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Tuning Capability of THz Surface Modes in Photonic Quasicrystal Containing
Graphene

Abdolrahman Namdar?, Rana Feizollahi Onsoroudit, Habib Khoshsima?, Mostafa Sahrai?
! Faculty of Physics, University of Tabriz, Tabriz, Iran
2 Research Institute for Applied Physics & Astronomy, University of Tabriz, Tabriz, Iran

Abstract- In this paper, the surface modes in a layered structure containing graphene based on quasiperiodic Fibonacci generations
in the THz frequency range have been investigated. This investigation indicates the formation of surface modes in the transverse
electric polarization. It is shown that these modes are tunable by varying the quasiperiodic generation orders. We will show that
by increasing the generation orders, surface modes is shifted to lower frequencies. In addition, the electric field distribution of
these modes is more localized in generations with lower orders.

Keywords: Graphene, Photonic quasicrystals, Surface modes, Terahertz

Yyv

] e WWW.LOPSILIT osg ;0 (4098 (po s 40 byl &y allie


http://www.opsi.ir/article-1-1313-en.html

[ Downloaded from www.opsi.ir on 2025-11-11 ]

VYA poge VEY

sl e sloylisle 5 plite wslite (glalisle
Gy ool 2b, soseli K (gabus & wiiin
HLS Sl adlg oo (g S Sl o o jlis bl sl o0
L Glae Lay 5l Glize go5 cpaix ool JI3 4»
Lalss cpl galax 5l Wgd JSis ol sbballis
o Lol HeEl g wysem9e e TUsd Sloallis 4 lsiee
Sed b SRy Fled sdlis e (nl 3 05
i wims o ol 055 31 ler sloo )15 b 00iiS Cgioe
phiel § oglite gt | S @ 10 b S ol

18] s os azily

aibe G55LsS slajlizle o e sbbdw (S U

5 Sl olge 51 JStte Sigigh (slo sl oS ol
53 IV e Y] wlass 515 addllas 3550 (31,5 o Leasdly (3l
5 ol Sy slossh Ard gy Lo Ban alis
5 eoliiwl b Loyl Srdpes el 5 THZ 4l o
Fesiis Sl g 0,5 euplys colaiul >Ugod glieass

S Jgol =Y

A ] e S elibians S sk S
Je5is (2lgmd Sl Sl T sk 0 a5 0055 o0
99 GRS o2 LSl (Zlgnd (S350 Hok 4t Canl o
pln ade >lgad Lol .yl o Cwny G 9D sy
5S,=D §nN=2 LS, =SS, goacl sb. S, .
Zlgnd LSl jo by olas el o Jol> §; =G
Fo=F,+F, ool gty e Fy o plN ey
Jsl 5 rhe oy (Zlgnd 05 pain N22 il 4
IR =F=1 omw)baY S his plss o
oad pall (o slave galinse gaidse)d jslaie 4
S e S SER sk anb g e S iie Jab o
5 @ Glgly Gl B L S5y (mnboliiog 21 (goulad
) 2ss Syl ekl 5 k=0fC olil slad ggo oo
2L Gl lge 098 Lo a5 S e S 50
9 &g Syl b b D) (Ko ool S sk
ool 0 (Sl Sasile, L (G) o8l 5 4 dy cuwlxs
S yiieo ghaw 5 Z j9mme g WGl I3 XY axas jo baasy
Shbl b @S o0 28 Geizred Ll Sgec laa¥

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

doosio —)

2 S a8 Gl e lae 99 (po S i Juab
2 e Glgie 408 o o5k Seml slvessy 5l s b
CanS 9 ‘T’U}l% JW‘ °‘5’° ‘SJ-‘““" J“‘” Ls’l‘“-" ‘SV*’.."J
Sy Jad b Gilse Sz )0 (e ez Oede
ol saiels S i Jad B,k 90 4 50 bl wiS e oS >
g o e S piie Juad jl catein galols S an
ol Sl 63,5 e S (Sl ol ]
I¥] sgi g0 00 )15 a5 ol s

(e slbae lbdgel o geadaisls 5l S

g ol e Syie Jad e a5 attes lade

omlae s b lsbe ol igd oo Sz eSS 2SUlss

9 SO pSlgs 6[.:;‘;')".;.5 S (6,lab N W ales

calee ool poade gl Y] axis TE we 5429 pac

o )lsle opl jo 315 51 5B sble, sl 4 lgoe
..))5 oolawl

Gl 131 S alies a4y g als S 5l sloole 315
plite (glaisS (i amss al)l o o ol lagil a5
Jls 58 G815 (alRalesl adss oo 51 LF] wlazs 518
Jds cane slazils 815 a4 glofg axgi lades Yo - F
o 3l abez 5l IS s e amie sla Shis el
obliseg ySIl sly eoeS 5y 5l eslanal b J s L8
cwl 7] L lagel> oYL s s o0 5 (0] il
el (Sg Sl sleoliiws jo b Shy cnl &5
Ol @ G315 e aiis ollas Wb gy 5 Ylcs
THz 5,8 el el ouls jolb (THZ) 35,005 ool
MM zgo Job b (oublinog 58Ul s 5l i plgie o
IV] sgi oo Guyws (300 GHz-3 THz) Voo pm b )
sk sloojem jo Sl sles )5 THZ (6590985
S rrgas 5 (ICT) Slbls)l g Sledbl (655555 alo
IA] sjls Sisss

