Material Sciences 4| $}2£, 2025, 15(7), 1477-1486 Hans X
Published Online July 2025 in Hans. https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2025.157157

— AT EEF ARAcESERSER TSI

N2, kT
ALY KA T TR AR, el e
Weks H i 20254E6 HOH; A HME: 20254F7H14H; KATHB: 202547 H24H

HE

AT TTET X IR R 5847 B U (SERS) BJRAFAE I — IR MEAE A L FRBER™ M I T TR RE M,
TR T —FETEHEEA L (SPLIBAN M ERFEH . REFBFHIAgSERSEIK. BT ERIAERH
ZIRGEE RO THE, RAMA T ERERA . HE. ARESEHRRImB ST R R,

Jiid Y B ESERSEL IR & 2% M . L5RRH, BRHBETER T €. R, AFKELR, AEMRMISET,

RE RN RRWREZN TERAEE . BERMHENEUE LR TE, LHT Ag SERSEEHE
BHM. RFFFRAEBEA . HIERESERSE R HIH &R TH KNS %

XK ia
SERSEJIE, JREMW, MMKEN

Design and Fabrication of a Reusable
Ag-Based SERS Substrate

Renxing Liu*, Xue Lin

College of Electronic Engineering, Yili Normal University, Yining Xinjiang

Received: Jun. 9%, 2025; accepted: Jul. 14%, 2025; published: Jul. 24", 2025

Abstract

This study develops a novel reusable and highly sensitive Ag SERS substrate based on scanning probe
lithography (SPL) technology to address the problems of existing surface-enhanced Raman scatter-
ing (SERS) substrates, including single-use nature, stringent environmental requirements, and complex
fabrication protocols. Through the inscription of diamond tip-mediated mechanical machining com-
bined with the designed processing trajectory, the impacts of parameters such as normal load, spac-
ing, and period on the formation of micro- and nanostructures on Ag surfaces were systematically
investigated to identify optimal preparation conditions for SERS substrate. The results show that the
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method can be applied to soft metals such as Au, Ag, Cu, etc., and the Raman detection limit of the Ag
substrate is significantly better than that of the Au or Cu substrate under the same processing param-
eters. The reuse of the Ag SERS substrate was achieved via surface cleaning and oxide layer removal.
This study provides a new reference for fabricating low-cost and high-performance SERS sub-
strates.
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1. 5|8

BB SRR, WELRs. RGN, Sz lsF m AR, ARG 2 e s B R
8™ FE BN 1] SR [ Y K% A T 0 S VA R ARG, T R SR ARG TS T Uz By 4% 25 50 B 2. TR,
TER i RBUL ey AT SR BRI BRSO AT T B L H b, A% O pb AL T ] AR BB R A s
BURSHERIIN o 3R 111 39 55 457 2 HIUH Y6 T (SERS) BOACH I W HT HIUN Y6 MM RFAIE,  BERIRII T 45 H 5 4R30
WERIFRSUE S, T SEBUR SR B & ERAEHERAL . T HAS M RE T . P JEEPR. TE
BRI R, RS2 W3] AaRbE(4]. BEE(5]. HRBE[6]. BIRR(7]. T3 A R85V 2 s
HAEZWR AN E. H2 (55 HEmALH EZHB T SERS B A7 £ 5 ) & A (1 XI5, XA X

T SERS HJIE[10][11]. #A1M0, HAT SERS FJRANIRAAAE — A . — B2 MEERWZ. TR
PR 25 8, JT R E U SERS L0 T BARAS I 2 S K

BARR “HoR” SMMEIKRE SERS Ml RO, HomBwmke il R gUE. etk =l
P IEAESR, BHIFN SIAWIEC) TR AN T MR, DUSRTS EMERE SERS FR. RAECH T
WHFL, R A= DU AL R Tl R K PG S 2 7 12 P] LATE R IR R T HH B 6 Jm 4ok
ORI RAE Ay SERS JEJE[12]-[14], BRTVER SRR R ROAMCER. W58 AE )T . B, Tao 55[12]
K PGELES R AR B B35 ZnO GOKpRAE K, B B ZE RGN 7T BAE 17 55 28 TR 4k
SER, R T PR B SRR Y R S U, SR TAE 107 . Wu SE[ISERA T R SE
HECT 2 50 nm. KEHZA 120 nm (R0UHE Au 99K B0k EHI R 7 221k SERS R, FIE#E A 2
VA AT LA A 2 it AR AR 28, i SE SR L B JTORI PR 20 i SR Lol FR S Bt T SERS A&
T, AIFR 55k 36.58 ng-em 2. 98.63 ng-em 2 fl 31.56 ng-em 2. {HJE, b2 B i H 4k 22870 &
FRIAEGI5 G, BTl B 9RRL T S5 M BRI AFAE R A &) MR . #sihr B DLE A 55 1)
8, FEH BTN TR SERS B K AU — A, BEAT 7 —B N[ 16],

