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In this paper, the modal characteristics of silicon-based optical waveguides (hereafter represented as WGs) such as ridge, 
rib, slot and the hybrid plasmonic WGs are discussed. For sensing applications, the geometric parameters of the WGs are 
optimized to evaluate the mode sensitivity (Smode) and evanescent field ratio (EFR). For highly sensitive devices, these two 
parameters should be as high as possible to facilitate strong light-matter interaction. The analysis is performed via the finite 
element method (FEM) which demonstrate that EFR and Smode follow the following order: Hybrid WG ≥ Slot WG > Ridge WG 
@ TE mode > Rib WG @ TE-mode > Ridge WG @ TM mode > Rib WG @ TM mode. Furthermore, refractive index sensor 
established on a ridge, slot and hybrid plasmonic WGs are studied. The numerical calculations have revealed that the best 
sensitivity of 167 nm/RIU, 233.3 nm/RIU and 333.3 nm/RIU is delivered by ring resonator designs constructed on ridge, slot 
and the hybrid plasmonic WG, respectively. We believe that these findings are quite beneficial to have a detailed analysis of 
different WG types to make a judicious selection of optical WG structure for sensing applications. 
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1. Introduction 

 

Silicon is not only a highly attractive platform for 

integrated electronics but also transparent in the infrared 

(IR) region which supports low-loss optical waveguiding 

[1, 2]. The integration of photonics with electronics on a 

single-chip enables several technologies such as light 

sources, light guiding, light modulation, and light 

detection. In the silicon on insulator (SOI) platform, the 

silicon (hereafter represented as Si) WG layer acts as a 

core on top of a buried oxide (SiO2) which is used as 

cladding. The refractive index of the Si and the SiO2 are 

3.476 and 1.444 for 1550 nm wavelength, respectively [3]. 

This WG system is compatible with complementary 

metal-oxide-semiconductor (CMOS), high index contrast 

WG which permits the realization of smaller bends, i.e., 

miniaturized devices. Si is proficient in realizing multi 

functionalities on a single chip due to the high integration 

density. Miniaturized optical elements increase the number 

of chips per wafer, which significantly lowers the cost of a 

single-chip.  

The main shortcoming is that the Si WGs are 

extremely intolerant to fabrication flaws: the optical losses 

are increased due to sidewall roughness of the WG and 

also induces phase error. Furthermore, the Si WGs are 

robustly birefringent, have considerable temperature 

dependence, and the chip to fiber coupling loss is 

significantly high. Although many different types of Si 

channel WGs are proposed [4-6], our focus will be on the 

most widely used photonic WGs such as ridge, rib, slot 

and hybrid plasmonic suitable for different applications 

such as lasers [6, 7], amplifiers [8], modulators [9], 

splitters [10, 11] and switches [12], sensors [13,14] and 

couplers [15], among others.  

The geometry of the WG should support fundamental 

mode, if not the higher-order modes couple into the 

neighbour regions that could add to the propagation loss. 

Moreover, higher-order modes are  susceptible to a 

dispersion that deforms optical pulses while propagating in 

the WG. Therefore, the generalized conditions for 

fundamental modes are vital [16]. Even though these 

fundamental WG schemes are customary. Recently there 

are several attempts to transform the basic geometry of the 

WG to confine the light in a low index medium. The 

objective depends on confining the light inside the low 

refractive index region because of E-field discontinuity at 

the interface between the high index and low index 

mediums. Slot and HPWG attracted vast research activities 

in sensors, lasers, and electro-optic modulators [17, 18] 

areas due to their better field manipulation capabilities.  

In this paper, we investigated the mode sensitivity and 

evanescent field ratio of ridge, rib, slot and hybrid 

https://www.sciencedirect.com/topics/materials-science/refractive-index
https://www.sciencedirect.com/topics/materials-science/surface-roughness
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plasmonic (HP) WGs. The evaluation of the effective 

refractive index (neff) is very important while creating the 

optical system because it manages the propagation 

constant of the optical mode. The dispersion is a limiting 

factor in high-speed communication, that’s why it is 

critical to evaluate. The Electric field distribution and neff 

of Si WGs are analyzed via a 2D finite element method 

(FEM) in COMSOL Multiphysics 5.1. The EM-wave 

frequency domain (emw) is selected as the physics 

interface and the modal analysis was added to the study. 

While, the propagation loss, sensitivity and evanescent 

field ratio are studied with the help of the 3D-FEM model 

in the above-mentioned module.  

