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Abstract: In current microfluidic-SERS ( surface-enhanced Raman scattering) detection fields, noble metal
nanoparticle sols are commonly used but a limited number of hot spots exist per unit of its volume and the areas
of these hot spots are very small. Another common SERS substrate, the noble metal nano-three-dimensional
array, has a time-consuming fabrication process and is costly to manufacture, while also succumbing to the
memory effect. In this paper, a composite Ag/SiO, sinusoidal grating SERS substrate structure integrated into
a microchannel is proposed, which can be fabricated by laser interference photolithography and has no need for
prefabricated photomasks. Large area and low-cost SERS substrates can be created simply and rapidly by using
this method. The mathematical evaluation model of electric field enhancement near the composite sinusoidal
erating surface is established with rigorous coupled wave analysis( RCWA). The mathematical model of the
surface plasmon polaritons ( SPP) coupling absorption is derived. The optimization matching relation of inci-
dent light, the composite sinusoidal grating structure and the dielectric constant of the external environment are
analyzed. The optimal composite sinusoidal grating structure was obtained when the wavelength of incident
light was 785 nm. The composite sinusoidal grating was prepared and its SERS performance was verified ex-
perimentally, proving that the SERS enhancement factor( EF) can reach 10*.
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1 Introduction

In recent years, with the rapid development of
laser technology , nanotechnology and computer tech-
nology, SERS microfluidic technology has been
widely used, especially in the fields of interface and
surface science, material analysis, biology, medi-
cine, food safety, environmental monitoring and na-

tional security' ">’

. At present, there are two widely
used Raman-enhanced substrates in SERS microflu-
idic detection technology: single metal nanoparticle
sols, including gold nanoparticle sols and silver nan-

oparticle sols'®'; nanoscopic three-dimensional array

b
structures, including spherical nanoarray structures,
columnar nano-array structures, cone-shaped nano-

791 Noble metal nanoparticle

array structures, etc.
sols are advantageous because of their low cost and
simple preparation procedure. In order to improve
the SERS detection sensitivity of the noble metal
nanoparticle sol, the influence of factors such as the
shape, size and metal type of the noble metal nanop-

h'"") " thereby

article were studied early in researc
forming stronger particle gap electric field hotspots.
However, the noble metal nanoparticle sol still has
the issue of sparse hot spot regions within a unit of
volume and the range of these hotspot regions being
small'"’. The nano-three-dimensional array struc-
ture prepared by plasma etching and traditional li-
thography processing technology has good structural
periodicity and SERS signal reproducibility but the

process is costly and time-consuming'"'. Addition-

ally, since the surface of the composite sinusoidal

doi;10.3788/C0.20191201. 0059

grating substrate does not have a nano-rough struc-
ture, the molecules of the substance to be detected
are not easily adsorbed on the grating surface. There

71141 creating the need to

is also a “memory effect
clean the substrate before proceeding to another test
and therefore causing the process to fail to meet the
requirements of continuous SERS detection.

For this reason, a composite sinusoidal grating
structure substrate is proposed. The intensity distri-
bution function of the pattern formed by the interfer-
ence of two coherent beams has a sinusoidal func-
tion. After “linear rinsing” of the substrate on which
two-beam interference fringe were recorded, the sur-
face of the substrate will appear as a sinusoidal grat-
ing surface. Therefore, the composite sinusoidal
grating structure can be processed by laser interfer-
ence lithography to prepare a large-area, low-cost,
simple and fast SERS substrate. In addition, since
there is no nano-rough structure on the surface of the
composite sinusoidal grating substrate,, the molecules
of the substance to be detected are not easily ad-
sorbed on the surface of the grating, which will in-
hibit the “memory effect” of the SERS substrate. In
this paper, the enhanced electric field distribution
near the sinusoidal grating surface is analyzed in de-
tail by using the rigorous coupled wave analysis
method( RCWA). The optimal relationship between
of the influencing factors on the electric field
enhancement near the surface of the composite sinu-
soidal grating is studied, allowing the optimal sub-
strate structure of composite sinusoidal grating to be
found under certain incident light conditions. The

theoretical optimized substrate structure was pre-
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pared and processed and the SERS performance ex-

periment was conducted.

