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Investigation of the Plasmonic Modes in Vertical Nano-holes
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2 School of Electrical & Computer Engineering, Hakim Sabzevari University, Sabzevar
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Abstract- We investigate the behavior of the plasmonic modes excited by the nanoholes structures. For this
purpose, we have designed a vertical nanohole structure that realizes the different plasmonic fields maxima
when excited with different incident wavelengths. After examining the effect of the substrate material and
nanohole dimensions on the excited plasmonic modes, we have shown the realization of the superposition effect
and displacement of the maximum field intensity along the depth of the double-step cylindrical holes.
Simulations show that the proposed structure can be used as a plasmonic manipulation system, by well adjusting
the incident laser beam, to move nanoparticles along the depth of the proposed nancholes.

Keywords: Plasmonic Modes, Nanohole

NN
Al gy B WWWLOPSIIFN coles jo a8 coul jlael slls 5,50 50 allie oyl


mailto:m.ghorbanzadeh@hsu.ac.ir
http://opsi.ir/article-1-1895-en.html

[ Downloaded from opsi.ir on 2026-02-24 ]

Oyl Sgigd (5,9ld g cwdige udl S radil g oyl Sogigh g Sl Gud S Cpaazming o
WAV o M-8 oll Gl ¢l oo

. 100nmnm_

155 nm
-dij9, 99 63l> Mo L_Qd‘-ly S5 )L';:}Lu )| Gleob GL‘“‘" :\ JS...:

sl 08 5 YV 0 slagles L 55 o 53 slailyinl s

Dgdige (S Ay, $U JF )0 (mdse slapgendly
Sodanlpls a8 )5 Caalied 5 iz b o) jslaie 4
$U S 50 (9,0 45 porinagdl (5489 S 9 Mo (5439
Ay ols 18 sl 00 gl 4y slailginl slassg,
Py 3l eolitul by baad)g Cuwlied ptd b S o0
s3e s o ploy goiex o (plie Joli goue
JS8) S (oo Al (699,9 gie 90 Jsb o
S el (a8l b sl oo ovaline a5 ok lea (V
3 sle b o o olals SO syl g b
S b Y Gl s Ssde Sl
ber o> b jo Lol gals y odle pgiegl]
o 2B paik zse Job Sy 6,500 a8 gl
e 4 S s Ll L oals ol soslul Losd

S5 saje, $U gonams LSi sy Gz Sl e
Bl Gl oeiSen o n ) Hses o 5,y slalgl
) Sglate slo Cwalses b pgaingd] g Mo sarY 4l g0
@ syl slasg) wYss ol 0gy0 ol )13 w2 9,
AL e S e S0 el 100 glesd
Sl ad Y 95 6l ylegil Vee S5 Cuals (28,5
YOUSs e el Caws 4 s S oo YIS, L8
Lodle S8 o 45 jpbolen cosl ond odls L3
ops o ali 55 ays LSl Gl b s wpie
Y Caalbies Sl b Wl ogd e sy 5 S 5l o5l

o all ol ad O Y culrs 2ol poriasl]

\\ed

dodlo

el gy ol &3 See (s3llals o 5 Ul
a5 4 65 gy (ol 5l b els las D]
w8 S 15 a4 Shigh 5 g5 s sl 00 S
Syl 5l ool SIS cnl sln Jsere (g, SN
e G plawe) (Jslwie 6y Sl o ol )88
o 3 yato sl 5 3 3 b 3 S 5 (sslals
O Jolaie (5,90 oS il 0gd oo oolatnl alaiy SO o
Fr dd G 35 el rizred 5 (LU g8 VL Dud
50 5y ks 6,8 sslwilals gl (Sl adaii jo 3]
Loy ol L Wy oad 55 peme 5l 5ol s
Bgod A Gumwy ool el (Sl aladi 0wy
slodlo 3 plple 0sd gy Sllllae o Logase
Sl 438,518 4z gl 890 35 (Sgedly Sl 23]
5 Sl Gilegeizme CoblE S, Gl slacaie Koo
25 sladle o IV ewd wily g, ofislesl sl
S 3l ol 5 3lulals ganme; yo g0l sl
plril baoT 5l syl b aiss, 66 za5 S 5o Selslom

Lo-v] el sz

5 Mo sl ¥ Jeendy sbb (Shy 4 4z L
Jsb oy ;o ilijsy love Gl a5 eyl
s anllne Gy il yiegl Yeoo b Yoo rge
oo Slml slaaijs, U gl ;o (rdge slaygemdly
o oolaiul ls ol gsluil ali Gaa gl Slls il o

.M_ZS
S lwdads o LS

$adys o 5o () USD) et olal 5y 5 sl
ol oyme j0 g aid, S i o) NM Culs @ b
Veoo B Yoo oS 30 zoo Job b ()8 aon

U‘M oA Cdin &_~J.§5A olfj (RO oo )‘)3 )a.oyl.»

