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Abstract: A composite one-dimensional (1D) Ag sinusoidal nanograting aiming at label-free surface 
enhanced Raman scattering (SERS) detection of TNT with robust and reproducible enhancements is 
discussed. 1D periodic sinusoidal SiO2 grating followed by Ag evaporation is proposed for the 
creation of reproducible and effective SERS substrate based on surface plasmon polaritons (SPPs). 
The optimal structure of 1D sinusoidal nanograting and its long-range SERS effect are analyzed by 
using the finite difference time domain (FDTD). Simulation SERS enhancement factor (EF) can be  
5 orders of magnitude as possible. This SERS substrate is prepared by the interference 
photolithography technology, its SERS performance is tested by Rh6G detection experiments, and 
the actual test EF is about 104. The label-free SERS detection capacity of TNT is demonstrated in the 
experiment. 
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1. Introduction  

At present, the main surface enhanced Raman 

scattering (SERS) substrates integrated with 

microfluidics for trace explosives detection are 

rough noble metallic substrates, self-assembly noble 

metallic nanoparticles substrates, noble metallic 

periodic arrays, and composite graphene substrates 

[1]. Due to the surface irregularity of the noble 

metallic substrate, its reproducibility is poor. 

Uncontrolled nanoparticles aggregation of 

self-assembly noble metallic nanoparticles substrate 

also leads to poor reproducibility of the SERS signal 

and seriously limits its wide applications [2]. Arrays 

nanostructures are manufactured by nanofabrication 

techniques, which provide enhancements with good 

repeatability, but are rather expensive and time 

consuming to be fabricated [3–5]. Besides, the hot 

spots areas of these nanostructures SERS substrates, 

such as rough surface, nanospheres, nanopillar [6], 

nanotriangles [7], nanowires [8], and composite 

graphene substrate [9], are relatively small, and only 

a short-range SERS effect exists in these substrates 

[10]. So detected explosives molecules should be 

absorbed on these nanostructures with label reagents, 

and nanostructures need to be cleaned before the 

next application [11], thus it cannot be used in the 

real-time and label-free SERS detection of trace 

explosives. 

In this work, a potential reliable SERS substrate 
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based on one-dimensional (1D) sinusoidal SiO2 

nanograting followed by Ag evaporation is offered. 

A large-area and low-cost SERS substrate can be 

achieved simply and rapidly by this method. From 

theoretical and simulation points of view, the 

excitation surface plasmon polaritons (SPPs) 

performance of this substrate is researched, and it 

has a long-range SERS effect. So it has potential in 

label-free testing of trace TNT. In the experiments, 

composite 1D sinusoidal Ag nanogratings are 

fabricated, and their label-free SERS testing 

performance of trace TNT is studied. 

2. Theoretical analysis of SPPs-active 

Based on the dielectric functions of metals [12], 

we investigate why the propagating SPPs can exist 

at the dielectric-metal interfaces. In addition, we 

derive the dispersion relation of this surface wave 

and discuss its unique properties. 

As shown in Fig. 1, the propagating SPPs 

represent longitudinal oscillations of the surface 

charges. Hence, we assume the wave propagates 

along the x axis, which shows no spatial variation 

along the y axis. The electric field is therefore in the 

x-z plane, and the magnetic field is along the y axis. 

The amplitudes of the x- and z-components of the 

electric field in half spaces 1 and 2 are denoted as 

1x
E ,

1z
E ,

2xE
 

and 
2zE , respectively. The amplitudes 

of the magnetic fields in half spaces 1 and 2 are 

denoted as 
1y

H
 

and 
2yH

,
, respectively. We 

therefore have the following relationships: 

E 

metal 
x 

z 
y 

kz 

kx

Excitation light

Dielectric Hy ε2

ε1  

Fig. 1 Schematic illustration of SPPs at a metal-dielectric 
interface. 