Orle W a5 Sgigd slajsh 4l s e

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://www.opsi.ir/article-1-1313-en.html

[ Downloaded from www.opsi.ir on 2025-11-11 ]

VYA poge VEY

oG o)
b.) '|b,) lc D)b,

Fail salal, sl a5l oo o)led P ol o &5
Jlesl 5 o ple ool jlosliiwl b plgi oo 1) (rbaw (slase
3 S e Jad gl yee Jelgd o laglae pad jho byd

:0)5] Cowd z=—d

s

o>

A_
A+

& oo
k k

*)

A
=i
A—

o>

1 1

B=e" , i=Re(A)x[Re(Af -1 o] ,» a5
Oyge 4 255 Jse b il esliiul b 315 (Sl (Sl
09w Opg 45 3gdoe &byl O =0, + Oy
S e ol Gl Dsn me Te 9 Wb
o T cpeydy <ol kg b cpl jo a5) KT <<
JSE @ O 9 O (Sl (olosls Joniliy g1 g (81,5

[VF] g o daitigs

.
Cinira _& 1 )16kT In| 2cosh £ ™)
4h 27 | ho kT

2 u—
Ot = e—{1 + 1arctan ho - 2p
4n 2 & 2k, T )

i n (ha)+2/1)2
2 (ho-2u) +(2k,T )
Sygo 4 1y (F) aoles TE oxbans glal (28l jslaie 4
oS oo o gdus

}

L @L‘fa 3 QL.AL"M -y

Sk iz 511, D g (goae alawlxe ploxl (ol

saY cubs g Vol d, =57um 4 ,=38 L
B5 a0 d, =02d, 5 d =3d, SadS
Y OUSS ailes,S obsl T=300K 5 p =0.2eV
sadgs slp 1) (v glaae (Sonsl sla s
Sl awsoe plis ol JIpge slaas e (lgnd
a3 (gbliseg xSl Zloal Ll slee lail ()
S 5 s (g &5 (b )0 aiias Son 090 45k
lyel il gosle] a5 wies  asgies  slawil
2 izl wies e |y (s T ) (pupblisng 2SI
G4 o Slidl a5 09l oo alaxdle s asew slaos

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

ooy lid SV S o oS wigSiles Lol g izl
L J9 D ¥ u I S5 4 Gl oad
ook Al e O3S Y S odle @ ode Sglite culks
peedi 09 Ay Glacls 4 Y5 g0 4 SIS
z=—d, 3l Jola¥pj;.do=d +d, a5 5,5k @ 09d 0
Jolis jbsl ady b o aasls 2=0 )0 9 0980 0 £9,5
Tlgd glite 4l axly Jolo b gl jlisle SO

Ll

e 0 a a d o a_2d o
ds dt “[ .
7
cap D D D|D D
- cell 1 = cell 2 |

b et ol gyt Sypn sl e e b s ) S
Ol 5o Sl euld LSS ek 4 e (g Wge 5l &S Sis
Eglite Calids b Ll D sa¥ iz 5 S il d, =572m
o e el 0 o0l i Ky jed s b o3 e

RGO (P A_)t;‘l-wl

US54 TE glsel pmnbliin 5 oSS sl

E= Ey(z)éy gilkpat) )

H = (HX(Z)éw Hz(z)éz)e‘(k/“"“’ "

5 ol mo 4oy X sailye k=K, lap] 45 45 aites
a5 o3Il Ll sagly 6, a5 <l B=n,sin(6,)
alsle glaclsr sl JiSle  dgac bt 4 Cas

5 ol Ole pl 1 a0y )0 50 zgw

ik, (z-2,) ik, (z-2) > 0
E ()= ae +hbe z o)
' b,e** 2<0
H ik, (z-2) _ ik, (z-7,)
H ()= =L (@8 be ™ ") 220 )
iou b,q,e* z<0

k, = (@l =5 5 a =(@/c " —n] Lxal o
Lylys Jleel bcadd ol 1 ga¥ j0 7 slewl, o zge lo
2 skl sl o baplve gadge @Sl (555
el VYT JGsl G sle bg, 51 oolictnl b g axlg Jgku

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://www.opsi.ir/article-1-1313-en.html

[ Downloaded from www.opsi.ir on 2025-11-11 ]

