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Analysis of Resonant Wavelength in Dielectric Coated Nanorod
Metallic Antennas

Mahmoud Talafi Noghani

Aerospace Research Institute (Ministry of Science, Research and Technology), Tehran, Iran.

Abstract- It is known that the resonant length of a metallic dipole nanorod antenna is typically very much shorter than
half a wavelength. Presence of a dielectric coating on the metallic core, intensifies this effect. The coating might be
undesired (e.g. caused by metal corrosion) or desired (e.g. to protect metal from damage or corrosion). In this paper, an
analytical method is presented to calculate the resonant (or effective) wavelength (Ag) of dielectric coated metallic
nanorod antennas. Variation of A due to change in material properties and thicknesses is investigated. In order to
validate the results, they are compared with those from full wave simulations approving the accuracy of the proposed
method.

Keywords: Metallic nanorod, optical antenna, resonant wavelength.

arn
Al oy B WWW.OPSELIT coles jo a8 coul jlael slls 5,50 50 allie oyl


http://opsi.ir/article-1-1878-en.html

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

Olnl S568 (5,5l 5 (cwtigee S Greasl 5 (! SEsied 5 Sel (RS ety S
VYAV cpage V18 el gl pnds 5l pms oSl

€

S

S50 sy b o3l alsogts (T sl ) IS

AL.cyb Y 3 T )L.‘l‘,.ljl Jwbu L s Q_;.\ 4o Lo
LAl zge Job (59, 0lge Culrs g iz Y gs

g0 w2l oy p | 0]

Job gy ¥
el o ools las VS e byl ol sl
S Slss sl b @) <o po b 318 abagil SO
a5 (&) @9“")1% bow S0 g ol oailly (Ea)

el 38,5 )18 05800 ()8 15 Vs
il 258 e erbiBed (il G waas Job aculre
o ol Gl By BB ul L zge o5 o
ogdle .S o ayyo |, 1 WS S 0 OS5 > S50
Lol 51 pis o el (1 90 Gl Sl
BliestP= T 1289l o0 oo )3 5 S9b 00 ()
ST (Euis ) Jge gse Job a5 0 (5,8 51 U
Cubg Gl Conl ] Wads Job plp 90 (idadeo
59 Sl @ axg b 3 0=20/8 o1 o a5 de =20/4-0
sl clb s e gee B ol Gl
Bk B alre gl 05 wals> (B=Re[y]=Re[f-jo])
|, gl latie olfiws 15 zos oyLil gloogs
Syglma 50 38 (398 slaylile yo o5 Lxil I 0SS
Oy B Zlael &dls o wols 18 S Sl
Se g5 550 50 TMy 090 b g (b (jgadly
O J58) alfan (>lg 5o baglaee JS5 sl oo yiiie
aels &Sl 28 Ly (A) Jeily Hlop 5l eolazl b

a55

Sigigdeil gleejex jo Dliho i s 5l (S
5o st (6 ped iS00 Sy (b Sgendl
S5 Skl 2 4 Fimb 5 nig9,0ke SleilS )8 055>
Sl 65 peend lp ooante SN ol
Olizmen 5 00l plxil (5,95 SlemilS 3 055> 4 299,500
Caol o3 oy Hek [YV] cl oS0 J 0
odliil 199,S5le glagil (ALl o 5 guclsd
ko 69 Sl B 09> 50 canlie elgd 4 098 o
OBy el il gaaits Job )lge cnl 5l (S0 09
Lre) o5l gaass Jsb qgg,Sole 38 olabgs
Sy Consl Clo) SL3T (slad zge Jsb has Loy
S s Jsb o5 was e ol (R LST 5 6595
S 5SzsS ks BB Olee @ (hBed 531 abkegil
w@xs 0 [F] OV sgo b)) el zae Job caas
Pl Gilize o)l yo (1l ot Job (5285 Al
helay bl failisg w)lse cpl 51 (SO el Sl
&y sl jo a8 Shls o 5l el S sdlgs
Blodd 3l o8 i ;gliie 0,85 5 Mo wgibsa oobiel
Saye Mo dy Cond oo (Ko S plare gl 5 il
ol (59,55 5 oS slend glul Jdo 4 Ll ojls
G e a5 lgo 50 0565 (g9l sldsdse b STy
(AGSOs) o lilgw b (AGS) audlyws Y bl
el Mo b s IS 51 (6l 3 09t oo o (59, 2
oz 5l olmony) LIS 45 ouds el aliese ) 355 o
D98 rhae 318 (69, 0 [F-0] Ladlne sletuigy 3l ool
Ay So sl aY jpax Sl g @S o
Ol wais gaesb alex 1y T Sluogas &)
Loty o) atuly>l olge 556 o) n Glp a2
A8 9)lge g Ladloe Y 36 () sl Az (Slgw