1 1 1 11 ˆ ˆ( )exp[i( )]exp(i )x z x zxE zE k x t k zω= + −E
  

(1) 

1 1 11 ˆ exp[i( )]exp(i )y x zyH k x t k zω= −H       (2) 

2 2 2 22
ˆ ˆ( )exp[i( )]exp(i )x z x zxE zE k x t k zω= + −E

  
(3) 

2 2 22
ˆ exp[i( )]exp(i )y x zyH k x t k zω= −H .    (4) 

From the requirement of Maxwell’s equations 

that the tangential components of the electric and 

magnetic fields are continuous at the boundary, we 

obtain 
1 2x x xk k k= = , 

1 2x x xE E E= = , and 

1 2y yH H= . Considering that the displacement fields 

in both half spaces are source free, i.e. 0∇ ⋅ =D , we 

obtain 0
j jx x z zk E k E+ = . From Maxwell’s equations, 

we have the following relationships: 

0 t
μ ∂∇ × = −

∂
H

E             (5) 

2
2

2
0

c
ω ε∇ + =E E .           (6) 

And based on the above equations, we have 

0 , 1,2
j

j

x
y j

z

EH j
k

ωε ε=  =         (7) 

2 2 2
0 0 1,2

jj x zk k jω μ ε ε = + , = .      (8) 

Combining 
1 2y yH H=  with (7), we can obtain 

as follows: 

1 2

1 2

z zk k
ε ε= .              (9) 

We are looking for a solution bound to the 

interface, which requires 
1

i 0zk >  and 
2

i 0zk < . 

Then combining (8) and (9), we obtain the 

dispersion relationship for SPPs as follows: 

1 2

1 2

xk
c

ε εω
ε ε

=
+

.           (10) 

The grating is a mean to couple to SPPs, as 

shown in Fig. 1. In order to excite SPPs, one must 

overcome the momentum mismatch between the 

excitation light propagating within a dielectric 

medium and SPPs propagating at the interface of the 

metal and dielectric [12]. As shown in Fig. 2, 

diffraction gratings with a periodicity P can provide 

wave vector components in the plane of the surface 

with a magnitude K = 2πn/P, n being an integer [13, 

14]. For a fixed P, a properly chosen excitation light 

wavelength λ0 [15] is 
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metal 0 dielectric
0

metal 0 dielectric

( )

( )

P
n

ε λ ελ
ε λ ε

≈
+

       (11) 

where metalε  and dielectricε  are the dielectric 

constants of the metal layer and above dielectric, 

respectively. 0λ  can excite SPPs with kspp [16]: 

spp 0

2
sink k n

P
πθ= ±          (12) 

where θ is the incident angle of the excitation light, 

as shown in Fig. 1. 
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Fig. 2 Dispersion curve of SPPs. 

3. Original simulation model preparation 
with FDTD 

In this section, we establish the original model of 

1D sinusoidal Ag/SiO2 nanograting with 785-nm 

excitation light. This wavelength is extensively 

adopted in the SERS detection. In order to choose an 

appropriate grating period, we carry out calculations 

to treat the metal as Ag with a Drude plus two-pole 

Lorentzian form for its dielectric constant [17]: 

2 22

metal 2 2 2
1

( )
i i2

p m m

m m m

gω ω εε ω ε
ω γω ω ω γ ω∞

=

Δ= − −
+ − +  (13) 

where for Ag, =2.3646ε∞ , 8.7377eVpω = , 

=0.07489eVγ , 1.1831εΔ = , 1 0.2663g = , 

1=4.3802eVω , =0.28eVγ , 2g 0.7337= , 

2 =5.183eVω , and 2 0.5482eVγ = . 

Substituting of (13) into (11), for this 1D 

sinusoidal nanograting will be integrated with 

microchannel, dielectric =1.77ε , when n = 1, we can 

obtain that the grating period is 570 nm, as shown in 

Fig. 3. It is obviously that the grating period is 

proportional to the wavelength of excitation light in 

the SPPs condition. 

For further studying the SERS characteristic of 

sinusoidal Ag/SiO2 nanograting, the finite difference 

time domain (FDTD) solutions are used to simulate 

the consequent SPPs phenomenon generated with 

the plane wave excitation. We model the 

electromagnetic response of the structures as shown 

in Fig. 4(a). The electric E(x, y, z, t) and magnetic 

H(x, y, z, t) fields are represented on discrete and 

staggered grids, and propagated in time using a 

leap-frog algorithm [18]. 
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Fig. 3 Grating period vs wavelength of excitation light in 
SPPs condition. 

