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Fig. 1. Schematic illustration of the device based on
graphene. From top to bottom, there are the gold grating
layer, Al,O3 dielectric medium, graphene sheet, and SiO,/Si
layer. Here, d and w are respectively the period and the
width of the gold strips. The structure sketched by the dot-
ted line can be served as cavity and L is the cavity length.

% JE— 0 TM Ak i 28 375 - T OGS
FERE, FIAH CST Microwave Studio 3441y At
WA MR 531 (FDTD) sRAF SR 545 2] T 05
SCAAY Y37 ST Ze A st 2. o A AL A X Bk
R S AR LA AR XS AE (2-2) S T A8 9 S
FEM A —A B (6 pwm), TREE XS N AL RY ) SR AR
A ILAE y J7 10 AR 6 pm. ABE4DL DI i) TS
IR ER R MG FE 2548, 0 2 5 1a) Ay 5 [l g H
AT R A AR X IR 43 7S T A R A% 7
KRS B4 /iR B, DL 1.5 THz rhoik i, &4
WATE BN R 25 44k, ek S Ha A% 4 L
W RRAEA 50. 7EA S22 0 Rl AR Ab, 1A 550
IR Ty W mE , AR 0.02 nm. BT IR
FERCE AR 300 K, 200G/ F sRECR ] Drude
I BR BB L 0017 e(w) =1 — Wi/ (W? — iw),
Hort wpm = 1.4 x 106 rad /s Sy 4 0 45 23T
Ky =1.1x 10" Hz HFEJII.

2.2 IR

FEFE 2 (a) FIE 2 (b) W, 205k mit
BRI R AT AT BRI )35 S 1 MRS i T
A 2GS EAE IR s R R AR A S B
7 S AR BT LR 2(a) 2T @ il 2k 1Y 45 W i
XiF o7 B R A S f, = ne/(24/&5L), B IX EE

1.0
0.8
0.6
0.4
0.2

0

Transmission

1 1 1 1
0 0.5 1.0 1.5 2.0 2.5 3.0
Frequency/THz

0.5
0.4+
0.3
0.2
0.1

0 —

0 0.5 1.0 1.5 2.0 2.5 3.0

Absorption

AN

Frequency/THz

Kl 2 (a) FRLE (BRETIL) RIATELE (L EL) ARG
M2 A0 3B 1 (b) AF7E (R T24R) FIRFAAE (AL 5 4k)
A1 S N 1 2 R TR S

Fig. 2. (a) Frequency dependence of the light transmission
of the structure with (black solid line) and without
graphene (red solid line); (b) frequency dependence of the
light absorption of the structure with (black solid line) and

without graphene (red solid line).
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Fig. 3. Spatial distribution of the electric field E, (a) and
E. (b) components of light field along the z direction in
graphene sheet for different factor fq .
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Fig. 4. The electron density dependence of the plasmon po-
lariton modes (black solid lines) induced by coupling
between cavity photons (n =5, red dotted lines) and plas-

mon modes in graphene (red solid line).
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Abstract

The plasmons in graphene have the superior properties to metal surface plasmons, such as high field
confinement, low Ohmic loss and long wave propagation, highly tunable via electrostatic. More importantly, the
frequency of plasmons ranges from terahertz to infrared which indicates that graphene is an ideal candidate for
terahertz plamsonics. On the other hand, the strong coupling between incident photons and plasmons in
graphene can lead the optical absorption to be enhanced. However, it is difficult for light to couple directly with
plasmons in graphene, for the momentum of incident photons cannot match the plasmons in graphene. A metal
grating can be used to compensate for the momentum of photons so that it can match that of plasmons in
graphene. In this work, we theoretically investigate the effect of plasmons on the terahertz optical absorption of
graphene with grating based on finite difference time domain. A great enhancement of electric field component
of light field can be obtained near the gold grating strip in the sheet of graphene. Thus, the photons, of which
the momentum is compensated for by the grating, can strongly couple with plasmons in graphene. An obviously
decrease of the transmission of the graphene structure can be seen at the resonant frequency. The transmission
peak corresponds to the resonant frequency spliting into two peaks due to the fact that two plasmon polariton
modes are formed by the coupling of photons and palsmons. So we also study the plasmon polariton modes
made by coupling photon with palsmon based on the many-body self-consistent method. Two plasmon polariton
modes are obtained and an obviously splitting at the resonant frequency can be seen due to the coupling
between photons and plasmons. The work conduces to deepening the understanding of the photoelectric

properties of graphene and the terahertz plasmonics based on graphene.
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