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Ultrahigh-contrast and broadband on-chip refractive index sensor 
based on surface-plasmon-polariton interferometer 

Yujia Wang,
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 Chengwei Sun,
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 Kexiu Rong,
a
 Hongyun Li

a
 and Qihuang Gong
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Using a double-slit structure fabricated on a gold film or a subwavelength (300 nm) plasmonic waveguide, high-contrast 

and broadband plasmonic sensors based on the interference of surface plasmon polaritons (SPPs) are experimentally 

demonstrated on chips. By adjusting the focused spot position of the p-polarized incident light on the double-slit structure 

to compensate the propagation loss of the SPPs, the interfering SPPs from the two slits have nearly equal intensities. As a 

result, nearly completely destructive interference can be experimentally achieved in a broad bandwidth (>200 nm), 

revealing the robust design and fabrication of the double-slit structure. More importantly, a high sensing figure of merit 

(FOM*) of >1×104 RIU-1 (refractive index unit), which is much greater than the previous experimental results, is obtained at 

the destructive wavelength because of the high contrast ratio (C=0.96). The high-contrast and broadband on-chip sensor 

fabricated on the subwavelength plasmonic waveguide may find important applications in the real-time and independent 

sensing of the particles and molecules. 

Introduction 

During the past several decades, we have witnessed a growing de-

velopment in the field of biological and chemical sensing based on 

optics.
1-3

 Optical sensors, a powerful detection and analysis tool, 

have been developed by using ring resonators,
4
 waveguides,

5,6
 and 

metallic structures based on surface plasmons (SPs).
7-37

 Among the 

above techniques, the SP-based sensors that used metallic struc-

tures have attracted enormous attention in recent years because of 

the obvious advantages for high-density optical integration. SPs, the 

electromagnetically excited coherent charge oscillations at a met-

al-dielectric interface,
38

 are strongly confined at the metal surface 

and have huge field enhancement effects. These attractive proper-

ties make the SPs extremely sensitive to the variations of the local 

refractive index, which is the basis for the localized surface plasmon 

resonance (LSPR) sensors
7-19

 and surface plasmon resonance (SPR) 

sensors.
20-26

 Many nanostructures based on LSPR have been pro-

posed to achieve a good sensing performance, such as nanorods,
7,8

 

nanocubes,
9,10

 nanostars,
11,12

 nanoantennas,
13,14

 double nanopil-

lars,
15

 and metamaterials.
16-18

 Because the electromagnetic field of 

LSP decays very fast into the surrounding medium, LSPR-based 

sensors are more suitable for the detection of a single molecule.
19

 

SPR-based sensors,
2,3,20-26

 of which the electromagnetic field has 

larger interaction areas and longer decay lengths than that of LSPRs, 

are more sensitive to the surrounding bulk medium. For the 

SPR-based sensors of high sensitivities (13800 nm/RIU) with using 

the prism and array structures,
25,26

 their main drawback is the bulky 

device structures, which make them difficult to be integrated into 

chips. Moreover, conventional SPR or LSPR sensors must work at 

the resonant wavelengths to maintain the high sensitivities because 

the sensitivities will be considerably decreased when the response 

spectra (such as the absorption, scattering, and extinction spectra) 

of the particles and molecules being detected are far away from the 

resonant wavelengths.
7-27

 Hence, these sensors can only work at a 

fixed wavelength or a very narrow wavelength bandwidth, which 

considerably limits their spectroscopic capabilities and practical 

applications in sensing. 

Recently, surface-plasmon-polariton (SPP) interferometry has 

been proposed as a feasible way to overcome the bulky 

structures.
28-37

 For the electromagnetic waves, the contrast ratio of 

the interference patterns and spectra is an important parameter, 

and it is also one of the key performance criterions of the sensors 

based on interference.
35 When the interfering contrast ratio reach-

es up to C=1, a very small deviation from the completely destructive 

interference (induced by the surrounding variations) can be de-

tected, which can significantly increase the sensing resolution.
35

 In 

the Mach-Zehnder Interferometric scheme,
28,29

 there are three 

factors that limit the interfering contrast. They are the difference of 

SPP excitation efficiency by the slit on the upper and lower surfaces 

of the metal film, the different propagation losses of the two SPPs 

on both surfaces of the metal film, and the different scattering effi-

ciencies of the SPPs at the slit. These three factors resulted in a 

reported contrast ratio of the interference that was only about 

C=0.25.
28

 As for the slit-groove structures,
30-34

 the intensities of the 

interfering beams can't be balanced because of the low SPP excita-

tion efficiency of the groove, the large SPP propagation loss, and 

the low SPP scattering efficiency of the slit. Thus, the contrast ratio 

of the interference in the reported slit-grooves structure is only 

about C=0.3.
30

 To obtain a high-contrast interferometric sensors, 

the hole-grating structure
35,36

 and slit-grating
37

 were proposed to 
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increase the excitation efficiencies of the SPPs. The contrast ratio of 

