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Four channels wavelength plasmonic filter, including waveguide and
crescent-shape cavity
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Department of Atomic and molecular physics, Faculty of Sciences, Mazandaran University
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Abstract- A plasmonic filter consisting of a Metal-Insulator-Metal waveguide (MIM) with a crescent-shaped cavity is
proposed. The transmittance and Full Width at Half Maximum (FWHM) of the resonant peaks have been analyzed by the
Finite Difference Time Domain method. The results show the production of four Fano resonances after optimizing the
structure that the wavelength and the resonance line-shape can be adjusted by changing the geometry of the device. Thus,
this device can be used as band-pass filter. Our studies for the new structure also show that the transmittance at
wavelengths greater than 1200nm is almost zero, which is important for the cut-off filters.

Keywords: Plasmon wavelength filter, Metal-Insulator-Metal (MIM) waveguide, plasmonic structures, Finite Difference Time
Domain method (FDTD), Surface plasmon-polaritons

4 Fano Resonances 1 Metal-Insulator-Metal waveguide
5 Band-Pass filter 2 Full Width at Half Maximum
3 Finite Difference Time Domain method


mailto:saeed@umz.ac.ir2,
mailto:V.najjari@stu.umz.ac.ir1
http://www.opsi.ir/article-1-2774-fa.html

[ Downloaded from www.opsi.ir on 2025-12-16 ]

Ol SEgigd (655L3 5 (cmkiter (WIS rend ez 9 (Il SE58 5 Sl e paS eeiin 5 S
VEe o et VE VY lpl clin ez laal o)l ez ol olKisls

Nlgs oo g ALBS (geob il Hleie 4 (i sol3]
IV] S Wl o PIC sosy Jud drwgd )0 oo (il
G.a:li;;wo Olge 4 dlss‘so o0 (8 o Stelo sl e
a5 Sges oolatwl Gglaie Fae Job oz 9,5 il gl

oo 2]y cale slaan e ggi BB 5L @

L w9y 90

Hol bl Slase a8 5 "] il li Gl 5o
Siye hlys by om0 FDTD g, 5l eslizul L

yT_b Ag
x Air

1
1 1 1
SPPs_ ! v !
1 I
Input Output

Jols Goeadly yild lsie @ oads sl o sl N IS
S5 Plo SIS g rzrge

S S g W o b g ol solgitn 5L
@ opld g0 5l aS oo R aiiiy cwls b IS Do
o 50 (l32) SO S g0 oole S 512 g 11 slaglels
Sl cpl 0,85 5l oolazwl o .ol ool JuSCad 0,85 5l
aw ol plo 4 cond (%S s 3 opl oS
abols [Aaas o lis 095 5l (31,5 o> g b alex
Lol oads 5,8 A2 5 O (sglune STolS 5 Lo prgo (e
S0NM Ll W jlade (g 10 0SS b Lassl Gus
170nm ,ly 12 4 160NM Ly 11 lads lassl o ol o

Ja&m)éﬁ‘&jb;‘)ﬁ AL@lS)D Jﬂosow 4.._‘3;)]4.’)0

FRRV-P)

Al joas el wpais SauSTy onuay o 9l ol
wais b deslie jo oauay cpl [V]amdl o Gl atwgn
0390 3 ooladl 358 g y,lael Jlanl cads (sl ks «g 555 ,9)
ok Bl gl b 5 i (sla by i 4 oS
‘e leosn Mrosedly [Yailoe el
S jo a5 ais pwnbliseg 2SIl Zlsel (SPPs)
] Spie S8 gl o mbe slagsedl
s - Ogendly jlosliinl b (Sgedly sla izl
3 o9 Lng‘_JL;i:....; aS ..\.3)‘.5 ‘) u...l)lB U"‘ as"da""
2L og Grimres g 005 it 5 Jeo ) (So Sl
ol [Flass colam g sgame (il a3 0dgaxe
b & Gyt glalisle boond el b Sy
(PICS) Tax LS, 55598 sl o o eolaiul (gl 00 s
Sy 4 Hlgi oo aloz 51L[0]03 5 )18 Buizxi 0550
Sl solizle ;o layld gei o)Ll Tzse sk
slaggedsb wuly oo 9 039w sl Ho JEI 6l
slas Jb o wims jee ol Ojge 4 ) 9 iz
& azrgi b [Flaisl Jos & coniloe lagsasb plo j5ee
» Boee oo )y (5’3""“‘31" LgLQ)..l.B )..Sl as U"‘
4 lags Mo W5l dgame oS lisla gan S el
S e Joi 3 pln 2k Lk |y il L e
g oz JEle Glw » (Geedl zge Job
sld Jels (o9 ojskaie Wi 4 axgi b Lo golpiny
(SHly vz ;b il g GYsb zaedsb alad

5 cwl 4 LSS )8 sl e lp ol slaails

5 Couplers

6 Wavelength Division Multiplexers
7 Transmittance

8 perfect Match Layers

1 Surface Plasmon-Polaritons
2 Photonic Integrated Circuits
3 Sensors

4 Switches


http://www.opsi.ir/article-1-2774-fa.html

[ Downloaded from www.opsi.ir on 2025-12-16 ]

