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Probe Inducing Surface Plasmon Resonance Nanolithographic System
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Abstract A probe inducing surface plasmon resonance nanolithographic (PSPRN) system is introduced, which is
constructed based on an atomic force microscope (AFM). Not only this system has realized accurate control of the
probe, but the system itself has the complete function of AFM, it may examine surface appearance of the sample and
the lithography effect in real time. The advanced Kretschmann resonance coupled device with index-matching oil
between the prism and the substrate is used in this system, which makes the replacement of samples easier. Acousto-
optic modulator combined with AFM is adopted to realize the accurate control of the irradiation time of plasma-excited
laser. In preliminary experiment, lithographic spots with about 100nm in diameter are obtained on silver film, which
has confirmed the feasibility of PSPRN. The effects of illumination time, laser power, material thickness, laser
incident angle etc. on size and depth of lithography spots are studied, which provide reference for the realization of

smaller lithographic spots.
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Fig. 1 Schematic diagram of SP and SPR production
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Table 1 AFM parameters

AFM parameter AFM probe parameter

Scan range: 100 pm X100 pm Height:10~15 pm
Curvature radius: 10 nm
Cone angle; <(22°
Reflecting surface is gold

XY resolution: 2 nm

Z Resolution; 1 nm

plated

3.1 REGEH

& 4 & PSPRN R MG KL, BT IR AFM
WoRAR L R L OW NSNS E I R RT A & A Ry WP L=k |
1 AR RO BZ R RN R R R RS A ek v
iy PSPRN R%t., I AFM a7 £ — /> b2 1 i i
FULEEHE S, 76 00 5256 v ml B F IR AT RO R 4R
b Y =NiOPORIiR

&4 FT 7 s NIOG 2% & A 0O% B R Ol 78
A Z 5 &Y BT RO R AR B R BE L DT D

four-quadrant .
detector

\ il scanner

sample — AFM probe

lens
prism /

__l g H _________________

acoustooptic
modulator

0"1-"31“191 reflector

Kl 4 PSPRN fy50#%
Fig. 4 PSPRN optical pathway diagram

Pr 88200 R SR R R AR A R

RO h R HE Ag JE M FE M BCTE R B B R
BAR A EE (MR O ZF6 G B R . R HRE A
T 4 g 0 J5 =2 DL TR 0 RS 2 B0 4 L R
IR B 22 [A] 3L 7 DG 5 37 S5 32 0k, DA Ol DA 58 4%
S BB 2 T R o E b B R R 2 R AR DB Y
A SRR A SRS LA St R R . DG IC B S R
TH1 1 12 35 9 X W AT /)N T L A 20 A 5 % % 3 S Al
P32 (1. 768) AL 19 A4 R A< 1256 vp 3k 4% — il
ot A+ Bt LA — 5 LA AT IR R AT LA DS I Y 4T
SPERAE 1. T4~1. 78 Z [ A5 4k, ] DA 2 55 56 20K
IR il 2 AR DA R i

TRt M EE TS MK R
514.5 nm, Y H & K 1. 5 mm, i % 0~
200 mWr] I 75 IR A% AT AR O i JE
T 455 Tl B D' I ]

PORBE M REHEE A M BB RENER
/NF 200 pm WOGEE, DTG RE R B AR R L B T
I 220 a5 B ST B DY ) 238 - 4 i W DY I RT3 6 /N O

move the
probe to right
Yy position

M probe
approaching

output hold position
plused laser of the probe
L I
<5
withdraw
the probe

5 BRE AR

Fig.5 Flow chart of probe control



476 B %

Es 1

29 &

2 RN EA AR B B PER]
3.2 R&GZEH

KR GER M labview 4T g FE4E ] R AT NT 24
Al PCI-6259 #E 47 8040 % 5 A i B %5 (PZT) (A
JeVRHI A A . BTt PSPRN REEA & 2R T
77 W ARUER - PR A 1 O 2K BR A O 20 B A R R 1Y
Pl oK Ah, HoA 45 6 7 X1 5@ A AFM A
IR

B TARE SR 0 R 2 Z A I B B 506 20 Y
KNFIBR BE B L2 0K 3R TR I e 2 ™A% 42 1 DY 220
WA PR SR O Z Z B R . B 5 D iRET
A AR I TR R RS B B R 20 B 2 S
B 2l B R T . TR R RS S Y e P

FAGIEAS R PRt 22 38 3 Sl A 45 1k i AR B s dk 2k
i) A it 55 s o I E A0 20X PR %) 67 B R AT R A o
T L i A 2 R LA S K A B[] (29 100 ), AR R
GEAE 2 i B b R AL AR A5 i) - — > 2R R R PR BT
AT AR S S s A R A 7 B A 5 O — R AR
7GR #8  AE ROk b BeEs O SRR T R
W) 5 e 7L R P ) B L R T AR AT RS B LA RO
ZIRA
3.3 XE#

& 6(a) & 7E I PSPRN R 48 b3k 47 5 BG4
FEAE AT AFM A B 1) i 305 2 sE A 3 B W2 &L, 49
LR N 2 pm X 2 pm. Hiif Ag JEJEEE N 40 nm.,

WOEEE I A 150 mW X500 ps.