FLLZ T, R SRR INn THAR B S BRI HE U P AR A PR 5 46 22 B HA A0 e PR 358 SO M AN AR e [ 17
KU T EAAECZI[12] 9K R BRI 18] WOL TR ZI[19] HF/BS FHOLRI[20 MK BR 6 212155
Chirumamilla 5[ 2015 H EBL M1 B & 1 i ZI5& 1 HA 10 nm (8] BRI = 4E9K F2 — 3R AR 1) SERS i,
AT SR BRI 73§ BRI LRSI (1 pM)e Jin SE[16]%14% 1 — M ELA AT 7 i) 2R T 94 K 18] B )8 25 1%
(LSP)FE%1] SERS 24K, X FFH] 6G (R6G) AT FRIA 10712 M. Mu SF[22]il 45 1 BA v I 7R FIR
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o7 1) B A 4 9K kiR 41 SERS S PEFLER, FF HN 4-30 30t H AR 4> 734510 SERS 155 FIH 58 K T
151070 SXEEGOKIN THOR P BRI R E R HF 2. I TREE A, A RE[23].

AR, FREEREN N T.(SPL) T H X PR BE IR A AR 43 7 256 vy 1T e iF B & — P il i SERS R
AT AE 7 V5 [24] [25], PN ITEEE TR RAEM BIER TR AT 2 RS RLER 1 R AR AR TR B EBR, T3 21N
KEEKT . I, Wu S [26]1F FIFUMAL % SPL HR, 4 17 KR =3 S VERISZ 8 M RE 51 SERS JJiE,
HXPLE AR 1071 M. Zhang 527 98 N IR -5 40 5 S8 AL Ji s B AH 285 6 1) 732,
H 4% 7 HAT = 45 4B 45 R AR B AR 9K ik SERS FEJE, FEMIFRIA 107 M. AR ZIRIN TH AR BEfE
i SEIL IR RN EE A RN L, RN 3 FH ARG N i AR IR, & —FhE 20% SERS i T
ik

TEAR U, S T WA TR0k H]iE SERS &)K. AF 78 78 J& 3 A a] 5 % s 2 53 B R 2,
i€ T Ag SERS R M & T2 . #1457 Au. Ag. CuSERS &)K. N 7 UFHSZBRMN A, 7F SERS
B FoREE T R6G 1) SERS Jtih. /5, i PERTE BEFIRRVE = R ZE, SEIL T Ag SERS ZER M EE
i

2. KBS

AT ARIEGUR SR IR N T(RMS MRS <10nm), & 4R, HI(AEE > 99.999%)FF il i B 1 ik
ITP AL . SR BE S WIA IR BT 20, BRI M 222000 10 pm, HEMDN 90°. HARS T 2
W] 6G (R6G). MRS 4 ROG # AR I MARAE TG 7K LI H I ] AN R B2 VA, AR i 4 o 6 IR Tl S5 AR N
WK, i R6G 7 TIRMIHERR R M, HATEE, RIS,

ASCEHRZIRI AT 3452 BB SPL N LR 48 AR G PO AR XY 40 5.
Z A% G BhiEHgE . EAINL PC 3 DA R IR A o 2000 1 6 Rl S0 kS BE A RBE I —
AESERIIN . 0 TSR SR s B E 1R, IIEEEREEEMEE B, B
PREFH IR B v BN LR ] 1(0) € I S HOEAT 21K, 0L B2k 4548, P IR TH e () 1) R
FIRE R B BN — 260 THUE R Ao B0 T8 mT DAFS 30 o 1k e 4544 o

Ji 778585 MFP-3D Infinity (Asylum Research, Oxford Instruments, England) T =4 30 R ALE 5
SEM (FEIL Nova NanoSEM 450, Netherlands) H WLl 25 S O AE . $7 2 1% 4% (LabRAM HR Evolution,
Horiba France SAS, France)lH T-K&Eh 2155, RHESHONFASBIE 55, BrxE 2 Ik, BOtHK 532
nm, WOCHEE 1%. F2 mARERA SWFIT Rl i, SOV SRR 18, R kE 1
U BWOEK 532 nm, BOLIRE 1%, x My FES KN 1 um.

