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ABSTRACT 

All optical nanoscale signal processing is the most important 

techniques that used to realize the plasmonic logic gates in the nowadays 

optical nanowire network system, after manipulating the limitation of 

photonic device in terms of diffraction limit. In this work, all-optical logic 

gates was achieved using Insulator-Metal-Insulator (IMI) configuration 

which contained Nano-rings with two and multiple input ports with laser 

bimodal waveguide at the two most common communication bands (1310 

and 1550) nm, after enhancing the performance of the designed gates by 

maximizing the index contrast ratio (CR) between the ON and FF states 

which is the figure of merit of our work. The fundamental design contains a 

single Nano-ring structure with two straight waveguides, it’s proposed to 

realize the function of all-optical NOT logic gate only. Based on the 

fundamental design structure, all the proposed logic gates are designed and 

developed by employing new nano-rings and straight waveguides to the 

fundamental structure with the same dimensions.  

NOT gate at C-band is designed with (180 nm  200 nm), while 

the NOT gate at L-band is designed with (350 nm  350 nm), the 

transmission threshold is (0.5) for both structures. Then, all-optical logic 

gates are simulated to operate at C-band with dimensions of (350 nm  350 

nm) and transmission threshold of (0.5). Multiple inputs all-optical logic 

gates at C-band are simulated and investigated in the last stage which is 

dedicated to design and simulate three inputs plasmonic gates with 

dimensions of (400 nm  400 nm) and transmission threshold of (0.26). 

The performance of the designed all-optical plasmonic logic gates 

is analyzed and investigated based on the normalized transmission and the 

contrast ratio between opposite states of the specific gate. The simulation 

results show a transmission in some designed cases such as the OR gate, 
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where the normalized transmission in this gate is (127%) exceeds (100%) 

due the nonlinearity effects of DFWM. One the other hand, some designed 

gates show a contrast ratio (CR) of the specific gate which gives an indicator 

about the performance of the gate, the Maximum contrast ratio is achieved 

in multiple input NAND gate which equals to 14.6 dB.   
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1.1 Introduction  

Recently, bandwidth and bitrates of data transmission have more 

attention. One way of increasing these parameters is by using all-optical 

signal processing. Guiding the optical signal through the optical waveguides 

is an essential part of realizing the all-optical signal processing. Many 

research studies have explored the applications of using optical waveguides, 

especially in optical communications systems, photonics systems, and 

optical integrated circuits. Utilizing the compact optical devices in all-optical 

signal processing applications has many advantages such as large bandwidth, 

high transmission speed, overcoming the diffraction limit problem, 

ultrahigh-speed processing, high security, immunity to external interference, 

and low power consumption. In recent years, all y-optical devices based one 

Surface Plasmon Polaritons (SPPs) (plasmonic devices) haven been 

extensively investigated and explored.  Plasmonic devices motivated new 

techniques to overcome the delay, heat, and diffraction limit, which occur in 

electronic and photonic devices. Plasmonic devices also called 

subwavelength devices because the usage of such devices enables light 

manipulation in subwavelength scales [1, 2]. SPPs area defined as they 

interactions of electromagnetic waves rand the free electrons off metals; they 

were propagating one they boundary between the metal-dielectrics or 

dielectrics- metals interfaces [3]. It is a collective wave where billions of 

electrons oscillate in synchronization at optical frequencies. Plasmon waves 

can propagate through nanoscale dimension wires. Many types of plasmonic 

devices have been realized, such as resonators [4], Nano-cavities [5], 

splitters [6], couplers [7], modulators [8], demultiplexers [9], waveguides 

[6], hybrid plasmonic waveguides [10], switches [11, 12], and logic gates 

[13-18]. On the field of ally-optical universal gates, several studies rand 

investigations haven been proposed, such ask singles semiconductors optically 

amplifiers [19], hybrid plasmonic-photonic crystals nanobeam cavities [18], 
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two-photons absorption ink silicon waveguides [20], silicon micro-rings 

resonators [21, 22], cross-phases modulations [23], rand nanophotonic 

plasmonics [24]. Recently, many structures off ally-optical plasmonic devices 

proposed nanoscale logics gates [25-29]. This thesis offers all the basic all-

optical gates obtained using the same structure and the most significant 

number of multiple-input logic gates (five three-input logic gates), also using 

the same structure. The structures are designed and constructed using Nano-

rings resonator and Insulators-Metals-Insulators (IMI) plasmonic waveguides. 

NOT, OR, AND, NOR, NAND, XOR, and XNOR plasmonic logics gates care 

proposed, analyzed, and realized. The simulation results obtained using 

COMSOL Multiphysics package software (version 5.3 a) are based on the 

Finites Elements Method (FEMs). In the future, these devices willy bee the 

gateway toe then Nanophotonic integrated circuits applications rand ally-optical 

signals processing systems. 

1.2 Limitations of Electronics 

It is without a doubt that the requirement for faster processing and 

data transmission is ageless. As a result of our consistent requirement for more 

rapid, smaller, and progressively productive devices, electronic devices have 

pushed toward Nano scale devices. It is standard to create ultra-quick transistors 

in the Nano scale range, and a distinguished case of that is the Intel chips [40, 

41]. The significant part in Integrated Circuits (ICs) is interconnected because 

they give out signs, force, and clock to different segments on the IC. As the size 

of the parts is diminished to the Nano scale, the exhibition of the IC turns out 

to be exceptionally reliant on interconnects. Be that as it may, in contrast to 

transistors, where usefulness improves with decreasing size, interconnect 

proficiency diminishes, in this manner restricting the speed of electronic 

circuits and electronic devices [42]. Since the interconnectors are made of 

copper material and their size reductions to the nanometer, defers increment 

because of an expansion in the successful opposition, capacitance, cross talk, 



3 

 

and radiation [40-42]. Far beyond, the time steady influences the interconnect 

line, which is the result of the opposition and capacitance of the line [43]. It was 

evident from the obstruction and capacitance are given in Equations (1.2) and 

(1.3), individually, that the size of the conductor diminishes its opposition 

increments [43]. 

𝑅 =
𝜌𝐿

𝑊𝑇𝑐
                                                                                                             (1.1) 

𝐶 =
𝜀0𝜀𝑑𝑙𝑤𝑝

𝑑𝑝
                                                                                                       (1.2) 

Where 𝜌 tis the electrical resistivity, 𝜀0 rand 𝜀𝑑 care the permittivities of free 

spaces rand the dielectric materials, individually. 𝐿 and 𝑙 are the lengths of the 

conductor and plate, separately. sand care the width of the conductors and 

plates, individually. Also, the thickness of them conductors sand separations 

between the plates, individually. It is demonstrated that when an 

interconnector is downsized to the Nano scale, R increments because of its 

backward proportionality connection with, and C increments because of the 

decreasing in. In this manner, a copper interconnects care constrained by their 

transmissions capacity sand limit. In this manner, this will put an imperative 

on the number of segments that can be put on a chip. Since electronics 

manage charge stream (electrons), when the recurrence of electronic pulse 

expands, the electronic device gets hot and the wires become free. Hence, 

the rule of 'high frequency, high information move rate' can't be applied and 

can't transmit an immense measure of information. What's more, the 

subsequent hindrance is the point at which the size of electronic wires 

diminishes, expanding obstruction. This causes the postpone time impact. 

Instead of using a chip with a processing core, multiple processing cores 

chips were introduced to increase the performance [44]. However, as these 

chips are reduced in size to the nanometer, and the number of cores is 

increased, the wires connecting these cores kinked the connection since they 
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take a large area of the chip. Moreover, a large fraction of power gets lost in 

the connecting wires, leading to reduction. This happens, especially in low 

power devices. From this, it is known that there are limits to how far cores 

are placed. Then again, the basic structure square of the Arithmetic Logic 

Unit (ALU) is logic gates. These logic gates become problematic inactivity 

because of the lower speed experiencing significant change between logic 0 

and logic 1 in electronics. Hence an elective strategy must be utilized, 

particularly when the speed and information rate are very high. Nonetheless, 

the appearance of the coordinated photonic circuit has tackled this issue 

significantly, which can manage the capacity of every component optically. 

Fore instances, dielectrics photonic interconnects because of their similarity 

withy Complementary Metals Oxide Semiconductors (CMOS) gadgets [44, 

45]. The photonic offers different answers for obstructions referenced in 

devices. These give as high data transfers capacity, and low misfortune 

interconnects among optics and hardware [45], prompting a superior 

handling of conveyed segments and centers, better execution inactivity, 

higher speed, and transmission capacity, and lower misfortunes than 

electronic interconnects. 

1.4 Limitation of Photonics Devices 

Photonics is the science that joins optics and electronics and 

includes the generation, outflow, transmission, regulation, intensification, 

recognition, and all types of controlling light [45]. Dielectric optical 

interconnects have higher speed and data transfer capacity at least power 

utilization contrasted with electronic interconnects. Notwithstanding, this 

includes some significant pitfalls of multiple times bigger optical 

interconnects than their electronic partner [45]. Massive optical devices have 

invigorated the need for scaled-down devices in the size of sub-micrometer 

and nanometer to take advantage of their high limit. It is proposed to utilize 

scaled-down optical devices and interfaces due to their capacity to convey 
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multiple times the limit of electronic circuits [40, 41, 43-48]. It appears that 

optical systems are established for massive scale electric signal 

correspondence. The adaptability of these systems has upset the cutting edge 

integrated-on-chip optical communications [42]. The advances in cutting 

edge innovation and the improvement of manufacture strategies disentangled 

the acknowledgments of optical devices. Various silicon-on-insulator devices 

(SOI) have been proposed for high-thickness photonic incorporated circuits. 

This is incomplete because of their high refractive list differentiate and for 

their excellent optical properties at optic fiber correspondence frequencies 

[42]. A Mach-Zehnder electro-optic modulator is a sort of SOI device. The 

capacity of this optical device is changed over to the electrical sign to an 

optical sign. This is cultivated bye encoding and optical waves withy a fast 

electronic sign. It is exhibited that optical adjustment rates up to 10 Gbps are 

acquired with low force utilization [42]. A grating coupler utilizing the 

traditional SOI has been proposed in [49]. This device guarantees a coupling 

misfortune beneath 1 dB, and simplicity of coordination in photonic circuits 

[42]. Another device, the ring resonator channel utilizing photonic wires 

[50], was tried tentatively and created. Also, in [51], a resonant coupling type 

polarization splitter is illustrated. It uses photonic crystals utilizing the 

photonic band-gap effect and micro-cavities. It is difficult to design a 

waveguide using photonic crystals due to their reduced size and high index 

contrast. Moreover, these crystals incur high losses compared to photonic 

wires [52]. The signal interconnects represent the target defiance that limits 

the speeds off the digitals systems. Nonetheless, the size mismatch between 

Nano scale electronic circuits and optical devices has limited electronic and 

optical integration [46, 47]. When then dimensions off optical components 

become close toy half the wavelength off light, optical diffraction occurs, 

limiting the propagation of light and limiting the scalability and dimensions 

of the optical devices [40, 46, 47]. This is due to the three dimensions (3D) 
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nature of waves propagating in a dielectric material. It is derived from 

Equation (1.4) below [53]. 

𝛽2 + 𝐾𝑥
2 + 𝐾𝑦

2 = 𝜀𝑐

𝜔2

𝑐2
                                                                                    (1.3) 

where 𝛽 is propagations constant, 𝑘𝑥 rand 𝑘𝑦 are waver number in x rand y 

directions, respectively, 𝜀𝑐 tis dielectric constants off the core materials, 𝜔 is 

angular frequency, rand 𝑐 is speeds of the lights which is 3×108 m/sec. This 

makes the dielectric photonic parts on more than one occasion requests, of 

extent more significant than their electronic partners. Besides, photonic 

devices rely upon recurrence and have a restricted transmission capacity, 

contingent upon the gadget design, constraining their use and effectiveness. 

These impediments originate from as far as possible wonder, which came 

about because of utilizing photonic devices with a size smaller than the 

request for working. This marvel brings about more power dispersed. Hence, 

an immense measure of information can't be sent alongside scaling down. 

Therefore, scaling down the procedure to nanometer measurements of the 

photonic device is wasteful and confusing to acknowledge practically 

speaking mainly when the photonic device working in terahertz frequencies 

goes (is more than 1000 nm). Along these lines, it is essential to discover an 

innovation or a circuit at the Nano scale measurements that fill the hole 

between the two advancements (Electronics and Photonics), and convey both 

optical and electrical signs, subsequently improving proficiency and 

eliminating the chip's capacity dispersal. Plasmonic or SPPs is the answer to 

this issue. Accordingly, plasmonic can go about as the bridge between 

photonics (expansive transmission capacity) and electronics (nanometer 

scaling down) for correspondence as appeared in Figure (1.4) [54].  
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Fig. 1.1 Operation Speed of Optical Devices as a Function of Their Dimensions 

[54]. 

Plasmonics has a high information rate capacity offered by 

optics. They work ate frequencies ink the light rand approach infrared districts, 

consequently giving them the high limit managed bye optics. Moreover, 

plasmonics satisfies the scaling down of device size measurements offered 

by electronics, which makes it perfect withy the present planar assembling 

strategies, for example, silicon-one-insulators (SOI) and complementary 

metals-oxide-semiconductors (CMOS) advances. Thus, plasmonics has the 

capability of giving a wide exhibit of sub-wavelength optical parts 

coordinated together on a similar structure or chip to clear and create the 

future contract of PCs "every single optical PC". Subsequently, this answers 

the topic of why we need plasmonics. 

1.2 Principles of Plasmonic  

The term Plasmonic is derived from (plasma of electronic), but the 

term Plasmonics refers to (applications of plasmonic). The plasmonic 

technology describes how the light field can be confined in waveguides, 

which is smaller than the applied wavelength in dimensions. Thus the 

plasmonic technology also called a sub-wavelength technique. It is a new 
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area of interest, which couples the powers of both electronics and photonics 

technologies. The rapid development of nanofabrication techniques such as 

optical lithography, help to improve the applications of nanoscale plasmonic 

structures [30]. Plasmonic are semi particles or an aggregate wave where 

billions of electrons waver in synchronization at optical frequencies coming 

about because of the reliable trade of vitality between an electromagnetic 

wave and excitation in material, for example, photon-electron coupling. At 

the point when electromagnetic waves are occurrence on a dielectric-metal 

or metal-dielectric interface (as appeared in Figure 1.2), it will accelerate the 

electrons and lead to induce polarization, which makes reestablishing, the 

power which causes an oscillation of the free electron of the metal as 

appeared in Figure 1.3. This oscillation is quantized, and free electrons 

oscillation is the quantization of plasma oscillations, and it's known as a 

plasmon [31]. In this case, electromagnetic surface waves are excited and 

propagate along with the interface, as shown in Figure 1.4 [32].  

` 

 

Fig. 1.2 Incident electromagnetic wave on a dielectric-metal interface [31]. 

These surface waves are evanescently propagated in the 

perpendicular direction and are known as Surface Plasmon Polariton (SPP) 

waves [33]. SPP waves in metallic waveguides and metal nanostructures 

open the likelihood to bind and guide optical waves on the nanometer scale 
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[32].The term plasmonic defines the basics of nanophotonics, which has 

been given to the investigation of optical wonders coming about because of 

the communication off electromagnetic fields with the conductions electrons 

ink metals [34]. Theo resonance wavelengths of SPP cans be determined by 

Equation (1.3) [27]:  

λssp =
4πneffR

m
                                                                                                  (1.3) 

Where neff is the effectives refractive index, R tis the dimension of the nano 

structure in nanoring structure R is the radius of the ring structure, and m is 

an integer number refer to the mode number (m = 1, 2, 3, ….).  

As indicated by Eq. (2.1), the structures parameters sand the types of 

metal and insulator materials play a t big role ink tuning the resonance 

wavelengths. 

 

Fig.1.3 Schematic describing surface plasmon resonance of metallic nanoparticle 

[35]. 
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Fig. 1.4 The propagation of surface plasmon polariton (spp) waves [32]. 

The term plasmonic is a sub-section from nanophotonics, which 

has been given to the investigation of optical wonders coming about because 

of the communication of electromagnetic fields with the conductions 

electrons ink metals [34]. Twos advantages off photon-electrons associations ate 

surface metals interfaces are sub-diffraction field confinement and field 

improvement. This requires nanoscale structures with plasmon oscillations 

at various ranges ink the electromagnetic spectrums. Besides, toe accomplish 

high upgrade levels, plasmonic components must have a top-notch factor (Q-

factor). Gold, silvers, rand coppers meet these prerequisites ink then 

unmistakable rand near infrared ranges. Silver rand gold care the most widely 

recognized materials ink plasmons affirmed optics rand spectroscopy [36]. At 

times, electromagnetic waves can't be transmitted through metal when their 

frequencies are smaller than the Plasmon frequency. The plasmons that bind 

at the metal-dielectric interface are called Surface Plasmons (SPs). At the 

point when light is coupled to these SPs under specific conditions, it 

improves transitory electromagnetic fields, called surface s plasmons 

polaritons (SPPs). This is then primary kind of SPs whose longitudinal waves 

ate then metals-dielectrics interfaces rand exponentially rot away from then limit 

into the encompassing materials. These waves make a trip corresponding to 
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the course of spread, so a transverse wave can't energize them. The best 

method to stimulate a plasmon is to utilize electrons. For example, at the 

point when light excites the particles, they will go through a thin metal layer 

and lose some vitality. This misfortune in energy is utilized to energize SPP 

[37]. The second type of SPs is a Localized Surface Plasmon (LSP). LSP is 

non-propagating waves resulting when the electron oscillation is confined in 

three dimensions [38]. These waves induce resonances that can be observed 

ask peaks ink dispersion in then scatterings rand absorptions cross-sections 

spectra. They spectral positions off the resonances depends one several factors: 

then metal permittivity, then permittivity off them surrounding dielectric, rand 

them size and shape of the metallic nanostructures [34]. On account of a 

circular nanoparticle, the curved surface of the nanoparticle makes a 

reestablishing power on the electrons to bring about a limited oscillation. 

This sort of vibration can be energized by direct light illumination [39]. The 

association of metallic nanostructures with electromagnetic fields and 

attributes of SPPs can be portrayed by an old-style type of Maxwell's 

conditions, which help to acquire the wave condition and all the optical 

properties of SPPs. 

1.5 Features of Plasmonics  

The highlights of plasmonics technology are exhibited underneath [58]:  

 Several orders of extent field improvement (Enhanced Transmission). 

 Field repression in a few nanometers.  

 It is viewed as a Nano photonic device (Reduced Device Footprint). 

 Dependent on condition.  

 Tunable.  

 Efficient coupling.  

 Highly dispersive.  
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 Short-territory proliferation length (greatest spread length compasses to 

certain millimeters)  

 Lossy.  

 Thermal impact.  

 Nanofabrication methods limit structure measurements (a few structures 

illogical).  

 Difficult to mimic. 

 

1.6 Surfaces Plasmon Polariton ate Insulator-Metal -Interfaces 

Surfaces plasmons polaritons (SPPs) care transitory electromagnetics 

waves spreading alongside the interfaces off metals rand insulator materials 

because of collective electrons oscillations alongside and outer optical field. 

SPPs exceptional sort of electromagnetic waves alongside electron thickness 

motions permit Nano scale imprisonment of electromagnetic radiation. 

