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Rigorous coupled wave analysis of grating-embedded multilayer
structure conical diffraction

Yang Liang, Li Yangiu, Ma Xu, Sheng Naiyuan
(School of Optoelectronics, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Based on rigorous coupled wave analysis, the models for grating-embedded multilayer structure
planar diffraction were generalized to the case of conical diffraction. The proposed method can be used to
calculate the light diffracted from the grating -embedded multilayer structure with arbitrary wavelength,
polarization, azimuthal angle and incident angle. For the micromachined optoacoustic sensor, the
convergence performance of the diffraction efficiencies of the reflected +1st order in conical diffraction
was investigated. The simulations show that using a 4 wm grating period and TM (Transverse Magnetic)
polarization, when the numbers of harmonics M (2n+1) are 67, 69 and 71, the diffraction efficiencies of
the +1st order are 28.86%, 28.84% and 28.86%, respectively. Then the displacement sensitivity of the
micromachined optoacoustic sensor was optimized. When the incident angle, the azimuthal angle and the
grating period are 22°, 10° and 1 wm, respectively, compared with the +1st diffracted orders of 4 pm
grating period, the displacement sensitivity of the Oth and +1st orders under TE and TM polarization was
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nearly doubled. It can be used to accurately monitor the metal membrane displacement induced by the

acoustic pressure or electrostatic actuation voltage.
Key words: rigorous coupled wave analysis;
conical diffraction
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Fig.1 Schematic of cross section of grating-embedded

multilayer structure

TAEEALE  SEMR I, BIRHE o & Wi x il
(7 MR y ey s ] ELCRRAE A, x|y Bl
BCA T R G, 1 Sy z B, Hox Ly Lz R
HFEN, FHVDHERAT X z0<z<z, JBEH
di=zi-zy, FHRT A U ECH &0 JEHHZE (1=L) A XS H
HWECR a(X), 76 x Bl ERY RN A R £, 2<z
RAGSIX 2>z I, S BT B &, eners
HEANEE z #idy 5w IF m o3 & TR Rry, —
RN IRAE ARG LA ML 0 (PR S z iy e
M)A R Z RG5O RS, RS 2 il
BT A AT, 7T AL A @ SR i o< B AR DG
I S x Z BRI M, RS AGE
M h ¥, ¥=90°K TE( Transverse Electric) i,

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com



http://www.pdffactory.com

% 6 4 M ORF HAXEM S BB ATS AR A R R R 1901

w=0°J T™M 1 .

AHFIX (z<z; 1=0) | H 5 X (z>2y; 1=N+1) 26 1A
Y502 (210<2<2;1=1,2,--- N=1,N H 1#L) KOG 2
I=L (s3] AR R

E,= z {us  exp[-ik,q,,, (z-2,)]+

Bom€Xplik, g (2=25 )1 xexp[-i(k,, x+k,y)] (1)

EN+1 = 2 AN+1,m eXp[— iko qN+1,m (Z_ZN )]X

exp[~i(k,, x+ky)] (2)

E =2 {A,exp[-ik,q, , (z-2)]+

B, nexplik, q, , (=2, )}xexp[-i(k,, x+k y)]  (3)

EL= 2 [Spm @X+S, 1 (2)Y+S, 1 (2)Z]%

expl—i(k,, x+k, )] (4)
A8, WP WKL, 24 m=0,8,,=1,m##0,
8,,=05k, L7 TR ;i K iR G S A, T B, 4
IR R | O 2 BRI 6 B
AR 5 S, h I IE T e 88 m A2 i i
Y3 — 0 5 R B 5k, K, 0 B U 2 2R
FLA S X5 S k7, 13].

ST 3% RCWA (B | S IX foRE & 37
BiFe R .,

[0°U,,/0(2") 1=K, +K, ~E ][V, J=F, [U,,]
[0°S,, /o) J2IK, EL K, ~1E, +KC [S,J=G[S,] (5)
Kf L E LK, K, E 00 MxM B4 (M=2n+1,n Xy
Hh 5 R T 4 B EO 500 1 K, K, A0 £, %
£ 752 (mum) 5350 0 K, K, LK Tk 5 B R EHEZ
OB IS 43 h 4 R Toeplitz 46, HIT % (m)))
%ﬂ: SL,(m—j);EL ﬁ%%gﬁ%ﬁﬁf:%UﬁE@l%ﬂ%%
20 11 Toeplitz £ B , 7T 2 (M) % T £0moiys Lm
e oy M A o2 B0 . A v 2 ) 8 Y
Fourier 733

15 4% DS AT b, R PTG 0 1 i 1

25 1 R AT LLE S A )2 18 4% 5 4 % (Propagation
matrix) , 2 45 4 B (Dynamic matrix) ., 55 | J2 &5 5

M P (1=1,2,--- ,N-1,N)A] R K .

