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Designing a y-branch using Graphene based Hyperbolic Metamaterial

Maziar Shoaei', Mohammad Kazem Moravvej-Farshi‘*, and Leila Yousefi"

\Faculty of Electrical and Computer Engineering, Tarbiat Modares University, P. O. Box \¥1\6-14¥, Tehran
YFVIVATYNS, Tran

"Electrical and Computer Engineering Department, University of Tehran, Tehran, Iran

Abstract- In this paper, we designed a polarization beam splitter using tunable hyperbolic metamaterial based on graphene
which has large walk off effect. TE polarized beam pass throw this PBS with no refraction, while TM polarized beam pass
with a refraction angle 6 which is adjustable by graphene chemical potential. By aim of this property, we also proposed a y-
branch. The incident beam exits form one of the y-branch outputs by varying the chemical potential of graphene

Keywords: Hyperbolic Metamaterial, Polarization Beam Splitter, Y-Branch, Anisotropic Materials.

VEYY
DSl o yiwd BB WWW.OPSLIT colus (o oS el jleel glils G g0 j0 allas oy


http://www.opsi.ir/
https://opsi.ir/article-1-867-en.html

[ Downloaded from opsi.ir on 2026-02-06 ]

@l Lo sy ol ) S5

20
10
ob T T T T L T T
-10 g 0.4eV
- ==t :04eV
=20 g eV |
T - =€ :0.5eV
@ -30} X :
o sy: 0.5eV
-40
-50
-60
-70¢ " i ]
10 20 30 40 50 60
Frequency (THz)

59ty 9ol S 5 3508 Sl e > a3 Y IS5

L]
Sibw duls bl g golpeiiy jLSLw Y

Sae oolalyd gl Lo a5 g izl 5l asly Joko S
sliwly jo sl ol el odel V S )0 walesls 51|
aly Joho ol ol J1S5 Gglie job 4y e
6o aY 5 85 Y G el aY Yl S
3 Spsdl gl AKOy s 5l SO sl

LT oo oty o alaly Lawgs caliseo sl

-1 14 \1
g, :(g.“:gdgd :Zmdd ’5y:5¢:[gm dy, +44 dd] )
m d

&S ey S 4 Uy g Oy g @ §ob Ak, o
slsly jo 0uds awle S Sl (50wl S
Joily 9o il & 2l b Gln Y g X e
) o o..\.n] Y Jiw o ’,& eV 9 ’,f eV u;'L.M
S iSI g0 aales 5 YD L ol g e Slile
ML?LO 6‘;»0».*7:.0@%»‘ 03 w)f)Ja))d Y. nm
P SO Sl (60 o wlaid S 0y 9,0 Jow 3l gy

4 ol Eds Ceend e 4 axgi L sl oy

Joily Gl @ Jie lp g oo punds 4l
Jolis a5 el g™ o Jol aml jo + ¥ eV G,LM

VEYY

St S ~ oKisls Y YAY OLQ..{Q YO LYY

doosio —)

So> a1y ok azgi 0jgyal a5 Slgel B 5l ggaz 05,8
shls olge cpl iyl ab Joldn slgsl 3 caslos )57 il
Gl Cads o a5 il o0 (69,8 4 paxie b S
09N site CanSd 5l g e Lol ales 5l 09l oo
ples sl yao LlSasl V] e cenSi oo il
b Y] Lol 5 Jlal lojen 0,5 ao o [Y] Lls;
Caols 5108 a4 e sla)ls, !l oy

Gl ol aseie lgeld cpl ol 5l aS shailen
65yl WIS Jodia byl opl LlS 3en
[Flicl 55 &0 4 olge ol o oSl

g 0 0
e =0 & O )
0 0 g

£ & g Sl & &<t ol o a8

4“’[” x u;“l"""’ Q‘“Jas a U""L“""' P oo
YY) Lgbbrg.m.ﬁ.a oloads 4.§|)| o)iiwt ‘SLQJL_MH;
b walk-off 514 oS o003l 5 L%‘ fdss 4y ol
it b 5l Sl ) Logos 45 3,Slunanl lge
Sy » 6ol ollas 1zl [A-0]
f°5°‘>).l? u‘9—‘-’ G ‘-"5,5 SHge ;’-»-Ja 3‘9.4 dé)i.'l oL
@ e 9 slopado ,o Walk-0ff S ol oo g
6ys5 [ g &Sl b oS Bk I, s
Iy Fode oolel 3 alice (60,Klucnl L olge 5l oolaul
s sl sl 4o [A] g pe jo 0ls w1