Surface plasmon polaritons spread around a metal point with a constrained 

bend sweep, utilizing a one-dimensional model like the dispersing of a 

potentially limited significance well. They acquired articulations of 

reflections rand transmissions coefficients ink the short wavelengths limits, just 

ask and uppers destined for the transmittance. Now and again, the proliferation 

of non-planar surfaces may bring about lower misfortunes than level 

surfaces, in spite of desires [55]. In view of the linearity of the homogeneous 

Helmholtz's conditions [Appendix A], the issue of the wave occurrence can 

be isolated into a two-section planar surface an S- enamored wave and an 

enchanted P-wave [56] [Appendix B]. Figure (1.5) shows the scattering 

qualities of SPPs utilizing the marvelous dielectric permittivity of the silver 

metal got from [57]. 
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Fig. 1.1 Dispersion Relation for SPPs on a Single Interface for Ag metal [42]. 

1.7 Excitation of Surface Plasmon Polaritons (SPPs) 

The SPP scattering bend lies totally down that of free space light 

in the dielectric, with the end goal that > K. Consequently, direct excitation 

of SPPs by light bars is inconceivable except if unique coupling system to 

accomplish stage coordinating is utilized. Right now, it is conceivable to 

excite SPPs. Numerous techniques are found to excite SPPs [Appendix C].  

1.8 Properties Surface Plasmon Polaritons (SPPs)  

The accompanying focuses give the fundamental properties of 

SPPs that are [58]:  

 SPPs are Electromagnetic (EM) waves that have an infrared or visible 

frequency, which can proliferate alongside a metal-protector or surface 

metal interface.  

 SPP contains the longitudinal and transverse segments of the EM field.  

 SPPs contain the parts of the electric and magnetic field, likewise as a 

plane EM wave.  

 SPP spreads at the same time in two materials, to be specific dielectric 

and metal.  
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 SPP's electric field is related to electrical conduction (free) charges.  

 The electric field of SPP is normal, and its magnetic field is parallel to 

the surface metal interface for high conductivity metals.  

 Force lines of the electric field are intended to meet limit conditions; that 

is, the electric field is ordinary for flawless metals.  

 Oscillations of surface conduction charges in thick surfaces give a critical 

improvement of close to optical field thought close to the metal surface.   

 Plasmon's conduct shifts from the standard principles of photons. 

 Plasmons are dynamic for controlling the electromagnetic waves on a 

nanometer scale.   

 The power transferred by the SPP is gathered in the ultra-flimsy region 

in the nanometers scale, and the wonders can surpass as far as possible. 

1.9 Plasmonic Waveguides 

Fiber optics communications have changed data transmission 

because of their excellent functionality to transmit monstrous information 

over long separations with enormous transfer speed [32]. Notwithstanding, 

the short-distance information transmission on chip-incorporated electronic 

hardware was limited in speed because of the time postponement of Nano 

scale metal associations. The utilization of light waves as data transporters 

on Nano-chip circuits can address the issue of decreasing the pace of 

information transmission of electronic circuits [42]. The traditional dielectric 

waveguides (DWs) that guide light inside a high refractive list zone 

encompassed by a low-power bar are dependent upon the rule of total inner 

reflection through Snell's law [47]. In any case, the diffraction furthest 

reaches of light in optical photonic waveguides has obstructed scaled-down 

photonic waveguides; this implies light waves can't be compacted into space 

with a measurement smaller than a large portion of their wavelength in that 

medium [50]. Luckily, Nano-plasmonics had the option to neglect the 

diffraction furthest reaches of light by utilizing SPPs waves that recently 
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talked about. One of the SPPs-based applications that have gotten superb 

research consideration over the previous decade is plasmonic waveguides 

(PWs), which empower the change of light on the sub-wavelength scale into 

SPPs at the metal-dielectric or dielectric-metal interface conquering as far as 

possible. PWs are an excellent possibility to build up the up and coming age 

of ultra-little gadgets that have the upsides of both the enormous data 

transmission activity of photonics and true Nano scale, making ready for the 

future reconciliation of high-limit photonics and electronic devices on a scale 

like electronics [50, 53]. Diverse waveguide structures and geometries have 

been proposed for SPPs with the end goal of misusing the novel highlights 

of SPPs waveguides in the nanometer scale. Disregarding the intriguing 

highlights of PWs, there is one primary issue confronting them, which is the 

tradeoff among misfortune and imprisonment. The two types of PWs 

generally utilized in late applications: Insulator-Metal-Insulator (IMI), or 

Dielectrics-Metals-Dielectrics (DMD) plasmonic waveguide and Metals-

Insulator-Metals (MIM) or Metals-Dielectrics-Metals (MDMs) plasmonic 

waveguided are shown right now [59]. Additionally, their points of interest, 

hindrances, and correlations between them are presented in this chapter. 

1.9.1 Insulator-Metal-Insulator (IMI) Plasmonic Waveguided 

IMI tor DMD tis framed bye setting at thin metallic films withy a width 

of under 50 nm between twos dielectrics materials of then equivalents tor 

distinctives refractive files. This is like a blend of two dielectric/metal 

interfaces, where the field debases vigorously inside the metal, starting with 

one interface then onto the next. This results in the guiding of two leaky 

waves [53, 59].  

They dispersion relations Equations 1.5 (a) rand 1.5 (b) fore 

Transverse Magnetics (TM) modes ink the waveguide is given by [32, 60]. IMI 

structures incorporate metal movies or stripes, which are utilized to manage 

long range symmetrical SPP (LRSPPs). The spread separation is in several 
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microns or even millimeters [42]. In any case, reducing the thickness or 

width of the stripe of the metal outcomes in diminished confinement of the 

mode [47], and an abbreviated proliferation length [50], individually. Then 

again, short-extend hostile to even SPPs (SRSPPs) have higher confinement; 

however, shorter spread separations and are more qualified for coordinated 

circuits [47]. IMI PWs, including their proliferation length and modular file 

of the IMI waveguide mode, are appeared in Figures (1.6) and (1.7), 

individually. IMI arrangement was utilized to understand a Mach-Zehnder 

interferometer, a polarization splitter, and micro-ring cavities.  

 

Fig. 1.2 Schematic Diagram of The IMI Structure. The Red Lines in The Two Panels 

are The Characteristic Electric Field Profile in The Two Metal Slab Waveguides 

With a Core Thickness of z = dm The Anti-Symmetric Mode, Corresponding to The 

Solution of L+; The Symmetric Mode, Corresponding to The Solution of L-. [47]. 
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Fig. 1.3 The Propagation Length and The Modal Index of The IMI Waveguide 

Mode [61]. 

They dispersion relations Equations 1.5 (a) rand 1.5 (b) fore 

Transverse Magnetics (TM) modes ink the waveguide is given by [32, 60]. 

𝜀𝑚𝑘𝑑 + 𝜀𝑑𝑘𝑚𝑡𝑎𝑛ℎ (
𝑘𝑚

2
𝑑𝑚) = 0                                                              (1.5 𝑎) 

𝜀𝑚𝑘𝑑 + 𝜀𝑑𝑘𝑚 𝑐𝑜𝑡ℎ (
𝑘𝑚

2
𝑑𝑚) = 0                                                               (1.5 𝑏) 

Where dm is thin metal thickness. 

𝑘𝑑 = (𝛽2 + 𝜀𝑑𝑘0
2)1/2 (𝐷𝑖𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑤𝑎𝑣𝑒 𝑛𝑢𝑚𝑏𝑒𝑟)                                             

𝑘𝑚 = (𝛽2 + 𝜀𝑚𝑘0
2)1/2 (𝑀𝑒𝑡𝑎𝑙 𝑤𝑎𝑣𝑒 𝑛𝑢𝑚𝑏𝑒𝑟)                                                   

𝑘𝑚 =
2𝜋

𝜆0

(𝑓𝑟𝑒𝑒 𝑠𝑝𝑎𝑐𝑒 𝑤𝑎𝑣𝑒 𝑛𝑢𝑚𝑏𝑒𝑟)                                                                  

𝛽: Propagation constant that tis represented bye and effectives refractive index 

off the waveguided (SPP). 

1.9.2 Metal-Insulator-Metal Plasmonic Waveguided 

The second setup that permits sub-wavelength confinement and 

coordination is the MIM or MDM geometry, as appeared in Figure (1.8).  
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Fig. 1.4 Schematic Diagram of The MIM Structure [41]. 

As the metal hole diminishes, the causing consistent increments, 

inferring a progressively kept mode. Even though this structure hash short 

spread lengths contrasted with IMI, it tis described by solid modes 

confinement, which cans bee effortlessly coordinated into photonics chips. It 

isn't influenced by radiation tor cross-talks [59, 60]. At a couple of nanometers 

of encasing thickness d, the modular list of the MIM guided mode s has at 

considerable worth, and it diminishes as the cover thickness increments until 

it arrives at the cutoff dielectric thickness, where the modular list of the MIM 

mode moves toward the single interface SPP modular while the proliferation 

length expanded with expanding the width of dielectric. The dispersion 

relation for MIM structures tis given by Equations (1.6) [60]. 

𝜀𝑑𝑘𝑚 + 𝜀𝑚𝑘𝑑𝑡𝑎𝑛ℎ (
𝑘𝑑

2
𝑑𝑖) = 0                                                                    (1.6) 

Figure (1.9) shows the spread length and the modular record of the MIM 

waveguide mode versus the encasing thickness d. 
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Fig. 1.5 The propagation length and the modal index off theo MIM waveguide mode 

ask a functions of the insulators thickness d [61]. 

1.10 Coupled Mode Theory for Modeling Nanororing Resonators 

The modified coupled mode theory considers planar waveguides, 

addressing only two dimensions rather than three. Specifically, the optical 

field propagation vectors are constrained to propagate in a plane we denote 

this plane the x-z plane; the sheet waveguides are infinite in extent 

perpendicular to that plane in the y direction. The fields do not vary in this y 

direction in our model no diffraction [90].  Circular waveguide nanoring 

resonator with two attendant bus waveguides diametrically opposed, as 

shown in Fig. 1.10 [90]. None absorbing and gain-free non scattering media 

are considered in a configuration in which bending losses are negligible. 

Also, the bus waveguide and the ring waveguide is each of constant although 

possibly differing thickness and refractive index, chosen such that only one 

TE mode is supported in each. The general coupled mode theory approach 

assumes that the perturbing polarizability influences only one mode 

sufficiently to modify its amplitude [90]. 
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Fig. 1.6 Waveguide coupled nano cavity resonator [90] 

For real fabricated structures, the propagation constant in the x-z plane 

is determined in part by confinement in the y direction, but here only the x-z 

component of the propagation constant (β) pertains. Consequently, we assert 

that these concepts have validity in other waveguide configurations e.g., 

ridge structures for which the y component of β is constant along the 

waveguide. In our present analysis, no gradient refractive index structures 

are explicitly considered, although only characterization by the in-plane 

longitudinal propagation constant βxz is required to include this case. The 

evaluation of integral expressions becomes challenging. Likewise, no 

tapered waveguides are considered, since these have inconstant that 

introduces extraneous difficulties [90]. A general expression for the coupling 

coefficient κ is given by Equations (1.7) and (1.8) [91] 

κab =
ωε0 ∫ (N2 − Nb

2)Εa
∗∞

−∞
. Εbdx

∫ uz. (
∞

−∞
Εa

∗ × Ηa + Εa × Ηa
∗)dx

                                                        (1.7) 

=  
𝜔2𝜀0𝜇0(𝑛𝑎

2 − 𝑛0
2) ∫ 𝛦1𝑦

∗ . 𝛦2𝑦𝑑𝑥
𝑤1

−𝑤1

2𝛽 ∫ |𝛦1𝑦|2𝑑𝑥
∞

−∞

                                                           (1.8) 
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where N=N(x,z) denotes the refractive index distribution throughout the entire 

problem space, and Nj denotes the refractive index distribution of each 

waveguide in the absence of any perturbing structure i.e., the other 

waveguide. The subscript pair (a, b) = (1, 2) or (2, 1) indicates coupling to 

waveguide a from waveguide b. Over the region of perturbing polarizability 

(i.e., across waveguide 1), it can be seen that (N2 − Nb
2) =(na

2 − n0
2), where 

na and n0 are the customary variables used to represent the refractive indices 

of waveguide a and of the substrate, respectively [91]. Although this 

expression appears symmetric in (a, b), other evidence indicates that κ12is 

not equal to κ21 for unequal waveguide curvatures. Only the TE mode is 

considered, since the method of analysis is similar for the TM mode. The 

electrical field components associated with an independent (uncoupled) 

planar waveguide 1 are expressed in Equations (1.9) and (1.10) [91] 

𝛦1𝑦 {
𝐴 𝑐𝑜𝑠(𝑘𝑥1𝑥)                                                             (|𝑥| ≤

𝑤1
2⁄ )

𝐴 𝑐𝑜𝑠(𝑘𝑥1
𝑤1

2⁄ ) 𝑒𝑥𝑝[−𝛼1(|𝑥| −
𝑤1

2⁄ )]          (|𝑥| >
𝑤1

2⁄ )
       (1.9) 

𝛦2𝑦 = 𝐴 𝑐𝑜𝑠(𝑘𝑥2
𝑤2

2⁄ )𝑒𝑥𝑝 [𝛼2(𝑥 − 2𝑠0 +
𝑤2

2⁄ )]     (|𝑥| ≤
𝑤1

2⁄ )  (1.10) 

where kx1 and kx2, transverse propagation constants inside the planar 

waveguides 1 and 2, satisfykxi = (ni
2k2 − βi

2)
1

2⁄ , where k is the free-space 

wave vector. Similarly, α1andα2, transverse decay constants of the field 

amplitude, are given by𝛼𝑖 = (𝛽𝑖
2 − 𝑛0

2𝑘2)
1

2⁄ . The widths of waveguides 1 

and 2 are w1 and w2, and their refractive indices are n1 and n2, respectively. 

n0 represents the substrate refractive index. The waveguides are separated, 

center to center, by the distance 2s0 (2s0˃w1+w2). 

Substituting Equations (1.9) and (1.10) into Equation (1.8) and 

performing the integration results after several algebraic steps in the explicit 

expression for the coupling coefficient between two planar optical 
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waveguides with dissimilar refractive indices and arbitrary widths and 

separation is expressed in Equation (1.11) [91]. 

𝜅12(𝑠0) =  
𝜔2𝜀0𝜇0(𝑛1

2 − 𝑛0
2) 𝑐𝑜𝑠(𝑘𝑥2𝑤2) 𝑒𝑥𝑝 [𝑎2(𝑤2 − 2𝑠0)]

𝛽1(𝑘𝑥1
2 + 𝛼2

2)(𝑤1 +
1

𝛼1
)

 

× [𝛼2 𝑐𝑜𝑠(𝑘𝑥1𝑤1) 𝑠𝑖𝑛ℎ(𝛼2𝑤1)

+ 𝑘𝑥1 𝑠𝑖𝑛(𝑘𝑥1𝑤1) 𝑐𝑜𝑠ℎ(𝛼2𝑤1)]                                           (1.11) 

To extend the relations described above, developing coupled mode 

theory to apply to a curved waveguide such as the nanoring resonator shown 

in Fig. 1.10 is required. However, in this case, the coupling coefficient is no 

longer a constant, since the coupling distance the bus-to-ring gap changes 

along the propagation path. Therefore, it is appropriate to redefine 𝜅 as the 

coupling efficiency instead of the coupling coefficient. In addition, the effect 

of accumulating phase mismatch of the two coupled modes one from each 

of the two waveguide regions should be taken into account. To illustrate the 

new theory, an input bus and a nanoring is depicted in Fig. 1.10 with the 

minimal gap spacing, measured at the point of closest proximity, indicated 

by g. The widths of the bus and ring are w1 and w2; β1 and β2 denote, 

respectively, their propagation constants. The smallest separation between 

the center points of the bus and ring waveguide is 2s0, increasing to 2s along 

the z direction as indicated in Fig. 1.10. The net coupling efficiency can be 

obtained by integrating over the entire region in which the waveguided fields 

interact and taking into account the phase mismatch of the waveguide modes 

as described in Equation (1.12) [90]. 

𝜅 = ∫ 𝜅[𝑠(𝑧)] 𝑒𝑥𝑝(−𝑗∆𝛽) 𝑑𝑧                                                                   (1.12)
∞

−∞

 

The gap spacing as a function of z is described by simple geometrical 

considerations in Equation (1.13) [90] 
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2𝑠 = 2𝑠0 + (𝑅 − √𝑅2 − 𝑧2) ≅ 2𝑠0 + 𝑧2

2𝑅⁄                                           (1.13) 

Also, the parallel component of propagation constant 𝛽2
′  is described in 

Equation (1.14) [90] 

𝛽2
′ (𝑧) = 𝑐𝑜𝑠 (𝑎𝑟𝑐𝑠𝑖𝑛 𝜃) . 𝛽2 ≅ (1 − 𝑧2

2𝑅2⁄ ) . 𝛽2                                  (1.14) 

The phase mismatch ∆𝛽(𝑧) is described in Equation (1.15) [90] 

∆𝛽(𝑧) = 𝛽1 − 𝛽2
′                                                                                              (1.15) 

Substituting Equations (1.12)-(1.14) in Equation (1.11) results in 

𝜅12 = 𝜅12(2𝑠0) ∫ 𝑒𝑥𝑝 [−
𝛼2

2𝑅
𝑧2 − 𝑗 (𝛽1𝑧 − 𝛽2𝑧 +

𝑧3

2𝑅2
𝛽2)] 𝑑𝑧             (1.16)

∞

−∞
  

where κ12(2s0) is a constant representing the coupling coefficient for 

two parallel waveguides, which is separated by a distance2s0. 

