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Abstract 

The photonics world is becoming increasingly interested in plasmonic 

photodetectors. The field of plasmonics allows light to be dedicated into small 

spaces in metallic structures, and this property has the ability to simulate extra 

improvements in performance of photodetectors. In this work it is presented gold 

(Au) and Aluminum (Al) surface plasmon polariton (SPP) GaAs PIN photodetector 

achieved higher internal quantum efficiency (IQE), as the IQE with Au and Al SPP 

rectangle grating is 95.01%, while the IQE with Au SPP rectangle grating is 85%, 

which indicates an improvement of 10.01%. It is also presented nanograting various 

shapes such as triangular, ellipse, bowtie and circle, and investigate its impact on 

improving the performance of the proposed photodetector. The internal quantum 

efficiency is improved to 98.48 % with a total enhancement IQE of 13.48%. 

Moreover, output current and responsivity are improved. This remarkable 

enhancement is achieved with bowtie grating as compared to other shapes and 

previous published papers. 
 

Keywords 

Plasmonics, Nano grating, GaAs photodetectors, Surface plasmon polaritons. 
 

1. Introduction 

One of the most essential optoelectronic information devices are photodetectors. The 

most important factors for photodetector designs are Integration density, sensitivity, 

operating range of wavelengths, speed, affordability, and multifunctionality are all 

important considerations (such as polarization, wavelength, and chirality detection). 

Novel photodetector designs and research are generated by new materials and 

mechanisms [1, 3]. SPP (Surface plasmon polariton) technology has demonstrated a 

remarkable promise in the development of active GaAs PIN circuits. Plasmonics has 

provided a significant reduction in terms of photonic component size by taking 

advantage of metals' capacity to confine light at the deep-subwavelength dimension 

[2- 8]. developing technology in the direction of minimizing the integration of 

electronic and optical components [8]. Which opens the path in preparation for the 

next generation of very dense interconnects [4], which will have integrated 

optoelectronic interfaces. Metallic elements are naturally found in plasmonic 

photodetectors. Such elements can play one of two kinds: (1) Metals have the 

potential to be used in hot-carrier devices as the absorber (2) Metals can improve the 
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electromagnetic field within an absorber. Fig.1 illustrates a graphical representation 

of classification for plasmonic photodetectors. First, we distinguish between 

photodetectors that use semiconductors or metals as an absorber (hot-carrier 

photodetectors). The photodetectors are then classified into one of the four basic 

methods of operation: The photoconductor detector, the P-I-N detector, the tunnel-

junction, and the Schottky-detector. Schottky and tunnel-junction detectors are used 

in plasmonic hot-carrier detectors operating techniques. Finally, there are three 

fundamental forms of plasmonics enhancement that can be applied to each detector 

type: a localized plasmon polariton in a metallic nanoparticle, a surface plasmonic 

polariton (SPP) in a waveguide, or a grating type plasmon, that plasmonic field 

enhancement techniques can be used in photodetectors, including semiconductor and 

hot-carrier to increase efficiency [5, 6]. 

The free electrons collective oscillations in metallic nanostructures are well-known 

as plasmons After plasmons decay. The multifunctional detection capabilities of 

plasmonic structures, like polarization, wavelength, and chirality detecting [7] are 

further benefits of plasmon enhanced photodetection. Plasmons can be used to 

improve light absorption in materials in addition to the hot carrier injection technique 

[9]. Plasmon enhanced photodetectors were examined [10].as well as   recently 

demonstrated in semiconductors [11, 12] and graphene [13- 15].  

Light is thought to be among the brightest possibilities for the purpose of substituting 

signals generated by electronic devices (as information carriers). However, one of 

the fundamental drawbacks in integrated circuits and the devices of optical signal 

processing using electromagnetic waves as carriers of information is the availability 

of a minimum level of integration and downsizing, which is significantly below that 

of current electronics. Light diffraction limit in dielectric medium causes this 

problem, since it prevents electromagnetic waves from being localized into 

nanoscale areas with wavelengths far less than the wavelength of light for substance 

[16]. 
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Fig.1:   classification of plasmonic photodetectors. 

