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6.2.2 Sensing performance evaluation 

Sensitivity is a critical parameter to evaluate the performance of a sensor. Therefore the 

sensitivity of the proposed sensor is firstly investigated based on the analytical model shown 

above. Fig. 6.4 (a) firstly depicts the normalized transmission spectra for different values of 

the refractive index of ns. In the simulation, the structural parameters are set to be L = 20 mm, 

D = 400 um, d = 10 nm, P = 20 nm, h = 30 nm and εD = ncl
2 . These parameters are chosen 

based on the optimization procedures discussed in the sub-section which follows this one. 

From Fig. 6.4 (a) one can see that as ns increases, the SPPs dip shifts toward a longer 

wavelength, which shows that RI changes for the sample surrounding the metal grating film 

can be monitored by measuring the shift of the resonance wavelength. It can be estimated 

from Fig. 6.4 (a) that the proposed fiber based SPPs sensor has an estimated sensitivity of 

13000 nm/RIU in the RI range from 1.395 to 1.40 and 3892 nm/RIU in the RI range from 

1.333 to 1.353. For RI range of 1.395-1.40, the sensitivity is far higher than that of previously 

reported fiber based SPPs sensor of 7500 nm/RIU achieved in [14], and the sensitivity in RI 

range of 1.333-1.353 is comparable with that of 4262 nm/RIU achieved in [19].  

Further investigations were carried out comparing the effect of a metal grating layer (i.e. d = 

10 nm) with respect to a uniform metal layer (i.e. d =P = 20 nm) and the result is shown in 

Fig. 6.4 (b). This figure shows that as the RI of the sample increases the central resonance 

wavelengths for both sensors increase monotonically. However it is easy to see that the fiber 

based SPPs sensor with a subwavelength metal grating layer shows a higher sensitivity (as 

indicated by the higher slope) compared to that with a uniform metal layer. The sensitivities 

are calculated for both sensors at three different points across the refractive index range and 

are shown in a histogram in the inset to Fig. 6.4 (b).  
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Fig. 6.4. (a) Numerical simulation of the normalized transmission versus wavelength for different 

refractive indices of the sensing sample. (b) Calculated central wavelength vs. the sensing sample 

refractive index and the sensitivity (inset). 

6.2.3 Influence of geometric parameters on sensing performance  

In order to better understand the transmission properties of the proposed fiber based SPPs 

sensor, the spectral response of the structure with various geometric parameters is studied.  

According to the resonance condition in Eq. (6.6), it can be shown that the resonance 

wavelength of the sensor is related to the grating period of P and the grating thickness of h. 

Fig. 6.5 (a) depicts the normalized transmission spectra of the structure at different values of 

P. In this simulation, the structural parameters are L = 20 mm, D = 400 um, h = 30 nm, ns = 

1.36, d = 10 nm and εD = ncl
2 . From Fig. 6.5 (a) one can see that the spectral response is 

dependent on the metal grating period. The central resonance wavelength increases as P 

increases. This is reasonable based on Eq. (6.6). Fig. 6.5 (b) shows the corresponding 

variations in the sensitivity S as well as the Q value vs. P. It can be seen that as the value of P 

increases, S increases while Q decreases. A physical insight into this is that as P increases, 

with a fixed width d for the metal in the grating, then the fiber cladding material begins to 

dominate the effective permittivity eff and thus the real part of eff decreases, resulting in an 
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enhanced evanescent field outside of the fiber core. This is turn strengthens the coupling of 

evanescent field with SPPs and thus an increased sensitivity.   

   

Fig. 6.5. (a) Variation of the normalized transmission with wavelength for the different metal grating 

period P values. (b) Variation of the sensitivity S and Q at ns=1.36 vs. the metal grating period P. 

Fig. 6.6 (a) shows the normalized transmission spectra at different values of the metal grating 

thickness h. In this simulation the structural parameters are L = 20 mm, D = 400 m, d = 10 

nm, P = 20 nm,  εD = ncl
2  and ns = 1.36. The effect of the metal grating thickness on the 

spectral response can be clearly seen. The central resonance wavelength as well as the 

transmission value of the dip increases as h increases. This is reasonable due to the fact that 

thicker metal grating layer, smaller the interaction between the SPPs mode and fiber mode. 