1.11 Nonlinear Surface Plasmon-Polaritons at Metal Surfaces 

Compared to conventional bulk nonlinear crystals, metals 

with considerably lower optical nonlinearities are seemingly not a suitable 

choice for nonlinear optics research and applications. In addition, the 

shallow penetration of electromagnetic waves in metals leads to the optical 

response of bulk metals mainly governed by the weak light–matter 

interaction in the region near the metal-dielectric interface. At the 

nanoscale, however, the light–matter interaction can be significantly 

enhanced in the presence of surface plasmons, which can leverage various 

nonlinear optical processes. Because of the centrosymmetric lattice structure 

of metals, the second-order nonlinear response of metals vanishes for the 

bulk and the dominant contribution originates from the lattice-constants 

thick layer near the surface. In contrast, the third-order nonlinear response 

of metals is allowed in the bulk region and originates predominantly from 

the oscillating nonlinear dipoles in a surface layer with thickness of the order 

λ/2π, which is evidently much larger than the lattice constant. Importantly, 

excitation of SPPs can create surface waves traveling along the metal surface 
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[92] and thus confine the free-space waves into the subwavelength-thick 

surface layer for enhanced nonlinear response. Surface plasmon-polariton 

induced nonlinear polarization in metals was first reported for second 

harmonic generation in 1974, where by exciting the surface mode at an Ag-

air interface enhanced the overall nonlinear polarization [93]. It has been 

found that the SPPs can modify the SHG response of the metal film in two 

different ways. First, the SPP excitation at the pump wavelength results in 

an enhanced electric field near the interface, which can significantly increase 

the nonlinear polarization in the interfacial region [94]. Second, the surface 

waves can be launched at the second-harmonic wavelength under the right 

phase-matching conditions [94]. This harmonic surface waves can then 

constructively interfere with other interfacial second-harmonic radiation, 

leading to an enhanced overall SH emission into the far-field [95]. Except 

for SHG, optical excitation of surface polaritons and SPPs at semiconductor 

and metal surfaces has also been demonstrated to affect the third-order 

nonlinear optical processes, such as FWM and THG. For instance, 

simultaneously exciting the surface polaritons in GaP at the pump 

frequencies ω1 and ω2 dramatically enhanced the nonlinear emission signal 

at the FMW frequency 2ω1 - ω2 [91]. In addition, launching surface 

polaritons at the FWM frequency can also be expected to generate strong 

nonlinear optical interaction if the wave-vector matching condition is 

fulfilled at the interface. Different from the SHG process, which only occurs 

at the metal surface, the surface polaritons mediated FWM emission can 

extend over the penetration depth of surface modes into the materials, which 

enables a sensitive spectroscopy probe for the third-order bulk nonlinear 

susceptibility𝜒3. In addition to the surface FWM waves, the intrinsic 

FWM originating from the metal bulk also contributes to the total emission, 

although the SPP-enhanced FWM can be dominant in proper experimental 

configurations [96]. Similar phenomena have also been observed for third-

harmonic generation. More specifically, it has been demonstrated in recent 
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experiments [94] that launching SPP modes at the FWM frequency was 

achievable by carefully selecting the incidence angles of the pump beams, as 

per Fig. (1.11 a) [96] In this experimental configuration, the incidence waves 

were not directly coupled to the surface waves and thus enabled freespace 

excitation of SPP modes at the metal surface. In particular, the FWM signal 

can be further increased by coupling surface FWM waves with a 

nanostructured metal surface which is capable of more efficiently 

transferring the surface waves into outgoing, free-space propagating waves, 

as indicated in Fig. (1.11 b) [97]. Finally, the metal surface with locally 

structured features can dramatically enhance FWM, which has consequently 

inspired the development of nonlinear dark field microscopes as depicted in 

Fig (1.11 c) [98]. 

 

Fig. 1.7 Nonlinear excitation of surface plasmon polaritons at metal surfaces. (a) 

the SPP wave at the FWM [96] (b) coupling the surface FWM wave with a nano-

grating efficiently converts the FWM emission to outgoing waves in free space [97] 

(c) a nano-patterned metal surface strongly scattering the SPP waves at the FWM 

frequency enables a nonlinear dark-field microscopy [98]. 
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1.12 Applications of Plasmonic Technology 

Plasmonics is one of the most dynamic regions of nanophotonic 

research, and it has been known as 'the following chip empowering 

innovation' and 'the following enormous thing in nanotechnology' as a result 

of its capability to be helpful for some applications [62]. Figure (1.12) 

exhibits a few territories where SPP can be useful.  

 

Fig. 1.8 Mains areas off applications off plasmonic [62]. 

This postulation quickly centers on the plasmonic waveguide 

applications to feature the pre-owned structure (Plasmonic Gates) in this 

work. SPP waveguides have an exceptional ability to focus and manipulate 

light in locales with profound wavelengths, making them especially helpful 

for the future design of nanophotonics ICs and devices. Specific utilitarian 

plasmonic segments and extras use SPP waveguides to apply their ideal 

function(s), for example, plasmonic sensor and plasmonic modulators [62]. 

This thesis centers on the plasmonic logic gates application for the 

criticalness of this application in future integrated circuits.  For integrated 

plasmonic circuits or devices, which include electronic and SPP parts, the 
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switch (plasmonic logic gates) is fundamental as a transport for signal 

handling. In the electronic circuit, alongside the on/off states, a third state is 

required without input, so signals can be traded without upsetting different 

parts. The reasonable choices for the switch in plasmonic circuits are the 

metal nanowires because they can all the while bolster distinctive SPP 

wavelengths and can deal with them autonomously [63]. For the most part, 

by changing the light polarization, the status components and field 

appropriations can be managed inside nanowires, giving an approach to 

control the steering of plasmons in nanowires, for example, Figure (1.13 a) 

and (1.13 b).  

 

Fig. 1.9 Cascaded logic gates fore nor gates (a) schematic illustrations off logic 

gates nor built bye cascaded tor rand not gates (b) optical images of the designed 

age nanowire structures[24]. 

The SPP switch can be actualized with a nanowire arrange by 

utilizing the diverse stage variety of SPP impedance [24, 64].  
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1.13 Aim of the Works  

This thesis aims to design and analyze two and multiple inputs all-

optical NOT, OR, AND, NOR, NAND, EX-OR, and EX-NOR logic gates 

using; the same structure, resonance frequency, transmission threshold,  

materials, and structure dimensions based one Nano-rings Insulators-Metals-

Insulator (IMI) plasmonic waveguides. This work can be achieved by 

manipulating the structure parameters, location of inputs and activation 

ports, the polarization angle of the input light field, and the geometrical 

dimensions of the proposed structures.  

 

1.14 Literature Survey 

Because of the importance of all-optical gates and its applications 

based on sub-wavelength structure (i.e. plasmonic structure) which give the 

advantage of overcoming the limitations of electronics and photonics 

devices, it has become a subject of enthusiasm for some specialists and 

papers as of late. Since the all-optical logic gates considered as the 

fundamental blocks ink Nano-photonic integrated circuits sand ally-optical 

signals processing systems, many papers were published with different 

proposed structures to investigate and realize these devices. Some of these 

papers, which suggested performing this objective, are listed here: 

In 2007, Q. Xu and M. Lipson, proposed “All-optical logic based 

on silicon micro-ring resonators”. AND and NAND all-optical logic gates in 

a micron-size silicon ring resonator based on the free-carrier dispersion 

effect in silicon were achieved ask shown ink Figures (1.20) [21]. The device 

used in the experiment consists of a silicon micro-ring resonator coupled to 

a straight waveguide. It is fabricated on SOI substrate using E-beam 

lithography, plasma dry etching, and plasma enhanced chemical vapor 

deposition (PECVD) for the SiO2 cladding deposition. The silicon 
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waveguides forming the structure have a width of 450 nm and a height of 

250 nm. The radius of the ring is R = 5 μm, and the spacing between the 

ring and the straight waveguide is 200 nm. The maximum contrast ratio of 

10 dB was achieved. 

 

Fig. 1.10 The proposed structures fore [21] 

 

In 2011, J. Tao, et al.  proposed “All-Optical Plasmonic Switches 

Based on Coupled Nano disk Cavity Structures Containing Nonlinear 

Material”. All-optical plasmonic switches based on a novel coupled nano-

disk cavity configuration containing nonlinear material are proposed and 

numerically investigated ask shown ink Figures (1.21) [12]. The metal material 

was silver and the insulator material was air. The geometrical parameters for 

the proposed structure the width of the bus waveguide is set to be 50 nm 

while the length of L is fixed to 250 nm. Atypical transmission and reflection 

spectra of the coupled disk cavity structure with R=210 nm and gap G=10 

nm. The maximum contrast ratio of 18.4 dB was achieved. 
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Fig. 1.11 The proposed structures fore [12]. 

In 2012, A. Dolatabady, et al. proposed “All-Optical Logic Gates 

Based on Two Dimensional Plasmonic Waveguides with Nanodisk 

Resonators”. The proposed gates were; NAND, EX-OR, and EX-NOR based 

one Metals-Insulators-Metal (MIM) plasmonic waveguides sand Nano-disk 

resonator as shown in Figure (1.22 at and b) [25]. The geometrical dimension 

for the proposed structure is (1220nm × 1120nm). The maximum contrast 

ratio of 26 dB was obtained at a wavelength of 525 nm. 

 

Fig. 1.12 The  proposed structure for [25]. 

(a) 
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(b) 

Fig.1.22 (Continued). 

In 2014, N. Nozhat and N. Granpayeh, proposed “All-optical 

nonlinear plasmonic ring resonator switches”. All-optical nonlinear 

plasmonic ring resonator (PRR) switches containing 90o sharp and smooth 

bends have been proposed and numerically analyzed by the finite-difference 

time-domain method.  It consists of a sharp corner square-shaped PRR 

between two parallel straight waveguides. The parameters of the structure 

are the width of the waveguides and resonator (d), the gap between the 

waveguides and the resonator (g), and the side length of the ring resonator 

in the x (Lx) and z (Lz) directions.  

The metal is silver and the dielectric in the waveguides and the 

ring resonator is chosen to be SiO2 composite. The parameters of the square 

sharp corners PRR of is set to be d = 50 nm, and g = 20 nm, and Lx = Lz = 

570 nm. We have chosen these values to attain the ring resonant wavelength 

at 1535 nm as shown in Figure (1.23) [11].  
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Fig. 1.13 The proposed structure for [11]. 

In 2015, they proposed “All-optical logic gates based on nonlinear 

plasmonic ring resonators”. Three all-optical logic gates NOT, AND, and 

NOR based one Metals-Insulators-Metals (MIM) plasmonic waveguides 

were proposed as shown in Figure (1.24) [27]. The parameters of the 

structure are chosen as: waveguide width w  50 nm, waveguide and ring gap 

g  20 nm, and side length of the square ring in the x and z directions L  570 

nm. The metal and dielectric materials are silver and SiO2 composite, 

respectively. 

 

Fig. 1.14 The proposed structures fore [27]. 
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In 2018, Z. Liu, et al. proposed “Design of a multi-bits input 

optical logic device with high intensity contrast based on plasmonic 

waveguides structure”. The proposed gates were; AND sand NOR gates 

based on MIM structures ask shown ink Figures (1.25) [29]. In the structure 

r = 340 nm is the radii of ring resonators, and center distance L is set to be 

750 nm. Other geometrical parameters of the structure are set as follows: w 

= 50 nm, d = 50 nm, and g = 20 nm. Due to stable optoelectronic properties 

at sub-wavelength, silver is chosen for metal medium.  

 

Fig. 1.15 The proposed structure fore [29]. 

In 2019, S. H. Abdulnabi and M. N. Abbas,  proposed “All-

optical logic gates based on nanoring insulator–metal–insulator plasmonic 

waveguides at optical communications band”. The analyzed gates are 

NOT, OR, AND, NOR, NAND, XOR, and XNOR. The operation principle 

of these gates is based on the constructive and destructive interferences 

between the input signal(s) and the control signal. as shown ink Figures 

(1.26) [99]. The proposed structure is designed with a very small area (400 

nm × 400 nm).Theo maximum contrasts ratio of 14 dB wash obtained. 
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Fig. 1.16 The proposed structure for [99]. 

In 2019, S. H. Abdulnabi and M. N. Abbas, proposed “Design 

an all-optical combinational logic circuits based on nano-ring insulator-

metal-insulator plasmonic waveguides”. The analyzed combinational logic 

functions are Half-Adder, Full-Adder, Half-Subtractor, and Comparator 

One-Bit. The operation principle of these combinational logic functions is 

based on the constructive and destructive interferences between the input 

signal(s) and control signal as shown in Figure (1.27) [100]. The structure 

that construct four combinational logic functions consists of two sub-

structures of dimensions (400nm×400nm) separated by 50nm width of 

perfect mirror to do the isolation process between the two sub-structures.  
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Fig. 1.17 The proposed structure for [100]. 

1.15 Thesis Organization 

This thesis is structured as follows; Chapter One: Introduces the 

theoretical concepts of the main topics in the thesis. Chapter Two: Introduces 

the proposed design structures and validation parameters of the proposed 

plasmonic logics gates structures. In addition, the concept off constructive sand 

destructives interferences will be presented. Chapter Three: Includes the 

simulations results sand discussion for them proposed plasmonic logics gates 

based on its proposed structure in Chapter Two. Chapter Four: Presents the y 

conclusions off the works sand the suggestions for future work.



 

Chapter Two 

Design of The Plasmonic Logic Gates 
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The structures of all-optical logic gates will be presented in this 

chapter. The normalized transmission of the structures as a function of 

structure parameters are shown in this chapter. In this part of thesis, Section 

2.2 introduces the structures of the all-optical NOT logic gate. Section 2.3 

demonstrates the structures off the ally-optical logics gates. Section 2.4 presents 

the ports distributions in the structure. Section 2.5 includes the structure to 

implement the multiple inputs all-optical logic gates. Section 2.6 presents 

the ports distributions in the structure of multiple inputs all-optical logic 

gates. The normalized transmission of the structures as a function of 

structure parameters are demonstrated in Section 2.7. 

2.1 The Structures of all-optical NOT gate 

The first structure to simulate the plasmonic NOT gate is shown 

in Figure (2.1).  

 

Fig.2. 1 All-optical NOT gate at C-band. 

The operation wavelength (λ) is 1550 nm, the structure dimensions are 

(width 180 nm × height 200 nm), the Nano-rings structure radii are (R) = 40 
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nm and (r) = 25 nm, the width of the straight waveguide (w) is (15 nm), and 

the coupling distances (d) between the Nano-rings structure and straight 

waveguides is (5 nm). The length of the left side (LT), middle and the right 

side stripes (L) are (300 and 190.5) nm, respectively. In the proposed NOT 

logic gate, there are three ports, input, output, and control ports, the control 

port is always in (ON) state. The metal material is silver, while the insulator 

material refractive index (n=1.78) at room temperature. The straight 

waveguides are represented by the metal material (silver), the remaining part 

of the proposed structure is represented by the insulator material. The second 

proposed structure to simulate and realize the plasmonic NOT gate is shown 

in Figure (2.2).  

 

Fig.2. 2 All-optical NOT gate at L-band 

The operation wavelength (λ) is 1310 nm, the structure dimensions are 

(350 nm ×350 nm), the nano-rings structure radii are (R) = 40 nm and (r) = 

25 nm, the width of the straight waveguide (w) is (15 nm), and the coupling 

distances (d) between them nano-rings structures and straight waveguides is 

(5 nm). The length of the left side (LT), middle and the rights sided stripes (L) 

are (350 and 230) nm, respectively. In the proposed NOT logic gate, there 
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are three ports, input, output, and control ports, the control port is always in 

(ON) state. The metal material is silver, while the insulator material 

refractive index (n=1.5). The straight waveguides are represented by the 

metal material (silver); the remaining part of the proposed structure is 

represented by the insulator material. 

2.2 The Structure of All-Optical Logics Gates 

The structure realize the entire basic logics gate OR, AND, NOT, 

NOR, NAND, XNOR, and XOR, is shown in Figure (2.3). 

 

Fig.2. 3 The structure all-optical logic gates 

By employing the plasmonic IMI waveguides technology the 

insulating material is sapphire which is sandwiched on the silver substrate 

the proposed gates are simulated and realized. The structure consists of three 

straight stripes and two dual-ring resonator to implement the desired gates 

based on the insulator–metal-insulator (IMI) plasmonic waveguides. The 

dimensions of the proposed structure are (350 × 350) nm, the length of the 

left side (LT), middle and the right side stripes (L) are (350 and 220) nm, 

respectively. The width of all linear waveguides (W) is taken as (15) nm, the 

radii of the inner (r) and outer ring (R) resonators are (25 sand 40) nm, 
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respectively, and the spacing distance3 (d) between the stripes sand the ring 

resonators is (5) nm. The resonance wavelengths of the plasmonic systems 

are based on the structure dimensions and effective refractive index of the 

materials. In the proposed design, the resonance wavelength is (1550) nm 

because this wavelength has a wide variety of applications in optical 

systems. This work centers around the wavelength of 1550 nm since this 

wavelength has a wide variety applications especially in optical 

communications. Maxwell conditions are settled numerically utilizing the 

two-dimensional Finite Element Method (FEM) by utilizing COMSOL 

Multiphysics bundle programming (Version 5.3) with a convolutional 

impeccably coordinated layer (CPML) as the engrossing limit state of the 

territory under recreation. The decision of this product program originated 

from the exactness of its outcomes contrasted and other programming 

programs utilized in a similar field, which relies upon the recurrence space 

as opposed to the time area. What's more, the structure is isolated into too 

little focuses to explain the conditions dependent on FEM right now. The 

structures tis energized by a TM enraptured plane waves withy electromagnetic 

fields segments of Ex, Ey, sand Hz. The proposed structures hash four ports 

which care the inputs port(s), controls port(s), sand the outputs ports. These ports 

care concluded by the required plasmonic gates. The SPPs care energized by 

propelling at TM-polarized planet waves toy the input port(s) sand controls 

port(s). Theo exhibition of the plasmonic logics gates tis estimated by twos 

criteria: the first tis the optical transmissions which is the ratio between optical 

output powers to the optical applied power. This should be possible by 

picking an edge estimation of transmission s between logics 1 (ON state) sand 

logics 0 (OFF states) ate the outputs so as toe decided the status of output [92]. 

The estimation of the transmissions threshold has been picked ask (0.5) so as 

to realize all the plasmonic gates using the same structural parameters.  The 

second parameter tis the contrast tor and extinction ratio between the minimum 

optical power of the ON state and the maximum optical power of the OFF 
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state of the output port. Whenever the variance between these output optical 

powers of these states tis larger, the performance off the plasmonic logics gates 

becomes better. These twos criteria care described by Equations (2.1) and (2.2) 

[28], [93], respectively.  

T =
Pout

Pin
           (for both states ON and OFF of the output port)        (2.1) 

Where T represents the optical transmissions, Poutrepresents the outputs 

powers at the output ports, and Pinrepresents the input power to the input port. 

Contrast Ratio (dB) = 10 log [
Pout(ON State)

Pin(OFF State)
]                                       (2.2) 

where Pout(ON State)is the transmitted optical power in the case 

of ON state (logics 1), and Pin(OFF State) is the transmitted optical power in 

case of OFF state (logic 0).  The transmitted optical power can be maximized 

or minimized based on the structure design, dimensions, and other 

parameters such as material refractive index, the polarization of the applied 

field and its phase. The basic operations of the logic gates are achieved based 

on the principle of the constructive sand destructive interferences between the 

signals which propagate in the linear waveguides and as a result of the 

interaction between the linear waveguides and the dual rings resonators new 

localized surface plasmon resonances (SPR) will be generated. The 

interference between the input light signals depends on the phased of the input 

lights field sand the position(s) of them active port(s) (input, controls) where the 

(SPR) is strong in near field regime thus, as the spacing distance (d) 

decreased, the constructive interference increased and as a result the 

transmitted power will be increased. According to our simulation results, the 

optimums spacing distance (d) between them dual ring resonators sand the 

linear waveguides is (5 nm). To realize the constructive interference the 

phase of the applied signals to the ports (input ports + activation port) as well 

as the propagation directions are the same, whereas the destructive 
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interference can be activated by making either the phase of them propagations 

directions of the applied waves to the ports care different. 

2.3 Distribution of Structure Ports 

To realize the behavior of NOT gate in the proposed design only 

one input port (port 2) is used, with two control ports (port 1 and port 3). 

Figure (2.4) shows the ports distribution of the proposed structure to realize 

the function of NOT logic gate. In order to perform the functions of the OR, 

AND, and EX-OR logic gates in the proposed design, two input ports are 

used (port 1 and port 2), with one control port (port 3), and output port (port 

4). Figure (2.5) shows the ports distribution of the proposed structure to 

realize the function of these logic gates. In order to perform the functions of 

the NOR, NAND, and EX-NOR logic gates in the proposed design, twos 

inputs ports are used (port 2 and port 3), with one control ports (port 1), sand 

outputs port (port 4). Figure (2.6) shows the ports distribution of the proposed 

structure to realize the function of these logic gates. 

