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The impact of tip material and coating on electric field enhancement

of tip-enhanced Raman spectroscopy (TERS)
Adeleh Noori, Maryam Bahreini, Seyed Hashem Aref
Qom University, Qom, Email: a.nooril374@gmail.com
Iran University of Science and Technology, Tehran, Email: M_Bahreini@iust.ac.ir

Qom University, Qom, Email: h-aref@qom.ac.ir

Abstract- In this paper, the finite difference time domain (FDTD) method is used to estimate the intensity and
distribution of localized electric field enhancement in tip-enhanced Raman spectroscopy (TERS) in the vicinity of
a conical tip with a diameter of 10 nm. The effect of using different tip materials in the vicinity of the substrate
and also the effect of different tip coatings on the amount of electric field enhancement have been investigated.
Tips in our TERS systems are made of materials such as gold, silver, aluminum and silicon, as well as a
combination of these materials as coatings. Our simulation results show that the maximum enhancement produced
with gold coating and substrate; and the lower the extinction coefficient of the metal material, the more electric
field enhancement is created.

Keywords: Electric Field Enhancement, Finite Difference Time Domain, Raman Spectroscopy, Tip-Enhanced Raman
Spectroscopy.
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7 Stability criterion

8 Perfectly matched layer

9 Scanning electron microscope
1 Total field scattered field

I Tip-Enhanced Raman Spectroscopy (TERS)
"Near-field
3 Localized Surface Plasmon Resonance (LSPR)

4 Lightening Rod Effect
5 Three Dimensional Finite-Difference Time-Domain


http://opsi.ir/article-1-2709-en.html

[ Downloaded from opsi.ir on 2025-12-01 ]

VE o o VE 1Y ol el olsal oo g olSzils

L] | | ¥As | Y. |
4 SPR . s sl o (10%6~10%3 cm™1)

Cogls Saungr el Sogewdy Sl Jdo a0 b Yy
Ol Custi mls il ead (S pSIl las
iz 4 axg b Gl glaggesb 0 (MP) S xS
(V) Jgoz 58 Oo8elow oo 59, oo GlasaY g 4V ;5
MY)J) 9 uji..h..u w aS 6@&.@ el 00 oalo L)L“'“"
oS o Cogts dayl il a4y Connd 0l o 0,8
Comlar g Hokaie 4 sl 00,5 sl 1) (5 xaS
S5Sekes 5 85y 8 Gl &Y ) TERS i
0,25 ugLLﬁgy 43Caymi)uoLgLLﬁgY.C;u‘oAﬁsoouLu‘
ol e o plas 1) i (SO aSl plae o el
o).o.’ (_g‘).’ ‘5...49.4[9 w‘fo )JQLO.A J.JJ) v\a‘y < Slaslice
L anglie ;5 1) 69959 )95 5 (S oi e 08 -0l Mo
Ly S SI Glae Coghl azl )0 S (o wda b
PSS A bl oz e aed (o RS
dslio b ol i o (S pSIl loce Coghs il
Hh9elS o b Sl G s oo Sl 4 mls
ol Gl GlBl 0 a¥ ) e 4 el S
aS w8l oo 3l b Slasa¥ oMb Y 55 5l eolanwl b
Sascas Sl el (SaSI lae cogar oyl
Mo a¥p; 9 b SlasaY o (ohadgo—(odadge
W TN

Oldwe @398 sl p ool Sy gl oy (V) JSK5 o
el 00l o0ls ylis 4y eSdiw o gl (So Sl

(<) ()

x10
lu

Ia
2 o

Mo Slasa¥ b G9Sekew qod (oly SSI Glase 22395 :0) SIS
Toedob oy Y p5(0mm OYY zae ol ;oMb 4Y 5 (Al
nm#YY

I\ AAR YO | «0e YA | VY | oYY 0,8

Y Foor | 0 | AN | Y | - 0F | sgaiel
g gn 00l ioles M? sl L s S laue o g
e o3litul b (S 5SU lae Cagl oy 2 4 (5955

w230 e alize slacdl> o pgiiagdl 5 sSln
55k i 53 (SN v gl gy

Y 55 e sy Wb ased TERS slas pSojlail )

