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Abstract— Plasmonic waveguides can guide light along 

metal–dielectric interfaces. The ability of plasmonic 

waveguides to guide light within nano-scale structures 

beyond the diffraction limit has attracted lot of researchers to 

exploit its various properties. However plasmonic 

waveguides are restricted from practical applications because 

of large propagation loss associated with it. On the other hand 

dielectric waveguides having weaker mode confinement and 

low propagation losses. Hybrid plasmonic waveguides is the 

combination of these two guiding techniques, allow one to 

utilize the benefits of both technologies. In the recent years 

there has been work on new technologies for wave guiding is 

done. In this work we will compare various characteristics 

(propagation length, mode area) of different plasmonic 

waveguides. 
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I. INTRODUCTION 

Recent progress in fabrication of nano structures has given 

researchers ability to control properties and structure of 

material beyond the size of wavelength of light. Due to this 

there are   revolutionary changes in many branches of science 

including photonics. One very important branch of photonic 

is plasmonics which deals with the study and applications of 

surface plasmons (SPs)[1]. Surface Plasmon Polaritons 

(SPPs) are the electromagnetic oscillations at the interface of 

metallic layer and dielectric layer at optical frequencies. SPs 

have many attractive features like high field intensity at the 

dielectric-metal interface, resonant behavior, ability to 

confine light at nanometer scales. These features make 

plasmonics attractive for many applications ranging from bio 

sensing, integrated optics, solar cells and nanolithography. At 

optical wavelengths metals have complex permittivity, so 

plasmonic waveguides having large propagation losses, this 

is one of the main hindrance in practical use of plasmonic 

waveguide. In plasmonic waveguides losses are proportional 

to their mode confinement, i.e. more losses due to more 

confined modes. To achieve a better compromise between the 

loss and confinement many different plasmonic guides have 

been proposed including the metal slot waveguide [2], the 

metal-insulator-metal waveguide, the dielectric loaded metal 

and   metal groove, but the benefits of plasmonic waveguides 

for many applications are limited due to the large propagation 

losses. 

 
Fig. 1(a): SOI waveguide (b)Metal slot waveguide 

A comparison of dielectric waveguide with a 

plasmonic waveguide shows that the advantages and 

limitations of these guides are opposite to one another one 

have less propagation losses and other is having strong mode 

confinement. This is shown by comparing the guided power 

density profiles of a metal slot plasmonic waveguide and a 

silicon on-insulator (SOI) waveguide which are shown in Fig. 

1.1. The level of confinement in SOI waveguide is very high 

as compare to all dielectric waveguides, and the loss of such 

a waveguide can be very low (<1 dB/cm), but the mode size 

for such a waveguide is in the range of several hundred 

nanometers. As compare to the SOI waveguide the plasmonic 

slot waveguide have the propagation loss is more than 5000 

dB/cm the mode size less than 50 nm. 

A question arises if we combine these two guiding 

technique than what will occurs. A new technique which is 

known as hybrid plasmonic waveguide (HPWG). As the field 

of hybrid plasmonic waveguide is few years old so research 

in this area have been impressive. In hybrid plasmonic 

waveguide we can use different materials like titanium nitride 

(TiN), ZrN , HfN, TaN, TiN[3], graphene instead of Ag or Au 

which is used earlier in order to achieve high propagation 

length.   

Various types of plasmonic waveguides 

 Metal insulator plasmonic waveguides 

 Insulator metal insulator plasmonic waveguide 

 Metal insulator metal plasmonic waveguide 

The plasmonic waveguide which made up of a nano 

layer of metal on insulator surface. These waveguides are 

suffer from low propagation length and high mode size so 

cannot be utilize for practical purposes. In this plasmonic 

waveguide we further used metal insulator metal (MIM) 

plasmonic waveguide and insulator metal insulator(IMI) 

plasmonic  waveguide in order to achieve high propagation 

length and for low mode size. Out of these two in metal 

insulator metal(MIM) type plasmonic waveguide it is found 

that the mode confinement is good of the order of 10-2 but 

propagation length is very small just 5µm[13]. On the other 

hand in case of insulator metal insulator (IMI) type the 

confinement is not so good but the propagation length is of 

range of 120µm which is good of the range of plasmonic 

waveguides but again there are limitation of mode 

confinement and so we need some better type of plasmonic 

waveguide which can provide both high propagation length 

and small mode size or good mode confinement so 

researchers find some better technology. In 2007 at university 

of Toronto the researchers found new technology which is 

known as Hybrid plasmonic waveguide (HPWG)[4]. 