 

Fig.2. 4 NOT logic gate ports distribution 
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Fig.2.5 OR, AND, and EX-OR logic gates ports distribution. 

 

Fig.2.6 NOR, NAND, and EX-NOR logic gates ports distribution. 
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2.4 The Structure of Multiple Inputs Ally-Optical Logics Gates 

The proposed structures toy simulate three inputs ally-optical logics 

gates is shown in Figure (2.7). NOT, AND, NAND, NOR, and EX-NOR all-

optical logic gates were suitably designed and investigated based on the 

linear interface between the propagated waves through the waveguides.  Theo 

dimensions of the proposed structures care (400 ×400) nm. The structure has 

four linear waveguides (straight waveguides) and three nano-rings 

resonators based on plasmonic IMI technology. The length of the second 

straight waveguide (LT) is (400 nm), while the length of the other straight 

waveguides (L) is (240 nm); the widths (w) of the waveguides tis (15 nm). 

The radii of the outer (R) sand inner (r) ring resonators are (40 nm) and (25 

nm) respectively. The spacing distanced (d) between the straight waveguides 

sand ring resonators is (5 nm). The metal material was silver, and the 

refractive index (n) of the insulator material was (1.292). Due to its wide 

applications in optical communications, the operation wavelength of (1550 

nm) is selected to be used in the proposed design. 

 

Fig. 2.7 The proposed structure of multiple inputs all-optical logic gates. 
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2.5 Ports Distribution of Multiple Inputs Logic Gates Proposed 

Structure 

In order to realize the behavior of all-optical multiple inputs AND 

logic gate in our design, (port 2) is considered as control (activation) port, 

ports (1, 3, sand 4) care the inputs ports, and port 5 tis the output port. Figure 

(2.8) shows the ports distribution of the proposed structure to realize the 

function of multiple inputs AND logics gates. The outputs status of the NAND 

logic gates tis (OFF) only in case of all inputs states are (ON); otherwise, the 

output status of the NAND gate is (ON). In the proposed design, ink order toy 

realized the behavior of the NAND logics gates, the constructive and 

destructive phenomena between the inputs and control ports are employed. 

The selected input ports are; (2, 3, and 4), sand the controls port is (port 1) 

while (port 5) is the output port. Figure (2.9) shows the ports distribution of 

the proposed structure to realize the function of multiple inputs NAND logic 

gate.  In our proposed structure, the realization of NOR logic gate behavior 

was done by using ports (2, 3, and 4) as inputs ports, (port 1) as a control 

(activation) port, and (port 5) as an output port. Figure (2.9) shows the ports 

distribution of the proposed structure to realize the function of multiple 

inputs NORE logic gates. The outputs state of the EX-NOR gates is (ON) only 

when; even number of inputs is in (ON) state or all the inputs are in (OFF) 

state otherwise, the output state is OFF. In our EX-NOR gate proposed 

structure, the input ports are (2, 3, and 4); the control port is (port 1), (port 

5) is the output port. Figure (2.9) shows the ports distribution of the proposed 

structure to realize the function of multiple inputs EX-NOR logic gate. To 

realize the behavior of all-optical NOT gate in our proposed structure, only 

three ports are used, and the remaining two ports are not used. (Port 2) is the 

input ports, the control port tis (port 1), sand (port 5) is the output ports. Figure 

(2.10) shows the ports distribution of the proposed structure to realize the 

function of NOT logic gate. 
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Fig. 2.8 The proposed structure of multiple inputs all-optical AND logics gates. 

 

Fig. 2.9 The proposed structures of multiple inputs all-optical NAND, NOR, and 

EX-NOR logic gates. 
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Fig. 2.10 The proposed structure all-optical NOT logic gate. 

2.6 Optical Transmission Based on Structure Parameters 

The normalized optical transmission of the proposed structure toe 

realized ally-optical logics gates is changed according to the structure 

parameters such as the geometrical parameters which are; waveguides length 

(L), nano-rings radii (R and r), width of  the waveguides (w), and the spacing 

distance between the waveguides (d) as presented in Figures; (2.2), (2.3),  

and (2.6). Also, the normalized transmission depends on the materials that 

used to construct the structure; metals and insulators because each material 

has own refractive index which effect on the transmission of the structure. 

In this section the effect of geometrical structure parameters and type of used 

metal on the normalized optical transmission will be presented as a function 

of wavelength. 
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2.6.1 Optical Transmission as a Function of Spacing Distance 

The interaction between the straight waveguides and Nano-rings 

leads to create new localized surface plasmon Resonance (LSPR) resulted 

from the coupling between the rings and straight waveguides [96]. Since the 

plasmon resonances is strongly coupled at nears-field regimes which occurs 

ate very shorts distance, thus; the couplings distance (d) between the 

waveguides and Nano-rings should be decreased as much as possible to 

increase the value of the plasmonic field. In the proposed structure the 

coupling distance (d) is assumed to be (5 nm), it’s not possible to make the 

coupling distance less than this value due to the problems of fabrication 

limitations and interferences when this structure is practically implemented. 

Figure (2.11) shows that when the coupling distance (d) between the straight 

waveguides and Nano-rings is increased, the normalized optical 

transmission is decreased at the resonance wavelength (1550 nm) of the 

proposed structure. The simulation results shows that the spacing distance 

(d) of (5 nm) is the optimum value to reach the best transmission at the 

resonance wavelength in the proposed structure. 

 

Fig. 2.11 The optical transmission as a function of coupling distance (d). 
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2.6.2 Optical Transmission as a Function of Waveguide Length 

In the designed structures; Figures; (2.1), (2.2), (2.3) and (2.6), 

when the waveguide length (L) is changed with fixing all other structure 

parameters, the transmitted power is slightly changed. When the waveguide 

length (L) is increased from (210 to 250) nm, the normalized optical 

transmitted is slightly reduced and shifted from (130 to 113) %. As shown 

from the simulation results in Figure (2.12), the optimum waveguide length 

(L) is (220 nm) which gives the maximum peak at the center of resonance 

wavelength (1550 nm). 

 

Fig. 2.12 The optical transmission as a function of waveguide length (L). 
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2.6.3 Optical Transmission as a Function of Outer Ring Radius  

In the proposed structures which are shown in Figures; (2.1), (2.2), 

(2.3) and (2.6), changing the bigger ring diameter (R) with fixing all other 

parameters results in variation in normalized transmission with slightly blue 

or red shifting. If the diameter (R) of the outer ring is above (40 nm), the 

transmission of the proposed structure will decrease and the resonance 

wavelength will have slight blue shifting. If the diameter (R) of the outer 

ring is below (40 nm), the transmission increased with red shifting, till 

specific value which is (30 nm) the transmission again will be decreased. As 

shown from the simulation results in Figure (2.13), the optimum radius (R) 

of the bigger ring is (40 nm) which gives the maximum transmission peak at 

the center of resonance wavelength (1550 nm). 

 

Fig. 2.13 The optical transmission as a function of bigger ring radius (R). 
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2.6.4 Optical Transmission as a Function of Inner Ring Radius  

In the proposed structures which are shown in Figures; (2.1), (2.2), 

(2.3) and (2.6), changing the smaller ring diameter (r) with fixing all other 

parameters leads to slightly variation in transmission and shifting in 

resonance wavelength.  As shown from the simulation results in Figure 

(2.14), when radius (r) of the smaller ring is (25 nm), this gives a maximum 

transmission peak at the center of resonance wavelength (1550 nm). 

 

 

Fig. 2.14 The optical transmission as a function of smaller ring radius (r). 
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2.6.5 Optical Transmission as a Function of Structure Metal 

In the proposed structures which are shown in Figures; (2.1), (2.2), 

(2.3) and (2.6), changing the structure metal which is used in the structure 

gives different transmissions at different resonance wavelengths. Based on 

the proposed structure aims of design, and as appeared from the simulation 

results in Figure (2.15) only (Ag) metal gives the desired transmission at the 

desired resonance wavelength which is (1550 nm) due to its applications in 

optical communications domain as a result of low attenuation of this band. 

 

Fig. 2.15 The optical transmission as a function of structure metal. 

 

  



 

Chapter Three 

Simulation Results and Discussions 
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Chapter Three 

This chapter gives the simulated results to evaluate the 

performance of the proposed plasmonic logic gates. The proposed structures 

have been simulated by using COMSOL Multiphysics package software 

(version 5.3) in order to perform the functions of the proposed plasmonic 

logic gates optically based on Nano-ring IMI plasmonic waveguide. The 

transmission of optical power and contrast ratio depend on the two criteria 

which determine the performance of the desired logic gate. The two criteria 

will be explained and discussed in this chapter. In this part of thesis, Section 

3.2 introduces the simulation results and their discussions of the proposed 

plasmonic NOT logic gate. Section 3.3 presents simulation results and 

discussions for the proposed all-optical polasmonic logic gates, in addition 

to explaining the operation of each proposed plasmonic logic gate and 

calculating the constant ratio of each one. A comparison between the 

proposed plsamonic logic gates and previous works is presented in section 

3.4. Section 3.5 presents the simulation results and the discussions of the 

proposed multiple inputs all-optical logic gates. 

3.1 The All-Optical NOT Logic Gate 

In the case of the input port was in OFF state, the transmission 

value which described in Equation (2.1) is calculated by dividing the output 

power which is the power of the light signal in the output port to the input 

power which is the power of the light signal in the control port. In the first 

proposed structure shown in Figure (2.1), the transmission value was (0.718) 

which exceeds the transmission threshold which was (0.5). In case of the 

input port was in (ON) state, the light signal is applied to the input port at 

the wavelength of (1550 nm) and phase angle of (180º), while the light signal 

which is applied to the control port at the same wavelength (1550 nm) and 

phase angle of (45º), due to the phase difference between the two light 
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signals in the input and control ports the destructive interference between 

them will occur which makes the output state is in (OFF) state because the 

transmission, in this case, is (0.258) which is below the transmission 

threshold of (0.5). In the second proposed structure shown in Figure (2.2), 

the transmission value was (0.725) which exceeds the transmission threshold 

which was (0.5). In case of the input port was in (ON) state, the light signal 

is applied to the input port at the wavelength of (1310 nm) and phase angle 

of (180º), while the light signal which is applied to the control port at the 

same wavelength (1310 nm) and phase angle of (45º), due to the phase 

difference between the two light signals in the input and control ports the 

destructive interference between them will occur which makes the output 

state is in (OFF) state because the transmission, in this case, is (0.35) which 

is below the transmission threshold of (0.5).  

 

Fig.3.1 Normalized transmission of the first proposed all-optical NOT logic gate as 

a function of wavelength for different input states 
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The normalized transmission of the first proposed NOT logic gate, 

and the magnetic field distributions of the proposed gate at different input 

states are shown in Figure (3.1) and (3.2), respectively. The operation details 

of the proposed all-optical NOT logic gate are presented in Table (3.1). The 

normalized transmission of the second proposed NOT logic gate, and the 

magnetic field distributions of the proposed gate at different input states are 

shown in Figure (3.3) and (3.4), respectively. The operation details of the 

proposed all-optical NOT logic gate are presented in Table (3.2). 

 

(a) 

 

 (b) 

Fig.3. 2 The magnetic field distribution of the first proposed all-optical NOT logic 

gate at the different input states; (a) off input state, and (b) on input state. 
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Table 3. 1 The operation details of the first proposed all-optical NOT logic gate. 

Input 

Port 

State 

Phase 

Angle 

Degree 

Control 

Port 

State 

Phase 

Angle 

Degree 

Optical 

Transmission 

Transmission 

Threshold 

Output 

Port 

State 

OFF 0 ON 0 0.718 0.5 ON 

ON 180 ON 45 0.258 0.5 OFF 

Contrast Ratio (CR) = 4.44 (dB)  

 

Fig.3. 3 Normalized transmission of the proposed all-optical not logic gate as a 

function of wavelength for different input states. 
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                               (a)                                                                   (b)  

Fig. 3. 4 The magnetic field distribution of the proposed all-optical NOT logic gate 

at the different input states; (a) off input state, and (b) on input state.  

Table 3. 2 The Operation Details of the Proposed All-Optical NOT Logic Gate 

Input 

Port 

State 

Phase 

Angle 

Degree 

Control 

Port 

State 

Phase 

Angle 

Degree 

Optical 

Transmission 

Transmission 

Threshold 

Output 

Port 

State 

OFF 0 ON 0 0.725 0.5 ON 

ON 180 ON 45 0.35 0.5 OFF 

Contrast Ratio (CR) = 3.16 (dB)  

 

3.2 All-Optical Logic Gates 

In this section, the simulated results of all-optical logic gates are 

presented and discussed. The simulated gates are; NOT, OR, AND, NOR, 

NAND, EX-OR, and EX-NOR. The normalized transmission of each 

simulated logic gate, the magnetic field distribution at different input states, 

and the operation information tables are presented and discussed. 
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 3.2.1 All-Optical NOT Logic Gate 

In the proposed design of all-optical NOT gate shown in Figure 

(2.3), two control ports are used (port 1 and 3), one input port (port 2), and 

one output port (port 4) is presented in Figure (2.4). As mentioned earlier, in 

this chapter, the control ports are always in (ON) state to provide the 

necessary power to the proposed structure and to employ the interference 

phenomena between the propagated signals in (input and control) ports. In 

case of the input, port state is in (OFF) state, the light signals which are 

lunching to the control ports at the wavelength of (1550 nm) will propagate 

through the ports in the same directions and in the same phase, as a result, 

the constructive interference between these signals occurs and that leads to 

amplify the propagated signals which make the transmission at the output 

port, in this case, is (0.882), the transmission value at the input state is in 

(OFF) state exceeds the transmission threshold which is (0.5). Thus, in the 

case of the input state is (OFF), the output state is (ON). In case of the input 

port is in (ON) state, the light signal is applied to input port at the wavelength 

of (1550 nm) with phase angle of (180º), while the light signal which is 

lunching to the control port 1 is at the wavelength of (1550 nm) with phase 

angle of (45º), and the light signal that propagates through the control port 2 

is at the wavelength of (1550 nm) with phase angle of (180º). The 

constructive interference between the three signals due to different 

propagation directions and different phase angles plays a big role to make 

the transmission, in this case, is (0.09) which is below the transmission 

threshold of the proposed structure. Thus, in the case of the input state is 

(ON), the output state is (OFF).  The normalized transmission of the 

proposed NOT logic gate, and the magnetic field distributions of the 

proposed gate at different input states is shown in Figures (3.5) and (3.6), 

respectively. The operation details of the proposed all-optical NOT logic 

gate are presented in Table (3.3). 
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Fig.3. 5 Normalized transmission of the proposed all-optical NOT logic gate as a 

function of wavelength for different input states. 

 

(a)                                                                     (b)  

Fig.3. 6 The magnetic field distribution of the proposed all-optical NOT logic gate 

at the different input states; (a) off input state, and (b) on input state.  

 

 



58 

 

Table 3. 3 The Operation Details of the Proposed All-Optical NOT Logic Gate 

Input 

port 

status 

Phase 

degree 

Control 

port 1 

status 

Phase 

degree 

of 

control 

1 

Control 

port 2 

status 

Phase 

degree 

of 

control 

2 

(T) 
T 

Threshold 

Output 

port 

status 

OFF 0 ON 0 ON 0 0.882 0.5 ON 

ON 180 ON 45 ON 180 0.09 0.5 OFF 

Contrast Ratio (CR) of The Proposed Gate = 9.91 (dB)  

Equation (2.3) is used to calculate the contrast ratio (CR) where 

the minimum transmission at the output port in case of the output state is 

(ON) is (0.882), and the maximum transmission at the output in case of the 

output state is (OFF) is (0.09), and thus the contrast ratio (CR) is (9.91 dB). 

The value of the contrast ratio for the proposed NOT logic gate is relatively 

high value due to the large variance between the transmissions, and thus the 

performance of this gate is very good and efficient where whenever the 

contrast ratio is high, the performance is better and vice versa. 

3.2.2 All-Optical OR Logic Gate 

In the proposed design of all-optical OR gate shown in Figure 

(2.3), two input ports are used (port 1 and 2), one control port (port 3), and 

one output port (port4) as presented in Figure (2.5). In the first case of this 

gate, when the two input ports are in (OFF) state, only the control port is 

(ON). According to OR logic gate truth table, in case of all inputs are in 

(OFF) state, the output should be in (OFF) state also, thus the ports 

distribution of this gate (Figure 2.5) are selected to realize the truth table of 

this gate and this is the reason of considering (port 3) as the control port 

which is always (ON) to give low transmission of (0.053) in the case of both 

inputs are in (OFF) state which is below the transmission threshold which is 

(0.5), this distribution leads to realizing the first case of OR gate truth table. 

The second case of OR logic gate, when only one input of the two inputs is 

in (ON) state and the other input is in (OFF) state; (OFF-ON) or (ON-OFF). 

In the second case the light fields at the wavelength of (1550 nm) that are 
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inserted to the input and control ports are in phase and propagate in the same 

direction to employ the constructive interference between these fields to 

actualize the function of OR gate which state that if any input of the inputs 

is in (ON) state, the output has to be in (ON) state. According to the 

simulation results, the transmission of the cases; (OFF-ON) and (ON-OFF) 

are (0.88) and (0.8) respectively, and they are above the transmission 

threshold of (0.5). In the last case, when all the inputs are in (ON) state; (ON-

ON) the light fields at (1550 nm) are lunched to the inputs and control ports 

without any phase difference and in the same propagation direction. The 

constructive interference between the three light fields leads to great 

amplification of the output transmission exceeds (100%) and thus the 

transmission, in this case, is (1.26). The normalized transmission of the 

proposed OR logic gate and the magnetic field distributions of the proposed 

gate at different input states is shown in Figure (3.7) and (3.8) respectively. 

The operation details of the proposed all-optical OR logic gate are presented 

in Table (3.4). 

 
Fig.3. 7 Normalized transmission of the proposed all-optical OR logic gate as a 

function of wavelength for different input states. 
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                              (a)                                                                    (b) 

 

                                (c)                                                                    (d) 

Fig.3. 8 The magnetic field distribution of the proposed all-optical OR logic gate at 

the different input states; (a) (off-off) input states, (b) (off-on) input states, (c) (on-

off) input states, and (d) (on-on) input states.  

Table 3. 4 The operation details of the proposed all-optical OR logic gate 

Input 

Port 1 

Status 

Phase 

Degree 

Input 

Port 2 

Status 

Phase 

Degree 

Control 

Port 

Status 

Phase 

Degree 
(T) 

T 

Threshold 

Output 

Port 

Status 

OFF 0 OFF 0 ON 0 0.053 0.5 OFF 

OFF 0 ON 0 ON 0 0.88 0.5 ON 

ON 0 OFF 0 ON 0 0.8 0.5 ON 

ON 0 ON 0 ON 0 1.26 0.5 ON 

Contrast Ratio (CR) of The Proposed Gate = 11.78 (dB) 

 

The minimum transmission at the output port in case of the output 

state is (ON) is (0.8), and the maximum transmission at the output in case of 

the output state is (OFF) is (0.053), according to Equation (2.3) the contrast 
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ratio (CR) is equal to (11.78 dB). The performance of the proposed OR logic 

gate is very good and efficient due to the high contrast ratio between the 

(ON) and (OFF) states. 

