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Abstract By mean of focused ion beam (FIB) etching. the samples were prepared on a 120 nm-thick gold film. The
comparison of optical transmission shows that the circular hole arrays, which possesses the six-fold rotational
symmetry and central symmetry, has higher transmittance than the two periodic structures’. Its peak efficiency is
about five times larger than that of the square hole arrays. It can be attributed to the stronger constructive
interference of multiple scattered waves in a higher symmetrical hole structure. The position of the enhanced peak
for the circular hole arrays locates in the visible region, while that of square hole arrays is in the infrared region.
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Fig. 1 DBS235 focused ion beam etching system
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Fig. 2 SEM image of circular hole arrays
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Fig. 3 Schematic of the sample measuring system
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Fig. 4 Measured transmission spectrum of the

circular hole structure
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Fig. 5 Transmission spectrum of the square

hole structure

RIS Y S5 L G O T R

1/2
FSB K A — a7 (2222 )
€4 +€m
FR

SoH a Ol RS R R eaen 43I R BRI BCE A
s 5O Fi 4 Jm IR A i B8, . YRR AR
T s BRI 25 AL G5 48 A X 2R i S — > 38 0 &2 2 i 45
F L ANBE ] — A T8 2 1 A X4 1 B R B ok (H 2
S DN 45 R AT DU A a7 S il 4 A KA R B /D
(B A B DA B33 5 5 B 5 1E 7 kg s AL IR 45 A
[ . 25 A SO 1 R 21 45 T 3% T I g s <AL 1Y)



1 £ R PR ) S AR R g (3] P i e[ 227

A P IO ELAE 25 1) AR LT 3 35 S0 17 S B4 B B T
TE VAR B SR A B SR T . P T AR SR R O
PS5 6 AN 2 Al 4 ' » S A5 P AAE <62 J8 3 1 i
EALAT—AT7 [ AL I e B UM B . A
Wm0y 2 AL 2 20 o B s AL RO AR R ) 2
AR e g 2 (] R e A B AR e =S AL BT L. &R
FLZE A 14 e 2 o e A » 2 LR Y 3 A A
JIr L5 555 it £ 49 5 0 ) B N R ot TR . RN
Jie 5 X ARAE 9 7S A d A S AL GRS W8 a=1 pm,
2SS LI B AR d =350 nm) {935 G R K22 HA Y
O BRI T 7 AR 25 ALY 2 A TR R s
SALEE B AALEAT 7S e 0 AR R s B P
YRR & ) B KO8 S AR 20N iy ks 25 ALY
2.5 %, Pt 5 S g — IR T A AL A
P19 508 5 X PR P 7 8 T A58 8 1 R R 0 A o A v
HIRWEZMMEA . EN . RATE & TP
23 AL 25 A A G 20 S0 B 1Y) o Sl 2L 7E 800 ~
2200 nm [IELLAMECBE B — R IR I 2 A
A0 325 55 494 50 0 8 B, T LA BRIES 23 AL R 1 5 4
T RE S R HES 2 AL 25 R B A TR e S S
FE—UUE B 6 K 295 440 11 328 S 3% 5 B R AN AUAE A
WVE LS R R AEAE 3R 25 AL KRR 0 E S S04 45 A
WHEAS B S B A LR B 2 )5 2 (9 18 5k 2
o i R B — R A BT IR Y A LA R R
e A IR R Z (TR

5 4 e
AR08 F B iAE T 388 2 AL AE ah s
SR G S0 0 J7 Bk D S T A AE W] DG i B Sk £1 4
BB B 2R OF 15 0E 7 SRR 2 R FL B o il 2R
AH HCA S 254 it 5 A TR %) A RO e S RALE
TR BF s A i ) 375 S e JBE R 3 S 0 i 0 1) A7 A N A
W], UE BH T 45 44 B T 7 0 Bk %) 25 5 ol 2 1) 52 i

s X X #
1 H. Raether. Surface Plasmons [ M ]. Ed. Hohler. Berlin:
Springer, 1998
2 R. H. Ritchie. Plasmon losses by fast elcetrons in thin film[]J].
Phys. Rev., 1957, 106(12) . 874~881

