e R
0 i 1 )]

5% i
Spectroscopy and Spectral Analysis

a4 M Vol. 29,No. 4, ppl147-1150

April, 2009

WE 2 X & A IR I K S

BR A

Lo AentE CRA R BB ROR B . BIER S5 TRER L9505, Jiat

» Rk B!

100081

2. REFHO A S EIR TR Be, Kt 300222

=

P T — Tl B DO #0235 IR PO M LR 50 AT LA 98 4R S S RO

IRV GEIE » AT 20K LN T By Ot REAF 2 AR A ROR . b T 2F I TR ST I8, 5 H IR 5E
JEE(EL A /M TR BRI S 2 N — AT SOL R BE B . IRAL BT T LR as i 2 B AT AT ST
B R IZ A R AR P AN E 2R 220047 T 05T, WRFERMT . S Rh Bl Oh A it 24 0 i e (BT A Bl %
NS AR » SR 8 4 98 B R A 20 0 [ 45 25 1R R JEACSLIROC I A5 4 14 7 A, 245 i LR P g
XM AR 22 A RAR R, Bl A (R s R Bl DAl 444

KEEin

HRESES: TH74L. 6  CEARIRA: A

CI—1

KM — Pl BE S 48 = 7™ i Bl D BE 1 e~ oo
ER T 7 SR A 2 R ARSI, T
PATEANTR] i HE R 26 AFF CRIAS [R) L5607 1) ) 52 B PAL AR v 43¢
o BSR4 18] SR A A OR (B T
SEEDCHPA R AR TR BRA XA A M IR
LR TR WE{E Y RN TR IR o P B RE A A AR AN
T W AT R UL B PR AR AR AT Y L FRT . A SCHRLS
6 T8 SV e KM A SR . (H R R T R A R
FIBIEFE A SR 98 Ji 58 CRI BT Db e Mt #a O A) 5 T A9 4R 3F
s FEHRAEREA AT WOETE [ A FEAS TR A A5 05 T #R RE
PREF IR AN S0 LT AL R F . O T gk bk bk (A
L FAIBESE T IR v e S R AR Bt T —Fh
PEREOL R A B PO A . RIDOUZ 28 A AR O
Mt

1 iR 5 J 5 1 Jr B

BOGBBR A Ao — 47 S5 FCH R o A 5
A=A, WEHER d, A BRI R 500 ne Ao
BZFENRSZ AT IR0 ne M ons, WK 1o X FHEZ
e LTSI . A 0 ST TDE R, RE0k

s HH: 2007-11-18, f&iTHHA: 2008-02-26
E&WA: HEARE2AIAEH (60678052) % B
EEEAN:

BRR, 1978 4EA, JURTELT RAOGH TR R LU E

SR B e 2 TERETE: REICME: SAE R B Th
DOI: 10. 3964/j. issn. 1000-0593(2009)04-1147-04

HHZ B S RT3 me . A B AL

@ ne >ncs ng >nss Hfng =1/
ni J'% 5

@ A € [A/ng + nesinds min[ A/ (max(nc s ns) +nesing) »
24/ (ng + nesind) 115

@ d = (¢ +85)/(ngkcosW) » HoHt k=2x/A, ¥ NI
T I — AR AT S A, b A ps 3 SR S B AE Sl
W' BRSO A R S DR A AL AR AE T s B4 BRI
JEX A 0 FOLBALHE . SEMHX A 0 4 1 Zotist
N i NG A5 A VB i AT 2 o0 K Eo B e/ /N
DA I B A AT S R T S e R LB 1 52 A i A
AR S A

E. — nexp(ig)
R l—(l—y)exp(isﬁ)’

nh+A—F -

2

IR:

‘ I (O
1]Z+4(1*77)sln ($/2)

K ¢ R UATEME T LR 1A EIWE MO AL, 5
S ARG B R A B e — SO e ) . 54
MEsH 2 R AR R . A BT 5 328 A6
IRIRASHE 2. YAS AT 5 M S 17 1 T s 2l
PEAHVCECRS , Bk A 3R (4= 2mn, m=0,1,2,-), AHPh
EHRECET I . BEET, AR M A S o 1 4 TE Adrwin
?9[9:

