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Abstract A method of fabricating surface-enhanced Raman scattering (SERS) substrate by one-step exposure of mixed
electron beam resists is reported. Stable and scattered nanospheres were produced by mixing immiscible hydrogen
silsesquioxane (HSQ) and polymethyl methacrylate (PMMA) electron beam resists in equal quantity, followed by electron
beam exposure with an appropriate dosage of 2000 pC/cm” and development. Thin Au film was then deposited using
electron beam evaporation to form SERS substrates with superior Raman enhancement effects. The size distribution of the
microspheres with the relative standard deviation of 7.56% is uniform, and the gaps between rough Au layers and the

nanospheres could provide abundant SERS "hot spots". The SERS substrates thus fabricated showed superior performance
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for different targets. A SERS enhancement factor of 5.8X10° and detection limit of 1.06X107° mol/L for 4-
mercaptophenylboronic acid (4-MPBA), and the detection limits of 7. 08X 10" * mol/L for rhodamine 6G (R6G) and 7. 94 X

107" mol/L for melamine in water were achieved. For melamine, a wide detection range (1. 0X107"~1.0>X 10" mol/L)

with a good linearity (R*=0.952) was achieved. The pronounced performance of detecting melamine makes the SERS

substrates very overwhelming among the ones reported. The facile and repeatable approach of preparing high-performance

SERS substrates by exposing the mixture of different resists proposed here is undoubtedly favorable for the exploration of

novel SERS substrates and their fabrication.

Key words optics at surface; surface-enhanced Raman scattering; electron beam lithography; trace detection; melamine
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Fig. 1 Fabrication of nanostructural SERS substrates by electron beam lithography based on mixed resists
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Fig. 2 SEM images of SERS substrates with nanospheres for different PMMA resists mixed with HSQ and corresponding size

distributions of nanospheres derived from SERS substrates. (a), (c), (e), (g) Resist nanosphere structures of P1-P4; (b), (d), (f),

(h) size distributions of nanospheres of P1-P4
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Fig. 3 SEM image and EDS of SERS nanospheres substrates after development. (a) SEM image; (b) EDS
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Fig. 4 SEM images of SERS substrates with nanospheres after gold deposition for different PMMA resists mixed with HSQ and

corresponding spacing distribution of nanospheres derived from SERS substrates. (a),(c),(e), (g) Resist nanosphere structures of
P1-P4; (b),(d), (1), (h) spacing distributions of nanospheres of P1-P4
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Fig. 5 SEM image and EDS of SERS nanospheres substrates with gold deposited. (a) SEM image; (b) EDS
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16 45 PMMA Bt i) 44 Kk 4545 S5 5 1 HE X AN [7) ¥R B 4-MPBA 43 1A i fiz 2 3% 151 . (a) P1;(b) P2;(c) P3;(d) P4
Fig. 6 Raman spectra of 4-MPBA molecules with different concentrations obtained with nanostructured substrates using four PMMA
resists and flat substrates. (a) P1; (b) P2; (¢) P3; (d) P4

#2 W 1061 em R EE A B A 4 FP SERS FEJIE Y 34 45 P T
Table 2 Enhancement factors derived from the band at

1061 em' for four SERS substrates

Sample i
P1 P2 P3 P4
No.
EF 1.46x10°  5.80X10° 4.63X10° 6.16X10°
TR ZR A 8 s

EF 55758 E Z AR MR AN
Fe=|E.(w)[/|E(w,)]", (2)
KA B () ME (w,) 23 5 JR B 5 A A i 3 89
PRWE s 0, A SR

WG BRI MBI E E, 454X (2) L
THEH SERS BEE M FRIS s (A 7, & 3.
T Ak 2% 1 5 DR 2R R 40 K Bk UKL HE B X SERS 4 fE 19
R, BE 5 508 TS EF AR LB 3 AR R —E .
G0 oK BK 43 A1 8] BE X L 3 3 5 1Y 52 I B K, PLLUP3 A
P4 KL i B4 9 K BR 18] E 8¢ P2 B G, 45 20 A T sk 0
SiO, 3 % 2Z (8] 7y (8] B b B0 i /> HomBEETE 85 0 A
S5 ST A, A BRI IR B BRSNS K EF WA, 454
RSP XL EF 2 s #— 3, Hrh, P2 SERS %
EE A T RE . L, S S E — MR E A DL B X 4-
MPBA | R6G Hl = J & & 45 + 19 & O ¥ & T P2
HIE .

7 FDTDREEURER . (a) & WAL (b) ay V-1 FA R
Fig. 7 Schematic of the FDTD model. (a) Spatial model; (b) model on the xy plane

3 AT SERS F JFE AR R (1) I 34 i K T
Table 3 Theoretical enhancement factors for 4 models

Model No. Nanosphere diameter/nm ~ Nanosphere spacing/nm  Au film thickness/nm  E,,, /(Vem ') EF
P1 300 100 5 17.0 8.35X 10"
P2 200 5 5 56.4 1.12x107
P3 420 500 5) 11.9 2.01x10*
P4 400 500 5 13.2 3.03x10*
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