Al gy B WWWLOPSIIFN coles jo a8 coul jlael slls 5,50 50 allie oyl


http://opsi.ir/article-1-1895-en.html

[ Downloaded from opsi.ir on 2026-02-24 ]

Olpl S (559ld g (owiige (il 1S (el g Gl ! SSgigd g Sl il a8 (e g S
WAV Goge W= olpl 5l 5l oKl

! 3 (a) Au/Al #3(b) Au/SIO /AL
0.8 .08
il
06 %06
0.4 |[----20/80 nm 204
"""" 40/60 nm E ——20/30/50 nm
0.2 |- - 50/50 nm 0.2 |—20/40/40 nm
—60/40 nm ——20/50/30 nm
g [==280201m ) —— 20/6020nm ]
500 1000 1500 2000 500 1000 1500 2000

A (nm) A (nm)

gl @ 359, 6 sl zoo Job oz Heee oo ¥ UISS
Mo slads¥ (0) 5 poiagd] 9 Mo slaas¥ (all) ol 10O

SiO; Jil> o r’9.<-‘-:-‘9”

Sl s aien hee b Bl slazse Jsb &dly)o
A ylo S1E ea gy, patiasll 5 Mo slaaY oS
ssb 4 paateegll Y 0 Y logge Jsb ggee
Mo 4Y S S (6,500 Sl cplply s alBlos
alizee slaykd 4 OV JSb @Gllae) 65 50 65 555, 59 9
21 0T pez i 5 @S oo Gleand 1) o2 (55,
Voo Culs 4 S g S emleiics oy O]
MR (59 39 Dygo & A5 (sl 93 (ol yiegil
olinlogles 5 sagl B plaS ,n Coslies wilazs 5 18
|y 65 dinns o2 oS o 5 5 eansl y2053 10O ¢ VW0
O 1AL L G g slula Y pols 8 g LSS
J39z ;5 @l oo o plnil iagll Vo Cuales a4y o
s9dson sanlive Jsor ol 4 drgi b ol ond &Ll ¥
S35y 59 45 A o aity o o 50 Job o
qls Mo Jles S sy Dglitte gl ylad 4y g5 )5 o5
@ syl S5 sahe, 99 slagse Jsb 5l lasgerme
e S 38 ol s sl el ol il 5k
Culrs 4 SI0; jlulas Y G a5 el Sl (dl>

0l :
500 1000 1500 2000
A{nm)

0
500 1000 1500 2000
A (nm)

4 a3, 95U S lp zse Job can  jeee o po Y S0
Y () Mo Y (@) 5,0 i 4 yegli VOO glads
gl Ae g8 e Ve clacubs 4 pgsagyl]

SBlite g5 Jsb o oy oS oo lany 2005 |

Cwoles a5 Jl> 10 (Ko Ohle 4y 008 ol (5 s

Oloyed ysd porine ol Y jpam )5 Wil <ol S
D) (650 e el AlS oo Jsb  leasY culs

poiregll 5 6 tagli A Mo gaY 90 Gl (s3a o5 50
o SIO; Lz )l el gaY S grwegl Y
Ol Cwlbs g jga> lesls 18 peglb £o6 Ve Culs
2 Jols mlo oS (o0 dnlxe jaue oo b )
Lol oo 5o ls cpl 5l oads ools ol ¥ JSCs
b cald gojlul Lo & Glulas Y Cwlxs ol
P 8 glbals SO ash wbe alS jee

g o obml e o pb b
saY wx slasle o BT sex Ghx bl o

Jsb 5l @ly oS oo oy 1) Vb p0 0als 7)as

C8)5 am (lgies Jssz ol oo b S oo )]

(oS oo )|)§ S 4_‘,& _]a_u,ﬁ 3o Y. nm Jy-Ly Sio, )L.J‘..\.'> Lgd.‘:f}/ 0‘95 ‘4.1}/ ReES )tl}l....: Je aS
AR b )UT oz ol alllad jea> olgS g atils
Y aw g 90 oSS la JLSle jo lae ain b blise slagzge Job anslio ) Jgoo
Al/SiO,/Au Al/Au Au Al Y i
AR ¥/ 7. ¥ Y (nm) cwls
\ Voo ¥ Y (2 NM) acin lose Cusbe
ARV.Y NN HOY INA NG NI faA
- QFA 1¥q sEY aFA VAYY \YY. (A:nm)
— \ .Sy — YAY VoY - - Ol b Bl slo z9e Jobo
- \RIAE - Y¥y AR - - Aolon
- - - afA - - -
INAY