Smaller interaction causes less absorption of light around the resonance wavelength, and 

hence the SPPs curve narrows and shifts upwards. The narrowing of the SPPs curve results in 

an increased Q value, as shown in Fig. 6.6 (b). Since this up-shift does not change the 

resonance wavelength appreciably, the sensitivity S does not change by a significant amount 

(Fig. 6.6 (b)). 
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Fig. 6.6. (a) Variation of the normalized transmission with wavelength for the different metal grating layer 

thickness h. (b) Variation of the sensitivity S and Q at ns = 1.36 vs. the metal grating layer thickness h. 

Fig. 6.7 depicts the corresponding variations in the sensitivity S as well as Q for different 

values of the grating length L and the fiber core diameter D. For the results shown in Fig. 6.7 

(a), the structural parameters are h = 30 nm, D = 400 m, d = 10 nm, P = 20 nm, εD = ncl
2   

and ns = 1.36, while the structural parameters for the simulation in Fig. 6.7 (b) are h = 30 nm, 

L = 20 mm, d = 10 nm, P = 20 nm, εD = ncl
2  and ns = 1.36. From Fig. 7, it can be seen that 

the values of both S and Q decrease as L increases, while S and Q values increase as D 

increases. These results could be understood as follows: as L increases, the number of 

reflections in the sensing region increases resulting in higher metal dissipation loss, and 

hence broadening of the SPPs spectral dip, in turn decreasing the Q value. As D increases, the 

number of reflections decreases (i.e. there is less metal dissipation loss) and hence sharpening 

of the SPPs spectral dip thereby increasing the Q value. However this broadening-sharpening 

effect has a moderate influence on the resonance wavelength, therefore the change of the 

sensitivity S is not that significant.  
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Fig. 6.7. Variations of the sensitivity S and Q at ns = 1.36 vs. the grating length L (a) and the fiber core 

diameter D (b). 

Based on the results shown above, we find that the quality factor Q of the SPPs dip is 

affected by the characteristic structural parameters, i.e. the fiber core diameter D, the grating 

length L, the metal grating period P and the metal grating layer thickness h. However, it can 

be observed that the influence of the structural parameters of h, D and L on the sensitivity S is 

moderate. For example, for a change in h from 30 nm to 54 nm the sensitivity S changes by 

circa 6%, whereas the metal grating period P has a relatively larger effect with a 35.8% 

variation in the sensitivity S as P varies from 20 nm to 50 nm, as evident in Fig. 6.5 (b). 

6.3 Subwavelength plasmonic grating based sensor for simultaneous 

measurement of both thickness and refractive index 

It is known that a prism based SPPs sensor needs precise incident beam angle control and is 

too bulky for integration. As an alternative, a SPPs sensor based on a subwavelength metal 

grating (MG) has sparked a lot of research interest [22-23] due to its unique characteristics: (I) 

a compact volume which makes it suitable for integration into microfluidic components [3], 

and (II) SPPs can be excited by an illumination at normal incidence, thereby removing any 

stringent light coupling requirements. Because of these specific advantages, recently various 
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SPPs based RI sensors utilizing the subwavelength MGs have been proposed and investigated, 

including a transmission MG (TMG) [24-26] and a reflection MG (RMG) [27-29]. 

Development of these structures has led to an increase in the RI detecting sensitivity, but for 

the case of thin layers of analytes the performance of such structures is rather limited [29]. 

For example, when assembling deoxyribonucleic acid (DNA) layer-by-layer on the surface of 

a subwavelength MG, the variations of physicochemical property of the layers i.e. the 

thickness (which is assumed to be smaller than the decay length of SPPs) and the RI (caused 

due to the bio-reaction) are simultaneously taking place [30]. Both variations will perturb the 

properties of SPPs. Put another way, it is difficult to distinguish between the variations 

induced by the changes in the layer thickness from those induced by the RI variations.  

To address this challenge, a novel RMG based sensor, which is capable of simultaneously 

measuring RI and the thickness of the analyte layer, is proposed and analyzed here. The 

schematic diagram of the investigated structure is shown in Fig. 6.8. 

