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High Sensitive Nano Structure Plasmonic Sensor Based on Metal-
Insulator-Metal Waveguide

Mojtaba Moradkhani, Mohammad Vahedi

School of Physics, Iran University of Science and Technology

Abstract- In this Paper, we investigate a plasmonic sensor based on a MIM waveguide coupled to a resonator. The resonant
wavelengths of the resonator are 1050nm and 1490nm.The proposed structure has been numerically investigated using
FDTD method and the shift of the resonance wavelength as a result of the change in the refractive index of the structure
is explored. Maximum sensitivity and Figure of Merit (FOM) of 1480 nm/RIU and 134.5 RIU * was obtained
respectively. The maximum spectrum shift due to 0.01 refractive index change of the medium of 15nm was recorded.

Keywords: Plasmonic MIM Sensor, Figure of Merit (FOM), Resonance Wavelength, Spectrum Shift

EvYy
AL gy BB WWW.OPSIIT ol jo a8 conl jlzel slls 5,00 50 allie oyl


http://www.opsi.ir/
https://opsi.ir/article-1-1775-fa.html

[ Downloaded from opsi.ir on 2026-02-01 ]

Ol Sidgish (5,5l8 5 (qige (il &S a3l 5 ()l Sdgig 5 Sl Gl A ety 5 S
VYRV crage M-8 il s ol olLetils

90 (Red g én...’?bc C’,‘Lm)‘..\.o GL“&."-:-? 59 ch)i.oyli
2.5 18 solaiwl 5,90 b SKmans )

65 50T 5,5 b 20
o ok 1) eoleiiy S gom g0 sl (V) IS
5 058 — lop — 0,8  Sigewdls ymge o 5l a5 wao
ad a5 lga SO S oo by (Sigendly Sanais
ol 00 LSS o)l JSKi gl opls s o sl
Ol L g L sl 5 yezrge (20 oaims (Las W 2l ly
abold @ ol )l (( Sigendly [Fauais (p)e 5 Job oins

S sleplbad glads g pzgo g Suais o oy

/ Output
|~ PML
S
= X »-_-
L
- L
—> = <
< A
>
In
Z
285 | ]
SoASI s | ]
e [

o).&;* l}m* o).'éi 90 )l as LS‘)LQ”"“"". -} ,.i.o/ Gdm 9o )l.';_">L..a :\ Ji...«
|5AJ%;SJ|LSQL45JS..Z°).1|J&5L¢:QL&QW}{:{&]A;%MSB

el 00l »

4 45 WS oo Cond 99,0 Jae 5l Ol S 2SIl g0 2
[F]ogs oo ciu s (V) aasly & 90

2
Y% )

(@)= )

©

FRRV-P)

(bl 551 glgal (b slaggandl o D
o I LA S Sl (g0 — 518 50 y0 oS it Jobo
Sl 0 )5 (ploage (FaiS 3900 (olgs bl 4y g wiS
ot 5 o IV wl assl calize sla a0 ) egiia
a> pj e JLasl QUly (Geedly glosl oly> 05
L b obal yo b bisle b oISl a5 el il
Ol Bl sl 5 See8 JLSle 4z 2 05 (o0 o0l
9y o YL SleMbl (Sjloy S izen g feS
Ao ild Jie eeite sla sl o3l sla Lo o (Y]
SoodtiS s 9 o Sea o oSy (o (59 slalS
Gl | laylisle ol Cosal a5 ol s @il 5,5
$U 5l (ST elgl ams (oo lis bl (g3l gatme
@b (SSgedly gloel JLasil sl 58 slo LSla
Seigandly gl i3l (s 5 e el el oas ail] 5151
58 slo yezr g 995 o0 sl o LSl 5l (g ) lon o 85
oSSl g0 5 (MIMY 56 -G 20l oo
Slaasl a0 IMI 1o ge [ F ¥l assn (M) S 2501
Shige bl el 6550 iles Wiz alols 5 SPP gl
Al [0 a8 dguse LS wiles ced |y gundoliseg iSl
gy SIS dgame 4 0 MIM - glayzse
W Lol s g0 Jsb 525 Slbatl ;5 mpbliiog 2SI
3D zee slasl Job 1als Sl g 9)ls (Vb Jlows (ooa!
W yizs0 5y nl 31 10]og oo (STl yag S 45 0
0 Py Sl ez (515 (5 pmlio a8 MIM
et S k0 e allde cul jo a8 (golgriny LSl i
4 gleg 5l a8 Cewl o LSS (Sigondly Sopais SO
oo b, 5l eoliiwl b g ool gugy MIM x50 S
S8 ey 990 (FDTD) Olej ej9> )0 dgaze Jolis
5,5kos Sgugs 30 Wlgs o ool Cews @ s sl 428 5

