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Graphene based multiband THz electro-optic modulator

Behnam jafari', Hadi soofi!, Hamid Vahed', Ali Akbar Shoghi'
ISchool of Engineering- Emerging Technologies, University of Tabriz, Tabriz 5166616471, Iran

Abstract- In this article a multiband electro-optic modulator based on single layer graphene is designed and
numerically investigated. The designed modulator incorporates metallic Nano-antennas to enhance the absorption
and hence the modulator parameters. Due to integrating graphene into a metal-dielectric-graphene (MDG)
sandwich structure, highly confined graphene plasmons (GPs) are excited in the MDG structure and multiple
order Fabry-Perot (FP) resonances are formed by interference of oppositely propagating GPs waves that account
for the multiband absorption enhancement. The applied bias voltage shifts the transmission spectra which in turn
shifts the maximum transmission through the structure. At 31.7um, the modulation depth is as high as 18dB.
Unlike other graphene-based modulators that modulation is based on changes in graphene absorption, in this case
modulation is based on frequency shifting of FP resonances.

Keywords: Electro optical modulator, Graphene plasmonic, Fabry-Perot resonance.
V2
Dl s LB WWW.OPSLIT Colus j5 a5 Cunl jLiel lls 550 40 allio oyl


http://www.opsi.ir/
https://www.opsi.ir/article-1-1717-en.html

[ Downloaded from www.opsi.ir on 2026-06-18 |

Ol Sgigs (6 9lid 5 waige (il aiS Craddl g o)l Sgigs g Sl el yAS et g o
WAV oo M= gl 6l ol oSl

(OS5 sblze 5 i85 eolitul b ol gl 5o a
alsel e 9 628 U5 5 0T 50 (Sgandly Elgal S 20
odil Wiz ygee ik 4 peiladlys o oupidad gedl
b Joosl oF 5y pokati b Sy jsh el o
it b pgem¥ge Jos olodo zoe Jobo 52 50 5550
o2l 5 sm¥ate Loll a8l o U] oy pea¥aie Gos
b Jbe sl ol gl 515500 b il LS
YL 5ty g <y oV ol 5ds b (oS Gl Lol
L ogm¥ode Joo yiogSe Y zoe Jobo j0 dg V1O
ol aSy sk Wl e BT GeaYode Bee (n i
Ol b S pe dS oy Ve D50 )0 el Houe
dsb Cooms 4 je¥s0e Slles zoadsb cuS 5l
oo &SIl 0w e by cad ool slagse

Sl walyS 1) 955 jlade o i gV

28 Ygue (>l)b

Ol [y a9 g a3 (golgiiny H5i¥s0e LSl ) S0
95 ;o 50 oyl gl 0gd co sass a5 jshailen apd o
oyl b wlosds esls JL5 535wl 5 YU b
iz 3,8 51 ONM Caslis by 5o iSgs bawgs oVl
Gl WEWL=1M) Lo 5T 656 51 S0 (0,0 .alons
b olide blia 5 Ll b o ol oa 23 5
Vol 4 sSeles e bl p S5 gojlull
doily 5SS Glp oS Ole 4 &5 ey See
4 s 3k 455 o ot ot GBS w250
Lo e So sl oad Jate by o (5T 5
abais )0 @8ly 97 sliwl) ;o lagmlgl p dgee il
Toe s Yge 5l 35 L ogd o0 0Ll pins 4 Z=4HM

