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Abstract
perpendicularly to each other is presented. Using the rigorous coupled-wave analysis (RCWA), the spectra are

A new tunable orthogonal grating consisting of two weakly modulated subwavelength gratings

calculated and the characteristics of guided-mode resonance for transverse electric (TE) and transverse magnetic
(TM) polarized light is analyzed. It is demonstrated that a wide-range tunability of such structure is obtained via
varying the spacing between the gratings (the distance between the two resonant wavelengths is continuously tunable
from 0 to 62.7 nm). For the normally incident waves of both TE and TM polarized light, the structure turns out to
have the same spectrum and resonance peaks, and it is the same as the overlay result of parallel double grating. For
the obliquely incidence of TE/TM polarized light, the separation of the resonant peaks appears. At the same time,
some specific wavelengths are maintained with the increase of the incident angle, such as the resonance peaks of
582.3 nm and 590.8 nm for incident plane P, ., and those of 590.8 nm and 612.4 nm for P,.
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Fig.1 (a) Structure of the single grating, (b) reflection spectra for a normally incidence of TE/TM polarized light
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Fig. 2 (a) Structure of parallel double grating, (b) structure of orthogonal double grating
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Fig. 4 Reflection spectra as a function of D with the incident plane of P,

Bl 5 BT 7R R AT WUE 45 8 LA P, TE A S B
R FH ™ R U R Bk S O A B A A G A
SRR A G &R . Hod B AN S 87 nm,
A EEF L O 00~ 27, HoAh e it 2 %5
2C) R AR . LA TM i 3% 6 A BT L A
Il A5 A1 5 R K 06 R N 5 Ca) BT SRR
K58 590. 8 nm 1 612. 4 nm; Pk TE fWIEEA
SIS )5 A BE 5 AR P O R A &L 5 (b) BT

700

3
(=3
S

[o7]

S

S
[o7)
[S1]
S

_A=612.4 nm

A=590.8 nm

Wavelength /nm
(2]
S
=
Wavelength /nm

=N

(=1

(=]

1]
[
S

[
(=
S

0 0.5 1.0 15 2.0 0 0.5
Incident angle /(°)

=590.8 nm

L PRI K45 582, 3 nm A1 590. 8 nm, F A
(4 3 R A S RA A 4 K 23 SR i TE/ TM i
P X8 B 1 B T AS AR B 5 R, S5 SR AN 5 (o) Fr
PRI K A5k 613,591, 5 A1 582 nm, 5K 5(a),
(b) LR A A LT AHIE . i &5 Al LAE 3, 24
AT G % e L BE R A AR R R 3t
PRUEE T BEAT K Az o 25 LR P i 2R 355 18 ISR L
HAL,

700 - :
© blue TM
red TE
E 650
= A=613 nm
8600 1=591.5 nm
0/1:582‘3 nm %‘g A=582 nm
] ‘
S 550
500
1.0 15 2.0 0 0.5 1.0 1.5 2.0
Incident angle /(°) Incident angle /(°)

Bl 5 ASST N Py Wh A [ BEIE T3 A B 5 LR I 9 Xz 56 R

Fig. 5

4 IESEBOEHE A i R

L 6 T3 M IS HEAS F L TE/ TM it
Py T TE ST )P 4R A B 5 S R K
5B 9 6 B+ Ok M6 By 87 m B 9
B i 2% DML 2805 B 2 () M. 5
8 LA SE M, 143 51 BL TE/ TM St IEA
ST X0 7 0 3 4R W O S S 5

Reflection spectra as a function of incident angle with the incident plane of P,

PEJLF- AR TR L e b H 26t G i — ol 4 41 06 19 31 5
R E 6 () Frn .

Hi P 6 Ca) R LA 2] o B A G IR] B A4 9 /) 4R
WA ] 2 1 O . OB A BE D= 87 nm, B ]
PR A2 AU ) SR ] R I L SRR I K Oy 582. 3,590, 8 Al
612. 4 nm,YEiE AR 2R AN 6 (b) BR324 D=50 nm K,
PRI K45 581,586,597 #1620 nm, 5 4(a),

0505002-4



EPRAES . IEAT G 1 R 4R O 1 A

(o) R PAT ROCHIES A4 6 1 B 4l R LT AR . Bl
& G 18] BE S 3 O . 12 1E 52 G A4 A O 3 L 2

Bt S R A1 A ) 45 g 1 O B e P I Ol 9 R B R

650
g
p
2 600 SN
= i_47=590.8 nm
2 =4 5)-582.3 nm
= A=581 nm

550

100 200 300 400 500
Depth /nm

B 6 A4tk Py P RCWA J155 15 58 WO 25 #4615

6 () I PIEAT HZER . BT TE/TM i i 't
TEAI B X B 3 i 9 4 B2 0L, O 600 nm Al
585 nm, 5 & 1(b) W Hh 4z 0 {37 1 AH [7]

|
|

1.0 -(®)