2 Surface Enhanced Electric Field
Mathematical Model Based on RC-
WA of Composite Sinusoidal Grat-

ing

The intensity distribution of the pattern formed

by the interference of two coherent beams is shown
in Fig. 1(a). A schematic diagram of the cross-sec-
tion of the one-dimensional composite sinusoidal
grating proposed in this paper is shown in Fig. 1
(b). In the figure, P is the period of the grating,
and d is the thickness of the noble metal layer, the
sinusoidal amplitude of the grating surface is A and

the incident angle of light is 6,.

E|

region 1: »,
P

RN

Ta —
region 2: n,/ny/n;

Detected molecule

region 3: n,

E,
z@®
y
2,41 ........
b (Bl
I
(@

Fig. 1
&1

The grating structure is divided into three re-
gions. Since the composite grating structure will be
integrated into the inner surface of the microchan-
nel, the flow medium in the microchannel is mainly
water in SERS microfluidic detection, so the medium
of region 1 is water( refractive index of n, ) , region 3
is the Si0, basal layer( refractive index of n,), and
region 2 is the periodic distribution of the noble met-
al layer( refractive index of complex n, ), water and
Si0,, and the dielectric constant can be expanded

by the Fourier series:

e(x) = Yeew(i 2T . (D)

where the expansion factor e is:

1 21

e = FLs(x)exp(—i?jx)dx. (2)

The difference of the specific grating structure
is mainly reflected in the expansion coefficient of the

dielectric constant. The specific value of the dielec-

(b)

(a)Light intensity distribution of laser interference; (b)Section diagram of the composite sinusoidal grating
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tric constant is substituted into equation (2) to ob-
tain the expansion coefficient of the arbitrary period-
ic dielectric constant.

When the incident light is in TM polarization
mode, its magnetic field vector is perpendicular to
the xoy plane. At this time, the electric field vector
of the incident light has two components, x and vy,
and the magnetic field vector only has a z compo-
nent, wherein the magnetic field is:

H _=H, 2=

inc inc,z

where k, is the wave vector value of the incident

exp| — ikyn, (sinfyx — cosf,y) | ,

light in vacuum. The magnetic field in Zone 1 and
Zone 3 only has the z component and can be ex-

pressed as:

N
H],z = Hinc,z + Z Rmexpl: - i<kmxx + kl,ymy):l ’

m=-N

(4)
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N
H3,z = Z Tmexp[ - l(k X
m=-N

mx

- k3,)my> J ’ (5)

where R, and T, respectively represent normalized
complex amplitudes of Rayleigh reflected wave and
transmitted wave with corresponding order m; the
wave vector x component k_, of the two regions can

be expressed as:

k. = ky(n,sing, + m%) : (6)
The y component can be expressed as:
kppm =
{/(kon{)z -k, k,<k =13,
Ky, = (kgn)?* K,
(7)

In the grating region 2, the z component of the
magnetic field and the x component of the electric
field can be expanded into a superposition of spatial

harmonics using a Fourier series

N
Hg,z = Z Uzm(y>exp( - ikxmx) ’ (8)
m=-N

€ €_N+1
€n-1 €
E =] ¢, e
€Nt €,
€y €N+
k. .y O 0
0
O kx,—l
K = 0 0
0 0
0
0 0 0

After elimination of the S, component, it can be

simplified to:

E,, =i 3 S, (y)exp( - ik,x) |

&9 m=-N
(9)
where g is the dielectric constant in a vacuum, u, is
the magnetic permeability in vacuum, S (y), U,

(y) are respectively the electric field complex am-

plitude and magnetic field complex amplitude of the

th

m" harmonic, satisfying Maxwell’s equations ;
M(;I;‘z = - iwee(x)E,, (10)
% = iwgog(x)EgJ