Referring to the coordinate systems in Fig. 4(a), 

the structure model consists of four layers (water, 

Ag, indurated photoresist, and SiO2), with the period 

P, thickness d of Ag layer, and amplitude A of the 

sinusoidal grating. The medium above the Ag layer 

is water. Periodic boundary conditions in x and y 
axes are imposed on unit cells consistent with each 

structure to simulate the gratings. Perfectly matched 

layers (PMLs) are used to absorb field components 

at the grid edges in the z axis [18]. The excitation 

light is an x-linearly polarized plane wave normal to 

the Ag layer surface injected using the plane wave 

approach. A frequency-domain field and power 

monitor is placed at the cross profile of the structure 

to record the near field intensity. In order to 

calculate the transmittance and reflectance of the 

sinusoidal Ag layer, further two frequency-domain 
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field and power monitors are placed above the sliver 

layer and in the SiO2 layer, respectively. Relatively, 

fine grid spacing is set with 2 nm, and simulation 

time with 300 fs is applied for well converged 

results. 
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Fig. 4 Original model of the 1D sinusoidal nanograting:      
(a) SERS substrate based on the 1D sinusoidal Ag grating,       
(b) calculated absorbance, transmission, and reflection spectra 
of the sinusoidal Ag grating with the parameters: A = 50 nm, P = 

570 nm, and d = 40 nm, and (c) simulated EF vs wavelength of 
excitation light. 

In Fig. 4(b), the absorbance, transmittance, and 

reflectance of the sinusoidal Ag/SiO2 grating are 

plotted as functions of the excitation light 

wavelength, indicating that in this structure one of 

the plasmon absorbance peaks exists when the 

wavelength is 802 nm, near the desired 785 nm. 

Besides, another absorbance peak exists when the 

wavelength is 442 nm and corresponds to another 

SPPs excitation wavelength 451 nm (n = 2). The 

corresponding wavelength of the maximum SERS 

enhancement factor (EF) is the same as the 

absorbance peak wavelength, as shown in Fig. 4(c). 
4

0( ) ( )EF E Eω ω≈ , where 0 ( )E ω  is the electric 

field of the incident light, and ( )E ω  is         

the electric field near the surface of the grating.      

So if we want to realize more effective      

photon plasmon energy transfer and light focus, the 

excitation wavelength must be close to the 

maximum of the plasmon-related absorbance peak. 

4. Numerical simulation results and 
analysis 

The 1D periodical sinusoidal grating structure is 

illuminated by perpendicularly incident light for two 

wavelengths 532 nm and 785 nm, which are typical 

for the existing Raman spectrophotometer and other 

relevant devices [19]. More structure parameters, 

such as the period P, amplitude A of the sinusoidal 

grating and thickness d of the Ag layer, and detailed 

excitation light parameters, such as the wavelength λ, 
polarization state, and polarization angle, are 

discussed. 

4.1 Simulation SERS EF of the 1D sinusoidal 
grating 

The amplitude setting of the sinusoidal grating is 

50 nm. EF is evaluated for the range of periods and 

Ag thicknesses. For such analysis, the available 

thicknesses of the continuous Ag film (from 20 nm 

to 200 nm) and grating period (from 300 nm to 1140 

nm) are taken into account. Among these periods, 

363 nm and 726 nm correspond to λ = 532 nm, and 

570 nm and 1140 nm correspond to λ = 785 nm when 
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n = 1, 2, respectively. 

In the case of the excitation wavelength 532 nm, 

the optimal period is 363 nm, and the Ag thickness 

should be near 100 nm. For SPPs excitations with 

the wavelength 785 nm, the optimal period is 570 nm, 

and the Ag thickness is also about 100 nm. For 

different period gratings, the corresponding Ag layer 

thickness of the maximum EF is alike. In the case 

where the plasmon absorbance is not efficiently 

excited, EF is also small. EF clearly indicates a very 

good agreement between the calculated absorbance 

of the excitation wavelength and effectivity of the 

SERS response. Some disagreement occurs for 

thinner Ag films, where the continuous film is not 

formed. Furthermore, some disagreement also 

occurs for bigger period gratings. As the      

period increases, the Ag layer tends to the flat Ag 

substrate. 

In general, we can see that EF mostly depends 

on structure parameters. In the case of effective 

SPPs excitation, the strongest SERS response is 

observed. In Table 1, we can see that by controlling 

the period and metal thickness, EF can be increased 

to 3 orders of magnitude. Consequently, for  

effective pumping of excitation light energy into 

SPPs and optimal SERS response, an interplay of 

the grating period, noble metal thickness,       

and excitation wavelength should be taken into 

account. 