 

Among the practical techniques of evading the diffraction limit and achieving 

localization of electromagnetic energy (at optical frequencies) into nanoscale 

regions as tiny as a few nanometers is to use negative dielectric permittivity 

substances. Metals with a frequency below that of plasma are the most commonly 

available materials for this purpose. Surface plasmon–polariton (SPP) modes are 
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known to be guided by metal structures and interfaces [17]. In the metal, 

Electromagnetic waves are connected to electron plasma collective oscillations.  

Electromagnetic waves in the metal are related to electron plasma aggregate 
oscillations. As a result, plasmonics is a branch of nanophononics that studies the 
transmission, localization, and steering of extremely confined SPP modes utilizing 
metallic nanoscales beyond the diffraction limit. The allure of combining the 
compactness of an electronics with the bandwidth of a photonics has fueled the 
explosive growth of plasmonic waveguides whose mode confinement is not limited 
by the guiding structure's material properties [18]. Several other studies have been 
conducted on metallic nanoparticles for their many uses, including optoelectronics, 
medicinal applications, energy-based research, sensors, and diagnostics [19]. 
 

On this photodetector, it is employed tools of COMSOL and MATLAB. Adding 

gold and aluminum SPPs (surface plasmon polaritons) to a photodetector's top with 

PIN type with various shapes of grating like rectangular, triangular, ellipse, bowtie 

and circle boosted output photocurrent, IQE (internal quantum efficiency), and 

responsivity, according to the study.  

The remaining sections of the paper are organized as follows: The structure of the 

proposed PIN photodetector, as well as its parameter values, are presented in Section 

2. The SPP Mathematical Modeling utilized in this study is detailed in Section 3. 

Section 4 explains the simulation's results. at last, Section 5 discusses the study's 

conclusion. 

 

2. Design Structure 

The device structure designed and prepared in this paper is depicted in Fig. 2 (a‒e). 

The photodetector with GaAs PIN type is modeled utilizing Gold and Aluminum as 

(surface plasmon polaritons) SPP layers on the photodetector's surface in this 

proposed structure. GaAs was used as the active material. Gold and Aluminum SPP 

layers were built on the model's top, with a gold P connector and a silver N connector 

to identify that the current is flowing across the photodetector when the light state is 

generated. Table 1 contains more information about the model. Nanograting various 

shapes SPP layers such as rectangular, triangular, ellipse, bowtie and circle are 

designed to study its impact on improving the performance of the proposed PIN 

photodetector. 
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Fig.2: PIN photodetector made of GaAs with gold and aluminum SPP (a) rectangular, (b) triangular, (c) 

circle, (d) bowtie, and (e) ellipse grating. 

The sloping nature of the conduction and valence bands, which have the highest energy 

at the p-contact and the lowest at the n-contact, makes the PIN structure effective for 

photodiode devices. Which designed to operate in reverse bias, Because the absorbed light 

(a) (b) 

(c) (d) 

(e) 
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is utilized to generate current, this is also known as photoconductive mode as one of the 

operating modes. 

 

Table 1 Model parameters used in computations.  

Parameters Values 

Input power 1000 1000 (W/𝑚2)  

Voltage across the N-contact 2 (V) 

Voltage across the P-contact 0 (V) 

GaAs refractive index (real component) 3.5 

Thickness of the Detector 1 (um) 

Doping of Anode (P+ doping) 1𝑒21 (atom/𝑐𝑚3 ) 

Doping of Cathode (N+ doping) 1𝑒21 (atom/𝑐𝑚3 ) 

Thickness of anode doping 100 (nm) 

Thickness of Cathode doping 100 (nm) 

width of Au SPP slice 500 (nm) 

width of Al SPP slice 500 (nm) 

Au SPP slice thickness 3.7 (nm) 

Al SPP slice thickness 3.7 (nm) 

 

3. SPP Mathematical Modeling 
 

3.1 SPP Excitation 

Both electrons and photons can excite SPPs. Electron excitation is achieved by firing 

electrons into a metal's bulk [20]. Vector of scattering transfers energy to the 

plasma’s bulk. When one of the scattering vector components is parallel with the 

surface, a surface plasmon polariton forms [21]. 

