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Abstract: Dielectric metamaterials based on high-impedance silicon were designed for controlling the
amplitude and phase of the terahertz waves. Here, the basic unit cells of the dielectric metamaterials are
subwavelength silicon pillars, they have lower loss and thus have higher efficiency compared with the
metal based metamaterials. As different silicon pillars with different geometric parameters and orientation
angles will have different transmission amplitude and phase when the terahertz wave passes through them,
nearly arbitrary spatial amplitude and phase distributions can be achieved by designing the geometric
parameters and orientation angles of the silicon pillars at different positions, which allows to fully control

the shape of the transmitted terahertz wavefront. In experiment, three different meta-gratings were
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designed using the silicon based structures in which the diffractive orders and their numbers can be

arbitrarily controlled. Such dielectric metamaterials are very easy to design and fabricate, making them

very promising in developing low-loss terahertz functional devices.

Key words: amplitude and phase control;

0 5] §

B B (metamaterials) J&— P B I 1< G045 #4) 5
TGRS HEAR Fr 2 B N TR}, FE e ds s g sy T
AAEMFERAST, WG] TR A2 6
o ARG T AR BT - — A R AR
“JEF R U A AR T R AR HL R
PRI 32 R R T X Se 25 0 FRIT A R LB AR L RT
FHEA 77045 T AR S5 44 B0 )2 AT L) Rl
BT, BT DL e A AT 3, B LRI
VEFEARAT I B R 0, B rT DARIR SE 2 B SR 5
POBHIT AR SZ B D fig , 9 an o 7 S 32 R i
PBAR 58 T AR T8 1 14

2% 1 (metasurfaces) 2T JLAFE R g B2 H A&,
B R ST A A AR B — )2 A I K TS
ORBEENF TAEM ) T AE R BEAS [7] 68 44 8L R
FH PR D0 A L P TR AR A R X AT 4, R T
3 32 R I o Aok AT IS AT 7 A AR S 5 A e 4 |
FERE 1) a0, 2 F R A BRI T 2R
T (14 Ef i, 325 S P 0 T8 D00 s A7 43 A 3 25 R A A
AN TR B B R 45 A BT ) i 1 R DR, 3 TP X — i
PR AT LUK 25 SR B9 H B e i T R A T R A R 2
HIOGAE AR R b A ok, A R e
Pras BEEE E BSR4 BRSO EA T
o FH IS R

HAT, 1555 T & B OC 2R B 25 s, /&
PRI EE R AL 2 N &8 . SR
P U HL AT ATE H AR S 5y Ml A i, Bk
TR, DA S5 A b 45 B B HL G TR 10, AR LIRS T
FORI Y, (E2 48 T AE 78 I KR FE 2 1 4 B
] A A R R 2 T — 2D S A EL R TR R
I, A BUB AR S | T I N B B A
JBT AN TG ZE AR B T K PSR 80 A AT L4
PR R B R HLAR 2240 0 1) F R 3 IR A
FEARIN, DRk LS 46 T b sk | JHC X F, s i 1) 4 R
AN SN R Y= DO R R AR Y VN

dielectric metamaterials;

terahertz; meta-grating

SCRAY AT — BT A BOR AR B R 24
P B IR A Tk, FEIRUBR IS D) TR 3% i AN ]
LA L S R RE DRI AG AR, X LR S A
£/ E D SNUEW AN I3 TN R R = S o o i
SRS SE A PR PR, RHR R 00 I R A
2L, HURE o T 4 S RS I e 52
RIAEE TG Jm B R AR LE, SRR A OB AR J7
R FLRRE IR P AR R, O T IE P RE A TR I i
FTPRIEANAOL PR, Bt T = AP [ A 77 5 e,
25 T 0 AT SRR H AT R A DT i, SRR
SRS BT MU SRR T

1 &

55 2B 5% T 32 S AR 2R R R T A A e B —
B LR R AR 037 5 42 R AT X T IR 07 1) 5
NS i P TE 52 B8 S R G B B B o T DR B ik
V18 FL, 0 902 1) RS2 TR 42 T LUBE 55 51 3600 i, Xl
S BUL BEARGL A (RRAS . T TR 7 15 A
S5 Qi 1R R ) ) SR O i, AR M e T B 45 4 ok
i 360°Y [ B L A ARAT 5 T i AR A2 A T
P B AT I B A2 2% ELAN TME R, kT
ity LB R T S E A S R AT e Ak, o
R V& R TEIR Sy E NN i Sy &S S|
WA SR PR DAY BE B DB, 3 T e A
T IRME A W RS ], AR R R
R Al DU BRI B AR, 1 T s i i
L R AR EE B, HAITOC T AR i U ik, [El B b
AR G+ 25 A + a1 TR, BAR AR AT LA
TEARRARFE Bde sy, (EJRAJ0 ik i b 5 Jo R OB 45 6
7R A RERR ARG . P (2, S R A R i i —
e T — AR F B,