3. BR 51118
3.1. B KREE A/ T

K] 2(a) R EARRE BT 0.1 mN. 02mN. 0.3mN. 0.4mN. 0.5mN 1 0.6 mN L J J&# % 4
um. $ROEA 1 pum FIETZIEEE . o] DUE BV RE RIS . 98 5 5 AR 1 1o 5 B 8 Ay P 3 K 36K . X
BRI AR BE /N PR IR R, MR RTE R 2RI R A, BRI 2 B 7 3032 B UM R R A
F[28]0 HERR T it 2 £k il 5 AR AR R W 2 2 P2 AR oK RS S TR B, X T hE 25 S 1 st 3 — e 1
Mo Wil 20)FR, 2 IEsZBEREZIRI G, VAREE M2 =A% RIAC BRI HERR , A1 i [a) B 2 420 T
KPP LRI, ST — AR B rT 4 HES, TS B 55 (0 A oK 458 . AR LG T BB
T[29], WTEHITE AR RS SRR E G 4%, AT RE A AT SERS 155 13fias. &l 3 Fion g IE5%
E WM SERS (S AT 0.3 mN. [A]EE 500 nm. A 1500 nm. JRIE 375 nm)¥) SEM K%,
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Figure 1. Tip-based machining: (a) Schematic diagram of tip-based machining; (b) Machining trajectory design
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Figure 2. (a) AFM morphology image of Ag surface at 0.1,0.2, 0.3, 0.4, 0.5, and 0.6 mN scribing loads; (b) Located amplified

2D and 3D morphology corresponding to the areas marked in (a)
2.(a) 7£0.1, 0.2\ 0.3, 0.4, 0.5, 0.6 mN ZIXIETT FRFREH AFM 5RE; (b) BEl(a)PHRIEFERHBAR 40
=HERER
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Figure 3. SEM images of sine wave SERS structures

3. IF3%3K SERS £ SEM Elf%&

3.2. NI &% SERS HKRSBENE M

FEIESZEN TR, PROGANE L [E Yoe TRt f2 R, RIE 5 IR LU RO, iR T,
RZUEHERT2% . T A SRIeiiRe, R e SRR A A 00 07 AR i (0 i 2 FE . R T AR R BE S
oot b 2 g sm M RE R s, HlAE T AEACY 1.5 pm, N 0.3 mN, HRIESY 0.75 pum,  [A]FE A B A AR IR
79200 nm. 400 nm. 600 nm. 800 nm ¥ J& #1H IE 52 S5 4, Qi 4(a) s, 4lA BRSNS (40 200 nm),
H— R ZIR = A VA Al 5 MEARR 23 AR S — R Z0 RIS B 5% 1 783 5 T AR 1T IG5 7% 18 e R0 R oK 45440
b TR RGO, X MPEE R RS, VAR S HEAR S 2 M 3 TR, PrRA ARy 200 nm B, =R
FIH A5 5 IR ERUN, BEAE RBE R K 245 5 iR R Rt — P MR, VR A HERR AR 1S4y
AR TS HRE, SEREE SR, K 4b)AE 4(a)HEik X IR F B2 X I 158 5 A
B, [A1EEA 400 nm 7245 B 00205 5 5R FEA B i KAH . N T L8 S 400 hr 2 38 i it e i sz, 4% 1
[BFEN 0.75 um, JAIHA 1.5 um, #RIEN 0.75 pm, ML ZAMKCN 0.2 mNL 0.3 mN. 0.4 mN. 0.5
mN. 0.6 mN [JEIVEIESZBEs K, & 4(c) P, BEAE Bt IOEGK, VARG VR L AN SRR i R IR I K, L
S5 5 IR L FE R G ORI G OR . METI OR B — @ R, HERRIRAR R A T A8k, B RSP AR
W77 1) e s 3% B REME LU B A P oK G, ANH T 3R45 55 R I 245 5 08 . BRIt & 4(d)
BORTERAT 0.5 mN IR S5 FURE R AR N TR SO R 2 R Ik RE RO SE,  H% TR
0.75 um, #AA 0.3 mN, $RIEA 0.75 pum, FHIMA BRI 1 pm, 1.5 pmy 2 pmy 2.5 pm {19 FE B
IEFZP LR, WA 4e)FiR, HE ML E/NE G0 1 um), BB TS iR, *F IR A A
FARHERRLE 5 R BRAE PV Ak HTEARANTE %, BRI RN HERRAE 201 77 1) 25 SR S 2 AN S8 34 1)
TEARAVE N RSIE AT T HERE R B 245 5 A . BEE AR OR, B i H IR
BRI K . P25 SRR, (HR ARG A OC, HERRZIRIT7 7 FaZ AR5 08, X AR THi 2
F5MRE, B, F8 oA & 400 £ 8 2000 nm 725 558 A B i KA -

