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Optical sensor based on plasmon induced transparency in
metamaterial graphene

Abdolrasoul Gheraati', Jamal Izadshenas Jahromy’
"Professor of Department of Physics, Tehran, agharaati@pnu.ac.ir
2Student of physics, Tehran, vahidizadshenas@gmail.com

Abstract- In this work, considers the numerical solution of a metamaterials structure consisting of graphene in
which two graphene bars are on a dielectric. Actually, the destructive interaction occurred in this structure
between the two bright-dark plasmonic modes leads to stimulated transparence in spectral responses. In fact,
observe induced transparency by symmetry breaking in structure. Furthermore, controls the scope of this clear
aperture by changing the graphene input voltage and changes in the chemical doping of graphene covered the
far infrared range. So, in two ways, resonance range controls which are that symmetry breaking in structure and
chemical potential. Reduce of group velocity is order of 361.3 and sensitivity of this structure calculated as 20
um/RIU. Results show that graphene metamaterials may offer new possibilities for applications in optical
switches, light slowing and biosensors.

Keywords: Plasmon Induced Transparency (PIT), Electromagnetically Induced Transparency (EIT), Sensors, Graphene,
Tunablity.

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


mailto:agaraati@pnu.ac.ir
file:///C:/Users/Saeed/Desktop/ICOP/vahidizadshenas@gmail.com
mailto:agharaati@pnu.ac.ir
file:///C:/Users/Saeed/Desktop/ICOP/vahidizadshenas@gmail.com
http://www.opsi.ir/article-1-1793-en.html

[ Downloaded from www.opsi.ir on 2025-07-26 |

Olpl Sigigd (55ld 5 qwaige (il aiS (reddl g Ol pl Sigiel o Sl el ST ezl g G
WAV Gt V-0 lpl Gl et olRadls

oo 9 b gy Cuwond g0 Juli (815 S Sl
Lngg)‘M)" (o 6;:;@‘;; oés-\m )O as w‘ Lg..\.,l.:
oSl Sasiley py oy a8 cwl Ll suil g0
[¥] oS o0 000lin 1 31,5
jooer2k,T
w+% h?

Slagly WS B0 polS a0 cawm pp b T ¢ olans

O =

M
In| 2cosh—=
n|: ° 2kBT:| (\)

oS Sl mb amlre sly el
colies 0 o1 o aF 0uiS oo oolinul  £=14—2
we,0

el il o oadoslil 3,5

S iz gl Al g0 5l ol JSLe ol o
) Ceoltes g Y MM 815 als 90 Cules aS ol I3

Ol ol oo camlive (V) S jo oS sl Ve e M 4y

ol 27 by o 59 9 009 lojge jgoa Lsle

.[f]-.\-jl.‘;(sn

Dark mode

]
|
‘
L

ol lugls il ) S

S5, b 88l aloe conl i (V)UK 5 a5 ebiylen
Sl e 0,5 S5y b (goges dlee g Sl (1) do e )8
PIT 0y sl o com b a5 jsblen ol sl
Ll Jtsle o o) o9 p » 1, BB e ilel
Lral> 5l o) 595 o2 2 sl LSl cl jo S e
S oo oolilul Cenl) Caos 4y (g090s alie 0,8

YA

doddo

ooslsS 31 Sy (EIT) ppbling 2SIl Sl coiliss
oals el g aeo 0 7y (o5 Slapianw [0 AT
slwl sl Folite slagtsy) Seboe Lo )3 i
SIS g b 51 4 ol 00l 5 yme EIT
sloasSauans )l eolaiwl ailes sl sudoslatul
W csles Newl Sl glagb,s g 9,50
Gl EIT 4 sogey olowl sl syaz 35, Ssamdl
5 Sl 005 > 095 4 1y (g0l 4z (Fibay &5
Silwopd doSus (2l Gemen (laoy)lS
lo,55¥500 5 (Sel loods (iudad Joe (Dledb!
OB R e LS o b Geendy Qi codlan ol
Eloy DpSee e Seedly Gl Sl slese
Slml (phg) 9SG de g0 (nl Sl AT (o5 AiSen
slol 1, PIT) Sgeudly oW codlad osay 04 oo
$l yo S e ol g Ll el cel a5 WS