Bgdee T Bl b lead dgae (559
& ol o ol FDTD ) a1 sl (658 b

\FY

doddo

S35 Sloyg¥ase 1708 a5 Olsld slas )l Lo
Pl ol 5 6,8 Slpbe (o)he sla)pd wsile
ouds el Wil (g5, » ilisee slataghy 5 Slavios
ole o Kotz g o3 e céyay Gl 4 [V ]el
Sloogas g o )5 L solge wlye (2l 5 (5351555 5l
b eleysi¥sse (Flb 5 Cole ;0 00,08 &m0y
ooliinl 950 Al 5 layel)ly 5 oz slas )8
IY] IV 658 slge Jlia olyic @ lazs,s 3
2 elie sl [F1805 5 ey d¥lagsbe s
Syl donr @lp OS2 e slaygYsne
G2 g Ygde Sy g gie Boe wiile oS
S0 5 Zeedsk @oil et Vg gojlail ol
ol 51 (e les S e bay5 Vg0 moe sl ally
Goe 09 05 OSekew (e gl sle g5V gae
ol JSie ol poade Glp o Ll o geaYsan
5 Wadoo aiSbe 5 (b (S5 oslal o layYsae
5° ol gl Sl g 501 5l g chonds L 1 o
@ Wlgse )5 sleygVee ;o 81F 5l eolanul Llde
3asS ade gewYae Gee g ojlail i pu slpnogase
Sl Sl @ plgies BIS 058 yazmie sla S
Slaseie d0lzge Job 5l it iz < ladsl> @y
c Seilily S Styg0 5 ooliisl b pelis BB (550
S35 o 2l 9 Yo S8 Sl oS ol £
50,8 0Ll [F1SzsS Sl om0 (pumsboliing 2SI
S sln Y S QS 68 wdx Ol 00 G50
Ly el o 2 0908 ©)90 43 45 qubliiog 28l g
S e @ =2.3% L ol g 55 eilS 5 5l Lie
ol sl 3 Gl jo el slerin (ng slats,
51 eslital (GBS L bl Sl ge S )l
Segeadly SIS 51 esliiul 5 538 slasle bslugl

Dl s LB WWW.OPSLIT Colus j5 a5 Cunl jLiel lls 550 40 allio oyl


http://www.opsi.ir/
https://www.opsi.ir/article-1-1717-en.html

[ Downloaded from www.opsi.ir on 2026-06-18 |

Ol Sisd 655l8 5 (gt (IAS eepdil 5 lnl Sigigh 5 Seil (RIS ety o
VYRV crage V=8 il 3l ol olSetsls

5 5 sy walss 1) 555 lade o ylien s 5l j5ee
S gl )3 0y, (Sgendly glosl &5 (ala Gl
s 10 55 oS e sadlge il 5Ll I3
b 53 ool o 5o Sile a0 b 533 oo 5 31

sl aalgx 1y Jlade oy it 03,5 wdar

Vo8 58 85 e 5o (S e i Y S
@ PS5 g ;o Gyl glosl gn R uilig,y el

S olade g0 gl ¥ USS o je¥sane Sl (g5 b
13 S 5 oy, bl sl ool st sols (lis a3
SO 4 eY cwl oads ool las (S SUl Gl & je
S8 (ilis)) s o LSbo o o)l Sy a5 ol
28l uilgy) s 4 M ST og salss 3,8 0)lg0 9
alaly 5l Gsedl glsel zae Jsb jsail o
P W ool o &5 wsbios aslne Ao =2W/M
S 6998 595 8 SRl L el Lapilaly

S . Al il

80 | ' v — ED.2ev
e E =030y

on (%)

Transmiss

4 6 8 10 12 14 1B 18 2
Frequacy (THz)

aS 398 g0 0098 . ilS B o Vs (5 gme b Y S
a o 5,8 5l can ;0 jeee jlake ga)8 515 50 Sl i b
S (o0 et (st e BB e

51 3 la e CBle oy S a1 S

\£Y

S sl sl Jow 0,28 Sliolesl 5l el Caway
Ol b Colaa 5l eslaul b son 90 goole & jga
99 5l 815 rdaw Colas O¥sles Ll oalls (g3lidos
Calae 5 Gl e Lo )05 4 by e (5558 Culas Cend
el oady LSis il 9,0 byl L cenliie ()98
by odee jola SIS 59 Culae el ol o
Ol 1 0sd e ot ol uil (9,0 slo)liS
Gl a8 gl 09,0 ald o &g ]y 815 (6,65 Culan

2,5 sk ) al) Ogar guil 90

-~

.‘O.
i
|
‘/4.'.'

