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Fig. 2. Curves of real and imaginary parts of graphene con-
ductivity with frequency at different Fermi levels: (a) The
real part of graphene conductivity; (b) the imaginary part

of graphene conductivity.
FUPHARAR A S, 77178 SR GE i S AT 1
RN

ro1 + rlggexp(Zik‘ls) 2
1+ 7’017’123€Xp(2ik15) ’

R(6;) = (3)

ke

T12 =+ T23 exp(21k2h) (4)
1+ rior93 exp(2ik2h) ’

BCHL, s Al h 28 SR B2 W, 1y A
Wi il j 2 W30 BT AR S R B, T AR

T123 =

kié"j — k]’e’:‘i "
———  TMZ.
kiEj + kjEi ’ *%
Tij = P (5)
k; + k‘j ’ 1;;%’
Hrp
ki) = (Kgeagy —a®)V?, i,j=0,1,2,3. (6)

AP, e, ki S3 92 4 AR BRI LR BORIE R AR A 1]
SR TRRO, 1, 2, 3B HERE, 2 U2, A

2, Si0, 2. ik FE& IR EE R AT, RO Kk
WP ko = 2n/ N R ES PN, o S FEERE
HHL.

R Artmann A3, GH (iR AT LAZIR A 29

cosg. %
Sffcosﬂﬁ7 (7)
SEefT 0 S AT o S 5 A 2
b, 5= (5F) o AR, N RASH

K. N (7) ATEUE ) AL AR X GH & AT
T DE R . DR BEE B3 B S A9 i
e, GH AR M A B E. GH A 8 Bl K i 28 fk m]
DA B 130):

A2 cosd do

S=——"—— —. 8
2n(5)1/2sin9 dA ®)

3 R
3.1 FRKBER

Kl 3(a) AR 3(b) il i 2k 28 47 A6 4 1) % oK g
G, A9 2 ) SS9 5 A B 6 I e
Z. M 3(a) FIE 3(b) ATLAE B, 4P Kaed N
0.2 eV i}, 7E IR 5 0.285 THz Ab i iz 5 5%
i, &l 3(a) oA H B 25 T LR A AL A SR 2
ML) B, 375040, RIIAS R ZZ M LT 58 4
A E MIG 2544 Th IT B UR T A 550 45 25
JG. B ORBE BT, LIRS WS, IR H R
G2 05 i K B B3 B e RS 7E MIG 451478
B A SR A5 BT IR S thAE ZE AR, RIA
TEW S AE FNGR S P FE. S HR S BFE /N T AN L
PARERT, Z5F9 I s PR I, FRATARE R K BH
JE X, st S SFAR A AR AR B DR 360°; 44 6
FER TANE W WA RE IS, &5 40 2 B0 M R L I g 7
FATVIRI R BHJC DX, s sz S5 A 437 A8 A6 3 Fl /)N
T 180°; AR BHIFESE T MR FE, R4 T
Il A REJE AR 0L &) 3(c) SRBEE A 280 9K BB
MAE, RGN GH (i SRR RN, A 3(c)
ATLAE S, Pk BEHN 0.15 eV BEANF] 0.2 eV BT,
RGN GH B R TR, &l 3(d) s,

3.2 TREEE
ROk, il A SRR R, SRR R SR
SRR BE & AR AR A 0. Al 4(a) Frs.

224202-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 22 (2021)

224202

1.0

0.8

0.6

0.4

Reflectence

0.2

(a)

0.20 0.25 0.30 0.35

Frequency/THz

.10 0.15

(=]

GH shift (S/))

— 0.40 eV

o A )
0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.34 0.36

Frequency/THz

E 3

0.40

Phase/(°)

GH shift (S/))

180

90

—90

—180

(b)

—270
0.10

0.20 0.25 0.30 0.35 0.40

Frequency/THz

0.15

400

200

| |

= N
o =}
S S

—600 |

(@)

]
0.1 0.2 0.3 0.4

Fermi levels/eV

TEAR SERBER T, REMRATE (a) HHOL (b) FI GH 778 (c) BB BRI R ; (d)GH (758 B8 SR BEGR i A8 Ak A iy 58

Fig. 3. The reflectance(a), phase (b), and GH shift (c¢) of the system are corresponding to frequency at different Fermi levels;

(d) GH shifts with respect to Fermi levels.

1.0
0.8
8
= 0.6
)
g = 10 pm
=
g 04— 40 um
— 70 pm
= 100 pm
0.2 f
—— 130 pm
—— 160 pm (a)
0 L L 1 L '
0.10 0.15 0.20 0.25 0.30 0.35 0.40
Frequency/THz
300
200
100
5 0
w —100
£ —200}
= — 10 pm
s =300 F — 40 pm
U —400 | — 70 pm
_s00k— 100 pm
~—— 130 pm
—600F 160 um (c)
—700 1 L ' L L L N
0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.34
Frequency/THz
4
Pk el

Phase/(°)

GH shift (S/))

—-90

—180

(b)

—270

0.10

0.35

0.40

0.15 0.20 0.25 0.30
Frequency/THz

200 F

—200 F

—400 F

—600 |

(d)

0 30 60

90 120 150

Air layer thickness/pm

AR BIEET, REM IR (a), AL (b) Al GHALF (c) BEMFR M RCFR s (d)GH BLF B % RS B2 142 4k

Fig. 4. The reflectance(a), phase (b) and GH displacement (c) of the system are corresponding to the frequency at different air
layer thicknesses; (d) GH shifts with respect to air layer thicknesses.
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Fig. 5. The reflectance (a), phase (b), and GH shift (c) of the system are corresponding to frequency at different graphene layers;

(d) GH shifts with respect to number of graphene layers.
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Abstract

The active modulation of the amplitude and phase of terahertz wave has been widely adopted in terahertz
functional devices. The current metal-insulator-metal metasurface structure combined with two-dimensional
materials such as graphene can realize dynamic control of terahertz amplitude/phase, but it has some
disadvantages such as less freedom of control (voltage or light intensity), complex processing technology and
high price of metasurface structure. In this article, we propose a prism-coupled matel-insulator-graphene (MIG)
phase regulation structure. This structure can not only control the phase by adjusting the Fermi level in the
usual way, but also change the intrinsic loss and radiation loss of the structure by adjusting the thickness of the
air gap and the number of layers of pre-spread graphene, so that the phase of the structure can be controlled,
which is determined by the difference between intrinsic loss and radiation loss of the fabric, which is closely
related to this structure staying in the under-coupling/over-coupling state. The adjustment of the structural
phase can also lead the magnitude of the terahertz Goos—Hiinchen(GH) displacement and its positive sign and
negative sign to be selected. Furthermore, it is shown that the under-coupling state and the over-coupling state
of the structure have an important effect on the coincidence of the Goos—Hanchen (GH) displacement. The
results show that by dynamically adjusting the thickness of the air gap and the Fermi level of graphene, and
changing the eigenloss and radiation loss of the system, the phase regulation can be achieved. Finally, the
transition from overdamped to underdamped state is realized. In this physical process, the GH displacement of
the system will also change obviously. This paper puts forward the structure of the process with simple
processing technology (no need to microstructure), tunable high degrees of freedom (available graphene Fermi
level and air gap dynamic regulation, also could be regulated and controlled by controlling the graphene layers)
in comparison with the phase modulator of metal-insulator-metal super surface structure. The results of this

paper open up a new way of developing the multi-parameter tunable terahertz sensor components.

Keywords: terahertz, graphene, phase transition, Goos—Hénchen shift
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