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Explanation about FDTD simulation in this study

The FDTD structure model (Figure S1) was mostly constructed to the results observed by SEM and
AFM images of the fabricated Au NCA (Figure 2b, 2¢ and Figure S3). In this simulation, the polarized
incident light was irradiated, which was different from the experiment. However, the optical properties
were expected to be characterized because Au NCA was isotropic and LSPR mode did not depend on

42431 We used a parabola cone (diameter: 300 nm, height: 200 nm) as the nanocone

the lattice structure!
structures, which is matched with the images observed by SEM and AFM. But, in this study, the bottom
of the nanocone structure was 100 nm below the surface of the Au plate because the size of NCA
structure was different from the fabricated one than expected and the simulation results was actually

not matched to the experimental one.



Figure S1. EM simulation using the FDTD method. (a) Perspective view of the simulated model of the

Au NCA. The unit cell is located in the x-y plane. (b) x-z view of the simulated model.
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Figure S2. Surface structure of the COP film as observed by (a) FE-SEM and (b) AFM.
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Figure S3. AFM images and cross-section of the surface structure of (a) the COP film and (b) Au NCA.

(Black line in AFM images is a 1 um scale bar).



Evaluation of the individual cone apex radii of the fabricated Au NCA and the COP film
According to Figure S3, we calculated the individual cone apex radii of the fabricated Au NCA and
the COP film to confirm the fabrication process reliability.

Then, the individual cone apex radii were calculated by the following steps.

1. The cross-sectional shape numeric data on a blue line (three cones) in AFM images (Figure S3a
and b) was approximated by a quadratic curve (y = ax*> + bx + ¢; a, b and ¢ are coefficient).

2. The curvature at the individual cone apex of each cone is approximately determined by 1/2]a].

Following the above steps, we calculated the individual cone apex radii. As a result, it was about 74.3
nm (the COP film) and 77.4 nm (the fabricated Au NCA), respectively. The individual cone apex radii
of the fabricated Au NCA were larger than the COP film. This is probably caused to use the direct Au
deposition on COP film in fabrication process. From this value, we concluded that the fabrication

process was mostly trustworthy.
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Figure. S4. (a) EM field intensity distribution at 785 nm wavelength (white scale bar is 100 nm), (b)
absorption spectra, and (c) maximum value of EM field intensities (|Emax/Eo|) of Au NCA with various

thicknesses of the Au layer.
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Figure S5. SERS spectra of 10°® M 4-MBA on Au NCA (blue line) and raman spectra 102 M 4-MBA on
Au glass (black line).

Table S1. Band attribution of detected 4-MBA Raman spectral?%- 51754

Wavenumber (cm™) Band attribution
722 y (C-C-C) out of plain vibration
846 0 (COO") deformation vibration
1080 V (CC)xing ring-breathing
1131
0 (CH) deformation vibration

1181

1589 V (CC)xing ring-stretching

Calculation of Enhancement Factor (EF)

EF is calculated by the following formula from the literature!*®+!

>

I N .
EF = 388 x & (Equation 1)
INr Nsgrs

where Isgrs and Inr correspond to the Raman intensities of 4-MBA on Au NCA and 50 nm Au glass,

respectively. Nsgrs and Nnr refer to the number of adsorbed 4-MBA molecules in the laser excitation



area of the Au NCA and 50 nm Au glass, respectively. In addition, Nsgrs and Nxr are expressed by

Equations 2 and 3, respectively:

X NymBAa@aunca (Equation 2)

Nng =

X NyMBA@Au glass (Equation 3)

where dspot, SAuNCA, SAu glass, Va-MBA@Au NCA, and NiamBa@Au glass are the diameter of the laser spot,
surface area of the fabricated Au NCA, surface area of the Au glass, number of 4-MBA molecules on
the Au NCA, and number of 4-MBA molecules on the Au glass, respectively. dspot 1S expressed as

Equation 4.

1.22 % 1oy .
dgpot = A (Equation 4)

where Aex and N.A. correspond to the laser wavelength and numerical aperture of the microscope,

respectively. dspor Was estimated to be 1.20 um.

For SERS measurements on the Au NCA, a piece of 25 mm? Au NCA substrate was used. If all 4-
MBA molecules are adsorbed on the Au NCA, Nsgrs can be calculated as

2
1.2(; um)

5o < (10°M) x (2107 mL) x N =5.42x10"

Nsgrs =
where Ny is the Avogadro constant.
Similarly, in the case of Raman measurement on Au glass, a piece of 64 mm? Au glass substrate was

used. If all 4-MBA molecules are adsorbed on the Au glass, Nsgrs can be calculated as

. (1.2(; ;,Lm)2

W X (10'2 M) X (2 X 10‘3 mL) X NA: 1'20><109

Nng =

Consequently, EF is estimated using the two strong peaks at 1080 and 1594 cm™;



979.8  1.20 x 10°

Fiog0 = =9.49 x 10*
00~ 2035 “saz w107 P10

- 14823  1.20 x 10°
= X
19475036 5.42 x 107

=1.15x10°
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