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Study on all-optical tunable terahertz slow-light effects based on
polarization-insensitive metamaterials

JIN Jiasheng, MA Chengju” , ZHANG Yao, ZHANG Yuebin, BAO Shigian, LI Mi
(School of Science, Xi'an Shiyou University, Xi'an, Shaanxi, 710065, China)

Abstract ;: The terahertz (THz) slow-light effect can effectively improve the security and memory proper-
ty of THz pulse data during transmission. However, the general THz slow-light devices are sensitive to
the polarization state changing of the incident THz wave. In this paper,we design a metamaterial struc-
ture whose unit cell consists of one cross resonator and four U-shaped resonators. The results show that
the THz slow-light effects based on metamaterials are not sensitive to both linear and circularly polarized
light. A slow-light effect with the maximum group refractive index of 1618 is obtained by optimizing pa-
rameters of the metamaterial structure. A molybdenum disulfide film between the metamaterial micro-
structure layer and the SiO, substrate is embedded. When the carrier concentration of molybdenum disul-
fide increases from 1. 7X10" em™® to 5. 1X10" em™* , the group refractive index decreases from 1566 to
26,and a polarization insensitive all-light tunable THz slow-light effect is realized. This study can pro-
vides some new ideas for the design of polarization insensitive and all-light tunable THz slow-light de-
vices.
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Fig. 1 Metamaterial structure diagram: (a) Metamaterial arrays; (b) Top view of metamaterial unit;

(¢) Side view of metamaterial unit



121 ST T IR R OB R0 St AT IR A b 2 0 e R 5 . 1265 -

PR B WL MG O 1. A8 THz P B, SiO, &)
JE RIS AR HU R 2. 04 0.0251; Al B4 e H ]
PLH Drude 8RR
€Al — €7 — 2. ’ (@)
10" rad/s, B TR N w,= 2.24X10" rad/s,
H #i Drude #55 & , MoS, # I} 19 1 558 1] DL &
/jf\‘%jﬁ(ﬂ:

2
o= 1 (2)

T omt 1/t —iw’

A .n HERTEE . e HETHM, HMERE TR
iwmom = 0.53m s AFPEHNIR o, = 2nf, 2K T itk
BEPE © = 0.17X10 % s,

2 ETEBMBNEBR#ETSERIN

EIT %0 2 —Fh & A 78 = e 97 1 R 48 b i Al
TH TR0 A S 2 78 S 738 IR 99 % Ak k2B Wi
Ul 55 B B 58 A 0 O AR SO T A — SR B
B . FEBMRZE R P S E EIT 800 — A
LR AN 200 — B R 56 F B R 5 B RS 22 0] ) A=
59 72 LR G 07 3 D) — BRI T IR R A
T AR & 7 =K. 768 M RS54 b, B B4R 1Y
ST DA B B R A R R s T 7 A 0 O iR
R, AR 1Y 2 T ah AR iR A % ] 42 38 R T
A 1 55 I RS

R T HRSEIZ AR BRI 23S ETT 200 . AR 30t H: 5
PGS S B 3 43 A AT T ELR AR AT . O AR R
BRI OG I 2 Bl T A S 2008 AR
3R WE 1) iR, L E W7 T o Bl (o
MR o Ay 51 R AT 913 A = O R
SEEVCHE )2 (perfectly matched layer, PML), M #%
WBEHR dr = 2 pm, dy = 2 pm, dz = 0. 02 pm,
4 J& AlLRK H Drude £ 8, SiO, %} € % A 31 4 %
BREAY

TEZE B T %A MoS, W, B iy - 5
R IR A (AU B3 4R 45 F0H b kL 45 #1938 Gl 3 .
I 2Ca) T LR H 7 R R 25 A0 4U B8 R 25 1
ek o PR OG W &, AR AR W, A L AE 0. 912
THz #1 0. 966 THz &b B T — B4, MWK 2
(b)Y MR LA .2 o R 6 A G388 4 25 /), 25
FE0.891 THz &by T — AN S %k 93. 7% i W
T B2 R 22 T R RS R 2 DA% — e 1 P R
i 7 R AR AR X 2 R AR A S T, A = 4R 2% EIT

1.0
09F

0.8F
0.7 F
0.6
0.5F
04F
03F

02F
01}°® Cross resonator
* | +4U resonator

1 1

Transmission

0.0 - 1 L 1
06 07 08 09 10 11 12 13
fITHz
(a)

1.0
09

0.8
0.7
0.6}
0.5}
04
03}
02}
0.1

Transmission

|-—#— Simulation
—eo—Theory
L

00 1 1 1
06 07 08 09 10 11 12 13
fITHz
®

2 AGIERBFZAEA x MIEF @A
(a) T B IRAT A0 4U BUIEIR BT A B S5
(b)BMBWEEITHENERTESHESER
Fig.2 When the electric field direction of the incident
light is in the positive direction of the x-axis:
(a) Transmission spectrum of the cross resonator
and the 4U resonator; (b) Theoretical and

simulation results of the EIT effect of the metamaterials
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Fig. 6 Change curves of (a) transmission window and
(b) group refractive index of metamaterial when
carrier density n of MoS, film increases
from 1.,7X 10" em™ to 5.1X 10" em™*;

(¢) carrier density and transmission peak frequency
as a function of the pump power, where
triangulation point is the experimental data of Ref.[19],
black line is the fitting curve of the experimental data,and

round dot is the data point obtained from the fitting curve
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