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Abstract— We have witnessed a lot of advancements in 

sensors after the introduction of optical fiber technology. 

Over the past few decades, researchers have shown great 

interest in a new technology, named Surface Plasmon 

Resonance (SPR) which uses the light-metal interaction 

involved at a metal-dielectric interface. SPR has emerged as 

a great detection technique due to its flexibility, high 

sensitivity and multiplexing capabilities. This detection 

method has given superior results across various categories 

of research. This technology is used for fast, precise and 

accurate measurement of diverse physical, chemical and 

biochemical parameters. Optical resonance techniques based 

refractive index (RI) sensors are receiving a lot of attention 

because of the need to design simple, low-cost, high-

throughput detection technologies for a number of 

applications. The parameters which quantify the 

performance of the SPR technique for sensing purposes 

have been reviewed in this paper with review of phenomena 

of SPR technology. The content of the review article may be 

of great significance for the researchers in the field of fiber-

optic SPR sensors.                 
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I. INTRODUCTION 

Optical refractive index (RI) sensors are extensively 

researched for a number of applications and are popular 

among all the sensing technologies. This sensing pattern 

provides real-time results. Optical fiber refractive index 

sensors include many configurations like surface plasmon 

resonance (SPR), 2-D photonic crystal structure, long fiber 

grating and different ring resonators. An optical resonance 

can easily be observed in these configured sensors because 

at least a part of the corresponding mode is interacting with 

the sample. A change in refractive index of the region 

causes a corresponding wavelength or angular shift of the 

optical resonance of the sensor [2].The change in resonant 

wavelength or angle is converted into the sensing signal. 

Most researchers have taken sensitivity as single parameter 

to analyze the   performance of RI sensors. The purpose of 

this paper is to highlight the need of other parameter with 

sensitivity for quantification of performance of RI sensors. 

A. SPR Theory:  

A Surface Plasmon is a charge density wave occurring at the 

interface between a metal and a dielectric [1]. A Surface 

Plasmon can be excited by light. The excitation of surface 

plasmons at metal-dielectric interface results in the transfer 

of energy from incident photons to surface plasmons, which 

reduces the energy of the reflected light. If the normalized 

reflected intensity (R), which is basically the output signal, 

is measured as a function of incident angle by keeping other 

parameters and components like frequency, metal layer and 

dielectric layer  unchanged, then a sharp dip is observed at 

resonance angle due to an efficient transfer of energy to 

surface plasmons as in figure 1[4]. The evanescent field 

interacts with close area of the metal. Therefore, any change 

in optical properties will result in change in SPR angle (in 

case of angular interrogation) or wavelength (in case of 

wavelength interrogation), this is principle of use of SPR for 

sensing purpose. [3] 

 
Fig. 1: Reflectance (R) as a function of angle of incidence 

(ϴ) at the prism metal interface (angular interrogation) 

B. Performance Parameters: 

The performance evaluation of refractive index sensors are 

mostly done by calculating their sensitivity. RI sensitivity is 

the magnitude in shift of the resonant wavelength or angle 

versus the change in RI of the sample. However, this 

parameter is not sufficient enough for quantitatively 

evaluating the performance of the RI sensor. To completely 

describe the performance of the sensor, the detection limit 

(DL) must be reported, because there is high probability of 

occurrence of noise due to different reasons. Therefore, the 

performance of a SPR based fiber optic sensor is analyzed 

with the help of sensitivity and detection limit. For the best 

performance of the sensor, both parameters should be as 

high as possible to perfectly quantify sensing procedure [1].                                                                           

C. Sensitivity:  

Sensitivity of a SPR sensor depends on how much the 

resonance angle or resonance wavelength shifts with a 

change in refractive index of the sensing layer. If the shift is 

large, the sensitivity is large. In angular interrogation based 

SPR sensor, the resonance angle (θres) is determined 

corresponding to refractive index of the sensing medium 

(ns). A small change in the refractive index of the sensing 

medium δns shifts the resonance angle by δθres. Sensitivity is 

a main parameter to determine the performance of SPR 

based optical fiber sensor. 
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Fig. 2: The shift in resonance angle (δθres) with a change in 

refractive index of the sensing layer (ns) by δns. 

Figure 2 [5] shows a plot of reflectance as a 

function of angle of the incident light beam for sensing 

layers with refractive indices ns and ns + δns. Here, δθ0.5 is the 

angular width of the curve at half reflectance for sensing 

layer refractive index ns. Increase in refractive index by δns 

shifts the resonance curve by δθres angle. The sensitivity of a 

SPR sensor with angular interrogation is given by equation 

(1) 

                    ………… (1) 

While in case of wavelength interrogation method, 

instead of shift in resonance angle, a shift in resonance 

wavelength δλres takes place as in figure 3 [4]. The 

sensitivity of a SPR sensor with wavelength interrogation is 

given by equation (2) 

                                    

 
Fig. 3: Shift in resonance wavelength (δλres) with a change 

in refractive index of the sensing medium. 