Both the frequency and momentum of the photon and the SPP must be the same for 
it to excite the SPP. Free-space photons, on the other hand, have less momentum 
than SPPs for a given frequency because their dispersion relations are different (see 
below). A free-space photon coming from air cannot be   paired directly to an SPP 
because of this momentum imbalance. An SPP on a smooth metal's surface, for the 
same reason, cannot emit energy into the dielectric as a free-space photon 
dielectric (if the dielectric is uniform). This mismatch is similar to the transmission 
loss that occurs during total internal reflection. 
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3.2 Fields and Dispersion Relation of SPP 

To determine the characteristics of an SPP, utilize Maxwell's equations. The metal–
dielectric contact is represented as the  𝑧 = 0   plane, with the metal at 𝑧 < 0  and 

with the dielectric at 𝑧 > 0 in this coordinate system. Both the magnetic and electric 

fields are shown as a function of (𝑥, 𝑦, 𝑧, 𝑡) [17, 22]: 𝐸𝑥,𝑛(𝑥, 𝑦, 𝑧, 𝑡) = 𝐸0𝑒𝑖𝑘𝑥𝑥+𝑖𝑘𝑧,𝑛|𝑧|−𝑖𝜔𝑡                                                   (1)   𝐸𝑧,𝑛(𝑥, 𝑦, 𝑧, 𝑡) = ±𝐸0 𝑘𝑧𝑘𝑧,𝑛 𝑒𝑖𝑘𝑧𝑥+𝑖𝑘𝑧,𝑛|𝑧|−𝑖𝜔𝑡                                         (2)      𝐻𝑦,𝑛(𝑥, 𝑦, 𝑧, 𝑡) = 𝐻0𝑒𝑖𝑘𝑥𝑥+𝑖𝑘𝑧,𝑛|𝑧|−𝑖𝜔𝑡                                                     (3)    
Where, 

 The kind of substance is denoted by 𝒏 (as 𝑛 = 1 for the metal at 𝚭 <  𝟎   
and 𝑛 = 2  for dielectric at 𝚭 >  𝟎). 

 ω indicates the wave's angular frequency. 

 Both signs ± are + for the metal, − for the dielectric. 
 𝑬𝒛 , 𝑬𝒙 are the  𝑧- and  𝑥- electric field vector components while, 𝑯𝒚  is 

the 𝑦- magnetic field vector component, and the remaining components (𝑬𝒚, 𝑯𝒙, 𝑯𝒛)  are all zero. That is to say, SPPs are transverse magnetic 

(TM) waves. 

 The wave vector k is a complex vector, and the (x - components are real 
and the z - components are imaginary in the condition of a lossless SPP—
the wave oscillates in the x direction and exponentially decreases in the z 
direction. For both materials, 𝑲𝒙  is the same, although 𝑲𝒛,𝟏 is usually 

different(𝑲𝒛,𝟐). 

 
𝑯𝟎𝑬𝟎 = − ℇ𝟏 𝛚𝑲𝒛,𝟏 𝑪  where ℇ1 is the material permittivity 1 (for the metal), c is 

the vacuum light speed. This can be expressed as well explained below.  𝑯𝟎𝑬𝟎 = ℇ𝟐 𝛚𝑲𝒛,𝟐 𝑪 

The following equations should also be held for the wave of this kind to satisfy 
the equations of Maxwell:   𝐾𝑧,1ε1 + 𝐾𝑧,2ε2 = 0                                                                                                (4)          
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𝑎𝑛𝑑            𝐾2𝑥 + 𝐾2𝑧𝑛 = εn( 𝜔𝑐  )2          𝑛 = 1,2                                      (5)         
The wave propagating over the surface has a dispersion relation is obtained by 

solving these two equations. 𝐾𝑧 = 𝜔𝑐  ( ε1 ε2ε1 + ε2 )1 2⁄                                                                                        (6)         
The metallic dielectric function in the electron gas's free electron model, which 
ignores attenuation, is ε(𝜔) = 1 − 𝜔𝑝2𝜔2                                                                                                     (7)      

 

where the frequency of bulk plasma is 

𝜔𝑃 = √ 𝑛𝑒2ε0𝑚∗                                                                                                          (8)     
Where n expresses the density of electron, e expresses the electron 

charge, m∗ expresses electron effective mass and 𝛆𝟎  expresses the free-space 
permittivity. Fig.3 depicts the relation of dispersion. SPP operates like a photon at 
low 𝒌, but as  𝒌 rises, the relation of dispersion bends and reaches an asymptotic 
limit known as the "surface plasma frequency." Because the line of the light is to the 
dispersion curve right, 𝝎 =  𝒌 ⋅ 𝒄  