Reflectivity
I
o
———n—

T "
0 — : ; .
550 575 600 625 650
Wavelength /nm

Ca) JLIR A 5 M) B 2 [ 1) 56 R

(b At EIEE Sy 87 nm I 52 54 ' 3% i £k
Fig. 6 Reflection spectra of orthogonal double grating for TE/TM illumination with the incident plane of P;.
(a) as a function of D, (b) for D=87 nm

Wt LAy R B D) 2 4R 6 IE A ST IE AR
MG Fy o — A e B TE 4R e A ST 554
() BF 5y — A R B s T M i 41 0 A58 e 1 PRt TF
B KU 45 A6 fi 106 [v) B S22 B0 1 S 47 OG22 44 o A
TE/TM W F fis 8 638 ¢ 145 2) L TE/TM f $ o6
3 0 TE SR I T A8 S A 28 R % 17 1 R A i A 016 1%
FrrEAE A

8 B AT A ST B AR AR S TR [ 6 T
ZE RO 5 48 43 4n R ARG BT e A G IE 7E P
1A ST EIE Py I

B 7 F s M IEAS WOEH S5 44 LA Py S T A8
1t TE f = G004 A ST B o R 7™ 4 48 A i B8 3
B RS GG R P . G R BE S 87 nm, A A
SRS 6 BRI RAHTE . 24 TE 4 6 LA — & £
JEE A 3 15 58 G 45 A B T 2 e i St

%%%?W%KﬁoﬁwﬁhmTLE%%%iﬁ

620

90 g
580
570 :
Incident angle /(°)
7 LA Py T AT TE i 60 A S
IE S 4 1

Fig. 7 Reflection spectrum of orthogonal grating for an
obliquely incidence of TE polarized light and

incident plane P,

NG Py P AT B R SO6 I R B TE fifkot
O ARE A S B P S R 1 B A S A RE ARG i X
FRGORA S0 7 A 1 A L R B K B R A
B WS A s B B R 2R E S5 A
SPV I Py 2 L PR SO 6T AE B R S A R
NN (0" ~27) o 52 30 1 P AN AN Bl A S el 72 1)
YR, 35K 582, 3 nm A1 590. 8 nm,

&l 8 Fr 7 R IE 38 WG 25 48 A P ST S A4
T TM i B SRS B A1 ™ 4 08 5 I 3 e 1
BRSO E R E . 2 TM e IR 6 LA — & A A
S B IE SO CH 25 R B, BT )2 MR B B G 1
AR R AR . 4 6O X, BLBE T 26 o< =
HAHFE P, P47, ZELH TM i 8= 6 004 A 5
INF 18 D' T R o BB G A5 R R 0 38 B A Ol i v
IR AL B R A I3 B A R S S A 5

650
625
g A=612.4 nm
£ o
<
+.
%D GO0 _4=590.8 nm
°
>
8
S 575

1.0 15
Incident angle /(°)

8 LA P, Fum Ry A TM i 4% 6 00 &k A G B
1E BB A S 1 45 1
Fig. 8 Reflection spectrum of orthogonal grating for an
obliquely incidence of TM polarized light and

incident plane P,



% (i

[ EEOE R & 5 AR m P, EE.EE A
St f BT BB N (0°~2°) , S B AN R B A BT
£ 0088 SRR 16 L 43 91 590. 8 nm F 612. 4 nm,
25 LR 4 5 2L TE/ TM f 4 9% 1IE A SF I
FEIE 2 EM 25 4 R R 2 B0 TE, TM 32 615 55
ML 6 Fras . XFECIE 4 A 6 v W, 78 I A
1E SR M 45 48 6 3 4 o A 24 T AT 6 45
TE/TM {4 665 W 6 3% 1) & . 7804 A S 45 1
T 2 TS R T A AR SO A S A
TEREE N (07~ 2°) o A5 1 5 X 26 4 06 v I AT 72
M) o iR AN R A o 2 P KA R FEAN S L AN A
5 Wi . B IE S G R 1 5 AN S % i A B 3
B R AEAE WG % & 53 547 M2 B T W — A
ST S O 24 TE/TM i 3 6 A AR A S B 52 565
WA 25 A 43 4 Tl I 52 B G oS i AU P T
LI A AP o RS S S R 3 K B A G A 0 3
BEARREAE ANE 7 FE 8 FTR .