2 igitEE

2.1 &gt
X HLOR FH A9 oA B A = BEL A (e=11.9) , HifE K

0425004-2



Ik TR

% 4 2

www.irla.cn

% 45 %

22 BB W R BULT- T D22 . 18] 1(a) i it
A TREM A o, W RIE e — RS
M, TGN a, KR b, R b, AN P, 3oL
BN T B A R RE AR, B I T — (R A S
B KBS x B M o0, ik 1(b) s, R4
AR S, AR LSS 18— R FR 3 7 1A (1
BRI 1)) b AR RO O B I8 40X
ANT7 1) A T S AR 5 S = ) o A G
AR A ] FRL B e A Al ) P G, BRI T 1)
Do Bl 5 TG IS P -5 Al e 4 5 ) S R

Slow axis

Fast axis

(a) =HE&5H BT B

(a) Schematic of the 3D structure (b) Schematic of the rotation

(b) &5H4 FITTE W 7m 7 K

of the unit cell
1 itn B R

Fig.1 Structure diagram

unit cell

2.2 HRMEF0AR AL HI A

h T AR R R R, W E R A
MR 4 ik o SO TR BT T PR A S
AR D0 o 38 2 1A S M Tk ST AR A R SE AT DA
R W REIR CE PN YR 1 BUR L (BB
FEZEAEHE— R AL TE A AR 22 2P, BIARG. 2528
180°, LB, 454 A D e st 280l T — -2k R, Al
PLBE ST 2R i ' 58 2 1k R o — Zedmdi e 5
FERIEY, 2S5 0 eSS FA BE 6=45° 1 I, nDRE A S
1Y x AR F- 58 2 5 4R y ARG R

& 2(a) Fll(b) 7331125 T F CST Microwave Studio
AR B 19 2 =28 pum , b=62 pm , h=150 wm,
6=0°FF 14385 S 33 () i R AAR A6 25 2R (81 o 1, =E/
EARER x MmARAN y it A ST 09 KB 2% 0 (O A4~ X
FRETT ), 43 )ads ik i AR B A B 0 R 8L B, 1GER
x PRARAN y i PR A SR 0 R 4% I 375 A A S R L3
E 2% Y, ARERAMR 9K I3 i o451 1) ik BEIK
JERIHYg ., FTLLES], x Fly IR A ST, FF 5 iE
SHRMEAE 1.25 THz BT 6 BN KONV, AH A AH 22

180° 7647, A I R O R, Bl AR E T il N
PREFAR o B i PR AR (SR R JEE B IR AR

g 1.2 600——m——————————
G e X 8
= 13
£ 0.6 £ 400}
] —1zl g
= g
'T;x E
< 0 . . (@) 200k A .
0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0
Frequency/THz Frequency/THz
——|t,,| theory —— Zt, theory

m |¢ | simulation m /¢ simulation
= 1.0 180
2
Z 3
z 5 120f
2 2
Eos %’
3 o 60
E
& @\ & o
< 0 1 1 1 1

-60 0 60 -90

0/(%) 0/(°)
.g 1.2 _g 1.2
& 2 ~
£ g VAN
g E |2, / e 5
Eo.s 0.6 /
% 3 f/’ y
= ,‘2 e
e |\ M| & | “
£ o : @ £, . . ®
0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0
Frequency/THz Frequency/THz

P 2 7 3 AN IR MR AE L2 S () (D) 24 6=0°M ,x Fll y
PR A 175 B0 T 23 5904 2 A4 325 55 iR 0 33 R AR L3
(©)(d) x T dR ASHEOLT | UL S B eSS AL 6,

HH IR B9y D 4R R 2% 5 FE 1,25 THz A 9 % 8 FAH 457
BAEIL 5 (e) () 2 0=45°IF , x f iR AT 175 5L T 43 51715
FURY x i Ay i 4% 37 S5 )

Fig.2 An example structure of transmission spectra and the control
of the amplitude and phase ((a), (b) Amplitude transmission
and phase difference under x— and y—polarization incidences
when 6=0°, respectively; (c), (d) The changes of the structure
in amplitude and phase of the outgoing y—polarized wave
at 1.25 THz as 6 varies under x—polarization incidence,
respectively; (e),(f) Amplitude transmission of the x—
and y—polarization waves under x—polarization incidence

when 0=45°)
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((a)—(c) photos of parts of the three fabricated samples
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corners are the enlarged photos of two selected
structures; (d), (f), (h) simulated results of the three
samples; (e), (g), (i) experimental results of the

three samples)
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