 

 

2. Optical WG geometries 

 

In this section, four major optical WGs based on Si 

photonics are discussed namely: Ridge, rib, slot and hybrid 

plasmonic WG.  

1) The ridge WG is composed of Si core embedded on 

a silica substrate as shown in Fig. 1a, where WSi and HSi are 

the width and height of the core, respectively. The 

single-mode condition is a crucial step in the realization of 

functional devices, therefore the Si core should be design in 

such a way that it can satisfy the single-mode condition [16, 

19]. The principal requirement of the ridge WG is the 

guiding of a single TE00 and TM00 mode. 

2) The rib WG can be seen as a special case of ridge 

WG where the Si layer is not completely etched. The 

guiding layer mainly consists of the slab with a strip placed 

onto it. As shown in Fig. 1b, HSlab is the slab height, WSi is 

the strip width and HSi +Hslab is the total rib height. SOI 

WGs with dimensions bigger than a few nanometers 

support multiple modes which makes them highly 

unattractive to be integrated in photonic integrated circuits. 

However, there are some attempts to develop monomodal 

large rib WGs [20]. An advantage of using large rib WG is 

that they can relatively facilitate the low-loss coupling to 

the optical fiber.  

3) The slot WGs are the structure that can confine light 

in a low-index material between two high index rail WGs. 

The height and width of the silicon rail are denoted as HSi 

and WSi, respectively. While the gap between the rails is 

represented as g. The slot WG structure is shown in Fig. 1c. 

The quasi-TE polarized light experiences high 

discontinuity at the interface between a high and a low 

refractive index material, which is responsible for 

providing a prominent intensity of light in the low index 

slot [21-23]. 

4) Hybrid plasmonic WGs (HPWGs) has gathered 

substantial attention as they can provide both 

subwavelength confinement and extended propagation 

lengths [24]. These WGs structures are composed of a thin 

layer of low refractive index material (SiO2) inserted 

between the metal layer (Au or Ag) and a higher index 

dielectric layer (Si) as shown in Fig. 1d. Where HSi, WSi, g, 

WAu signifies the layer thickness of the Si core, the width of 

the Si core, the width of the nano-slot and the width of the 

Au layer, respectively. Theoretical studies have shown that 

a low index layer can support a low loss mode whose 

propagation length robustly rely on its thickness [25]. The 

detailed solution of hybrid mode supported by HPWG is 

presented in our previous work [26]. The working 

mechanism of the HPWG can be explained using the 

mode-coupling theory [27]. The dielectric WG mode is 

generally confined in the Si core while the surface 

plasmons (SPs) are supported by the metal surface. When 

these two WG configurations are brought close to each 

other, the dielectric WG mode supported by Si ridge 

couples to the SP mode supported by the metal surface. 

Consequently, the light is transferred to the gap between the 

metal and the high index medium because of the mode 

coupling. 

 

 

Fig. 1. Graphical illustration of Si WGs, a) Ridge WG,  

b) Rib WG, c) Slot WG, d) HPWG (color online) 

 

The E-field intensity arrangement of TE and TM 

modes in the abovementioned WGs at 1550 nm is shown in 

Fig. 2. In the case of ridge and rib WGs, the main part of the 

mode power is concentrated in the Si core whereas, slot and 

HPWG facilitate the concentration of modal power in the 

nano-slot (air).  

 

 

 

Fig. 2. The E-field intensity arrangement in the ridge 

(top), rib (middle), slot (bottom left) and HPWG (bottom  

              right) at 1550 nm (color online) 
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3. Mode sensitivity analysis of optical WGs  

 

For sensing applications, mode sensitivity (Smode) is a 

vital parameter that should be considered. In this section, 

we evaluated Smode for the geometric parameters of the 

WG. Smode is the ratio of the change in effective refractive 

index and change in ambient refractive index which is 

expressed as:  

 

Smode =
neff2 − neff1
n2 − n1

 

 

where neff2 is the effective refractive index at the refractive 

index of the analyte (n2) and neff1 is the effective refractive 

index at the refractive index of air (n1). In this analysis, we 

have used n2=1.03 for all the four WG schemes.  

