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Abstract— In this paper, we have analyzed metal-
semiconductor-metal photodetectors (MSM-PDs) with different 
nano-grating structures or shapes to improve the light absorption 
capacity into the device in details for high-speed communication 
systems and networks. The plasmonic-based MSM-PD structure 
demonstrates a significant improvement in light absorption 
capacity for the developed device compared to conventional MSM-
PDs i.e., devices that have not employed the nano-gratings. The 
light absorption capacity of the device is varied with the variation 
of geometrical shapes and parameters of the nano-gratings, such 
as the nano-grating height, slit width and so on. These nano-
grating structures are assisting in light transmission through the 
central slit (i.e., subwavelength apertures) efficiently, resulting in 
the excitation of surface plasmon polaritons (SPPs) as the incident 
photons interact with the nano-gratings/ nano-corrugations. This 
improved light transmission in the central slit along with excited 
SPPs results in resonant light absorption in the device. This means 
the light trapped inside the central slit is triggered by the SPPs to 
a higher order magnitude. This causes the light absorption 
enhancement for the device, i.e., more light is transmitted through 
the device instead of reflecting back to the surface. The simulation 
results demonstrated that the light absorption enhancement factor 
(LAEF) for these devices have improved dramatically due to the 
nano-gratings. For modeling and simulation of these devices, Opti-
FDTD tool is used which is based on finite difference time domain 
(FDTD) method. The application of these simulated devices is in 
the range of 800-850-nm. The simulation results are suitable for 
the design of nano-structured MSM-PDs that can be used in high-
speed communication systems and sensor network systems. 

Keywords— Finite difference time domain (FDTD) method, 
Light absorption enhancement factor (LAEF), Plasmonic-based 
MSM-PDs, Subwavelength aperture, Surface plasmon polaritons 
(SPPs). 

I. INTRODUCTION

In recent years, the development in optical and electrical 
components led to new doorways for ultra-high speed 
communication systems and networks. There have been several 
optimization and miniaturization procedures taken place for 
optical and electronic devices following the trend of the 
semiconductor industry, i.e., Moore’s law, over the last three 
decades. These rapid growths, in device technology, resulted in 
highly efficient devices that can contribute to high-speed 
communication systems, ultra-fast chip-to-chip interconnects, 
and faster network systems. In this regard, photodetectors are 
one of the most important parts of any ultra-fast communication 
systems or networks. Over the decades, numerous researches 
have been taken place regarding the development of photo-
detectors, by analyzing their photonic behavior under different 
circumstances. Metal-semiconductor-metal photodetectors 
(MSM-PDs) are an ideal candidate for ultra-high-speed 
communication systems or networks because of their efficient 
light capturing performance, simpler construction, and easy 
fabrication compared to other photodetectors, such as 
phototransistors, avalanche photo-detectors or diodes, and 
positive-intrinsic-negative (PIN) diodes etc. [1-10]. 

Fig. 1 represents a simplified diagram of a conventional 
MSM-PD, i.e., without the nano-gratings on top of the 
subwavelength apertures. The MSM-PDs mainly employ two 
Schottky contacts, i.e., two identical metallic contacts (i.e., 
electrodes) on top of a semiconductor substrate, resulting in two 
separate junctions, one with forward-bias and other with reverse-
bias [11-16]. During regular operation of this device, it was 
observed that a large amount of incident light was reflected from 
the device surface and hence resulting in lower light 
transmission to the active region of the device [3]. With the 
introduction of plasmonic nanostructures on top of the device 
surface, it is possible to reduce the light reflection issue 
considerably, because of the nano-gratings able to work as a lens 
to collect or welcome the light efficiently and transmit it to the 
central slit of the device [2]. These plasmonic nano-gratings are 
placed on top of the two metallic contacts (i.e., subwavelength 
apertures) in a periodic manner. This results in the enhancement 
of light absorption in the device and improves the responsivity, 
spectral response, and quantum efficiency of the MSM-PDs [17-
19].  

