8. Coupled Mode Theory

8.1Coupled mode equation
unperturbed (uncoupled) eigen mode
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Perturbed (coupled) mode is expressed by superposition of unperturbed

modes. N N
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H= A(z)H, + B(z)H,
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Coupled mode equation

<ol ~ s dA dB _is_5y: . , BBz
(B )= ) (@his =0 G Co g e iy e =0

[(E)-®)—H, (@S =0 9B ¢, M mpr jK, Ae’ P74 ke B=0
J dZ 21 dZ 21 22

[Ju,- (B xH, +E, xH,)ds

" [Ju, (B xH, 4B, xH,)dS
we, [[(N* -N)E,” -E dS

" [fu, B xH, 4B, xH,)dS

C

i,/ =12)

K

*

normalization condition: .
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Coupled mode equation
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power carried by electromagnetic wave
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power conservation condition : ‘;—P =0
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Coupled mode equation

in case of symmetric coupled wavequide: o6 =0
Y P | ‘ Ky =K ™

in case of weakly coupled waveguides : C,, =0
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8.2 Coupling coefficients
.

Consider a TE mode propagating in aslab N

waveguide extending y-z plane. n,

E=(0,E,.0)
H=(H_0,H)
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Wi

(E, xH, +E,xH, )-u,

y

2p ‘E
Wi

normalization condition:
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Coupling coefficients
.

coupling coefficient:
Cy = [(E xH, +E, xH,) u_dx
— I(_Ely*HZx _EZyHlx*)dx
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field intensity : core region=1, clad region=7(<<1)
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8.3 Co-directional mode coupling
.
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coupled mode equation: ?
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Co-directional coupling
e
input from guide-1:  A4(0)=4, B(0)=0
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Co-directional coupling

Pcross 1 s 2 2 (IBZ _ﬁl)2
coupled power: = sin \/ K|+ z
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symmetric coupler S, = j3; = sin’ |k, |z

in

asymmetric coupler: |8, - ,| =243/« ‘ PP— = %sirﬁ 2|re|z

cross state: 5 =5,
bar state: |8 - A.| =23«



