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Near-Field Imaging Properties of Two-Dimensional Square-Lattice
Photonic Crystal Slabs

Ao Ling Feng Shuai Wang Yiquan

(Academy of Science, Central University for Nationalities , Beijing 100081, China)

Abstract Photonic crystals are man-made crystals consisting of two or more kinds of different dielectric materials
arrayed periodically. Because of the collective modulation of the periodic dielectric distribution to the incident
electromagnetic waves, the directions of the group velocity and the phase velocity can be opposite, a photonic crystal
slab can work as a negative refractive-index material. In the letter we study the influence of the dielectric shape on
the negative refraction and near-field imaging of the photonic crystal slab. By the analysis of near-field imaging
properties of the two-dimensional square-lattice photonic crystals consisting of circular, square, triangular, elliptical
and rectangular rods, respectively, we find that the image spot moves laterally with respective to the rectangular slab
when the symmetry of the rods reduces for a certain degree. With the systemic analysis of the equifrequency-surface
contours, we find that an excellent-quality near-field image of the photonic crystal slab can be formed mainly by the
self-collimation and the negative-refraction effects.

Key words optical materials; photonic crystal; near-field imaging; finite-difference time-domain method; left-hand
materials

15  F

T S A4 B 5 1 i BRI 5 3 [R] I Oy 97
R, Pendry™ Ay i 74T S A 1 10 R F
AR LATECOR I s S 5 et 8 1 348 B o » R 6 5
DR BT A AR A AR s S B B /N T A S AR
BRAYSER TR . AT AR RA T i OB B8
W2 W BN EH AR A2 A SUEA HE KR
g o AR

Wi BHA: 2008-08-10; W EME B BHA . 2008-09-25

RT3 R TE [ 4R 5 rp 4R 2 KR 1) 547 3 44
B ST AR PR R L _E A ek R
BRI HE S F A — Rl N T RE . fe e AATTHE
T BUTE 5 78 45 K 9 D' 1 feb 1A v o mT DA S AR 4T 23
LU, 2002 4F Luo % WF58 & B, 7] LAFE H
FEA A ZH B 4 1E J5 df kS 06 i A Al rh S B
I B AR e A G 0 T8 T R R 2 — A e
Ay e L I 0 R X LA Y AR B B

HEWH: BR R ZRHIE (072Y15) . FH K A Sk Bl % 3 4 (10674185, 10705056) Hl ip g [ % K 2% 5 4F Bl 2% 3k &

(CUNO0207) & Bh i 1 ,

EERB A B B 959 —) Ao B BTGB TRFOE T SR SEDr BT 5 . E-mail: aolingz@sina. com

* BIEBEE Ao Email: fengshuai75@163. com



44 5 QS

TR IE TS A O T R AT AR A 3T 3 A R A 1093

RS RNE R M=k VR DI 7K1 €1y QA e
TET7 S OE T AR R B IE 5 WK AR k3% T R
PERT . A SO 5T S BUAE o AR AR 199 1 JoOAE: 28 A1
THEIE DT RO T R R R A AR RO IR S R B
G 38 SR AN [ AR A AR IR A B U 75 1 2
— N REHT AR R AN AT 5 AR R 2 ORI AR 1 72
M AN K o 297 AR X Bk P AR 31— R SR » W] LA
S B ROGIR-5 BT BSEAR O T AR O T @ AR AR i A
[ 73 5 BE— L WA T 5 A A PR T i S B B
T A MEE AR AR R .

2 AETEARGT SR )3T 37 B G e v
2.1 EARNBEHABRWES BB FRE
ASCHEGE A HE B 18,1 K 0. 46a 1Y IE

1.0 L I TP S S S | L
2 0.8-// 018'>18\01<)\\\
< (0.6 4.0 - S
024 [ [/ /" L\
g oo L (1)
<% \ T
c%—0.2- \ \ N\ ;
E-044 016 N T
g 081 N\

% 0.8 _}1.19 s . ==
-1.0 N \ @ 0.18 .19

/a)

ecto:

-08 -04 00 04 08
Bloch wave vector k_/(n/a)

JT A A R 4 IR TT AR OE T AR R o e
G T R R E R R IE TSR B I KR AR Y
rX Jim . s iFm g I Ir kR T Lot d
PREE — A REAT I SE A 2 A 1 () R, AT
AR BITEHR 0. 19 Cre/a) SRR ML P LA TM £
Oy F R X il RO IR FE BT 1L 9 HoAR i
EAAR ) TM J7 1o T X3 — A8 19 A 3%
(Bloch) 8 , HH 1 BE T il J2 P47 1% Y 2 T P 2K
7 1) B T LA B2 XS8R A A A 3 b A
Tl A 1 TM J5 . X F— R ME LT T
M J7 1) B 61 il AP B 3 28 i R T 1) AR
TR B OV . TR B TM 2R HAB X
S AR AR T Do R Y R 3T
RO AT AE

BT i IE T A B AL — 4k 1E 7 ik O 7 it R 55— A BB R AR T 45 O3 2R (o) R T 0 4RI 6 i IR DML 1) (9 9
Tt S AR Y 3 5 AR 45 1 (b)

Fig. 1 Equifrequency-surface contours of several frequencies in the first band of the two-dimensional square-lattice photonic

crystal consisting of square dielectric (a) and the near-field imaging characteristics of the rectangular photonic crystal

slab with surface normal along the I'M direction
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Fig. 2 Schematics of the rectangular photonic crystal slab
with surface normal along the I'M direction.

(a) square; (b) triangle; (c) ellipse; (¢) rectangle
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Fig. 3 Equifrequency-surface contours of the triangular-dielectric photonic crystal (a) and the near-field imaging

characteristics of the crystal slab
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Fig. 4 Equifrequency-surface contours of the elliptical-dielectric photonic crystal (a) and the near-field imaging

characteristics of the crystal slab
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Fig. 5 Equifrequency-surface contours of the rectangular-dielectric photonic crystal (a) and the near-field imaging

characteristics of the crystal slab
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