Fig. 2 shows the diagram of a rectangular-shaped nano-
structured MSM-PD with a grating height of 100-nm, slit width 
of 50-nm and grating period of 810-nm. This type of 
photodetector has a higher light absorption enhancement factor 
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(LAEF) compared to a conventional MSM-PD. Over the years, 
there have been many photonic investigations and researches 
performed to improve the performance of MSM-PDs by 
incorporating different nano-grating structures on top of the 
subwavelength aperture. Nano-gratings or nano-corrugations are 
metallic materials which have negative real permittivity. Metals 
like gold (Au) or silver (Ag) are usually used for constructing 
the nano-gratings [26]. For extraordinary optical transmission 
(EOT), excitation of surface plasmon polaritons (SPPs) is 
important. The SPPs confine the electromagnetic field in nano-
scale to the central slit. These nano-gratings collect the incident 
light, falling on top of the device, and transmit the light 
efficiently to the central slit. The interaction between the photons 
with the confined electromagnetic field, inside the 
subwavelength aperture, causes light to reach a very high order 
of magnitude that opposes the standard aperture theory [8]. 
Hence, the device performance improves significantly since the 
transmission and absorption of the light to the active region of 
the device has enhanced to a great extent [9]. We have 
investigated the performance of MSM-PDs, which are assisted 
by different nano-corrugations, by varying the physical 
parameters of the plasmonic corrugated structures. We have used 
the Opti-FDTD simulation tool, based on the FDTD method, to 
investigate the effects of specific nano-structure on the MSM-
PDs and evaluate the improvement in the device performance in 
terms of light absorption enhancement. 

 
Fig. 1. Structural diagram of a conventional MSM-PD [13]. 

 

 
Fig. 2. Structure of a MSM-PD with rectangular shaped nano-gratings [21]. 

 

II. DEVELOPMENT OF PLASMONIC-BASED MSM-PDS 
A conventional MSM-PD-structure is designed with two 

Schottky contacts on top of a semiconductor substrate. These 
contacts are called metal fingers, as shown in Fig.1. There are 
interdigitated metal electrodes (metal fingers) on top of the 
contacts, where plasmonic nano-gratings are placed. Gallium 
Arsenide (GaAs) is used as the semiconductor substrate in the 
device. It is used in most forms of optoelectronic applications. It 
has several benefits like having direct band gaps, higher electron 
mobility, and high-efficient light emissions for both electrical 
and optical applications [14]. The semiconductor substrate, used 
inside the device, should be consistent with the operation of the 
device in the selected wavelength range. GaAs is an ideal 
candidate for such application since it has a bandgap energy of 

1.42eV, which corresponds to a De Broglie wavelength of 870-
nm. Any incident light having greater wavelength than this will 
not be absorbed by the device. Hence, GaAs has the highest 
sensitivity for the desired wavelength range, i.e. 800-850-nm, of 
the developed devices since it has excellent quantum efficiency 
in this range. If the wavelength of the incident light falls below 
800-nm, the quantum efficiency for the photodetectors decreases 
rapidly due to the recombination losses at the surface of the 
semiconductor substrate  

As mentioned earlier, the application of plasmonic materials, 
on top of the device surface, leads to improve light transmission 
to the device. The material, gold (Au), is used in the MSM-PDs 
as a thin film inside the central slit, which contributes to 
significant SPP excitations [23, 24]. The importance of SPP 
excitation for EOT is second to none and studies related to it are 
still under investigation [1, 6]. The nano-structured MSM-PD 
design consists of three separate parts; the top layer which 
contains the plasmonic nano-gratings, the middle layer which 
contains the subwavelength aperture, and the bottom layer which 
has undoped semiconductor substrate, as shown in Fig. 2. The 
surface of the metal contains nano-gratings that assist to 
concentrate the incident light in case of resonance. This 
concentrated light is transmitted to the surface of the 
semiconductor substrate through the subwavelength aperture. 
Thus, improves the light transmission and absorption in the 
device [8]. The device is subjected to electromagnetic wave and 
it travels, in the form of SPPs, over the surface of the metal. 
However, the SPPs cannot be excited by photons only and a 
coupling technique is needed [4]. Hence, nano-gratings are 
introduced which improves light absorption and enhancement 
inside the device [2]. The dimensions of these nano-gratings 
should be smaller than the wavelength of the incident light in 
order to contribute to the absorption enhancement. Thus, 
considering this scenario, the electromagnetic field is strongly 
confined by the metal surface and the coupling process of SPPs 
is improved significantly [7]. In a metal-dielectric interface, the 
SPP wave vector matching condition for a metal nano-grating is 
defined by the following equation, 
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where ‘ω’ represents the angular frequency of the incident 
light wave, ‘θ’ represents the angle of light incident to the 
device, ‘c’ represents the speed of light in vacuum, ‘l’ is an 
integer number i.e., l = 1, 2, 3, …, N and represents the metal 
nano-grating period. 

