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1. SEM of Au decorated SiO,@Si core shell particles array
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Figure S1. SEM of Au nanoparticles (d = 20nm) decorated SiO,@Si nanoparticles with outer

diameter of D =290 nm; inset is the digital image of the sample.

2. The structural details of the SiO,@Si core shell particle.
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Figure S2. Images of SiO2@Si core shell particles, a) the schematic of obtaining cross section of Si
shell array and SEM image of D=220/290nm SiO2@Si core shell particles array, the TEM images
of (b) D=360/430nm and (c) D=560/630nm SiO,@Si core shell particles,

The structure details of the Si0,@Si core shell particles were examined by the SEM

investigation of the particles’ cross section. It was difficult to directly cut off the



particles of the samples to obtain the cross section information because the particles
was settled on the substrate independently. Therefore, As Figure S3 shows, the particles
array were transferred onto a polymer film to obtain the Si shell cross section by
removing the SiO, core and break the polymer film in parts. The SEM image of the Si
shell structure was shown in the Figure S2, in which the thickness increases to ~ 60 nm
from the North Pole to the South of the shell.

The other two core shell particles (D=360/430nm and D=560/630nm) were
characterized by TEM. The Si shell particles colloid was prepared by firstly immersing
the particle array substrate in 5 % (v/v) HF to remove the SiO2 particles and separate
the Si shell particle from the substrate. Then the Si shell was re-dispersed in ethanol
and finally examined by HRTEM. Figure 2b and ¢ shows the TEM images of the
D=360/430nm and D=560/630nm Si shell particles, which are in the shape of crescent
shell. The size of Si shell can be clearly identified in these images. Therefore, the Si
shell sizes agree well with the diameters mentioned in the manuscript. The inner cavity
of the Si shell seems like non-spheroid, especially for the D=560/630nm Si shell,
because of the non-uniform etching of SiO, particles array. There was no distinct
ordered crystal lattices found in the detailed examination of Figure 2b. Therefore, the

PECVD deposited Si shell is amorphous silicon in this work.
3. Au particles characterization.

The size and monodispersity of the Au particles were examined by dynamic light
scattering (DelsaNano C). The absorption spectra were measured by a Shimadzu

UV3600 UV—Visible / NIR spectrophotometer. Since the prepared particles was



stabilized with electric double layer, the measured diameter by dynamic light scattering

was a little larger than the actual size determined by SEM.
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Figure S3. The absorption spectra and size distributions of prepared Au colloid used in the structure

of the metal Au particles decorated SiO,@Si core shell array.

4. Simulation model of Au decorated SiO,@Si core shell particles

As Figure S4 shows, the structure was approximately designed by the Boolean
subtraction of a silicon sphere of D =290 nm by a SiO, sphere of 220nm with off-center
distance e = 25 nm to exactly visualize the structure of fabricated SiO,@Si shell as
Figure S2 shows.! Therefore, the maximum shell thickness of the shell was 60nm in the
upper of the core shell particles. Periodic boundary conditions were then applied in the
x and y directions, and equator of the Si shell along XZ and YZ planes were placed

with Au particles in 20 nm diameter to simplify the model.

Figure S4. Side (a) and perspective (b) views of Au particles decorated SiO,@Si core shell particle.



5. The simulated scattering curves of SiO,@Si spherical and ellipsoid shell.

The scattering of D=220/290nm Si0,/Si ellipsoid core shell particles with a dimeter
of D,=210/280nm in z direction was simulated and compared with the spherical one.
As Figure S5 shows, the scattering peak of the ellipsoid particles was blue-shifted
compared with spherical particles. It is suggested the non-spherical core shell particles
indeed caused the blue shift of the scattering curve. Therefore, it can be concluded the
blue shift of the calculated scattering and measured reflectance of the particles is due

to the non-spherical particles.
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Figure S5. The simulated scattering curves of D=220/290nm SiO,@Si spherical and ellipsoid shell.



6. Electric field distribution of SiO,@Si core shell particles with or without Au
particles
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Figure S6. Electric field of particles excited by 633nm laser (a, d, g for SiO, sphere, b, e, h for Si
sphere and c, f, 1 for SiO,@Si core shell particle). The calculated electric field distribution of the
E-k (x-z) plane (a-c) and magnetic quadrupole induced displacement current (d-f) inside the
D=600nm SiO,, D=250nm Si sphere and D=220/290nm SiO,@Si core shell particles. (g-i) The
electric field distribution of Au decorated D=600nm SiO,, D=250nm Si sphere and D=220/290nm
SiO,@S1 core shell particles.

7. SEM of 20nm Au decorated D=600nm SiO, particles array

The Au decorated SiO, array was prepared by electrostatic attraction discussed in the
paper, because SiO, particles can also be modified with hydroxyl (-OH) with piranha

solution. Figure S7 shows the prepared Au decorated D=600nm SiO2 particles array.