 

 

1) Ridge WG 

 

The mode is guided in the ridge WG when neff is 

higher than the cladding and smaller than the core 

otherwise it will be radiated into the substrate. Moreover, 

the higher the neff, the mode will be robustly guided. The 

dependence of the neff on the WSi and HSi is calculated for 

TE00 mode as displayed in Fig. 3 (left). The Smode of 

TE-polarized light is calculated for ridge WG by utilizing 

eq. (1) is shown in Fig. 3 (right). As WSi increases, the 

mode confinement in the core increases which makes the 

neff of the propagating mode less influenced by the 

ambient medium. As a result, the Smode decreases with 

increasing geometric parameters. The highest Smode for 

TE-polarization is obtained at 0.58 for WSi=300 nm and 

HSi=240 nm.  

 

 

Fig. 3. Effective refractive index (left) and mode sensitivity (right) of ridge WG at TE00 polarization (color online) 

 

 

Most WGs are capable of supporting modes of two 

independent polarizations. The difference between neff of 

the fundamental quasi-TE and quasi-TM modes should be 

big. This will help in avoiding the coupling between the 

modes which results due to the variation in mode profiles 

and the phase mismatch. The neff of the ridge WG at 

TM-polarization increases as HSi increases due to the 

increased mode confinement in the Si core. From Fig. 2, it 

can be seen that the E-field distribution of the mode is 

vertically oriented with the evanescent field extending on 

top of the core while the other part is lost in the substrate. 

This limits the light-matter interaction from only one side 

and reduces the Smode for TM-polarization as shown in Fig. 

4. The highest Smode of 0.34 is obtained for WSi=400 nm 

and HSi=245 nm. 
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Fig. 4. Effective refractive index (left) and mode sensitivity (right) of ridge WG at TM00 polarization (color online) 

 

 

2) Rib WG 

 

The rib WG has a thin layer of slab between the core 

and substrate which elevates the neff of the TM mode 

compared to ridge WG. The dependence of neff concerning 

Hslab is plotted for TE and TM polarizations. It can be seen 

in Fig. 5 (left) that neff increases with geometric parameters 

of the WG providing better mode confinement in the core 

which significantly affects the Smode as shown in Fig. 5 

(right). The highest Smode for TE and TM polarizations is 

obtained at 0.36 and 0.14, respectively. The results suggest 

that this WG geometry is highly unattractive for sensing 

applications where robust interaction between light and 

matter is needed.  

 

 

 
Fig. 5. Effective refractive index (left) and mode sensitivity (right) of rib WG. The WSi is fixed at 400 nm for TM-mode 

 analysis whereas HSi is fixed at 220 nm for TE-mode analysis (color online) 

 

 

TM- polarization
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3) Slot WG 

 

The dependence of neff of slot WG at TE polarization 

is studied by varying g and WSi at a constant HSi=220 nm 

as shown in Fig. 6 (left). Conversely, this WG scheme is 

unable to confine the quasi-TM mode as the E-field 

remain constant at the interface. The neff of the slot WG 

start increasing with an increasing WSi and approaches to 

the neff of ridge and rib WG schemes as shown in Fig. 6 

(left). This is because large WSi allows the confinement of 

mode in the Si rails which reduces the mode power in the 

nano-slot as shown in Fig. 6 (right). At optimized WG 

parameters such as WSi=250 nm and g=40 nm, the highest 

Smode of 0.8 is obtained which drops significantly to 0.18 

as WSi approaches 500 nm as shown in Fig. 6 (middle).  

In comparison to other traditional WGs, slot WG can 

provide high field confinement in the slot which in general 

not possible to attain. This characteristic makes slot WG 

an attractive candidate for applications that require strong 

interaction of light with matter such as sensing and 

nonlinear photonics [28].  

 

 

 

Fig. 6. Effective refractive index (left) and mode sensitivity (middle) of slot WG. The HSi is fixed at 220 nm.  

The E-field distribution in the slot WG (right) (color online) 

 

 

4) HPWG 

 

The real part of neff of the hybrid mode is calculated 

by varying g, WAu and WSi as demonstrated in Fig. 7 (left). 

WSi has a stronghold on neff of the hybrid mode which 

increases significantly as WSi increases. The E-field 

distribution of HP mode is shown in the inset of Fig. 7 

(right). At optimized geometric parameters such as g=40 

nm, WAu=30 nm and WSi=230 nm, the Smode= 0.97 is 

attained which shows the strength of hybrid mode in 

nano-slot and its response to the ambient medium as 

presented in Fig. 7 (middle). Smode diminishes as WSi 

approaches 400 nm, this is because the mode power starts 

shifting to Si rail as indicated by a red dotted circle in Fig. 

7 (right).  