_ Afewnm _ daresin{p/[2AA —p"* T}
Bt = Sgg .~ 33/ (2)

e-mail: yongli_chen0@163. com



1148 Kl 5 T

$29%

s Apewino & AP IS T8 Mewnn Bl 7 1Y ICTIHE K
db/dA 5 5 T,

B 1 Bk SEA IR EHA S A7 O R 7 7 LR (5
BT H AMewina KN ILAS nm) 308 BU S G 58 B
KA XELIRFE) ) T R AR A RCR s BCE 3 XX Aol
MR AT 1A R BRUZ S X E A 2O 5 A1 Aewi
HRER, REMSFEBLILE AR OB ROR . S5k s BEIAT, DLIA]
2. ORI T2 AR A 1 eHs et i ) 2R3 5 %
Cas )AL E s BRI TR b5 ORI A R 2 TR 1A R 3T 3 28 G R
SRRV TR AT R AR B T ORI AR  BonT DUE
AUZ S X B 2O . AT TIBE B R WUZOEHMERT
PARERON 2 ASEHNZ AN LAl )2 S8 SORUZ e
SRR IR . ATATRCR IR 9 A 2UB L E 5D R
CORARS, (BHAEHOEME SR BE me 5 502 0 ] 2 A T
(M BAFD » A

u=mntpt2 ppcos6+x/2) 3
e g A 02 S8 SOGHIE S TOURS AR et i 1 g0
RPN & N TERAURSROCME™ A2 1) 1 AT S e ey T
2RO 7/2 S 2 AT I 51 R i A2 AR AL
fe. T 45 25 1F R RUZ OGS 2 el 9 JE 4k A 5E HE
Aa.rwiv / Mewin

Mapwina/ Mewim == L (1 — "2 1/ [p(1 —p0'* ] (D
P, AR &G 2O 26, it o
I A i > A BEREIIEIRAT G, AT ZRA- 35 B T L DL )
B R AR HCR:

A f4 n

| L1 [Tl

Fig. 1 The basic geometry of resonant

sub-wavelength gratings
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Fig. 2 Intercross cascaded dual-layer

resonant gratings
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Fig. 3 The reflection efficiency of resonant gratings
(a): The basic grating; (b): Intercross grating
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Fig.4 FWHM vs. grating groove depth

1: Basic grating; 2: Intercross grating
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Fig. 5 Reflection spectrum of intercross grating
(a): TE polarization; (b): TM polarization
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Fig. 6 Influence of fill on the resonance
(a): f]zfz; (b): fl
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Fig. 8 Reflection efficiency (a) and
full width at half maximum (b)
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Intercross Cascaded Dual-Layer Resonant Sub-Wavelength Gratings

CHEN Yong-li"*, ZHAO Da-zun'

1. National Lab of Color Science and Engineering, School of Information Science and Technology Beijing Institute of Technolo-
gy, Beijing 100081, China

2. College of Packing & Printing Engineering, Tianjin University of Science & Technology, Tianjin 300222, China

Abstract A security grating structure, intercross cascaded dual-layer resonant sub-wavelength grating structure, is presented.
It can broaden the resonant wavelength width of resonant sub-wavelength gratings and obtain the better optical variable effect.
The full-width-at-half-maximum(FWHM) broadening mechanism of security grating structures is analyzed . The FWHM is de-
pendent on the energy coupled into the grating waveguide layer. The grating structure parameters are optimized and designed.
The resonance performance and grating fabrication tolerances are also studied numerically using the vector diffraction theory (the
rigorous coupled wave theory). Simulation results indicate that the value of the spectral resonant peak for the security grating
structure is not decreased as the incident angle increases or decreases and the maximum FWHM of different depth of grating
grooves is about seven times that of the basic resonant grating structure. The resonant dual grating waveguide structure is a kind
of security grating configuration with the potential to achieve higher industry application value and its resonance performance is

not sensitive to manufacture errors.

Keywords Resonant sub-wavelength gratings; Full-width-half-maximum broadening; Cascaded gratings; Optical variable image

devices security
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