 
Fig. 2(a): Metal insulator type 

 
Fig. 2(b): Insulator metal insulator type     

 
Fig. 2(c): Metal insulator metal type 
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A. Hybrid Plasmonic Waveguide 

Hybrid plasmonic waveguide (HPWG) which is first 

proposed by the researchers are the combination of metal slot 

waveguide and SOI waveguide as shown in fig. 3. The 

outstanding ability of HPWG to tune the loss-confinement 

trade-off, they are considered as one of the most promising 

alternatives for on-chip nanophotonic. 

 
Fig. 3: Metal slot waveguide 

Various type of hybrid plasmonic waveguide 

 Hybrid Plasmonic Waveguide (Cylindrical) 

 Hybrid Plasmonic Waveguide (Rectangular) 

 Hybrid Graphene Plasmonic Waveguide 

1) Cylindrical hybrid plasmonic waveguide 

In cylindrical hybrid plasmonic waveguide there is silicon 

nanowire is separated from a metallic space by a nanoscale 

dielectric gap. The propagation length and mode area of 

cylindrical hybrid plasmonic waveguide 40–150 µm and 

λ2/400 to λ2/40 respectively [4]. 

 
Fig. 4: Hybrid Plasmonic Waveguide (Cylindrical) 

2) Rectangular hybrid plasmonic waveguide 

In rectangular hybrid plasmonic waveguide this is the 

combination of SOI and dielectric waveguide in such a way 

to achieve benefits of both waveguides. The propagation 

length of rectangular hybrid plasmonic waveguide 140-200 

µm. The fabrication and implementation of rectangular 

waveguide is easy as compared to cylindrical plasmonic 

waveguide so preferred in developing structures. 

 
Fig. 5. Hybrid Plasmonic Waveguide (Rectangular) 

3) Hybrid Graphene Plasmonic Waveguide 

In hybrid Graphene plasmonic waveguide(HGPW) five 

layers of graphene is sandwiched between high density 

polyethylene and GaAs chose to serve as low index (1.54) and 

high index (3.6) respectively. In HGPW reduction of 

propagation loss can be made by changing the chemical 

potential of graphene layer, but at the cost of increased modal 

area, which basically reduces the packing density on a chip. 

The propagation length of 127 μm and mode area is 32.6 μm2 

respectively [9]. 

 
Fig. 6: Hybrid Graphene plasmonic waveguide 

References Material used Parameters Findings 

[5] 

Metal = silver 

Dielectric of low 

index = SiO2 

Dielectric of high 

index = GaAs 

cylinder diameter =200-400nm 

gap width h =2-100 nm 

Operating wavelength= 1,550 nm 

Propagation distances = (40–150 µm) 

mode (ranging from = λ2/400 to λ2/40) 

[6] 

Metal = silver 

Dielectric of low 

index = SiO2 

Dielectric of high 

index = Si 

t= 1-10nm(thickness of SiO2) 

w= 20-100nm(width of silver) 

h= 10nm(height of silver) 

Operating wavelength= 1,550 nm 

Excitation efficiency=90% 

Mode Area can be reduced to 0.07 

Propagation Length =60 μm 

normalized mode area=10-1 

[7] 

Metal = silver 

Dielectric of low 

index = SiO2 

Dielectric of high 

index = Si 

Cover = Air or 

silica 

Wavelength = 0.8 μm 

Waveguide width(w)=100nm 

High index slab height(h)=60nm 

Spacer height (d)=100nm 

εmetal = −32.8 + i0.46(silver) 

εspacer = 2.11(silica) 

εhi = 13.77 + i0.063(silicon) 

εcover = 1 (air) 

Mode size increases .2-1.4(μm) 

Propagation distance increases 0-300(μm) 

as wavelength increases 0.5-1.2(μm) 

Propagation distance decreses 275-100(μm) 

as εd increases 1.2-1.6 

[8] 

 

Metal = silver 

Dielectric of low 

index = SiO2 

Dielectric of high 

index = Si 

Silicon piece = 100 nm × 60 nm 

Silica spacer = 100 nm 

Operating wavelength=1.55 μm 

Power confinement increases by 50% 

mode area reduce by 50-60% SOI 

losses <1dB/cm & mode area >500nm 

Slot wave guide & Losses 5000 dB/cm 

Mode area <50nm 

[9] 

Graphene in place 

of metal 

HDPE= high 

density Polythene 

GaAs ( gallium 

arsenide) 

Frequency  0.1 to 10 THz 

Operating wavelength =10 μm 

Graphene sheet thickness = .5 μm 

chemical potential(μc) = .8eV 

GaAs width(w) = 20 μm 

Propagation length = 127μm 

optical field confined area 

=32.6 μm2 

[10] 

 

Metal Cap= Ag 

(gold) 

Insulator Rib =SiO2 

Operating wavelength= 1,550 nm 

Height of silicon rib (hSiL) = 300 nm. 