 

Fig. 6.8. Schematic diagram of the plasmonic grating used as a biosensor illustrating the structural 

parameters and coordinates. The analyte layer is denoted as the dielectric layer with a thickness of d and RI 

of nd. 

Fig. 6.8 shows a one-dimensional subwavelength RMG (with the grating period T, the slit 

width f and height h) coated with a dielectric layer (i.e. analyte, with a thickness d and 
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refractive index nd) surrounded by air. For this structure, it is assumed that a TM-polarized 

source with illuminates the grating with a normal incidence. For the purpose of the simulation, 

we assume the slit is filled with a dielectric material with a RI (n = 1.33) close to that of the 

sensing analyte. 

6.3.1 Reflection of by the RMG 

Before studying the sensing performance of the RMG, it is worthwhile to consider its 

reflection characteristics. Fig. 6.9 (a) shows the simulated reflection spectra for the structure 

depicted in Fig. 6.8. The structural parameters in the simulation are as follows: nd = 1.33, T = 

600 nm, f = 50 nm, h = 300 nm and d = 600 nm. As shown in Fig. 6.9 (a) there are basically 

two reflection dips in the wavelength range from 700 nm to 1000 nm, positioned at 773.2 nm 

and 930 nm, respectively. The width of the reflection dip at 930 nm is much larger than that at 

773.2 nm. The Q value for the dip at 930 nm is 33.1, which is less than half of the Q value of 

72.8 for the dip at 773.2 nm.  

It is useful to visualize the field distributions within the structure for different wavelengths 

and resonance types. Figs. 6.9 (b-c) show the corresponding normalized electromagnetic 

2D-field patterns. Fig. 6.9 (b) indicates that the reflection dip at 930 nm is excited by the 

cavity resonance mode (CRM) since the fields are strongly concentrated in the slits with 

standing wave patterns, and only a small portion of the field leaks outside. However Fig. 6.9 

(c) shows that the reflection dip at 773.2 nm is excited by the hybrid plasmonic-cavity mode 

(HPCM) i.e. the mode is of hybrid nature with contribution from both SPPs and CRM.  
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Fig. 6.9. (a) Reflection spectrum of the investigated structure at normal incidence. Two reflection dips 

occur at 930 nm and 773.2 nm in the investigated wavelength range. The normalized electromagnetic field 

distributions of radiation at a wavelength of (b) 930 nm and (c) 773.2 nm at normal incidence. 

6.3.2 Individual measurements of RI and thickness 

As shown in Figs. 6.9 (b-c), compared to the CRM, the field distribution of the HPCM offers 

a larger overlap with the analyte, indicating the HPCM is more likely to be affected by the RI 

and thickness variations of the analyte. For example, Fig. 6.10 (a) shows a contour plot of the 

normalized reflected intensity as a function of both wavelength and the value of nd as nd 

varies from 1.33 to 1.38. The red-coloured region indicates a total reflection and the dark blue 

regions represent reflection dips arising from the excitation of HPCM or CRM. The 

geometric parameters are T = 600 nm, f = 50 nm, h = 300 nm and d = 600 nm. It is clear that 

the shift in the reflection dip related to HPCM is more sensitive to nd than that of another dip 

produced by the CRM, given the differences in slope evident in the contour plots. The 

reflection dip related to the CRM experiences a linear red shift with a sensitivity (△/△n) of 

240 nm/RIU (refractive index unit). However the dip associated with the HPCM experiences 

a red shift with a significantly higher sensitivity of 448 nm/RIU. This is due to the fact that 

the field of CRM is more strongly concentrated within the cavity which is relatively far from 
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the analyte layer compared to that of HPCM and hence the influence of the analyte layer on 

HPCM is more significant than that on CRM.  

In addition, the influence of the thickness of the analyte layer on the spectral response was 

also investigated and shown in Fig. 6. 10 (b). The parameters used in the simulation are T = 

600 nm, f = 50 nm, h = 300 nm and nd = 1.35. As expected, as the thickness d varies, the 

reflection dip related to the CRM remains substantially unchanged, while the dip related to 

the HPCM experiences a significant linear red-shift with a sensitivity (△/△d) of 75 nm/um. 

