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Design and optimization of tip-enhanced Raman spectroscopy system

Maryam Bahreini
Hazrat-e Masoumeh University, Qom, Email: Bahreini_ mm@yahoo.com

Abstract- Tip-enhanced Raman spectroscopy (TERS) method provides chemical images on a nanometer scale from
different surfaces by combining the chemical sensitivity of Raman spectroscopy and high resolution of the scanning
probe microscopy (SPM) techniques. In this paper, an optimization of tip-enhanced Raman spectroscopy (TERS)
system has been studied theoretically. In order to design and to construct a high efficiency TERS system as well as to
achieve the best signal enhancement, it is necessary to recognize and simulate effective parameters. The tip and
substrate structural parameters as well as the angle of laser radiation to tip are the most important factors for obtaining
an optimal TERS configuration and the TERS system with two material of silicon and gold has been designed. The
TERS system with the silicon tip is simpler and less costly, while the system with gold tip brings more enhancement.
Hope that the high-gain TERS systems designed and presented in this paper will be used in empirical configuration.

Keywords: Gold, Optimization, Silicon, Substrate, Tip-enhanced Raman spectroscopy.
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” Stability Criterion
® perfectly Matched Layer (PML)

VY

dodso
S e (TERS) (s b oadscugii plal; i
Gl 05, jebay a5 el T Susp-olae S
oo yo it sladiged pleerd Jolow g arjed
Sowbes <S5 LGy rl Bgne B0 sl
YL i SSE 5 bl (il by, pled
alor 51 T cugy a5 See cilise (slaitg,
S350 sSassSan 5 oy, i s Sen
ol sl wlie 53 gohe 5l ol pglar & sl
Sl o Sy S'gh 003 pete 3 e GBS (o
GRIB Gl dgdioe (rdge (S plase I
5 dges gmhaw I bl ool il cel sl
Sledbl wilgs co By (pl e (o0 G D jglome
B SSE &,08 L JoSse SO a0 pleend
ol o D] S ol 3 (bl 9> 125) esil sz sy
L ooadicgsss bl (b gtuew (b 4 e
Slr milope 60985 Do e (TERS) o5
Foo oSt pled iy TERS s S6 (200
Syl Wy 18 azgi 050 b JuSs I 5
5 o) a¥ny s Gl ) o Bl
A e 4 5 Gl dwsin ol ey (Culks
aige TERS sun,So o oo glcass glp Jelge
L altee TERS s 90 Looadlin ol o aiien
5 B Ml 5 ool iz 5l slacas Sl sl
cEle Glp a5 cwl Gloole oSidiw oS oo A
coslail ol 4o g e oolitl oyls AFM lacs
B AV S sy 2 b ladises TERS slas 5
Ppben JiKew Rl el 4 jpas a5 WK
s b dgiluans al plil ) ol Sas
5 “Hle Gln osr ax e So U aBl e e TERS
7S S 0 TERS s (6,5, (Sess

sl

! Tip-Enhanced Raman Spectroscopy (TERS)
2 Near-field

® Scanning Probe Microscopy (SPM)

* Scanning Tunneling Microscopy (STM)
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1 2 a 5 6 7 8 o 10 ™|z
1 5 10 20 30 50 70 Q0 100 -
r (nm) 7.8e+3
0.9e+3 2.3e+3 3.7e+3 7.8e+3 7.7et3 6.1e+3 | 5.1e+3 | 4.det+3 | 4.d4et3
5 10 20 30 40 50 60 - - -
a (degree) 9.1et+3
3.7et+3 4.9¢+3 6.0ec+3 7.8¢+3 6.4e+3 9.1e+3 | 8.6ec+3
1 5 10 20 30 50 70 Q0 100 -
r (nm) 10.8e+3
4.0e+3 7.7e+3 7.0e+3 9.2e¢+3 |10.8e+3 | 9.1et+3 | 7.7e¢+3 | B8.2et3 | B.6et3
o 10 20 30 40 50 60 70 80 20
O (degree) 16.2e+3
0.074e+3 1.7e+3 5.6e+3 B8.4et3 | 10.8e1+3 | 16.2¢+3 (2.1c+3 | 1.8¢+3 | 2.0e+3 0.1
5 50 100 200 500 - - - - -
t (nm) 17.8e+3
1.6e+3 17.1e+3 ]| 16.2¢+3 | 17.7e¢+3 | 17.8¢+3
(@
1 2 3 4 5 6 7 8 9 10 1™M)2
5 10 20 30 50 70 Q0 100 - -
r (nm) 7.5e+4
7.Set+4 5.3e+4 2.9e+4 2.3et+4 1.8e+4 | 1.5e+4 | 1.8e+4 | 1.7et+4
5 10 20 30 40 50 60 - - -
a (degree) 13.4c+4
2.1et+4 6.7et+4 6.0ct+4 [ 16.7e+4 | 13.detd | 7.5e+4 | 5.1e+4
5 10 20 30 50 70 Q0 100 - -
r (nm) 13.4c+4
13.de+4 7.9et+4 | 4.2e¢+4 | 3.1et+4 | 2.6et+4 | 2.8¢+4 | 3.0et+4 | 3.0ct+4
(4] 10 20 30 40 50 60 70 80 90
0 (degree) 13.4et+4
0.0052¢+4 | 1.7c+4 6.5¢t+4 | 12.5¢+4 | 13.de+4 | 8.2¢+4 | 1.7e+4 | 0.18c+4 | 0.08¢c+4 | 0.007
5 50 100 200 500 - - - - -
t (nm) 22.2e+4
S5.4e+4 13.5e+4 |13 .4et4 | 22.2e+4 | 13.8e+4
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