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Fig. 1. Schematic diagram of the hybrid two-
dimensional graphene-metal shallow grating structure:
(a) Schematic of three-dimensional; (b) the front view

of four units structure in = direction.
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Fig. 2. Absorption spectra of the hybrid two-

dimensional shallow grating structure with graphene

and without graphene.

N T U BV A AR O S A b SR 0 R
D R s, g T S B2 X R A R 4
FIRSETR, 1480 nm ¥4 TM U IE S I 1) #4375
fiEARE R, B3 (a) FIIE 3 (b) BN T A
SRRV SRR 5 A G O A B B Sk R
IR T . B LG BIRE E B A A TE AR 9K
BEF BT IE R 5 I AL )2 X & B MPs
FEAE IR, NS P I K 5 2 VR v
SER LIRS S PF. B 4 WL H 35 T 1)
FH I, B 4 AR A 1 R 3 7 ) TR 51 AT T RN
W, ViR B R R BTRETE, IX AR R 0
1 1480 nm AFRILM I N EEZL. ER TR, B
Sk 7 )RR B — R AS I B L% T 1), SEBR L
J5 1) 2 Bl A g3 7 ) 0 JE BRI AR A TR AR AL B3 (c)
FEL 3 (d) 4390 8 T A7 58 05 R A 38 05 I 45 74 v R
RGN, G MCHARE AL A, W] LA
BRI 5B AR T R U e A I ROSOR T
WD T FRE YR A SRR TR (B R A AR
I 24 R A e, 3R B2 6 B B R AR 1) -
PR, F B ohr B 32 AR 7R AR K B 2 B G (1)
A B, iR ES R EOR, fENG R )
BT WIS BT, NS E Rk i 75 A sk 0 Ak 1) Th 28
WFEHE I mis ] T 2.96 x 102 W/m?, LLARTE &5
X3k D 2R A FE R RV st TN E R, S5
P 2 (4 B EE S, T A S s I A 2 R TR AR A

118101-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 11 (2018) 118101

30%, A A1 2B I I 5 R R 85%, AL T, 1
MPs R IEOL T, JR& H i R 2 M RS A
SR 2D TN S B RE R 55%, X AN
B s RS T AR AT L A B S ) I
24 £

T R A RO M S A R R TR N5

H 38 1) IR U 280 SR, B TSR TS [E)ON SR A AR
iR PR AL E S e
p =180 nm, h = 30 nm, w = 160 nm, d = 10 nm,
£ BIGAE A B N pe = 0.3 eV. B4 (a) MG
I EE M 0° G 21 80° Ak 45 K IR Wi L, 7T A& I
NENSHEOL T, TR & 4RGSR Y R R

4.0 4.0
35 35
30 g 30 g
= 95 < E 2.5 <
=) © Z ©
~ (=} N o
N 2.0 2 2.0 =
1.5 § 1.5 §

| 1.0 1.0

I 0.5 0.5

| 0 0

0 50 100 150 0 50 100 150
z/nm z/nm
300
5.0 5.0
270

i i
40 g 40 g
£ = g 240 =
£ 3.0 5 £ 3.0 ¢
A 2 b 2
2.0 @ 210 20 @
= =
10 % 180 10 B
o o

0 150 0

50 100 150 50 100 150
z/nm z/nm

K3 B mSeaEdidtan  (a) TAREN RS AE; (o) T A8 NS0 E; (o) Tof S f A8 2 15
A (d) 147 BRI (A LA R4 13

Fig. 3. Magnetic field distribution and power dissipation profiles: (a) Magnetic field of the structure without
graphene; (b) magnetic field of the structure with graphene; (c¢) power dissipation profile of the structure without

graphene; (d) power dissipation profile of the structure with graphene.
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118101-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol

. 67, No. 11 (2018) 118101

WS 2 5 NS A R F AR P A Y ) O LR AIR U8
KASRAERZMSAE. WE PR, EXNSETE
1480 nm 4biA B 85% W ST I AF; 24 N5 F1 B2
10° B, FEPRIE KN 1470 nm, ST TR ISR A
84%. BE—DHINIANGS 1 LR 60°, 45k i i
PIRFELE 60% LA I X 5VRA 4R b4 i
K MPs 3 58S SR BEARRT 5, AR 52 3 MPs 1
WK R L RE B (R 37 Oy B TR E 1, B Aad i
2028 TM NS A B I AN 22 03 o 37 73 21
T3 AR /N, 5 AS 23 X6 45 14 MPs U 16 507
BRI, B4 (b) NASFERRA A IEAS T, R’
B T YEROUM A B R BORCER SRR A&,
TS5 HI1E o, y 710 b B BERRR M, P DL 4%
AR H 0°(TM i) 2246 31 90° (TE ) I, Z589 11
PR MR I TR R A W S

TR B YRG5 R B8 T U AR 2 HOR) 5 4 B
WO R A, B 5 (a) R TR WS ECN
p = 180 nm, A = 30 nm, w = 160 nm, £ 58 JH1L
e = 0.3 eVIER T, NFRRLSE R dX)
7R R 2. T DU BB 4 2 2 R R I
T, G5 K X8 FL B I IR R /S, WAL B - e 4
TGN, ML ZEE N5 nm B, I 91%,
A E 4 ON 230 nm, M2 E S B0 20 nm
I, S5 RIS N R T 79%, 4 T G n 3
360 nm. IXFERN LG T LN, RE 48
T ' M 2 A v R K ) B R R R TR T
NG LRI e B RS S 1 PR SS, B  TO
R oy P 0 SR RIS, S T A 2RI A AR LR IR
EE AR SORSOR,, sl 45 g o) LRI A A ade 6 B
ik, [FAI, BEEZZ R 8 H 5 nm B0 %) 20 nm,

1.0

(a)
0.8

1 1 1 1
1600 1800

K /nm

O 1 1 n
1000 1200 1400

1 1
2000

2200

Wz WAz g St 7 9% Kt F1 1760 nm A2 5h ] 1 1400 nm
Ak, BRSO R B R AR T BRI IE RS, X AN AT LA
IR A 4R e 155 30 RLC H B B 4T
.