the interference was increased to about C=0.87 at the resonant 

wavelength.
35

 However, the grating structures are not suitable for 

the broadband spectral sensing due to the narrow-band (<50 nm) 

resonant SPP coupling of the gratings.
22,38,39

 Moreover, precision 

designs and accurate fabrications are needed to realize the com-

pletely destructive interference in the narrow-band resonant spec-

tra of the gratings. This also may be an important reason for that 

the contrast ratio of the interference is difficult to be increased 

experimentally in the previous sensors.
28-37

 

In this letter, we demonstrate a high-contrast and broadband 

on-chip sensor based on the SPP interference in a metallic dou-

ble-slit structure, which doesn’t need precision designs and accu-

rate fabrications. Due to the interference of the SPPs from the two 

slits, the interference spectrum of the SPPs on the metal surface 

exhibits oscillation behaviour. The broadband interference spec-

trum will be shifted when the refractive index of the surrounding 

medium is varied. In this configuration, only the propagation loss 

needs to be compensated to achieve a high contrast ratio of the 

interference. By adjusting the spot position of the p-polarized inci-

dent light, we experimentally achieve a high contrast ratio (C>0.9) 

of the interference spectrum in a broad bandwidth (>200 nm). As a 

result, a high figure of merit (FOM*) at the destructive wavelengths 

in a broad bandwidth is obtained. Moreover, the whole structure of 

the SPP sensor can be made more compact by fabricating the dou-

ble-slit aperture structure on a subwavelength (300 nm) plasmonic 

waveguide. 

Design and principle 

The proposed double-slit interferometer structure is schematically 

shown in Fig. 1(a). The structure consists of two nano-slits fabricat-

ed on a 450-nm-thick gold film, which is evaporated onto a glass 

substrate with a 30-nm-thick titanium adhesion layer. The focused 

ion beam (FIB) technology is used to fabricate the two nano-slits 

with the widths of w1 and w2, and the slit spacing is about L=43.86 

μm. The scanning electron microscope (SEM) image of the dou-

ble-slit structure is shown in Fig. 1(b). To eliminate the wavelength 

dependence of the SPP coupling from the incident light, we fabri-

cate two identical slits on the metal surface in the experiment. The 

measured slit width is about w1=w2=200 nm. When the p-polarized 

light (magnetic vector parallel to the slit) normally illuminates the 

structure from the back side, the SPPs can be excited by the two 

identical slits to propagate along the metal surface
40 

and then in-

terfere with each other, as shown in Fig. 1(a). The amplitudes of the 

incident magnetic field on the two slits are |H1| and |H2|, respec-

tively. To measure the interference spectrum of the SPPs, a decou-

pling grating with a period of about 660 nm is fabricated on the left 

side of the double-slit structure with a separation of about 10 μm, 

as shown in Fig. 1(b). In the practical applications, the on-chip de-

tectors
41 can be integrated on the metal surface, so the decoupling 

grating is not necessary. 

It is easy to obtain that the phase difference between the two 

interfering SPPs is determined by 

                  (1) 

 

Fig. 1 (a) Schematic and geometrical parameters of the double-slit structure on a metal 

film. (b) SEM image of the experimental structure. 

 

 

where λ is the wavelength of the incident light in the free space; φ 

is the phase brought by the SPPs passing through Slit 1; 

neff=[nd
2
εm/(nd

2
+εm)]

1/2
 is the effective refractive index of SPPs; nd is 

the surrounding refractive index; and εm is the permittivity of the 

gold. The total interference intensity of the two SPPs can be written 

as 

   (2) 

where, a is the amplitude ratio of the two interfering SPPs, and 

C=2a/(1+a
2
) is the interference contrast ratio. It is noted that the 

contrast ratio of C is only determined by the relative intensities of 

the two interference SPPs, so the decoupling grating will not change 

C even in a broad bandwidth. According to Eq. (2), constructive or 

destructive interference of the two SPPs from the two slits should 

occur when Φ equals even or odd multiples of π, and the period of 

the interference spectrum is 

                      (3) 

From Eq. (3), we can obtain that the interference period is smaller 

when the slit spacing of L becomes larger. 

