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1. Introduction 

Recently proposed, slot optical waveguide is the great 

interest of topic to explore the capability of optical signal 

processing because CMOS fabrication technology allows the 

fabrication of the device in order of nanometer. Slot 

waveguide has extensively explored for the applications of 

sensing, switching, modulator, and optical interconnects [1]. 

The electric field confined in the low index slot region which 

is created by sandwiched the low index material by two sili-

con slab waveguide. The low index material such as a 

nonlinear polymer or an organic material can be integrated 

by silicon waveguide and become a silicon organic hybrid 

(SOH) slot waveguide [2]. Then, confined high electric field 

in low index region employed to the nonlinear optical signal 

processing in SOH slot waveguide. 

In this paper, analysis of slot waveguide has been pre-

sented with an analytical method called “Multiple scale 

method” [3]. It is a combination of the effective index 

method with perturbation correction technique for planar 

waveguide. The perturbation in the effective index has ac-

quired for confined optical power which is responsible for 

nonlinear phase change of propagating electric field in slot 

waveguide. 

 

2. Theory 

For analysis of a nonlinear slot waveguide, the refractive 

index due to nonlinear effect in the slot is modified as 𝑛𝑛𝑙 =

 𝑛𝑠𝑜  [1 +
𝑛2|𝐸|2

𝑍0
 ]
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2
 [2]. Using the perturbation technique 

within the slot waveguide Eigen value equations for 0th and 

1st order are obtained by the solving the 0th and 1st order 

boundary condition for electric field and magnetic field in 

slab–slot waveguide boundaries. The propagation constant 

(β0) of slot waveguide without any perturbation is calculated 

through 0th order Eigen value equation. The perturbed refrac-

tive index of slot waveguide is calculated through the 1st or-

der perturbation terms as β1. 
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The terms of the above equation is given in Appendix. 

For perturbed slot waveguide, the propagation constant is 

calculated as𝛽 = 𝛽0 + 𝛿𝛽1. The nonlinear effective index is  
𝛽

𝑘0
(=  

𝛽0−𝛿𝛽1

𝑘0
) and linear effective index is (β0/k0). 

 

3. Conclusions 

   In summary, multiple scale method is presented for 

analysis of the nonlinear silicon slot waveguide. The modi-

fied effective index is obtained due to nonlinear perturbation 

in refractive index of slot. This analysis can be used for the-

oretical modelling of the nonlinear optical process. 
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Appendix 

𝑇1 = −2𝛽0𝑎 𝑠𝑖𝑛ℎ 𝛾𝑠𝑎 [
1

2𝛾𝑠

+
1

2𝜅𝑓

(
𝑛𝑓

2

𝑛𝑠0
2

𝛾𝑠

𝜅𝑓

)] 

𝑇2 = (−
2𝛽0

2𝛾𝑠𝑛𝑠𝑜
2

) (𝑠𝑖𝑛ℎ 𝛾𝑠𝑎 + 𝛾𝑠𝑎𝑐𝑜𝑠ℎ 𝛾𝑠𝑎) − (
2𝛽0

2𝜅𝑓𝑛𝑓
2) (

𝑛𝑓
2

𝑛𝑠𝑜
2

𝛾𝑠

𝜅𝑓

) 𝑠𝑖𝑛ℎ 𝛾𝑠𝑎

+ (
𝛽0𝑎

𝑛𝑓
2 ) 𝑐𝑜𝑠ℎ 𝛾𝑠𝑎 

𝑇3 = (−
2𝛽0𝑏

2𝜅𝑓

) 𝑠𝑖𝑛 𝜅𝑓(𝑏 − 𝑎)𝑐𝑜𝑠ℎ 𝛾𝑠𝑎

+ (
2𝛽0𝑏

2𝜅𝑓

) 𝑐𝑜𝑠 𝜅𝑓(𝑏 − 𝑎) (
𝑛𝑓

2

𝑛𝑠𝑜
2

𝛾𝑠

𝜅𝑓

) 𝑠𝑖𝑛ℎ 𝛾𝑠𝑎

− (
2𝛽0𝑏

2𝛾𝑐

) 𝐾𝑐 − (
𝜅𝑓

𝑛𝑓
2) 𝐵1𝑠𝑖𝑛 𝜅𝑓(𝑏 − 𝑎) 