(a) (b)

n
d

 

Fig. 6.10. (a) Contour plot of the normalized reflection versus both the wavelength and the refractive index 

of nd for the investigated structure. (b) Contour plot of the normalized reflection versus both the 

wavelength and the thickness of the analyte layer d for the investigated structure.  

 

6.3.3 Simultaneous measurement of RI and thickness 

From the above discussions, it is known that the central wavelength of the dip related to 

HPCM depends on both the thickness and refractive index, but the wavelength shift related to 

CRM is thickness independent but sensitive to the refractive index change. This opens up a 

useful possibility that of being able to distinguish and measure both the thickness and RI 

simultaneously. As an example, in our simulation, the relationship between HPCM-induced 



 

125 

 

wavelength shift (∆𝜆𝐻𝑃𝐶𝑀) and CRM-induced spectral response variation (∆𝜆𝐶𝑅𝑀) can be 

expressed as: 

{
∆λHPCM = 448

nm

RIU
*∆nd + 75

nm

um
*∆d

∆λCRM = 240
nm

RIU
*∆nd

   (6.9) 

where ∆𝑑 and ∆nd are the thickness and RI variations of the analyte layer, respectively. 

Since the wavelength variations of the two spectral dips can be measured independently, by 

solving Eq. (6.9) using measured values, both the thickness and RI can be determined 

independently. 

6.4 Summary 

In this chapter a novel multimode fiber based SPPs biosensor with a subwavelength metal 

grating layer based on a multilayer model has been proposed and investigated. The proposed 

biosensor has an estimated sensitivity of 3892 nm/RIU in the RI range from 1.333-1.353, 

which is comparable with that previously achieved (4262 nm/RIU (RI: 1.355-1.365) in [19]) 

and an estimated sensitivity of 13000 nm/RIU in the RI range from 1.395 to 1.40, which is 

significantly higher than that previously achieved (7500 nm/RIU (RI: 1.395-1.40) in [14]). 

The effects of the grating length, the fiber core diameter and the metal grating layer thickness 

on the sensitivity S are not significant, while the grating period has a relatively strong 

influence on the sensitivity S. Furthermore the quality factor Q of the SPR dip is only lightly 

dependent on the grating length, the fiber core diameter, the metal grating layer thickness and 

the grating period. 

In addition, a novel hybrid plasmonic biosensor based on a subwavelength RMG has been 

proposed and theoretically analyzed. Our investigations show that the wavelength dip related 

to HPCM has a higher Q value of 72.8 compared to the second dip due to CRM with Q value 
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of 33.1. The sensitivity of the dip related to HPCM from variations in the refractive index of 

the analyte layer is approximately twice than that of the dip related to CRM. The sensitivity 

of HPCM to the analyte layer thickness means that HPCM can be used to detect the thickness 

of a coating layer (i.e. an organic analyte) with a sensitivity of 75 nm/um. Finally by 

measuring the spectral response shifts of both HPCM and CRM dips, it is possible to use the 

proposed technique to detect both the RI and the thickness of specific biochemical targets or 

analytes simultaneously. 
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Chapter 7: Conclusions and future 

research work 

This chapter presents the conclusions from across the thesis, and also discusses possible future 

research work as an extension of this PhD thesis.  

7.1 Conclusions from the research 

The primary focus of this thesis has been to improve the understanding, modeling, design and 

analysis of nanoplasmonic devices and their applications.  

Based on the material presented in previous chapters, the key contributions of this thesis can be 

divided into seven areas: 1) the design and analysis of a metal-insulator-metal (MIM) 

plasmonic waveguide based Fabry-Perot (FP) cavity-coupled filter; 2) the design of an 

insulator-metal-insulator (IMI) plasmonic waveguide based polarization beam splitter (PBS); 

3) the investigation and fabrication of a microfiber loaded SPPs (MFLSPPs) based TE-pass 

polarizer; 4) the design of a long-range dielectric loaded SPPs (LRDLSPPs) based waveguide 

offering a better tradeoff between the propagation length and mode confinement; 5) the 

development of two ultra-tight mode confinement hybrid SPPs (HSPPs) waveguides with an 

optimized tradeoff: a long range nanowedge HSPPs (LRWHSPPs) waveguide and a long 

range wedge-to-wedge HSPPs (LRWWHSPPs) waveguide; 6) the analysis of a multimode 

fiber based SPPs biosensor coated with a subwavelength metal grating (MG) layer; 7) the 

design of a subwavelength reflection metal grating (RMG) based biosensor for simultaneous 

detection of the refractive index and thickness of the analyte layer.  