Lol oais &1 (60, Kiluaal sl 4

sl e

5 e S Jodi oslel3 5l solanal b allie ol 5o
w23 oo 1ol walk-off 31 L el 4 wles
y-branch tzle G cools cpl 5l oolain] b s
Jloel bl & 4z 5 b jlo ol o oS (o0 (A
SIS o 5l e y-branch ay 6099 65 35 &
y-branch .l 5l .06 7,5 y-branch >g,5 slac s
2,8 ol (6,98 shhie sloeS >k 6l Gl oo


https://opsi.ir/article-1-867-en.html

[ Downloaded from opsi.ir on 2026-02-06 ]

N W ;
‘N (I

(<) (A
Gl lgin plp o ilad 4 (el 95 pandio 0 Slac oo F S0
TE (& s TM (i
5 a0 FAYY agly L TM oo Ll 0SS oo j9ue
$ peiie (pl Jsb aS01 4 dzg LSS e Jlsle
Cowl oals a8, Jlas s Veum b ol ioded 4 wles
Sg dlex VY AYUM L ol walk-off |lude 14

y-branch <, b 4 mls ) 5l eolawl b eST]
Fn palyn GBS (2 bl e b &S mslon e
oS Salie (295 a2l g0 Sl (o ) s
1 ik 4 el gy e lp Lo 45 oyl Le
cpe polie oo O K3 Dy 4l w85 L
sl 00l ez S 50 oole Ha olal ¢ SO STl g0
Glags a lasls ol Sopsll oo cupe ok
i Vb S jpams 5 odle 45 ansl oo Ll
i b sl axtls Jolim oslel 3 1) uilogel 3ok
slal sl 4o | Sen e o ey 035k 5 JUi]
il (glisS & (sloskl b A Canliis 5 L g5
I i sl golpiing sl a5 el oud
Sl (29> 90 e e DS iy g JUil
plml gilo amd paiz aige Sl 4 ol sl
o oS cadl 1 5 Sl o] mls oS cadl on
el (S8 e ead S5 olal gl LSl ange

250

alold ppiin 2o, 90 Om &S Gl ol L Bos
gp a8 Jol s glp il anils sezg Sew
DS pleord Jeily Jlade gdioo gl 90 (295
G ol Glpcwloas ad )3 b s - FeV L Ll
I pes &l Jowsiliy (29,5 99 G alols (i
ol m gl S g lesls oz VeV JI-) eV
O agly B F S Lles )5 dilbre |y Sl 0
IS ol o aS jshiles ams o plias 1) cdl> g0 ()
0 eV sl gl O o s (el aseio

YFYY

S S ~ oRadls A YAY OLQ..{D YO LYY

\Si""'l Pl el

() (=)
(Gl 5 Shecath Lo 5TM §TE b b 55 s oo ¥ IS5

Syan (g Jddo

a5 aibion PRV THZ 51 iSass (slouls 3
5553 aolS okt o atl e8>0 5 BSe a3
2ol $Y,Y THz

Sl Ggam (S 8ee ke Q—I 0 aS Jol amb yo
3 ,Sluodl (sl b )5 51 (63l ;o Sl o) auS oo
BN Lmoi 5o Ll s o 7y Canb 0 59240
L} 6&5)9 9.4)) r:jo c\...>l) )o w‘ WS :Lcyo.c Walk-off
ol S oo e LSl S ae S L TM iodad
Tobw S pl j0 i 9z ge Canb o G
Aaxlogo ,2 ,0 4T 0uS Azl ol Jelda il e
e S5l ) Sh b g TE 1l L 55,

Ao oo sl Al 9o cpl o ]y CllSlh 0geu ¥ S
S i Jad pooges i L aygly sl (Sl e
Sl 510 gl b 65500 TM g5 ool o3lel 2 5 192
asle pj akuly loasly cul ke S e s

:[‘\]oyb@

(f =D cosgsing

tané = 5 —
cos“ ¢+ fsin® ¢

D)
odds ploil Slawlors oo .0l oo T=gyley (398 alail) (o
L plp 0 Jlaae $F THZ Lul5 8 0 5 0=V sl3l @
Cowl dz 0 FPAVIVY