                 + (
𝜅𝑓

𝑛𝑓
2) 𝐵2𝑐𝑜𝑠𝜅𝑓(𝑏 − 𝑎) + (

𝛾𝑐

𝑛𝑐
2)  

𝑇4 = (
𝛽0

𝜅𝑓𝑛𝑓
2) {𝑐𝑜𝑠 𝜅𝑓(𝑏 − 𝑎) − 𝜅𝑓𝑏 𝑠𝑖𝑛 𝜅𝑓(𝑏 − 𝑎)} × (

𝑛𝑓
2

𝑛𝑠𝑜
2

𝛾𝑠

𝜅𝑓

) 𝑠𝑖𝑛ℎ 𝛾𝑠𝑎

− (
𝛽0

𝜅𝑓𝑛𝑓
2) {𝑠𝑖𝑛 𝜅𝑓(𝑏 − 𝑎) + 𝜅𝑓𝑏 𝑐𝑜𝑠 𝜅𝑓(𝑏 − 𝑎)}

× 𝑐𝑜𝑠ℎ 𝛾𝑠𝑎 + (
𝛽0

𝛾𝑐𝑛𝑐
2

) (𝛾𝑐𝑏 − 1)𝐾𝑐 

𝑄1 = (
𝑎

8𝛾𝑠

)
𝑘0𝛼|𝐴0|2

(𝜔𝜖0𝑛𝑠𝑜
2 )2

{3𝛽0
2 + 𝛾𝑠

2}𝑠𝑖𝑛ℎ 𝛾𝑠𝑎

+ (
1

32𝛾𝑠
2

)
𝑘0𝛼|𝐴0|2

(𝜔𝜖0𝑛𝑠𝑜
2 )2

{𝛽0
2 + 𝛾𝑠

2} cosh 3𝛾𝑠𝑎 

𝑄2 = (
1

8𝛾𝑠𝑛𝑠𝑜
2

)
𝑘0𝛼|𝐴0|2

(𝜔𝜖0𝑛𝑠𝑜
2 )2

(3𝛽0
2 + 𝛾𝑠

2) 

× (𝑠𝑖𝑛ℎ 𝛾𝑠𝑎 + 𝛾𝑠𝑎𝑐𝑜𝑠ℎ 𝛾𝑠𝑎)

+ (
3

32𝛾𝑠𝑛𝑠𝑜
2

) 𝑠𝑖𝑛ℎ 3𝛾𝑠𝑎
𝑘0𝛼|𝐴0|2

(𝜔𝜖0𝑛𝑠𝑜
2 )2

(𝛽0
2 + 𝛾𝑠

2)

+ (
𝛾𝑠

𝑘0𝑛𝑠𝑜
4

)
𝑘0𝛼|𝐴0|2

(𝜔𝜖0𝑛𝑠𝑜
2 )2

{𝛽0
2𝑐𝑜𝑠ℎ2 𝛾𝑠𝑎 𝑠𝑖𝑛ℎ 𝛾𝑠𝑎 + 𝛾𝑠

2𝑠𝑖𝑛ℎ3𝛾𝑠𝑎} 

𝑃1 = −
𝜅𝑓

𝑛𝑓
2 𝑠𝑖𝑛 𝜅𝑓(𝑏 − 𝑎) +

𝛾𝑐

𝑛𝑐
2

𝑐𝑜𝑠 𝜅𝑓(𝑏 − 𝑎) 

𝑃2 = −
𝜅𝑓

𝑛𝑓
2 𝑐𝑜𝑠 𝜅𝑓(𝑏 − 𝑎) +

𝛾𝑐

𝑛𝑐
2

𝑠𝑖𝑛 𝜅𝑓(𝑏 − 𝑎) 

 

第79回応用物理学会秋季学術講演会 講演予稿集 (2018 名古屋国際会議場 (愛知県名古屋市))21p-211B-4 

© 2018年 応用物理学会 04-132 4.2


