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Process flow for preparation of SERS transparent device based on quartz nanocone forests

Fig. 1



1170 itk 5 i 4 A

5540 &

1.3 ikt iz

B, VAR B FOK U, 38 A B R R 1 I R [ v
BE R6G W . 2RJ5 » SR PR A 28 & 1 (a3 510 o 1) 53
Gy AAE T #4519 SERS g3 b R H RS WA 2 BBCRE DUV R 3
ple WFRAFA 1 em X1 em B FF 0 SERS 3% B 28 44 (1
T . AGES R THEL LA/, BB WP A 5
SFRK W 4 4k [ 7E SERS g R 1E b s
B E Th2uE U Ew e E#ETR.

2 RS

2.1 SERSEZERSEHAHHE

Bl 2 5t T SERS i B #4112 AR v S ) 25 B 6k if &5
) SEM B R . B 2(a) BiR A Sl ik b P12 2 S0 45 B
TIRET G R GOR T e ARG, BAR 0K 41 4 1 055 2
294 5.8 pm, HARZN 50 nm, JL MBI 94 K 27 4 52
WKL YETR , LR 4ERBIIE 2k 500 nm, DL 4N K 21 4k 2R R &5
F R HEE . RIE Z0 0l set S . 205 R A BOE L2 4 B A
oo BB E MO TEYORER ARG R, N 2(h) iR J] LA
BRI NS, HAE 100~600 nm Z [A] 43 1 ,
R TEABE NN KRF LN ERIEAES, YA
RIE Zi b s, 77 B 7% RS RLO0 £F 4 8T 5 T8 AR A9 49 2K 45 44 Lb
TE A2 41 1 £F 4 WEAY T J7 T B 45 4 O R KL . 7E A Bl
KAEBRAREGE R EIRST 5 nm 19 Ag RIS, BRI WA 2C0) FF
7R 9 SERS I P 5L % (4 B . SERS 33 9] 2844 . & Al L
W 2 Ag 449K UKL BB AL B 1 B 5 1 A1 S 90 K HE R AR &b
b, B EHEENHRA,
2.2 AZEKEFRWEDENR

&3 25 10 T 7 S 9K HE AR AR EE A FE 500~800 nm X — %
BT MBS ok, NER T LB, B HRITE,
R R B KA Kb, T SERS #6008 FH i = AN & ik K
514, 633 F1 785 nm 4k, HiE B R4 B M 85% . 90U 1 93% .
X 3 W] AT S G KRR MR # 7E T 45 B B SERS g8 141X —Jr [
FLA B I g A
2.3 SERS i Bf 88 #4468 3k

R T WU T #% 19 SERS 5 B A8 R 1 PR RE 43 B0 AE BE AR
- 1) 1E TH A1 T TR SERS %55 iyl . Bl 4(a) FIE 4
() 4331 S 33 9 At 5 =X 7R 4 003k 590 43 0 8ot AR B AR
7R 8 B o SO RS 1 IE T B A B R O R e, A ST
D6 e W BN 4y T ERA B N Ay F R T T
1 B K AR PR GS # 2% T 4 AR UKL Ik SPR. 4
J6Z R B TR 43 ¥ I 2 X 2 40 IR RO B B —
R RE AL . SRR 2 OGIEME SR . Hog I g 7k
LRSI =L DL CE . acl RN /N (| I EAL- R &, X Gt
i A ST 2] SERS 28 42 i, b ik gl 038 390 40 1 A9 RS B %ot AL B
WOLHIE 19 SERS S 55 T #f /. 2340, M BT
P A (633 nm) 4ib 47 35 499 K HE 2R AR5 4 X0 AR BOE Y 35
Ry 90% . H I A S WOGIR 25 5 2 3 A SR RS AR IE
T, B 4> 7 T Y 4 B 40Ok &5 0 £ T & SPR, b
Sh o L2 IEE S AR IR E 5 R 48 1 A b A A Bl it

B2 (a)AKRFHEFRHEHE SEM B, (b) AEMAKETR

WM SEM B, (¢)SERS EAE4H SEM B R
Fig. 2 (a) SEM image of the nanofiber forests, (b) SEM im-
age of quartz nanocone forests, (c) SEM image of

structures on a SERS transparent device
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Fig. 3 Transmittance spectrum of

quartz nanocone forests
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Fig. 4 Schematic diagram of the interaction between the laser, the molecules and the metal nanostructures on the surface of the

SERS transparent device during the SERS device test

(a): Laser incident from the front-side; (b): Laser incident from the back-side
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Abstract Surface-enhanced Raman scattering (SERS) devices with advantages of being non-destructive, ultra-sensitive, and
real-time are of significance. For now, most SERS devices are constructed on non-transparent substrates. When such
non-transparent SERS devices are used to detect analytes with high concentrations, laser can only be incident from their
front-sides. It means that incident laser needs to penetrate analyte molecules to reach metallic nanostructures at the bottom, so
laser energy used to excite surface plasmon resonance (SPR) of metallic nanostructures is attenuated, and accordingly, SERS
spectral signals are also attenuated; besides. SERS spectral signals cannot be efficiently returned to the charge-coupled device
(CCD) due to the blocking of analyte molecules, so that the signals are greatly reduced and in some cases, they cannot be detec-
ted at all. In contrast, when a transparent SERS device is adopted, the analyte molecules are placed on front-side of the device
and Raman laser is incident from the back-side. In this way, analyte molecules with high concentration have minimal influence on
incident laser and SERS spectral signals, so better spectral signals can be obtained. In this work, a polyimide(PI) layer was
spin-coated on a quartz substrate, and then the substrate was bombarded by oxygen plasma without masks. After that, nanofiber
masks were formed on the quartz substrate. Later on, quartz nanocone forests were formed by a reactive-ion-etching (RIE) step.
Subsequently, metallic nanoparticles were sputtered on the nanocones, thus, a transparent SERS device was obtained. For this
SERS transparent device, Raman laser can be incident from front-side and back-side of the device during the test. The
preliminary experimental results showed that for Rhodamine 6G (R6G), in a concentration range of 10 *~10"° mol « L', the
SERS spectra from the back-side were with higher intensities than those from the front-side. In addition, repeatability of the
device detected from the back-side was further studied. These results demonstrated the feasibility of the device in practical
biochemical detection applications. This work is expected to extend the applications of SERS technique in the field of analyte

detections.
Keywords Nanocone forests; Surface enhanced Raman scattering (SERS) ; SERS transparent device; Quartz
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