Al oy B WWW.OPSELIT coles jo a8 coul jlael slls 5,50 50 allie oyl


http://opsi.ir/article-1-1878-en.html

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

Olrl Sg5s8 (6,5l 5 (cwdige (RS Greadl 5 (! Seigied 5 Sl Gl A8 ey s S

VWAV oo V)4

cx g mbs ¥

S Slgs sy b oy 51 5 (il a5 0 o0 28
Loy S sllies ol sloyiel sl ons S
..\.s))b.: a0 é’LA.A 6,.50)..\." C.'L.: 2 9gy0 JQ..A dL..L:.:‘
s [V] 4,=585 pm 4 2,=1355 nm ,=3.624 1,
(F) ally b o Gen) o1 Sge gyo Jsb ¥ S5
3 dlite S aSlles culps Gl a oad Al
Ll ool ool ul.w.: )...nyl.’ Yeeor G Yoo RPN N
O NM 55 S pSdlgs idgs Cwoles o O M 58 elal
s et oz s L8 .l 00l 5,8 (0=10 nm)
o Gali8l b Aot (roalS aSy) pans ol Sggie A 4
Stele IS Jee SepSles cupe Gl s @
29 A oy (SO Sl s &S @S e B I
SepSles cuye b (AGS) )i sidlges I slaY
ol S esbee S ol gy ETA8 oyl
odal ¥ s o ol Sige zse sk n 508>
oeals cel (S0 obul a5 04 o ala>de ol
Olsie 4 ogd oo il Guads oo Job abi>de LB
gy Job N00-MM . Slpbe zae Job ol
b idgs o9 o, <l o Ve Yenm 5l sl gavass
AdS sregl VO cwlrs gl a4 Yeenm sgus
S8 4 0,85 alegils Q.';.;T 0ol sy s anl s
sldsb L g ONM Cwles a4 AQS iy L Yenm
Sl Slezgeadsb b bl a5 yiegil VOY 5 110
T r:LoJ )b‘é‘rn).; L) |) Ald )MBJL' VOO - 9 VY-
aslina L1, T jise se Jsbo 5 00,5 (5 jbotens CST
Sleihee g558 o0yl Sy T (ST ik Gy
PSS s o s e il ceblie 5 (S Sl
iy 4 Jel snais slzse Jsb ol ol
clie 235 51 Sl a5 coul yiegll VAT 5 VYO

Il el ol olEils

Sl oo 5l ol 590 b Sgalym e 5 318 0

Wy cn 8,5 Ll )0 pj Ojge a4 S o

A=Y7Z
¥, =c,l,(x,p)e "
iz )
¥, (Cdl KyP)+Cy,Yo (de))e
¥, =c.K,(x,p)e "

g pso 5 Jsl 65 Jo @l5 i 4 Yo g dn )1 j0 o5
ulpd do iy pgo 5 Jgl 98 0ad Mol Juw wlgs Kan
5l e le o by o T slael aiwe Jogo
2 2_ 2 2 2_ 2 2. 2_ 2
VKs =¢oesKo 9 V-Kd =&0eaKo K =€0emKo
Hy slelane s 5 55 1, TMo e e aziliz
J=e 0 Gl Jleel b aialys 00> B, 5 B
1) meolyS 5 (Sl abal, 95 4 p=ab

K84 lo(Kpa) _ Jo(K4a)+ pY, (x4a)

Keen 1 (Kpa) 3, (x4a)+ pY,(x,2)
.8, Kqo(x,b) _ Jo (K4b)+ pY, (x4b)
kye, Ki(xb) I (xsb)+ pY,(x4b)

M

D)

Sl oYolee gose J> b p=CalCy ol o a5
zoe el Col ams jo g edel Cewds Lok (38
5o SLal 5 S asiyl (6,8 L 0gd g0 (yre law
Slasl 5l ool 5 B bl len 1) ol e S
eess @) ol A3l slad SO ojlasl o zge
25 4oty b T fige e Jobo 5 054 oS F] o