Moreover, it can be obtained that the phase difference of Φ will 

change with the variations of the surrounding refractive index of nd, 

which can lead to a shift of the interference spectrum. This is the 

mechanism of the refractive index sensor. The sensitivity in terms of 

the wavelength shift per refractive index unit (RIU) is determined by 

       
     

eff d eff

0 eff eff m m

.lim
1n

n n n n n n
S

n n n

  

    

    
 

       
(4) 

From Eq. (4), it can be concluded that the sensitivity of S has no 

relationship with the slit spacing of L. It should be pointed out that 

the sensitivity of S can only reveal the spectra shift when the refrac-

tive index of nd is varied, but a small wavelength shift is difficult to 

be observed if the spectral bandwidth is very large.
9,19

 To evaluate 

the performance of optical sensors more precisely, researchers 

introduced a figure of merit (FOM) that simultaneously considers 

the sensitivity and the sharpness of the spectral peak.
9
 The FOM of 

the interferometric sensor can be derived from Eq. (3) and (4) to be 

 (5) 

To get a high FOM, we should choose a large slit spacing (L) based 
on Eq. (5). For the intensity-based sensing at a single wavelength, 

eff

2
,n L
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another figure of merit, which can reveal how sharp the relative 
intensity change (ΔI/I0) induced by the refractive index change of Δn 
at a specific incident wavelength, can be derived from Eq. (2) to 
be

30
 

        (6) 

where, kspp=2πneff/λ is the wave vector of the SPPs, and I0 is initial 

intensity at the destructive interference as a reference or calibra-

tion (with a known concentration or refractive index). For the first 

part, C/(1−C), of Eq. (6), its value increases greatly with C, especially 

as the interference contrast ratio approaches to C=1. For the sec-

ond part, S/λ, it is a constant based on Eq. (4). The third part, ksppL, 

linearly increases with the slit spacing of L. The last part, sin(Φ), 

means that its value reaches to the maximum when Φ equals odd 

multiples of π/2 in the sensed medium. Therefore, high-contrast 

interference (C) and a long slit spacing (L) should be chosen to get 

high values of FOM*. However, because of the propagation loss of 

the SPPs on the metal surface, high-contrast interference is difficult 

to be achieved when the slit spacing becomes large. Hence, such a 

choice is subject to a trade-off between the contrast ratio of inter-

ference and the slit spacing. Here, we choose the slit spacing to be 

about 40 μm. 

Results and discussion 

High-contrast and broadband interference spectra in the dou-

ble-slit structure 

In the following, we test our proposal in both of the experiment and 

numerical simulation. First, we calculate the interference spectra 

with COMSOL Multiphysics, and the simulation data are shown in 

Fig. 2(a-c). Here, the refractive index of the known surrounding 

medium (water) is nd=1.32165,
29

 and the permittivity of gold as a 

function of λ is taken from the experiment results.
42

 Because the 

propagation length of the SPPs increases with the wavelength, the 

completely destructive interference occurs at the long wavelengths 

when |H1|:|H2|=0.6:1, and the completely destructive interference 

occurs at the short wavelengths when |H1|:|H2|=0.2:1, as shown in 

Fig. 2(a, b). In order to obtain completely destructive interference in 

a broad bandwidth, |H1|:|H2| should equal exp[−L/2LSPP(λ)]:1 to 

compensate the different propagation loss at different incident 

wavelengths, where LSPP(λ) is the propagation length of the SPPs at 

the incident wavelength of λ. The simulation data are shown in Fig. 

2(c), where completely destructive interference is obtained in the 

whole wavelength band. The low intensity at the short wavelengths 

is attributed to the large propagation loss at these wavelengths. 

