changed from 2 to 

10. This means that the plasmonic field is small 

at 810 nm but it exhibits notable increment 

when the nanowires number is raised due to 

boosting the light confinement by the Ag-NWs 

small dimensions. From the results, the 

maximum electric field is directly proportional 

to the nanowires number. For larger Ag-NWs 

numbers, the maximum electric field is 

noticeable increased on the surface of the active 

region. The highest increment in the electric 

field is at 850 nm.  

The distribution of the electric field, at 850 

nm incident wavelength, in the active regions of 

different Ag-NWs numbers: 0, 2, 6, 10 are 

shown in Fig. (3). It can be seen from Fig. (3) 

that field localizations can be noticed in all 

structures of Ag-NWs electrodes. It 

substantially occurs at the two face ends of Ag-

NWs. The reason of this noticeable localization 

is the reflecting of SPPs waves at the end edge 

of Ag-NW [21].  

Figure (4) shows the simulation results of 

current density in the photomixer active region 

for different Ag-NWs numbers. The results 

show that the current density is also directly 

proportional to the nanowire number. Increasing 

the electric field with Ag-NW number means 

higher light intensity can be obtained (more 

carriers can be generated on the GaAs surface). 

The large carrier number contributes to enlarge 

the nanowire conductivity in the active region of 

photomixer. Therefore, one can see higher value 

of Ag-NW current density with increasing 

nanowire number. Due to the small value of the 

electric field at 810 nm incident wavelength, the 

current density in the active region is small as 

compared to that of the other two wavelengths.  

(a) 

 

(b) 

 
(c) 

 

(d) 

 
 
Fig.3: Distribution electric field, at 850 nm incident 

wavelength, in the active regions of different Ag-

NWs numbers: 0, 2, 6, 10 presented in (a), (b), (c), 

and (d), respectively. 

 

 
 

Fig.4: Current density (colored triangles) calculated 

in the photomixer active region as a function of Ag-

NWs numbers. The colored lines represent the results 

fitted curves. 
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The effect of     on the near electric field is 

additionally investigated in the photomixer 

active region. Four active region structures of 

different Ag-NW lengths (    = 3, 3.5, 4, and 

4.5  m) were simulated. The active regions have 

dimensions of         m  and the Ag-NWs is 

fixed at the number which  shows the highest 

obtained field (10 Ag-NWs). The maximum 

electric field in the photomixer active region as 

a function of     is illustrated in Fig. (5). The 

electric field is increased with    . At 850 nm, 

the electric field is increased from 4.25 V/m to 

6.3 V/m when     is chang   f om    m to 4.5 

 m. Th   l ct ic fi l  is significantly chang   at 

810 and 850 nm incident wavelengths. On the 

other hand, it is less affected by     at 780 nm 

wavelength. Consequently, the electric field 

dependency on     is directly proportional to 

the excitation wavelength, i.e. it is 

comparatively high at longer wavelength (lower 

excitation frequency). 

 
 

Fig.5: Maximum electric field (colored triangles) 

calculated in the photomixer active region as a 

function of Ag-NWs lengths. The colored lines 

represent the results fitted curves. 

 

The electric field distributions in the active 

regions of four     lengths (3, 3.5, 4, 4.5  m) 

are illustrated in Fig. (6). The calculated current 

density in the photomixer active region as a 

function of Ag-NWs number is illustrated in 

Fig. (7). The current density does not show any 

change in the its values at 780, and 810 nm 

wavelengths. The small change in electric field 

with     at 780 nm wavelength causes the 

relatively stable value of current density at this 

wavelength. As the electric field is less affected 

by the Ag-NWs at 810 nm wavelength, the 

change in current density in the active region is 

very small at this wavelength. 