199 o0 Ao

Ay = 27 —4a )

Re([zcj 4z //12]”2)
sholetal bsls G pSUlgs ab 5l (358 Olawlws o
10,5 oolaiwl lgi oo ) 0 (Drude) o, Jow

2]2
A5+ jAlA,)

e, ) =¢, - ()

e 335 1 3ol A 5 Lol gsash 2y ol 53 o

Al oy B WWW.OPSELIT coles jo a8 coul jlael slls 5,50 50 allie oyl


http://opsi.ir/article-1-1878-en.html

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

[1]

(2]

(3]

[4]

[5]

(6]

[7]

Ol Sgish (659l 5 (wdige il 1S el g ol Sigigs g Sl el jaS ety g S
WAV Goge W= olpl 5l 5l oKl

¥/m

1.65e-05
| Am ]

0.35

0,315

0.28

0.245

0.21
0,175
——
0.105
0.07

0,035
0

2 (o) blisn 5 O (S plase i F S5
2085 oo Job o aleagil (T Lol

Lo yo

P. Bharadwaj et al., “Optical Antennas,” Advances
in Optics and Photonics, vol.1, pp. 438-483, 2009.

S. He et al, “Optical nanoantennas and
metamaterials,” Materials Today, vol. 12, pp. 16,
2009.

L. Novotny, “Optical antennas: A new technology
that can enhance light-matter interactions,” The
Bridge. vol. 39, no. 4, pp. 14 — 20, 2009.

L. Novotny, “Effective wavelength scaling for
optical antennas,” Phys. Rev. Lett., vol. 98, no. 26,
pp. 1-4, 2007.

J. Kalbacova et al., “Chemical stability of
plasmon-active silver tips for tip-enhanced Raman
spectroscopy,” Nanospectroscopy, vol. 1, no. 1, pp.
12-18, 2015.

J. C. Reed et al., “Graphene-enabled silver
nanoantenna sensors,” Nano Lett., vol. 12, no. 8,
pp. 4090-4094, 2012.

M. T. Noghani and M. H. V. Samiei, “Analysis and
Optimum Design of Hybrid Plasmonic Slab
Waveguides,” Plasmonics, vol. 8, no. 2, pp. 1155—
1168, 2013.

3wl a3 B mldl gl il oals &l s
o5l slsl lS1y B gl da ) pads eSS

Sgds oolaz!
232 93 5l JSdie e (ohadge SG &5 Cul S8 oLl
Jhsel Che S8 B S gl a5 cnlize
Ly S 5l i lie ol S Sl S
BB eiloel Baday o Loy BISKE 31 asy) Gl

] 00 43‘)‘ Sl U‘)‘“}

OS5l oS zaesb anilre gl il 5,855, S
S mools olas ad @l SO pSUlss g b aleegil
@laba>Me BB 550 Wy oo S pSUlgs ibgy ga
S50 w9 ol atsls il soais zgesb (59,
b Gl (Ll 0,0y, w05 8 axg

39y aalys osliiwl BB 1] g (s pate S5 slagyulyls

500 - 1
-
s e
s e
.
400 PR
ot T
o T e
— Et .
£ 300 T -
=) At e
b] Pt P
<& et .-
2007, -, R — =1
PP et d
e €. =2
e - ¢,
b
wr | aeeas cd=4 1
----- ed=8

0 . . . ;
1000 1200 1400 1600 1800 2000
A [nm]

ONM Cwbrs a4 SO uSlgo iy alizes ol o

=20 nm, b=20 nm
1200 | = =a=15 nm, b=20 nm

..... a=10 nm , b=20 nm - 1
1000 - === 3=5 nm, b=20 nm - -

E 800f

=

5 600

~<

400 -

200 -

0 . . . .
1000 1200 1400 1600 1800 2000
A [nm]

S92 (e4=4.8) Agzs u’“‘""?” L..iw L g a).ﬁ.i ;‘5)95 ).:| Y JS.M;
ool 5l Sge zse Jsbo

Al oy B WWW.OPSELIT coles jo a8 coul jlael slls 5,50 50 allie oyl


http://opsi.ir/article-1-1878-en.html
http://www.tcpdf.org

