
6. Dielectric Waveguide

6.1 Dielectric slab waveguide

asymmetric slab waveguide

2nr =ε

EM waves are classified into two groups, TE and TM mode.
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Dielectric slab waveguide : TE mode

boundary condition : Ex

 

and Hz

 

must be continuous at y=0, d . 

⎪
⎩

⎪
⎨

⎧

+
+

=

−−

yAe
yduyBuyA
dyeudBudA

E
yw

dyw

x

≧

≧≧

≧

0:
0:sincos

:)sincos(

3

2 )(

λ
πμεω

βμεωβ

ββμεω

βμεωβ

2      

      w

u      

      w

000

2
0

2
3

2
00

22
3

2
3

22
0

2
1

2
00

22
1

2
0

2
2

2
00

22
2

2
2

==

−=−=

−=−=

−=−=

k

knn

knn

knn

( )
⎪
⎩

⎪
⎨

⎧

+−
+−

×=
∂

∂
=

−−

yAew
yduyBuyAu
dyeudBudAw

jy
E

j
H

yw

dyw

x
z

≧

≧≧

≧

0:
0:cossin

:)sincos(
11

3

2

3

)(
2

00 ωμωμ

32
2

32 )(tan
wwu
wwuud

−
+

= characteristic equation



Dielectric slab waveguide : TM mode
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symmetric slab waveguide : TE mode
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6.2 Effective Index Method (EIM)

Approximate method to determine the propagation constant of 
3D-

 
waveguide
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6.3 Generalized Effective Index Method (GEIM)

recursive procedureⅠⅡ
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6.4 Perturbation Feedback Method

better approximation than EIM and GEIM
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(i)Calculate index perturbation.

n2
2+⊿nx

2

n3
2+⊿nx

2

n1
2 n2

2+⊿ny
2

n3
2+⊿nx

2+n2
2+⊿ny

2-n1
2

n2
2+⊿nx

2+n2
2+⊿ny

2-n1
2

(ii)Calculate perturbation weighted with a field distribution.
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(iii)Modify the waveguide structure. Then, repeat procedure until 
perturbation converges.



6.5 Marcatili's
 

Method

wave equation
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Marcatili's
 

Method

ignore shaded region

n0

n1

n0

n0n0

y

x

2a

2d
(1) (2)

(3)
0)( 2

0
2

2

2

2

2

=−+
∂

∂
+

∂

∂
y

yy H
y
H

x
H

βεμω

0)(

0)(

0)(

(3) :))(exp()cos()cos(
(2) :)cos())(exp()cos(
(1) :              )cos()cos(

22
0

2
0

22

22
0

2
0

22

22
0

2
1

22

=−++−

=−+−

=−+−−

⎪
⎩

⎪
⎨

⎧

−−−−
−−−−

−−
=

βγ

βγ

β

γϕφ
ϕγφ

ϕφ

knk

knk

knkk

indydkxkA
inykaxakA
inykxkA

H

yx

yx

yx

yyx

yxx

yx

y

　

　

φ=(p−1)π/2
ϕ=(q−1)π/2 



Marcatili's
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ignore shaded region
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Marcatili's
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