The purpose of this research is to model and analyze the 
performance of MSM-PDs employed with different nano-
grating shapes. The physical parameters of the nano-gratings are 
varied to achieve the maximum light absorption by the device, 
i.e. the device will have maximum sensitivity in the selected 
wavelength of light (830-nm). Fig. 3 illustrates the diagram of a 
designed model of a nano-grating assisted MSM-PD in the Opti-
FDTD simulation tool. It shows the parameters that were varied 
to optimize device performance. The nano-grating shapes used 
for this research are given in Fig. 4. It shows the schematic 
diagrams of nano-structured MSM-PDs consisting of (I) 
trapezoidal, (II) triangular, (III) hemispherical, and (IV) 
rectangular shaped nano-gratings. These improved devices can 
contribute to faster communication systems with their superior 
light sensitivity. They are also useful for sensor networks.  
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Trapezoidal Shaped Nano-gratings 

Triangular Shaped Nano-gratings 

Hemispherical Shaped Nano-gratings 

Rectangular Shaped Nano-gratings 

 
 

Fig. 3. Detailed diagram of the simulation model. 

 

 
(I)  
 

 
(II) 

 

 
 (III)  

 

 
(IV) 

 
 

Fig. 4. Schematic diagram of (I) Trapezoidal, (II) Triangular, (III) Hemispherical, 
and (IV) Rectangular shaped nano-gratings. 

 

III. SIMULATION SETUP FOR MSM-PD STRUCTURES 
This section discusses the simulation set-up for the MSM-

PDs employing different nano-grating structures. For the 
simulation of plasmonic nano-structured MSM-PDs, we adopted 
the Opti-FDTD simulation tool that is based on the FDTD 
method. This simulation tool is useful for analyzing the power 
spectrum of the developed MSM-PDs. Fig. 5 represents the 
flowchart of the simulation process in the Opti-FDTD tool. The 
flowchart shows the design model and analysis of MSM-PDs by 
using the Opti-FDTD software. The procedure is used for each 
MSM-PD structure with different nano-gratings intended for this 
study. The wavelength of the incident light, which is impinging 
on the nano-grating structures, is 830-nm and is a Gaussian 

modulated continuous wave.  It is important to employ an 
appropriate model to specify the dielectric properties of the 
plasmonic materials because below plasma or resonance 
frequency, plasmonic materials like gold (Au) and silver (Ag) 
have negative real permittivity. This is because at the plasma 
frequency, 𝜔𝑝, the dielectric function of such bulk materials tend 
to change their sign and the real part of it becomes zero [26]. 
When this occurs, the following equation can be applied to 
calculate the plasma frequency of the specific material, 

𝜔𝑝
2 =

𝑛.𝑞𝑒
2

𝜀𝑜 .𝑚𝑒
                                       (2) 

where ‘𝜔𝑝’ is the plasma or resonance frequency, ‘n’ is the 
no. of electrons per unit volume, ‘𝑞𝑒’ is the charge of an electron, 
‘𝜀𝑜’ is the permittivity in real space, and ‘𝑚𝑒’ is the mass of an 
electron. As mentioned earlier, the plasmonic material used for 
modeling the devices is gold (Au). Its dielectric and magnetic 
properties are taken from the Lorentz-Drude model [16]. The 
dielectric function of the material can be expressed by [12]: 


r( )  =   r

f
( ) +   𝑟

𝑏
( )                  (3) 

where, ‘𝜀𝑟(𝜔)’ represents the complex dielectric function of 
metals, ‘ 𝜀𝑟

𝑓
(𝜔)’ represents the effects of free electrons and 

‘ 𝜀𝑟
𝑏(𝜔)’ represents the effects of bound electrons in the metal. 