The propagation losses, which 

determine the spectral modulation depth  I/ min 

on Ag-NW surface, would have a low value at 

long     according to Eq. (4). For this reason, 

the electric field in the active region shows an 

increment in its value with    , as shown in 

Fig. (5). The propagation losses of SPP are 

calculated by using Eq. (4) for each value of 

   . Before calculating the propagation losses, 

we need to determine      on the Ag-NW 

interface with GaAs.  Eq. (5) is used to calculate 

     for all excitation wavelengths. Table (1) 

shows the calculation results of      for each 

wavelength.  

(a) 

 

(b) 

 
(c) 

 

(d) 

 
 
Fig.6: Distribution electric field, at 850 nm incident 

wavelength, in the active regions of different Ag-

NWs lengths: 3, 3.5, 4, and 4.5 presented in (a), (b), 

(c), and (d), respectively. 

 

 
 
Fig.7: Calculated current density (colored triangles) 

in the photomixer active region as a function of Ag-

NWs lengths. The colored lines represent the results 

fitted curves.  

 

 

 

 

 

 

 

 

Incident Wavelength 

(nm) 

780 810 850 

SPPs Propagation length 

( m) 
1.7 2.4 3.4 

 

Table (1) Calculated SPPs Propagation length on the 

Ag-NW interface with GaAs substrate for the three 

excitation wavelengths. 
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As it can be seen from the table and according 

to Eq. (5),      is directly proportional to the 

excitation wavelengths. By substituting the 

calculated values of      in Eq. (4), propagation 

losses are obtained for each value of    .  Fig. 

(8) shows the calculated propagation losses of 

SPP on the Ag-NW interface with GaAs as 

function of     for the three excitation 

wavelengths.  From the results, it can be seen 

that the propagation losses are decreased at 

longer    .  

 
 

Fig.8: Calculated propagation losses of SPP (colored 

triangles) on the Ag-NW interface with GaAs as 

function of     for three excitation wavelengths: 

780, 810, and 850 nm. The colored lines represent 

the results fitted curves. 

 

Due to this reduction in the propagation losses 

of SPP, the electric field in the active region 

shows an increment in its value with    . 

Additionally, the longer wavelengths of light 

show the largest values of propagation losses, as 

it is seen in Fig. (8). Therefore, the simulation 

results exhibit remarkable change in the electric 

field with     at the longer values of 

wavelengths.  

The 780 and 850 nm excitation wavelengths 

exhibits higher plasmonic effect of Ag-NW, 

where the electric field is enhanced by the factor 

of two after adding the nanowires, as shown in 

Fig. (2). While the field shows a small change in 

its value at 810 nm wavelength. This change has 

grown when the Ag-NW number and length are 

increased. The maximum response of electric 

field to the change in the Ag-NW number and 

length is obtained at the two longer wavelengths 

(810 and 850 nm). This response becomes a 

small at 780 nm wavelength where the electric 

field is less affected by Ag-NW number and 

length, as shown is Fig.(2), and (5) respectively. 

The increment of Ag-NWs length and 

number can contribute to increase the electric 

field in the active region by 1.5 times at 850 nm. 

According to Eq. (1), THz output power is 

quadratically proportional to incident 

intensity      (    )     
 . Therefore, it is 

proportional to the fourth power of the electric 

field. Since the electric field is increased by 1.5 

times with increasing the nanowire parameters, 

it can be expected from Eq. (1) that      is 

enhanced by a factor of five. Additionally, the 

optical to THz conversion efficiency is also 

improved by a factor of five according to Eq. 

(2). 

Consequently, the length of  .   m is the best 

    value for THz photomixer emitter that uses 

two Ag-NWs or more as nanoelectrodes and has 

a surface area of 10 x 10  m . Therefore, 

reducing     in order to decrease Ag-NWs gap 

and subsequently, minimize the device 

capacitance leads to bring down the electric 

field in the active region especially at longer 

wavelength value.  