 

 

WSi =250 nm, g=40 nm

WSi =500 nm, g=40 nm
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Fig. 7. Effective refractive index (left) and mode sensitivity (middle) of HPWG. The HSi is fixed at 220 nm.  

The E-field distribution in the HPWG (right) (color online) 

 

 

HPWG integrates the characteristics of the dielectric 

and plasmonic WGs [25]. The excitation of surface 

electron fluctuation in the HPWG focuses on the photons 

to reside near the metal surface. This helps in the reduction 

of radiation loss. The high optical confinement offered by 

this WG scheme is beyond the diffraction limit. While the 

propagation loss is comparatively low as compared to Si 

slot WG. Si photonics has turned out to be very interesting 

due to its fabrication compatibility with the regular CMOS 

microelectronics technology [29]. For that reason, it is 

exciting to realize a Si-based HPWG with basic fabrication 

processes. 

 

 

4. Evanescent field ratio analysis of optical  

  waveguides  

 

The sensitivity of the optical WGs is directly related 

to the occurrence of an evanescent field in the upper 

cladding. The evanescent field ratio (EFR) is employed to 

study the performance of the optical sensors that are 

formed on the phenomena of evanescent field interaction 

with the matter. The sensors with extraordinary EFR can 

have strong interaction with the ambient medium, 

accordingly, the sensitivity is enhanced. EFR can be 

calculated as the ratio of intensity integration of upper 

cladding to the overall intensity integration in the WG and 

is expressed as [30, 31]: 

 

EFR =
∬ |E(x, y, z)|2dxdydz
Upper cladding

∬ |E(x, y, z)|2dxdydz
total

 

 

In the case of slot and HPWG, the mode is confined in 

the low index nano-slot (g), therefore the intensity 

integration of the upper cladding of these WG is the sum 

of energy in the nano-slot and energy above the WG.  By 

utilizing eq. (2), the EFR of ridge, rib, slot and HPWG is 

determined concerning the geometric parameters. Fig. 8a 

and Fig. 8b presents the variation in EFR of ridge WG for 

TE and TM polarizations which deteriorates as WSi and HSi 

increases, respectively. The TE mode has relatively higher 

EFR compared to TM mode which agrees with the Smode 

analysis of rib WG as presented in Fig. 8 c. 

 

 

WSi =250 nm, g=40 nm, WSi =30 nm 

WSi =400 nm, g=40 nm, WSi =30 nm 
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Fig. 8. EFR calculation for a) Ridge WG at TE polarization, b) Ridge WG at TM polarization,  

c) Rib WG at TE and TM polarized light (color online) 

 

The EFR analysis of slot and HPWG is presented in 

Fig. 9 which shows the highest value of ~0.69 for both the 

WGs that can be obtained by optimizing the WG geometry. 

This value is relatively higher than the ridge and rib WGs. 

For that reason, slot and HPWGs are highly attractive for 

sensing applications.  

 

Fig. 9. EFR calculation for a) Slot WG, b) HPWG 

a)

c)

b)

a) b)
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5. Propagation loss calculation  

 

Propagation loss results due to the scattering of energy 

from propagating to radiation modes. This happens due to 

the WG sidewalls roughness and also direct loss due to 

material absorption or the leakage of light into the substrate 

if the optical field is not adequately guided [32]. Here, we 

are considering the propagation loss which arises due to the 

geometric parameters of the WG which are not able to fully 

confine the mode in the core. The variation in propagation 

loss is determined by varying different geometric 

parameters depending on the WG type. And loss is 

calculated by using the formula: 

     (
d 

  
) =

  x    
 o t
 in

          n   n   
 

where Pin and Pout are the power at the input and output of 

the WG, respectively. The total propagation length of the 

WG is fixed at 3 µm. Conventional WGs such as ridge and 

rib can be modelled and fabricated with optimized 

parameters such that their propagation loss is as low as 0.07 

dB/µm and 0.4 dB/µm, respectively at the cost of low Smode 

and EFR as shown in Fig. 10 a, b.  