Graghens

“w
WM aravare

1 oo atedee _latos a5V gne il ) S
Do oo LiS 1) 9 pm6 l 53ls5, (5 00gaze (B pe iy

o(w) =0, (E,)/+ @) M)

do Soisl colis Sile 0y (B) YU slolas o
el ()8 3l ComBee 4 aluly a5 cul 818
iz ik pl 5o el i dobee a5 s philen
@l o0 5l el salwn Wlgi e 315 53550l
e VO JD ogd dgse B1F Sage Koo ojle
L VeTHZ Gl 8 50 315 gl jo (Sl o
99,2 5 Syl glyel JLSlo )8 Sy e oo LA
ol gl ol b o S5 3,5 IS Con
QS g0 US>y £9ph Alle Sz 0 31 s o
kB 90 Oga Mo ileil gle absS Koo o jle &
5 O35 gl 50 Syl glosl <S> b S (oo s
3 an 6l JB sbul el Kuss b Ll U3l
@l 52 50 098 (oo G851 S Sl sl 5 s
ool s 55l 0ol (Sgandly lsel S5 T 0 &5

Al oy BB WWW.OPSILIT coles ,0 a5 el jlael glls 5,50 50 allie oyl


http://www.opsi.ir/
https://www.opsi.ir/article-1-1717-en.html

[ Downloaded from www.opsi.ir on 2026-06-18 |

Ol ! Sigis8 (6,0L8 5 qwiige (il 1S o3l g ! Sogigd g Syl il Ja1ST et g s
WAV oo M= gl 6l ol oSl

Modulation depth

\\_“_(\t

S 5 4

Syge BIS » e FAl HeYese S llie (nl 5o
slayg¥ore B » 235 )13 il Joae g Sk
Sl B o cand I LSl al )9 cpgmye (S31S
Solae 3 s S0 gmms Rl Bl [y by,
el 0o oolainl yawVgas Jas glp 315 xlaw
5 3L sl Oy Vg Foe shls 0l (b 55V s0e
zoe Job so Jbe Gl el Gy Sl o Sos (505
O 5 s LY eV gde Gee dls gl YY/Yum

e YV ol & 35 4 Jlac! 5Ly e

L2 o

[1] L. Siyuan, W. Yanan, T. Xin, “Graphene-based optical
modulators”, Nanoscale research letters, Vol. 10, p. 199,
2015.

[2] T.Yongbo, P. Jonathan, “Over 67 GHz bandwidth hybrid
silicon electroabsorption modulator with asymmetric
segmented electrode for 1.3um transmission”, Optics
express, Vol. 20, pp. 11529-11535, 2012

[3] cC. Papichaya, M. Delphine, “23 GHz Ge/SiGe multiple
quantum well electro-absorption modulator”, Optics
Express, Vol. 20, pp. 3219-3224, 2012.

[4] L. Ming, Y. Xiaobo, “A graphene-based broadband
optical modulator”, Nature, Vol. 474, p. 64, 2011.

[5] J. Dawlaty, S. Shivaraman, et al., “Measurement of the
optical absorption spectra of epitaxial graphene from
terahertz to visible”, Applied Physics Letters, vol. 93, p.
131905, 2008.

[6] A. Grigorenko, M. Polini K. Novoselov, “Graphene
plasmonics”, Nature Photonics, vol. 6, pp. 749-758, 2012.

Tai

A

» bl chale o el n= sabl, @b
il Olae Jow g cplply 09l oo (315

A€, |=hv, Jgifr

0X

V, -V,

M

irac

$B20,35 (o8 > 23,05 ooy YU skl o
m
vleoeg 5 o Sled Cwlbrad, (oSl 6o

28 ) st ¥ S ol BT (08 e
el 0l 0ol L)L‘""’ U"’L’l’ )L'Jﬁ JL“__‘ )_" o

10 5 0 5 iy

”

bl s s (0 s Dl s o F S

18Ygae jee il Sogaze (zsesb g0l SO sl
ol b mhaw a5 S8y ol oad oo)jyl NI SR
30 e e (pyieS Wil V= YVeos o Jleel
S 5y il b sl e LT VYV g sk
O 9 A (ool I8l 7 al eeY s as
OgeYgde Bos logad A5 o g el @ a0
)b ol o0l OO)BT 4 Jiw )b kSJLQ"c‘ )LJ9 o> g
Job slp Gem¥gae Gas (p i Ve=VFY V5L,

aliee Jlasl ooF 5y 6l 4 Ve (550 cib 0 S

Dl s LB WWW.OPSLIT Colus j5 a5 Cunl jLiel lls 550 40 allio oyl


http://www.opsi.ir/
https://www.opsi.ir/article-1-1717-en.html
http://www.tcpdf.org

