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Abstract In this study, a terahertz amplitude modulator based on metasurface/ion-gel/graphene hybrid structure
was designed and fabricated. The modulation performance of the device was simulated and experimentally
demonstrated. This device uses the ion-gel medium embedded between graphene and metasurface as the electrolyte,
and the graphene as the active material. The enhancement of the interaction between terahertz wave and graphene is
realized on the metasurface. Further, an external bias voltage was used to tune the electrical conductivity of
graphene for actively controlling the terahertz waves. The results indicate that the device can achieve a modulation
depth of up to 73% at the resonant frequency with a relatively small bias voltage. Moreover, the resonant frequency
remains almost constant in the modulation process. Thus, the proposed device provides one novel tool in the large
terahertz amplitude modulation under low voltages.
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Fig. 1

and structural diagram of metasurface shown in embedded picture;

Simulation results. (a) Structural diagram of sample; (b) terahertz transmission spectrum of metallic metasurface,

(c¢) relative permittivity of ion-gel;

(d) transmission spectra; field distributions at (e) Fermi level Ex=0 eV and (f) Er=0.5 eV
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Fig. 2 Simulation results of samples with different characteristic sizes of metasurfaces. (a)(d) Transmission spectra;

(b) (e) electric field distributions at Ex =0 eV; (c¢)(f) electric field distributions at Ez=0.5 eV
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(a) Structural diagram; (b) transmission spectra; (c¢) modulation depth versus {requency

i U S A R AT LUR L BTN R W/
BT B /A0 80 52 5 M 1% K 2% R i A 1 nT A
H/INIRY R TS S BT A %% D52 114 A R 4] X Ao 3R
i RCR S < S A5 L A 2R M DA R 1 BRI = A
YEFRIEE R . A e 5 F . IE 58S 7 R B T
ORE IR A1 5 M 1) B TG I A0 oK RS R Y L LR
(EDL) Z5#4 , 3 HLAMin i e 3 73 9% 72 L XUZ AL 1B
SRR A L 3, DRIk R AR /I Y R s O R S B
X 2 K G 118 A R R A R TD A B TR K 2%
PAHI PR . SO0 ARSI T R IRE ) . il T
BT BEIE 1 BE AU LA RIOK A1 SRR AT AL T 4 Jm 45
e BT R H 3 R T B R A S AR
(] AR B PR e iE— 2D B i 1 e 8 R i R

4 BT RUZ A7 28 M 10 K 2% I IR e 1F

4.1 FHMERE
AT — 2 R 0 R R 7R AR

il 28 G A L AR A SR IR AR T P A
BT B U AR B R R R L A B S () BT
IR TEIZGER R K WA R A BRI O BB T R
TR 5 R 1 W 5 3 T A A BB O 2 43 A R R
PRI IE LA . 7E A AN IR R A T, R A1 R
s RIS Y5 e A T Y0 s L), SR — 2 A BB 0
PORREHR NG L TE, 55— 2 A0 8805 OR BE L) T R, AL
717 A3 B0 PR )2 A 88 1 S 3% () I o 2 fL P ) 39 K
T 36 S PN LV )2 A 88 0 %o 4 R 45 4 1) iR PR B 2L
AR AR TR I 0 235 4 B8 08 4 — 20 15 R X K bk
2 R . R R K B 22 B 380G 1% R G AN
() i T 14 3 S 2R AT T AL S5 SR ANl 5 (b)
B . 5B SE BT 2 % g A IR 2 i Ay
Yo R R S . v LLE B e O 00 AR AT R AT
PAE 0.51 THz, 3F HAE 0 V I 3.0 V i JE T 1935 5F
A5 R 0.60 A1 0.16, N T WML A HZ a1
JEI MR T T LA R AR R T 4 I R (st

0614016-6



th i

i ot

. . o At
WU WO E E L M = . X 100% =
-V =0
g
‘t . —ly 70‘
t7><1ooﬁm'43 Ly o V=0 BHRE i
V =0
£

BEHFRBO WA 5O . T LUK B, %4 1 Y B
FE VR R B B AE 0,51 THz &b, Jf H st kb iy i
AR EEIR B T 73 %0 AR L T 502 A0 80 ) ) a1 A
TR T WA BT T AR AR 0.51 THz
IR AT A A0 A T i T A 98 o TR 2L An P 5 (D e
718 s FLE A 4 5 TR 2 H B0 AT )R A R 0 A IR
i 25 A7 AR
4.2 AEEE

XA 5 Ca) T 70 B i 14 98] 1] 2

HEIUJ

PEAT I =,

@

graphene. i%@%g%é 5

ion-gel = ;{é‘: E

eletrode<
quartz -

02 03 04 05 06 0.7
Frequency /THz

B 5 L NUZ A 85 0 10 R 2% U1 T 248 24 1% 25 44 7
(G5 7R 5 (b) 3% S 5 (o) A [R) A3 T 118 90 il T

-

q%guartz
=~ jon-gel

B E A 6(a) iR, Horp . VDI F 7= A v 4 %
9 0.51 THz B % 28 Kbk 2% 3, 25 %l 9t ¥ m 4%
(OAPNMDHE H VDI 7™ Az 1) 3% 2 K i 2% % o B3R
FRES L m e B AR T RDIGE i # 5 A
K% T35 WA O 2% 5 5 3 &M, TR UK
2L E T R AR A . AR, 0~3 VY ik A
P 0 6 o fL AR ) 1 3 P16 (b) R T S [ 4
R W EAE T 35 2 R S i H — Ao TR Y A
flaH, v LU Y, Bl e 0 i G i L P ) 450
MO Hz 3408130 Hz, i i BE & 096 T F AR W
R . LA 3 dB ALY s A Sk 2540 0 kA5, n] DA B3
WL F B VR B 2R 4.5 Hz, 0] DLl 2 #0452
B I FH 0 e 22

0.7

0g|® /=051 Tz
Sost '
Z o4l
g
203}

0.1

ob— .
02 03 04 05 06 07

Frequency /THz
80
d
70H(® 0.51 THz
_ 60}
é 50.
“l-40.
=
< 30t
20+
10+
0 e
0 05 10 15 20 25 3.0
V.V
g
R KR ge 4521

L 5 (DA [al i T Y 30 ol %

Fig. 5 Structural diagram and experimental results of terahertz amplitude modulator based on bllayer graphene.

(a) Structural diagram; (b) transmission spectra; (c) modulation depth versus frequency; (d) modulation depth versus bias voltage
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