Substituting equations (8), (9), and (1) into
equation (10) and simplifying them into a matrix

form it can be obtained that:

oU.(y) 0 kE
Iy B U.
- B X ’ (11>
s.n | | o] \s
ay 0

Where matrix B=K E~'K, -k,

€_y €_n_1 € oy
e_, €, €_n-1
€ €.y v | (12)
[ € € N+l
ey en-y €o
0 0 0 0
0
0 0 0
k«:,() 0 0 (13>
O kx,l 0
0
0 0 0 k.
SU(y)
T/Q = EBU (y) , (14)
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For convenience, the spatial harmonic compo-
nent of the electric field vector’s x component and
the magnetic field vector’s z component in the ¢" lay-
er is represented by the eigenvector and eigenvalues

of the layer:
S = 2w G expl /A, (y = D) +
C[ilzexp[_\/Ai,n<y_Dt +d[)} ’ (15)
1 .
Uz,z = ki Z L {N/ )\z,ncz,nexp[v )‘z,n(y - Dt) -

0 n
VAt,nC;neXp[_\/ /\t,n(y _Dt + dt)% ) (16)

where D, -d, <y <D, = Z d, , d, is the height of
s=1

th

the ¢ layer, A, , is the eigenvalue of the matrix B, in
the " layer, and w,, is the corresponding feature
vector. There is a boundary condition for each layer
of the grating region, where the interface of the first
layer has

8!710 I
( e (g, )2 -
ik,cosf - §,, iK

1,xm

WX, Wiy (G
| e

- W1Q1X1 W1Q1 C;
where W, is the eigenvector matrix of the matrix
EB,, and the diagonal element of the diagonal ma-
trix @, is the square root of the eigenvalue of the ma-
trix EB,. The boundary conditions at the interface

between the ¢ — 1" layer and the " layer are:

( Wt_l WI—IXI—I ) (C1+1)
Wl—lQl—l - Wl—lQL—erl C;—l

( WX, W, ) (C,*) , (18)
-WoX WO, \c

The boundary conditions at the interface be-
tween the last layer and region 3 are:

( W, WX, ) (CI,): (1 )T,
WuQy - W,0,X,/ \C, iK; ,

(19)

X, is a diagonal array and the diagonal element is

exp ( —mdl). The important factors in equations

(17), (18), and (19) are the reflection coeffi-

cient R and the transmission coefficient T, so the fi-

nal boundary condition needs to be reduced to a sys-
tem of equations with only R and T and then make
use of the Gauss elimination method to solve for R
and T.

The diffraction efficiency DE of a given order of
diffracted light is the ratio of the energy of the dif-
fracted beam to the energy of the incident beam. In
other words, it is the ratio of the energy density of
the diffracted beam to the incident beam:

Re(E, x H, - 7)
" Re(E, xHj -7)

where E, and H, are the electric field vector and

(20)

magnetic field vector of the m"™ order diffracted
light, E;,

the magnetic field vector of the incident light. These

and H,  are the electric field vector and

corresponding values are substituted into the equa-
tion (20) to obtain the diffraction efficiency of dif-
fracted beams with different orders.

For incident light in the TM polarization mode,
the incident light energy is:
Re(E, xH -vy) =

inc

k 0
Re(E, H,.) = ~~or (21)

we N,

The energy of the m" reflected beam is:
Re<Eln X HV: ° 5/) =
Re(k, .1 R, 17
Re(E, H ) = ol Ry 17)

m,xT T m,z
we N

, (22)

The energy of the m" transmitted beam is
Re(E, xH, +y) =

Re(ky,, | T,1°

RC(E H* ) — e( 3,ym zm )

m,x" " m,z
wEI3

, (23)

By substituting equations (21), (22), and
(23) into equation (20) , the reflectance and trans-
mittance of the m" order diffracted light can be ob-
tained :

k

= Re(ﬂ)l R.1%, (24)
k,cos0

2

DE, = Re(L”n'z)l T, 1% (25)
" k,cosOn;