 

 

Fig. 10. a) Propagation loss of ridge WG at a) TE and TM mode, b) Propagation loss of Rib WG at TE and TM  mode, 

 c) Propagation loss of slot WG, d) Propagation loss of HPWG (color online) 

 

 

The main constraint of slot and HPWGs is their high 

transmission loss. As shown in Fig. 10, these WGs have 

high propagation loss as compared to the conventional WG 

structures [33]. HPWG has lower propagation loss 

compared to slot WG thanks to the marriage of standard 

WG and plasmonic WG. Moreover, in slot WG, the light is 

better confined in the slot region, any surface roughness, 

appear during the manufacturing procedure can cause 

major scattering loss. Consequently, the realization of 

low-loss slot WG is a difficult task. If both these WGs are 

designed for their highest Smode and EFR, then propagation 

loss of 5.53 dB/µm and 4.48 dB/µm is obtained for slot and 

HPWG, respectively as presented in Fig. 10 (c, d).  

 

a)

d)c)

b)
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6. Sensing application  

 

Here, we studied the sensing capabilities of ridge WG, 

slot WG and HPWG based on the wavelength interrogation 

method. We are not considering rib WG in this analysis due 

to its low Smode and EFR as calculated in previous sections. 

The measurement of changes in λres is the widely used 

interrogation method in ring resonators (RRs) [34]. The 

sensors used to detect refractive index (hereafter 

represented as RI) variations reveal several applications 

related to biological and chemical and have been widely 

investigated in recent times. For instance, the concentration 

and pH value of an unknown solution can be assessed based 

on the alteration of the RI [35, 36]. A biosensing 

semiconductor nanowire RI sensor with a sensitivity of 235 

nm/RIU is demonstrated [37]. A long-period fiber grating 

sensor is proposed for RI sensing applications [38]. The 

highest sensitivity of 135 nm/RIU for quasi-TM ring 

resonators was experimentally demonstrated [39]. 

Nevertheless, the bulk sensitivity of 270 nm/RIU has been 

presented by optimizing the WG thickness [40]. For a 

resonator based on strip WG, this value is 90% of the 

maximum realizable sensitivity. Lately, an extremely 

responsive photonic sensor based on porous silicon RR has 

been proposed which offers a sensitivity of 439 nm/RIU for 

low RI variations [41].  

In this work, micro-RR designs are modelled based on 

ridge, slot and HPWG structures as shown in Fig. 11 (a-c). 

The geometric parameters of the three designs are similar to 

provide a comparative study on the sensor performance. 

The device design has a height (HSi) = 220 nm while the gap 

(G) between the bus WG and ring is fixed at 100 nm. The 

RR has a radius R which is maintained at 1500 nm (from the 

outer edge) which is similar for all three designs. The width 

of WG used in the ridge WG and HPWG RR is denoted as 

Wa which is varied between 300-350 nm. For the HPWG 

resonator, the Si circular ridge WG encircling an Au disk in 

the center. While for slot WG, Wo and Wi denote the outer 

and inner WG width, respectively which are varied to 

increase the confinement in the slot area. The variation in 

width takes place in the following combinations: ((Wo=350 

nm and Wi=250 nm), (Wo=340 nm and Wi=260 nm), 

(Wo=330 nm and Wi=270 nm), (Wo=320 nm and Wi=280 

nm), (Wo=310 nm and Wi=290 nm), (Wo=300 nm and 

Wi=300 nm)).  The slot width (g) = 40 nm is used in slot 

WG and HPWG which is air (n=1.0). Fig. 11 (d-e) presents 

the E-field confinement of a ridge, slot and HPWG RR at 

their respective λres. 

 

 

Fig. 11. Schematic representation of RR based on, a) Ridge WG, b) Slot WG, c) HPWG, d) E-field distribution of mode at λres in ridge 

WG RR, where Wa=350 nm, e) E-field distribution of mode at λres in slot WG RR where Wo=350 nm and Wi=250 nm and g=40 nm, f) 

E-field distribution of mode at λres in HPWG RR where Wo= 340 nm, g=40 nm (color online) 

 

 

To attain the spectral characteristics of the proposed 

sensor devices, the ambient medium is loaded with a 

dielectric material of n=1.03 for all three sensor designs. 

The transmission spectrum and E-field distribution are 

simulated via a 2D-FEM. Smode and EFR analysis of slot and 

HPWG suggest that RRs based on these WGs can provide 

strong light-matter interaction as compared to a ridge WG 

RR having the same geometric parameters [42, 43]. High 

sensitivity is always desirable in refractive index sensors, 

which strongly depends on light polarization, optical loss 

and the light-matter interaction. Sensitivity can be 

calculated as S=Δλ/Δn, where Δλ represents the shift of the 

sensor resonance in nm and Δn is the difference of the RI in 

the medium. Along with the sensitivity, the figure of merit 

(FOM), which is expressed as S/FWHM is another 

important parameter that should also be taken into 

consideration while designing the RR sensor. 