 

 

4. Conclusions 

Increasing Ag-NWs length to SPP propagation 

length ratio plays a significant role on field 

increment due to its effect on reducing the SPP 

propagation losses. The increment of Ag-NWs 

length and number in the Ag-NWs based 

photomixer can contribute to increase the 

electric field in the active region by 1.5 times at 

the longer excitation wavelength (850 nm). The 

length of  .   m is the best     value for THz 

photomixer emitter that uses two Ag-NWs or 

more as nanoelectrodes and has a surface area of 

10 x 10  m . As a result of the notable 

increment in the electric field, the THz output 

power and the conversion efficiency are 

expected to be enhanced by a factor of five. 
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 THzالذاهج الضوئي لاشعة  تأثيرعذد وحجن الأقطاب النانوية على أداة

 

 ريام ضياء هحوذرضا         حسين علي جواد
 

 اٌؼزاق ، تغذاد ، تغذاد خاِؼح ، اٌؼٍُا ٌٍذراساخ اٌٍُشر ِؼهذ

 

 

اٌضىئٍ ، ( تاسرخذاَ ذمُٕح اٌّشج THz( ذُزاهُزذش )CWٌثاػث اٌّىخح اٌّسرّزج )ج ِٓ اٌسّاخ اٌُّّشتاٌزغُ  :الخلاصة

أداء تاػث اٌّشج اٌضىئٍ ٌذٌه ، وأد إحذي اٌطزق اٌفؼاٌح ٌرحسُٓ   .طالح خزج إشؼاع ِٕخفضح ٔسثُاًإلا أٔه َؼأٍ ِٓ 

ٔظزًا ٌلأحداَ إٌأىَح واٌرىصًُ اٌىهزتائٍ اٌدُذ   هٍ اسرخذاَ ألطاب ٔأىَح داخً إٌّطمح اٌضىئُح إٌشطح ٌٍدهاس.

( SPPs) ٌثلاسِىٔاخ اٌسطحُحاذؼًّ ِىخاخ  .THzذُ اسرغلاٌها وألطاب تاػث ( ، Ag-NWsٌلأسلان إٌأىَح اٌفضُح )

-Ag اٌمائُ ػًٍ اٌضىئٍ ّشجاٌٌذٌه ، فإْ   .اٌسالطح ثارجسرالأسلان إٌأىَح ػًٍ ذؼشَش إشارج الإػًٍ سطح اٌّثارج 

NW  ِمارٔح تاِخز اٌرمٍُذٌ َؼزض تشىً ٍِحىظ إشارج خزجTHz .ًٍفٍ هذا اٌؼًّ ، ذُ اٌرحمُك فٍ ذأثُز أتؼاد   أػ

Ag-NWs  خلاي اسرخذاَ تزٔاِح اٌضىئٍ اٌسالظ وػذدها ػًٍ اٌّداي ِٓStudio Simulation Technology 

(CST.) ٔرائح اٌّحاواج أْ سَادج طىي  خظهزاAg-NWs  إًٌ ٔسثح طىي أرشارSPP  ا فٍ سَادج ًّ ّداي اٌذٍؼة دورًا ِه

وطىٌها فٍ اٌّشج  Ag-NWsَّىٓ أْ ذساهُ اٌشَادج فٍ ػذد  .SPPٔظزًا ٌرأثُزها ػًٍ ذمًٍُ خسائز أرشار  سالظاٌ

خٍ طىي ِىاٌ ػٕذِزج  5.1ّٕطمح إٌشطح تّمذار فٍ سَادج اٌّداي اٌىهزتائٍ فٍ اٌالألطاب إٌأىَح اٌضىئٍ اٌّسرٕذ إًٌ 

ووفاءج  THzٔرُدح ٌهذج اٌشَادج فٍ اٌّداي اٌىهزتائٍ ، ِٓ اٌّرىلغ أْ َرُ ذؼشَش لذرج خزج  ٔأىِرز(. 018)الأطىي 

 اٌرحىًَ تّؼاًِ خّسح.
 

 