When the composite sinusoidal grating is ap-

plied to SERS, it is necessary to produce surface
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plasmon resonance excitation on the surface. At this
time , part of the incident light energy is coupled into
the surface plasmon resonance and an enhanced e-
lectric field distribution is formed on the grating sur-

face. Ab( Absorbance) can be expressed as:

N N
Ab =1- > DE, - > DE,. (26)

m=-N m=-N

With a higher coupling absorbance, there is a
stronger plasmon resonance effect in the grating sur-
face and a stronger enhanced electric field formed on

the surface of the composite sinusoidal grating.

3 Structure Optimization Simulation of

Composite Sinusoidal Grating

In the previous section, the surface-enhanced
electric field and surface plasmon resonance coupling
absorbance of the composite sinusoidal grating under

TM incident light were mathematically modelled.

According to the above model, the relationship be-
tween the incident light, composite sinusoidal grat-
ing structure and the dielectric constant with regards
to the external environment is studied under the con-
dition of the strongest surface plasmon resonance
effect.
3.1 Effect of Incident Light on SPP Coupling
Absorbance

Strictly speaking, the higher the diffraction or-
der, the better the convergence of the coupled wave
algorithm. However, in numerical calculations, the
diffraction order cannot be infinitely large but can be
appropriately truncated. For example, using sinu-
soidal silver grating, it can be obtained through sim-
ulation calculation that the convergence effect of the

algorithm is better when N =301, as shown in Fig. 2

(a).
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Fig.2 (‘a) Absorbance as a function of diffraction grades; (b) Absorbance as a function of incident light wavelength; (c)

Absorbance as a function of incident angle
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Using the RCWA algorithm, it can be found
that there is an optimal wavelength for a fixed-period
sinusoidal silver grating, which is the response
wavelength of the grating surface plasmon reso-
nance, causing the SPP coupling absorbance of the
incident light to have a maximum value. As shown
in Fig. 2(b) , when the sinusoidal silver grating has
a period P =570 nm, an amplitude of A =20 nm, a

silver layer thickness of d =100 nm, a grating sur-

face dielectric constant of ¢ =1.77, an incident an-
gle of 6, =0 °, and an incident light wavelength of
A =785 nm, the SPP coupling absorbance has a
maximum value.

In addition, for fixed-period grating and a given
wavelength of incident light, there is an optimal in-
cident angle that makes the grating surface plasmon
resonance its strongest. As shown in Fig.2 (c),

when the sinusoidal silver grating has a period of
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P =570 nm, an amplitude of A =20 nm, a silver
layer thickness of d =100 nm, a grating surface die-
lectric constant of &£ =1.77 and an incident light
wavelength of A =785 nm, the SPP coupling absor-
bance has a maximum value at an incident angel of
6, =0.1°.
3.2 Influence of Composite Sinusoidal Grating
Structure on SPP Coupling Absorbance

For a certain wavelength of incident light, there
is an optimal grating period that causes the grating
surface plasmon resonance to be its strongest. As
shown in Fig. 3(a), when incident light wavelength
is A =785 nm, the incident angle is §, = 0 °, the
grating surface dielectric constant is & =1.77, the
sinusoidal silver grating amplitude is A =20 nm, and
the silver layer thickness is d =100 nm, there is a
maximum value for the SPP coupling absorbance at a
grating period of P =570 nm.

For a given wavelength of incident light and a
fixed period grating, there is an optimal grating am-
plitude that makes the grating surface plasmon reso-

nance its strongest. As shown in Fig. 3(b), when

the incident light wavelength is A =785 nm, the in-
cident angle is §, =0 °, the grating surface dielec-
tric constant is & = 1. 77, the sinusoidal silver grat-
ing period is P =570 nm, and the silver layer thick-
ness is d = 100 nm, there is a maximum value for
the SPP coupling absorbance at the grating amplitude
of A =15 nm. Furthermore, when the grating ampli-
tude is within a certain range, the surface plasmon
resonance has a larger SPP coupling absorbance.