The major conclusions and insights gained for each of these areas is now discussed in detail.   
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1. Design of a metal-insulator-metal plasmonic Fabry-Perot cavity-coupled filter with 

nanocavity resonators 

In this thesis an ultra-compact FP cavity-coupled filter is numerically investigated utilizing 

the FDTD method and an analytical FP cavity model. The filter consists of a MIM waveguide 

with nanocavity resonators. The SPPs propagating within the insulator waveguide can be 

captured by the nanocavity under resonance conditions which in turn induces dips in the 

transmission spectrum. The key conclusions from the studies in this area can be drawn as 

follows: 

● The simulation results demonstrate that the transmission band for the filter can be 

modified by adjusting the geometrical characteristics of the nanocavity.  

● For a single-channel filter, the resonance wavelengths show a linear red shift with the 

slope of 1.742 nm/µm as a function of the nanocavity length and a nonlinear 

blue-shift with respect to the nanocavity width.  

● A dual-channel filter is designed, which shows that the location of the two 

nanocavities (for example, a nanocavity on either side of the waveguide or both 

nanocavities on the same side of the waveguide), as well as the distance between the 

nanocavities, has only a marginal effect on the spectral response of the filter. 

2. Analysis of a polarization beam splitter based on the IMI plasmonic waveguide 

In this thesis a novel compact PBS with low insertion loss and high extinction ratio is 

investigated in both two-dimensional (2D) and two-dimensional (3D) models using the FEM. 

The PBS is based on a three-core plasmonic directional coupler, which utilizes the 

polarization selective coupling principle between a long range SPPs (LRSPPs) waveguide 

and a conventional dielectric waveguide. From the studies, it can be concluded that: 
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● Both 2D model and 3D models have been constructed and simulation results show 

that 2D model has similar results compared to 3D model, but with a computing time 

several times shorter. 

● With appropriate structural parameters, the PBS can be realized with a low insertion 

loss of 0.17 dB and a high extinction ratio of 20.17 dB, at a wavelength of 1550 nm 

for TE polarizaiton. 

● The PBS can achieve a low insertion loss of 0.25 dB and a high extinction ratio of 

19.83 dB at a wavelength of 1550 nm for TM polarization. 

● The PBS can achieve an insertion loss lower than 0.5 dB and an extinction ratio of 

higher than 14 dB across the entire C-band for both TE and TM polarizations. 

3. Demonstration of a MFLSPPs based TE-pass polarizer 

A novel surface plasmon TE-pass polarizer, consisting of an optical microfiber placed on a 

silver coated glass substrate, is theoretically investigated (by means of the FEM) and 

experimentally demonstrated in this thesis. The microfiber was fabricated using the standard 

micro-heater brushing-tapering technique. From both the numerical simulation and 

experimental results, it can be concluded that: 

● The fundamental TM mode suffers from a large metal dissipation loss induced by the 

excited microfiber-loaded surface plasmon mode where a portion of the energy is 

located on the metal surface. 

● The loss for the fundamental TE mode is relatively low due to the fact that the TE 

mode will not couple to the surface plasmon mode and hence the largest portion of the 

energy is located within the microfiber. 
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● By the appropriate selection of structural parameters, the proposed structure can 

realize a low insertion loss (< 1.6 dB) for TE mode over the wavelength range from 

1500 to 1600 nm.  

● With appropriate structural parameters, the proposed structure can realize a relatively 

high insertion loss (> 22 dB) for TM mode over the wavelength range from 1500 to 

1600 nm. 

● A polarization extinction ratio greater than 20 dB over the whole wavelength range 

from 1500 nm to 1600 nm is achieved. 

4. A LRDLSPPs waveguide offering a better tradeoff between mode confinement and 

propagation length 

In this thesis, a novel LRDLSPPs waveguide offering lower loss but with a higher degree of 

mode confinement is proposed and investigated using the FEM. The waveguide utilizes the 

configuration of conventional LRDLSPPs but with an altered metallic geometry.  