In the experiment, we use a super-continuum white light source 

(Fianium) to illuminate the sample from the back side. The white 

light is first polarized to be a p-polarized light by a Glan-Taylor prism 

and then focused on the sample by a microscope objective (Mi-

tutoyo 20×, NA=0.4). The SPPs excited by the two slits interfere with 

each other at the left side of the double-slit structure. To measure 

the interference spectra, the SPPs propagating along the metal 

surface are scattered by the grating and then are collected by an-

other microscope objective (Mitutoyo 100×, NA=0.5), which is 

placed in air. The collected light is coupled to a fiber that connects a 

spectrograph (Andor). To compensate the propagation loss of the  

 

Fig. 2 Simulation data of the interference spectra in the double-slit structure as (a) 

|H1|:|H2|=0.6:1, (b) |H1|:|H2|=0.2:1, and (c) |H1|:|H2|=exp[−L/(2LSPP)]:1. (d) Experi-

mental results of the interference spectra by adjusting the spot position of the incident 

light on the double-slit structure. 

 

 

SPPs from Slit 2, the position of the incident light spot is adjusted to 

be close to Slit 2. Moreover, the radius of the focused spot on the 

sample is not a constant for different wavelengths because of the 

chromatism of the microscope objective. As a result, a broadband 

and high-contrast interference spectrum is obtained when the fo-

cused radius of the white light is about r≈30 μm and the focused 

position is just located at Slit 2, as shown in Fig. 2(d), which is simi-

lar to the simulation data in Fig. 2(c). Here, the bandwidth is more 

than 200 nm, and the contrast ratio is greater than C=0.9, which is 

greater than the previous results.
28-33,35,37

 More importantly, since 

the nearly completely destructive interference can be realized in 

such a broad bandwidth (>200 nm), the precision design of the 

double-slit structure is not needed, and the sample fabrication is 

robust and easy. Simulations show that the deviations of slit width, 

film thickness, and waveguide dimensions have little influence on 

the sensor performance. It is found that the film thickness in the 

range of (100, 600) nm, the slit width in the range of (50, 800) nm, 

and waveguide dimensions of (50, 600) nm in widths and (50, 450) 

nm in heights are all OK for the sensors. This further reveals the 

robust realization of the nearly completely destructive interference 

in the double-slit structure, according well with the broadband 

property in Fig. 2(d). 

Refractive index sensing in the double-slit structure fabricated on 

the metal film 

In order to verify the shift of interference spectra induced by the 

refractive index variations of the surrounding medium, we meas-

ured the interference spectra in 0%, 1%, 2%, 3%, and 4% NaCl-H2O 

solutions, whose refractive indexes are 1.32165, 1.32326, 1.32500, 

1.32674, 1.32848, respectively.
29 The measured results are shown 

in Fig. 3(a). Herein, the focused radius of the white light is about 

r≈30 μm, and the focused position is just located at Slit 2. To clearly 

observe the spectral shift induced by the refractive index variations, 

only the spectral range between 900 nm and 950 nm is chosen here. 

It is obviously that the interference spectra have a remarkable line-

ar red-shift with increasing the refractive index of the liquids. Fig. 

3(b) gives the simulation data, which agree well with the experi-

mental results. The sensing performances obtained from the ex-

0
spp

0
FOM* lim sin( ),

1n

I I C S
k L

n C


 


 

 
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periment, simulation, and theory are listed in Table 1. It is observed 

that these results are in good agreements with each other. Moreo-

ver, it can be obtained from Fig. 2(d) that the interference contrast 

ratio is greater than C=0.9 in the wavelength range from 800 nm to 

1000 nm because of the balanced intensities of the two interfering 

SPPs excited from the two slits. Such a high contrast is more fa-

vourable for intensity-based sensing.
19,30,35

 For example, the de-

structive interference occurs when the surrounding medium is wa-

ter, and the SPP intensity is close to zero [I0≈0.016] at the incident 

light wavelength of λ≈913.6 nm. But the SPP intensity reaches 

I≈0.415 at the same incident light wavelength when the surround-

ing liquid becomes 4% NaCl-H2O solution, as shown by the black 

dashed line in Fig. 3(a). Consequently, a little refractive index 

change (∆n=0.0068) will cause an extremely large relative intensity 

change [∆I(λ)/I0(λ) = (I−I0)/I0×100% ≈ 2500%]. Therefore, we can 

measure the refractive index of a NaCl-H2O solution with unknown 

concentrations by using ∆I/I0. 