ANE S HON BT S5 M TS0 225, At 5 o itk 5, H IR HEAR 5 L JEC T B ) [) Bt 245 44
RV AR VIR S5, HO ra i R AT 5301 V AR S5 K4 B39 958 P BE B A ) S0 R AR /N T 4G 5,
PRI KT G 58, MBIE SRS V RS AR IEA G, BT S V TS MR IE B IEAR R,
(BRSO, B Re iy, A0 5 SEIn a5 AT . AIRIER RN — EJE I, AR HEAR
VRTS8 RN PRI oK 54, 38y S — e Va I, MERR BT R i - AN R 5 07 R R JE, 3
SEE LU S 7 9K S50 o X H 223G e s RE I BRI, [RItG,  FRATTUA DRI % 25 40 o T I 0
AR TE RSHAEE ) F) 28 IR HEAR 5 R BT R R TR B i oz 2 MG o A = 2o ik, I HooT LU 15 2 s 2 40
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Figure 4. (a) AFM morphology image of structures at different feed; (b) Raman intensity distribution map of the R6G peak at 612

cm! in the sectional profile area in (a); (¢) AFM morphology image of structures at different load; (d) Raman intensity distribution

map of the R6G peak at 612 cm™! in the sectional profile area in (c); (¢) AFM morphology image of structures at different periods;

(f) Raman intensity distribution map of the R6G peak at 612 cm™! in the sectional profile area in ()

EI 4.(a) TREIEEET44E) AFM FE5RE; (b) El()AEEXEEY 612 cm™ &k R6G B EIRE ST E; (o) FREIFTE
LEHE) AFM TS558 (d) BI(cMEEX A 612 cm™ & R6G ISR 258 E S El; (o) TREIEHAI T AFM

%ﬂ!, (H El(EEXEH 612 cm™! 4k R6G UIERIRI B IR 737 [E

Table 1. Machining parameters of sine wave SERS substrates

%< 1. IE3%5% SESR E£EMT 5%

AT (mN) [ 2 (nm) J& #i(nm) PRI (nm)
1 0.4 400 1500 750
2 0.4 500 2500 750
3 0.4 600 2000 750
4 0.5 400 2500 750
5 0.5 500 2000 750
6 0.5 600 1500 750
7 0.6 400 2000 750
8 0.6 500 1500 750
9 0.6 600 2500 750
10 0.4 400 2000 750
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N T ARE R A 5% % 458 SERS SRME M N T340, FE % ERWHSEURE ., Bar. Fi
Rer= A AR LRI, Bt T ZIRER =P IERR, NS ZAS BT 2 K S 5@ T 0.5 mN. 8]
PEH 400 nm. JE3 2000 nm)ZLE% 10 S #%IEE 1) 10 HSE0H]4 7 W 5% 454 SERS L&
BHRE ST S(a)FR, DN TR EeR i S S T R AR EE, ] S(b) AT R6G H 612 em ! IEAE
P 2 om g, HA stk 5 AN AT SR 0B, Horh BN mZE S BIRER TR R 2 (5 S R
() KA A/ IME, s R 28 10 B30 245 5 T L ek
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Figure 5. Raman detection of R6G molecules by SERS substrates produced under the parameters of Table 1: (a) Comparison
of Raman spectral peaks; (b) Comparison of average Raman intensity at 612 cm™'

E 5. % | 28 TMIAY SERS EEN R6G DFRIFIZRN: (a) RIBIEUENTEL; (b) 612 cm™ PR SBEXTEE

3.3. FEI£/E SERS &AM EERTEE

G R HIREEEE(HBW) 4 0N 204 25, 35, SRPEREE(E) A8 0.84. 0.75. 1.2 [31]. HEH|4.
B HARL M RE RO BT DA K R AL S50 TAE &, X T4 R4 SERS K AN T.2% T RER M i
T2, W 6(a)~(c)Fin, EFER SRR 10 ST, HAlfEs. B, WRmH& T
JAAYE IE5Z 3k 45 K91E v SERS L), Ag SERS FEJH S AT MARPR W& 6(d)Frw, 4. #. # SERS &K
£ 107 mol/L ¥R FAL I M FL 2 ik Wl 6(e) . 4. . 1 SERS HJE AN R6G 7T AR PR
FE RN 10 mol/L. 5% 10 mol/L. 107 mol/L.

