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Abstract Three metal (Ag, Cu, and Al) nanoparticle (NP) films are obtained by irradiating a smooth and
continuous metal film with a Nd: YAG fiber pulsed laser at room temperature. The tunability of the wavelength and
intensity of localized surface plasmon resonance (LSPR) of the three metal NP films is realized by varying laser
scanning speeds. The wavelength and intensity of the plasmon absorption peak of Ag NP film in visible wavelength
region show a wide tuning range, while the wavelength and intensity of the plasmon absorption peak of the Cu NP
film exhibit a small tuning range in the visible wavelength region. Unlike Ag and Cu NP f{ilms, the Al NP film
exhibits a narrow and sharp plasmon absorption peak in the ultraviolet wavelength region, and the wavelength
tuning range of LSPR is also small. Further, the stronger surface-enhanced Raman scattering signals are observed in
all three kinds of laser-irradiated metal NP films than in the deposited metal films before laser irradiation. The
results of the finite difference time-domain simulation with respect to the electric-field intensity distributions of all
samples show good agreement with the experimental results of surface-enhanced Raman scattering.
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Fig. 1 Schematic of experimental process

0103001-2



i ot

22 HHRRIE

K % F BRUKER £ D8 ADVANCE % X 4§f
LTI P A =0.15408 nm) 32 AiF 38 & 1 5 1k 25
A EE 20 9 20°~60°, 5K K 0.02 () /s, F
H] Park System 28 F) 42 7= () XE-100 & i 7 7 8 1
BRI AR S SRS FHIEE R 5 pm X5 pm,
K Perkin-Elmer 2% 7] A4 7 il SO 828 Ab-1] UL 43
e I (Lambda 1050) 3B 5 19 1% 5 6 1% 4
K2 nm, R %EEF AN AL inVia
Raman Microscope $i7 2 S i {3 R 48 FF i (1) L 2 1L
ST BOE RS I K 633 nm., JIFA RE AR B
e AT 3T
3 SR
3.1 XRD Eif

B2 2 Ag.Cu Al =i FEEE Jik v 0O 4 BRI
J 1 X SR B (XRD) B3, H o ol 4 18 451 46
A 10 mm/s, MK 2 o] IE H, Ag.Cu, Al
A R AE OGBS A L BT G, KR AR
OB T RS 11 RS O, L 3R J22 0K Oy I 3% 2 11 Bl AL
HEZ) BB Al 25 A o AR A . SRTBOLARE IS
Ag.Cu. Al 2K URL i 8 43 1) £ 38.18°,43.28° Fl
38°4b H B T — A7 S0 L 3 = A AT S e 43 3k B T
Ag FRIRZEFI I (11D & Cu FR AR Z5 8 1 (111D &
WA Al SRS MRS (11D dm. X2l T Ag
(11D .CuC11D M AIA1ID X =4 X F Ag.Cu
AL SRULE A BRARR R A B B8, I 7E B A K
b AR AORL S 7 ) B TR R T H BB T
PR A A R B, [RIE, 78 Tkl 380 it hn i #h
PSR T =Rl 4 JE 0 A 25 A BT 4
ft s AR B A HE A8 Sy 22 A U6 BH OG5 RO 40K i
K AEKEA BN,

Al(111)

%) Al NP thin film

2

g Al thin film

,Q. . w.:; I.u.v..m”n:'l'"r‘ uu‘m-4 Y

é\g Cu(111) | Cu NP thin film

>

~§ Cu thin film

Q

Z Ag(11D) Ag NP thin film
Ag thin film

20 256 30 35 40 45 50 55 60
20 /(°)
B2 Ag Cu Al =0l IE7E BOL AR AT 19 XRD 18135
Fig. 2 XRD patterns of Ag, Cu,and Al thin films before

and after laser irradiation
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Fig. 3 AFM images of Ag, Cu, and Al thin films before and after laser irradiation
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Fig. 4 RMS surface roughness of Ag, Cu, and Al thin
films as a function of laser scanning speed before

and after laser irradiation

TE AN DB 75 — A Ag 20 K UKL 52 1 iz e
e X o7 ) SR A #9016~ W2 o X T AL 94 K
IR o T O 31 i T 3R A o R G AR B o e
FHEEIEE L A 04 T AR 5 1T L, AL 494 2K R S8 174 W% A
e (1 (57 ELAR T 200 nm, X2 i H [ iy E R R
PRARAE B T MR S B

B AR S S O 4T R T LU RO I 4
JE I LSPR W M5 6 ) A7 5 R R AC 06 6 ) e
X — PG AT DL 40 K Uk 2 T RDRS 32 110 28 Ak ok A B
CInE 4 e . WOGER RIS, 4 )8 W 4% A8 i 2L AT
i K LSPR RE1 9 40 K BROIR UKL K B 4 3064
i R BCAE L Ak R A RS R R R 22
S, PEGRIE F I H I8 kAR IR SR TR
LR O G N TTH i S N RS o = AT TR
YR KSR RS (0 38 R 7= A T v 1 SR T AT
FHLSPR WK 8. A, KRR SE 9 oKk Uk A
V10 Pl 0 7 RS T R B v O 5 G A 0 R
F T R I A S AR i 355 A5 R B 3R A Y R B, U
B Ag 40 R URE 1) U 2 i s vk B G 0 o>
3.4 SERS Eit

Sk T B OGR4 JE B LSPR ¥ £ 1
PR 5 ] 3 530 0 3 6 TR S5 FE & ) SERS & . R
FH LR B N T3kt P B(Rh BY VR R #3043 1 ik
175286 KW 10" mol/L A9 Rh B % W% fin 3
FEShF . A6 UL #F 1648,1361,1504 cm ™!
B3 B = AN R ) 2 L ¥ C—C P 4R Bk )

0103001-4



h | i G
1.0 —80 mm-s"

2 (a) T 2 05 _(b) AgNPS538Im—>=. ) .5
g 08 -~ Al thin film 5 ) /

_Q. /./_/' .

- s 04r

2 06k .- E

g Ag thin film §03f

2 04 k=

3 202K

2 02 Tt--. Cuthinfim z X

i < 0.1 N

200 300 400 500 600 700 800 200 300 400 500 600 700 800
Wavelength /nm Wavelength /nm

g @ —
g‘ 0.24f ’*‘;Q\ Cu NPs E " AINPs - 333‘232—1
£ 021 z T ommes
< =

= 0.18} 3

: :

£ 0.15 B

3 =

2 0.12 &

- <

0.09r X ‘ ) . .
200 300 400 500 600 700 800
Wavelength /nm Wavelength /nm

K5 Ag.Cu Al =Fh AR BOGHRE MG BB 8 1 . (o) =i 7R 06 4R BRI U 18135 5 (b) Ag B2 IO 4R IR 5
0[] 49 41 3T A IR 3 5 (o) Cu 7 IR 28 O A RS 70 S [R] 4740 T A9 IR RT3 5 (D AL IR 2 0O s IR S
A8 7S T 43 4 T 3T Y R o ]

Fig. 5 Absorption spectra of Ag, Cu, and Al thin films before and after laser irradiation. (a) Absorption spectra of Ag,

Cu, and Al thin films before laser irradiation; (b) absorption spectra of Ag thin f{ilm at different scanning speeds

after laser irradiation; (c¢) absorption spectra of Cu thin film

at different scanning speeds after laser irradiation;

(d) absorption spectra of Al film at different scanning speeds after laser irradiation
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