Based on the above analysis, the relative intensity changes (∆I/I0) 

can be obtained by using the experimental interference spectra in 

0%, 1%, 2%, 3%, and 4% NaCl-H2O solutions. Fig. 3(c) is the spectra 

of the relative intensity changes (∆I/I0) in the NaCl-H2O solutions of 

different concentration. When the concentration of the NaCl-H2O 

solutions increases from 0% to 4%, we can see that the relative 

intensity changes (∆I/I0) reach peaks at the destructive wavelengths 

of λ=900.2 nm, λ=913.6 nm, λ=926.0 nm, and λ=939.4 nm. This 

proves that this plasmonic sensor can work at several wavelengths. 

 

 

 

 

Fig. 3 (a) Experimental and (b) simulation results of the SPP interference spectra 

(wavelength ranged from 900 nm to 950 nm) in 0%, 1%, 2%, 3%, and 4% NaCl-H2O 

solutions, respectively. The red dotted lines represent the wavelength position of the 

valley in different media, and the black dashed lines denote the destructive valley in 

water. (c) Experimental relative intensity changes (∆I/I0) for different liquids. (d) Ex-

perimental results (red symbols) and theoretical fitting curve (black line) of the relative 

intensity changes (∆I/I0) versus the refractive index. 

Table 1. Experimental, simulation, and theoretical sensing performances for the dou-

ble-slit structure at λ=925 nm. 

Method 
Sensitivity 
(nm/RIU) 

Period 
(nm) 

FOM 
(RIU

-1
) 

Experiment 640 13.5 95 

Simulation 655 13.6 96 

Theory 692 14.3 97 

 

 

 

Moreover, we can conclude from Fig. 3(a, c) that the relative inten-

sity changes (∆I/I0) increase with the contrast ratio of interference, 

which agrees well with above theoretical analysis and Eq. (6). It is 

clearly observed from Fig. 3(c) that the maximum of the relative 

intensity change (∆I/I0) is about 2500% at λ=900.2 nm and λ=913.6 

nm. In Fig. 3(d), we plot the relative intensity changes (∆I/I0) in the 

NaCl-H2O solutions of different concentrations at λ=913.6 nm ver-

sus the corresponding refractive index, as shown by the red sym-

bols. The black line is the theoretical curve by fitting ∆I/I0 data as a 

function of the refractive index with using equation of 

{1+C·cos[2πneff(nd)L/λ]-I0}/I0 based on Eq. (1) and Eq. (2). The slope 

of the curve is the value of FOM* in Eq. (6).
30

 It is observed that the 

experimental relative intensity changes (∆I/I0) match well with the 

theoretical results. For the sensor, the maximal FOM* reaches 

about FOM*=4.7×10
3
 RIU

-1
 around nd=1.32700, where sin(Φ)≈1. 

This also accords well with Eq. (6). Such a high FOM* is more than 

30 times that in the previous intensity-based single sensors,
24,30,35,43

 

where the values of FOM* are about 20 RIU
-1

 at 650 nm,
24

 120 RIU
-1

 

at 590 nm,
30 146 RIU

-1
 at 700 nm,

35
 and 24 RIU

-1
 at 850 nm,

43
 re-

spectively. 

Refractive index sensing in the double-slit aperture structure fab-

ricated on the subwavelength plasmonic waveguide 

Next, we investigate the sensing performance in a double-slit aper-

ture structure which is fabricated on a subwavelength plasmonic 

waveguide,
44

 as shown in Fig. 4(a). This subwavelength sensor is 

easily integrated on a chip. The inset in Fig. 4(a) is the sectional view 

of the plasmonic waveguide, which consists of a gold strip with a 

cross-section dimension of 300×100 nm
2
 on a 350-nm-thick gold 

film. This subwavelength plasmonic waveguide supports a single 

SPP mode, as depicted in Fig. 4(b). The structure is fabricated by the 

FIB on a 450-nm-thick gold film. In the FIB fabrication process, the 

subwavelength plasmonic waveguide is fabricated by etching two 

2-μm-wide grooves with a space of w between them on the gold 

film, leaving a subwavelength metal ridge on the metal surface to 

construct the plasmonic waveguide. Then, two identical rectangular 

apertures are fabricated in the plasmonic waveguide. The SEM im-

age of the proposed sample is shown in Fig. 4(c), and its details are 

shown in Fig. 4(d, e). The measured structural parameters are about 

w1=w2=200 nm as before. Here, two samples with the slit spacing of 

L=19.69 μm and L=39.95 μm are fabricated in the experiment. On 

the left side of the double-slit structure with a separation of about 

10 μm, a decoupling grating with a period of about 660 nm is also 

fabricated to scatter the SPPs, as shown in Fig. 4(d). Experiments  

Page 4 of 7Analyst

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

na
ly

st
A

cc
ep

te
d

M
an

us
cr

ip
t



Analyst  Paper 

This journal is ©  The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 5  

Please do not adjust margins 

Please do not adjust margins 

 