Al gy BB WWW.OPSIIF Coles j0 a5 coul jLzel slls 5,50 0 allie oyl


http://www.opsi.ir/
https://opsi.ir/article-1-1775-fa.html

[ Downloaded from opsi.ir on 2026-02-01 ]

Ol Sidgish (5,5l8 5 (qige (il &S a3l 5 ()l Sdgig 5 Sl Gl A ety 5 S
VYRV crage M-8 il s ol olLetils

w ) bl slo el b ol sl s Slas adlae gl
Ww =50nm .L'=700nm L =700nm ,s0
solatl b g o8 )5 ka5 5o 1'=300nM 4 g =15nm
w31 o 3l 4t 0 FDTD (g3le s 3, 5
8t = 4 0x = 2nm o,50 4 |, FDTD sla )b
Av = g8 by b aib o g 3l 98X /2¢
2K, S gt Cawl sad soliwl 194THz
Ol 1) )le zae Job s 1 j5ue jlog0d (V) SO

REV- ) <*

Transmittance

-40 |

-45 ! 7
1 1.2 14 1.6 1.8 2

Wavelength(;zm)

cgolpiiy LSl S5y (S b izse Job oy jaae (S ¥ IS
Ipans oapye SIS L sl 5, T Las

5 ok oS 5|y (Jgeme (omye LSle canlie jolais &
g =15nm 45l solpris LSlo L sl alin o,e
Mé‘& )l)ﬁ 2y 0)940 o 4.;..9; )‘)3 Pred o )‘

oss odaline glaas (¥ IS5 40 K5y T i)
Sl oo Slols” Jls o onds LSis slws! sl

o lp FWHM sl ng—o-m =R Sl gl
)...49.’[.' VO P90 Y ‘_glﬁ 9 )a-oj-'l-‘ Yy )-.")'.‘ (5)“A‘s"° J3|
‘_;L.e) (_g‘ Oﬁ‘é =LJ l-' =P )bLﬂ 6‘)‘? Lol o J"al}

¢vo

63 el £, Gl Glewdly (53 @ ey cnl 0 &S
S5 n BB Y ale (o B2 e sl S sl
s 4 535,3 slaugly IS 5 @ 5 56 3131 slo 15,23
8, =37 S50 4 ol jo polie g JFlasl o 36
Shewl o, =1.38x10"°Hz 4 y =2.73x10Hz
Wb (6998 Too Jsb 5l 5 S2sS Sl g oo
o9, SPP Zloel S0y 08 ™ w2 o s
Py 3l e jee Ol Nlsg salys MIM 240
o ey (V) ey B 5 055 o ol e g

vl
(W-wr)2 4
T = = )
(a)—wr)2+(i+i)2
Tc Tw

2o B 5 T, SIS a5 lSjp @, alal, ol o
s nl (o oy e Ul (S 0= Sl

l; Sl ).g‘).g UT )L.\.M

Tonin = %/ (Tl + %)2 )
abul, Gl 51 STl wais slo g Jsb (B Joeo
K BPPCIRY

Ap=BAL +¢ )

15 z5e 5 (699,8 Tgo 31 BN AP aball; ol o

Ap=2mr mM=12,... S 50 a4 &5 wl SllS
F3e sk AL g 6358 zge adsl 5B @ 055 o iy yas
Sl colb e cwl STlS Lo
STolS wais slo zge Jsb A, a5 B =27/ 4, Ny
AT