Figure S7. SEM image of 20nm Au decorated D=600nm SiO2 array.

8. D=290nm SiO2 and Si sphere examination.
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Figure S8. The simulated electric field distribution of a D = 290nm Si sphere (a) and SiO, sphere
(b) at A=633nm, and the SEM image (c) of Raman spectra (d) of D=290nm SiO, particles. Inset of
Figure S8c is the simulated electric field of Au decorated D=290nm SiO, particle at A=633nm.

The electric field distributions of D=290nm SiO, and Si sphere were simulated by
FDTD solution. As Figure S8a and b shows, the local electric field of the SiO, or Si

sphere is not impressive compared with D=220/290nm SiO,@Si shell particles. The



sample of Au decorated on D=290nm SiO, particle was also prepared and examined by
Raman measurement (see Figure S8c and d). It was found that the electric field of Au
decorated D=290nm SiO, is not enormouly enhanced (see inset of Figure S8c). The
measured Raman signal show no enhancement and the the intensity is just comparable

to the case of Au on flat Si film, which agree well with the simulated electric field.

9. Raman detection of crystal violet by the Au decorated SiO,@Si core shell array

In order to examine the universality of the Au decorated SiO,@Si core shell array in
Raman sensing, the crystal violet was used as the second target molecule. The samples
were soaked in crystal violet aqueous solution with a concentration of 10> M for 3
hours and then thoroughly rinsed by ultrapure water. And the detection parameters were
in consistent with the case of R6G introduced in the manuscript. As Figure S7a shows,
When detecting by 633nm laser, the sample of D=220/290nm SiO,@Si core shell array
achieves the more enhanced Raman intensity than the other cases. And for 785nm laser,
the sample of D=360/430nm SiO,@Si core shell array perform best (see Figure S7b).
The measured Raman curves agree well with the FDTD-calculated scattering and
electric field intensities discussed in the manuscript. Therefore, it may be concluded
that the samples of Au decorated SiO,@Si core shell array are commonly practical for

us in Raman sensing.
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Figure S9. Raman spectra of crystal violet on Au particle decorated SiO,@Si arrays excited by (a)

633nm laser with power of 0.35mW and (b) by 785nm laser with power of 1.5 mW.

10. Enhancement factor (EF) calculation

The EF of R6G on Au decorated SiO,@Si shell array was calculated using the

. 1 P,
following formula EF :( SERS N «Las trs ]at Raman peak of 613 cm'.%3

RS N SERS BS'ERS ZSERS

The subscript SERS and RS represent the cases of Raman signal of R6G on the designed
structure and normal Raman of R6G, respectively. In our case, the normal Raman
intensity was obtained from detecting the R6G solid film on clean silicon wafer. Isgzs
is the enhanced Raman intensity of measured molecules, while Izg represents the
common Raman intensity of molecules without enhancement. Ngzzs is the number of
molecules involved in the measurement of enhanced Raman intensity, while the Ngg
represents the number of molecules in the normal Raman intensity detecting with
enhancement structure. P and ¢ represent the laser power and integration time in a single
Raman measurement.

The Nis denoting the average number of molecules in the scattering volume by the

normal Raman experiment. We used the R6G solid powder film to finish the normal



Raman measurement, which is widely applied to estimate and calculate Ngg. the
molecule number Npg can be obtained by the commonly used equation
Nyg = Mg - N, /M , where mpgeq is the mass of R6G powder film illuminated in the
Raman measurement, N, represents Avogadro's number and M is the molar mass of
R6G.3-!!
It was then calculated by the equation
Nis =Moo Ny /M =Vi Prog Na/M =S, T+ Prog - Ny /M ,

where S, is the area of the laser illuminated on the sample, 7 is the penetration depth
of the R6G solid film by the laser, prsg 1s the density of the R6G powder. The S, can
be determined by S, ,,, = 7 (0.614/N A.)’, where N.A. is the numerical aperture of the
objective of the Raman microscopy.

Nsgrs denotes the adsorbed molecules in the scattering volume for the SERS
experiments. It was found that the sample was coated by a monolayer of R6G molecule
and the area of single R6G was 2.22nm?, when the samples was immersed in 10* M
R6G solution for 3h as prepared in our manuscript.'%-1¢ We followed Pan et al and Yue
et al’s method to obtain Ngggs by the equation Ng,s =S, / Srec » Where the Sy, is the
illuminated area of all Au particles and Szsc is area of a R6G molecule. !0 1

By applying the parameters Prs=0.07mW, Pgsgrs=0.35mW, tzs=15s, tsprs=3s,
Irs=57, Isgrs=3212, A=633nm, prec=1.17g/cm?, Mgrsc=479.01g/mol, N.4.=0.9,
T=4um, D,=20nm, Interparticle distance of neighboring Au particles is ~30nm, the

final calculation of EF 4, (613 cm!) = ~2.2x108,
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