With the appropriate selection of structural parameters, it can be concluded that: 

● For the same mode confinement, the proposed LRDLSPPs waveguide can 

significantly improve the propagation length by up to six times compared to the 

conventional LRDLSPPs waveguide. 

● For the same propagation length, the proposed LRDLSPPs waveguide can realize a 

2-fold tighter field confinement compared to a conventional LRDLSPPs waveguide. 

● The proposed LRDLSPPs waveguide offers a lower crosstalk compared to a 

conventional LRDLSPPs waveguide for the vertically parallel case. 
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● The proposed LRDLSPPs waveguide offers a similar crosstalk compared to the 

conventional LRDLSPPs waveguide for the horizontally parallel case. 

5. Design of a LRWHSPPs waveguide and a LRWWHSPPs waveguide achieving both a 

long propagation length and subwavelength mode confinement   

To further mitigate the tradeoff between the mode confinement and propagation length, two 

novel HSPPs waveguides are proposed and investigated in this thesis, identified as a 

LRWHSPPs waveguide and a LRWWHSPPs waveguide. The coupling between the dielectric 

waveguide and LRSPPs modes results in a novel hybrid plasmonic mode featuring both long 

propagation length and strong mode confinement. The conclusions from these studies are: 

● With the appropriate structural parameters, the LRWHSPPs waveguide could offer a 

very useful capability for low loss (propagation length ranges from 1200 m to 3500 

m) and deep-subwavelength (mode area ranges from to) light 

confinement. 

● If the refractive index (RI) for the cladding material is deliberately lowered for the 

LRWHSPPs waveguide, this not only extends the propagation length but also 

improves the mode confinement. 

● By comparison to the HSPPs waveguide reported in [1], the propagation length and 

the mode confinement of the LRWHSPPs waveguide demonstrates at least a 60-fold 

and a 5-fold enhancement respectively. 

● Compared to the WHSPPs proposed in [2], the LRWHSPPs waveguide has relatively 

worse mode confinement (roughly twice the mode area), but has 40 times longer 

propagation length. 
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● By comparison to the LRHSPPs waveguide reported in Ref. 3, the LRWHSPPs 

waveguide offers a similar propagation length, but has an order of magnitude higher 

level of mode confinement. 

● Compared to the BTHSPPs (SBTHSPPs) waveguide in Ref. 4, the LRWHSPPs 

waveguide demonstrates at least a 3-fold (6-fold) and 30-fold (1.5-fold) enhancement 

for the mode confinement and propagation length compared to those of the BTHSPPs 

(SBTHSPPs) waveguide respectively. 

● Compared to the LRWHSPPs waveguide, the LRWWHSPPs waveguide demonstrate 

sa 2.4-fold extended propagation length for the same mode confinement or a 9-fold 

enhancement in mode confinement for the same propagation length, indicating that 

the LRWWHSPPs waveguide would achieve the best tradeoff compared to the 

recently published structures. 

● Both the LRWHSPPs and LRWWHSPPs waveguides have an acceptable tolerance to 

fabrication errors, for example, the uneveness of dielectric waveguide surface and the 

misalignment between the Ag nanowedges and Si waveguides. 

6. Analysis of a multimode fiber biosensor coated with a subwavelength metal grating layer 

In this thesis, a novel multimode fiber based plasmonic biosensor is studied by means of the 

transfer-matrix method. Compared to the configuration of a conventional multimode fiber 

biosensor coated with uniform metal layer, the proposed biosensor utilizes an embedded 

subwavelength metal grating layer to replace the uniform metal layer. The conclusions from 

the studies are: 

● With the appropriate selection of structural parameters, the proposed biosensor has an 

estimated sensitivity of 3892 nm/RIU (refractive index unit) in the RI range from 
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1.333-1.353.  

● The proposed biosensor has an estimated sensitivity of 13000 nm/RIU in the RI range 

from 1.395 to 1.40. 

● It has been demonstrated that the fiber based SPPs biosensor with a subwavelength 

metal grating layer offers an at least a 3-fold enhanced sensitivity compared to the 

sensor with a uniform metal layer. 

