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Fig. 1 Schematic diagrams of (a) a base combined Raman spectroscopy with STM, (b) the position of optical
fibers surrounding STM tip and sample. 1,2-GRIN lens; 3-sample; 4-STM tip, (¢) An optical layout

for GRIN lens in the front of the fiber; A-objective point; A’-image point
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Fig. 2 (a) multi-fibers holder, (b) Positioner for the adjustment of the probe; 1-X, Y, Z positioner; 2-multi-
fibers holder; 3-fiber; 4-STM tip; 5-sample
HTEREER (B LR —MBEELE, XAMTNTANNEHICREFERE
Wi, HRATH RS ARET
n = n(1 — 0.5 A% eY)
K o HEEF ORI r LTS, o HERBEG P ONITHE, A WEREEFFEL
S8 LRI A SR, JEREEREZEFANIUL R —FZREHKA L, = 27/4
MRLHL, MREREEFENRKERCY L/4, WERNEESUTEREERVERTH
Db, K2, AERBERIHE T OLREAR, HRER-FZMEAMKESN L WIE
ML, MARERBERWER L, HEL/M4<L<L/2, XRTEREBFEIRPOL
KHHAREIREN L HEREESR G, RARREEREZMN— A L@ 1), &
REEEREERGWE R R .
S = [noA tan (AL, — #/2>]7 2

R,
M = [cos (Al,) — neAS,sin (ALY ]! (3
HHHY S HYIEE, BYHEMATEREAFIIREAAIER, So=0, WM =1/cos (AL), HE
EEENHEILR:
NA = | uj — ¢ ~ 4
BEAWAEEE AN EREEFEN SN AEAATHE = 0.5 mm, N4 = 0.4, R
BEEH 2r = 2mm, no = 1.590, 4= 0. 2856 mm DA ERAXIFEEHR, L, = 5.5 mm,



528 ¥ < 4 =4 54 16 3%

I,=7.7mm, S=3mm, NA=0.44, M = 1. 24, ZBE, B HIERER L iy B mMR
—MERH 0.5X1.24=0.62 mm f/NE, B—MaHIEFREN EBIERMTHAT A
2r0/8 = 2/3=1.1.5,

AXHHIH A RMEEFERFRAN © TAMNAARRESHERGAERNAERE
&, RAZRWENLTRS TR FHAOLHKRENE: @ RAEBREEEAGHMBIRE
WEECf ~ 2.2 mm), REBBRWHENILETHE —REREEED; © BRESESHE
HABERIAE, THEMNAXGREHEEREEEN —MREAEM, ERE S
5, BEHEHE,

4 EREREIHE
Pl 3Ca) IR 3C0) 4054 3R R P24 SR 4 0 L ok B A8 B BiOs B PRRE R O HL B

N B, SEIG TR A OB R 2 0 514. 5 nm, ]
RRER BRSO Y R 20 mW, FRAMETEH N
w Lsec, MIEETS. &R LI AR E B %

BHREESEEMIES, ERNTHRE ST
HERENEENIEIEE.
e R A ELHZC T R R B R B2 -
e = B BB R SN R R T SR R
fvsem ! TERH ARV B LR . AT RBREH R EW
Fig. 3 Raman spectra of solid BiO3 obtained by using %T{%‘%l_ . AREEAR B SEAE 1. 0 mol 17 KCI VW R
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Fig. 4 SERS spectrum of pyridine adsorbed on Ag electrode (a) and STM images of the electrode recorded
before the Raman measurement (b), during the Raman measurement (c) and after the Raman
measurement (d). [i = 1 nA, Vi, = —20 mV, The scanning region is 1200 nm 1200 nm
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Abstract An optical fiber probing system has been designed and manufactured with
special consideration for simultaneous measurement of Raman signal and scanning
tunneling microscopy (STM) image. In order to improve the collection efficiency of
Raman signal, the optical fiber probe carrying one excitation fiber and five collection
fibers are surrounded the STM tip to fully make use of the limited space. Moreover, the
graded refractive index (GRIN) lens with very short focal length has been used to ensure
larger relative aperture. With the aid of this probing system, Raman spectra with good
signalto-noise (S/N) ratio have been obtained, and a combined base of Raman
spectroscopy and STM was constructed. The preliminary results have shown that the
combined base provides a new method for in-situ and real time studies on solid/gas and
solid/liquid interfaces, by which the topography of the solid surfaces and the detailed
structural information of adsorbed species can be obtained simultaneously.

Key words optical fiber, Raman spectroscopy, scanning tunneling microscopy,

combined technique