Hence, this model takes into account both intraband, 𝜀𝑟
𝑓

(𝜔) and 
interband, 𝜀𝑟

𝑏(𝜔) electronic transitions for simulations [27]. The 
metal corrugated grooves, i.e. the nano-gratings, energize the 
SPPs from both positive and negative sides. The power of the 
SPPs wave decreases with distance. This restrains the non-
central grooves to energize the SPPs and spread towards the 
subwavelength apertures. Thus, the coupling of incident light 
with SPP energized by non-central notches of the nano-gratings 
is restricted by this condition. So the most dynamic piece of the 
nano-gratings is the incorporated ones (central ones). They act 
like wave collectors causing resonance absorption for the MSM-
PDs. This happens when the energized SPPs couple with the 
electromagnetic field inside the subwavelength aperture. This 
coupled wave is transmitted to the active part of the device, i.e. 
in the semiconductor substrate, through the central slit or 
subwavelength aperture [25]. Electron-hole pairs are produced 
in GaAs semiconductor substrate when the coupled wave is 
transmitted to it. This energizes SPPs close to the metal-
semiconductor intersection which enhances the light ingestion of 
the gadget [13]. This happens on the grounds that light 
transmission expands, which increment the absorption of the 
GaAs substrate. The LAEF is defined as the standardized power 
transmittance of the MSM-PD with nano-gratings to the MSM-
PD without nano-gratings. This upgrade is very useful with the 
geometry of metal gratings [15]. The diverse geometry of the 
nano-gratings influences the performance of the MSM-PDs 
regarding light absorption. Light absorption likewise relies upon 
the width of the subwavelength aperture. The slit width should 
be smaller than the wavelength of the incident light to 
accomplish symmetric and fundamental surface plasmon modes, 
which will spread toward the slit. Subsequently, light 
transmission, towards the semiconductor substrate, relies upon 
the width of the subwavelength cut. Henceforth it is imperative 
to improve the slit width to increase the LAEF since smaller slit 
width helps in accepting and control of the incident light. For the 
demonstrating of MSM-PDs employed with nano-corrugations, 
slit width of 50~500-nm was utilized in this study. A slit width 
longer or shorter then this chosen range won't contribute a lot to 
the confinement of incident light i.e., to the light absorption. 
Also, the fabrication procedure will be troublesome and 
probably won't be productive. Also, narrower slit width makes 
the absorption efficiency to increase, which was observed in the 
LAEF spectra of the devices provided in the result section. This 
prompts the higher light transmission inside the active region of 
the device [10].  
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Fig. 5. Flowchart of the simulation process for modeling and analyzing the 
devices [20].  

 

IV. SIMULATION RESULTS AND DISCUSSION 
The simulation results are presented in this section in brief. 

Here, several nano-structured MSM-PDs simulation results are 
given and analyzed in details. The actual size of the device 
affects the confinement of incident light in the active region, i.e. 
the coupling process, as well as the light absorption, is affected 
by the size of the photodetector. Hence, the performance of the 
MSM-PD is significantly improved by incorporating plasmonic 
nano-gratings on top of the device surface for improved light 
transmission in the active region of the device. The application 
of the nano-gratings will optimize the device performance 
significantly when their geometry is optimized for enhanced 
light absorption. The results obtained from the simulation of 
plasmonic-based MSM-PDs were compared with conventional 
MSM-PDs to calculate the enhancement of light absorption. 
Table 1 is listed with the nano-grating parameters used for the 
optimization of the device. 