3T. W . Ebbesen. H . J . Lezec, H. F. Ghaemi e al..
Extraordinary optical transmission through sub-wavelength hole
arrays[J]. Natrure, 1998, 391(12); 667~669

4 H. F. Ghaemi, T. Thio, D. E. Grupp et al.. Surface plasmons
enhance optical transmission through subwavelength holes[ ] ].
Phys. Rev. B, 1998, 58(11): 6779~6782

5 A. Krishnan, T. Thio, H. J. Lezecet al.. Evanescently coupled
resonance in surface plasmon enhanced transmission[]]. Opt.
Commun. , 2001, 200(1);: 1~7

6 N. Bonod, S. Enoch, L. Lie al.. Resonant optical transmission
through thin metallic films with and without holes [ ]J]. Opt.
Express, 2003, 11(5): 482~490

7 V. M. Vigoureux. Analysis of the ebbesen experiment in the
light of evanescent short range diffraction[ J]. Opt. Commun. ,
2001, 198(4-6): 257~263

8 A. Degiron, H. J. Lezec, W. L. Barnes e al.. Effects of hole
depth on enhanced light transmission through subwavelength hole
arrays[J]. Appl. Phys. Lett., 2002, 81(23): 4327~4329

9 A. Degiron, H. J. Lezec, N. Yamamoto e al.. Optical
transmission properties of a single subwavelength aperture in a
real metal[J]. Opt. Commun. , 2004, 239(1-3); 61~69

10 M. Sun, R. J. Liu, Z. Y. Lie al.. The influence of hole shape
in enhanced transmission through subwavelengh hole arrays[]J].
Chin. Phys. ., 2006, 15 1591~1594

11 M. Sun, J. Tian, Z. Y. Lie al.. The role of periodicity in
enhanced transmission through subwavelength hole arrays[ ] ].
Chin. Phys. Lett., 2006, 23(2) . 486~488

12 F. 1. Baida, D. Van Labeke. Light transmission by
subwavelength annular aperture arrays in metallic films[J]. Opt.
Commun. , 2002, 209(1-3);: 17~22

13 H. J. Lezec, A. Degiron, E. Devaux et al.. Beaming light from
a subwavelength aperture[ J]. Science, 2002, 297(5582): 820~
822

14 Cao Zhaoliang, Lu Zhenwu, Li Fengyou et al.. Diffractive
characteristics of antireflective  dielectric  gratings  with
subwavelength periodic structure [J]. J. Optoelectronics « Laser ,
2003, 14(7): 694~697
WA R AR, R AE. WK R W25 A R Y
g ELTD. B F -3k, 2003, 14(7): 694~697

15 Yi Deer, Yan Yingbai, Tan Qiaofeng et al.. Study on broadband
achromatic quarter-wave plate by subwavelength gratings[]].
Chinese J. Lasers, 2003, 30(5): 405~408
PREEIR , B, W0 AF. UK A T S BT O i A L
/4 W mmrse 0], & B#ok, 2003, 30(5): 405~408

16 Meng Xiangfeng, Li Lifeng. Methods for increasing sidewall
steepness of reactive ion-beam etched, sub-micrometer-period
gratings[ J]. Acta Optica Sinica, 2008, 28(1); 189~193
P, 2N 0. AR iR R B 20 ol I FROK S A B BE T A O ik
[J]. &% %3k, 2008, 28(1): 189~193

17 C. Kittel. Introduction to Solid State Physics[ M]. Chichester:
Wiley, 1996

18 Z. Y. Li, L. L. Lin. Photonic band structure solved by a plane-
wave-based transfer-matrix method[ J]. Phys. Rev. E, 2003,
67(4): 46607