In addition, for a given wavelength of incident
light and a fixed period grating, there is a range of
thickness of the silver layer of a sinusoidal silver
grating to make the surface plasmon resonance of the
grating in a strong state. As shown in Fig. 3 (¢),
when the incident light wavelength is A =785 nm,
the incident angle is §, =0°, the grating surface die-
lectric constant is ¢ = 1.77, the sinusoidal silver
grating period is P =570 nm, and the grating ampli-
tude A =15 nm, the SPP coupling absorbance can
hold a larger value when the silver layer thickness is

d >80 nm.

1.0 1.0 1.0 e
. “. ./,,»o/ .
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Fig. 3

bance as a function of grating silver layer thickness

(a) Absorbance as a function of the grating period; (b) Absorbance as a function of grating amplitude; (c¢) Absor-
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3.3 Influence of Dielectric Constant of Com-
posite Sinusoidal Grating on SPP Coupling
Absorbance

For conditions in which sinusoidal grating struc-

ture and incident light are fixed, there is an optimal

value for the dielectric constant of the grating surface

that causes the grating surface plasmon resonance to
be its strongest. As shown in Fig. (4) , when the in-
cident light wavelength is A =785 nm, the incident
angle is 6, =0 °, the grating period is P =570 nm,
the amplitude is A =15 nm, and the thickness of the

silver layer is d =100 nm, the SPP coupling absor-
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bance has a maximum value at an surface dielectric
constant of & = 1. 77 (water). It should be noted that
if the dielectric constant of the grating surface chan-
ges, namely the liquid medium flowing in the micro-
channel changes, then the grating period must be
adjusted so as to cause surface plasmon resonance

when the wavelength of the incident light is con-

stant.
1.0
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<
=]
5
2 04}
< °
i
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0.0 1 " R R R
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&
Fig.4  Absorbance as a function of the dielectric constant
above the grating surface
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4  SERS Enhancement Factor Evalua-

tion of Composite Sinusoidal Grat-

ing

Based on the above analysis, when the wave-

length of incident light is A =785 nm and the medi-
um on the grating surface is water, the correspond-
ing optimal sinusoidal silver grating structure has a
grating period of P =570 nm, an amplitude of A =
15 nm and a silver layer thickness of d =100 nm.
At this time, the surface enhanced electric field dis-
tribution of the sinusoidal silver grating can be ob-
tained using a Matlab simulation, as shown in Fig. 5
(a). Thus also calculates the SERS enhancement
factor(EF) , EF =~ |E(w)/E,(&) 1", where E,(w)
is the electric field intensity of the incident light,
and E(w) is the electric field strength of the surface
of the SERS substrate excited by incident light. The

specific EF calculated values are shown in Tab. 1.

Tab.1 Theoretical EF values of the three gratings
&1 3 MeMEER EF &

Grating category EF
Sine Water/Ag/Si0, grating 7.4 x10*
Sine Water/Au/Si0, grating 2.0 x10*
Rectangular Water/Ag/Si0, grating 4.4 x10*

Using the same method as above, the structure
of the sinusoidal gold grating with incident light
wavelength A =785 nm is optimized. Finally, the

surface electric field distribution is simulated. As

Ag Au Ag
12
0.25 16 025 o 023 14
0.2 14 02 . 12
0.15 12 015 8
0.1 10 . 0.1 _ 0.15 10
£ 005 lg = 005 ‘ 6 5 01 8
N N n
0 — - 6 . 3= 4 005 ‘ ‘ G
—0.(;)? , 005 2 N A | A 4
—0. 2 2
—0.15 —0.15 =
0 02 04 06 08 1 0.6 0.8 1 0 02 04 06 08 1
Xx/pum x/pum x/pum
(@ (b (c)
Fig.5 (a)Electric field distribution of composite sinusoidal silver grating; (b) Electric field distribution of composite sinu-
soidal gold grating; (c¢)Electric field distribution of composite rectangular silver grating
K5 (a) EEIERBOUMER TG A 5000 5 (b) B & BRSO eHER g i v 37 704 5 (o) B8 AL R g