 

TABLE 1- PARAMETERS USED FOR OPTIMIZATION OF NANO-
GRATINGS. 

 

A. Trapezoidal-shaped Nano-structured MSM-PDs 
In this sub-section, the light absorption enhancement in an 

MSM-PD with optimized trapezoidal nano-gratings is discussed. 
The aspect ratio used for modeling the trapezoidal nano-gratings 
is 0.5 and the rest of the parameters are kept constant as 
mentioned in Table 1. Fig. 6 represents the LAEF for the 
trapezoidal nano-grating assisted MSM-PD. The figure gives 
evidence to the concept that, narrower slit width gives better 
light absorption compared to wider slit width since, at one 
instance of the simulation process, the trapezoidal nano-grating 

assisted MSM-PD achieved about 34-times LAEF for a slit 
width of 50-nm while the minimum LAEF was obtained for a 
slit width of 500-nm, which is about 2.4-times when compared 
with conventional MSM-PDs. Hence, the device was able to 
gain maximum light absorption for the 50-nm slit. Fig. 7 also 
represents the LAEF for trapezoidal nano-structured MSM-PDs. 
But here the slit width is kept constant at 50-nm and the grating 
height is varied. Other parameters are kept constant. The plot 
provides proof to the fact that the height of the nano-grating is 
also an important aspect of the device performance. But, there is 
no rule of thumb to obtain the most optimized height for the 
device. It affects the LAEF of a device with corresponding 
changes in other grating parameters along with it. The waveform 
shows that at a nano-grating height of 100-nm, the device was 
able to achieve the maximum LAEF, which is about 34-times. 
The minimum LAEF was obtained by a device with a 160-nm 
nano-grating height, which is about 6-times. These results show 
unusual behavior for the MSM-PDs with trapezoidal nano-
gratings on top of them since theoretically, higher nano-grating 
height should be able to attain a large amount of light. But in 
reality, that was not the case. One reason for such results might 
be due to the fact that taller trapezoidal shapes have shorter 
elliptical walls, causing more light to refract than to guide them 
toward the subwavelength apertures. 

 
Fig. 6. LAEF for trapezoidal nano-structured MSM-PD with constant height. 

 

 
Fig. 7. LAEF for trapezoidal nano-structured MSM-PD with constant slit width. 

 

B. Triangular-shaped Nano-structured MSM-PDs 
In this sub-section, the light absorption enhancement in an 

MSM-PD with optimized triangular nano-gratings is discussed. 
The aspect ratio is zero while other parameters are kept constant. 
Fig. 8 shows the LAEF for the triangular nano-grating assisted 
MSM-PD. The figure again gives evidence to the fact that 
narrower slit width gives better light absorption compared to 
wider slit width since, the maximum LAEF of about 31-times, 
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Grating period 

 

810-nm 

Nano-gratings on each side 9 

Nano-grating height 100~200-nm 

Slit width 50 ~ 500-nm 

Subwavelength aperture height 60-nm 

Duty cycle 50% 
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was achieved for a slit width of 50-nm while the minimum LAEF 
of about 2.7-times, was found for 500-nm slit width. Fig. 9 
represents the LAEF for triangular nano-structured MSM-PDs. 
Here the slit width is kept constant at 50-nm and the grating 
height is varied while keeping other parameters constant. The 
plot shows a maximum LAEF of about 37-times was achieved 
by an MSM-PD with triangular nano-gratings of height 180-nm, 
while the minimum LAEF of about 28-times was achieved for a 
grating height of 120-nm. The most successful result was 
achieved by the triangular nano-grating assisted MSM-PD with 
a grating height of 180-nm and slit width of 50-nm since it was 
able to achieve the maximum result out of all the nano-structured 
MSM-PDs. The reason behind such an excellent result is 
because of the fact that taller triangular shape will confine more 
light inside the subwavelength aperture because of its steeper 
edges. Hence, light transmission and absorption are improved 
for MSM-PDs employing such nano-structures. 

 
Fig. 8: LAEF for triangular nano-structured MSM-PD with constant height. 

