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ABSTRACT— Plasmonic nanosensors have 

emerged as a powerful tool for biosensing and 

other applications. Therefore, efforts are 

underway to achieve higher sensitivity for these 

nanosensors. In line with this goal, we have 

investigated the sensitivity of silver square and 

triangular chiral nanosensors based on two 

strategies, Localized Surface Plasmon 

Resonance (LSPR)-based and Circular 

Dichroism (CD)-based sensing. Chiral 

nanostructure parameters (height, diameter) 

and the angle of incidence light have been 

optimized with calculation method (3-D finite-

difference time-domain (3-D- FDTD)) in order to 

obtain best localized surface plasmon resonance 

and consequently the highest sensitivity. The 

calculation results show that sensitivitys~1727 

and 1658nmRIU-1 can be achieved in LSPR- and 

CD-based sensing method respectively for 

square chiral nanostructure, which are 

significantly more than previous works. 

KEYWORDS: Chiral nanostructure, Plasmonic 

sensors, High sensitivity, LSPR-based sensing, 

CD-based sensing, FDTD. 

I. INTRODUCTION 

Plasmonic metal nanoparticles have great 

potential for chemical and biological sensor 

applications [1]-[4], due to their sensitive 

spectral response to the local environment of 

the nanoparticle surface and ease of monitoring 

the light signal due to their strong scattering or 

absorption. When a metallic nanostructure is 

illuminated by incident light of a larger 

wavelength than the size of the nanostructure, 

localized electrons in the metallic nanostructure 

oscillate and create strong surface waves [5]. 

The curved surface of the particle generates an 

effective restoring force on the conduction 

electrons so that resonance can arise. This 

phenomenon leads to strong field enhancement 

in the near field zone. This resonance is called 

LSPR [6], [7]. One of the most remarkable 

effects of LSPR is that the intensity of LSPR is 

sensitive to changes of the refractive indices 

around noble metal nanoparticles [8], [9]. The 

advantages of LSPR sensors having this 

characteristic are real-time analysis, label-free 

detection, and high sensitivities [10]-[12]. The 

intensity and peak location of the absorption 

and scattering spectra are highly dependent on 

the nanoparticle shape, size, and composition as 

well as the refractive index of the surrounding 

medium. By taking into account the 

relationship between the LSPR signal and its 

influencing factors, there has been significant 

interest in developing high-sensitivity chemical 

and biological sensors based on nanostructured 

platforms [13]-[16]. 

Theoretical consideration on the surface 

plasmon resonance condition revealed that the 

LSPR- based sensing, defined as the relative 

shift in resonance wavelength with respect to 

the refractive index change of surrounding 

materials, has two controlling factors: first the 

bulk plasma wavelength, a property dependent 

on the metal type, and second on the aspect ratio 

of the nanostructures which is a geometrical 

parameter. It is found that the sensitivity is 

linearly proportional to both of these factors 

[17]. In sensor applications high sensitivity of 

the spectral response of the plasmonic 

resonance absorption (or scattering) band to the 
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changes in the refractive index of the 

surroundings is desired. Many theoretical and 

experimental studies [18]-[21] have been made 

on metal nanoparticles with different geometry 

to find the best nanoparticle configuration to 

enhance the sensitivity of the plasmon 

resonance response. From the viewpoint of 

sensitivity, metal nanorod and nanoshell 

structures have been at the center of attention. 

Recently, theoretical simulations and 

experimental data have demonstrated that 

anisotropic nanostructures exhibit higher 

refractive index sensitivity [22], [23]. 

Nowadays, the technique of nanostructures and 

microstructures allows the construction of 

precise and skillful shapes, such as three 

dimensional helix antennas [24]-[27]. Optical 

response of nanostructures can be adjusted by 

controlling their size, number of steps or torsion 

around the central axis, and other geometric 

parameters. 

On the other hand chirality is an intriguing 

property of certain molecules or artificial 

nanostructures, which can provide a chiral 

plasmonic sensing approach. Chiral media have 

different optical responses to left- and right 

handed circularly polarized light, and give rise 

to important optical phenomena such as circular 

dichroism (CD). CD-based sensing measures 

the differential extinction between left-handed 

(LH) and right-handed (RH) circularly 

polarized light using CD spectroscopy (i.e.

RL EECD  ). The change in response to the 

change in the refractive index of the medium 

surrounding the nanoparticles is tracked [28]. 