Al gy B WWWLOPSIIFN coles jo a8 coul jlael slls 5,50 50 allie oyl


http://opsi.ir/article-1-1895-en.html

[ Downloaded from opsi.ir on 2026-02-24 ]

(1
(2]

(3]

[4]

(5]

Oyl Sg9d (5558 5 (cwdigs (S ed 3l 5 ) Seigisd 5 Sel Guil S razmiyg Conn
WAV Goge V-4 ‘Ql)'il Gl ol oRails

Fogli Vee Cals 4 M aY S (45,0 aly 90 saijy; o LSl po aia lae b Bl slagse Jsb polie Y Jga
Sholaz bgi 5o 95 | slolaz ey 55 30 58 N L9, 56 £
VOOIYY 0 VOOIYY 0 V00 | YV, (M) w5, 9 glas
Voo . Voo . g (Z: M) ariy Glage Cusbge
ooy 28 NG 0% OfY | s5p
AVY YYA SYA SEY | VWVF | VYA
Yerd | ovsy YYo YYE | AYAY | VeV (knm)
At Glage b Bl slo zge Jsb
- AYY AVY vsy - AY
- - AR AY Y — _

400

(a) A=585nm (b) 2=611nm

z(nm)

(c) A=739nm (d) A=780nm

Mode Intensity Enhancement

-200 -100 0 100 200 -200 -100 0

X (nm)
O350 X2 (Y=0) amio ;o (EP) 9 lowe ool o9 F S5
OAN(AN slazse Jsb sl 5 50 5 39, 91U 9
Fogb YA (8) g ;g VY (z) ¢ jiogili V) (&) ol

100 200

bz yo

Ashkin, "Acceleration and trapping of particles by radiation
pressure,” Physical review letters, vol. 24, p. 156, 1970.

M. Ghorbanzadeh, S. Jones, M. K. Moravvej-Farshi, and R.
Gordon, "Improvement of Sensing and Trapping Efficiency
of Double Nanohole Apertures via Enhancing the Wedge
Plasmon Polariton Modes with Tapered Cusps,” ACS
Photonics, vol. 4, pp. 1108-1113, 2017.

Tellez, Gabriela Andrea Cervantes, Aftab Ahmed, and
Reuven Gordon. "Optimizing the resolution of nanohole
arrays in metal films for refractive-index sensing.” Applied
Physics A 109, no. 4 (2012): 775-780.

Eftekhari, Fatemeh, Carlos Escobedo, Jacqueline Ferreira,
Xiaobo Duan, Emerson M. Girotto, Alexandre G. Brolo,
Reuven Gordon, "Nanoholes as nanochannels: flow-through
plasmonic sensing.” Analytical chemistry 81, no. 11 (2009):
4308-4311.

Yoo, Daehan, Gurunatha Kargal laxminarayana, Han-Kyu
Choi, Daniel A. Mohr, Christopher T. Ertsgaard, Reuven
Gordon, "Low-Power Optical Trapping of Nanoparticles and
Proteins with Resonant Coaxial Nanoaperture using 10 nm
gap." Nano letters (2018).

OFA

oad Sy Pyedy lads R SSE el &S
Db g8 )0 o sy, JLSlugl jo K0 (Sle 4 0sdiee
drin S (SesS Jh8) bl a0 Ol
Se slogse Job oy po ) JLSlugl &S 558 e
5 pepd S SxsS slalgiul iz, e pgate
Sl (S k8 oYL a5y, o Gl Cal LSS
szgs Job oy jo ) JLSlagl a5 09d oo ariin
Ofnle e S8 S5 lalsinl ais, pegpatte Ko 25
s Olgise el JLSle ol jo 1) BT gex G
Oldue Dol o3l gams g0 s Jlg, TS o0 28 3
03 )51 00 z5kas (555 50 o5 (slalyinal (s4is, sl (EF) o5
ol yiogilbi Yoo o BYe e 51 609,9 aio oo Job -loads
asje) s omb UYL 51 plave ud S cnl Gillas

Dy oo Ll

(S oS Al
sleaizg, gl o )lﬂ o> BT § s (i (woles il
Gajey 0 A5 Al 6pSaml g ob asdlas (glailgial
53 o0 &y 6T aex Mb ¥ G gy0 55 0 55 slalgil
b o oanlie 3lugl ol ol B YL 5 lose lel>
sladiye el gawain olgis odal Cwd 4 o ;) ool
S5 T Job b Geeedh oy Sog Al 5 0

2,5 b Olhdsl gilalpls a4 gl sl pdy

Al gy B WWWLOPSIIFN coles jo a8 coul jlael slls 5,50 50 allie oyl


http://opsi.ir/article-1-1895-en.html
http://www.tcpdf.org

