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Transmission Enhancement of Terahertz Radiation Through the Ellipse
Gold Rings Structure
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Abstract; The terahertz time domain spectroscopy technology is used to measure the terahertz
spectral of three ellipse gold rings structure which deposited on the silicon substrate by the photo
lithography technique and the thickness of gold film are about 100 nm. Then the physical
mechanism of transmission enhancement through the structures is analyzed. The results show
that the transmission coefficients of these structure samples are above 0. 7 which suggests the
sharp transmission enhancement in THz wave band. When the angle between the THz wave
polarization direction and the long axis of elliptic ring is 90°, the resonance peak at 1. 67 THz is
result from the coupling between the short axis direction of electronic formed dipole oscillation
and the incident THz wave. While the angle is 0°, the periodic array sample has not obvious
resonance peak, the resonance peak of the patter array sample is obviously than the fractal array
sample, the worse symmetry of the samples’ structure, the richer information of the transmission
spectra. Moreover, the phase differences spectrums are also verify the existence of resonance
enhanced transmission.
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(d) No.2(3x3) array sample
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Fig. 1 Schematic of ellipse gold rings structure which deposited on the silicon substrate by the photo lithography technique
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(a) Transmission coefficient spectrum of three samples

when the angle is 0°
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(c) Transmission coefficient spectrum of three samples

when the angle is 90°
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(b) Phase difference spectrum of three samples
when the angle is 0°
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(d) Phase difference spectrum of three samples
when the angle is 90°
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Fig. 2 Transmission coefficient and phase difference spectrum of three samples

HRHE G S 300 e LR AR AL G S TE 4
J& 2584 B RS L S S S 0 B O e . Y
S LT T 0 3 0 O R R A R B, A SR IR A X
L B B S AR 4 R A BRAE L 5 — AN PR, R
375 2R 38 B B A R IO 4 A B Ol JE AR AT R Hy L5
255 (B 2 Ca) i Cod) m] J1, T R 00 T 358 9 R 0
T 0. 68, 84 Uk B T L AR 0 U K 45 4 2 3B I 3 5
1. e 0=90° B (|l 2¢), 1. 67 THz X i (1) 2 4% 1%
TE = AR R B0 T, 3 1 B o iR 0 Pl TR
sty L [7]) 1) 45 b BR[5BTy 0=
O°Bf 14325 ik 2R 0808 T £ Dy 90° ] 1) 3 S AR B iX
B TR SESCE X MY BT m
& JE A ELK BE 43 591 Sk % R A Al 1 B S S R Tl

JE I F-P 0N o PRI e 4 1 37 S 4 5 50 AR ek e
S XN O T R Bl . i H 0= 0" R, 1. 67
THz firxf i e 4R 06 1551 3 5% 5 (9 7R A B S, i
0=90° HF = AN HF i 0T B L 3 U0 T bt 0 2 R ol 4R
BB T 1) R B BR 1R Y. TR e THz 38 1Y
P4 75 1) 5 4 A — B0 A AT AR S R AR Koy 5
THz P 0 e BAH 3 B WOR 2 5] 3k, B i 3
SEAT T R 2 e 1Y 5 R 3 o T U] I Y
X — G AT g R Sy JR BT 2R AR R AR 0 AR T
45 7 1) A 4R 355 S AN [R) 1) T AR AR - 255 A T A R
J5 1] ) HEL R 5 AHRR A X T 0= 90 KU A I A
B0yl B IR U AR TR 5 A ST THz i
TR A XIS IE T 150 W e s R 35, B AT AT LA



1064

e T

EE

412

SRS B VAR AR L N Ik 2 1 ARG [ A 7 32 0
— FR YN [] A 1 2 S 3 B 06 A %o s (H AR SO XoF
IR 2% 0 BEIEAT I 5 T 4% A 162 A5 1) ) J Ja 3 A LA
AR AS W 1 B T 7 A ) IR 2 iR v B AR S 4 25
W B L — SRR 0 L BT DAAE KB 2% D B A 3 T
X —~ B iy AR 0. b 4h, 0. 33 THz #1 1.1 THz
Ab A BT AT 53 T8 0 [ B4 485 K XoF I () AS K B g 1
iR 0 T S B 45 AL AT 10 BH R 25 A TR R Al
BLVEF A H 0 TR 45 A8 1) J Sl e i 77 A= 1) o7 i 0.

4 Kramers-Kronig 6 R, 35 57 5 BF () 25 1k
S B AR AR AR r g Jr LA E T 2 (o) i CdD B A A
ZE15 AT LSS G IR 3 ok 37 B 00 A7 7R, DURE 7 22 3% 1
R DLE S, 1. 67 THz &b 3 5 HE 5 A 7 22 2 b AN
B L AL 0 TR 2 Ca) 1 Ce) v i) 91 o7 i i AR 13 535
15 R0 2 S i AR A 25 78 Ak L A W] I, X 0z 2 Ca)
I Ced rp (1 M40 37 S 06 53 82 A KL R At 0= 90° I
A0 W] S — 2B g P AN B O O 0 T T ik
PEAH 22 S5 4b 0. 46 THz ™k X Ry . 38 33 i 7R Xt ke
2 Ca) FiCo) A 2(b) AT Cd) » S 32 506 1) Ji% e A
A AR Ak 18— BOCPE U0 B T S0 9 AV 3] 4 B 445 4 1 i
SRPAA R b TR 0 5 %) 8 A P S