5 4 e

P T — o AT =X IE 58 RUOG 45 FE X
HOGS R DT TR 5T . & BLBE R W6t 7] e B
B U /0N o T iR 06 ] B T T R (0~ 62. 7 nmi%
S al i) 78 0] L X 5L B0 H A K B 6 3 e] I T 1L
B4 AL TE/TM i ¥% 96 15 A G 55 o 95 B i 4% 6 X
INE ) S e e A A7 DR R R AR T il A ] A Y
AT R 5 #4567 6 3% 9 &

2407 B AE 3 RO 25 e 2 A ST I 43 5 D
IEZ -1 Py Py B B R W26 MR 43 547 R0
Wl T — AP, 2 TE/TM e bR A G
B2 S W 25 Rk A 4 s TR B ZE A S Dl Py B
582.3 nm Al 590. 8 nm IR 4 A7 B AL L Ko A S IHI
N P, Wi} 590. 8 nm I 612. 4 nm FHIFW KB
Ab A SO R 0 A S5 R B B9 L Y (07 ~2)
2 I A S A 0 o e 3 DR N A R

& % X #
1T. K. Gaylord, M. G. Moharam. Analysis and applications of
optical diffraction by gratings[J]. IEEE, 1985, 73(5): 894~937
2 S. S. Wang, R. Magnusson. Theory and applications of guided-
mode resonance filters [ J]. Appl. Opt., 1993, 32 (14).
2606~2613
3 S. S. Wang, R. Magnusson. Design of waveguide-grating filters

with symmetrical line shapes and low side-bands[]J]. Opt. Lett. .
1994, 19(12): 919~921

4 S. Tibuleac, R. Magnusson. Reflection and transmission guided-
mode resonance filters[J]. J. Opt. Soc. Am. A, 1997, 14(7).
1617~1626

5 J. Mouchart. Thin film optical coatings5: buffer layer theory
[J7. Appl. Opt. 1978, 17(1): 72~75

6 S. S. Wang, R. Magnusson. Multilayer waveguide-grating
filters[J]. Appl. Opt. . 1995, 34(14): 2414~2420

7 W. Suh, M. F. Yanik, O. Solgaard et al.. Displacement-sentive
photonic crystal structures based on guided resonance in photonic
crystal slabs[J]. Appl. Phys. Lett., 2003, 82(13): 1999~2001

8 W. Suh., S. Fan. Mechanically switchable photonics crystal filter

with either all-pass transmission or flat-top reflection

characteristics[ J]. Opt. Lett. , 2003, 28(19): 1763~1765

H. Y. Song, S. Kim, R. Magnusson. Tunable guided-mode

resonances in coupled gratings[J]. Opt. Express, 2009, 17(26) :

23544~23555

10 M. G. Moharam., E. B. Grann. D. A. Pommet. Formulation

for stable and efficient implementation of the rigorous coupled-

©

wave analysis of binary gratings[J]. J. Opt. Soc. Am. A.,
1995, 12(5). 1068~1076

11 Zhou Chuanhong, Wang Lei, Nie Ya e« al.. The rigorous
coupled-wave analysis of guided-mode resonance in dielectric
grating[J]. Acta Physica Sinica, 2002, 51(1): 68~73
ek, £ & W SE. A BOGHHS B REE S B o L.
AR, 2002, 51(1): 68~73

12 Z. Wang, T.
brewster filters consisting of a homogeneous layer and a grating
with equal refractive index [J]. Appl. Phys. Lett., 2006,
89(24) . 24119

13 Z. Wang, T.
brewster filters with multiple channels [J]. Appl. Phys. Lett. .
2006, 88(25) . 25115

14 H. A. Macleod. Thin-Film Optical Filters [ M]. London:
Institute of Physics Publishing, 2001, 144~152

15 Wang Zhenhua, Wu Yonggang, Sang Tian et al.. Impact of

Sang, J. Zhu e al.. Doublelayer resonant

Sang., J. Zhu et al.. Guided-mode resonance

buffer layer on cut-off properties of reflection spectra for guided-
mode resonance filters[J]. Acta Optica Sinica, 2009, 29 (3):
849~852
TR, BRI, & B % B S BRI bR 4%
WORFEEM )], k% 4R, 2009, 29(3): 849~852

16 Zhang Dawei, Yuan Limeng, Huang Yuanshen et al.. Influence
of film on the characteristics of sub-wave grating[ J]. Chinese J.
Lasers, 2009, 36(11): 3060~3063
SRR, . BT AF. SRR IR O 2K T P R Xy
Rtk ma ], # B gk, 2009, 36(11): 3060~3063

17 Luo Zhenyue, Liu Xu, Xue Hui et al.. Goos-Héanchen shift and
pulse deformation properties in thin film-grating hybrid structures
[J]. Acta Optica Sinica , 2009, 29(8): 2338~2342
TR, X 0, B8 S WEREOUWHE G a5 P - %
MBERRIEAENLI]. £FFH/, 2009, 29(8): 2338~2342

18 R. B. Hwang, S. T. Peng. Performance evaluation of a
bigrating as a beam splitter [J]. Appl. Opt., 1997, 36 (10):
2011~2018

19 S. T. Peng. Rigorous analysis of guided waves in doubly periodic
structures[J]. J. Opt. Soc. Am. A, 1990, 7(8): 1448~1456

20 S. T. Peng, R. B. Hwang. Analysis of plane-wave scattering by
bigratings[ C]. Proc. of ICMMT, 1998, 40~43

0505002-6