400 600

800 1000 1200 1400 1600 1800 2000

nm

(©)

K6 () bz AR AFM HAK s (DO #Em K ;s (o 3D K
Fig. 6 (a) Lithography dot matrix of AFM scanning image; (b) section diagram; (c¢) 3D image

B R BT AFM K IR £ 7 B A A 2 6 AT A
Ji 3 DAL O 0 20K R B R — 22 19 F BE (R AFM
PREMBARE 1400 T BUE R R e T BT FE S 8
17> BUFEZ S R AT . I 6(a) FIE 6 () ]
LA G20 ST AN 2 33 51 1 B | T e 76 B A
D5 A BT R . B 6 (b) Ay o't 2 R R A 1 8K v [ L
rh 1) A AR Ry R B BE D1 AR bR S TR BE O 2 L
P BMEALE 100 nm 247,

4 RS
4.1 BRSERT ER S % A B

B 7 R Ag BEAE 50 mW OG5 5t )
R Y20 5 0 58 1 RO B 5 MO I 6 R T,
Vel T R0 5 PR 5 B T 0 380 001 Y6 220 A5 10 1A L VR B
SRR I 2 AR TT L R R 9 1

200 . . . . 20
118
180“ _16
) T — {14
Elﬁo . / i E
< 140 . l10 £
=

= ] =9
3120' _./ — lg
100 — = ] ;
0

0 2 4 6 8 1012 14 16 18 20 22
Exposure time /ms

B 7 5620 500 58 BE R BE 5 Y A ) A 0% R (K]
Fig. 7 Relation graph of width and depth of lithography

points to exposure time
D22 R BLAR 5 1) DR T 7 R B T A A
(19 S sl 1 B8 o DR b i 5 W O R 1) 1% 38 0 3% 52 114 38 i
FBOE K, MH BT AFM & LS R TR, 21
b f) o e v T 2 B A O %0 5 TR TR A B LR



2 4 B AF . PRETE S R B T IR AOKROC R R 5 477

P 5 0T 't 220 TR BE 3 I B — s AR . Ak
SR SE A, 0] B SPR A T K 8 G
AL ot 22 TR SRR AR IR
4.2 HOEINEIN XX S K

WO 5 D) A 2 5 R Ol 21 RS /Y A
Z. %A 25 mW X 18 ms, 50 mW X 10 ms,
100 mW X1 msHl 150 mW X 500 ps [ 3% H 51 2
A% G IN E) HEAT ' 20 S 5 LSS0 20 5 AR A
REE AR A1 O CHIr R B B O I [ 2 3 D) 3T fi
I BE ALK FE) o TEA R B 2T D62 A
BEARBA B R A A B 20 md TR B ) 25 B OG 2
PR A . T O A S T R R &
B R AL v 5 O AR 10 2 O 2 im 7
SRAEANE R 2 5G9 A TS B K T HL 32 23R A
T A RO 1) Y e 107 1) b MRE BRI A X

E()eXp(_ﬁl'o> = E=>x, = lnEo%

X Eo WAL G S E ez I 5 5 5 A5 . 8
TN R I o NOCAETE BT 1) b A B R

WE 5 O T A B3 (R E, 3§ D6 7E T B 5
T PR A 281 B 48 A {8 06 20 s TR BB 0K T e
TROET ARG IS F A OGN (]t Bl 22 98] - #4
PR/ 36 20 AR Y A ] S B L B Y
fEH

Hy DA b 465 R T LLAT B L 3800 D A9 46 g
S IR E] Xk 446 /I8 ' 200 i AR L B0 't 20 TR R HL A R
WAFRIAE AT . AR SCHR B IR O B S AR 8 ot
M R SR I Y S 5T el R R A D R Y
FETE B3RO 20 23 BT ) D6 RE /D T 1096 . 52 R BRI
I JERETE /N

’ (3)