In Fig. 12 (a, b), the S and FOM of RRs are plotted for 

the width of WG for Δn = 0.03. The HPWG RR delivers 

maximum S in comparison with the other two designs at 
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W=300 nm (where W= Wo and Wa for slot and 

ridge/HPWG, respectively) which deteriorates as W 

increases as shown in Fig. 12a. The Smax of RR based on 

HPWG reduces from 333.33 nm/RIU to 170 nm/RIU when 

W varies from 300 nm to 350 nm. The RR based on slot 

WG has the lowest FWHM =2.66 nm at W=350 nm 

whereas RR based on ridge WG has wide FWHM=6.65 nm 

at W=300 nm. Therefore, a sensor composed of Slot WG 

offers higher FOM as compared to the other two sensor 

configurations as shown in Fig. 12 b. 

 

Fig. 12. a) Sensitivity, b) FOM of ridge WG ring, slot WG ring and HPWG ring 

 

 

Although the HPWG RR has the maximum S, 

however, its wide FWHM is responsible for lowering down 

its FOM than slot WG RR. Previously described, FOM is 

expressed as the fraction between S and FWHM, hence, RR 

having small FWHM offers a superior FOM as 

demonstrated in Fig. 12 b. The FOMmax is approximately 

75.2, 58.5 and 40.4 for slot WG, HPWG and ridge WG RR, 

respectively. The spectral characteristics of the RR designs 

are tabulated in Table 1. 

 

Table 1. Spectral characteristics of RRs based on 

 ridge, slot and HPWG 

 

Type 
Ridge 

WG RR 

Slot WG 

RR 

HPWG 

RR 

Smax (nm/RIU) 167 233.3 333.3 

FWHM (nm) at 

W=350 nm 
2.76 2.66 4.02 

FOMmax 49.9 75.18 58.5 

 

7. Proposed fabrication steps in silicon  

  photonics  

 

SOI is the most attractive platform used in 

microelectronics and micro-mechanics. It is not merely 

utilized as a passive substrate but can also be used as active 

material in electronic or mechanical components. To start 

with, a hard mask (thin metal layer, for instance, Ti or Cr) is 

deposited on the SOI substrate followed by a spin coating 

of positive photoresist. The lithographic process is used to 

pattern the photoresist which facilitates the removal of the 

unwanted hard mask using wet chemical etching. 

Subsequently, the photoresist is removed via a developer 

and the necessary patterning can be obtained via the 

wet-chemical etching process. Crystalline Si can be etched 

by using a strong aqueous alkaline media such as NaOH, 

KOH or TMAH-solutions via  

 

S        2  S (  )    2  S  2(  )2
2    2 

 

Optical elements with sub-100 nm features have turned 

out to be important for sophisticated research and 

development in optics, electronics and material science 

applications. Si high-resolution gratings are effectively 

established via inductively coupled plasma (ICP) dry 

etching with precise substrate temperature management 

[44]. The detailed fabrication process of silicon WGs can be 

found in [45-47]. 

 

 

8. Concluding remarks  

 

In this work, we studied the mode sensitivity and 

evanescent field ratio of a silicon ridge WG, rib WG, slot 

WG and HPWG. These WGs are the basic building block of 
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integrated optics. Depending on their mode sensitivity and 

evanescent field ratio, these WGs can be employed in 

sensing applications where high interaction between light 

and matter is preferred. Numerical analysis has shown that 

slot WG and HPWG show their dominance over a ridge and 

rib WG in terms of mode sensitivity (0.8 for slot WG and 

0.97 for HPWG) and evanescent field ratio (~0.69). 

However, due to the highly sensitive mode, these WGs 

suffer from high optical loss compared to standard silicon 

WGs. The RR realized on HPWG structure offers the 

sensitivity of 333.3 nm/RIU which is significantly higher 

than the RRs based on ridge and slot WGs. However, 

special care should be taken while designing or fabricating 

sensor devices such as RRs based on this WG scheme. 

Fabrication inaccuracy of a few nanometers can lead to 

high optical loss and low sensitivity. We consider that the 

results presented in this paper will provide a standard to 

choose a suitable WG structure for optical interconnects 

and sensor devices. In the final remarks, we can say that slot 

and HPWGs are ideal candidate for highly sensitive devices 

but these cannot be used as long-distance propagation 

WGs. 
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