I¥logs oo o sl

Slseld a5l 5 dlS 3 e3g0me J S Ul
sl sl Jeab cul o pn slhy cusal
Ol i 0 aS el sabolgiion PIT (5g; 6l g0l
oaloslatnl 0,8 ¢ Wb jaoren oz SIS 5l e ,lis L
1555 5 g S slal (sl sl sl s,
5 hF e g 4 plgiee a5 Sl dezg oS
Glsle ol 5 5o 58 o)l mble ol S
e OBl slra GBS 1 a5 0sdiee (e
5 o8l Soasdl Sasle, k8, cwl sadoslai!
SLRPPS GGV RV SR [ RN DTS C T JUR PR
Sl 1 S B (Sl 315 sla Ty ot
JrS i 5y s b lord Jouly Loy 45
Sl emeblae gl Ol o 815 Sasls; ol
Soiley 0sboe 03] eSS 9S Jse R Gk

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


http://www.opsi.ir/article-1-1793-en.html

[ Downloaded from www.opsi.ir on 2025-07-26 ]

Olnl SHgigd y9lid 5 (cwiier s iSS Groposl 5 Blpl Sigisd g Sl Gl A remtyg S
WAV o M-8 gl sl 3l elSsils

S oo ol b slagwly jo 1) PIT savyy oS oo
A5 O‘}?GA Dl oo LA ol juels cel aS

JUUES USRI L= IO TR ST SRR PRSPV SUPL L I 3

Ssen PIT w5 (S0 280 Sl slogmsf o

2 () oylie el o (W) (S Sl lage @95 Y JSS
O Sl >

¥l edguzxe sy J S

O s IS eoldlEg sl Sy 5l S
@Fely el po el GBS (Sl (Sasl,
Eloy ol ;S eizr Jlws bt Joily Sl
69359 5y )0 yusS abissy oliand Jounilly Ol

Lol 3y Sl loowss sl YT o s b

é‘(\% j; 1,=0.3eV |

1

o
©

¥ “‘3 T4

Ef L1 en=0sev |
~+-p =0.7eV

14 il

Y en=09ev

Transmission
o
(o))

o
=

o
N

L L L
7 10 11 12

N
ok
(<]

8 9
Frequency (THz)

loord Jondly ok b puilS 3 o 2 y900 jloges ¥ S5

Jal Sy ploand Jomilly 53 i b (D)USS 0
L oS |z dgds cdnlive (535,005 cogume ;o owilS )3
SIS ok el S8z bt Joly i
PSSl oot Sl 08 Gl WS e
pelg oo 815 Bl SO Lo Ger 0pdse wgmne

PN W}J ‘) GWIS)B IRPRE )‘ ) u.Ja

095 ik g S W1 oy

09,5 ey oS EIT omny b S5y 5l SO
‘_g)L.uo).o}J o Nﬂoﬁﬁ YW uﬂ.a:lS [\]w‘
@ 05,5 b (09 shie g Cude 0yl Syl Sl

P Lo 0% e 2 Sl peesee <S>l
aleo litd 5o eeiS oo (o) p LSl b slazal
S5 Sy e oS oyl 18 (B abe S 50 (s0ges
s o5 S o walie Lol s sy 3 b,
2ol g wS oo sl 1) (s0g0e dlio am al> 0

oS (50 s stk slegly

[

--5=0
Sos / —s=30nm
w 1
R 1
£0.6 H
w i)
=4 vy
=04 L il
=Y. 1
\J (h
0'24 5 6 7 8 9 10 11 12
Frequency (THz)
0.6
-=s=0
—s=30nm
& o0.4F B
15
o
3
Zoz2 B
(o)
[¢)
a 5 6 10 11 12

7 é 9
Frequency (THz)

9 Ol Cle 5o (gl @I (0) Heee( ) slojloges ¥ JSS
Sl avain jo )l caSs b ol jor

oo o o5 a5 o sanlice (NS 49 o sbolas
SESe ks ol I (B Ak S )5 (gogee
S350 alee (505 brlar L Lol 095 o onmlie il
odelin JlSly dawaie ;5 )& o5 w0 » Sleal
Ded on ol b slaguly ;o PIT oayay a5 048 0
CanSis b ogd oo oanlie (V)USS j0 a5 jsbjlen
aS aiS ool ralS Cabay Gl Sl o
ol ey Gl cwl EIT sy o Sy 5l SO
Sl onl )3 (So Sl Glase @i (owin 4 odny
A 8 Al 3500 50 ogee e lal )5 e jlo e
oudlive (AN Ceand (V) IS j0 a5 5,9k jlen a5 5 )ls
SSeAS s S G als Ll 5 S e
2 S S5 S sy g Sl o el eud s
Sl sbrje () Cwnd (V)UK el S=0 >
ale 90 a5 W20 o imled o pae S Gl |
iy sl S ey S S
Sl Sl g Py, e 50l &5 )P Sea