Fig. 4 (a) Schematic and geometrical parameters of the double-slit apertures on the 

subwavelength plasmonic waveguide. Inset shows the sectional view of the plasmonic 

waveguide with w=300 nm, h=100 nm, and t=350 nm. (b) Field distribution of the SPP 

mode supported by the subwavelength plasmonic waveguide. (c) SEM image of the 

experimental sample. (d) SEM detailed image of the scattering grating. (e) SEM detailed 

image of the double-slit aperture structure. 

 

 

show that the decoupling grating can be also fabricated on the 

subwavelength plasmonic waveguide. 

When the p-polarized incident light impinges the two rectangular 

apertures from the back side, the excited SPPs will propagate along 

the subwavelength plasmonic waveguide until being scattered by 

the decoupling grating at the left side. To demonstrate the sensing 

process in such a double-slit structure fabricated on the plasmonic 

waveguide, we experimentally measure the interference spectra in 

0%, 1%, 2%, 3%, and 4% NaCl-H2O solutions. The measured results 

of the sample with the slit spacing of L=19.69 μm are shown in Fig. 

5(a). Herein, the focused radius of the white light is about r≈15 μm, 

and the focused position is located at about 1-μm left of Slit 2. It is 

observed that the interference spectra exhibit oscillation behav-

iours with the period of about ∆λ=29.5 nm, and they are red-shifted 

when the refractive index of the solutions increase. Corresponding-

ly, the simulation data are shown in Fig. 5(b), which matches well 

with the experimental results. The sensing performances obtained 

from the experiment, simulation and theory are listed in the upper 

part of Table 2, and they are in good agreements, too. The relative 

intensity changes (∆I/I0) as a function of the incident wavelength 

and the relative intensity changes (∆I/I0) at λ=918.0 nm versus nd 

are also calculated based on the measured results, as shown in Fig. 

5(c, d). Due to the weak light [about 14% of that in Fig. 3(a)] scat-

tered from the grating at the left side of the plasmonic waveguide, 

the values of the relative intensity changes (∆I/I0) are obtained by 

smoothing the measured data. From Fig. 5(c, d), it is obtained that  

 

Fig. 5 (a) Experimental and (b) simulation results of the SPP interference spectra for the 

double-slit aperture structure in 0%, 1%, 2%, 3%, and 4% NaCl-H2O solutions, respec-

tively. Herein, the slit spacing is L=19.69 μm. The red dotted line represents the wave-

length position of the valley in different media, and the black dashed line represents 

the destructive valley in water. (c) Experimental relative intensity changes (∆I/I0) for 

different liquids. (d) Experimental results (red symbols) and theoretical fitting curve 

(black line) of the relative intensity changes (∆I/I0) versus the refractive index. 

 

 

the maximum of relative intensity changes (∆I/I0) is about 500%, 

and the maximal FOM* reaches about 1.2×10
3
 RIU

-1
 when 

nd=1.32848. In this case, we can get sin(Φ)≈0.87, which is the max-

imal value of sin(Φ) because of the large oscillation period (∆λ=29.5) 

and the small variation of refractive index (∆nd=0.0068). Hence, this 

result also accords well with Eq. (6). 

When the slit spacing is about L=39.95 μm, the focused radius of 

the white light becomes about r≈20 μm, and the focused position is 

located at about 2-μm left of Slit 2. The experimental and simula-

tion results are shown in Fig. 6(a, b), and they agree well with each 

other, too. It is observed that the period of the interference spectra 

becomes smaller (∆λ≈15.0 nm). The sensing performances obtained 

from the experiment, simulation, and theory are listed in the lower 

part of Table 2, and they are also in good agreements. In the ex-

periment, it is found that the signal intensities become only about 3% 

of that in Fig. 3(a) because of the shorter propagation length (about 

70% of that in the water-Au structure) and the quite small aperture 

(300×200 nm
2
). This phenomenon can also be observed from the 

noise and burrs of the curves in Fig. 6(a). Due to the small signal and 

large noise, the contrast ratio is not a constant when changing the 

concentration of NaCl-H2O solutions, as shown in Fig. 6(a). In addi-

tion, it can be seen from Fig. 6(c) that the maximum value of rela-

tive intensity change (∆I/I0) is about 4400% at the incident wave-

length of λ=948.3 nm, and we can get that FOM* of the single sen-

sor reaches up to about 1.01×10
4
 RIU

-1
 at λ=948.3 nm around 

nd=1.32651, where sin(Φ) ≈1. This again matches well with Eq. (6).  
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Fig. 6 (a) Experimental and (b) simulation results of the SPP interference spectra for the 