3.4. EEFERMREMS

ARl 26 (K A S 9 oK S5 4 5 < JR R IR A A 2R ], IX N1 SERS LI R SR 1 AEA[32], K
Wi 247 Ag SERS JEJRIRIE R6G IR A AR RT, EEI 8 0eil O AT N2 5, R fd
JHY I ) 28 A P i o P R PR T 5 20 B SR R SO SO EATAS I, T LAVLEE B ROG )i 2 1% e
%K, XRYFERRE N R6G 73 THA FRIHVE . EE LRRIE, 200G AR EERE R K 7(a)
JI7RH) Ag SERS JEJEHE 2 A Hr 2ot i, "G B2 R E G A 245 5 i ieE, XRMIZT ik
)£ (0 5 < A PR oK 25 7 SERS JE R BAT R A I 7).

4. R =R SR, PR 4 > R > 4[33], 7 SERS BB R P 4R Ak
AEARY, ERAMNTTRER T SERS FEJRIERE T FEE 2R, Kl %47 (10 Ag SERS ZEJRHEAT RN 2
JE A PO BRE U T 8CE — A, R FEIREER R6G 40 F FROCHEATRI, WAL Si 04 5 82 O BE vt
EAR R 7(b) b 2ot is 8], (EUE — )5 Ag SERS FEJRAE 55 I, J5IE T Ag SERS JE IR T4
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WS, Ag0 5 HF RNEARATHET KA AgF, T2K M E — AR Ag SERS #£JETE HF Sl HIRIE 5
reh a2 B oK IE Ve REH TR, 531 H B0 B oR i 85 S H E T R Ag SERS %
J&, FTRACNAL 25 5 i e T A E M 2B, FREHATUAHE5E: FAbXTi% Ag SERS FEJ 3 5%
PEREE IR KRR, fE—E N aSE RN, W LLE HE v 240 2528 Ag SERS JEJE B & 41 .
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Figure 6. AFM morphology images of (a) Au, (b) Ag, and (c) Cu SERS substrates; (d) Raman spectra of Ag SERS substrates

with different R6G concentrations at #10 parameter; (¢) Raman spectra of Au, Ag, and Cu SERS substrates detected at 1077

mol/L concentration at #10 parameter

6.(a) Au. (b) Ag. (c) CuSERS EJKH AFM FZ5RE; (d) 10 ST AE R6G iRE Ag SERS ERAIRI8HILE;

(e) 10 S5H T Auv Ag. Cu SERS EJE7E 107 mol/L iRE THMHR S IIEE
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2000 RS IR
| = o
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Figure 7. (a) Raman spectra of Ag SERS substrate through repetitive use and clean; (b) Raman spectra of Ag SERS substrate
in its original state, left for a week, and oxidized layer removed

7. (a) Ag SERS EJKiET £ X ERAFERMPIEHILR; (b) AgSERS EREBRA. ME—F., X8HENRE
HIiEE
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4. g

WA T IREHE S 4 B R I EL RN T % SERS LRI T TE, EidAtRAE ot &8 K imm % %
A YRR HERR P B IR ALE SERS “Hi” , SKI I E B Ag SERS AN L. it 7B
T, AT R IPEGUR I T TR, BRFEAr (BRI S0 TS 500 i IR e T 4ok 25
MR 85 SR BRI, FEe T R 3G am L R AN TS, A S48 SERS 2k
JE P AT 45 0 o il 45 190 4 BV SERS ZE IR KA I R6G 43 7 HIAL AR PR M 108 mo1/L5 x 107" mo1/L
107 mol/L. [FIFESAE N, Ag SEIEMIBUR BT o {EULIERE T, X6k F ik i B I Jes 7 PR b P 5 e )
RIFRMM EH bR TIH5, % Ag SERS B AT FRIRAEH o [FIF, X T8 FH i 4R B8R A A 5 hr 2 1 5
PEREFEACI o) &, 16 H HF R £ BREZ I E— B R B E LR gt fe, AT SEIL SERS KT
HEMH.
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