 

 
Fig. 9. LAEF for triangular nano-structured MSM-PD with constant slit width. 

 

C. Hemispherical-shaped Nano-structured MSM-PDs 
In this sub-section, the light absorption enhancement in an 

MSM-PD with optimized hemispherical nano-gratings is 
discussed. This is a newly developed nano-grating structure used 
in this research. While fabricating devices with such small 
dimensions, i.e. in the nanometer range, it is important to 
maintain the nano-grating geometry accurately. But usually, the 
geometry of the nano-gratings are not fully perfect and various 
scenarios of change of geometrical shape might take place. 
Hemispherical nano-gratings aid the fabrication process since no 
complex geometry is needed to develop such shapes. Fig. 10 
shows the LAEF for the hemispherical nano-grating assisted 

MSM-PD. The grating height is one-quarter of the grating period 
which is also the radius of the hemisphere. Hence for a nano-
grating period of 810-nm, the height of the hemispherical nano-
grating is 202.5-nm which is kept constant for this plot. The 
subwavelength aperture height used in this modeling is 100nm. 
The figure shows that narrower slit gives better light absorption 
since the maximum LAEF was achieved by the device 
employing it, which is about 19.5-times for a slit width of 50-nm 
while the minimum LAEF of about 2.4-times was achieved for 
a slit width of 500-nm. Currently, it is not possible to vary the 
height of this type of nano-grating shape without changing the 
grating period. Hence, only the slit width variation plot is given. 

 
Fig. 10: LAEF for hemispherical nano-structured MSM-PD with constant height. 

 

D. Rectangular-shaped Nano-structured MSM-PDs 
In this sub-section, the light absorption enhancement in an 

MSM-PD with rectangular nano-gratings is discussed. The 
parameters of the rectangular nano-gratings are optimized for 
improved LAEF in the device. Fig. 11 represents the LAEF for 
the rectangular nano-grating assisted MSM-PD. The grating 
height is kept constant to 100-nm while varying the slit width. 
The device was able to achieve a LAEF of about 16.2-times for 
a slit width of 50-nm while it achieved the minimum LAEF of 
about 2.2-times for a 500-nm slit width. Fig. 12 represents the 
LAEF for rectangular nano-structured MSM-PDs. Here the slit 
width is kept constant at 50-nm and the grating height is varied 
while keeping other parameters constant. Here, a nano-grating 
height of 100-nm gave the maximum LAEF, i.e. about 16.2-
times for the device while the nano-grating height of 160-nm 
gave the minimum LAEF, i.e. about 1.5-times. The results 
obtained are similar to results observed for the trapezoidal nano-
structured MSM-PD. This is because the structures are similar in 
geometry apart from the different aspect ratio. This is why it 
achieved such lower outcomes. 

E. Comparison of LAEF for Different Nano-Structured 
MSM-PDs 
As we have observed in previous sub-sections, different 

nano-structured MSM-PDs were able to achieve the maximum 
or highest LAEF for a slit width of 50-nm. Fig. 13 shows the 
LAEF spectra of each nano-structured MSM-PD with 50-nm slit 
width. From this plot, it is observed that the trapezoidal nano-
grating achieved the highest LAEF of 34-times compared to a 
conventional MSM-PD. The reason behind such a result is due 
to the fact that nonlinear nano-grating shapes effectively 
improve the collection of light and aid in guiding it to the central 
aperture [7]. However, one thing is certain here, the height of the 
nano-gratings was kept constant to 100-nm. But better LAEF 
was achieved by the triangular nano-grating assisted MSM-PD 
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for a height of 180-nm while the trapezoidal nano-structured 
MSM-PD failed to achieve better results for such nano-grating 
height. 

 
Fig. 11. LAEF for rectangular nano-structured MSM-PD with constant height 

 

 
Fig. 12. LAEF for rectangular nano-structured MSM-PD with constant slit 
width. 

 

 
Fig. 13. LAEF for every nano-structure assisted MSM-PDs with constant slit 
width. 

