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A graphene-based multi—function metasurface
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Abstract: In order to achieve the integrated function of absorption/transmission/reflection of
airhorne antenna covers, a multifunctional metasurface based on graphene and Positive Intrinsic—
Negative(PIN) diode is presented, which bears the function of wideband absorption/refection/
transmission. When the PIN diode operates in forward biased condition, the transmittance of the
metasurface is close to 0, and the reflection can be adjusted by changing the Fermi energy of graphene.
When the Fermi level of graphene is 0.3 eV, the absorption of the metasurface is more than 90% from
1.55 GHz to 5.51 GHz, and the reflection coefficient is 45% at this band with the graphene energy level
of 0eV. On the contrary, with the PIN diode acting in reverse biased condition, a transmission peak
appears at 4.76 GHz with the transmission coefficients of 61% and 71% respectively when the Fermi
level of graphene is 0.3 eV and 0 eV. Due to its advantages of having a simple structure, wideband
absorption, and switchable refection/transmission, the proposed metasurface shows the potential in the
fields of stealth of communication equipment and radar.
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Fig.3 Schematic diagram of multi—function metasurface with wideband absorption/refection/transmission
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Fig.7 Normalized input impedance of metasurface with free space when the Fermi level of graphene is
0.3 eV and 0 eV under PIN diode acting in forward biased condition
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Fig.8 Surface current distribution of metasurface at 3.5 GHz when the Fermi level of graphene is 0.3 eV under
PIN diode acting in forward biased condition
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Fig.9 Surface current distribution of metasurface at 3.5 GHz when the Fermi level of graphene is 0 ¢V under
PIN diode acting in forward biased condition
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Fig.10 Surface current distribution of metasurface at 4.76 GHz when the Fermi level of graphene is
0 eV under PIN diode acting in reverse biased condition
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Fig.11 Surface current distribution of metasurface at 4.76 GHz when the Fermi level of graphene is
0 eV under PIN diode acting in reverse biased condition
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Fig.12 Reflection coefficient and absorption of metasurface at different polarization angles when
the diodes act in forward biased condition
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Fig.13 Transmission coefficient of metasurface at different
polarization angles when the PIN diodes act in reverse
biased condition(the Fermi level of graphene is 0.3 eV)
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Fig.14 Reflection coefficient of metasurface at different incident angles with the diodes acting in
forward biased condition when the Fermi level of graphene is 0 eV
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Fig.15 Absorption of metasurface at different incident angles with the diodes acting in forward biased

condition when the Fermi level of graphene is 0.3 eV

15 “AREIE ) Sl O T A Sk PORBESCN 0.3 eV INF, AN[FLASH £ T B 2 T A I TR

Xof AN [ R 5 88 @ I 3 T A T I e (AN I ) SRl B R A SR 2ROK BB 0.3 V) L RS (TR
AE 1] 38 1 B0 R A7 SR SRR BB 0 e V) R S e (A R 1) RS BT BORBESCN 0.3 eV)RRPEEATIF, 45



7 ABEH PSR TFERSRE 52 %

R 17~E 19 B . B 17~E 19/ LUA H, BEE T DR 56 B A 38, 8 2R 1w A W e R R BB S R

BB, AR/ ) R BEAR /N

1.0

0.8

0.6

o
0.4

0.2

fIGHz
(a) TE mode

fIGHz
(b) TM mode

Fig.16 Transmission coefficient of metasurface at different incident angles with the diodes acting in revers biased

condition when the Fermi level of graphene is 0.3 eV
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Fig.17 Absorption of metasurface at different width g of the
opening slot with the PIN diodes acting in forward
biased condition when the Fermi level of graphene
is0.3eV
17 ZAREIE [ SEEOLT A8 TORAESCN 0.3 eV I
NIRRT ol - “EQIELITIES

AR SCHE T SR AN PIN B T — Rl v 5 W ik / 5 5 D/
BE L RE B AR, FFOWE LR SEEN T, 44
B TOKBEH N 0.3 eV I, HEMFE 1.55~5.51 GHz i [l
PAL XS A S R O B IR SOR R R T 90% 5 2 A AR A 2 OK BB
%R0 eV, HFEMAE 1.55~5.51 GHz 3 il P9 X% A5} i #
Wi i R RBOB L T 40% . AE AR R RSB,
MBI EKBES R0 eV 0.3 eV, MEMTE4.76 GHz
b 3% 5 BB R B T 71% M 61% ., 38 3 % 2% 1 LR
YA HEAT MR, AR TOSE A W A R S AL . th T
S5 K B TT 0 e B R AR R R TET Y TE A W L R S Dk RN
75 5 AR AR A T OC Y, (X S A B U, B R
PRI JH: 5 W D/ S ST i /35 B i 22 D RE B RE A, TEIRE IR A
TS I8 Y R T I B A5 AR EL AT T 92 Y O FH 5

1.0
—— g=0.6 mm
08k - - -g=0.7mm
-.-- g=0.8 mm
- 2=0.9 mm
06 -e=.g=lmm

fIGHz

Fig.18 Reflection coefficient of metasurface at different
width g of the opening slot with the PIN diodes
acting in forward biased condition when the
Fermi level of graphene is 0 eV
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Fig.19 Transmission coefficient of metasurface at different
width g of the opening slot with the PIN diodes acting
in reverse biased condition when the Fermi level of
graphene is 0.3 eV
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