X, 0 0 0

o x,0 0

P= (6)
0 0 X, 0
0 0 0 X,

b AR X, FX,, 25 R 0 A SRR, X
FOEMHZ A (1=L),X,, X, , B 00 250 5k
exp (=Ko 0 1 d,) XD (=Ko 0y 5 0, ), Gy 1y 0y oy 73900 9 45
EFE B F Gy R IEE A IE AR . % 3540 )2k i
(1#L), W X, =X,, , HXAITER N exp(-ik,q,,d,)-

FRAE A (1) ~(4) & 2 2% SCHR 7] 1 24 X (61) ~
(64), 7] LAHE A | 14512 (1=0,1, - N,N+1
(L)) B2 (1=L) i sh & 4 B4 D, 1 Dy, 53 3 3=
RA

I 0 I 0
0 I 0 I
KK K K K 2
D=l -y Sy BBy Ly 7
! Yl I ! Yl Yl ! ( )
2
K K K KK
Y X XNy VAN _ MYy
! Y| Y| ! Y| Y|
oW, 0o w,
VL,ll VL,lZ VL,ll VL,lZ
D =, _ (8)
|WL'l 0 —|WL'l 0
YA Y, SV -V

L.21 L,22 L,21 L,22

Y, X A T E R s MW
W, o0l AR B F L G AR AR R A B 5
Vi Vg Vi Vg, BHEAR S S5 ST T T

) FH 1 5 2% A R 50 375 S R B 2 T DA 3RAR I
2% CHR[13] P A 2 (13)~ (16) i 7 1Y 7 i, 2E i o A
BN . G & RO R, Hrh A=
[0 UyOo ], Bo=[Bosxs Bowyl , At =[Ansrxi Ansry], U Uy
G300 B A Ok B u 7E xy il A 43 d B,y Boyy
539K Bo 7E Xy Hll E B A3 Aveaxs Avery 735110 Ava
& x.y i,

F it G m RATED GRS SR RR N -

2 q
DE,(m)=|B, . | Re(—2r ) (9)
0 Bonl n,cos6

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com



http://www.pdffactory.com

1902 b gk A2 % 43 %
DE, ., (m)=IAN+1,mIZ Re( Oyetm ) (10) wWiE 3 R, TM iR e A ST BLYCHEHE R 4 wm B,
n, cosf +1 AT HCAT SRR SR 3 22, ik i B B 67

2 BEMELER

I ST 1 ek A OB 22 2 4540 HE T A7 3 1) 2
W T T 225 SCHR[13] vh OHL A S e A% B i
AT S, 1A% RS R A G 3 A0 sk 25 K Rl B
FER T T8 BT MR AR A A7 B 6 7R 0 B 5 40
e Z B 9K B i eV, 2 AR ek fL R VAR R
R A | 28 SR B & AR AR Ak, W45 90 s S A 8ok
s & AR AR AR, TEARR S B . ASHE
B 2=0.85 pm , £ AT 5 %6 n=1.99-i7.05, 41 & )2
JEREH 1.2 pm, FOGHHERE S 0.3 um, AR
0.5, FJIRHT %K 1.5,

HAER T TE M fedR 6 A S B, Sl LA 5 O
1 R T AT S, 45 +1 SR AT SRR S 0K
B 5 5 D B AR AL O R b A SE PR 1.6 wm,
& JEERCI Y AN 430k 4 um R 2 pm SRS
wmE 2 frs, 52 % S0k [13] Il 6 A5 R ot 4 —
., ARG TR T SRR 5 508 4 m B2 wm B
TE . TM iz 615 A ST B, 0 +1 A7 5 5% 10 1 5 &%
R A A SR BRA OCR 55 % SCHR[L3] I3
Kl 4 By o —50, R IER] T T sy s

AU IE R E
0.4
. L]
j.=:l.l'l x el ]
3 |
= A e e e D L A
2o i |
-_E - TE: A=4 pm
E0LHr == =TM: A=4 um
=] i =—=TE: 4=1 pym
I' Thi: A=2
] I
[1] 20 40 0 &0

Mumber of harmonics M
2 TE TM i IE A SFI 45 +1 2 S S0 5 617 5 30 it
H R B 28 A G AR (55 A B 1.6 wm)
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