' Coupled mode theory

Al gy BB WWW.OPSIIF Coles j0 a5 coul jLzel slls 5,50 0 allie oyl


http://www.opsi.ir/
https://opsi.ir/article-1-1775-fa.html

[ Downloaded from opsi.ir on 2026-02-01 ]

Ol Sidgish (5,5l8 5 (qige (il &S a3l 5 ()l Sdgig 5 Sl Gl A ety 5 S
VYRV crage M-8 il s ol olLetils

T R S e T
FOM =S/Adq <32 4 &5 sl (FOM) S
ST e SHDY (NN
i zge Jsb FWHM) by s 4 1) S

1wl 00 MLZA 2

S moger =1020 nm /RIU
S oge2 =1480 nm /RIU
FOM s =44RIU ™
FOM .., =134.5RIU *

4 12300 518 gy 950 ) (Sigedly K dllis (] o
b sy SIS Se s MIM (Sigoudly prge S 5l IS0
ol 00l gy g 4 ol 1 aS Cwl Glopls sla 4
45 p90 deod bge Sild (o518 g conlis o it

g yo
[1] Maier, S.A., Plasmonics: Fundamentals and
Applications, Springer US, 2007.
[2] Gramotnev, D.K. and Bozhevolnyi S.1., Plasmonics
beyond the diffraction limit. Nature Photonics, 4(2):
p. 83, 2010.
[3] Veronis, G. and Fan S., Guided subwavelength

plasmonic mode supported by a slot in a thin metal
film. Optics Letters, 30(24): p. 3359-3361, 2005.

[4] Berini, P.J., Plasmon—polariton modes guided by a
metal film of finite width. Optics Letters, 24(15): p.
1011-1013, 1999.

[5] Zia, R., et al., Geometries and materials for
subwavelength surface plasmon modes. JOSA A,
21(12): p. 2442-2446, 2004.

[6] Johnson, P.B. and R.-W.J. Christy, Optical constants
of the noble metals. PRB, 6(12): p. 4370, 1972.
[7]1 Lu, F., et al, A plasmonic triple-wavelength

demultiplexing structure based on a MIM waveguide
with  side-coupled nanodisk cavities, IEEE
Transactions on Nanotechnology, 12(6): p. 1185-
1190, 2013.

[8] Chen, Y. and Ming H., Review of surface plasmon
resonance and localized surface plasmon resonance
sensor. Photonic Sensors. 2(1): p. 37-49, 2012.

VY o e sl g el VY gl e ol FWHM

4 Comnd (555 Sl oy gligg 45 el sy 2ogil
FeS W51 56l 4 ol Jgese oo Il
el g aibge IS sl opls o ad 6l (Soadly
9y 2 aalllas lp09h (oo (Saald oS ll
CaSl o Ol s il lele o Slal>
JUUEL I TRV I VR RO & SUSPNEIPIE A g SN
W =50NM & j50 4 1, STyl sladasin g ol
o 08,5 Ll o ol g =15nm 4r=300nm

Refractive Index |

|
n=1.00 | “
=)0 |
n=1.02
n=1.03
n=1.04
n=1.05

Transmittance

-30

-35

-40

45 " . . . L " " . ]
0.9 1 11 1.2 1.3 14 1.5 16 4T 1.8
Wavelength(yim)

CanSds ey Olpss il a4y (golpaning [LSle joue Sonie ¥ S

2
1.493 1508 1.523 1.538 1.554 1.567

1.049 1.06 1.071 1.081 1.091 1.1
P A e

.
ol

[y

o
o

e=@==m0de]l ==@==mode2

Wavelength(um)

o

1 101 102 103 1.04 105
Refractive Index

Gl o Ol podl o g0 Job plraly s F S
S mhe )l Sl 9o sl (Sgendly slo K
S ool Jol gl caiiis Lo Slae vgge
dAogs o x5 S = AL, /AN & j0 4 a5 el (S)

oaid lii N g wais zge Job Ay akal, ol o oS

Al gy BB WWW.OPSIIF Coles j0 a5 coul jLzel slls 5,50 0 allie oyl


http://www.opsi.ir/
https://opsi.ir/article-1-1775-fa.html
http://www.tcpdf.org