Lo cyindnd &y wlas o5 it (ol 0 Slos Co (6l
Jol> @ls § S8 033 00 Sgume Ll o)
Slp ekl 4 ples $in mede (nl Gile 4t
JS& 5l as pohailes aas oo QLS TE 9 TM (gwsS 5
Sl Sl GuSs e 9 TE oo ol jasedie


https://opsi.ir/article-1-867-en.html

[ Downloaded from opsi.ir on 2026-02-06 ]

Ml i o & S s g Sl s
DS e Sl 3 e Djgo 4 g o] A o

spima ol i) & (53 4t 3 ol gl ¥ S
Slp el jasein IO 0 a5 jghiles 0o o lid |
93 7o 3l o $a F BV pleed ity
bl JEl cops jlade Sl cnl )0 05800 )15
3 60ey9 gm0 eV sl ol 4 cwl VE.
ol 5o JUS) o p jlade 098 (o0 g ol (29>

Sl LAY L ol & a0

& 35 amid Y

pie G (Joldn oolel 3 5l ool b b alas oyl o
el LB o ilos S (Sl el 4y ol 5
OlFse BIS @lerd Jeily ;o5 bojls sy
y-branch ,oves o, oo |, walk-off Sl ool
P4 8399 $ G3LS bl et b &S mlesls )
Al Ll ssd e Colan s, leasls 5l S
Sl ol 5l el g s JUsl lade (gl sus
0,5 eslinul ilats glaces b sl olsi o

&=y

[Y1 Smith D. R., Kolinko P., Schurig D., Negative refraction
in indefinite media, JOSA B Y) (Y++ £) Y+ YY) 2 £,

[Y] Li X, Liang Z., Liu X., Jiang X., Zi J., All-angle zero
reflection at metamaterial surfaces, Appl. Phys. Lett. 1Y
(Y AV,

[¥1 YangJ., Hu X, Li X., Liu Z., Jiang X., Zi J., Cancellation
of reflection and transmission at metamaterial surfaces,
Opt. let. Yo (Y)Y ) YTVA,

[¢] Cortes C., Newman W., Molesky S., Jacob Z., Quantum
nanophotonics using hyperbolic metamaterials, J. Opt.
\i(\'~\\') ~'U~~~\_

[®] Huang H., Fan Y., Wu B.-I., Kong J. A., Tunable TE/TM
wave splitter using a gyrotropic slab, PROG
ELECTROMAGN RES. A® (Y« + A) YAV. VAL,

[*] Dai D., Bowers J. E. Novel ultra-short and ultra-
broadband polarization beam splitter based on a bent
directional coupler, Opt. express. Y4 (Y+ YY) YATY £
YATY .,

[V1 Li L., Dobrowolski J. High-performance thin-film
polarizing beam splitter operating at angles greater than
the critical angle, Appl. Opt. ¥4 (Y« +) YYO£.YVVY,

[M Ghirardi F., Brandon J., Carre M., Bruno A., Menigaux L.,
Carenco A., Polarization splitter based on modal
birefringence in InP/InGaAsP optical waveguides, IEEE
Photon. Technol. Lett. © (Y44Y) Y« V.Y + €9,

[%1 Sun J., Liu L., Dong G., Zhou J., Efficient polarization
beam splitter based on an indefinite medium, J
ELECTROMAGNET WAVE. Y1 (Y+)Y) VYeVY.
YEY)

VFYY

(i dage olKals ATAY olays YO b YY

y-branch (gl golpiuioy Jbisle 0 JSKo
140

120} ¢

100} ¢

0.“
80 1

Angle (°)
<

60} ¢
40}

201

L & \ ' '
0 0.2 04 0.6 0.8 1
Chemical Potential (eV)

G eilty s 3 TM g5 3 CanSs gl 0 (s S # IS
SEeV olend Jily 4 Cod Gl glonds

ﬂ‘,v“"“mﬂ { i 100

(@ 5%V (Al oloonds Sy (ol & y-branch o Sles o0 VS
wieV

S Jely g ¥R THZ (52 0V SO 4 azg b
Re(e)= )V EA Ll S g0 culpd oo 8V
aysly () abuly 4 a5 L a5 cowl Re(e))=T5 EA9A
Slp Geizen 05 oo FANIVY Ll clSS
S 55l sl < OV S ity
ool Re(e))=Y50A%% 5 Re(g)= —+»YIIY L i,


https://opsi.ir/article-1-867-en.html
http://www.tcpdf.org

