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ABSTRACT 

Pure plasmonic mode and hybrid plasmonic mode have been 

demonstrated. The cone-metal shelled structure is proposed. 

The two modes have been examined, pure plasmonic mode 

and hybrid plasmonic mode. At room temperature, the quality 

factor of the two modes has been compared and we found that 

the quality factor of hybrid plasmonic mode is 775 when the 

side angle of the cone structure ranged (60°-70°) whereas the 

quality factor for pure plasmonic mode is 310 when the side 

angle of the cone structure ranged (60°-70°). Also, we 

examined a quality factor of two modes at different 

temperature and we got an ultra high quality factor for pure 

plasmonic mode about 1.4 M at 0 K whereas the quality factor 

for hybrid plasmonic mode is about 70,000 at 0 K. 
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1. INTRODUCTION 
In recent years, a substantial amount of research has been 

conducted in minimizing optical cavities to achieve nanoscale 

lasers used for chip-scale photonic integrated circuits. The 

metal-cladding semiconductor laser is one of the most 

promising schemes for breaking the optical diffraction limit 

because of surface plasmon (SP) effects [1,2].  Semiconductor 

metal lasers with different cavities[3–6] , including nanodisks, 

nanowires, nanorings, and other structures, have been 

demonstrated. Plasmonic resonant cavities represent an 

application that could exploit this field compression to create 

ultrasmall-mode-volume devices. Several plasmonic 

resonators with different geometrical designs have been 

reported, such as periodic optical Bragg mirrors [7 –12], 

annular nanoresonators [13 ], nanowaveguide-type cavity [14 

] and sandwiched Fabry–Perot (FP)-type nanocavity [15 ], but 

their quality factors are generally low, smaller than 100, 

which is far away from the theoretical value limited by the 

intrinsic loss of the metal at room temperature. In this paper, it 

has been investigated cone-metal shelled structure. Two kinds 

of modes have been focused in this structure, pure plasmonic 

mode and hybrid plasmonic mode. The quality factors of the 

two modes at room temperature and low temperature are 

compared.   

2. PLASMONIC RESONATOR  

2.1 Study Model 
To understand the optical properties in the cone-metal shelled 

structure, it is used the three-dimensional (3D) finite-element 

method (FEM) was applied to perform the simulation of cone 

cavity covered by metallic shell as depicted in figure 1 (a), 

which consists of dielectric cone with height (h) of 2.4nm and 

base diameter of 3um. Cone structure is coated with metal 

layer (~ 100nm thick). The angle Φ represents the angle 

between the sidewall and the base of the cone structure as 

shown in figure 1(b). The material of cone structure is InP and 

the metallic layer is Ag. The frequency-dependent complex 

dielectric constants of InP  and Ag are taken from [16 ].  

 

(a) 

 

(b) 

Figure(1) geomatry of cone-metal shelled structure, (a) 3D 

view of the geomatry each matrial is shown in different 

color InP layer in blue, coated by metallic silver cone. (b) 

side viewof the geomatry with structure dimensions.  

2.2 Study Mode profile 
In this work, it is focused on two kinds of modes, one is called 

hybrid plasmonic mode and second is pure plasmonic mode. 

In hybrid mode, the electric field concentrates on two 

positions, one on the dielectric region, which is also called 

dielectric mode, and the second on the interface between 

metal and dielectric. Figure 2(a, b) shows the side view and 

top view of the magnetic field distribution of the odd mode 

for hybrid plasmonic mode. As in the figure, part of the 

energy concentrated on the sidewall, and part of energy 

concentrate on dielectric region and this why it called hybrid 

mode.  

In pure plasmonic mode the electric field only concentrates on 

the interface i.e. between metal and dielectric interface. Figure 

2(c, d) shows the side view and top view of the magnetic field 

distribution of the even mode for pure plasmonic mode. As in 

the figure, the energy concentrated on the sidewall, i.e at the 

interface between metal and dielectric, for pure plasmonic 

mode. However, it is expected the Quality factor (Q) is higher 

in hybrid mode than in pure plasmonic mode.  The mode was 

a whispering-gallery (WG)-like SP polariton mode, and the 

electric field directions were perpendicular to the NR sidewall 

and the metal surface.  
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(a) 

 

(b) 

 

(c) 

 

(d) 

Figure (2): Field distribution of cone-metal shelled at 

resonance wavelength a) side view for hybrid plasmonic 

mode. b) top view for hybrid plasmonic mode. c) side view 

for pure plasmonic mode. d) side view for hybrid 

plasmonic mode. 