Al gy B WWWLOPSLIT Colus jo a5 ol jliel sl)ls g0 ,0 alie oy


http://www.opsi.ir/article-1-1793-en.html

[ Downloaded from www.opsi.ir on 2025-07-26 |

Olpl Sigigd (55ld 5 qwaige (il aiS (reddl g Ol pl Sigiel o Sl el ST ezl g G
WAV Gt V-0 lpl Gl et olRadls

ond dewles AYALA NMRIVU Jlaie a5 [V]a cos

e A5 5 s golyal b sl Sy ol S s
LSl awaie o0 )@ o) e L oaS el cad

g ool als ol a |y wais Luils 8 0 Gl ol

L oeiomed Sl 0duwy duo 0 Gl S @ ) jlade
odgazme (85 LKl sl e Ll gl eolanll
e & dm e e 0 el oal eols il (3,0l

A Al Yo UM/RIU L ol

L 22 yo

[1] Y. Fan, T. Qiao, F. Zhang, Q. Fu, J. Dong, B. Kong, and
H. Li; “An electromagnetic modulator based on
electrically controllable metamaterial analogue to
electromagnetically induced transparency” Scientific
reports 7, (2017) 40441.

[2] X. Zhao, C. Yuan, L. Zhu, and J. Yao; “Graphene-based
tunable terahertz plasmon-induced transparency
metamaterial” Nanoscale 8, No. 33, (2016) 15273-15280.

[3] L. A. Falkovsky; “Optical properties of graphene” In
Journal of Physics: Conference Series 129, No. 1,
012004, 2008.

[4] C.Sun,]J.Si, Z. Dong, and X. Deng; “Tunable
multispectral plasmon induced transparency based on
graphene metamaterials” Optics express 24, No. 11,
(2016) 11466-11474.

[5] J.Ding, B. Arigong, H. Ren, M. Zhou, J. Shao, M. Lu,
Y. Chai, Y. Lin, and H. Zhang; “Tuneable
complementary metamaterial structures based on
graphene for single and multiple transparency windows’
Scientific reports 4, (2014) 6128.

[6] X.Shi,D.Han, Y. Dai, Z. Yu, Y. Sun, H. Chen, X. Liu,
and J. Zi; “Plasmonic analog of electromagnetically
induced transparency in nanostructure graphene” Optics
express 21, No. 23, (2013) 28438-28443.

[7] X.J.He, L. Wang, J. M. Wang, X. H. Tian, J. X. Jiang,
and Z. X. Geng; “Electromagnetically induced
transparency in planar complementary metamaterial for
refractive index sensing applications” Journal of Physics
D: Applied Physics 46, No. 36, (2013) 365302.

1

YA

Vg ol 5o o 090 alne Vg :NL b, &b

g

el 095 <o yo Ny g 595 Co s € 5095 o

-1000

500
]
x h
% 0 ': H --s=0
a i —s=30nm
3 -500 i ]
g i
h
1y
R

7 8 9 10 11 12
Frequency(THz)

5 S 3 it Sl sl 05,5 s o D S8
ol JolS 5 e ksl oS s e (O)USE 5o
S (SHpeys Sgboei odalin (295 Loy ol e

3l esS ey GalS LSl o )8 o o Sl
s yor a5 [V] 4y s o5 595 o oalins YEVY ai yo

el 5598 Yl Wb (o0 (RIS VY - iy 5l 098

S| s Sl w0

o 4 o] Canlus slgal 3 > sla S 5l (S
b ol T 4 a4 caie bl lore CenSs

IV]aas o casls cu o 4 atuly slo S

[N

Water(n=1.312)
~-o~ Glucose Sloution(1.322)

—+— Glucose Sloution(1.332)

Transmission

—+— Glucose Sloution(1.342)

—+— Glucose Sloution(1.352)

(o)

Sensitivity (nm/RIU)
5

L L . . L
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05

S oy S b el () jgae(ll) Jlgas # S
Slbl Lo
095 1y B le 898 o0 omlie (F)JSE y0 o5 j5bilea
5 mloals J13 jasie slocaSs oo bS58 5 O
20,5 dolne | LSl 9l cpl Gl g j5ue l0g00
aS Cool Yo UM/RIUL oy jbslogl ol Coslus a5

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


http://www.opsi.ir/article-1-1793-en.html
http://www.tcpdf.org