WA o VEIY Olnl Sigish (5)5kd 5 (qwaipe (il S (et 9 Sdgisd 9 Syl (il S Geges 5 Con

w.».h.u AL Gav_la,.; slas ol a8 o olid (goue S At 8 09l oo Fomb sl s 8 ‘57_‘4‘.4
Sl ails Clite a4l sladlge sai e bwg 5l w2lR 1 Ghre o ol collB wge g4 e
ol 558 B coge glite s slaa)ge (gai e S
A Sy 1 S Fomlb Gl B 4 e s s s
2 3 4
S Foml G4 b plalse o base (S0l 2 ¥y Ir e
w‘ ‘.«I, ,’I : o ,;'
&=y = . Y
15 A L ;
[1] B.E. Sernelius, Surface modes in physics, John Wiley & g ,:' P K
Sons, 2011. -7 K
[21 V.N. Konopsky, E.V. Alieva, “Photonic crystal surface waves 1 i ]
for optical biosensors”, Anal. Chem., Vol. 79 No. 12, pp. o / e
4729-4735, 2007. I
[3] M. Jablan, H. Buljan, M. Soljaci¢, “Plasmonics in graphene at 05" ‘,," ] L

infrared frequencies”, Phys. Rev. B, Vol. 80, No. 24, pp.

245435-245437. 2009. 12 14 16 18 12 14 16 18 12 14 16 18

[4] A.K. Geim, K.S Novoselov, “The rise of graphene”. Nature g b 3
materials, Vol. 6, No. 3, pp. 183-191, 2007.

[5] T. Low, P. Avouris, “Graphene plasmonics for terahertz to 5 logp S i Jad o hw sbboe Sl b ooue ¥ IS
mid-infrared applications”, ACS Nano, Vol. 8, No. 2, pp. . L N . e N
1086-1101, 2014. 30 sload o (Fled gl 4l slaadgs lil a4 Se598 jols 4l

[6] K.I. Bolotin, K.J. Sikes, Z. Jiang, M. Klima, G. Fudenberg, J. Sex S
Hone, P. Kim, H.L. Stormer, “Ultrahigh electron mobility in )
suspended graphene”, Solid State Commun., Vol. 146 No. 9—

10, pp. 351-355, 2008. THZ uilS 3 b ek de S iSI! ylone g8 ¥ JSCE

[7] P. Mukherjee, B. Gupta, “Terahertz (THz) Frequency Sources o ‘*;) o &Y
and Antennas - A Brief Review”, Int. J. Infrared Millimeter colie REX P uLW Jch Alisee G4 e dw o l) Y
Waves, Vol. 29, No. 12, pp. 1091-1102, 2008. ’

[8] M. Tonouchi, “Cutting-edge terahertz technology”, Nat. 99 (54 yo .\Jya 5o ,_’>da....» Y ’..\.:)i’b as .)o)f
Photon., Vol. 1, No. 2, pp. 97-105, 2007. F < <t

[9] D. Levine, P.J. Steinhardt, “Quasicrystals. I. Definition and Ll OY> ol 3l i

structure”, Phys. Rev. B, Vol. 34, No. 2, pp. 596-616, 1986.

[10] F. Ramos-Mendieta, P. Halevi, “Electromagnetic surface
modes of a dielectric superlattice: the supercell method”,
JOSA B., Vol. 14(2): p. 370-381 1997.

[11] M. Faryad, A. Lakhtakia, “Propagation of surface waves and
waveguide modes guided by a dielectric slab inserted in a
sculptured nematic thin film”, Phys. Rev. A., Vol. 83, No. 1,
pp. 013814-9, 2011.

[12] A. Madani, S. Roshan Entezar, “Surface polaritons of one-
dimensional  photonic  crystals containing  graphene
monolayers”, Superlattices Microstruct., Vol. 75, pp. 692-
700, 2014.

[13] Z. Tianrong, S. Xi, D. Yunyun, L. Xiaohan, Z. Jian, “Transfer
matrix method for optics in graphene layers”, J. Phys.:
Condens. Matter, Vol. 25, No. 21, pp. 215301-10, 2013.

[14] L.A. Falkovsky, “Optical properties of doped graphene
layers”, JETP., Vol. 106, No. 3, pp. 575-580, 2008.

[15] Y.O. Averkov, V.M. Yakovenko, V.A. Yampol'skii, F. Nori,
“Terahertz transverse-electric- and transverse-magnetic- 2 o 2 4 6 8 0
polarized waves localized on graphene in photonic crystals”,
Phys. Rev. B, Vol. 90, No. 4, pp. 045415-7, 2014.

w

f\f\/\f\f\a___

RelE(z)] (arb. units}

Re[E(z)] (arb. units)

Re[E(z)] (arb. units)

aw YV THz L5 3 L odaw s (SO Sl Glage a8 1 ¥ IS
calizeo Wos (545 0

G S ez —F
Sl Gy e slbae Saasl @lae pl o

15 i slade s el Sl adlls o) 26,5 )3

Yt

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://www.opsi.ir/article-1-1313-en.html
http://www.tcpdf.org