Ol SEgigd (655L3 5 (cmkiter (WIS rend ez 9 (Il SE58 5 Sl e paS eeiin 5 S
VEe o et VE VY lpl clin ez laal o)l ez ol olKisls

mode 3

084 y mode 2

mode 4 [)

moda 1

o
o

o
»

Transmittance

024

200 00 800 1000 1200 1400

Wavelength(nm)

Jw'”' LSLAJW &.LQJ}‘_;JLW”“ )b?-Lw )_}'&;ﬁ.:k“k)iw
429nm 494nm 6£32nm 1030nm la s Jsb youais

Slzaeob o o ahy ke shls jtele oyl

F s we gl 632nM ) wuiis s gl 1030nm

(Wl lazgasb o 00l o5lley [HZ| e @355 Stales ¥ IS
1500nm(, 4 1030nm(3 703nm(s H632nm(z 494nm(< 429nm

(Mo Cualies o i) R 540nmM gglae (M sosas
ods bl slagslwars .l sl 5,8 50NM 55
By oS o, Sles (g A5 Cal Codly pl Sl
il plp SuSe b S 5 ge e Jolgd a5 ol
o3lail 4 g (gglue Dygo a4 D2 5 1 polie o pu
5 o plol gl )y loads a8 3 las 1o 10NM
TA]0S o Coms 15,0 LB 5l o, 20,05 alie oy

2
©p

2

E=Ep——5—
o +ioy

M

Wil e € =3.7, 0p =9.1€V, v =0.018eV o5

[V Joged oy pj e g oo |y waits Zoeob

)
2ot Re(n
Dyeg = —Ei—_eff ) (e eff) (m-123,.)
m_i
L

S50 Job leff «nats zgadsl Ares cabuly cpl ;0 45
M pizrad Ddboo oo CanSd o pd Neff 5 STGl
S5l locdl S 51 555 5B st Gl 53 0 g s ai o
L olgisn |y 2ais zge Jobo (V) alasly 4y azgi bl
3505 oS 5a St s 5 SIS 550 Jobo oo

Sy g (63w Al s

iy Sl b LS 5l e il iion om0 sl
6‘)‘.’ St 0 000 QLH.’(Y)JX..;)QAS‘:.D;M[:LQ |)
oo 3loass z,15 g 9415 lsd oyl 5ae ¢ jaue ads dilons
dsle (29,5 9 (639)9 ahais 93 ;0 (V) S8 Gillan |,

45 bl oS co eolitul Tz% a5

n

FDTD 59, L o3lwancds 1 o il (asein (V) S5

1 Drude model


http://www.opsi.ir/article-1-2774-fa.html

[ Downloaded from www.opsi.ir on 2025-12-16 ]

Olnl SEgis8 (6)5l8 5 (cwdige (RS e loz 5 Glpl S 9 Sl Gl ST (reitds 5 Cen
VE- o o VF Y el olips o8l oo s ol

Sl nals gl R lade o saige 50nm pl by
e b oy i b zse b wpais Ll slas
Goba [y R 095108l o 135 koo 52l o ooliiul LG
JRCRCE S yalily plo 9,5 2,8 <uli b 5 50Nm

1-

—rl =155nm
rl = 160nm
Tl = 165nm
08
o]
E 0.6
s k
=
E
n
=
& 0.4
j
0.2 ﬂ
04 d T T T T 1
400 600 800 1000 1200 1400

Wavelength(nm)

165nm B 155nm ;i1 oS g a0 j0 yild jee cad ioles O S
a2=170nm R=50nm w=50nm g a3l ol33l 5nm gle o5 L

3ol D=40nm

S5 Billae oS (oo (gmp 2 |y s 8 S 11 S
Ll oo yiols waid zee ol jlade (iol38l L ()
Slr Gindy 090 sl (e 9 oS Sl 4 a2y
Sonb sbasedsh 0 oliin s Sl
Sloae ;o Fgewdy il laie 4y LSl ol sl eolazul
5 (1) U5 5185 b plas a5k o cenlia SVl
JJaie A2000M 51 55 15 6lo zge Jsb o euns] asedos
T R g B e
5 S kb Glaie a4y oliws (nl 5l IS Hlee LS 5

Sged oolaiwl 1200NM 51 5555 slazge Job sl

SIS oen 4 MIM ls s 5l wodls ob a
3,90 FDTD (g30e (g, bawg g oloiiny K& (Pla
S oge b Gslo pl 0285 18 Lo g a4y