The component that is out of plane of the SPP wave vector is totally imaginary and 
shows evanescent decay because the wavelength of the SPP is less than radiation in 
free-space. The asymptote of this curve is the frequency of surface plasma, which is 
determined by 𝜔𝑆𝑃 = 𝜔𝑃 √1 + ε2⁄                                                                                            (9)               

In air case, the result is as follows: 𝜔𝑆𝑃 = 𝜔𝑃 √2 ⁄                                                                                                    (10)     
If we suppose that ε2 is real and ε2 > 0, then ε1 < 0, which is a criterion that metals 
satisfy, must be true. as a result of ohmic losses and interactions of electron-core, 
electromagnetic waves travelling through a metal are dampened as dielectric 
function imaginary component, these effects are observable.   𝜺1 =   𝜺1′ +  𝒊 ⋅  𝜺1″ is 
the expression for the metal dielectric function, where  𝜺1′  and  𝜺1″ are the dielectric 
function's real and imaginary parts, accordingly. In General,  | 𝜺𝟏′|  >>   𝜺𝟏″  as a result, 
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the wavenumber can be decomposed into its real and imaginary components as 
follows [17]:                          𝑘𝑥 =  𝑘ˊ𝑥 + 𝑖𝑘˝𝑥 = [ 𝜔𝑐  ( 𝜺ˊ1 𝜺2𝜺ˊ1 + 𝜺2 )1 2⁄  ] + 𝑖[𝜔𝑐  ( 𝜺ˊ1 𝜺2𝜺ˊ1 + 𝜺2 )3 2⁄   ε˝1 2(𝜺ˊ1 )2 ] (11) 

The wave vector provides information about the electromagnetic wave's physical 
features, as its spatial extent and wave vector matching coupling requirements. 

Fig.3: Surface plasmon polaritons’ lossless dispersion curve. At low k, the curve of the surface 
plasmon [red] approaches the curve of the photon [blue]. 

 

3.2 Propagation Length and Skin Depth of SPP 
 

Due to absorption, SPP loses energy to the metal as it propagates along the surface. 
Because with the electric field square, the surface plasmon intensity decreases, by 
the factor of exp {−2𝑘˝𝑥𝑥}, the intensity has reduced at a distance x. propagation 
length is the distance required for SPP intensity to be decreased by 1/e. This 
requirement is fulfilled at a length [23]. 𝐿 =  12𝑘˝𝑥                                                                                                                           (12) 

Therefore, electric field evanescently drops in perpendicular position to the metal's 
surface. The skin depth formula is widely used to approximate the depth of SPP 
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penetration through metal at low frequencies. In dielectric, the field would drop 
considerably very slowly. The decay lengths inside a metal and a dielectric medium 
could be represented as [23]. 

𝑧𝑖 = 𝜆2𝜋  (|𝜀′1| + 𝜀2𝜀  𝑖2  )1 2⁄                                                                                                  (13)  
Where the propagation medium is denoted by  𝒊   . SPPs are typically employed to 
explore in homogeneities of a surface since they are particularly sensitive to minor 
alterations in the depth of the skin.  As they have a lot of free electrons [24], metals 
are the only plasmonic substances available in visible and near-infrared light, 
resulting in a high plasma frequency. 

Metals, Regrettably, they suffer from ohmic losses, which able to reduce plasmonic 
device performance. The demand for decreased loss has sparked research towards 
producing alternative plasmonic materials [24- 26]. 

 The optical performance is influenced by both the loss and polarization of the 

material. For a SPP, the factor of quality 𝑄𝑆𝑃𝑃  is defined as   
ε′2ε˝   [26]. The quality 

factors and propagation lengths of SPP of four main plasmonic metals: Al, Ag, Au 
and Cu under perfect circumstances, deposited as a result of thermal evaporation are 
shown in the table below [27]. The films of Al, Ag, Au, and Cu have optical data 
were used to calculate the propagation lengths and quality factors of SPP. 