HH A s (10 375 S 95 A L R O Y A R O O B
RS AR PE R AN 4 35 S B R 2 L B2 R 2 A
HUEGHE B> — 2 1 SRR NS M I E A% 51k
LR 1) JUBR K — 28, A N b LR 3% T ek 252 5
F 3 S i B 5% Bk PR A 28 BT DL 3 S 06 A X b —
e 5 BN 150 B BEFN 250 1 5 . BT LUAE
B — B A A A B T LA R 7 SO i 7
PR RE S5 A8 TR
3 g

A SR IR 2% 8 B M\ S5 3 £ B B i 1 I IR A AR
(53] 4 P 45 A0 119 375 S5 348 58 M B, O UE S T 3X AL AT i
SR 1 5 1) ) B B 00 TR A5 4 5 1S 1 JR) du A AR A
I68] B 25 2 bk 4 7= A Y F-P & S R A A &5 2R
FREEE FERBOTH G AL /T KK /e 7ot
FAR G B 0 RS 23 TE S5 0 ASAURT LIE B B T F-
P On; 5 S 18 RUBE /N B 5% W o DA S 3 e A B
FRUBE R0 A BR A1 T L AT AR — o DK Ak g 5
FUR) HL R I L O BIR ] 3 22 AR B AR BL 4 R A5 A . 3
S BIF 5 235 AT Ay RO 2% i O A7 AR 1 R SR RO 2
R EBACSRME T —E WS %, MR EHF T4
P BB 8] 4 8 e 8 O AR R A A s A S R A A

S Qibk g e
S % Tk

[1] LU Li-zhong, WANG Ji-jun, FANG Yun-tuan. Oblique total

transmission through an anisotropic zero-epsilon metamaterial

[2]

[3]

(4]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

slab[J]. Optics & Laser Technology, 2013, 47(4); 4-9.
WANG X F, DUAN Y, CUIJ P, etal. Crack free ZnO thick
film on sapphire substrate without GaN template grown by
MVPE[]J]. Materisls Science in Semicondutor Processing ,
2012, 15(3) . 277-281.

LISCIDINI M, SIPE ] E. Enhancement of diffraction for
biosensing applications via Bloch surface waves[J]. Applied
Physics Letters, 2007, 91(25): 253125-253128.

MIYAMARU F, TAKEDA M W, SUZUKI T, et al/. Highly
sensitive surface plasmon terahertz imaging with planar plasmonic
crystals[J]. Optics Express, 2007, 15(22) ; 14804-14809.
RUAN Z, QIU M. Enhanced transmission through periodic arrays
of subwavelength hole: the role of localized waveguide resonances
[J]. Physical Review Letters, 2006, 96(23) : 233901(1-3).

QU D, GRISCHKOWSKY D. ZHANG W.
transmission properties of thin, subwavelength metallic hole
arrays[ J]. Optics Letter, 2004, 29(8) . 896-898.

MASSON J B, GALLOT G.
plasmons in subwavelength hole arrays[J]. Physical Review
B, 2006, 73(12). 121401(1-4).

XING Qi-rong, LI Shu-xin, TIAN Zhen, et al. Enhanced

zero-order transmission of terahertz radiation pulses through

Terahertz

Coupling between surface

very deep metallic gratings with subwavelength slits [ ] ].
Applied Physics Letters, 89(4) . 041107(1-3).
LIN D Z, CHANG C K, CHEN Y C, et al. Beaming light from a
subwavelength metal slit surrounded by dielectric surface gratings
[J]. Optics Express. 2006, 14(8): 3503-3511.
MIYAMARU F, HANGYO M. Strong enhancement of terahertz
transmission for a three-layer heterostructure of metal hole arrays
[J]. Physical Review B, 2005, 72(3): 035429(1-5).
WEN Wei-jia, ZHOU Lei, HOU Bo, er al.
transmission of microwave through subwavelength fractal slits
in a metallic plate[ J]. Physical Review B, 2005, 72 153406
(1-4).
GAUBERT C, CHUSSEAU L, GIANI A,

fractal antennas for electrical and optical

Resonant

THz

semiconductor

et al.

emitters and receptors[ J]. Physica Status Solidi (C), 2004,
1(6) . 1439-1444.

MIYAMARU F, HANGYO M. Strong optical activity in
chiral metamaterials of metal screw hole arrays[ J]. Applied
Physics Letters, 2006, 89(21) . 211105-211108.
KUWATA-GONOKAMI M, SAITO N, INO Y, et al.
Giant optical activity in quasi-two-dimensional planar
nanostructures[ J|. Physical Review Letters, 2005, 95(22) ;
227401(1-3).

PENDRY J B, MARTIN-MORENO L, GARCIA-VIDAL F
J. Mimicking surface plasmons with structured surfaces[]J].
Science, 2004, 305(6) . 847-848.

XIAO Xiao, WU Jin-bo, WEN Weijia, et al.
terahertz transmissions through metal hole array on silicon
substrate[ J]. Optics Express, 2010, 18(18): 18558-18564.
YANG Fu-zi, SAMBLES ] R. Resonant transmission of
microwaves through a narrow metallic slit [ J].
Review Letters., 2002, 89(6): 063901(1-3).
BARNES W L. Surface plasmon-polariton length scales: a

Resonant

Physical

route to sub-wavelength optics[J]. Journal of Optics A-Pure
and Applied Optics, 2006, 8(4): 87-93.

DORNEY T D,BARANIU K, MITTLEMAN D M. Material
parameter estimation with terahertz time-domain spectroscopy
[J]. Jowrnal of Optical Society of American A, 2001, 18
(7): 1562.

GABORIT G, COUTAZ ] L, DUVILLARET L.
electric field measurement using isotropic electro-optic crystals[ J].
Applied Physics Letters, 2007, 90(24); 241118(1-3)

Vectorial