double-slit aperture structure in 0%, 1%, 2%, 3%, and 4% NaCl-H2O solutions, respec-

tively. Here, the slit spacing is L=39.95 μm. The red dotted lines represent the wave-

length positions of the valley in different media, and the black dashed line represents 

the destructive valley in water. (c) Experimental relative intensity changes (∆I/I0) for 

different liquids. (d) Experimental results (red symbols) and theoretical fitting curve 

(black line) of the relative intensity changes (∆I/I0) versus the refractive index. 

 

 

Table 2. Experimental, simulation, and theoretical sensing performances for the dou-

ble-slit aperture structure fabricated on the subwavelength plasmonic waveguide with 

two different L at λ=920 nm. 

L (μm) Method 
Sensitivity 
(nm/RIU) 

Period 
(nm) 

FOM 
(RIU

-1
) 

19.69 

Experiment 726 29.5 49 

Simulation 683 29.0 47 

Theory 684 31.5 43 

39.95 

Experiment 711 15.0 95 

Simulation 691 14.5 95 

Theory 684 15.5 88 

 

 

 

Such a high FOM* is more than 70 times that in the previous inten-

sity-based single sensors.
24,30,35,43

 For the same conditions of the 

sensor (such as the laser fluctuation, environment noise, and detec-

tion resolution), the larger the FOM*, the higher the sensing resolu-

tion.
3,24,30,35

 Therefore, the sensor of ultra-high sensitivities is ex-

perimentally realized by fabricating the double-slit aperture struc-

ture on the subwavelength plasmonic waveguide. This subwave-

length sensor can be easily integrated on a chip, and it may find 

important applications in the sensing of particles and molecules.
45

 

  At last, let us compare the results of samples with the slit spacing 

of L=19.69 μm and L=39.95 μm. It is found that the refractive index 

sensitivity is independent of the slit spacing L, as predicted by Eq. 

(4). But the period of oscillation [∆λ in Eq. (3)] is smaller when L 

becomes larger. Thus, a higher FOM can be obtained in the struc-

ture with a large slit spacing. Moreover, the large slit spacing L can 

give rise to a pronounced increase of FOM*, which can increase the 

sensing resolution significantly.
3,24,30,35

 So the performance of 

structure with a larger slit spacing is better. But the propagation 

loss of SPPs also becomes larger for a larger slit spacing, which 

greatly increases the difficulty of balancing the two interference 

SPPs in the experiment as well as decreases the signal intensity. 

Thus, we should choose the modest spacing of the two slits due to 

the trade-off between the contrast ratio of interference and the slit 

spacing. 

Conclusions 

In summary, by fabricating a double-slit structure on a gold film or a 

subwavelength plasmonic waveguide, the high-contrast and 

broadband on-chip sensors were successfully demonstrated in the 

experiment based on the interference of SPPs excited from the two 

slits. By adjusting the focused position of the incident light on the 

double-slit structure to compensate the SPP propagation loss, a 

high contrast ratio of the interference was realized. By making use 

of the chromatism of the microscope objective, the different prop-

agation loss was compensated in a broad bandwidth. As a result, a 

high-contrast ratio (≥0.9) of the interference spectrum in a broad 

band (>200 nm) was experimentally realized in the double-slit 

structure. Such a broad bandwidth made the double-slit structure 

robust to be designed and fabricated. Due to the high-contrast ratio, 

the intensity-based figure of merit (FOM*) could reach up to >1×10
4
 

RIU
-1

 (refractive index unit), which was more than 70 times that of 

the previous intensity-based single sensors.
24,30,35,43

 This 

high-contrast, broadband, and high sensitive plasmonic sensor fab-

ricated on the subwavelength plasmonic waveguide was easily in-

tegrated on a chip. Therefore, it might find important applications 

in the areas of environmental monitoring, biomedical research, and 

chemical research in highly integrated platform. 
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