 

Table 2 SPP propagation lengths and quality factors for four common plasmonic metals  

 

Wavelength Regime Metal 𝑸𝑺𝑷𝑷(× 𝟏𝟎−𝟑) 𝑳𝑺𝑷𝑷(𝝁𝒎) 

Ultraviolet (280 nm) Al 0.07 2.5 

Visible (650 nm) Ag 1.2 84 

Cu 0.42 24 

Au 0.4 20 

Near-Infrared (1000 nm) Ag 2.2 340 

Cu 1.1 190 

Au 1.1 190 

Telecom (1550 nm) Ag 5 1200 

Cu 3.4 820 

Au 3.2 730 
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For the visible, near-infrared (NIR), as well as wavelengths of telecom, silver has 
the lowest losses of any contemporary material [27]. 

For the visible as well as near-infrared, copper and gold are nearly identical, For the 
wavelengths of telecom, copper has a little advantage. Gold is distinguished from 
silver and copper that in natural conditions it has the Feature of being chemically 
stable, this makes it perfect for plasmonic biosensors [28]. In the UV range (< 330 
nm), aluminum, along with copper, is the best plasmonic material and is also CMOS 
compatible. 

 

4. Results and Discussion 

Noble metals offer a variety of characteristics that make them appropriate for 

plasmonic applications. Noble metal nanoparticles are distinguished by the presence 

of absorption bands in the optical spectrum range, which are formed by resonance 

plasmon excitation. Aluminum is a versatile metal with a multitude of benefits, 

including corrosion resistance, electrical and thermal conductivity, reflectivity, 

ductility, odorless, low cost, impermeability, and recyclability. It is well-known for 

being both light and adaptable. It may also be cast, melted, formed, machined, and 

extruded, allowing it to be made into a selection of shapes and then fabricated to fit 

applications wide range. Metals having different attributes are necessary for 

plasmonic interactions to happen. When light interacts with resonant nanostructures 

in the interface of the metal-dielectric, SPPs are generated. Metal, rather than 

dielectric, plays a larger role in plasmonic applications due to its electrical and 

optical characteristics that are unique coming from the huge number of electrons 

available for free. The use of nanostructured metals rather than bulk metals in 

plasmonics is the most significant sign. SPPs made of gold and aluminum have 

excellent light trapping capabilities, as well as increased IQE and responsivity. It is 

provided a 2-D simulation of the PIN photodetector's most important properties, as 

well as the improvement with gold and aluminum SPPs, in this paper. Because SPPs 

are practically free-electron performance, in noble metals, they can be excited 

effectively. with nanostructures. The nanotextured noble metal systems contain 

superior characteristics for generating localized high-density energy areas and show 

higher betterment of exceptional optical absorption (EOA). Photolithography and 

near-field microscopy both benefit from this effect and its underlying process [29]. 

Periodic nanostructures may efficiently produce light transmission and Surface 

plasmons (SPs) are a fascinating device type because of their ability to absorb light 
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as well as their potential usage in optical communication networks. A typical MSM-

PD is a symmetric device made up of two diodes with Schottky type that are coupled 

back-to-back on the substrate of the semiconductor [30]. GaAs is a semiconductor 

which has a direct bandgap that absorbs and retransmits photons more efficiently 

than indirect semiconductors such as Ge and Si [31]. The PIN photodetector's 

operating parameters: IQE (Internal quantum efficiency) can be calculated by [32]: 𝐈𝐐𝐄 =  𝑰𝑷𝑷𝒊𝒏  . 𝒉𝒄𝝀. 𝒆                                                                                                             (14) 

The photocurrent (𝐼𝑃)-to-input power (𝑃𝑖𝑛) ratio is used to calculate responsivity (R) [33]. 𝑹 = 𝑰𝑷𝑷𝒊𝒏     The photocurrent can be defined as [34]: 