4.2 Period of the 1D sinusoidal grating 

The calculated absorbances as the function of the 

excitation light wavelength for different Ag layer 

thicknesses are plotted in Fig. 5. It is obviously that 

two relative strong absorbance regions exist except 

for P = 363 nm. As shown in Figs. 5(b), 5(c), and 5(d), 

in strong absorbance regions, the absorbance 

remains about the same when the thickness of the 

Ag layer is greater than 50 nm. So we choose an 

appropriate thickness d = 100 nm in the next 

simulation project. 

Table 1 EF at two excitation wavelengths as a function of 
the Ag layer thickness and grating period. 

λ (nm) d (nm)
P (nm) 

300 363 450 570 650 726 1000 1140

532 

20 71 488 23 46 39 13 16 19 

40 81 983 28 53 209 28 37 39 

80 283 1575 33 53 231 342 45 46 

100 283 1678 33 53 256 448 46 46 

120 375 1678 39 46 256 448 46 46 

160 256 1575 39 46 256 410 46 46 

180 256 1478 39 46 256 410 39 46 

200 256 1478 39 46 256 410 39 39 

785 

20 23 46 39 448 19 23 23 23 

40 33 61 134 2015 28 33 33 187

80 33 71 150 3164 28 33 33 1056

100 33 71 150 3164 28 33 33 1056

120 33 71 150 3164 28 33 33 1056

160 33 71 150 3164 28 33 33 1056

180 33 71 150 3164 28 33 33 1056

200 28 61 150 2999 23 33 28 983

As shown in Fig. 6(a), there is the grating 

absorbance of four different periods for the 

changeable thickness at λ = 785 nm. For the matching 

grating period 570 nm (n = 1) of this wavelength, the 

absorbance is about 0.16 when the thickness is 

larger than 50 nm. We can conclude that if the 

thickness is large enough, the absorbance will not 

change anymore. Because when the Ag film is too 

thick, the reflection becomes dominant. And the 

absorbance changes rapidly when the thickness is 

less than 50 nm. Because the Ag film is too thin, the 

photon absorbance will be less probable for the 

small interaction distance. So an optimal range of 

Ag thickness must exist for which the probability of 

photon reflection and transmission are appropriate, 

and the probability of photon absorbance is high 

enough. As shown in Fig. 6(b), when the grating 

period is 570 nm, which is close to the wavelength 

of the excitation light wavelength, two absorbance 
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peaks exist at λ = 442 nm and λ = 802 nm, respectively. 

For a fixed wavelength, the absorbance of the 

matching grating period with n = 1 is larger     

than other n other cases. Thus, the grating period      

plays a very significant role in the SPPs   

excitation. 
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(c)                                            (d) 

Fig. 5 Calculated absorbance as the function of the excitation light wavelength and Ag layer thickness for different periods: (a)−(d) 
correspond to P = 363 nm, 570 nm, 726 nm, and 1140 nm, respectively. 

4.3 Amplitude of the 1D sinusoidal grating 

The grating amplitude is another parameter that 

can affect the SERS response. To take this 

parameter into account, the maximum of absorbance 

value dependent on the Ag thickness and excitation 

light wavelength at different amplitudes with the 

constant period P = 570 nm and λ  = 785 nm is 

performed as shown in Fig. 6(c). The maximum of 

photon absorbance is relatively bigger at the 

amplitude A = 15 nm. From Table 2, we can see that 

the maximum EF also exists at A = 15 nm. Besides, 

the absorbance remains about the same when the 

thickness of the Ag layer is greater than 75 nm. From 

Fig. 6(d), it is clearly that the absorbance peak exists 

at λ  = 802 nm. In addition, the position of the 

absorbance peak is slightly effected by the variation 

of the amplitude, especially near the absorbance 

peak at λ = 451 nm (n = 2). In Table 2, we can see that 

the SERS EF is related to the amplitude of the 

grating. By controlling the grating amplitude, the EF 

can be increased to 5 orders of magnitude      

when λ = 785 nm. Hence, for the optimal         

SERS response, the effect of the grating   

amplitude should be taken into consideration.  