3.2.3 All-Optical AND Logic Gate 

In the proposed design of all-optical AND gate shown in Figure 

(2.3), ports distribution of proposed AND gate is similar to that of OR gate 

which is; input ports (port 1 and 2), control port (port 3), and output port 

(port4) as presented in Figure (2.5). To realize the function of the AND logic 

gate according to its truth table the ports are selected and distributed to 

exploit the interference between the signals of these ports. The outputs of 

AND gate are (OFF) in all cases, except in case of all inputs are in (ON) 

state. In the first case of AND gate cases where the inputs are in (OFF) state, 

only the control port is (ON) as usual. The position of the control port is 

selected to give low transmission below the transmission threshold (0.5) to 

actualize the function of the AND gate. In the first case, only the light signal 

in the control port is propagated and thus the transmission of this case is 

(0.053) and the output state is (OFF). The second case of AND gate is one 

of the inputs is (ON), and the other one is (OFF), in such condition in order 

to realize the AND gate behavior the phase difference between the light 

signals in the input and control ports is inserted. In (OFF-ON) input state, 

the light signal in the input port is lunched with a phase difference of (45º), 

and the light signal in the control port is lunched with (180º) phase 

difference. The destructive interference between these signals due to 

different phase angles and different propagation direction makes the 

transmission of this state is (0.003), the output state is (OFF). In (ON-OFF) 

state, the light field in the input port is lunched with (45º) phase difference 

angle while the control ports signal with (180º) phase difference the same as 

the (OFF-ON) setup. The transmission, in this case, is (0.231), higher than 
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the transmission of the previous case due to the position of the port with 

respect to the output port.  

 

Fig.3. 9 Normalized transmission of the proposed all-optical AND logic gate as a 

function of wavelength for different input states. 

The last case is (ON-ON) state, where all the inputs and control 

ports are in (ON) state, the light fields propagate in the waveguides in phase 

and in the same propagation direction to exploit the constructive interference 

between these fields which realize the function of AND gate of this case. 

Again, the high constructive interference between the three light signals 

propagating in phase and in the same propagation direction leads to make 

the transmission of this case more than (100%) where the transmission is 

equal to (1.26).  
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                               (a)                                                                    (b) 

 
                              (c)                                                                     (d) 

Fig.3. 10 The magnetic field distribution of the proposed all-optical AND logic gate 

at different input states; (a) (off-off) input states, (b) (off-on) input states, (c) (on-

off) input states, and (d) (on-on) input states.  

The normalized transmission of the proposed AND logic gate and 

the magnetic field distributions of the proposed gate at different input states 

is shown in Figure (3.9) and (3.10) respectively. The operation details of the 

proposed all-optical AND logic gate are presented in Table (3.5). 

Table 3. 5 The operation details of the proposed all-optical AND logic gate 

Input 

Port 1 

Status 

Phase 

Degree 

Input 

Port 2 

Status 

Phase 

Degree 

Control 

Port 

Status 

Phase 

Degree 
(T) 

T 

Threshold 

Output 

Port 

Status 

OFF 0 OFF 0 ON 0 0.053 0.5 OFF 

OFF 0 ON 45 ON 180 0.003 0.5 OFF 

ON 45 OFF 0 ON 180 0.231 0.5 OFF 

ON 0 ON 0 ON 0 1.26 0.5 ON 

Contrast Ratio (CR) of The Proposed Gate = 7.36 (dB) 
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The minimum transmission at the output port in case of the output 

state is (ON) is (1.26), and the maximum transmission at the output in case 

of the output state is (OFF) is (0.231), according to Equation (2.3) the 

contrast ratio (CR) is equal to (7.36 dB). The performance of the proposed 

NOT logic gate is good. 

3.2.4 All-Optical NOR Logic Gate 

In the proposed design of all-optical NOR gate shown in Figure 

(2.3), ports distribution of proposed NOR gate is; input ports (port 2 and 3), 

control port (port 1), and output port (port4) as presented in Figure (2.6). The 

function of the NOR logic gate states that; the output of this gate is (ON) 

only when all inputs are in (OFF) state, otherwise, the output of the gate is 

(OFF). To realize the behavior of this gate (port 1) is selected as the control 

port according to its location with respect to the output port, to give a 

transmission value above the threshold (0.5) especially at the first case when 

the inputs are (OFF) to actualize the function of NOR logic gate. In the first 

case, when all the inputs are in (OFF) state, only the light field of control 

port is propagating towards the output port, the transmission of this case is 

(0.502) which is above the threshold (0.5) and thus the output state of this 

case is (ON) state. The second case of NOR gate is when only one input port 

is (ON) and the other input port is (OFF), in the case in order to realize the 

function of NOR gate the destructive interference between the light fields in 

the inputs and control ports is employed by tuning the phase difference to 

achieve the desired output state based on the truth table of the NOR gate. In 

the case of the input states are; (OFF-ON) or (ON-OFF), the light field is 

lunched to the input port with a phase difference of (180º), and the phase 

difference of the control port light field is (45º). The destructive interference 

between the fields will take place and thus the transmissions of both cases 

(OFF-ON) and (ON-OFF) are; (0,233) and (0.275) respectively, and thus the 

output states of these cases are (OFF). In the last case; when the two inputs 
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are in (ON) state, the light fields in the input ports is lunched to the input 

ports with a phase angle of (180º), while the light phase angle of the control 

port is (45º). The effect of destructive interference is higher than the previous 

case because the number of light fields which are propagating with different 

phase and direction is increased. The transmission of the last case is (0.09) 

and thus the output state of this case is (OFF).  The normalized transmission 

of the proposed NOR logic gate and the magnetic field distributions of the 

proposed gate at different input states is shown in Figure (3.11) and (3.12) 

respectively. The operation details of the proposed all-optical NOR logic 

gate are presented in Table (3.6). 

 

Fig.3. 11 Normalized transmission of the proposed all-optical NOR logic gate as a 

function of wavelength for different input states. 
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                                (a)                                                                   (b) 

 

  (c)                                                                    (d) 

Fig.3. 12 The magnetic field distribution of the proposed all-optical NOR logic gate 

at different input states; (a) (off-off) input states, (b) (off-on) input states, (c) (on-

off) input states, and (d) (on-on) input states.  

Table 3. 6 The Operation Details of the Proposed All-Optical NOR Logic Gate 

Input 

Port 1 

Status 

Phase 

Degree 

Input 

Port 2 

Status 

Phase 

Degree 

Control 

Port 

Status 

Phase 

Degree 
(T) 

T 

Threshold 

Output 

Port 

Status 

OFF 0 OFF 0 ON 0 0.502 0.5 ON 

OFF 0 ON 180 ON 45 0.233 0.5 OFF 

ON 180 OFF 0 ON 45 0.275 0.5 OFF 

ON 180 ON 180 ON 45 0.09 0.5 OFF 

Contrast Ratio (CR) of The Proposed Gate = 2.6 (dB) 
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3.2.5 All-Optical NAND Logic Gate 

In the proposed design of all-optical NAND gate shown in Figure 

(2.3), ports distribution of the proposed NAND gate is; input ports (port 2 

and 3), control port (port 1), and output port (port4) as presented in Figure 

(2.6). The function of NAND gate states that; the output state of the NAND 

in all cases is (ON) except in the case of both inputs are (OFF), the output 

state in this case is (OFF).  

In order to realize the function of NAND gate in the cases of; 

(OFF-OFF), (OFF-ON), and (ON-OFF) the light fields is lunched to the 

inputs and control ports without any phase difference angle and in the same 

propagation direction to activate the constructive interference and thus the 

output will be (ON).  In the first three input states which are; (OFF-OFF), 

(OFF-ON), and (ON-OFF), the output state is (ON) and the transmissions 

are (0.502, 0.88, and 0.798) respectively, all these transmissions are above 

the transmission threshold of (0.5). The fourth input state is (ON-ON), in this 

case the light signals are lunched to the inputs and control ports with phase 

angle difference to activate the destructive interference and make the output 

state of this case is (OFF).  
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Fig.3. 13 Normalized transmission of the proposed all-optical NAND logic gate as a 

function of wavelength for different input states. 

The phase angles associated with the three ports (input port 1, 

input port 2, and control port) are (180º, 180º, and 45º) respectively. The 

transmission of the last case is (0.09) which is below the transmission 

threshold of (0.5) and thus the output state of this case is (OFF). The 

normalized transmission of the proposed NAND logic gate and the magnetic 

field distributions of the proposed gate at different input states is shown in 

Figure (3.13) and (3.14) respectively. The operation details of the proposed 

all-optical NAND logic gate are presented in Table (3.7). 
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                                (a)                                                                    (b) 

 

                                 (c)                                                                   (d) 

Fig.3. 14 The magnetic field distribution of the proposed all-optical NAND logic 

gate at different input states; (a) (off-off) input states, (b) (off-on) input states, (c) 

(on-off) input states, and (d) (on-on) input states.  

 

Table 3. 7 The operation details of the proposed all-optical NAND logic gate 

Input 

Port 1 

Status 

Phase 

Degree 

Input 

Port 2 

Status 

Phase 

Degree 

Control 

Port 

Status 

Phase 

Degree 
(T) 

T 

Threshold 

Output 

Port 

Status 

OFF 0 OFF 0 ON 0 0.502 0.5 ON 

OFF 0 ON 0 ON 0 0.88 0.5 ON 

ON 0 OFF 0 ON 0 0.798 0.5 ON 

ON 180 ON 180 ON 45 0.09 0.5 OFF 

Contrast Ratio (CR) of The Proposed Gate = 7.46 (dB) 
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The minimum transmission at the output port in case of the output 

state is (ON) is (0.502), and the maximum transmission at the output in case 

of the output state is (OFF) is (0.09), according to Equation (2.3) the contrast 

ratio (CR) is equal to (7.46 dB).  

3.2.6 All-Optical EX-OR Logic Gate 

The output state of the EX-OR logic gate is ON only when the two 

input states are in opposite input logic states (OFF-ON) or (ON-OFF) 

otherwise, the output state is OFF. In the proposed design of all-optical EX-

OR gate shown in Figure (2.3), ports distribution of proposed EX-OR gate 

is similar to that of OR, and AND gates which is; input ports (port 1 and 2), 

control port (port 3), and output port (port4) as presented in Figure (2.5). 

Only in the cases of the input states are similar (OFF-OFF), and (ON-ON) 

the phase angle difference is inserted when the light signals are lunched to 

the inputs and control ports to take the advantage of destructive interference 

between the light signals and thus the function of EX-OR logic gate is 

realized. In the case of opposite input states; (OFF-ON) and (ON-OFF), the 

light fields are propagates in phase and in the same propagation direction 

and thus the transmissions of these two states are above the transmission 

threshold of (0.5), the transmissions were (0.883 and 0.8) respectively. In the 

other input states; (OFF-OFF) and (ON-ON) the phase angle difference 

between the light fields in the input and control ports are inserted to employ 

the destructive interference between them. In (ON-ON) input state the phase 

angle difference was (180º, 180º, and 45º) respectively. The transmission of 

the (OFF-OFF) and (ON-ON) input states are (0.053 and 0.09), respectively.  
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Fig.3. 15 Normalized transmission of the proposed all-optical EX-OR logic gate as 

a function of wavelength for different input states. 

The normalized transmission of the proposed EX-OR logic gate 

and the magnetic field distributions of the proposed gate at different input 

states is shown in Figure (3.15) and (3.16) respectively. The operation details 

of the proposed all-optical EX-OR logic gate are presented in Table (3.8). 

The minimum transmission at the output port in case of the output state is 

(ON) is (0.8), and the maximum transmission at the output in case of the 

output state is (OFF) is (0.09), according to Equation (2.3) the contrast ratio 

(CR) is equal to (11.78 dB). 
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                                (a)                                                                  (b) 

 

                                  (c)                                                                   (d)  

Fig.3. 16 The magnetic field distribution of the proposed all-optical EX-OR logic 

gate at different input states; (a) (off-off) input states, (b) (off-on) input states, (c) 

(on-off) input states, and (d) (on-on) input states.  

 

Table 3. 8 The operation details of the proposed all-optical EX-OR logic gate 

Input 

Port 1 

Status 

Phase 

Degree 

Input 

Port 2 

Status 

Phase 

Degree 

Control 

Port 

Status 

Phase 

Degree 
(T) 

T 

Threshold 

Output 

Port 

Status 

OFF 0 OFF 0 ON 180 0.053 0.5 OFF 

OFF 0 ON 0 ON 0 0.883 0.5 ON 

ON 0 OFF 0 ON 0 0.80 0.5 ON 

ON 180 ON 180 ON 45 0.09 0.5 OFF 

Contrast Ratio (CR) of The Proposed Gate = 11.78 (dB) 
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3.2.7 All-Optical EX-NOR Logic Gate 

The output state of EX-NOR logic gate is (ON) only when the two 

input states are the same (OFF-OFF) or (ON-ON); otherwise, the output state 

is (OFF). In the proposed EX-NOR logic gate structure shown in Figure 

(2.3), the two input ports are (port 2 and port 3), the control port is (port 1), 

and the output port is (port 4) as presented in Figure (2.6). The function of 

the EX-NOR gate can be realized by employing the phenomena of the 

constructive and destructive interference between the propagating signals in 

input and control ports. In the similar input states; (OFF-OFF) and (ON-ON), 

the light signals are lunched to the inputs and control ports without phase 

difference between them and in the same propagation direction in order to 

accomplish (ON) output state. In (OFF-ON) and (ON-OFF) input states, the 

light signals is lunched with phase difference angle between them in order 

to activate the destructive interference between the signals and thus the 

output state will be (OFF). The normalized transmission of the proposed EX-

NOR logic gate and the magnetic field distributions of the proposed gate at 

different input states is shown in Figures (3.17) and (3.18), respectively. The 

operation details of the proposed all-optical EX-NOR logic gate are 

presented in Table (3.9). 
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Fig.3. 17 Normalized transmission of the proposed all-optical EX-NOR logic gate 

as a function of wavelength for different input states. 

 

(a)                                                                   (b) 

Fig.3. 18 The magnetic field distribution of the proposed all-optical EX-NOR logic 

gate at different input states; (a) (off-off) input states, (b) (off-on) input states, (c) 

(on-off) input states, and (d) (on-on) input states.  
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                                 (c)                                                                   (d) 

Fig. 3. 18  (Continued). 

 

Table 3. 9 The operation details of the proposed all-optical EX-NOR logic gate 

Input 

Port 1 

Status 

Phase 

Degree 

Input 

Port 2 

Status 

Phase 

Degree 

Control 

Port 

Status 

Phase 

Degree 
(T) 

T 

Threshold 

Output 

Port 

Status 

OFF 0 OFF 0 ON 0 0.505 0.5 ON 

OFF 0 ON 180 ON 45 0.228 0.5 OFF 

ON 180 OFF 0 ON 45 0.26 0.5 OFF 

ON 0 ON 0 ON 0 1.26 0.5 ON 

Contrast Ratio (CR) of The Proposed Gate = 2.88 (dB) 

 

3.3. Comparison between the Proposed Structure and the Previous 

Related Works.  

Table (3.10) shows brief comparison between the proposed 

structure of two inputs all-optical logic gates with the previous related works 

in terms of;  No. of the Proposed Logic Gates, Dimensions, Operation 

Wavelength, The Proposed Logic Gates, Insulator-Metal Materials, Max. 

Optical Transmission, and Transmission Threshold. 
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Table 3. 10 Comparison between the proposed structure and related works 

Comparison 

Element 

Proposed 

Structure 

Reference 

No. [99] 

Reference 

No. [27] 

Reference 

No. [29] 

Reference 

No. [69] 

No. of the 

Proposed 

Logic Gates 

7 logic gates 7 logic gates 3 logic gates 
2 logic 

gates 

2 logic 

gates 

Dimensions 
350 nm × 350 

nm 

400 nm × 

400 nm 

750 nm × 

900 nm, and  

1.5 μm × 1.8 

μm 

3 μm × 2 

μm 

1075 nm × 

1000 nm 

for OR gate 

1625 nm × 

1000 nm 

for NOR 

gate 

Operation 

Wavelength 
1550 nm 1550 1535 nm 944 nm 1360 nm 

The Proposed 

Logic Gates 

All gates 

NOT, AND, 

OR, NOR, 

NAND, EX-

OR, and 

EX-NOR 

gates 

All gates 

NOT, AND, 

OR, NOR, 

NAND, EX-

OR, and 

EX-NOR 

gates 

NOT, AND, 

and NOR 

gates 

AND and 

NOR gates 

OR, and 

NOR gates 

Insulator-

Metal 

Materials 

Sapphire – 

silver 

Teflon – 

silver 
Sio2 – silver Air – silver Air – silver 

Max. Optical 

Transmission 

88.2% for 

NOT gate, 

126% for OR 

gate, 126 for 

AND gate, 

88% for 

NAND gate, 

50% for NOR 

gate, 88.3% 

for EX-OR 

gate, and 

126% for EX-

NOR gate 

28 % for 

NOT gate, 

175% for OR 

gate, 72 for 

AND gate, 

112% for 

NAND gate, 

28% for 

NOR gate, 

63% for EX-

OR gate, and 

175% for 

EX-NOR 

gate 

70% for 

NOT gate, 

70% for 

NOR gate, 

and 90% for 

AND gate 

84.06% for 

AND gate, 

 80.07 for 

NOR gate 

62 % for 

OR gate 

69% for 

NOR gate 

Transmission 

Threshold 
50 % 25 % 35 % 50% or less 30 % 

 

3.4. The Multiple Inputs All-Optical Logic Gates 

In this section, all the simulation results of three inputs all-optical 

logic gates were presented and well discussed. The simulated gates are; 

NOT, AND, NAND, NOR, and EX-NOR all-optical logic gates. The 

operation wavelength was 1550 nm. The simulation results show that the 

optical transmission threshold of (0.26) which performs the operation of 
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planned logic gates to be accomplished. Moreover, simulation results show 

that the proposed compact structure of all-optical logic gates may have 

potential applications in all-optical integrated networks. The normalized 

transmission of each simulated logic gate, the magnetic field distribution at 

different input states, and the operation information tables will be presented 

and discussed. 

3.4.1 Three Inputs All-Optical NOT Logic Gate 

To perform the function of all-optical NOT gate in the proposed 

multiple inputs logic gates structure shown in Figure (2.7), only three ports 

are used, and the remaining two ports are not used. (Port 2) is the input port, 

the control port is (port 1), and (port 5) is the output port as presented in 

Figure (2.10). The NOT logic gate have only two input states either (OFF) 

or (ON), this the reason of using only one input port to present the two input 

states. In the case of the input port state is in (OFF) state, the light field in 

the control port is propagating towards the output port directly without any 

interference between the light fields. The transmission of this case is (0.289) 

which is above the transmission threshold of (0.26), and thus the output state 

of this case in (ON) state. In case of input port is in (ON) state, phase 

difference angle of (180º) is inserted with the light signal in the input port 

and phase angle of (45º) is inserted with the light angle in the control port. 

Due to the phase angle difference between the light signals and different 

propagation direction, the destructive interference takes place between them 

which makes the transmission of this case is (0.113) below the transmission 

threshold of (0.26) and thus the output state is (OFF). The normalized 

transmission of the proposed three inputs NOT logic gate and the magnetic 

field distributions of the proposed gate at different input states are shown in 

Figure (3.19) and (3.20) respectively. The operation details of the proposed 

all-optical three inputs NOT gate are presented in Table (3.11). 
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Fig.3. 19 Normalized transmission of the proposed all-optical three inputs NOT 

logic gate as a function of wavelength for different input states. 

