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Graphene-Based Dual-Function Switchable Broadband Terahertz

Polarization Converter

Yi Nanning, Zong Rong, Qian Rongrong’, Duan Tao

School of Information, Yunnan University, Kunming, Yunnan 650000, China

Abstract This paper proposed a metasurface based on the hybrid graphene-metal which can be switched freely
between a quarter wave plate and a half wave plate by adjusting the Fermi level of graphene. Numerical simulation
results show that when the Fermi level of graphene is 0 eV, the proposed metasurface can realize the conversion from
linearly polarized waves to right-handed circularly polarized waves in the frequency range of 1.465-3. 44 THz, with a
relative bandwidth of 96. 5%, and the absolute bandwidth is 1. 975 THz. When the Fermi energy level of graphene
is 1 eV, the metasurface becomes a broadband cross-polarization converter, that is, one-half wave plate, which can
achieve a polarization conversion rate greater than 80% in the frequency range of 1.173-3.44 THz. The relative
bandwidth is 98. 7%, and the absolute bandwidth is 2. 267 THz. In addition, the proposed broadband switchable
metasurface has a strong robustness to the angle of incidence. Therefore, it has a good application prospects in the
fields of sensing and imaging.
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Fig.1 Schematic diagram of the metasurface structure of mixed graphene-metal. (a) Top view; (b) side view
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Fig.2 When the Fermi level of graphene is fixed at O for the proposed metamaterial, (a) simulated spectra of the co-polarization
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Fig.3 When the Fermi level of graphene is fixed at 1 eV for the proposed metamaterial, (a) simulated spectra of the

co-polarization and cross-polarization reflection amplitudes under normally incident wave with y-polarization. When

working under vertically incident « and v polarized terahertz waves, the simulated spectrum of (b) and (c) reflection

amplitude and (d) phase.
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V/m (log)
1.22e+07

9e+06
Te+06

5e+06
3e+06

le+06
Te+05
5e+05

3e+05
100000

B 5 M@BEMEN QWP N TEIRIRF A 5 (a) 1. 708 THz, (b) 2. 582 THz i (c) 3. 277 THz &k 135 43 i

Fig. 5

Electric field distribution at resonance frequency points (a) 1. 708 THz, (b) 2.582 THz and (c) 3. 277 THz when the

metasurface behaved as QWP

B il R 6 T T0UJ2E 50 0 3 I 4 RILJRC T 4 B I ) 3 T
L O 0 A I O W 5] 6 TR o B BE IRCT X T
P 3Ca) [, | BRUAS B /M 1 = A T8 HR 450 258 0, 43 3
J1.58 THz,2. 344 THz #il 3. 333 THz. W] %147
w Qi B e A5 SR AE I PR AR 4G 1. 58 THz il
3. 333 THz 4b T 2 [ A 18 P 4% FIC 1H0 4 B8 - A9 3%
AT FEL IR 4 A 1) AH 2, DT R A BT s PO BT H R
W51 T #EE R o T FE 2. 344 THz i 48 450 % 45
b TOUJZE [58] BA 38 e #5% FITVS T 4 L b 1 3R T RO 1 9
] A [R] 78 A B3R hOE B TR IR, SR T ORI
P o XF T o w48 B A B A& F T, 7E 1.58 THz Ml

2. 344 THz & P& M 28 504 T )23 (B 20 38 I #5% F1 IS T
G JBE 1 (1 3 THD H U A4 R U O 1) MR L B R TR
P&, MM 7E 3. 333 THz &b, 101 2 [ BR 3 4 4% FIS 18 4
FEE 2% TET - 1 2R T PR U ) AH R, SR T R I R .
FKLLT QWP, 24 5535 19 w 43 R v 43 1 B A
2510 I B OF HOME 7 22 O 180° I, i 52 B B AH 1Y
HWP. i, B 345 59 HWP #4958 48 ¥ 68 B I A
AR S .

) B A, 24 88 3% 1 A S HW P B 8 = 4 38 IR 4
5 1.58 THz,2. 344 THz M1 3. 333 THz &b #1.3%
A gy E 7(a) , (b)), (o) i o AT LA % 2] 7E

2323001-6



£ 585 £ 23H1/2021 £ 12 B/ M5B FZHE

(@) LA o ﬁ,a:x,a,t,z,ﬁ,x":
s D # 2%z ﬁ’x’:’r’:’g Pl
S, wl”ﬂ,ﬂ,ﬂ’z’ﬁ,tﬂ
¥

¥ i
3 b
w g fa
B 2z s
A 7oA 2
e s b Aa
e PRI LIS P s

B Raf sl aZ s 3P0
Ha P aR a7 R g A,

LT Y P

YAty
_ jl:' 9
L ,’ ”, :ﬂ
.%, ; /:‘z’x"ﬂ:

bl
LA
27 a2 a” 2 2P a A

© ,’ t,t,n:t‘x,rzrﬂ‘

PR e L el
v ¥
"

' 2
o
b &

X v
[$ '3

A

M 0 M M My My My N

MMy N N

a

ey
e e e

*\\\‘\‘\‘\‘\‘

\‘KKg‘ \‘\\‘K.‘x =
PR R R R o N T M Mg Mg My MMy

RN

R R R SR R R R
w“k‘\"'&\‘\"x‘n‘}‘

EP e e
A o
x ,
2n

”
7z
s
7
prd

¥l

[P 2P
A
S
A7
tEh
’;u
prs
g

S RU R T
-

L -
PR Sl S Ll

LR RO P |
Co P ATE e

x‘\‘\.‘k.‘k.i.k,‘\‘\‘\

L LA TR LI Y
®
R TS T

s
* W
b, Sy
wh WK X "% ww
 wWR KRR LA SRS Y
SRR SN
e ‘,:“K‘ " W%
® KRR % ox oK S
s ALY R\‘K‘u;
o SRS IR
&
LILLLTRIR TR L B

K16 0 S0 9 S oK BE LA A2 O 1 eV I, st B B Il [ 52 O 1 ps B, £ (), (b) 1.58 THez, (¢), (d) 2.344 THz fil (e),
(1) 3.333 THz 4b TUZ i R0 (57 1 A0 55 3 51) 1R T <5 B (26 2 A0 55 4. 91)) B A SR T R U 20 A < (a) L (o), (e) Rm u i
PR TR J A B AORER T, (b)), (d), (D3RR o fi IR 28 B A ST 2 AR R . B B @R E Sk RR E
R UL T 17 o
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(c), (d) 2. 344 THz and (e), (f) 3.333 THz. The surface current distribution on the top layer resonant ring (1st and 3rd

column) and the bottom gold film (2nd and 4th column). (a), (c) and (e) indicate that the u-polarized wave is incident on the

surface of the metamaterial vertically, and (b), (d), (f) indicates that the v-polarized wave is incident on the surface of the

metamaterial. The black arrow in the figure indicates the dominant current direction.
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Fig. 7 Electric field distribution at resonance frequency points (a) 1.58 THz, (b) 2.344 THz and (c) 3.333THz when the
metasurface behaved as HWP
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Fig. 10 When the metasurface proposed behaved as a QWP, (a) spectrum of the ellipticity change with the incident angle during

TE polarization (b) spectrum of the ellipticity change with incident angle during TM polarization. and when the

metasurface behaved as a HWP, (c) spectrum of PCR with the angle of incidence during TE polarization, (d) spectrum of

the PCR with angle of incidence during TM polarization. The black and white dash lines in the figure indicated efficient
polarization conversion bandwidth(le[>0. 9, V,x>80%)
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