S ol Bl bl Y g e 05 |8 atie
o oo DilgF oo (Sabid plalsgzg 4 Y )
6‘)-.’ 1) (_g).@.o o‘) as g 0l g gds 659)_.5.” Q‘..\.:.o
o2,8 TERS w0 g5l KT ol Squpo
oo Llo s a4y 085 ¢ b o l3l8 pled o 5l .08 o
(S0 4>l ;0 598 LSPR 514 YL olﬂ Sl S
TERS s ;o o <l &l olge oy e lose a4
Clgiluas o elaie ued 4 Wigdh o0 Cgwsw
Y olore 4 0,8 9 Wb 5l Cwond (ul o a5 50
VoSl culbs Ll sas eolaiul glasa¥ L
s 5l a8 jsbilen ol ool aid 3 L o gl
S S5zl Cogli el jo i8S Coal ok 1) (S sl
o|ﬂ Sbadale og ol bas cul oyl Q] Jdo
bz glazgeJsb jo (M) S Sl e Cogil @S (V) Jga
095k i (59, SlaiaY g4V p; iz v azg b
Tip | Substrate | Coating | A (nm) _|EI?
ENE
Sl Au - AYY Yoo
7YY va.
VA YE.
Au Y'Y b+
7YY Fa..
YAS Ya..
Ag Y'Y Yoo
7YY Ya..
VA Y%eo
Ag Au Y'Y Yo
7YY Aern
VA YA

- vy Y1
7YY VP

M2



http://opsi.ir/article-1-2709-en.html

[ Downloaded from opsi.ir on 2025-12-01 ]

VE o o VE 1Y ol el olsal oo g olSzils

3 Y ) ez @ S eS (D9alS oo booed
S8 50 o)1y (gt 53U plawe Casls lree IS
o sl Oldao &9 ool Gy glacdl> oy i (V)
el 0o 008 yLis 35 poinagl] oS (gl

S S Ao
RN (PRUIE | Jpnyye oo e

(=)

oz 5l 9o o s g SlisaY oS Sl o ool Gy
9b &5 05D oo sl laee Casd (i il Mo
sl pd b eols (LS o jshilen IS
ol 5 et 2 S lne s il 58 51 ool

Sty

g b GLas Y L pgriogll s (S0 S plana 95 (Y JS
nmoYY zge Jobo (o nm FYY oo Jsb (@l )0 0 )i Y 5

&l

[1] M. Bahreini, “Investigating the Effect of Gold
Coating on the Silicon Tip in Electric Field
Enhancement of Tip-enhanced Raman Spectroscopy
System”, 1st Inter Conf on Opt, 2019.

[2] J. Stadler, B. Oswald, T. Schmid, R. Zenobi,

“Characterizing unusual metal substrates for gap-
mode tipenhanced Raman spectroscopy”, Raman
Spectrosc, Vol. 44, No. 2, pp. 227-233, 2013.

[3] M. Bahreini, “Design and optimization of tip-
enhanced Raman spectroscopy system”, 25th Iranian
conference of optic and photonic (ICOP2019) 2019.

[4] P.B.Johnson, R. W. Christy, “Optical  constants
of the noble metals”, Phys. Rev. B, Vol. 6, No. 12,
pp. 4370, 1972.

[5] M. Bahreini, “The effect of substrate on electric field
enhancement of tip-enhanced Raman spectroscopy
(TERS)”, AIP Conf Pro, Vol. 1920, No. 1, pp.
020013, 2018.

poragl] i 30 (S ASH e gl (gus e oY

e (@) iz glacdl aglio 4 Cwnd (pl o
S b pgiegll s () Sl Y 5 5 pgrine]
5 b SLSaY L gl G (@) s Mo Y 05 5 0,8
w23l o8 @Y paiedl] o () 5 08 a¥ )
Mo 4¥ 525 5 poeiensl] i (Jgoz Gillae () Jga)
Loy Cenl 00,5 sloul 1) AV sg0 jo (SO Sl e
adly Gl (Sl Gl Cusl maedsb (Rl
Sgaz )3 (ool il o)kl 45 o Gloy Jy e
Gals ©ud zae ol il b g a0 sl AV
Sk o S35y 2 parieesl] SlaY Il
Sy 5 o oolittal o2 SL3 TERS (5,530l (51,2 AFM
Sl ool saalie UV & SGo3 TERS @moly JUSw
S ey Cusl el Mo 4Y 55 0529 [V]
5 o8 FLaiaY b pstesll Gt & alSie 05800
Seete (297 A Sl s ool ail Mo Y 5
g gn Sl Yoo e sgam o ol g a8l

porieasl] 5l y2aS 0,8 (Shgels g po (V) Jgor Bllas
2 IS e ol 6y s 0yE A 4o Al e
oy a¥ ;9 b Slasa¥ b eniesll (o &5 >
aolio b oS o oloul 1) FAe e sgam o 0l il
Mo igals o i a5 olxl 5l Sass b lacdl> ol

Slozaadsb ;0 (M) S S lase Cusis gl (V) Jou
poradll oo Sy SLEaAY 5 Y ) i 4 4295 b alise

E 2
Tip | Substrate | Coating | A (nm) M2 = ||E ||2
0
532 799
- 633 800
785 820
Au 532 1800
Ag 633 3000
Al 785 2900
532 3100
Au 633 4900
Ag 785 4200
532 810
- 633 805
785 780
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