Hence, with the excitation wavelength 785 nm,   

we can obtain the optimal SERS substrate based on     

the 1D sinusoidal nanograting with the  

nanogratong period P = 570 nm, Ag layer   

thickness d = 100 nm, and nanograting amplitude   

A = 15 nm. 
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                              (c)                                           (d) 

Fig. 6 Analysis of the period and amplitude of the 1D sinusoidal Ag nanograting: (a) calculated absorbance as the function of the 
Ag layer thickness for different periods at λ = 785 nm, (b) calculated absorbance as the function of the excitation light wavelength for 
different periods at d = 100 nm, (c) calculated absorbance as the function of the Ag layer thickness for different amplitudes at λ =    

785 nm, and (d) calculated absorbance as the function of the excitation light wavelength for different amplitudes at d = 100 nm.

Table 2 EF as a function of the grating amplitude at d =   
100 nm. 

Amplitude (nm) EF 

10 101124 

15 119025 

20 63001 

25 30976 

40 6724 

50 3164 

5. Long-range SERS performance of the 
optimal 1D sinusoidal nanograting 

The electric field distribution simulations of the 

surface region of the optimal 1D sinusoidal Ag 

nanograting are implemented by the FDTD method. 

The electric field distribution of the xz section is 

shown in Fig. 7(a), and the polarization angle of 

excitation light is 0° [the zero polarization direction 

is parallel with +x axis in Fig. 4(a)]. So EF can be 

105. What’s more, in actual trace explosives 

detection, the distance size L between the grating 

surface and the detected explosive molecules is also 

random, which plays an important role in SERS EF. 

As shown in Fig. 7(b), EF can be as high as 104 − 105 

when L is small than 120 nm. It demonstrates that a 

relatively big effective SERS detection range exists 

above the 1D sinusoidal nanograting. It indicates 

that the 1D sinusoidal nanograting has a long-range 

SERS effect. Compared with the traditional SERS 

substrate, such as the rough surface, nanospheres, 

nanopillar, the hotspots areas of these nanostructures 

SERS substrates are relatively small, and a 

short-range SERS effect exists in these substrates. 

On account of this long-range SERS effect, we can 

deduce that this SERS substrate is suitable for gas 
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analysis tasks with no need of label molecules, such 

as SERS detection of trace explosives. 
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(b) 

Fig. 7 Long-range SERS performance analysis of the 1D 
sinusoidal Ag nanograting: (a) electric field distribution of the 
xz section and (b) EF vs the distance size between the grating 
surface and the detected molecules. 

6. Experiments and discussion 

For the sinusoidal Ag nanograting, the dielectric 

part of grating could be fabricated by the process of 

two-beam laser interference of the photoresist, and 

the Ag layer could be thermally evaporated onto the 

dielectric part. The photoresist (PR) (NOA-63) was 

spin coated onto a glass substrate pre-cleaned by an 

ultrasonic processing in alcohol, acetone, piranha 

acid, and deionized (DI) water in sequence. The 

continuous wave laser (Coherent MBD-266) with 

the wavelength of 266 nm, power of 30 mW, which 

was expanded by a lens array, was divided into two 

beams by a splitter to interfere on the PR layer. The 

interference period was controlled by the angle of 

two beams, for ( )2sin 2P λ θ= , where P is the 

grating period, λ is the interference laser wavelength, 

and θ is the angle between two beams, as shown in 

Fig. 8(a). For example, when the optimal grating 

period is 570 nm, θ should be 27˚. The grating depth 

(double amplitude of sinusoidal grating) could be 

adjusted by changing the exposure time with a 

photoelectric shutter. The thickness of Ag layer 

could be adjusted by controlling the evaporation 

time (evaporation rate 0.1 nm/s). In the experiment, 

the optimal 1D sinusoidal nanograting was prepared, 

and its morphology was characterized with the 

scanning electron microscopy (SEM), as shown in 

Fig. 8(b). This structure of the sinusoidal Ag grating 

could be integrated onto the bottom of microchannel 

for the efficient label-free SERS detection of trace 

TNT, as shown in Fig. 9(c). 

Beamsplitter 

Laser 266 nm

Attenuator Attenuator
θ

Reflector

Reflector

Reflector

 
(a) 

 
(b) 

Fig. 8 Preparation of the 1D sinusoidal Ag nanograting:      
(a) schematic illustration of two-beam interference fabrication 
of the 1D sinusoidal nanograting and (b) the scanning electron 
microscopy (SEM) image of the 1D sinusoidal Ag nanograting. 