(𝑰𝑷) = 𝑰𝑸𝑬. 𝒆 (𝑷𝒐𝒑𝒕𝒉. 𝝂 )                                                                                                    (𝟏𝟓) 𝑷𝒐𝒑𝒕 expresses the optical power, and h expresses the constant of Planck, where e 

expresses the elementary electron charge. Photocurrent is an electric current created 
in a photodetector by incident light [35]. Depending on the light wavelength and 
nanostructure geometry, many metal nanostructures, Subwavelength slits, for 
example, exhibit plasmonic effects and can generate a high-intensity zone. In the 
bonds, all visible spectrum frequencies are absorbed and can pass across the metal 
via electron transfer due to their electron states that are not full When lighted, nearly 
all of energy of the metals is reflected at same incident wavelength, while light 
which is absorbed liberated by free electrons in the nearby area, giving the metal 
luster or sparkling appearance [36]. 
 In most instances, each absorbed photon produces just one photoelectron. As 
evaluated by the quantum efficiency of a photodiode, some of carriers are produced 
only if they contribute to photocurrent in a weak proportion. and so be lost. In 
photovoltaic mode, in other words, when the bias voltage is set to zero, the quantum 
efficiency is not significantly decreased, and some forward voltage is needed to 
considerably lower the photocurrent. As a result, the bias voltage has a minor impact 
on the responsivity. Until a certain level of saturation is reached, the photocurrent in 
many detectors over several decades, is nearly proportional to the incident intensity 
or power in optics [37]. 
 

4.1 PIN photodetector simulation results 

This part summarizes the results of the simulation for the proposed PIN 

photodetector, with comprehensive details on the output data shown in Figs. 4, 5, 
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6,7 and Table 3, as seen in Fig. 4, (Internal Quantum Efficiency) IQE curves for the 

various grating shapes such as rectangular, triangular, ellipse, circle and bowtie. IQE 

of the Au SPP rectangle grating was 85%, whereas the IQE of the Au and Al SPP 

circle grating is 82.30 %, which is less efficient than the prior model. IQE of the Au 

and Al SPP ellipse grating is 87.06 %, which was a slight enhancement over the two 

prior models. While the IQE of Au and Al SPP triangle grating reached 94.48 %, 

with an additional 9.48% increase. and also, in the case of Au and Al SPP rectangle 

grating the IQE is 95.01%. The higher outcome in this proposed study is for Au and 

Al SPP bowtie grating, which has an IQE of 98.48% with a total enhancement 

IQE of 13.48% among the first and last models.  Also, in the  curves of current 

shown in Fig.5, there is a noticeable enhancement also appeared significantly in the 

case of Au and Al SPP bowtie grating, As the output current  in this case is 3.65 uA, 

While the output current is 1.40 uA in the first model of  Au SPP rectangle grating 

.The effect of these various shapes of gratings on responsivity is also studied as 

depicted in Fig. 6 and it is found that the best result of responsivity for  Au and Al 

SPP bowtie grating responsivity is 36.45 A/W, while the first model of  Au SPP 

rectangle grating responsivity is 14 A/W. Moreover, the electric field intensity of the 

two models with Au SPP rectangle grating and with Au and Al SPP bowtie grating 

indicated in Fig.7, More enhancement at the case of Au and Al SPP bowtie grating 

in the proposed PIN photodetector. 

 

Table 3 values of PIN photodetector simulation results 

Grating Shapes IQE [%] Photocurrent [uA] Responsivity [A/W] 

 

Au and Al SPP Bowtie grating 

 

98.48 

 

3.65 

 

36.45 

Au and Al SPP Rectangle grating 95.01 1.70 17.01 

Au and Al SPP Triangle grating 94.48 1.69 16.97 

Au and Al SPP Ellipse grating 87.06 1.50 15.04 

Au and Al SPP Circle grating 82.30 1.25 12.52 

Au SPP Rectangle grating [36] 

  

85.00 1.40 14.00 
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Fig.4   Internal Quantum Efficiency [IQE] versus wavelength (nm) of proposed PIN photodetector with 

various shapes of grating surface. The simulation was run under these circumstances: 1*1021 atom𝑠  ̸𝑐𝑚3 
doping of gallium arsenide and 2 V voltage bias. 
 

Fig.5: Current curve of proposed PIN photodetector versus   wavelength with varying shapes of grating 
surface. 
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Fig.6 Responsivity curve with wavelength of the modelled PIN GaAs photodetector with different grating 
shapes  

Fig.7: Electric Field Intensity curve with Cell Depth of the modelled PIN Photodetector with Au SPP   
rectangle grating and with Au and Al bowtie grating. 



