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Fig. 3. FDTD simulation of cylinder-substrate.

Fig. 1. Simulation structure (a) Sphere; (b) Sphere-substrate; (¢) Cylinder-substrate.

F2 BEHEAERNFDTD i A& E

Fig. 2. FDTD simulation of cylinder-substrate.

BT 475 3 S5 Hh 7R N S 98 U0 350 358 FH 3 o el 47
J5 A E NS . 2 (PR ) W, y, 2
75 1) i A B N CPML, A SCHUN % b = 2, &
R R (0) 1015, PML UL EC % < 1 3 B BTN

XF e 1 A R 9K (B RE B 91034 AT B T
e 877 T BEAT AT A, AT DA SE B 2% 45 44 K
PR S SR R HE AR & 4 o5 21 I3 (fF =) B
SU1 73 A PR R 2K TR R 2 271 17 S0 82 B AT B
J7 T e By PML, 1 2 A1 2 J5 1] 350 B8 39134
Gt dAh AR BRI AR, p NEHEZ
[F1) Py 2 1 T o BT 4. S0 (S S A ) P O B
I B Sk e B A e

3.2 ZERMiTie

32.1 BAMAKET HAT KA S GBS
PE AT

Kl 4 (a) Eon A B BT =R g nH—40

B LA 3 1T 1) 5 A T B AR AR AL T 26, P 4 (a)

HEECARERI A BB (1) REH). WE 4 (a) ATEA

F 1) B ER B R A 28 A B B il

PRl Xk PN Mie 25X, FH 600 nm 154 55 B

110201-5


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

¥ 38 % 3k Acta Phys. Sin.

Vol. 64, No. 11 (2015) 110201

AR AT L L AT AT P L AR 2 2, U U AR
5, TR RA, X FORR U, AN IO REER 3 80E
WEIR I AR £, (AR B AEER A, 2) M ERPTK
BEAEFT IR L, L AEF B A SRALT A BRI
i, WU E AR 225528, BLZAE oL H AR
WEIR RO AL BR TP (0 BE B R 33 1) — T 20
R TR 3) (H2, HERGE AR, 7
AT FRRIARAL, ISR IEE S H R . X R
PG A I i B, T B R gl 2 [B A X o 45 4 11
SIN, SGARBLZ R BAEER eI T — BN
HWIE, fERERM G R TR ST, KA T AR

—
o

[l 4 (b)—(g) #2817 2R((b), (), BR-AIK ((c), (),
AL -4 ((d), (g)) EPINIE IR £ HLI2 88 558 23 A
K. TR EIE 4 (a) 28 U 1 e,
B TC IR A IR T AFAE, QR LT M 2 Bk, 2N
St B AEIEIRAE 20T T L 2 B R A AE GoR Bk,
FEARANZAS Ao, — EUBRAE B 8 i, I
Mie W31 = 109375 18 58 7 A 55 7 JIRAT T I ) SR &, B
A ENRRLT I3, AT FE S 214 i 24 v 1Y i
5, X PR B ARAT R R T 1 S R AR S
FF, AT IS 4 (a) Hh R AT il 2 18 % 41 9 11
R,

Lo Bk
L — BRHE
| — DR

VA — AL
O = N Wk G A W ©

TR HL

600 800 1000
#H/nm 1

A =610 nm

K4 (MTEG) fiRgR

800 900 1000

log(|E/ Eo|2)

A =710 nm

(a) JH— LB (b)—(g) St u

Fig. 4. (color online) Simulation results. (a) Normalized scattering cross section; (b)—(g) electric field enhancement.
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Fig. 5. (color online) The results of periodical structure: (a) reflectance; (b) absorption coefficient
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Abstract

Reflection is a natural phenomenon that occurs when light passes the interface between materials with different
refractive index. In many applications, such as solar cells, introduction of a substrate will result in an increase in
reflection. There are many ways to reduce the reflection from a substrate, which have been investigated so far, including
dielectric interference coatings, surface texturing, adiabatic index matching, and scattering from plasmonic nanoparticles
etc. Here we present an entirely new concept to eliminate reflection from a silicon wafer, which makes use of much
simpler method than the ones reported before, and can be applied to any high-index material. Finite-difference-time-
domain (FDTD) method and auxiliary differential equations are used in this paper to simulate a new structure that can
suppress the reflection of light from a silicon surface over a broad spectral range. A two-dimensional periodic array of
subwavelength silicon nanocylinders is designed, which possesses a phenomenon strongly substrate-coupled to the Mie
resonances, and which can produce an extraordinary transmission phenomenon similar to the metal surface plasmon that
yields almost zero total reflectance over the entire spectral range from ultraviolet to near-infrared. This new antireflection
concept relies on the strong forward scattering that occurs when a scattering structure is placed in close proximity to a
high-index substrate with a high optical density of states. For a detailed description of the problem, we have carried out
some simulations. From the results, one can see that although nano-pillar covers only 30% of the substrate surface area,
it can reduce the reflection from the surface from 30% to under 10% at the Mie resonance. For the purpose of reducing
reflection from the substrate, this new structure designed may provide a reference for the actual solar cells and optical

antenna design.

Keywords: auxiliary differential equation, finite-difference time-domain method, Mie resonances,

extraordinary transmission
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