Fasois e lp 429nm 5 Yosous oe sl 494nm
3l Sygee b (LIS aile fe S sl Bk o
9 9id bl o 1) [He| ploce @595 ( Gaedly yilid ()l
S5 )0 @l oS 0iS (o0 (o) ¢SRS i alali iz
IS 5l as jeblen .l ool ooy isles (o -AIY)
STolS j0 Glaus wpaild slbas jo el oo oy (V)
ol ity Gl jpes Mo g oid 4 Sl JSE _Dla
Sl b jse lis csdpaiid slacdl o s
e plez B Jgl slooe (gl o (oo Glid 1) aads
aS 009 12nM 4 24nm 30nm 46nm .5 5 & FWHM
Gan b et .asl oo ild o Shoe gl orbin polis
O Glsle olul s b oiws o,Sles 05568 o)y
by Hlade ;o s 5l (LBU Hge Bl lie (o
& pbee 5o (F) USS Sl oe R) Plo i
ol Cooms & WadS zgesb R e il L
b e ol 050 45 (BlUE-SHIF)ALL oo JUis) 5SS
oz o R GlBIL 0l (o0 yeS @oadob (talS
PSS slegee Job o e Jlade g39u>
el e SONM IR jlade (s 35,5 L (Jg enliso
e (2ol Caad a Ly wat5 ooz e sl s

1-

—R =45nm
R = 50nm
~R = 55nm
084
[}
E 0.6
g0
=
E
%]
o
& 0.4
=
024
0 JV T L] T L 1
400 600 800 1000 1200 1400

Wavelength(nm)

55nm G 45nm IR &S S50 ;0 ild e b Gioled ¥ JSS
2=170nm a1=160nm w=50nm 5 a8, ol 5nm sls &5 L

.2sb D=40nm


http://www.opsi.ir/article-1-2774-fa.html

[ Downloaded from www.opsi.ir on 2025-12-16 ]

(8]

9]

Olnl SEgis8 (6)5l8 5 (cwdige (RS e loz 5 Glpl S 9 Sl Gl ST (reitds 5 Cen
VE- o o VF Y el olips o8l oo s ol

Waveguides", IEEE Photonics Journal, VVol. 12, No.
3, 2020.

M. Mishra, M. Sharma, P. Gupta (2021), "Compact
MIM plasmonic ring resonator for nano-
interconnect applications”, Physica E, 130 (2021)
114711

R. Negahdari, E. Rafiee, F. Emami (2019),
"Realization of all-optical plasmonic MIM split
square ring resonator switch", Optical and Quantum
Electronics, 51 (2019) 235,
https://doi.org/10.1007/s11082-019-1924-7.

[10]Y. F. Chou Chau, C. T. C. Chao, H. J. Huang and

et.al, "Ultrawide Bandgap and High Sensitivity of a
Plasmonic Metal-Insulator-Metal Waveguide Filter
with Cavity and Baffles", nanomaterials, Vol. 10,
No. 10, 2020.

FWHM & a>65 L as ool S5 00l oo Jsb o=
e Hgue il (lre g aid glaae SOLL L
&g 0k 5o 00k il plie 4 Wl e oSl
syt o VL st 5 poyad 4 zselsb
2308 b liee a5 Sl (51 (S oo 2 eizeen
5 0392 yho & S903512000M I 5555 slazse Jsb 5o
o gl lae o oBiws pl 5l eolawl cud i

[1]

[2]

[3]

[4]

[5]

[6]

[7]

205 (oo Sleiiy 35

b wo

A. Bianconi (2002), "Ugo Fano and shape
resonances”, AIP Conference Proceedings, 19th Int.
Conference Roma June 24-28.

Jianfeng Chen, Jina Li, Xing Liu, Siti Rohimah, He
Tian, Dawei Qi (2021), "Progress in
Electromagnetics Research”, VV0l.96,147-156.

L. Shi, J. He, C. Tan, Y. Liu, J. Hu, X. Wuc, M.
Chen, X. Zhang, Sh. Zhan (2019), "Plasmonic filter
with highly selective wavelength in a fixed
dimension based on the loaded rectangular ring
cavity", Optics Communication, 439 (2019) 125-
128.

A. Hocini, H. B. salah, D. Khedrouche, N. Melouki
(2020), " A high-sensitive sensor and band-stop filter
based on intersected double ring resonators in
metal-insulator-metal  structure, Optical and
Quantum Electronics”, 52 (2020) 336.

S. M. Ebadi, J. Ortegren, M. S. Bayati, S. B. Ram
(2020), "A Multipurpose and Highly-Compact
Plasmonic Filter Based on Metal-Insulator-Metal
Waveguides", IEEE Photonics Journal, 12 (2020) 3.

R. Negahdari, E. Rafiee, F. Emami (2018), "Design
and simulation of a novel nano-plasmonic split-ring
resonator filter", Journal of Electromagnetic Waves
and Applications, 32 (2018) 15,
https://doi.org/10.1080/09205071.2018.1482240.

S. M. Ebadi, J. Ortegren, M. S. Bayati, S. Bonyadi
Ram, "A Multipurpose and Highly-Compact
Plasmonic Filter Base on Metal-Insulator-Metal


https://doi.org/10.1080/09205071.2018.1482240
http://www.opsi.ir/article-1-2774-fa.html
http://www.tcpdf.org

