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Analysis of Resonance Scattering Characteristics by Multi-layered

Dielectric Gratings
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Abstract The space harmonics generated by a plane-wave incident upon a multi-layered dielectric grating can

undergo strong resonance scattering variations known as GMR(guided-mode resonance). To clarify these effects, we

examine the field propagation and dispersion curve inside the grating region by using a rigorous equivalent

transmission-line theory(RETT). The results show that, at the peak of a scattering resonance, the reflected mode

is

almost identical to a leaky wave that can be supported by the grating structure. Thus, we confirm and generalize

previous research that has occurred GMR effect associated with the free-resonant character of leaky waves

at

multi-layered dielectric gratings. Quantitative simulation results illustrating the behavior of typical gratings are given,

and the special case of normal incidence is discussed for TM mode.
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Fig. 1. Schematic configuration of plane—wave
incidence in the cover region of a
multi-layered dielectric grating (for

TM modes).

b2
o
2
24
i)
nj
pe
o
N
o

fo o> ¥
il
o
po=i
N

ol o

o 19
=
_>|:4
toly
U
e
[

8

it

K

=

_>l:4

)

i)

il

2

ey

o

g e
N

2 &

e wx Ho 4 ®o IB X

Eh)
N
-
N
=
Lo
)
ﬂ?
£ 4

A}, o

i

H(leaky wave) <}t
t}. Hessel?} Oliner
o2 A A 3
A= Wood®] H]7

R
GMR 84€ H7hshaL 3/AHe 4ae Agehs A

ox x rlr &
o
i
g

< o
2
>
ol
ol
447
=
rf
i
St
=2

o
i)
ox
o
=
i

o
>,
&
=,
o
i
&,
e
O

(
ox

rlr N _1\1%
2k

fu off

o
<
e

az o AT
oz
ol 2
ob
N
N

IR
o
Shid
1
m)
ko
st
il
rlo

(e}

0,
oL
o2
SE,
z
=

; Blky=n,
N g - Bk, =n,
7=-2 . ;e q=0
1 \\\ I‘/// S
Qe AR
s N =n
\\\ // ,I / ﬁ 0 s
.
R y
o'§\\ ’ s 1.7
il P g=1.
g=-1- N 2
1 5. o~ . -
P - A 7 h s
Ve / A %
0.2t ' g=-1 Pie q4=-2
I 2 P
I- N s

0.86

0.8561

0.8521

o
®
~
)

Normalized wavelength(A/1)

0.97 098 099 1 101 1.02 1.03
Normalized propagation constant(S1/x)

(b)

O 2, I8 10lM AXx0l 25ty MEEl= ZES9|
SATM: (a) HIF7|HQI 7|2 7Xo| HHO 2
Eof chst 2 F=o| CHo|ol a3, (b) SEM OP
2 QR AlO] mXIE FHO| ZAIZFE FHol| CHEt
MEE,

Fig. 2. Dispersion curves for modes guided by
the grating configuration in Fig. 1: (a)
large—scale diagram for surface—wave
mode of nonperiodic basic structure,
(b) details of rectangular region around
intersection1 between operating lines
OP and QR.
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Fig. 3. Possnble plane—wave incidence situations:
(a) phase matching to ¢=—1 harmonic
of leaky wave progressing along +z, (b)
phase matching to ¢=—2harmonic of
leaky wave progressing along —z.
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Fig. 4. Variation of reflection and transmission
for fundamental mode incident as in

Fig. 1 with 0,=36°
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Fig. 5. Variation of reflection and transmission
for fundamental mode incident as in
Fig. 1 with A=0.4594 um .
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Fig. 6. Behavior around normal incidence for
reflected surface: (a) dispersion curves in
the vicinity of intersection between
qg=—1 curves, (b) variation of reflection
and transmission for fundamental mode
incident as in Fig. 1 with A =0.64225 pum .
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Fig. 7. (Color Online) Reflection contour satisfying
resonance scattering conditions of TM
mode for diffracted order (a) »=0 and
(b) r=—1,
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