S RLC HL R A AR TR F5UN 43 BB A4 kLR TH
8 R %o HL B v I AR R 22 R B — RO, G
FOAT DL Hb AR R 45 44 LA 2 H0R A0 T R
WCIHIBE I, B5E Zo = \/po/0 N H % H I ARAE B
P, MRAE A RO FL B 2] ) 2 a5y 5
R R S BT Z (w) = Zo I, S5k B 3EIR &%
fF, SNSRI R R R. B 5 (b) NE 1R
B YRR S R R C H SE AR BBAY.  N G
B (GRS TM U) RS 20 S5 M R THTI, N\ S 1
W0y B 5 RYKEE S BT AE y 77 18 PAT, RIS IR
SEAE, RS AL 37 2 ke 8 e M v ] Bl e
A RN FLIR, AR T S ORI NG SS. TR AN R
40 25 W AT AE AT R 20 K B 51) B 0 AR 8 i 2 ) 7=
A AR RN, N O, AR/ LS
H H A A5 A E S ORD 4 SR THI K T o A
BLPE . ARGUKEE S SRR IRAE N SR, A5 K H
L2 (A1) B HUBR RIS, AR BEAR B 51 e 1 B
HIE BN L1, Loy, SR M) H BRI H 550N
L2, L oo, A5G HA SRR & Z4E 0L &5 10
PR K, FrAE— AN HBH Ry, 1X & — MR
RLC B BRSNS 001 26 15 1% 45 1) 1Y) H, B A
R [ A AR A SRR, e 1SR A g5 i AT DA
P NGB R R R ZUR L. 7E RLO [HlEgH, i
WK o< 21y /C(Lin1 + Ler + Linz + Le2), H
S R, K. HEER O, Lint, Loty Lin2, Lea 1
KN HE5R 0 AT S EE VIR O, v Lo it s ik

(b)

K5 ARLL)RERZ T RE 4RO e IR I8 (a) ARG 4RO S5 SRR I (b)
Fig. 5. Absorption spectra of the hybrid two-dimensional shallow grating structure with different thicknesses of the

dielectric layer (a) and equivalent circuit for the hybrid two-dimensional shallow grating structure (b).
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Fig. 7. Absorption spectra of the hybrid two-dimensional shallow grating structure in different chemical potentials of graphene

(a) and imaginary parts of dielectric constant of graphene with variable chemical potential and incident wavelength (b).
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Abstract

As a two-dimensional material with single-layer carbon atoms, the absorptivity of graphene is only about 2.3% in
visible and near-infrared region, which restricts its applications in photoelectric detection, modulation and solar cells. A
way to enhance the graphene absorption in this wavelength region is to combine graphene with grating nanostructure. The
grating nanostructure can generate strong near-field localization by magnetic polaritons (MPs). However, the existing
structures based on MPs are facing some problems, such as sensitivity to the polarization direction of the incoming wave
and difficulty in processing the deep grating. Moreover, the modulation effect of the hybrid nanostructure based on MPs
combining graphene with nano-grating has not been studied. In this work, a hybrid two-dimensional shallow grating
nanostructure is proposed to modulate the absorptivity of graphene based on MPs. The finite element simulation
is conducted to calculate the absorptive properties. The equivalent circuit model is used to predict the resonance
conditions. The current and field distributions further confirm the excitation of magnetic resonance. The influences of
structural parameters and the chemical potential on absorption property are studied. The results show that the magnetic
polaritons derived from the hybrid two-dimensional shallow grating structure can obviously improve the absorption of
graphene in the near-infrared region. Under the specific structure, the overall absorptivity of the structure is 85%, and
the absorptivity of graphene in the structure is 55%, which is over 24 times higher than that of free-standing monolayer
graphene. The absorption spectra of the hybrid grating nanostructure for different geometric parameters are calculated.
The results show that the absorption peak presents an obvious blue-shift as the thickness of the dielectric layer, the grating
period or the width of the silver nanoparticles decrease. Numerical simulation results show that by adjusting the chemical
potential of graphene, the overall absorptivity of the structure can be tuned dynamically. The reflection modulation
depths of hybrid two-dimensional nanostructure under different structural parameters are calculated. By controlling the
chemical potential of graphene in a range from 0.1 eV to 1 eV, the reflection modulation depths of 54.8% (1040 nm),
50.3% (890 nm) and 46.8% (750 nm) are obtained, respectively. Compared with the existing structures based on MPs,
the present structure is insensitive to the incidence and polarization direction of the incident electromagnetic wave due
to the symmetry in two-dimensional directions. Considering the design of shallow silver grating, the structure is easier
to implement in the process. The research results provide good theoretical reference for graphene-based photoelectric

detection and modulation.
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