17 

 

4.2 Effect of Bowtie grating with different gap sizes on PIN                 

photodetector performance 

This section shows the results obtained when using the bowtie grating with different 
gaps between the two triangles in the model design under the same conditions of the 
proposed PIN photodetector. The gap sizes used are 30 nm, 50 nm, 70 nm, 100 nm 
as in Fig.8, and also in the case that the two triangles are tangent without a gap 
between them. We found that the greater the size of the gap, the lower the 
performance of the photodetector. As depicted in Fig. 9, the internal quantum 
efficiency in the case of the bowtie grating with a gap size 100 nm is 91.64, while 
the IQE of the bowtie grating with a gap size 70 nm is 93.54 a slight enhancement 
over the previous case. When the gap size is 50 nm, the IQE is 94.83, Also When 
the gap size is 30 nm, the IQE is 96.27. There has been more enhancement than in 
previous instances. The higher IQE obtained in the case of the bowtie without a gap 
between the two triangles as the IQE is 98.48. In addition, in the current curves 
shown in Fig. 10, there is a noticeable enhancement in the case of bowtie grating 
without a gap between the two triangles, as the output current in this instance is 3.65 
uA, whereas the output current in the case of bowtie grating with a gap size 100 nm 
is 3.39 uA. Bowtie grating with different gap sizes also has effect on responsivity of 
the proposed PIN photodetector as seen in Fig. 11, as the responsivity of the bowtie 
grating with a gap size 100 nm is 33.92 A/W, however in the case of the bowtie 
grating without a gap between the two triangles is 36.45 A/W. 
 

Table 4: Values of PIN photodetector simulation results with different bowtie grating gap sizes 
5.  

Bowtie grating gap sizes IQE [%] Photocurrent 

[uA] 

Responsivity 

[A/W] 
 

Bowtie grating without a gap between 

the two triangles 

 

98.48 

 

3.65 

 

36.45 

bowtie grating with a gap size 30 nm 96.27 3.56 35.63 

bowtie grating with a gap size 50 nm 94.83 3.51 35.10  

bowtie grating with a gap size 70 nm 93.54 3.46 34.63 

bowtie grating with a gap size 100 nm 91.64 3.39 33.92 
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Fig.8 Diagrammatic depiction of the bowtie grating with a gap between the two triangles of size 30, 50, 

70 and 100 nm. 

 

 

Fig.9: Internal Quantum Efficiency curve with wavelength of the modelled PIN Photodetector with 

different bowtie grating gap sizes. 
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Fig.10: Current curve with wavelength with various gap sizes of bowtie grating. 

 

Fig.11 Responsivity curve with wavelength of the modelled PIN GaAs photodetector with different bowtie 

grating gap sizes 
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5. Conclusion  

Plasmonics is interesting because structures made of metal can restrict light by 
connecting a carrier electromagnetic wave with a charge oscillation at metal's 
surface. These oscillations have a wavelength that is significantly lower than the 
corresponding wavelength of light in space. It is feasible to develop ultra-compact 
devices with greater speed by allowing for subwavelength-scale light–matter 
interaction. It is demonstrated in this paper how to construct a photodetector with a 
PIN type using the SPP (surface plasmon polariton) technique. The SPP layers in the 
modelled photodetector with a GaAs PIN type are gold and aluminum. Where by 
adding aluminum and using it with gold as just a SPP layers on the photodetector 
surface, this led to an increase in IQE (Internal Quantum Efficiency). Also, it is 
presented a proposed design for gold (Au) and aluminum (Al) SPP PIN 
photodetector with various grating shapes like rectangular, triangular, ellipse, circle 
and bowtie. It is found that the design of (Au) and (Al) SPP PIN photodetector with 
bowtie grating achieve higher IQE up to 98.48%. In addition, the Au and Al SPP 
design of the photodetector with bowtie grating remarkably improves photocurrent 
and responsivity. It is also studied the effect of bowtie grating with different gap 
sizes between the two triangles on the performance of the proposed PIN 
photodetector. Through this study, it is found that the greater the gap size between 
the two triangles in the bowtie grating model, the lower the performance of the 
photodetector, as in the case of the bowtie grating without a gap between the two 
triangles, IQE is 98.48%, while IQE decreased to 91.64% in the case of bowtie 
grating with a gap size 100 nm, as well as output current and responsivity have 
decreased by increasing the gap size. 
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