 

(a)                                                                (b) 

Fig.3. 20 The magnetic field distribution of the proposed all-optical three inputs 

NOT logic gate at the different input states; (a) off input state, and (b) on input 

state. 



79 

 

Table 3. 11 The operation details of the proposed all-optical three inputs NOT 

logic gate 

Input  

Port 1 

Status 

and 

(Phase°) 

Input 

Port 2 

Status 

and 

(Phase°) 

Input  

Port 3 

Status 

and 

(Phase°) 

Control 

Port 

Status 

and 

(Phase°) 

Output 

Port  

Status 

Transmission 

Threshold 

T Threshold 

Normalized 

Transmission 

T 

OFF  

(0°) Not 

Used 
Not Used 

ON  

(0°) 
ON 0.26 0.289 

ON 

(180°) 

ON  

(45°) 
OFF 0.26 0.113 

Contrast Ratio (CR) of The Proposed Gate = 4.07 (dB) 

3.4.2 Three Inputs All-Optical AND Logic Gate 

In order to realize the function of the all-optical three inputs AND 

logic gate in the proposed design shown in Figure (2.6), (port 2) is considered 

as control port, (ports 1, 3, and 4) are the input ports, and (port 5) is the output 

port as presented in Figure (2.8). According to the truth table of multiple 

inputs AND logic gate, the output state of multiple inputs AND logic gate is 

(ON) only in the case of all the inputs states are in (ON). As mentioned in 

the previous sections, as a result of the desired destructive interference 

between the light signals which propagate in inputs and control port due to 

the inserted phase angle difference between the light signals to actualize the 

function of the proposed multiple inputs AND gate, the output states of this 

gate are (OFF) in all cases except in the first case of all inputs were in (ON) 

state. In the case of all inputs states are (ON), the constructive interference 

between the four propagated light signals which is propagating in phase with 

each other and in the same propagation direction, leads to make the 

normalized transmission as high as possible (exceeds 100%), in this case the 

transmission is (1.271).  

The lowest transmission of the proposed structure transmissions 

was in the case of input states of (OFF-OFF-ON), where the transmission of 

this case is only (0.004) because of the phase difference and the ports 

distribution positions. The remaining transmission is varied between (0.004 
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to 1.271) according to the inserted phase angle difference and ports 

distribution to accomplish the function of all-optical three inputs AND logic 

gate .The transmission threshold of the proposed AND gate is (0.26). The 

normalized transmission of the proposed three inputs AND logic gate and 

the magnetic field distributions of the proposed gate at different input states 

are shown in Figure (3.21) and (3.22) respectively. The operation details of 

the proposed all-optical three inputs AND logic gate are presented in Table 

(3.12). The minimum transmission at the output port in case of the output 

state is (ON) is (1.271), and the maximum transmission at the output in case 

of the output state is (OFF) is (0.11), according to Equation (2.3) the contrast 

ratio (CR) is equal to (10.62 dB).  

 

Fig.3. 21 Normalized Transmission of The Proposed All-Optical Three Inputs 

AND Logic Gate as a Function of Wavelength for Different Input States. 
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                                 (a)                                                                    (b) 

 

                                 (c)                                                                     (d) 

Fig.3. 22 The magnetic field distribution of the proposed all-optical three inputs 

AND logic gate at the different inputs states; (a) (off-off-off), (b) (off-off-on), (c) 

(off-on-off), (d) (off-on-on), (e) (on-off-off), (f) (on-off-on), (g) (on-on-off), and (h) 

(on-on-on) inputs states. 
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                                (e)                                                                     (f) 

 

                                (g)                                                                    (h) 

Fig.3. 22 (Continued). 
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Table 3. 12 The operation details of the proposed all-optical three inputs AND 

logic gate 

Input  

Port 1 

Status 

and 

(Phase°) 

Input 

Port 2 

Status 

and 

(Phase°) 

Input  

Port 3 

Status 

and 

(Phase°) 

Control 

Port 

Status 

and 

(Phase°) 

Output 

Port  

Status 

Transmission 

Threshold 

TThreshold 

Normalized 

Transmission 

T 

OFF  

(0°) 

OFF  

(0°) 

OFF  

(0°) 

ON  

(0°) 
OFF 0.26 0.04 

OFF  

(0°) 

OFF  

(0°) 

ON 

(180°) 

ON  

(45°) 
OFF 0.26 0.004 

OFF  

(0°) 

ON 

(180°) 

OFF  

(0°) 

ON  

(45°) 
OFF 0.26 0.005 

OFF  

(0°) 

ON 

(180°) 

ON 

(180°) 

ON  

(45°) 
OFF 0.26 0.037 

ON  

(45°) 

OFF  

(0°) 

OFF  

(0°) 

ON 

(180°) 
OFF 0.26 0.11 

ON  

(45°) 

OFF  

(0°) 

ON 

(180°) 

ON 

(180°) 
OFF 0.26 0.012 

ON  

(45°) 

ON 

(180°) 

OFF  

(0°) 

ON 

(180°) 
OFF 0.26 0.043 

ON  

(0°) 

ON  

(0°) 

ON  

(0°) 

ON  

(0°) 
ON 0.26 1.271 

Contrast Ratio (CR) of The Proposed Gate = 10.62 (dB) 

 

3.4.3 Three Inputs All-Optical NAND Logic Gate 

The output status of the NAND logic gate is (OFF) only in the case 

of all the inputs states are in (ON) state, otherwise, the output status of the 

NAND gate is (ON). In order to realize the function of the proposed structure 

design of the NAND logic gate shown in Figure (2.7), the destructive 

interference between the inputs and control ports is employed in the case of 

all the inputs are in (ON) states by inserting phase angle difference between 

the propagating light signals in the inputs and control ports. The selected 

input ports are; (2, 3, and 4), and the control port is (port 1) while (port 5) is 

the output port as presented in Figure (2.9). The constructive interference 

between the light signals in the remaining input states takes place to 

accomplish the function of the three inputs all-optical NAND logic gate, the 

constructive interference occurs because all the propagated light signals are 

in the same phase and propagation direction. The maximum transmission of 
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the proposed structure occurs in the input states of (ON-OFF-ON), where the 

transmission in this case is (0.985) which is above the transmission threshold 

of (0.26). The output state of the proposed structure is (OFF) only in the case 

of the inputs states are; (ON-ON-ON), where the transmission of this case is 

(0.01) below the transmission threshold of (0.26). 

 

 

Fig.3. 23 Normalized transmission of the proposed all-optical three inputs NAND 

logic gate as a function of wavelength for different input states 

The normalized transmission of the proposed three inputs NAND 

logic gate and the magnetic field distributions of the proposed gate at 

different input states are shown in Figure (3.23) and (3.24) respectively. The 

operation details of the proposed all-optical three inputs NAND logic gate 

are presented in Table (3.13). 
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                                (a)                                                                     (b) 

 

(a)                                                                     (d) 

Fig.3. 24 The magnetic field distribution of the proposed all-optical three inputs 

NAND logic gate at the different inputs states; (a) (off-off-off), (b) (off-off-on), (c) 

(off-on-off), (d) (off-on-on), (e) (on-off-off), (f) (on-off-on), (g) (on-on-off), and (h) 

(on-on-on) inputs states. 
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                                 (e)                                                                     (f) 

 

                                 (g)                                                                    (h) 

Fig.3. 24 (Continued). 
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Table 3. 13 The operation details of the proposed all-optical three inputs NAND 

logic gate 

Input  

Port 1 

Status 

and 

(Phase°) 

Input 

Port 2 

Status 

and 

(Phase°) 

Input  

Port 3 

Status 

and 

(Phase°) 

Control 

Port 

Status 

and 

(Phase°) 

Output 

Port  

Status 

Transmission 

Threshold 

TThreshold 

Normalized 

Transmissio

n 

T 

OFF  

(0°) 

OFF  

(0°) 

OFF  

(0°) 

ON  

(0°) 
ON 0.26 0.289 

OFF  

(0°) 

OFF  

(0°) 

ON  

(0°) 

ON  

(0°) 
ON 0.26 0.626 

OFF  

(0°) 

ON  

(0°) 

OFF  

(0°) 

ON  

(0°) 
ON 0.26 0.451 

OFF  

(0°) 

ON  

(0°) 

ON  

(0°) 

ON  

(0°) 
ON 0.26 0.857 

ON  

(0°) 

OFF  

(0°) 

OFF  

(0°) 

ON  

(0°) 
ON 0.26 0.546 

ON  

(0°) 

OFF  

(0°) 

ON  

(0°) 

ON  

(0°) 
ON 0.26 0.985 

ON  

(0°) 

ON  

(0°) 

OFF  

(0°) 

ON  

(0°) 
ON 0.26 0.762 

ON  

(45°) 

ON 

(180°) 

ON 

(180°) 

ON 

(180°) 
OFF 0.26 0.01 

Contrast Ratio (CR) of The Proposed Gate = 14.6 (dB) 

 

The minimum transmission at the output port in case of the output 

state is (ON) is (0.289), and the maximum transmission at the output in case 

of the output state is (OFF) is (0.01), according to Equation (2.3) the contrast 

ratio (CR) is equal to (14.6 dB). The performance of the proposed three 

inputs all-optical NAND logic gate is very good and efficient. 

3.4.4 Three Inputs All-Optical NOR Logic Gate 

In the proposed structure of three inputs all-optical logic gates 

shown in Figure (2.7), the realization of NOR logic gate function is done by 

considering the (ports 2, 3, and 4) as inputs ports, (port 1) as a control port, 

and (port 5) as an output port as presented in Figure (2.9). According to the 

truth table of three inputs NOR logic gate, only in case of all the three inputs 

states are in (OFF) state, the output state at the output port is (ON). In all 

other inputs states, the phase angle difference between the propagating light 
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signals in the inputs and control ports is employed to generate the destructive 

interference which makes the output state at these inputs states is (OFF). The 

transmission threshold of the proposed NOR gate is (0.26). In the first input 

state, when the three inputs are in (OFF) state, only the light signal in the 

control port propagates in the waveguide and thus the transmission of this 

input state is low (0.289). Although the transmission of this input state is 

low, it’s the only input state which gives the output state is (ON) state where 

the transmission of (0.289) is above the threshold of (0.26). The contrast 

ratio (CR) of the proposed NOR gate is relatively low (2.46 dB), because the 

there is only one (ON) output state with low transmission (0.289) which 

gives low (CR) according to Equation (2.3). In all remaining input states, the 

destructive interference is generated by inserting a phase angle difference 

between the light signals.  

 

Fig.3. 25 Normalized transmission of the proposed all-optical three inputs NOR 

logic gate as a function of wavelength for different input states 
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                                 (a)                                                                    (b) 

 

                                (c)                                                                     (d)  

Fig.3. 26 The Magnetic Field Distribution of The Proposed All-Optical Three 

Inputs NOR Logic Gate at the Different Inputs States; (a) (OFF-OFF-OFF), (b) 

(OFF-OFF-ON), (c) (OFF-ON-OFF), (d) (OFF-ON-ON), (e) (ON-OFF-OFF), (f) 

(ON-OFF-ON), (g) (ON-ON-OFF), and (h) (ON-ON-ON) Inputs States. 
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                                   (e)                                                               (f) 

 

                                   (g)                                                               (h) 

Fig.3. 26 (Continued). 

The normalized transmission of the proposed three inputs NOR 

are logic gate and the magnetic field distributions of the proposed gate at 

different input states shown in Figure (3.25) and (3.26) respectively. The 

operation details of the proposed all-optical three inputs NOR logic gate are 

presented in Table (3.14). The minimum transmission at the output port in 

case of the output state is (ON) is (0.289), and the maximum transmission at 
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the output in case of the output state is (OFF) is (0.164), according to 

Equation (2.3) the contrast ratio (CR) is equal to (2.46 dB).  

Table 3. 14 The operation details of the proposed all-optical three inputs NOR 

logic gate 

Input  

Port 1 

Status 

and 

(Phase°) 

Input 

Port 2 

Status 

and 

(Phase°) 

Input  

Port 3 

Status 

and 

(Phase°) 

Control 

Port 

Status 

and 

(Phase°) 

Output 

Port  

Status 

Transmission 

Threshold 

TThreshold 

Normalized 

Transmission 

T 

OFF  

(0°) 

OFF  

(0°) 

OFF 

(0°) 

ON  

(0°) 
ON 0.26 0.289 

OFF  

(0°) 

OFF  

(0°) 

ON 

(180°) 

ON  

(45°) 
OFF 0.26 0.085 

OFF  

(0°) 

ON 

(180°) 

OFF  

(0°) 

ON  

(45°) 
OFF 0.26 0.164 

OFF  

(0°) 

ON 

(180°) 

ON 

(180°) 

ON  

(45°) 
OFF 0.26 0.029 

ON 

(180°) 

OFF 

 (0°) 

OFF  

(0°) 

ON  

(45°) 
OFF 0.26 0.114 

ON 

(180°) 

OFF 

 (0°) 

ON 

(180°) 

ON  

(45°) 
OFF 0.26 0.012 

ON 

(180°) 

ON 

(180°) 

OFF  

(0°) 

ON  

(45°) 
OFF 0.26 0.043 

ON 

(180°) 

ON 

(180°) 

ON 

(180°) 

ON  

(45°) 
OFF 0.26 0.01 

Contrast Ratio (CR) of The Proposed Gate = 2.46 (dB) 

 

3.4.5 Three Inputs All-Optical EX-NOR Logic Gate 

The output state of the EX-NOR gate is (ON) only when; even 

number of inputs is in (ON) state or all the inputs are in (OFF) state 

otherwise, the output state is (OFF). In the proposed EX-NOR gate structure 

shown in Figure (2.6), the input ports are (port 2, 3, and 4); the control port 

is (port 1), (port 5) is the output port as presented in Figure (2.8). The 

function of the EX-NOR gate can be realized by employing the phenomena 

of the constructive and destructive interference between the propagating 

light signals between the inputs and control ports.  The transmission 

threshold of the proposed EX-NOR gate is (0.26). Similar to NOR gate, the 

proposed EX-NOR gate have relatively low contrast ratio (CR) of (2.46 dB) 
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and thus, the performance of this gate is moderate. The normalized 

transmission of the proposed three inputs EX-NOR logic gate and the 

magnetic field distributions of the proposed gate at different input states are 

shown in Figure (3.27) and (3.28) respectively. The operation details of the 

proposed all-optical three inputs EX-NOR logic gate are presented in Table 

(3.15). 

 

Fig.3. 27 Normalized transmission of the proposed all-optical three inputs EX-

NOR logic gate as a function of wavelength for different input states. 
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                                 (a)                                                                     (b) 

 

                                (c)                                                                     (d) 

Fig.3. 28 The magnetic field distribution of the proposed all-optical three inputs 

EX-NOR logic gate at the different inputs states; (a) (off-off-off), (b) (off-off-on), 

(c) (off-on-off), (d) (off-on-on), (e) (on-off-off), (f) (on-off-on), (g) (on-on-off), and 

(h) (on-on-on) inputs states. 
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                                (e)                                                                     (f) 

 

                                (g)                                                                    (h) 

Fig.3. 28 (Continued). 
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Table 3. 15 The Operation Details of the Proposed All-Optical Three Inputs EX-

NOR Logic Gate 

Input  

Port 1 

Status 

and 

(Phase°) 

Input 

Port 2 

Status 

and 

(Phase°) 

Input  

Port 3 

Status 

and 

(Phase°) 

Control 

Port 

Status 

and 

(Phase°) 

Output 

Port  

Status 

Transmission 

Threshold 

TThreshold 

Normalized 

Transmission 

T 

OFF 

(0°) 

OFF 

(0°) 

OFF 

(0°) 

ON 

(0°) 
ON 0.26 0.289 

OFF 

(0°) 

OFF 

(0°) 

ON 

(180°) 

ON 

(45°) 
OFF 0.26 0.085 

OFF 

(0°) 

ON 

(180°) 

OFF 

(0°) 

ON 

(45°) 
OFF 0.26 0.164 

OFF 

(0°) 

ON 

(0°) 

ON 

(0°) 

ON 

(0°) 
ON 0.26 0.857 

ON 

(180°) 

OFF 

(0°) 

OFF 

(0°) 

ON 

(45°) 
OFF 0.26 0.114 

ON 

(0°) 

OFF 

(0°) 

ON 

(0°) 

ON 

(0°) 
ON 0.26 0.985 

ON 

(0°) 

ON 

(0°) 

OFF 

(0°) 

ON 

(0°) 
ON 0.26 0.762 

ON 

(180°) 

ON 

(180°) 

ON 

(180°) 

ON 

(45°) 
OFF 0.26 0.01 

 



 

Chapter Four 

Conclusions and Future Works 
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4.1 Conclusion 

After designing all optical plasmonic gates many design 

parameters could effect on the performance of the plasmonic gates (CR and 

transmission) that are dimensions, no of the nano rings ،transmission 

threshold and shapes of the designed plasomnic gates. The concluded points 

from this work are summarized below: 

1. The dimensions of the structure such as; the ring radii, the width and 

length of the straight waveguides, the coupling distance between the 

waveguides, number of Nano-rings structures, and number of straight 

waveguides are strongly affect the output results. 

2. The distribution of the structure ports (control and inputs) ports plays 

important role in determining in the performance of the designed 

plasmonic gates. 

3.  In the case of symmetrical structure the output normalized transmission 

has no ripples. 

4. In some cases, the output transmission may exceeds the (100%) as a 

results of high constructive interference between the propagated light 

signals which are all in the same phase and direction. 

5. The designed universal plasmonics gates have compact size which is (350 

nm×350 nm) which make it useful for ultra-compact all-optical systems. 

6. Maximum (CR) of 14.6 dB is achieved in multiple inputs logic gates with 

dimensions of (400 nm × 400 nm) which is related to plasmonic NAND 

gate. 

 

4.2 Future Works 

This work can be expanded in the future as follow: 
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1. Trying to implement the designed structures practically via the 

accurate fabrication methods using lithography techniques and 

femtosecond lasers. 

2. Using different materials either metals or dielectric with that effect on 

neff to perform all-optical logic gates. 

3. Modifying the structure and materials to increase the contrast ratio 

(CR) as much as possible. 

4. Design, realize, and investigate the combinational and sequential all-

optical logic circuits. 

5. Design tunable plasmonic filter by varying the outer ring radius and 

spacing distance between the waveguides. 

6. Design plasmonic Bragg Grating Waveguide. 
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APPENDIX (A) 

DESCRIPTION OF SPPs IN METALLIC 

NANOSTRUCTURES WITH 

ELECTROMAGNETIC FIELDS 

A.1 The Optical Properties of Metals 

Before explaining Maxwell’s equations and electromagnetic 

waves propagation in plasmonic structures, the behavior of metals in these 

structures must be demonstrated. 

Metals behave in a variety of ways with respect to different parts of the 

electromagnetic spectrum of the input light wave. They are highly reflective 

for frequencies up to the visible part of the spectrum, preventing light from 

penetrating them, which is why, for lower frequencies, they are generally 

considered as good conductors [70]. On the other hand, for near infrared and 

higher frequencies, the amount of field penetration of the input light into 

metals increases significantly, resulting in increased absorption of the light. 