In order to access SERS performance of the 1D 

sinusoidal Ag nanograting, we used common 
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Rhodamine 6G (Rh6G) as a probe. The SERS signal 

was measured with a Raman probe (Inphotonics 

RPB fiber optic Raman probe) and a Raman 

spectrometer (Ocean Optics USB4000). The 

excitation laser was supported with Ocean Optics 

laser-785. Five Raman spectra for average values 

were measured at different positions on the 1D 

sinusoidal nanograting, and the tested Rh6G 

concentration was 10‒5
 M. The results were shown in 

Fig. 9(a). The intensity of Rh6G Raman signal at 

1650 cm‒1 is 4316. The mean values and standard 

deviations of the relative Raman intensity at four 

peaks are shown in Fig. 9(b). The relative standard 

deviations of the relative Raman intensity at    

1311 cm‒1, 1363 cm‒1, 1510 cm‒1, and 1650 cm‒1 are 

5.8%, 13.4%, 9.4%, and 11.8%, respectively. 
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Fig. 9 SERS performance experiments of the 1D sinusoidal Ag nanograting: (a) Rh6G Raman spectra from the flat Ag layer and 1D 
sinusoidal nanograting, (b) error bars of the relative Raman intensities from the 1D sinusoidal nanograting, (c) schematic illustration of 
the label-free SERS detection of trace TNT, and (d) ten times detection of trace TNT with 5 minutes interval. 

An analytical enhancement factor (AEF) is 

presented to evaluate the SERS EF from the optimal 

1D sinusoidal nanograting as follows: 

SERS SERS

RS RS

/
=

/

I CAEF
I C

.          (14) 

where ISERS and CSERS are the Raman signal intensity 

and the Rh6G concentration from the SERS 

substrate, respectively. IRS and CRS are the Raman 

signal intensity and the Rh6G concentration from 

the non-SERS substrate, respectively. In Fig. 9(a), 

the Rh6G concentration on the flat Ag layer is   

10−2
 M, and the corresponding intensity of Rh6G 

Raman signal at 1650 cm‒1 is 45. So the AEF of the 

optimal SERS substrate is about 9.6×104, and this 

measured EF value is approximately by order of 
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magnitude lower than the calculated EF of the 

optimal SERS substrate. This disagreement is 

probably due to some differences between the ideal 

and real structures. The results prove that the optical 

enhancement observed on the Ag nanograting 

surface is mainly due to the plasmons coupling, 

which could be tuned by variation of periodic 

topologies. Hence, an optimized SERS enhancement 

is excepted when the period of the Ag nanograting is 

tuned to match with the excitation source in SERS 

experiments. 

The experiment of the label-free SERS detection 

of trace TNT was carried out, and the SERS 

detection schematic illustration is shown in Fig. 9(c). 

The TNT solution was kept flowing above the 

surface of the 1D sinusoidal nanograting, and the 

TNT concentration was 10‒5
 M. Ten times TNT 

detection experiments with 5 minutes interval were 

conducted. The TNT Raman spectra are shown in 

Fig. 9(d), and we can see the TNT Raman spectra 

intensities are almost the same. So we can 

summarize that the SERS substrate based on the 1D 

sinusoidal nanograting has a good Raman signal 

reproducibility and can realize the label-free SERS 

detection of trace TNT. Although the SERS EF of 

the 1D sinusoidal nanograting is about 104, it is 

much less than that for Raman signals obtained from 

TNT molecules absorbed on the SERS substrate. 

The result implies that it is impossible to concentrate 

TNT only in the enhanced electric field range above 

the surface of the 1D sinusoidal nanograting. This 

leads to averaging of Raman signals over the 

volume from which the scattered radiation is 

collected. Despite this fact, there are grounds to 

believe that the optimization of SPPs surface 

parameters can lead to an increase in the electric 

field near this surface, so that the SERS EF of this 

substrate can be improved, and the TNT detection 

sensitivity will be significantly increased. 

7. Conclusions 

In this paper, we show a composite 1D Ag 

sinusoidal nanograting aiming at the label-free 

SERS detection of trace TNT. Theoretical and 

experimental investigations into excitation SPPs on 

the 1D sinusoidal Ag nanograting are performed 

with the aim to make SERS response as powerful as 

possible. The result shows that a long-range SERS 

effect exists in this substrate, which can overcome 

the memory effect and the noncontinuous work 

drawbacks of the traditional SERS substrates. Its 

label-free SERS detection capacity of gaseous trace 

TNT is demonstrated in the experiments. This SERS 

substrate provides a novel idea for the further 

real-time, label-free testing, and monitoring of trace 

agents. 
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