S8 LY 0 A
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shown in Fig.5 (b), the EF value is shown in
Tab. 1. It can be seen that the EF values of the opti-
mized sinusoidal gold grating and the sinusoidal sil-
ver grating EF are of the same order of magnitude.
In order to further illustrate the advantages in
the SERS performance of the composite sinusoidal
silver grating, we compared it to the optimized rec-
tangular silver grating. As shown in Fig. 5(c), the
electric field distribution of the surface of the rectan-
gular silver grating is calculated with the same EF
magnitude, as demonstrated in Tab. 1. The sinu-
soidal grating can be processed by laser interference
lithography, which does not require a mask and eas-
ily achieves single-instance large field-of-view expo-
sures. Also, the processing of rectangular grating re-
quires a pre-fabricated mask so the processing cost

and time are both increased.

5  Experimental Verification of the
SERS Performance of the Compos-

ite Sinusoidal Grating

Fig. 6(a) is a schematic diagram of a compos-
ite sinusoidal grating structure. The light gray area is
an Si0, substrate. A photoresist ( NOA-63) is spin-
coated on a clean SiO, substrate and a laser with a
wavelength of 266 nm and a power of 30 mW is used
( Coherent MBD-266). The 266 nm beam emitted

NORE>
S'\Oi

7
@

from the laser is collimated and expanded and then
passes through a beam splitter ( reflecting 30% ,
transmission 70% ) , wherein the transmitted light is
reflected by a mirror and interfere with the first beam
at the sample. In order to ensure the surface uni-
formity of the sinusoidal grating structure, an attenu-
ator is installed on both interference optical paths to
obtain same intensity of the final two beams of inter-
ference light. The interference experiment distance
with the best interference effect can be found by ad-
justing the angle of the incident light and meeting
position of the sample. This interference lithography
system is shown in Fig. 6(b). The period of the in-
terference pattern formed is P = sin (6/2) A,/2,
where A, is the wavelength of the coherent light and
0 is the angle between the two coherent lights. When
the required sinusoidal grating period is 570 nm, the
angle between the two coherent beams should be
controlled to be 27°. In Fig. 6 (a), the light blue
portion is a cured photoresist and the dark gray por-
tion is a vapor-deposited silver layer. The exposure
time is adjusted by the photoelectric shutter to
change the amplitude of the grating. The thickness
of the silver layer can be controlled by adjusting the
evaporation time. The exposure time and evaporation
time in the preparation process are 800ms and
1000s, respectively. Fig. 7(a) is an SEM represen-

tation of a prepared sinusoidal grating.

i-

Laser 266 nm

4

9
Co,
’o,.

& Beamsplitter
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Attenuator Attenuator

(b

Fig.6  (a)Structural diagram of the composite sinusoidal grating; (b) Interference photolithography system
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Due to the ideal vibration characteristics of an

R6G molecule, such a molecule was used as a probe
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molecule for detecting the SERS performance of the
composite sinusoidal grating substrate. Under exper-
imental conditions, the analytical enhancement fac-

tor( AEF) is used to calculate the base SERS en-

hancement ability. The expression is:

among them, Iy is the SERS base Raman signal
intensity,, Cqups 18 the concentration of the substance
to be detected on the SERS substrate, I is the non-
SERS base Raman signal intensity and Cpgg is the

concentration of the substance to be detected on the

Liirs/ Cspns non-SERS substrate.
AEF = =/—=——=>== (27)
IRS/CRS
: 5 6000
Fr -1 <
; g 1363 cm’;} 1650 cm E\ o
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Fig.7 (a)SEM image of the composite sinusoidal grating; (b) SERS spectrum of R6G solutions; (c¢) Error bars of the

