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Analysis and parameter optimum design on the power transfer

characteristics in the optical directional couplers

using the Green-function

Mio KAMIGAICHI† and Kiyoshi KISHIOKA‡

Abstract: This paper describes an analyzing method in the optical directional couplers

with perturbed structure parameters, in which the Green-function is utilized in solving

the coupled mode equations for the purpose of easily understanding physical meanings

of the power transfer characteristics in the perturbed structures. Parameter designs in

the couplers composed of the nonlinear waveguides are effectively performed using the

advantages of the Green-function, and designed characteristics of an optical switch, power

filter and power limiter are demonstrated.
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F (y, z)

f1(y) f2(y)

F (y, z) = a1(z)f1(y) + a2(z)f2(y) (1)

(z )

a1(z) a2(z) ∫ |fi|2dy = 1, (i = 1, 2)

Pi, (i = 1, 2)

Pi = |ai|2
∫

|f |2dy = |ai|2, (i = 1, 2) (2)
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1

Δn 1.868×10−3

ns 1.5457

W 9 [μ m]

K+ t 30 [min]

Dk 0.28 [μ m2/min]

Depth 5.797 [μ m]

n2 8.6× 10−15 [m2/W]

λ 0.66 [μ m]

( ) d 3.5 [μ m]

-

0 0.4 0.8 1.2 1.6

1.5458

1.5459

P [W]

N
e
f
f

n
s =1.5457 nc =1.0

N =A0 +A1P

A0 =1.546

A1

n2 =8.6E-15 [m /W]2

eff

=9.347E-5

4

Neff = 1.54579

4

P ΔNeff

P ΔNeff = N2P N2

4 A1 9.347× 10−5[1/W]

N2 P δ

δ = ΔNeff · k0 = k0N2 · P = k0N2 · |a|2 (3)

k0
R-66 n2 8.6×

10−15[m2/W] [8] 1
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Kerr- n(x, y)

Neff E

(
∂2

∂x2
+

∂2

∂y2

)
E + k0

2[n2(x, y)−Neff
2]E = 0 (4)

Helmholtz Kerr- n(x, y)

Kerr- n̄(x, y)[9],[10]

Kerr- Δn(x, y)

n(x, y) = n̄(x, y) + Δn(x, y), Δn(x, y) =
1

2
n2 | E(x, y) |2 n(x, y)
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(5)
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7 ±Δ0

z ai(z) · e−jβz
ai(z), (i = 1, 2)

∂a

∂z
= −j

⎛
⎝ +Δ0 c

c −Δ0

⎞
⎠a ≡ −jĈa (7)

β

a(z) = F̂a(0) (8)
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F̂ = T̂
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q

)
sin qz

−j

(
c

q
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⎜⎝ c c

q −Δ0 − (q +Δ0)

⎞
⎟⎠ , q =

√
c2 +Δ0

2 (10)

4 Green-

4.1 Green-

Green-

3 ±Δ0 z

δi(z), (i = 1, 2)

∂a(z)

∂z
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c δ2(z)−Δ0

⎞
⎠a(z) = 0 (11)
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