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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.


mailto:a.noori1374@gmail.com
mailto:a.noori1374@gmail.com
mailto:M_Bahreini@iust.ac.ir
https://opsi.ir/article-1-2709-fa.html

[ Downloaded from opsi.ir on 2026-02-07 ]

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

aly G ojlail &gl Slexe Gasb 5l Gles o
wiloy oo oo 4 |y e g la5alold a5 gu> 0wl
bugh Gomdn gl S O a0 4 giluand adlaie
Sl oads ablol (PMLY laos SalS 0¥ (65,0 Ll
mdd lp S dgaote | e wualls ol b b
Olb) 0,8 iz 31 5,5 bg,se SO I TERS s 55l
oolaiwl a> 10 YO bbg e asgly g gl Ve ol Hhad b
WM (5358 zae oSl lage adels L0gd oo

SEM gl (bl o o ol cnl 090 (o0 a5 las
g 0 00l TERS (5, 505lusl o a5 Jeors o 3l
wbuoboj.wb)ibuw})‘(_g)wow‘sooo)m
Vg ool B gileans ddhie 3o o gl O
WY (S e 355 o0 )18 byt (ol 2 50 yegil
) s gose ol Xen a5 cul oul oo jiegil

IS GlasemoaSTy plage I imen WS 0 (e

4ilaie slaj 0 b Jloixl Jlasl 5l 55 9l sl (TFSF)
ol 00l ool (g 5lwdds

Sy g gl
Sl 4 giloancs ;o oals oolatul slgs (5,5 slazul
(V) Jeuz 0 YAO nm g £YY nm Y'Y nm slazge Job
L¥] el ons 51|

39 Gkwdads ;0 ouls oolatul slge (5,65 slacal B yme (V) Joux
Y] 785nm ¢ #YY nm OYY nm slazse Jsb

S xSl s el
(PP LSy L aobe
- . . - )
(5ol v p2)
YAD Yy oYy YAD Yy oYy
nm nm nm nm nm nm
o | N0 | e, | YEA YAZ | Y | e

VYL OYYE L YOA L Y | Y FE LW

dodile
ob9y S (TERS)' o b oadizagi ol (oeiwilo
ok Sl 5 43285 sl a5 Ceol S-Sy
o Cewl 485 18 azgi 5550 Sl LSl 9l Gulide o
@ ol S ek j5d 5 B gy orl yo 4D ek
mbye S plase Il cel cl Sy Sy
3o, S Gl el e Siall ol s e
Sl Dol 0sbiee ol Syslme ) diged mhan
3 smose b (geadly ats ) r s g0 @ o,
b sl D] ssbe cosiTale Gp g 9, Y
S99 2 e Jelse (oled cinge TERS s S5
550 aal olSe SSE b g (ke 5T ol
Siledae ooy 5l g cpl )3 [Y] WpS )18 axg
(3D-FDTD)® som 4w oo 0j9> ,0 sgame Jolas
Sogli )0 (at oanlad )i pie 75U 550 e
1) sl ot ool o oolital S S e
Segill YAD 5 SYY WOYY Gilise claggesb 5o oid
o3 g5 5 el o bl o LSPR S5 55 (sl
0 Culs dexr e g litle glo zadl Ko
W8T I3 sz Syge 9 o Elad el i Slas
o Sl men Sl 5 Wlie oyl o [¥] el
SRV by oud iz Olsie @ 055k 5 poriess]
Olee Cugll lis 4 bgpe gl 5 ool solinal o5

o Al 5 sy ilizo slo Ul o Sy iSI

&3l

Slr Foe Ghay Seelej 0j9> 5o Sgame JOli 3 S0,
ol e sl ooy srawain o JauSle OYolas >
2 k5090 oole LSl g (qurblineg XS (o ()
o’ o sladshe jl JSite a4t 5o s,
S se J> oyley o Logiinrs JouSle SYolan g oo

6 Yee cell

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
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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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