3. RESULT AND DISCUSSION 

The structure has been simulated with different sidewall angle 

Φ to examine the quality factor. Figure 3 shows Quality factor 

(Q) versus sidewall angle Φ for hybrid plasmonic modes. In 

the figure, the even mode and odd mode were examined; they 

show similar property for Quality factor. In both cases, it is 

found Q=775 at sidewall angle ranged (60°-80°) and the 

wavelength is 1.48μm for odd mode. Figure 4 shows Quality 

factor (Q) versus sidewall angle Φ for pure plasmonic modes. 

In the figure, the even mode and odd mode were examined; 

they show similar property for Quality factor. In both cases, it 

is found Q=310 at sidewall angle ranged (60°-70°) but the 

wavelength is 1.5μm for even mode and 1.46μm for odd 

mode. 

 

Figure 3 Quality factor (Q) versus sidewall angle Φ for 

hybrid plasmonic modes shown in blue and resonance 

wavelengths (λ) versus sidewall angle Φ for hybrid 

plasmonic modes shown in black. 

 

Figure 4 Quality factor (Q) versus sidewall angle Φ for 

pure plasmonic modes shown in blue and resonance 

wavelengths (λ) versus sidewall angle Φ for pure 

plasmonic modes shown in black. 
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Thus, the quality factor in hybrid mode is higher than in pure 

plasmonic due to metallic loss. The main challenge associated 

with using plasmonic cavities is the loss that mainly comes 

from metal absorption in the visible and near-infrared 

wavelength range. Although some plasmonic modes, such as 

long-range surface plasmons, suffer less loss and propagate 

longer distances, the confinement of these modes becomes 

much worse. There is a fundamental compromise between 

loss and confinement for plasmonic modes. One of the causes 

that play an important role in the loss is electron collisions, 

which increase further with temperature. However, it is worth 

to know that the metallic loss depends on temperature. Here in 

this paper, it has been examined the temperature dependent in 

our simulation. 

The metal-loss-limited Q factor depends predominantly on the 

damping collision frequency, γ [6,14]. To present a low 

temperature in our simulation, γ was scaled by a factor of the 

room-temperature conductivity of a metal divided by the low-

temperature conductivity. Thus, we simulate our structure 

with different temperature values and examine the two 

obtained modes, i.e. the pure plasmonic modes and hybrid 

plasmonic mode. The quality factor of pure plasmonic mode 

increases slightly from room temperature degree (300 K) 

toward low temperature until reach 50 K afterward when the 

temperature decreases further towards 0 K, the quality factor 

increases dramatically as shown in figure (5). The quality 

factor for pure plasmonic mode exceeds the 1.4 M. This result 

shows that the temperature play a very important role on 

plasmonic quality factor. However, as we mentioned before 

the pure plasmonic mode is in touch with metallic part of the 

structure therefore the increase in quality factor in pure 

plasmonic mode is due to low temperature and this causes low 

electron collision and eventually low loss.  

 

Figure (5): Quality factor (Q) versus Temperature (K) for 

pure plasmonic modes. 

Also, we have examine the low temperature for hybrid 

plasmonic mode and the results show that also increase in the 

quality factor but with values much smaller as we have seen 

in pure plasmonic mode, see figure (6). In comparison, at 0 K 

temperature the pure plasmonic mode exceeds 1.4 M whereas 

the hybrid plasmonic mode exceeds only 70,000. Therefore, 

we can say that the quality factor of plasmonic mode has 

inherently very large value (more than two order of 

magnitude) comparing with hybrid mode. In spite of the 

quality factor of hybrid mode is superior comparing with pure 

plasmonic mode at room temperature because of metallic loss 

but we expect the situation will be very different if we can 

decrease or remove the effect of metal loss at room 

temperature.   

 

Figure (6): Quality factor (Q) versus Temperature (K) for 

pure plasmonic modes. 

4. CONCLUSION 
In this paper, we have studied the quality factor the cone-

metal shelled structure. The two modes namely, hybrid and 

pure plasmonic mode, were studied and we found the quality 

factor for two modes can be maximized when the sidewall 

angle Φ is between (60°-70°). For hybrid plasmonic mode the 

maximum quality factor is 775 at room temperature. For pure 

plasmonic mode the maximum quality factor is 310 at room 

temperature. Furthermore, we examined our structure at low 

temperature, at same sidewall angle the quality factor for pure 

plasmonic can exceed 1.4M at 0K which is about 2 order of 

magnitude more than hybrid plasmonic mode at similar 

condition.    
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