At ultraviolet frequencies, metals behave as dielectric media, allowing 

electromagnetic waves to propagate through them with different degrees of 

attenuation. For noble metals, such as gold or silver, strong absorption 

between electronic bands due to inter-band transition occur, which is why 

they tend to be very lossy in this regime. Table A.1 shows the quality factors 

and SPP propagation lengths for four common plasmonic metals that are the 

most commonly used in plasmonic nanostructures [71]. 

 

 



A-2 

 

Table A.1. The quality factors and SPP propagation lengths for four 

common plasmonic metals 

 

Where (QLSPR and LSPP) are Quality factor of Localized Surface Plasmon 

Resonance (LSPR) and Quality factor of SPP, respectively. These two 

factors are described by Equations (A.1) and (A.2), respectively [72]. While 

LSPP is a propagation length of SPP which is described by Equation (A.3) 

[73, 74] 

𝑄𝐿𝑆𝑃𝑅 = − 𝜀𝑟𝑒 𝜀𝑖𝑚                                                                                           (𝐴. 1)⁄  

𝑄𝐿𝑆𝑃𝑅 = − 𝜀𝑟𝑒
2 𝜀𝑖𝑚⁄                                                                                           (𝐴. 2) 

𝐿𝑆𝑃𝑃 =
1

2𝑖𝑚[𝛽]
=

1

2𝑘𝑠𝑝𝑝 𝑖𝑚
= 𝜆𝜊

𝜀𝑟𝑒
2

2𝜋𝜀𝑖𝑚
{
𝜀𝑟𝑒 + 𝜀𝑟𝑒

𝜀𝑟𝑒𝜀2
}

3 2⁄

                          (𝐴. 3) 

Where 𝜀𝑟𝑒 is a real part of the complex dielectric function (permittivity) of 

the metal, 𝜀𝑖𝑚 is an imaginary part of dielectric function (permittivity) of the 

metal, 𝑘𝑠𝑝𝑝 𝑖𝑚 is an imaginary part of propagation constant, and 𝜀2 is 

permittivity of dielectric medium.  which is related to the conductivity 𝜎 as 

shown in Equation (A.4) [73]. 

dielectric function 𝜀(𝜔) which is a function of frequency (wavelength), The 

dispersive properties of metals can be described by a complex has overcome 
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other metals in the same wavelength (1550 nm). Therefore, this thesis used 

this material (Silver). For these advantages it wavelengths as well as higher 

QLSPR, QSPP, and LSPP than other metals. materials in both the visible, near-

infrared (NIR) at telecommunication From Table A.1, Silver exhibits the 

lowest losses of current Appendix (D). The two factors (QSPP and LSPP) 

are explained and defined in 

𝜀(𝜔) = 1 +
𝑖𝜎(𝐾,𝜔)

𝜀𝜊𝜔
                                                                                          (𝐴. 4) 

Where 𝜔 is the angular frequency of an incident plane wave, 𝐾 is the 

wavevector and 𝜀0 is permittivity of the vacuum. 𝜀 (𝜔) can be separated into 

real and imaginary parts, 𝜀𝑟𝑒 and 𝜀𝑖𝑚 as shown in Equation(A.5) related to 

the complex refractive index 𝑛(𝜔) as shown in Equation (A.6) . 

𝜀(𝜔) = 𝜀𝑟𝑒 + 𝑖𝜀𝑖𝑚                                                                                       (𝐴. 5) 

𝜀(𝜔) = 𝑛(𝜔)2 = (𝑛𝑟𝑒(𝜔) + 𝑖𝑘𝑖𝑚(𝜔))2                                               (𝐴. 6) 

From the above two equations, the derivation of the following four 

relationships between the real part of 𝜀(𝜔) and 𝑛(𝜔), and the imaginary part 

of them is easy [75]. 

𝜀𝑟𝑒 = 𝑛𝑟𝑒
2 − 𝑘𝑖𝑚

2                                                                                      (𝐴. 7) 

 𝜀𝑖𝑚 =  2𝑛𝑟𝑒𝑘𝑖𝑚                                                                                             (𝐴. 8) 

𝑛𝑟𝑒 = √
𝜀𝑟𝑒

2
+

1

2
√𝜀𝑟𝑒

2 + 𝜀𝑖𝑚
2                                                               (𝐴. 9) 

𝑘𝑖𝑚 =
𝜀𝑖𝑚

2𝑛𝑟𝑒
                                                                                              (𝐴. 10) 

Where 𝑘𝑖𝑚 is the extinction coefficient which determines the amount of 

optical absorption of the EM waves propagating through the medium. It is 

useful to study the permittivity of the metal for different frequency regimes 

with respect to the plasma frequency: i.e for  𝜔  < 𝜔p and  𝜔 > 𝜔p For high 

frequencies close to 𝜔p, the permittivity is predominantly  real as in 
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Equation A.11: 

 𝜀(𝜔) = 1 −
𝜔𝑝

2

𝜔2
                                                                                            (𝐴. 11) 

It can be noted from the above equation that at frequencies less 

than the plasma frequency p, the dielectric permittivity of the metals is 

negative, i.e. the plasma of the excited electrons protects the interior of 

metals from the external applied field. Thus, metals (such as silver) in this 

regime tend to provide very low resistance to the external field, and therefore 

have a good conductivity [76]. However, when the frequencies of the 

incident plane wave are larger than the plasma frequency, metals behave as 

a dielectric material with real and positive permittivity. 

This thesis used Johnson and Christy data to describe the 

permittivity of the metal used (Silver) because it is more practical than the 

analytical equation of other models (such as Drude Model) which depend on 

practical points to describe the permittivity of the metal (Rounding and 

fitting do not occur). In Drude model, the rounding and fitting process will 

occur and this leads to an approximation in the value of permittivity at given 

point of wavelength or frequency, which results in a high approximation in 

the final results. In addition, this thesis worked on frequency domain (FEM 

method) and the accuracy of describing the permittivity is a very important 

factor since these points vary with frequency or rather with wavelength. 

Moreover, according to [77] , when the dimensions of the parts of the 

structure become less than 50 nm, the Drude model becomes inefficient in 

these dimensions while Johnson and Christy data were designed for 

dimensions which reach to a few of Angstroms [77]. 
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A.2 Maxwell’s Equations and Electromagnetic Wave 

Propagation 

Maxwell’s equations describe the electromagnetic field for a 

given system through four vectors which are strength of the electric field 

(E), the displacement (D), the strength of magnetic field (H), and the flux 

density (B) with the external charge and current densities𝜌 ext and 𝐽ext [78]. 

The Maxwell’s equations are described in the following four Equations: 

∇. 𝐷 = 𝜌𝑒𝑥𝑡                                                                                                       (𝐴. 12) 

∇. 𝐵 = 0                                                                                                            (𝐴. 13) 

∇ × 𝐸 = − 𝜕𝐵 𝜕𝑡⁄                                                                                          (𝐴. 14) 

∇ × 𝐻 = 𝐽𝑒𝑥𝑡 + 𝜕𝐷 𝜕𝑡                                                                                (𝐴. 15)⁄  

The four fields are further linked via the polarization P and magnetization 

M by [79]: 

𝐷 = 𝜀0𝐸 + 𝑃                                                                                                   (𝐴. 16) 

𝐻 =
1

𝜇0
𝐵 − 𝑀                                                                                                (𝐴. 17) 

Where ε0 and μ0 are the electric permittivity and magnetic permeability of 

the vacuum, respectively. P describes the electric dipole moment per unit 

volume inside the material, caused by the alignment of microscopic dipoles 

with the electric field. 

The great advantage of this approach is that the macroscopic 

electric field includes all polarization effects. the following limits them to 

linear, isotropic and nonmagnetic media. One can define the constitutive 

relations [74]. 

𝐷 = 𝜀0𝜀𝑟𝐸                                                                                                       (𝐴. 18) 

𝐷 = 𝜇0𝜇𝑟𝐻                                                                                                     (𝐴. 19) 
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Where 𝜀𝑟 and μr are electric permittivity and magnetic permeability of the 

material. 

In order to investigate the physical properties of surface plasmon 

polaritons (SPPs), one must apply Maxwell’s equations (A.12 to A.15) to the 

flat interface between a metal and a dielectric. To present this discussion 

most clearly, it is advantageous to present the equations first in a general 

form applicable to the guiding of electromagnetic waves, the wave equation. 

In the absence of external charge and current densities, the curl equations 

(A.14, A.15) can be combined to yield Equation (A.20) 

∇ × ∇ × 𝐸 = − 𝜇0𝜕2𝐷 𝜕𝑡2⁄                                                                        (𝐴. 20) 

Using the identities ∇×∇×E = ∇ (∇·E) −∇2E as well as ∇. (𝜀 E) =  

E·∇𝜀 + 𝜀 ∇.E, and remembering that due to the absence of external source ∇ 

· D = 0, Eq. A.20 can be rewritten as [74]: 

∇(−(𝐸∇𝜀) 𝜀) − ∇2𝐸 = −𝜇0𝜀0𝜀𝑟 𝐸 𝜕𝑡2⁄⁄                                              (𝐴. 21) 

For negligible variation of the dielectric profile = (r) over distances 

about one optical wavelength, Eq. A.21 simplifies the central equation of 

electromagnetic wave theory [74]. 

∇2𝐸 − (𝜀𝑟 𝑐2⁄ )𝜕2 𝐸 𝜕𝑡2 = 0⁄                                                                     (𝐴. 22) 

Practically, this equation has to be solved separately in regions of 

constant , and the obtained solutions have to been matched using appropriate 

boundary conditions. Eq. A.22 can be represented in a form suitable for the 

description of confined propagating wave, there is two steps. First, assume 

in all generality a harmonic time dependence. E(r, t) = E(r) exp(−ωt) of the 

electric field, where r represents position vector. Insert into Eq. A.22 to yield 

[74]: 

∇2𝐸 + 𝐾0
2𝜀𝑟𝐸 = 0                                                                                    (𝐴. 23) 
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Where  𝐾0 =
𝜔

𝑐
   = 2𝜋𝜆0is the wave vector of the propagating wave in 

vacuum. Where c is speed of light in free space and frequency of input light. 

Eq. A.23 is known as the Helmholtz equation. The propagation geometry is 

shown in Figure (A.1). Assume for simplicity a one-dimensional problem, 

i.e. depends only on one spatial coordinate. Specifically, the waves 

propagate along the x-direction of a Cartesian coordinate system, and show 

no spatial variation in the perpendicular in-plane y-direction (see Figure A.1) 

[74]. 

In order to find the surface plasmons which are waves bound to 

the interfaces (x-z plane of input light), the magnitudes of the electric and 

magnetic pharos fields can be written as [80]: 

 

Figure (A.1) Definition of a planar waveguide geometry. The waves 

propagate along the x-direction in a Cartesian coordinate system [81] 

(𝑟) = (𝑥, 𝑧) = (𝑧)𝑒𝑖𝛽𝑥                                                                              (𝐴. 24) 

(𝑟) = (𝑥, 𝑧) = (𝑧)𝑒𝑖𝛽𝑥                                                                                 (𝐴. 25) 

Where β is propagation constant, in the x direction. Creating surface plasmon 

polariton depends on the type of polarization. Therefore 𝜀𝑟 = (z). Applied to 

electromagnetic surface problems, the plane z = 0 coincides with the 

interface sustaining the propagating waves. In this case, the differential 

operators with respect to the coordinates x and y can be written as [80]. 
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𝜕

𝜕𝑥
= 𝑖𝛽                                                                                                       (𝐴. 26) 

𝜕

𝜕𝑦
= 0                                                                                                            (A. 27) 

This makes it possible to express the Laplacian of any of the fields as [80]: 

𝜕2𝐹(𝑥, 𝑧) = 𝜕2𝐹(𝑥, 𝑧) 𝜕𝑧2 − 𝛽2⁄ 𝐹(𝑥, 𝑧) = 0                                   (𝐴. 28) 

The Laplacian in Eq. (A.28) and the fields in Eq. A.24 can be used to 

simplify the Helmholtz's equations to one dimension [80]. 

𝜕2𝐸(𝑧) 𝜕𝑧2 + (𝐾0
2𝜀𝑟 − 𝛽2)⁄ 𝐸(𝑧) = 0                                                 (𝐴. 29) 

Naturally, a similar equation exists for the magnetic field H. Eq. 

A.29 is the starting point for the general analysis of guided electromagnetic 

modes in waveguides, and an extended discussion of its properties and 

applications and similar treatments of photonics and optoelectronics. In 

order to use the wave equation for determining the spatial field profile and 

dispersion of propagating waves, now there is a need to find explicit 

expressions for the different field components of E and H. This can be 

achieved in a straight forward way using the curl equations (A.14, A.15). 

Harmonic time dependence 𝜕 / 𝜕𝑡 =−i𝜔 will arrive at the following set of 

coupled equations [74]. 

𝜕 𝐸𝑧 𝜕𝑦⁄ − 𝜕𝐸𝑦 𝜕𝑧⁄ = 𝑖𝜔𝜇0𝐻𝑥                                                                  (𝐴. 30) 

𝜕 𝐸𝑥 𝜕𝑧⁄ − 𝜕𝐸𝑧 𝜕𝑥⁄ = 𝑖𝜔𝜇0𝐻𝑦                                                                  (𝐴. 31) 

𝜕 𝐸𝑦 𝜕𝑥⁄ − 𝜕𝐸𝑥 𝜕𝑦⁄ = 𝑖𝜔𝜇0𝐻𝑧                                                             (𝐴. 32) 

𝜕 𝐻𝑧 𝜕𝑦⁄ − 𝜕𝐻𝑦 𝜕𝑧⁄ = 𝑖𝜔𝜇0𝐸𝑥                                                              (𝐴. 33) 

𝜕 𝐻𝑥 𝜕𝑧⁄ − 𝜕𝐻𝑧 𝜕𝑥⁄ = 𝑖𝜔𝜇0𝐸𝑦                                                                 (𝐴. 34) 

𝜕 𝐻𝑦 𝜕𝑥⁄ − 𝜕𝐻𝑥 𝜕𝑦⁄ = 𝑖𝜔𝜇0𝐸𝑧                                                                   (𝐴. 35) 
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For propagation along the x-direction 𝜕 𝜕𝑥 = 𝑖𝛽⁄ and homogeneity in 

the y-direction 𝜕 𝜕𝑦 = 0⁄ , this system of equation is simplified to [74]: 

𝜕 𝐸𝑥 𝜕𝑧⁄ = −𝑖𝜔𝜇0𝐻𝑥                                                                                     (𝐴. 36) 

𝜕𝐸𝑥 𝜕𝑧⁄ − 𝑖𝛽𝐸𝑧 = 𝑖𝜔𝜇0𝐻𝑥                                                                      (𝐴. 37) 

𝑖𝛽𝐸𝑧 =  𝑖𝜔𝜇0𝐻𝑧                                                                                       (𝐴. 38) 

𝜕𝐻𝑦 𝜕𝑧⁄ = 𝑖𝜔𝜀0𝜀𝑟𝐸𝑥                                                                                (𝐴. 39) 

𝜕𝐻𝑥 𝜕𝑧⁄ − 𝑖𝛽𝐻𝑧 = −𝑖𝜔𝜀0𝜀𝑟𝐸𝑥                                                              (𝐴. 40) 

   𝑖𝛽𝐻𝑦 =  −𝑖𝜔𝜀0𝜀𝑟𝐸𝑧                                                                                 (𝐴. 41) 

 It can easily be shown that this system allows two sets of self-consistent 

solutions with different polarization properties of the propagating waves. 

The first set are the Transverse Magnetic (TM or P-Polarized) modes, where 

only the field components Ex,Ez and Hy are nonzero, and in the second set, 

the Transverse Electric (TE or S-Polarized) modes, only Hx, Hz and Ey are 

nonzero. For TM modes, the system of governing Equations (A.36-A.41) is 

reduced to [74]: 

𝐸𝑥 = − (𝑖𝜕𝐻𝑦 𝜕𝑧⁄ ) 𝜔𝜀0𝜀𝑟  ⁄                                                                        (𝐴. 41) 

𝐸𝑧 = − 𝛽𝐻𝑦 𝜔𝜀0𝜀𝑟⁄                                                                                      (𝐴. 42) 

In addition, the wave equation for TM modes is: 

𝜕2𝐻𝑦(𝑧) 𝜕𝑧2⁄ + (𝐾0
2𝜀𝑟 − 𝛽2)𝐻𝑦(𝑧) = 0                                                (𝐴. 44) 

 For TE modes the analogous set is 

𝐻𝑥 = (𝑖𝜕𝐸𝑦 𝜕𝑧⁄ ) 𝜔𝜇0⁄                                                                                 ( 𝐴. 45) 

𝐻𝑧 = 𝛽𝐸𝑦 𝜔𝜇0⁄                                                                                              (𝐴. 46) 

In addition, the TE wave equation is: 

𝜕2𝐸𝑦(𝑧) 𝜕𝑧2⁄ + (𝐾0
2𝜀𝑟 − 𝛽2)(𝑧) = 0                                                      (𝐴. 47) 
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APPENDIX (B) 

THE POLARIZATION OF INPUT LIGHT 

B.1 Polarization of Input light 

In which the plane of incidence can be defined as the x-z plane. 

In these conditions, for a plane wave propagating in the x-z plane, the 

magnitudes of the pharos fields are dependent on the coordinates x and z, but 

constant along the y direction. The creating surface plasmon polariton is 

dependent on the type of light polarization (S or P) [80]. 

1. S-polarization or TE-polarization 

The incident electromagnetic wave which is the electric field 

component E is perpendicular to the plane of incidence, this type of 

polarization is called S-Polarized, and results in an evanescent wave Ey, 

parallel with the y coordinate. The component of the E-field that lies in the 

x-y plane is continuous as moving across the plane of the interface. Here, all 

E-fields are in the y-direction, which is in the plane of the interface [80]. This 

case is shown in Figure (B.1). 
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Figure (B.1) S-Polarization [80] 

2. P-polarization or TM-polarization 

The incident electromagnetic wave which is the magnetic field 

component H is perpendicular to the plane of incidence. This type of 

polarization is called P-Polarized. The component of the E-field which lies 

in the x-z plane is continuous as moving parallel to the plane of the interface. 

Here, all E-fields are in the parallel to incident plane, which is in the plane 

of the interface [80]. This case shown in Figure (B.2). 
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Figure (B.2) P-polarization [80] 

B.2 Existence of SPPs in Which Mode 

The most simple geometry sustaining SPPs is that of a single, flat 

interface as shown in Figure (B.3) between a dielectric, non-absorbing half 

space (z > 0) with positive real dielectric constant and an adjacent conducting 

half space (z < 0) described via a dielectric function 𝜀𝑚(𝜔)The requirement 

of metallic character implies that Re [𝜀𝑚 ] < 0. For metals, this condition is 

fulfilled at frequencies below the bulk plasmon frequency p needed to look 

for propagating wave solutions confined to the interface, i.e. with evanescent 

decay in the perpendicular z-direction. 
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Figure (B.3) Geometry for SPP propagation at a single interface between a 

metal and a dielectric 

At first look at TM solutions. Using the equation set (A.42-A.44) in 

both half spaces yields [74]. 