CD-based sensing with chiral nanoparticles 

offers distinct advantages to LSPR- based 

sensing. CD spectra are naturally consisting of 

more spectral features compared to an 

extinction peak that can be tracked when the 

local environment changes. In particular, the 

crossing points (CD=0) where the LH and RH 

extinctions are equal and the signal changes 

sign are ideal features to track, because they are 

intrinsically narrow and lead to high figures of 

merit [29]-[31]. In addition, chiral plasmonic 

structures have a higher degree of flexibility in 

terms of spectral tenability. 

II. STRUCTURE AND ANALYSIS 

METHOD 

The helix structures under study are 

schematically presented in Fig. 1. They consist 

of a constant side length (L=140 nm). The 

structural period and angle of the rise of the 

structures are h=3LSin(θ) and θ=π/4, 

respectively. We consider a uniform 

environment with refractive index n=1 around 

each nanostructure. The square and triangular 

helix structures are illuminated by circular 

polarized wave in the wavelength ranges 
200 2400   and 200 2000nm  , 

respectively at incidence angle of φ=0 to the z-

axis with polarization in the direction of the x-

axis. The calculations are performed with 3D 

finite difference time domain (FDTD) [32]. 

 
Fig. 1. Schematic model and geometric parameters 

of the square and triangular chiral plasmon 

nanosensors. 

III. OPTIMIZATION 

In this section, at first we try to find the best 

angle of incidence light that leads to a narrow 

and long resonance peak. Then we investigate 

the effects of geometric parameters of 

triangular helix-structure (number of steps 

(height) and radius) on refractive index 

sensitivity which is defined as the ratio of 

resonant wavelength shift  nm  to the 

variation of surrounding refractive index n  

 
 RIUn

nm
S







 (1) 

A. The Dependence of Light Beam Angle 

We start by optimizing the angle of incident 

light () in order to find the best LSPR 
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responses. This can be essential, as a quality 

peak can increase the resolution of spectrum. 

For this purpose, we consider scattering cross-

section of silver triangular helix-structure 

(THS) at different incident light angle and 

choose the structure radius r=5nm and number 

of steps=3. Figure 2 shows a comparison of the 

scattering spectra for the incident angles 

 90and45,0 . Incident angle 

substantially modifies the LSPR peak position 

and intensity and it is observed that for incident 

angle of 
�0 the resonance is significantly 

stronger than other angles. 

 
Fig. 2. Simulated scattering spectra of triangular 

helix-structure for various incidence angles (
�� 45,0 and �

90 ) 

B. The Dependence of Number of Steps 

Second, we compare the refractive index 

sensitivity of THSs for different number of 

steps from 1 to 3. Figure 3 shows the scattering 

spectra at normal incidence light (
�0 ) for 

THS with r=5nm, number of steps=1 and 

refractive index=1, 1.1, 1.2, and 1.33 as sample. 

As can be seen the scattering cross-sections 

have a single peak, which means the existence 

of dipolar particle plasmons. These peaks are 

specific to the dipolar distribution of 

conducting electrons relative to positive charge 

of the field. There is also a red shift in the 

spectrum with increasing the refractive index 

and a sensitivity of S=1095 nm/RIU is obtained 

according to Eq. (1). 

Similarly, the sensitivity for THSs with 2 and 3 

steps are calculated and compared in the Fig. 4, 

which are equal to 1287 and 1346 nm/RIU 

respectively. It is found that if the radius is 

constant, the sensitivity increases with 

increasing number of steps (height). 

 
Fig. 3. Scattering cross-sections of THS under 

normal incidence light for various refractive index 

from 1 to 1.33. number of steps=1 and structure 

radius=5nm are fixed. 

  
Fig. 4. The wavelength of LSPR peaks Vs. the 

refractive index of the surrounding medium for THS 

with different number of steps from 1 to 3. Structure 

radius=5nm is fixed. 

C. The Dependence of Radius 

Third, we study the dependence of sensitivity 

on the THS radius. Scattering cross-section at 

normal incident light for THS with r=5nm and 

number of steps=3 is presented in Fig. 5. The 

resonant wavelength shifts significantly with 

respect to refractive index change and obtain a 

sensitivity equivalent to S =1346 nm/RIU. 