5 4k e

PSPRN & —fi 43 iy 6 2 5 =X 5 HAh 6 21 7
M B 2 BE s DGR FE /N R E AL B AR
IS T S . A SOl X AFM gk, BT
PSPRN R 5556 R 48, 16 Ag R KRG 7 HIZ
100 nm & A7 (620 50 BRI T 45 B R 28 X0 6 21 i K
N R B R 50

1) S (7] Xof S 220 st 1 R /I 0 R B 5% i) L A
R Wi 2 W D' B[] P 0 016 20 R /N R RS A 4
T AFL S 220 % B R ARG

2) 62T ZEXE 6 20 5 KN B S K B S %)
TR BE A 14 I 2 R 5 I S R .

PRIk BERAT FE /N B R Y 1 2 il e 4 /3R £
GG IOGRE T 6, LA iy BRI DB 1T 11 06 3y %
I A B O I R] AT LA 2 L B R ROR . A
AR S B0 T o 0 o B O R g M L R R
AL IO BB AL AR e B A ~F BR B 45 15 it 1 o D't i
MR R b 2 B 5 I PERESR T

Z % x #

Zhang Xingqiang, Cheng Yuanli, Wang Qi. Concept design of

Ju—

three-line capillary: possible source for extreme ultraviolet
lithography[J]. Chinese J. Lasers, 2008, 35(sl); 81~84
JeXER BT, £ OB W TSN =K EME
S I]. P Es sk, 2008, 35(s1); 81~84

Liu Jiajun, Wang Zemin, Li Aikui e¢ al.. Thresholds of laser

Do

power density in fabricating strip optical waveguides by laser
direct writing method[J]. Chinese J. Lasers, 2007, 34(6);: 765
~770

NIRE, EPR 2 1 5. WORE S Rl R RE S P
R EWEL]]. P E#k, 2007, 34(6): 765~770

Yan Feng, Zhou Ming, Fan Xiaomeng et al.. Near-field

o

nanofabrication technology base on local field enhancement effect

[J]. Acta Optica Sinica , 2008, 28(sl); 176~180

OOV R WILMEWREE AF. TR B SR 0 3 3 94 0K fin T

ARLID. &% 4R, 2008, 28(s1): 176~180

Heinz Raether. Surface Plasmon on Smooth and Rough Surface

and on Gratings[ M]. Berlin; Springer-Verlag,1988. 10

5 R. E. Wilems, R. H. Ritchie. Quantum theory of the plasma
resonance emission process [ J |. Phys. Rev. Lett., 1967,
19(23): 1325~1327

6 D. Haefliger, A.

structures into aluminium films by thermo-chemical aperture-less

e~

Stemmer. Writing subwavelength-sized

near-field optical microscopy[ J]. Ultramicroscopy, 2004, 100;
457~464

7 S. M. Huang, M. H. Hong, Y. F. Lue al.. Pulsed-laser assisted
nanopatterning of metallic layers combined with atomic force
microscopy[ J]. J. Appl. Phys. ., 2002, 91(5): 3268~3274

8 Zhao Xiaojun, Chen Huanwen, Song Dagian e al.. Surface
plasmon resonance sensor, part I; Fundamentals[J]. Analytical
Instrumentation, 2004, (4). 3~10
RS MR SO R KT 4. RIS F IR F IR % 83 1A
JRHLLT]. AL, 2004, (4): 3~10

9 E. N. Economou. Surface plasmon in thin films[J]. Phys.
Rev. , 1969, 182(2) . 539~554

10 Wu Bin, Wang Qingkang. Optical device based on metal surface
plasmons[ J]. Semiconductor Optoelectronics, 2006, 27(5): 513~
518
2ok, PR T &R RS ARrbEs ] 54
K, 2006, 27(5); 513~518

11 A. L. Demming, F. Festy, D. Richards. Plasmon resonances on
metal tips; Understanding tip-enhanced Raman scattering[ ] ].
The J. Chem. Phys., 2005, 122(184716)

12 Yang Jintao, Xu Wendong. Design of optical tracking for
scanned-cantilever atomic force microscope [ J]. Chinese J.
Lasers, 2006, 33(1): 26~30
W4 RSO, F R E 0 BB R SRR RIELT ).
H %k ,2006,33(1): 26~30

13 Fan Wei, Yu Xiaofen. Study on PZT actuator creep
characteristics [ J ]. Chinese J. Scientific Instrument, 2006,
27(11) . 1383~1386
W A ARBESE. B K S AR AR R A ST L], LB ALK
3R, 2006, 27(11): 1383~1386