● It has been demonstrated that the grating length, the fiber core diameter and the metal 

grating layer thickness all have a moderate effect on the sensitivity of the sensor. 

● It has been demonstrated that the grating period has a relatively strong influence on 

the sensitivity. 

● The quality factor of the SPR dip is weakly dependent on the grating length, the fiber 

core diameter, the metal grating layer thickness and the grating period. 

7. Design of a subwavelength plasmonic grating based sensor for simultaneous 

measurement of both thickness and the refractive index of the analyte layer 

A novel subwavelength RMG based sensor is reported and characterized by the FEM. 

Investigations on the mode properties of the cavity resonance mode (CRM) and hybrid 

plasmonic-cavity mode (HPCM) demonstrate that it is possible to determine both refractive 

index and thickness of the analyte layer simultaneously. The main conclusions from this 

study are: 

● The width of the reflection dip related to the HPCM is much narrower than that of the 

CRM: the Q value for the HPCM dip is 72.8, which is twice that compared with 33.1 

for the CRM dip.  
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● The field distribution of the HPCM offers a larger overlap with the surrounding 

analyte compared to the CRM, thus the HPCM is more likely to be affected by the 

analyte propertries, such as the RI and thickness. 

● For measurement of RI variation of the analyte △n: the sensor involving the CRM 

has an estimated sensitivity (△/△n) of 240 nm/RIU, while the sensitivity of that 

involving the HPCM is 448 nm/RIU.  

● For measurement of thickness variation of the analyte layer △d: the reflection dip 

caused by the CRM remains substantially unchanged, while the dip associate with the 

HPCM offers an estimated sensitivity (△/△d) of 75 nm/um. 

● The results obtained from the measurements of RI and thickness variations for the 

analyte layer confirm a useful possibility to distinguish and measure both the 

thickness and RI simultaneously. 

7.2 Future research 

For the future work, there are a number of research topics and directions that could extend 

further the research presented in this thesis. 

1. Implementation of the devices proposed in this thesis 

The most immediate extension of this work should be further experimental verification of the 

devices proposed and investigated in this thesis, building on the reported proof of concept 

experiment based on a microfiber loaded SPPs (MFLSPPs) TE-pass polarizer that has been 

carried out, showing a good agreement between simulation and experimental results.   
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2. Extend potential applications of the proposed LRWWHSPPs waveguide 

The emerging field of nanophotonics requires coherent light sources free from the limitations 

imposed by the diffraction limit, which in turn could be used to investigate rich physical 

phenomena at a nanometer scale [5]. On the other hand, due to the ever-increasing demands 

for trapping and manipulating biological and non-biological particles (such as cells, viruses 

and molecules), nanotweezers have been attracting more and more attentions [6]. 

The proposed LRWWHSPPs waveguide offers three distinct advantages: (1) its 

subwavelength mode confinement enables it to overcome the diffraction limit; (2) its low 

propagation loss generally could minimize the material gain required to reach the lasing 

threshold [5]; (3) its large gradient of the light field in the nanogap could give rise to an 

enhanced optical force [6]. Therefore, new kinds of LRWWHSPPs waveguide based devices 

can be explored, for example for applications in the areas of nanolasers and nanotweezers.   

3. Exploration of active plasmonic waveguides using gain medium as loss 

compensation   

Guiding light beyond the diffraction limit is a promising route for development of 

miniaturized integrated photonic circuits (IPCs). However, the propagation loss increases 

with the confinement factor, posing a fundamental problem in many potential applications. 

How to balance the tradeoff between the propagation loss and mode confinement is one of 

the critical considerations for SPPs waveguides. Although the proposed LRWWHSPPs 

waveguide in this thesis could potentially balance this tradeoff and can act as a guideline for 

further exploration of plasmonic waveguides, the propagation loss is still a limitation. Thus 

new strategies are needed to reduce this intrinsic loss still further. Recently researchers have 

explored the possibility of loss compensation using a gain medium [7-8]. For example, a 
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plasmonic mode power gain of 8.55 dB mm
-1

 has been achieved by incorporating optically 

pumped dye molecules as the gain medium [8]. Loss compensation for the 

deep-subwavelength confined SPPs could also be one of the future tasks.   
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