F. Fabrication Difficulties for the Proposed Nano-structured 
MSM-PDs  

This section discusses the fabrication process and its difficulties 
related to the developed nano-corrugated MSM-PDs. The 
results obtained from the simulated devices are based on one 
condition; the nano-grating shapes will remain unchanged 
throughout the fabrication process. This helped to investigate 
the performance of these nano-scaled devices in a controlled 
environment, i.e., at normal temperature, seamless interaction 
between the incident light and the device, perfect phase shift of 
slits, and proper deposition of the plasmonic material (i.e., gold) 
during the lithography process. But, in a practical scenario, the 
shape of the nano-gratings depends on the fabrication 
technology [28]. In most cases, the nano-grating structures 
changes during the photo-lithography process. The edges or 
ridges of the nano-gratings gets truncated easily during the 
etching operation. To avoid this complexity, a more 
sophisticated lithography procedure is used, which is known as 
the focused ion beam (FIB) lithography. It has superior 
performance compared to conventional lithography on cutting 
sharp-edge profiles [9. 21]. Hence, it is better to execute the 
fabrication operation for the developed devices using the FIB 
lithography process. The success of etching the perfect nano-
grating structure also depends on the complexity of the 
geometry for that structure. For example, it will be easier to etch 
the hemispherical structure compared to other mentioned nano-
grating structures. This is because, it requires a simpler 
procedure to etch hemispherical shapes compared to triangular, 
rectangular, and trapezoidal shapes or structures. In addition, 
the sharp edges of the above-mentioned structures might not 
remain sharp during the etching process. This reduces the 
percentage yield of the procedure. The performance comparison 
of the developed devices was made with respect to the changes 
in their geometrical parameters, i.e., slit width, nano-grating 
height. The impact of each parameter on the LAEF of the 
devices was investigated while keeping the other parameters 
constant. For example, the investigation of the impact of 
changes in the nano-grating height was executed while keeping 
the slit width constant. This limits the performance of the 
developed devices. Also, with increasing the nano-grating 
heights, the percentage yield of the FIB lithography process 
decreases further. Hence, better optimization of each nano-
grating parameters for further improvement in the device 
performance is needed before going to the fabrication process. 
This is an important area of research for future research and 
development studies. 
 

V. CONCLUSION 
We have designed, modeled and analyzed the influence of 

different types of nano-structured MSM-PDs in this research to 
obtain the maximum light transmission and absorption into the 
active region of the MSM-PDs. The effect of the employed nano-
gratings, on top of the device, for higher light transmission is 
observed in the simulation results. Evidence regarding the 
interaction of light with the SPPs to achieve a higher order of 
magnitude was observed since the modeled devices showed 
excellent performance under several simulation conditions. The 
geometry of the applied nano-gratings was varied to optimize the 
performance of the MSM-PDs. Parameters such as slit width, 
grating height, subwavelength aperture height, aspect ratio, and 
duty cycle were optimized to get the maximum LAEF. The effect 
of slit width and nano-grating height variation on the LAEF of 
the MSM-PD was studied in details. The simulation results gave 
evidence to the fact that narrower slits aid in higher confinement 
of light in the active region of the device. Hence, light 
transmission and absorption improved notably. The nano-
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grating height was varied for each plasmonic structure to observe 
their effect on the light absorption. But, there was no general 
pattern observed by changing the height of the nano-grating 
shapes, i.e., different nano-structures affected the MSM-PDs 
differently to the change in their height. However, the highest 
LAEF was achieved by the triangular nano-grating assisted 
MSM-PD for a height of 180-nm with 50-nm slit width. It has 
achieved about 37-times higher LAEF compared to conventional 
MSM-PDs. Furthermore, a significant light absorption 
enhancement was found for trapezoidal and hemispherical 
shaped nano-grating assisted MSM-PDs. The simulation results 
demonstrated that the responsivity of these plasmonic-based 
MSM-PDs has improved considerably since the nano-grating 
geometry was optimized for improved performance of the 
MSM-PDs. These improved devices are suitable for applications 
such as high-speed communication systems as well as faster 
sensor network systems.  
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