Thus, the sensitivity of a SPR sensor depends on 

the shift in resonance angle (angular interrogation) or the 

resonance wavelength (wavelength interrogation) with a 

change in the refractive index of the sensing medium. 

Larger is the shift, better will be the sensitivity of the SPR 

sensor. To define the sensitivity of a SPR based sensor, two 

SPR curves are plotted for two different values of the 

refractive index of the sensing medium as shown in Figure 2 

and figure 3. The sensitivity is given in units of nm/RIU. 

Generally, those designs which have high interaction 

between the resonant mode and the analyte, have high 

sensitivity. Therefore, Surface Plasmon resonance (SPR) 

prism coupled and optical fiber coupled structures have 

extremely high sensitivity. While, in a conventional ring 

resonator, only around 1-3% of the optical mode interacts 

with the analyte [6], which leads to a comparatively low 

sensitivity. 

II. DETECTION LIMIT 

Detection limit To track the position of the extreme (i.e., 

minimum or maximum, depending on the measurement 

configuration) is a simple method to observe the spectral 

shift. The total sensor response is the spectral difference 

between the final and initial extreme, as illustrated in figure 

2 and figure 3. If infinitely high spectral resolution were 

available and absolutely zero system noise were present, the 

sensor performance could be characterized by the sensitivity 

alone. However, spectral resolution and system noise detract 

from the precision and accuracy with which the true center 

of the resonant mode can be located. The minimum error in 

determining the actual mode spectral position leads to finite 

sensor resolution, and subsequently to the need for the 

sensor DL [9].Therefore we can say that sensitivity does not 

wholly reflect the capacities of the device to detect and 

quantify the properties of the sample or analyte. Precise and 

accurate measurement of the spectral shift that results from 

the sample is equally important. Sensor resolution 

characterizes the smallest possible spectral shift which can 

accurately be measured. This term takes into account the 

spectral resolution of the system and a number of noise 

parameters. The ratio of  the sensor resolution (R) and 

sensitivity (S) gives detection limit (DL) of the device as in 

equation (3). 

DL = R/S                ……... (3) 

Amplitude variations and spectral variations are 

two types of noise which contribute to errors in determining 

the positions of the resonant mode. Amplitude noise refers 

to the cumulative noise added to the spectral mode profile. 

There may be many sources of noise including thermal and 

shot noise in the photo detector, laser relative intensity 

noise, and quantization error. Figure 3 shows a spectral 

mode trace with noise signals added to it. With added 

amplitude noise signal, the actual extreme may be at the 

different frequency of the Lorentzian shape as it should be. 

Thus, the amplitude noise processes result in a random 

spectral deviation of the measured spectral location of the 

resonant mode. 

 
Fig. 3: Lorentzian mode amplitude with Gaussian noise 

added for SNR of 40 dB and 60 dB. [1] 

The parameters and the resulting DLs were 

compared by Ian M. White et al., in 2008 as in Table 1. 

From the table1, it can be concluded that as the high Q-

factor sensor has lower spectral variation due to amplitude 

noise; therefore it has slightly better performance, despite 
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having the lower sensitivity. From this result we can 

conclude that there is  need for a particular method of 

performance quantification for RI sensors instead of relying 

on the RI sensitivity value to indicate the sensor’s 

performance. 

Q-factor Q = 10
7 

Q = 10
4 

RI sensitivity 25 nm/RIU 
1000 

nm/RIU 

Spectral resolution 1 fm 1 pm 

Temp stabilization () 10 fm 10 fm 

 of extreme 1.1 fm 1.1 pm 

Calculated sensor 

resolution R 
30.3 fm 3.4 pm 

Detection limit DL 
1.2 × 10

-6
 

RIU 

3.4 × 10
-6

 

RIU 

Table 1: Comparison of the detection limit of two different 

resonant modes with largely differing Q-factor and RI 

sensitivity. [1] 

III. CONCLUSION 

We have reviewed various parameters required for 

characterizing the performance of SPR based optic fiber 

refractive index sensors. We reviewed the method for 

comparison of performances of different sensors. The 

method reviewed in this paper is based on the sensor’s 

actual capability to detect and quantify small changes in the 

refractive index of the  sample, instead of  relying only on 

the RI sensitivity of the sensor. This method uses Detection 

limit (DL) parameter that is based on the sensitivity as well 

as the sensor resolution, where the resolution depends on a 

number of noise sources. The main purpose of this paper is 

to highlight the importance of detection limit for 

performance quantification of RI sensor. 
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