On the other hand, a comparison of Figs. 3 and 

5 shows that for each given refractive index, 

there is a read shift (resonance peak occur at 

longer wavelength) with increasing aspect ratio 

(length to radius ratio) of nanostructure which 

is due to reduce amount of the net dipole-

moment. 
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Fig. 5. Scattering cross-sections of THS under 

normal incidence light for various refractive index 

from 1 to 1.33. Number of steps=3 and structure 

radius = 5nm are fixed. 

Figure 6 presents the wavelength of LSPR 

peaks versus the refractive index of the 

surrounding medium for THSs with number of 

step=3 and different radius (r=5, 10, 15, and 20 

nm). Our results show, if the number of steps is 

constant, the sensitivity decreases with 

increasing nanoparticle radius. The highest 

sensitivity is obtained for THS with number of 

step=3 and r=5nm and is equal to 1346 

nm/RIU. 

 
Fig. 6. The wavelength of LSPR peaks Vs. the 

refractive index of the surrounding medium for THS 

with different radius from r=1nm to 20nm. Number 

of steps=3 is fixed. 

IV. SENSITIVITY OF SQUARE-HELIX 

STRUCTURE 

In the previous section, we optimized the 

geometric parameters of the nanostructure to 

achieve greater sensitivity. The plasmon 

sensitivity in wavelength units shows the 

expected steady increase for an increasing 

aspect ratio. So, in this section based on the 

optimal parameters (The largest aspect ratio for 

square helical structure that our computational 

facilities let us to simulate.) we calculate the 

sensitivity for square helix-structure (SHS) 

using two strategies, LSPR- and CD-based 

sensing. 

A. LSPR-based Sensing 

Scattering cross-sections for SHS with number 

of step=3, r=5nm and different refractive index 

(n=1, 1.1, 1.2, and 1.33) are plotted in Fig. 7. 

Main plasmon band consist of three peaks, 

which can indicate multipolar of higher orders 

(quadrupole, octopole and …). We consider the 

middle peak (the highest peak) to calculate the 

sensitivity and a value as large as 

S=1727nm/RIU is obtained for it which is 

significantly higher than the sensitivity of TSH. 

 
Fig. 7. Scattering cross-sections of SHS with number 

of steps=3 and structure radius r=5nm under normal 

incidence light for various refractive index from 1 to 

1.33. Inset: The wavelength of LSPR peaks Vs. the 

refractive index of the surrounding medium. 

A. CD-based Sensing 

We also examined other strategy for calculating 

the sensitivity of SHS. First, we calculate the 

scattering spectra of SHS for right- and left-

handed circularly polarized light under normal 

incidence. Then the CD spectra of the structure 

can be calculated as    RL scatscatCD  that 

is shown in Fig. 8. As expected, the CD spectra 

show multiple features. We track the CD 

spectra at the maximum  M , zero crossing

 0  and minimum  m in response to changes 

in the refractive index of the surroundings. 

The wavelength shifts relative to refractive 

index are presented in Fig. 9. For M , o and 
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m the sensitivity is equal to 1600, 1603 and 

1658nm/RIU respectively. All three are almost 

of the same order and large enough for sensor 

applications. 

It is noteworthy that in our previous work [33] 

we calculated the sensitivities for the three CD 

spectral features of triangular helical structure 

as 1718, 1492 and 1372 nm/RIU For M , o  

and m respectively. 

 
Fig. 8. CD spectra of the SHS with number of steps 

= 3 and structure radius r=5nm Vs. wavelength for 

the different refractive index of the surrounding 

medium. 

 
Fig. 9. The wavelength shifts relative to refractive 

index of the surrounding medium for 
M , 

o and 
m  

V. CONCLUSION 

In this work, we simulated the spectral 

characteristics of plasmonic resonance in 

square and triangular helix-structure based on 

3-D-FDTD method. We first optimized the 

light beam incidence angle and geometric 

parameters (number of steps and radius) of 

triangular helix-structure in order to achieve the 

highest sensitivity. The simulation results show 

that, the best angle of incidence light is 
�0

and also we concluded that, the sensitivity 

increases with increasing aspect ratio. 

Furthermore, we calculated the sensitivity for 

square helix-structure with three steps and 

r=5nm. Our results showed that both LSPR-

based sensing and CD-based sensing have ultra-

high sensitivity (1727 and 1658nm/RIU 

respectively), which are significantly larger 

than other’s works [34] and make this structure 

ideal for sensor applications. 
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