For z > 0 and 

𝐻𝑦(𝑧) = 𝐴𝑑 exp(𝑖𝛽𝑥) exp(−𝑘𝑑𝑧)                                                               (𝐵. 1) 

𝐸𝑥(𝑧) = 𝑖𝐴𝑑

1

𝜔𝜀0𝜀𝑑
𝑘𝑑exp(𝑖𝛽𝑥) exp(−𝑘𝑑𝑧)                                             (𝐵. 2) 

𝐸𝑧(𝑧) = −𝐴𝑑

𝛽

𝜔𝜀0𝜀𝑑
exp(𝑖𝛽𝑥) exp(−𝑘𝑑𝑧)                                                (𝐵. 3) 

For z > 0 and 

𝐻𝑦(𝑧) = 𝐴𝑚 exp(𝑖𝛽𝑥) exp(𝑘𝑚𝑧)                                                                 (𝐵. 4) 

𝐸𝑥(𝑧) = −𝑖𝐴𝑚

1

𝜔𝜀0𝜀𝑑
𝑘𝑚exp(𝑖𝛽𝑥) exp(𝑘𝑚𝑧)                                          (B. 5) 

𝐸𝑥(𝑧) = −𝐴𝑚

> 𝛽

𝜔𝜀0𝜀𝑑
exp(𝑖𝛽𝑥) exp(𝑘𝑚𝑧)                                                 (𝐵. 6) 

For z < 0. 𝑘𝑖 ≡ 𝑘𝑧 (i = m, d) is the component of the wave vector 

perpendicular to the interface in the two media. and are the amplitude of 

electric and magnetic fields in the metal and dielectric, respectively. Its a 
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reciprocal value, Z = 1/|𝑘𝑧|, which defines the evanescent decay length of the 

fields perpendicular to the interface [74]. 

This quantifies the confinement of the wave. Continuity of and at the 

interface requires that 𝐴𝑑 = 𝐴𝑚 and. Thus 

𝑘𝑑 𝑘𝑚⁄ = − 𝜀𝑑 𝜀𝑚⁄                                                                                     (𝐵. 7) 

Note that with the convention of the signs in the exponents in (B.1-B.3) 

and (B.4-B.6), confinement to the surface demands Re [𝜀𝑚] < 0 if 𝜀𝑑> 0. The 

surface waves exist only at interfaces between materials with opposite signs 

of the real part of their dielectric permittivity, i.e. between a conductor and 

an insulator. The expression for 𝐻𝑦further has to fulfill the wave Equation 

Eq. (A.44), yielding [74]: 

𝐾𝑚
2 = 𝛽2 − 𝐾0

2𝜀𝑚                                                                                       (𝐵. 8) 

𝐾𝑑
2 = 𝛽2 − 𝐾0

2𝜀𝑑                                                                                          (𝐵. 9) 

Combining Equations (B.8 and B.9) with Eq. B.7will arrive at the central 

result of this section. The dispersion relation of SPPs propagates at the 

interface between the two half spaces that is: 

𝛽 = 𝐾0√
𝜀𝑚𝜀𝑑

𝜀𝑚𝜀𝑑
                                                                                             (B. 10)  

This expression is valid for both real and complex 𝜀𝑚, i.e. for conductors 

without and with attenuation. For (TE) modes, the corresponding fields can 

be written as:  

 

For z > 0 and 

𝐸𝑦(𝑧) = 𝐴𝑑 exp(𝑖𝛽𝑥) exp(−𝑘𝑑𝑧)                                                             (𝐵. 11) 
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    𝐻𝑥(𝑧) = −𝑖𝐴𝑑

1

𝜔𝜇0
𝑘𝑑exp(𝑖𝛽𝑥) exp(−𝑘𝑑𝑧)                                      (𝐵. 12) 

𝐻𝑧(𝑧) = 𝐴𝑑

𝛽

𝜔𝜇0
exp(𝑖𝛽𝑥) exp(−𝑘𝑑𝑧)                                                    (𝐵. 13) 

For z > 0 and 

𝐸𝑦(𝑧) = 𝐴𝑚 exp(𝑖𝛽𝑥) exp(−𝑘𝑚𝑧)                                                          (𝐵. 14) 

𝐻𝑥(𝑧) = 𝑖𝐴𝑚

1

𝜔𝜇0
𝑘𝑚exp(𝑖𝛽𝑥) exp(𝑘𝑚𝑧)                                          (𝐵. 15) 

𝐻𝑥(𝑧) = 𝑖𝐴𝑚

𝛽

𝜔𝜇0
exp(𝑖𝛽𝑥) exp(𝑘𝑚𝑧)                                                (𝐵. 16) 

A gain from the boundary condition (continuity of Ey and Hx) at the interface 

may yield: 

C (𝐾d + 𝐾𝑚) = 0                                                                                 (B.17) 

Where C is a constant. As the surface waves require that Re [ 𝑘𝑑] > 0 

and Re [𝑘𝑚] > 0, so Eq. (B.17) is obtained only when (𝐴𝑑= 0) and because ( 

𝐴𝑑= 𝐴𝑚 =0). It means no surface wave can exist for (TE) modes. As a result, 

existence of SPPs is only possible with TM polarization. The following 

flowchart shown in Figure (B.4) describes the equations, on which SPP is 

dependent. 
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Figure (B.4) Flowchart for describing the equations, on which SPP is dependent 



 

APPENDIX (C) 



1C- 

 

APPENDIX (C) 

SPPS EXCITATIONS MECHANISMS 

C.1 SPPs Excitations Methods 

The mechanisms of SPPs excitation are explained in the following sections. 

A.  Prism coupling 

This technique, also known as attenuated total internal reflection, 

involves the coupling of the SPPs to the evanescent electro-magnetic field 

established upon total internal reflection of a light beam at a surface in an 

optically dense medium [74]. Two different geometries for prism coupling 

are possible as shown in Figure (C.1). In the Kretschmann configuration, the 

metal film is steamed on top of a glass prism. The film is illuminated through 

the dielectric prism at an angle of incidence greater than the angle of total 

internal reflection. The wave vector of light is increased in the optically 

dense medium [74]. At a certain angle of incidence where the in-plane 

component of the photon wave vector in the prism synchronizes with the 

SPP wave vector on an air-metal surface, resonant light tunneling through 

the metal film occurs and light is coupled to the surface polaritons as 

depicted in Equation (C.1) [74]. 

 

Figure (C.1) Prism coupling: (a) Kretschmann, (b) Otto configuration [74] 
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𝛽 =
𝜔

𝑐
√𝜀𝑝𝑟𝑖𝑠𝑚 sin 𝜃                                                                                 (C. 1) 

Under these resonant conditions, a sharp minimum is observed in 

the reflectivity from the prism interface as light can be coupled to SPPs with 

almost 100% efficiency [74]. When increasing the metal film thickness, the 

efficiency of the SPP excitation reduces as the tunneling distance increases 

[74]. SPP on an interface between the prism and metal cannot be excited in 

this geometry becuase the wave vector of SPP at this interface is larger than 

the photon wave vector in the prism at all incident angles. To be able to 

excite SPP on the internal metal interface, an additional dielectric layer with 

a refractive index smaller than of the prism should be deposited between the 

prism and the metal film [74]. In such a two-layer geometry, the photon 

tunneling through this additional dielectric layer can provide resonant 

excitation of SPP on the inner interface. Thus, both SPP modes (on the 

surface and the interface) can be excited in such a configuration at different 

angles of illumination [74]. 

When the thickness of metal (or surfaces of bulk metal) is increased, 

the Kretschmann configuration cannot be used, SPP can be excited in the 

Otto configuration. Here, the prism where total internal reflection happens 

is placed close to the metal surface, so that photon tunneling occurs through 

the air gap between the prism and the surface [74]. The resonant conditions 

are analogous to those in the Kretschmann configuration. This configuration 

is also favored when direct contact with the metal surface is unwanted, e.g. 

for studying the surface quality [74]. 
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B. Grating coupling 

The mismatch in wave vector between the in-plane momentum kx = k sinθ 

of impinging photons and β can also be overcome by using diffraction 

effects at a grating pattern on the metal surface [74]. For a one-dimensional 

grating of 

grooves with lattice constant a, as depicted in Figure (C.2), phase-

matching takes place whenever the condition in Equation (C.2) is fulfilled 

[74]. 

𝛽 = 𝑘 sin 𝜃 ± 𝑛𝐺                                                                                          (C. 2) 

Where G = 2𝜋/a is the reciprocal vector of the grating and n = 1, 2, 3…..As 

with prism coupling, excitation of SPPs is detected as a minimum in the 

reflected light [74] 

 

Figure (C.2) Grating coupling of a light with wave vector k impinging on a 

metal grating surface of period a [74] 

C.  Near field excitation mechanism  
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In contrast to the macroscopic SPPs exciation schemes such as 

prsim or grating coupling, near-field optical microscopy represents a point 

source to provide local excitation of SPPs over a subwavelength area [82]. 

In the typical near-field SPPs excitation configuration depicted in Fig. C.3, 

the illumination light from a small probe tip of aperture size (a) (a ≤ 𝜆𝑆𝑃𝑃 ≤ 

𝜆0 ) has wave vectors k0≤ 𝑘𝑆𝑃𝑃 ≤ 𝑘,  thus  allowing a nearfield coupling of 

the phase-matched subwavelength aperture diffracted light into SPPs. Using 

such probes in near-field scanning optical microscopy (NSOM), SPPs at 

different positions of the metal surface can be locally excited. 

 

Figure (C.3) Excitation with a near-field scanning optical microscopy (NSOM) 

Probe 

D. Excitation using surface features diffraction  

When the surface is randomly rough in the near-field region, the 

diffracted light components possess all wave vectors and thus SPPs can be 

excited by conventional illumination without any special arrangements. 

Unlike using the diffraction grating, this is a non-resonant excitation. 

Similarly, SPPs can also be optically excited through light diffraction from 

surface features as shown in Figure (C.4) [83] 
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Figure (C.4) Diffraction on surface features [84] 

E. Excitation using highly focused optical beams  

A typical setup of using highly focused optical beams for SPP 

excitation is sketched in Figure C.5. Instead of using a prism to satisfy the 

total internal reflection and SPP resonance condition, a high numerical 

index, which matched oil-immersion microscope objective, is brought into 

contact with the glass substrate, on which a thin metal film is deposited. 

Owing to the high numerical aperture of the lens, the broad angular spread 

of the focused illumination beam is large enough to have the resonance wave 

vector for SPP excitation at the metal-air interface. The highly focused 

illumination beam provides localized SPPs excitation over a diffraction–

limited area 

 

Figure (C.5) Excitation with highly focused optical beams [85]
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APPENDIX (D) 

PARAMETERS PERFORMANCE OF PLASMONIC 

WAVEGUIDES 

D.1 Definition of Confinement, Propagation Length, Quality Factor 

and Figure of Merit 

A. Definition of confinement 

The rapid evolution of PWs with strongly confined SPPs 

demonstrated their ability to achieve the sub-wavelength of the conventional 

DWs [86]. Basically, the sub-wavelength confinement of light in the 

plasmonic waveguide is associated with engineering the evanescent fields 

outside the core of the waveguide. When an optical ray traverses a flat 

interface between two different dielectrics which can be seen in Figure (D.1 

(a)), the light is partially reflected back to the core medium and is partly 

refracted in the cladding medium. Snell’s law governs the angle of reflection 

and refraction. If 𝑛1> 𝑛2 (𝑛1 and 𝑛2  

are the refractive index of the two dielectrics) and the incident angle is 

greater than the critical angle 𝜃c, as shown in Equation (D.1), light is totally 

reflected  

back to the core medium and evanescently decays in the cladding medium. 

This process is known as total internal reflection (TIR) 

𝜃𝑐 = sin−1 𝑛2

𝑛1
                                                                                                  (𝐷. 1)  

However, if the cladding is a metal (e.g. Au or Ag), the SPP can be excited 

when certain phase matching conditions are met, and the energy from the 

excitatory light wave can be transferred to the free electron to form an SPP 

which spreads at the metal - insulator surface. SPP has a shorter wavelength 

than a free excited light. Moreover, a very small skin depth can be achieved 
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where the energy is rapidly degraded in the metal as can be seen in Figure 

D.1 (b). In a more complicated sandwich structure, the dielectric waveguide 

(Figure D.1 (c)) could not achieve sub-wavelength of light confinement 

because the diffraction limit phenomenon. For the plasmonic waveguide as 

shown in Figure (D.1 (d)), which can be described as a MIM structure. In 

this type of structure, the wavelength of the resonance, the thickness of the 

core layer and the skin depth of the evanescent waves in the cladding 

medium achieve the sub-wavelength light confinement in the waveguide 

core. While, the confinement factor in IMI PWs is less in MIM PWs as 

shown in the comparison between them 

 

Figure (D.1) (a) TIR happens when 𝑛1  > 𝑛2  (b) In a One dimensional 

subwavelength light confinement in a metal-dielectric interface, 𝜀m is the 

permittivity of the metal and 𝜀d is the permittivity of the dielectric (c) Two-

dimensional light confinement in a sandwiched DW (d) Two dimensional 

sub-wavelength light confinement in a sandwiched PW [87] 
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B. Definition of propagation length  

The propagation length is defined as the distance space where a 

mode can travel before the energy density decays to 1/e of its original value 

[88]. It described by Equation (A.3) in Appendix A.  

C. Definition of quality factor  

The quality factor is the ratio of twice propagation length to the 

resonance wavelength of SPPs. It is described in Equation (D.2) in addition 

to previous description in Equation (A.2). 

𝑄𝑆𝑃𝑃 = 2𝜋 𝐿𝑠𝑝𝑝 𝜆𝑠𝑝𝑝⁄                                                                                 ( 𝐷. 2) 

D. Definition of figure of merit  

The figure of merit (FoM) is a quality measure for surface plasmon 

waveguides. It is defined as benefit-to-cost ratio where the benefit is 

confinement and the cost is attenuation for a particular mode. It can be 

described by Equations below 

FoMconfinment = 𝜆0 / 𝛿                                                                             (D.3) 

Where 𝛿 is a skin depth of the medium in meters 

FoMpropagation = Lspp / 𝜆spp                                                                                                              (D.4) 

Substituting Eq. (D.2) in Eq. (D.4), yields: 

FoMpropagation = QSPP / 2𝜋                                                                                 (D.5) 

When applying the definition of FoM, the result is the following equations: 

FoM = FoMconfinment / FoMpropagation                                                        (D.6) 

FoM = (𝜆0 / 𝛿) / (Lspp / 𝜆spp) =( 𝜆0 𝜆spp) / (𝛿 Lspp) = (2𝜋 𝜆0) / (𝛿 QSPP)   (D.7)



 

 الخلاصة

مع ذلك ، .يةالضوئالاجهزة أو  ةالإلكترونيالاجهزة تعتمد أنظمة الاتصالات حالياً على  

تقليص الأجهزة ،  اضافة الىفائقة  نقل المعلومات بسرع سعات اكبر منلنقل  تزايدةالحاجة الم فأن

وأحجامها غير  دائهانظرًا لأ. لمحدداتالعديد من ا تواجه الأجهزة الإلكترونية والضوئية جعل

نقل بيانات عالي جدا اضافة الى تقليل حجم  لحصول على معدلا اجد من الصعبفانه المتطابقة ، 

بمثابة  تعتبروالتي  plasmonics دعى تقنيةتقنية جديدة ت ونلباحثا ذلك طورل. التقلديةهذه الاجهزة 

كما ان  ترددها يعادل تقريباً تردد الضوءأن كما  ةالإلكترونيالاجهزة  و ةالضوئي الاجهزة سقالة بين

 Plasmonics تقنية  .المتناهية في الصغر عالية جدامع الأجهزة الإلكترونية  عاملالت علىا قدرته

 surface plasmon يتعامل مع ما يدعى في علم البصريات  ي جديد و متطوربحثمجال  هي

polariton في هذا العمل . التي لها تطبيقات واسعة جدا في مجال معالجة الاشارة الضوئية بالكامل

البوابات المنطقية  تحقيق وذلك لغرض( عازل-موصل-عازل)التركيب التالي ، تم استخدام 

plasmonic وجية وموجهات م ات نانويةالذي يحتوي على حلق المقترح الاساسيتصميم من ال

 .تلافيالتداخل البناء والا ظاهرةمستقيمة من خلال توظيف 

ين مستقيمين ، موجي واحدة مع يةحلقة نانو على لهذا العمل يحتوي التصميم الأساسي 

 يةخلال إضافة حلقات نانوالمتبقية حيث من تصاميم الأساسي لل تصميملويعتبر هذا التصميم بمثابة ا

من خلال ذلك تم تحقيق البوابات ي بنفس الأبعاد ، الأساس تصميممستقيمة إلى ال هاتموج جديدة و

 .المنطقة الضوئية ذات الادخالين اضافة للبوابات المنطقة متعددة الادخالات

الهيكل ل باستخدام هيكلين مختلفين للتحقيق في تأثير تغير أبعاد الضوئية بالكام NOTتم تحقيق بوابة 

ي طول موجب يعمل( نانومتر  200نانومتر  180)الأول هو  بعاد التصميمعلى نتائج الإخراج ؛ ا

عتبة الإرسال هي حد ، ( نانومتر  350نانومتر  350)الثاني هو  بعاد التصميم، ا( نانومتر 1550)

 .بين الهيكلين جدا طفيففرق ت ظهراالمحاكاة نتائج ل ، لكل من الهياك( 0.5)

م ت NOT  ،AND ، OR  ،NAND  ،NOR  ،EX-OR  ،EX-NORبوابات  

 نانومتر  350) التصميم الثاني ابعاد  و بنفس من هذا العمل الثالث تصميمفي ال يقها بالكاملحقت

 (.0.5)عتبة الإرسال حد  و( نانومتر 1550) يطول موجب تعمل هذه البوابات( نانومتر 350

 EX-NORو  NORو  NANDو  ANDو  NOT لات ادخالبوابات المنطقة الضوئية متعددة الا

 يمع طول موج( نانومتر  400نانومتر  400)بأبعاد  من هذا العمل الرابع في التصميم تم تحقيقها

 (.0.26)عتبة الإرسال و حد ( نانومتر 1550)



 

هي عوامل التي من شأنها التاثير على النتائج النهائية للتصميم اظهرت نتائج المحاكاة ان ال 

،  المستخدمة في التصميم ع المعادن والعوازلانوا،  تناظرية التصميم،  الابعاد الهندسية للتصميم؛ 

 .منفذ البوابات المنطقة الخاصة بالتصميموتوزيع 

مة بالكامل والتحقيق فيها استنادًا تم اختبار أداء البوابات المنطقية البلازمية البصرية المصم 

تظهر نتائج المحاكاة . إلى الإرسال المعياري ونسبة التباين بين الحالات المعاكسة للبوابة المحددة

س في االإرسال المق يساوي، حيث  ORانتقالاً طبيعياً ممتازاً في بعض الحالات المصممة مثل بوابة 

التداخل البناء بين لعملية نتيجة و ذلك ( ٪100)بة الكلية اي انه اعلى من النس( ٪127)هذه البوابة 

من ناحية أخرى ، تظهر بعض البوابات المصممة نسبة تباين جيدة جدًا بين حالة . الإشارات الضوئية

(ON ) و(OFF ) للبوابة المحددة والتي تعطي مؤشرًا حول الأداء المثالي للبوابة ، على سبيل المثال

 (.ديسيبل 14.6)البوابة هي  NANDخال المتعدد ، نسبة التباين للإد

تعتبر البوابات المنطقية الضوئية المقترحة هي لبنات البناء الأساسية في تحقيق الدوائر  

 .المتكاملة البصرية بالكامل ومعالجة الإشارات الضوئية بالكامل
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