Height of metal (hm) = 100 nm. 

Propagation length increases  0-200(μm) 

as core width increases 50-450nm 

As hSiO2 increases 5-50nm 
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High index dielctric 

= Si 

Height of silicon oxide(hSiO2) = 5 -50 

nm 

core width(wco) = 100 - 500nm. 

 

Coupling length increases 5-100 μm 

As sepration between two parallel waveguide 

200-500nm 

[11] 

Nonlinear material= 

the polydiacetylene 

para-toluene 

Metal= silver 

Substrate= SiO2 

Semiconductor= Si 

silicon layer thickness(tsi) = 220 nm 

metal-film thickness(tm)=  50 nm 

operating wavelength = 1550nm 

silicon-ridge width W=20-100nm 

Propagation length increases from 50-150µm 

FOM(figure of merit) decrease from 0.15-.05 

Mode area increases from 0.01-.04 µm2 

As silicon ridge width increases .1-.4 µm 

[12] 
Metal= Silver 

Insulator= Air 

operating wavelength = 1300-

1550nm 

radii of ring resonator=175-205nm 

Gap distance=25-55nm 

Reflective length = 0-300nm 

Transmittance =31.2-95.87% 

Quality factor= 389-1410 

Table 1: Parameters

Sr. No. Type of Waveguide Propagation Loss Mode Size Fom (W-1) 

1 Dielectric Waveguide 1 dB/cm More than 500 nm Not considered 

2 Metal Slot Waveguide 5000dB/cm Less than 50 nm .002 

3 Hybrid Waveguide 50dB/cm 50-80nm .15 

Table 2: Comparison of different types of waveguide 

Sr. 

No. 
Wave Guide Type 

Propagation   

Length(µm) 

Confinement 

Factor 

Effective Mode 

Area (µm2) 

Normalized 

Guided Power 

1 
MIM (Metal Insulator Metal Plasmonic 

Waveguide) 
5 10-2 Not considered Not considered 

2 
IMI (Insulator Metal Insulator Plasmonic 

Waveguide) 
120 5*10-5 Not considered Not considered 

3 Hybrid Plasmonic Waveguide(Rectangular) 142-200 Not considered 10-1 60-70% 

4 Hybrid Plasmonic Wave Guide(Cylindrical) 40-150 Not considered 10-1 25-60% 

5 Hybrid Graphene Plasmonic Waveguide 127 Not considered 10-1 Not considered 

Table 3: Comparison of different types of plasmonic waveguide

II. ADVANTAGES AND LIMITATIONS OF HPWG 

As it is the combination of both plasmonic and dielectric 

waveguides so it provides benefits of both the techniques. 

The advantage of HPWG is to provide good compromise 

between confinement and loss than the simple plasmonic 

waveguide. The large losses in simple plasmonic waveguides 

makes the implementation of fully plasmonics circuits 

impractical. To make them practically viable we need to 

modify these circuits in the form of hybrid plasmonic 

waveguide. The limitation of HPWG is fabrication 

complexity while making these circuits. 

III. CONCLUSION 

Surface plasmon polariton (SPP) based devices have received 

much attention in recent years in different applications such 

as biosensing and waveguiding. The ability of plasmonic 

waveguides to confine light into nanoscale structures well 

beyond the diffraction limit has motivated researchers to 

propose different geometries and structures in order to 

address the high propagation loss of these waveguides. One 

of the proposed structures are the hybrid plasmonic 

waveguide that has shown a good balance between mode 

confinement and propagation loss. These waveguides exhibit 

different behavior in terms of mode size, propagation loss. In 

this paper we compare the propagation losses and mode area 

of different waveguide including Graphene HPWG. 

Rectangular HPWG shows the lower propagation loss and 

maximum area confinement. We can also use different metal 

nitrides such as TiN, ZrN which can replace conventional 

metals like Gold (Au) and Silver (Ag). 
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