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Fig. 1. (color online) (a) Front view and (b) side view

of unit cell of the composite multilayer metasurface.
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Fig. 2. (color online) The transmission of the structure
I, IT and IIIL.

NTHFREIT AR, b 1A ) 58 B 45 0
(B2 RS T, BPAR ST T E50) DL R S5 1)
WA A S0 2% (B 2 TR S5 A TD) S B AL
BR (B2 25 04 TID) FR A 3, il 2 fos, S
2Tt RIS (5 28 2 3l B R T0 A 320 2 B AL BRI
FITERE LRI IE ST 2. i R R BN, oA 2%
B, TE 47 (A9 2350 Fl PY 35 3 R R A R /S, Rl
0 dB, Qi 2 BB s 2k TR, BLE AN Ig A R
BHEBEWORMA, UWWHHILE JCEIT B4 74, K2+
T (8 28 3R R 65 K T 1) 33 5 R 5 AR 1 A8 K &,
IEES LT 2 AN I S 2R BOK 1E S0, PR A R
f121.85 THz, CEHILEITHR. EHEGLR
TN EER TIIE S R SR 2 MBI R, 5

100202-2


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

) I8 % 4 Acta Phys. Sin.

Vol. 66, No. 10 (2017) 100202

SEMITIT 25 A L, S50 TS Ac R, HATS 2
(A AR 4 THz, HIL 7B B0 %67 EIT IR,
N B R AT B A BIT 80 3 B0 JE A
B 3 8 7 1) 2 45 1 TIL IR 3% 5 o & 10 00 A (16.22,
17.89 THz) K135 73 A B, 7£16.22 THz &b, tHT
A A B B R AR AE, AN R E )R
AR S P, B R A T A RO (L
B 4 BTN, 7517.89 THz AL, B3 B A
TE 2 SRS IF TR FFA S8 00 2% i 2 4k, BIAM I Fe
Iy R B R S A SR s SR P A BRI A%
WAL, SR RIFE P2 AR 4 . M TIE ST N E
(R4 55 (12.43, 16.45 THz) 613790 A i B 5 s,
AR 16.45 THz Ak 1 #3732 B3 A 7 25 SURE (1)
TF I 4b, TG 5 12.43 THz &b H3% £ B E A
B 5 B MR A F AL, X b 45 R TR I I
TR AR, TLLE W, A EET S H B AR
PR GRS, BR R R I SR I T A, TR
I A7 28 0 5 B A AR 2 (A A7AE AR &, R
R HIERE M AL, B S [ #5554 LA
JOT LA IR FT 45 SRR, ARGt o SR AN
RS QB 2R R 201 B AR T DA B A5 7 =X

FFAE.
l.
T

3 (MTIRM) 4544 T %11 R Z M F N R i
s

Fig. 3. (color online) The electric field distributions of
(a) 16.22, (b) 17.89 THz of the structure IIIL.
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Abstract

The electromagnetic induction transparency (EIT) is a phenomenon in which the originally opaque medium becomes
transparent under certain resonant electromagnetic fields. It has been seen in applications ranging from nonlinear
optics, slow light and optical storage. From the viewpoint of single-frequency, researchers have paid much attention
to the realization of broadband electromagnetic induction transparency in recent years. In this paper, a broadband
electromagnetic induction transparency effect is investigated theoretically by the finite difference time-domain method. A
composite structure based on graphene metasurface which consists of graphene strip with air groove, gallium nitride, silica
and titanium dioxide is designed in infrared range. A broadband electromagnetically induced transparency effect could
be found in the designed composite structure compared with those in several similar structure. The electromagnetically
induced transparency window can be tuned gently by the width of air groove and gallium nitride dielectric slabs.
The results show that a wideband electromagnetically induced transparency window of 4 terahertz is found in the
infrared frequency range. By comparison with the existing research results, a wider band of electromagnetically induced
transparency is found in our structure. We study the physical mechanism of broadband electromagnetically induced
transparency from the aspects of structural parameters and electromagnetic field distribution. The thickness wi of
gallium nitride, the width w, and depth A of air groove on graphene strip are discussed in this article. The smaller
the length w, or depth h, the wider the EIT band is. The peak of high frequency at which the transmission is near to
zero is blue-shifted as h increases. However, red-shift is found as width w, increases. It is found that graphene strip
exists as a bright mode. coupling action acts as air groove and gallium nitride slabs function as dark mode, resulting in
broadband electromagnetic induced transparency. That is to say, the principle of broadband electromagnetically induced
transparency is due to a bright mode coupling in two different forms of dark mode, thus widening the transmission
band. This work provides a kind of structure and a design way, to gain the broadband of electromagnetically induced
transparency effect. Moreover, it is found that changing the refractive index of background medium, the frequency of
high frequency band has a red-shift, the greater change of the refractive index can lead to smaller frequency range. It
can be seen that the values of group index ng of three frequency peaks exceeding 25 are observed. The results also show
that the slow-light effect and the sensing effect in several frequency ranges are obtained in the proposed structure and

potential applications in the optical storage and highly sensitive infrared-band sensor, infrared optical switching, etc.

Keywords: graphene metasurface, electromagnetic induced transparency, finite difference time domain,
broadband
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