mean intensity of R6G Raman peaks from five average spectra
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In the experiment, a silver-plated flat glass
substrate was selected as the contrast substrate. The
thickness of the silver layer was 100 nm. The con-
centration of R6G measured by the silver-plated
glass substrate was 10 > M, as shown in Fig. 7(b) ,
and the relative intensity of the Raman signal was
185, while the composite sinusoidal silver grating
can measure the concentration of 10 ® M and the
relative intensity of the Raman signal at the peak of
1650 cm ™" is 4 316, where the Raman signal in-
tensity is on the sinusoidal silver grating substrate,
and its the average Raman signal strength measured
at five different points. After calculation, the SERS
analysis enhancement factor( AEF) of the composite
sinusoidal silver grating substrate is 2.3 x 10,
which is consistent with the theoretical SERS en-
hancement factor EF. The experimental results show
that the composite sinusoidal silver grating has strong
SERS enhancement performance. To further evaluate
the SERS performance stability of the substrate, the

relative standard deviation of the signal intensities at

R AL R 5 0 B A S (H IR 22

the four Raman peaks of the R6G Raman spectrum
was calculated. Fig. 7 (¢) shows the mean and
standard deviation of the Raman signal strength at
the four characteristic peaks. The standard devia-
signal are 5.8%,
13.4% ,9.4% , 11. 8% , respectively, at the corre-
sponding peaks of 1 311, 1 363, 1 510, and
1650 cm ™.

formance SERS substrate requirements

tions of Raman intensities

In this way, they met the higher per-

[13]

6 Conclusion

The hots spots areas in a noble metal nanoparti-
cle sols are small and scarce while the noble metal
nano-three-dimensional array structure has high pro-
cessing cost, a large time requirement and “memory
effect”. The composite sinusoidal grating SERS base
structure using a laser was proposed. Interferometric
lithography enables large-area, low-cost, simple and
fast composite sinusoidal grating substrate prepara-

tion. Based on the RCWA method to analyze the
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surface electric field distribution and SPP coupling
absorption of the composite sinusoidal grating, the
theoretical analysis shows that the SERS enhance-
ment factor EF of the best composite sinusoidal silver
grating structure is 7.4 x 10*. The experimental re-
sults show that the SERS analysis enhancement fac-

tor AEF of the composite sinusoidal silver grating is
— 3R B R ——

1 7]

o

UTEBAE  BEEOLEOR AORBH AT AL
AR B TVAR A J , 2 58 1L US (SERS) B2
BRC AT MR m Rk A AW B
VB A R IR ] 5 2 A SR A 2 T
JZRIAN . HT SERS Bu A I E AR )
Y208 FH AL 2 0 R TS T A A B — R
SRR IIE , 2047 <5 29 A JURE T8 15 MR 240 oK R
VI s ok = BB 25, B 5 BRI 44 K 1 5]
SERE) RE AR 9 0K [ 51 A5 A | B IR 4 K [ 81 45
T B TR AR TIURLYA JBE AT ARG i 4 TR
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T RSB 5 P AU ] B PR B A (DR B R K
SOV AT A A A DX S Bt e S S R R P A
B LR A DX IS B /N A e 1 o T 4 s
PRZ kA% G 2N T AR 46 9 40K =4k (457
S5A0 B AR GF 19 2544 5 I A SERS {55 B
RN AR B B TR S A 1
R 43175 5 Wik B AE = 20k [ 5] 40 K &5 ¥ ) 2 1T
FEAE“TCAZRN™ BT YA 2 i i B 3
JRIEATIRUE , N TGk W 2 A 1% 22 SERS K3l i)

NASCHE T S A IE 2 EH2E 14 SERS J
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AIEZ R, iE 3 T PR T R LR
P2 LRk e, o 5 B S 1E 5% 4R
HEMER I . R, 252 & I SO A Al Al LR
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2.3 x 10", which is basically consistent with theoret-
ical predictions. It is therefore proven that composite
sinusoidal silver grating is an effective SERS sub-
strate. In future studies, a composite sinusoidal
grating will be integrated into a microchannel to re-

search the microfluidic SERS detection performance.
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